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ABSTRACT

Medicinal plants are effective source of both traditional and modern medicines. This
study was aimed to determine the antibacterial activities and phytochemical analysis
of selected medicinal plants on selected pathogenic bacteria from patients attending
General Hospital Minna, Nigeria. The pathogenic organisms (Escherichia coli,
Pseudomonas aeruginosa, Salmonella bongori and Klebsiella pneumonia) and the
plant materials (Calotropis procera leaf, Leptadenia hastata stem and Securidaca
longipedunculata stem) were collected from Minna metropolis. The isolates were
identified, characterized and confirmed using cultural, morphological and molecular
techniques while the plant materials were extracted using cold maceration techniques
and further partitioned into n-Hexane, ethylacetate and residual aqueous. The extracts
were subjected to phytochemical screening, antimicrobial susceptibility testing,
minimum inhibitory concentration (MIC), minimum bactericidal concentration
(MBC), gas chromatography-mass spectrometry (GC-MS) analysis. The qualitative
and quantitative phytochemical screening of plants revealed the presence of
flavonoids, phenols, tannins, alkaloids and saponings from all the three plants but
tannins was found to be absent in Leptadenia hastata stem. The highest activity of
Calotropis procera leaf extract was recorded against Pseudomonas aeruginosa
(19.60£0.2 mm) whereas with Leptadenia hastata stem and Securidaca
longipedunculata the activities of 21.55+0.65 mm and 13.15+0.15 mm were observed
against Klebsiella pneumonia and Escherichia coli all at the concentration of 300
mg/mL respectively. The least MIC and MBC values of 37.5 mg/mL and 75 mg/mL
were observed against Escherichia coli and Pseudomonas, 18.75mg/ mL and 37mg/
mL against Klebsella pneumonia, 75mg/ mL and 150mg/ mL Escherichia coli from
Calotropis procera leaf, Leptadenia hastata stem and Securidaca longipedunculata
stem respectively. Some of the fractions of the partitioned extract showed some
increased level of activity against some of the organisms whereas some showed
decreased level of activity. The most common compound presents in the extracts
when analyzed using GC-MS was 9,12-Octadecadienoic acid (Z,Z)-(C18H3202). The
study revealed that the plants material could be a good candidate for use in the
management of bacteria and other related illness as used in the research, although
further evaluation need to be carried out in other to fully validate its usage.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to the Study

Medicinal plants are effective source of both traditional and modern medicines which
are genuinely useful for primary health care (Mohammadhosseini, 2017) and a safe
remedy for ailment of both microbial and non-microbial origin (Chang et al., 2019).
Medicinal plants are plants that are used in treatment of diseases and this may be a
whole or part of a tree, shrub or grass. Plants have an old record of medical use since
the history of mankind. They play a very crucial role in the development of human
cultural heritage around the Globe (Ahn, 2017). In western world, the use of plants in
treating diseases is common and is known as “alternative medicine”. These plants are
frequently used as raw materials for extraction of active ingredient which is used in
the synthesis of drugs (James et al., 2018). Based on current global medical trend,
medicinal plants have a bright future because there are over million species of plant
around the world which their medical activity have not been investigated, thus their
medical activity could be decisive in the treatment based on present or future studies
(Atanasov et al., 2015). More so, plants with Medicinal properties plays a central role
not only as traditional medicine but also as commercial commodities which improves

a Nation’s economy (Ahn, 2017)

In Africa and other continents of the world, phyto-medicines have been used since
time immemorial to treat various ailments long before the introduction of modern

medicine (Mahomoodally, 2013). Herbal medicines are still widely used in many
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parts of the world especially in areas where people do not have access to modern
medicines (Mamza et al., 2015). Moreover, in most African countries where herbal
medicines are still heavily relied upon because of the high cost of chemotherapeutic
drugs, there is need for scientific research to determine the biological activities of
medicinal plants (Mahomoodally, 2013). The use of plant extracts with antimicrobial
properties may be of importance in therapeutic treatment, whereas in the past few
years, a number of studies have been conducted in different countries to prove such
efficiencies (Smith et al., 2012). Before a herb is used for any medicinal purpose, it
has to be prepared, the use of herbs for medical purpose is referred to as phyto-
medicine or phyto-therapy (Mamza et al., 2015). Presently, there is a rising trend of
including phyto-therapy in the curriculum of medical schools. Over 70 % of German
physicians prescribe herbs to their patients than any other synthetic drug (Mahmoud,
2012). Herb’s preparation can be in various forms, which include; extract, capsule,
tablets powder and cream (Abubakar and Haque, 2020). Phyto-medicine is known to
many and considered relatively safe because of their easy availability, cost
effectiveness and also contains multiple chemicals with a specific composition that

act as effective antimicrobials and side effect neutralizers (Mahmoud, 2012).

Calotropis procera, Leptidenia hastata and Sacuridaca longipedunculata are
flowering plants natives to Tropical and North Africa (Moustafa et al., 2010; lbrahim
et al., 2012; Abubakar et al., 2018). These plants have been used traditionally for the

treatment of many diseases such as diarrhoea, stomatic, sinus fistula, skin disease and
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the leaf are used to treat jaundice, fevers, rheumatism, indigestion, cold, eczema

(Ibrahim et al., 2012; Tabuti et al., 2012; Mafulul et al., 2018).

1.2 Statement of the Research Problems

Emergence of new and re-emergence of old diseases caused by microorganisms and
continuous evolvement of drug resistance strains, high cost and side effect of many
available drugs due to their toxicity and undesirable side effects in some patients are
some of the problems that require quick and rapid attention (Atanasov et al., 2015).
However, this issue become more difficult for clinicians to empirically select an
appropriate antimicrobial agent. High prevalence of morbidity and mortality mostly
associated with infectious diseases are heavily recorded among people in developing
countries, where as in developed countries small number of cases are recorded among
the vulnerable minorities (GianLuca et al., 2012). Combating these problems requires
new effective drugs with high therapeutic index, hence there is an immense need for

the discovery and development of new bioactive compounds (Atanasov et al., 2021).

Urinary tract infection is among the most common bacterial infection that affect both
gender (male and female) in community and hospital settings and it contribute greatly
to the global health problem with millions of cases recorded annually with a
significant mortality rate around the globe (Emiru et al., 2013). Bacteria are the
common etiological agents of urinary tract infections accounting for about 95 % of all
cases, the most common prevalent bacteria in urinary tract infection are the members
of Enterobacteriaceae (Abbo and Hooton, 2014; Ganesh et al., 2019). Escherichia

coli account for about 80 % of the cases followed by other organisms such as
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Staphylococcus aureus Klebsiella pneumoniae, Proteus mirbilis and Candida
albicans (Chongs et al., 2018). Infection of wound injuries delays the healing process
of the wound and increases pain and treatment cost to the patients. Five years
surveillance carried out by Oladeinde et al. (2013) on wound infection at some rural
tertiary hospitals in Nigeria stood to be 70 % with a significant morbidity and
mortality rate in which staphylococcus aureus and Pseudomonas aeruginosa account
for 24 % of the total infection rate. Furthermore, a fatal multi-systemic illness called
enteric fever and dysentery caused by Salmonella species of bacteria contribute
adversely to the Global health security challenges. Without a proper treatment, these
bacteria can spread to various part of the body and a high mortality rate are recorded
annually from infections caused by various species of this organism (Andino and
Hanning, 2015). Furthermore, emerging and re-emerging infectious diseases are

expected to remain a noticeable important challenge for the nearest future.

1.3 Aim and Objectives

The aim of this study was to evaluate antibacterial activities and phytochemical
analysis on selected medicinal plants on some selected pathogenic bacteria from
patients attending General Hospital Minna, Nigeria while the objectives of this study
were to:

i.  Identify and characterize the selected bacterial isolates.

ii. Determine the molecular characterization of the bacterial isolates
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Vi.

Vii.

viii.

14

Extract the plant materials; Calotropis procera (leaves), Leptidenia hastata
(Stem) and Securidaca longipedunculata (stem) using cold water maceration

techniques

Determine the antibacterial activities of methanol extracts of the plants.

Determine the minimum inhibitory concentrations (MIC) and minimum

bacteriocidal concentrations (MBC) of the active plants extracts.

Fractionate the crude from (iv) above.

Determine the compounds presents in the purified fraction using GC-MS.

Determine the phytochemical constituents of the plants.

Justification for the Study

According to Harvey et al. (2015), among all the natural product derived from plant,

microorganisms and animals, plant remain the highest source of therapeutic

substances since the extinct civilization. This terrain is still maintained as about 60 %

of major portion of new drugs are obtained from natural products and their

derivatives. About 75-80 % of the world population relies primarily on traditional

medicines most of which are prepared from plants, also many people believed that

plant base remedies have minimal or no side effects (Alves and Humberton, 2011).
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Calotropis procera

Calotropis procera is a wild growing plant belonging to the family Apocynaceae. It is
popularly known as “Tunfafia” in Hausa language and “Bomubomu” in Yoruba in
northern and western part of Nigeria respectively, other common name includes
Rubber Bush, Apple of Sodom in India & Pakistan (Mali et al., 2019). It is well
recognized for its diverse medicinal properties as such several researchers have
reported it diverse medicinal activity such as anti-inflammatory, analgesic, anti-tumor,
anti-helmintic, hepatoprotective, anti-diarrhoeal, anticonvulsant, anti-microbial,
oestrogenic, anti-nociceptive, antimalarial and antioxidant properties (Preeti, et al.,
2017). These medicinal activities of Calotropis procera is possibly achieved as a
result of the phyto-constituents present in the plant which are responsible for different
pharmacological activities such as alkaloids, flavonoids, saponins, sterol, cardenolide,
triterpinoids, resins, tannins, anthocyanins, proteolytic enzymes in latex and cardiac
glycosides. (Preeti et al. 2017; Vishnukant and Vidyut, 2017). Traditionally, the plant
is used in treatments of various diseases such as: diarrhoea, stomatic, sinus fistula,
eczema rheumatism, indigestion, fever, jaundice, and skin disease (Preeti et al., 2017;
Maflul et al., 2018).

More so, it is used as a purgative, digestive, emetic, expectorant, sedative, blood

purifier and an antidote for snake poisoning (Preeti et al., 2017). Therefore, evaluating
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the potentials of Calotropis procera in pathogenic bacteria of medical importance is

of outermost importance.

2.1.1 Botanical classification and description of Calotropis procera
Taxonomically Calotropis procera is classified into:

Kingdom: Plantae (Plants)

Subkingdom: Tracheobionta (Vascular plants)

Superdivision: Spermatophyta (Seed plants)

Division: Magnoliophyta (Flowering plants)

Class: Magnoliopsida (Dicotyledons)

Subclass: Asteridae

Order: Gentianales

Family: Asclepiadaceae/Apocynaceae

Genus: Calotropis

Species: C. procera.

The plant grows as a small tree, evergreen, soft-wooded and perennial shrub that
attains a minimum height of 2.5 m and maximum 6m. Furthermore, the plant has a
corky, furrowed, and light gray bark and whenever any part of the plant is cut, a
copious amount of white sap is generated (Ismaiel and AbdAlrheam 2015). The plant
root is simple, branched, and woody at the base covered with a corky bark. The leaves
of the plant are simple, subsessile, slightly leathery, opposite-decussate and estipulate;
blade oblong-obovate to broadly-obovate, measures about 2.5-15cm, apex abruptly

and shortly acuminate to apiculate, base cordate, succulent with entire margins. They

32



appear tomentose white when young and later becomes glabrescent and glaucous as
shown as describrd in Plate I. The Flowers of Calotropis procera are bell-shaped
shallow, bracteate, hypogynous, complete, actinomorphic, bisexual, pentamerous,
multi-flowered, pedicellate, umbellate, peduncled cymes with axillary or terminal
inflorescence, it has a five lobed shortly united sepals that ranges between 4-5 mm
long and Five-lobed petals (Corolla), twisted aestivation, and gamopetalous are
observed in the flower. It Androecium has stamens namely: gynandrous, anther and
dithecous. Gynoecium is apocarpus, bicarpellary, and in apex united styles, peltate
stigma with 5 lateral stigmatic surfaces. Anthers are joined to the stigma forming a
gynostegium (Verma and Yadav 2017). Fruit is simple, inflated, fleshy, and
subglobose to obliquely ovoid follicle. Seeds are present in large amount, flat, small,
obovate, compressed with silky white pappusat at one end with a length of about 3 or

more centimeter (Parihar and Balekar, 2016).

2.1.2 Distribution and habitat of Calotropis procera

Calotropis procera is native to North Africa, Tropical Africa, Western Asia, South
Asia, and Indochina. C. procera favors open habitat with little competition (Neha, et
al., 2018). It grows in dry habitat with limited rainfall of about 150 to 1000 mm and
also inhabit areas of excessive drained soil as much as 2000 mm of annual
precipitation; its common habitat includes: road-side, beachfront dunes, and widely
disturbed in the urban areas (Parihar and Balekar, 2016). More so, it can be found at

the elevated areas of 1,000m.
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2.1.3 Medicinal uses of Calotropis procera

Calotropis procera have been reported widely in several folklore preparations and
ethno-medicines. It was reported to have an Expectorant, Resolvent, Detergent,
Purgative, Corrosive and Analgesic properties which are used in treating various
ailments. A review on the pharmacological Study conducted by Shamim and Lubna
(2019), revealed that the plant has a therapeutic potential in treating leprosy, ascites,
arthritis, asthma and inflammatory conditions. It also has anticancer, antimicrobial,
anti-diabetic and antioxidant properties. (Hayat et al., 2020). Calotropis procera is
strongly recommended in leprosy, hepatic and splenic enlargement, dropsy and
worms. The latex and the fresh leaves can be applied to painful joints and swelling,
the oil extracts from the leaves can be applied as a remedy in a paralyzed part of the
body (Abhay et al., 2019). The root bark is used to promote secretion and useful in
treating skin disease, enlargement of viscera, intestinal worms, abdominal, ascites and
ancesraca. in India, the milky juice is used as purgative, and the flowers are used to
aid digestive, tonic, stomachic and useful in cough, thrush, mycotic enteritis asthma,

catarish and loss of appetite (Goyal et al., 2013; Abhay et al., 2019).

The leaves of Calotropis procera is practically useful in treating backache and Joint
pains and if warmed and tied around any body organ it relief pain (Abhay et al.,
2019). It is also use in treating Piles, dysentery, dropsy, ring worm and thorn removal
from body (Verma and Yadav 2017), scabies, sores and malaria (Yaniv and Kkoltali,
2018). The bark and leaves are also known to exhibit wound healing ability, anti-

hyperglycemic effect, Analgesic, Anti pyretic, anti-cancer, and neuromuscular
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blocking activities (Mali et al., 2019), Acaricidal, schizonticidal,antimicrobial,
anthelmintic,insecticidal,antidiarrheal,anticancerous, and larvicidal activities (Parihar
and Balekar, 2016). Leaf part is used to treat jaundice, it is also used as sedative,

blood purifier and an antidote for snake poisoning (Preeti et al., 2017).
2.1.4 Antibacterial activity of Calotropis procera

The leaves of Calotropis procera have been reported to have activity against various
pathogenic bacteria as indicated by many scientists. Thus, the scientist findings
indicate the possibilities of the plant extracts to be used in treating susceptible
bacterial infections. Hayat et al. (2020), reported that methanolic extract of
Calotropis procera leaf has antibacterial activity against Proteus mirabilis,
Pseudomonas aeruginosa and Bacillus cereus, Escherichia coli, Klebsiella

pneumoniae, Salmonella typhi and Enterococcus faecalis.

The antibacterial activity carried out by Akin-Osanaiye and Okhomina (2018), using
ethanol as a solvent shows the ethanolic leaves extracts to be potent against
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Salmonella
typhi more than the aqueous and methonolic solvents. So also studies by Akindele et
al. (2017) show significant inhibitory zone from ethanolic extracted leaves of
Calotropis procera against Staphylococcus aureus and Escherichia coli. In another
investigation by Asoso et al. (2018), in their effort to find the possible leakages of
sodium and potassium ions from microbial cells of some selected pathogens caused
by Calotropis procera extract of various solvent (aqueous, acetone and methanol), a

promising result was obtained from aqueous extract against Escherichia coli. When
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compared with other commercial antibiotics (amoxicillin and tetracycline), the
amount of sodium and potassium ions released by the extract shows to be higher than
the commercial antibiotics. Whilst acetone extracted leaves shows high activity
against Pseudomonas aeruginosa, Proteus mirabilis and Citrobacter youngae in the
report of Oyesola et al. (2016). Furthermore, in investigating the activity of aqueous,
petroleum ether and ethyl acetate leaves extract of Calotropis procera against
Escherichia coli and Proteus vulgaris, the extracts from all the three solvents have
antibacterial activity but the maximum activity is recorded from the aqueous extract
against Proteus vulgaris (Sharma et al., 2018). In a research conducted by Al-
Ghanayem et al. (2017), moderate antibacterial activity of the methanolic leaves
extract was observed against Pseudomonas aeruginosa, Enterobacter cloacae,
Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris and
Salmonella typhi isolates. Even the fungal isolates gotten from the root of Calotropis
procera shows significant antibacterial activity as described by Verma and Yadav
(2017), they isolated a total number of ten endo-phytic fungi (Aspergillus species)
from the Calotropis procera, and they all show a great antibacterial activity against 24
human pathogenic bacteria (E. coli, Streptococcus pneumoniae, B. subtilis,
Staphylococcus hyicus, Bacillus sphaericus, S. aureus, and Pseudomonas

aeruginosa).

All these studies are pointing fingers to the plants to be a potential source of bioactive
compounds to be used in managing bacterial infections. However, several studies as

shown above laid emphasis on the inhibitory capability of Calotropis procera on
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pathogenic bacteria using ethanolic solvent, but is important to note that ethanol itself
have an antibacterial activity and its more toxic than methanol either by adopting
agar disc or agar well diffusion techniques, therefore need to determine the exact
antimicrobial effect of the plant with less toxic solvent, and there is need to properly
investigate toxicological activity of the plant on laboratory animal for further clinical

trials.

2.1.5 Antifungal activity of Calotropis procera

Apart from the antibacterial activity of Calotropis procera against pathogenic
bacteria, several research pin point the plant to have a vast antifungal activity against
many pathogenic fungi. Calotropis procera potency with methanol as solvents for
extraction, was tested by Waheed et al. (2016) for their antifungal potential against M.
phaseolina and the result obtained was promising. The in-vitro antifungal activity of
Calotropis procera leaves extract evaluated by Goyal et al. (2013) against three
different genera of dermatoplytes namely: Microsporium, Trichophyton and
Epidermophyton by agar dilution method concludes with the statement “ethanolic
extract of Calotropis procera is active against dermatophytes causative fungus of
many superficial infections”. However, using various solvent (petroleum ether,
chloroform, ethyl acetate and ethyl alcohol) for extraction in testing the efficacy of C.
procera on dermatophytic fungi, Verma et al. (2011) used the paper disc diffusion
method to demonstrate anti-dermatophytic efficacy of foliar extract of Calotropis
procera against three target fungi: Microsporum canis, Microsporum fulvum, and

Trichophyton mentagrophytes. Furthermore, the bark extract of C. procera may be
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used in developing phyto-medicines with antifungal properties based on the result
obtained from aqueous bark extract that shows good zone of inhibition against Tinea
capitis, Candida albicans, whereas it revealed moderate activity against Microsporum

canis and Epidermophyton floccosum (Bajpayee, 2015).

Fungi toxic potentials of Calotropis procera leaves of four different solvents namely;
aqueous, methanol, acetone and ethanol against the fungus Alternaria alternate
determined by Deepika and Singh (2015), shows that the Ethanolic extract exhibit 100
% inhibition against the organism while methanol inhibited 76 % , acetone 86 % and
aqueous gave least inhibition of less than 3 %. This give an insight on the ability of
Calotropis procera ethanolic extract to serve as bio-fungicide in controlling disease
caused by Alternaria alternata. In another study, conducted by Keta et al. (2018),
using the latex of Calotropis procera againstEpidermophyton floccosum,
Trichophyton rubrum and Microsporum canis, a broad spectrum of activity was
observed from the assay ranges from 13.28 mm to 16.10 mm inhibition zone. This
signifies the effect of the latex against fungi. More so, ethanolic solvent was found to
be the best solvent to be used in extracting the leaf extract of Calotropis procera than
the aqueous as described by Manoorkar et al. (2015) in a research conducted to
determine the antifungal activity of leaf and latex extracts of Calotropis procera
against dominant seed-borne storage fungi of some oil seeds. The seed-borne
dominant fungi includes; Cuvularia lunata, Alternaria alternata, Rhizoctonia solani,
Fusarium solani, Penicillium chrysogenum, Aspergillus niger, A. flavus, A. terrus A.

fumigatus, and Rhizopus sp. using agar well diffusion methods, the ethanolic leaf and
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latex extract shows a reasonable activity against the fungal isolates followed by

aqueous.

All the above mentioned works point fingers on the ability and scientific proof on

Calotropis procera to possess those bioactive compounds of anti-fungal efficacy.

2.1.6 Antiviral activity of Calotropis procera

Due to the multiple medicinal important and verse bioactive compound of content of
the leaves and roots of Calotropis procera, their activity was tested against HIV type
1 virus by Mohanraj et al. (2010). Hot water extraction and p24 antigen’s expression
inhibition are used in evaluating the efficacy against the growth of HIV. And the
extract proofs to be efficient against HIV-1 virus. The cytotoxic effect of different
extract of various medicinal plants are evaluated by Latif et al. (2014) in which
Calotropis procera was among, the cytotoxicity obtained leads to the suggestion of
utilizing and testing of the Calotropis procera extract as antiviral using cell culture
model. Though many studies give more attention to the antibacterial and antifungal
activity of Calotropis procera, Antiviral activity of Calotropis procera has limited

published data.

2.1.7 Antiprotozoal and antihelminthes activity of Calotropis procera

Several studies have suggested Calotropis procera to be an anti-helminthic and anti-
protozoal plant. Murti et al. (2015), reported the activity of ethanolic, water, and n-
butanol fractions of Calotropis procera leaf extract against helminthic, there findings
shows that some of the phyto-components of the leaf shows anti-helminth activity as

they tend to act by interfering with energy generation in the helminthe parasites as a
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result of uncoupling of oxidative phosphorylation. However, a research conducted by
Upadhyay (2015), reported that the leaves of Calotropis procera show no activity
anti-trypanosomal activity. But a review carried out by Al-Snafi (2016), hinted the
activity of various part of Calotropis procera against many parasitic infection which
includes; the activity of crude aqueous and methanolic extracts of flowers against
Haemonchus contortus, ethanolic extracts of the root and bud against Plasmodium
falciparum, saponins-rich fraction phytocompnent against Trypanosoma evansi,”
ethanolic extract of the leaves against Plasmodium falciparum and crude aqueous and
methanolic extracts of flowers against Haemonchus contortus. Furthermore, the
extract of Calotropis procera is used widely in treating filariasis infection in sub-

saharan Africa (Mwangi, 2017).

Protozaons and helminthic infections are cardinal of the Neglected Tropical Disease
particularly in developing countries, further research needs to be conducted so as to
strategize on how to reduce the plant toxicity in other to validate it traditional usage

so as to curve the menace of Neglected Tropical Disease worldwide

2.2 Laptadenia hastata

Laptadenia hastata also known as yadiya in Hausa and iran-aji in Yoruba language.
The plants are mostly shrubs and herbs with white sap that comprises of about two
hundred and fifty genera, and two thousand species many of which have a reduced
leaves and succulent body like cactus plants (Thomas, 2013). The plant is non
domesticated wild plant that play an important role in food security during seasonal

changes or famine particularly among the poor. Furthermore, the plant is edible and
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the leaves are cooked and eaten as vegetable (Hassan et al., 2017). The plant is
important fodder for goat, cows, camel and other herbivorous animals. The plant
plays an important role in ethnomedicine for many centauries due to it phyto-
constituents that are responsible for different pharmacological activities (Umaru et

al., 2017).

2.2.1 Botanical classification and description of Laptadenia hastata

Laptadenia hastata is classified into:

Kingdom: Plantae (Plants)

Phylum; tracheophyta (Vascular plants)

Division: Magnoliophyta (Flowering plants)

Class: Magnoliopsida (Dicotyledons)

Order: Gentianales

Family: Asclepiadaceae/Apocynaceae

Genus: leptadenia

Species: L. hastata

It is an evergreen perennial climber plants that attains a height of about 1.5m. At
young stage, the plant is latex containing herb but as it grows older it becomes woody
thereby developing strong branched climbing stems that becomes corky with age. The
leaves are tapper and alternate upwards towards the tips, with a simple opposite

petiole and variable ovated limb shape at the base. It has an acuminate apex limb with
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entire margin at both sides. The stems are light green and shoot curve upward.
Furthermore, it has umbellate inflorescences with several flowers arranged of about
1.5 cm long peduncle. The flowers of Laptadenia hastata are bisexual, scented and
yellowish in colour with five pubescent corolla. The fruits come in a pair of follicles
with a conical length of about 1 °Cm each and a tuft of hairs at the apex of the seeds

(Bello et al., 2011; Umaru et al., 2018). All these are shown in plate 11

2.2.2 Distribution and habitat Laptadenia hastata

Laptadenia hastata is widely distributed across tropical African countries such as
Senegal, Kenya, Ethiopia and Uganda, Nigeria, Gambia, Ghana and Togo. In Nigeria,
it grows mostly in the northern part of the country, the plant is tolerant to draught,

insects and grows very well in dry, harsh and nutritionally poor soil conditions.

2.2.3 Medicinal uses of Leptadenia hastata

Several studies reveal the medicinal uses of various part of Leptadenia hastata. In
northern Nigeria, the plant leaves and stem are grinded as spice and use in sauces
(Ibrahim et al., 2012). Moreso, traditional healers use this plant in treating catarrh,
skin diseases and hypertention (Dambatta and Aliyu, 2011). The leaves can be
decocted and taking orally or medicinal bath so as to treat onchocercosis and
ophthalmia, scabies can be treated using the roots of Leptadenia hastata, (Anwar et
al., 2014). Repots by Maina et al. (2018) suggest the plant usage in improving sexual
potency, treating trypanosomiasis, wound healing and skin diseases. Moreso, the
leaves are reported to be used for lactation and purgative and treating rheumatism and

prostate complaints (Ibrahim et al., 2012). The plants is also used in stimulating the
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flow of urine, anuria, stomach ache urethral discharge tertiary syphilis and gonorrhea

infection can all be treated with Leptadenia hastata (Bello et al., 2011).

2.2.4 Antimicrobial activity of Leptadenia hastata

2.2.5 Antibacterial activity of Leptadenia hastata

Leptadenia hastata exhibit certain antibacterial activity against some pathogenic
bacteria as reported in some findings. Report by Imam et al. (2019) proof the
effectiveness of Leptadenia hastata leaves against some gastro intestinal isolates
which includes Proteus mirabilis, Escherichia coli, Klebsiella pneumonia, Salmonella
typhi , Staphylococcus aureus and shigella dysentariae, thus the study showed that
ethanol leaf extract have better activity than the aqueous extract. The studies of
Umaru et al. (2017) also repots the activity of this plants leaf extracts against
Escherichia coli, Klebsiella pneumonia, Salmonella typhi , and Staphylococcus aureu.
Furthermore, studies by Umaru et al. (2018) shows the potential activity of the stem-
bark extract against Klebsiella pneumonia, Escherichia coli, Staphylococcus aureu
and Salmonella typhi. The methanol extract of Leptadenia hastata has no activity
against Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa rather
the ether extract have a very good activity against the organisms (Anwar et al., 2014).
Although much research has not been done in justifying the antibacterial activity of
this plant, but the few available have shown it great potentials in treating bacterial

infections.
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2.2.6 Antifungal activity of Leptadenia hastata

Leptadenia hastata extract shows promising antifungal activity against Aspergillus
niger, Aspergillus flavin, Candida tropicalis and Fusarium oxysporium (Umaru et al.,
2017). Another study by Aboh et al. (2019) shows the potential activity of the plant
methanolic leaves extract against Aspergillus niger and Fusarium oxysporium.
Furthermore, the activity of this plant extract is recorded against Cryptococcus
neoformans and Candida albicans by Bello et al., (2019). Though the study of Anwar
et al. (2014) shows that the methanol-leaf extract of Leptadenia hastata have no
activity against Candida albicans but the ether extract of the plant have activity
against the fungal. These findings also hint on the potentiality of Leptadenia hastata

in treating fungal infections.

2.2.7 Antiprotozoal and antiviral activity of Leptadenia hastata

Some studies shows the extract of Leptadenia hastata to have activity against
trypanosomal parasite (Umar et al., 2018). A moderate activity was recorded from the
findings of Bello et al. (2017) during the primary screening of Leptadenia hastata
methanol and chloroform root extract against Tripanosoma brucei and plasmodium
falciparum. Leptadenia hastata contains a compound called lupeol which is suggested
top have antiprotozoal activity (Mailafiya et al., 2020). There is limited or no studies
on the antiviral activity of Leptadenia hastata.

The antimicrobial potential of Leptadenia hastata needs to studied more sue to the
increase in microbial infection and continuous emergence of microbial resistance

strains worldwide.
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2.3 Securidaca longipedunculata

Securidaca longipedunculata is also known as Sanya or Uwar magunguna in Hausa
and Ipeta in Yoruba language. Its common English names includes the Fiber tree,
Violet tree, and Rhodesian violet. It is commonly collected from the wild for
medicinal use and also as a food and source of material (Abubakar et al., 2018). The
plant is widely distributed around Africa but due to overexploitation, the plant
become much rarer in the wild and which makes it to be considered under threat in its
native range. Thus makes various Governments to impose a legislative law that
protects the plant (Tabuti et al., 2012). It is a beautiful flowering tree that has

ornamental potentials in garden and parks.

2.3.1 Botanical classification and description Securidaca longipedunculata
Securidaca longipedunculata Belongs to the kingdom Plantae phylum Tracheophyta
(vascular plant), division; Angiosperm (flowering plant); super division;
Spermatophyta (seed plant); Order (fabales); family (Polygalaceae); Genus
(Securidaca); specie longipedunculata).

The tree is semi-deciduous spiny shrub with many open branches, and sweet scent
which grows in small bunches on a peduncle. It grows between 4-12 meters long with
a slightly flattened or fluted bole. The Leaves are somehow smaller, often elliptical
and crowded towards the stem tips. The fruits are round, heavily veined, smooth,
oblong, purplish green when at young stage and attached to a wing which becomes up
to 40 mm long. The flowers are small pinkish or purple in color sweet scented that

are usually produced in early summer. The plant woods are light yellow with
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markedly dark growth rings which is soft, spongy, and durable that resists the attacks
of termites. Although it is liable to split upon drying (Borokini et al., 2013; Eziah et

al., 2013; Keshebo et al., 2014). All this are shown in plate I1I.

2.3.2 Habitat and distribution of Securidaca longipedunculata

Securidaca longipedunculata is native to Africa, but it also be found in tropical and
subtropical region of Africa which includes, Ethiopia, Gambia, Ghana, Kenya,
Malawi, Namibia, Angola, Benin, Botswana, Cameroon, Chad, Eritrea, Niger and
Nigeria (Tshisikhawe et al., 2012). It habitat varies depending climatic conditions of
the area. It can be found in wood lands and arid Savannah which includes various
bush habitat and forest gallery at elevation level up to 1,600 meters. Furthermore, it
can also grow in rocky or acidic soil environment. It can also withstand bush fire (Oni

etal., 2014)

2.3.3 Medicinal uses of Securidaca longipedunculata

The plant has a lot of medicinal uses traditionally this includes using the root to treat
wide range of ailments such as toothaches, gout, fevers, constipation, diabetes,
coughs, chest complaints, and microbial infections (Bruschi et al., 2011). Snake bites
can also be treated using this plant and Some part of the world uses the plant in
treating mental disorders and immune booster during breastfeeding the bark and the
root powder can be mixed and infused to treat inflammation, abortion, ritual suicide,
tuberculosis, infertility problems and some venereal diseases (Kadiri et al., 2013).
Furthermore, the root can also be mixed with custard apple to treat gonorrhea. The

leaves are locally used in treating epilepsy, headaches, stomach ache, infertility,
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snakebite, toothache, cancer, skin infections, dislocated jaw, contraceptive purposes
and to expel the placenta (Mustapha, 2013), whilst it stems bark is used in treating
dysentery, malaria, typhoid, inflammation, chest complaints, abortion, constipation,
viral infections, snake bites and infertility problems (Oladunmoye and Kehinde,

2011).

2.3.4 Antibacterial activity of Securidaca longipedunculata

Securidaca longipedunculata have a good antibacterial activity as reported by many
researchers. Antibacterial activity of the stem bark aqueous extract reported by
Abubakar et al. (2018) show a good result against Escherichia coli, Salmonella typhi,
Staphylococcus aureus, Shigella dysenteriae, Pseudomonas aeruginosa and
Klebsiella pneumoniae. But a study by Ndamitso et al. (2013) Shows that the
aqueous, chloroform and methanolic root and leaves extract of the plant have activity
against Escherichia coli and Salmonella typhi but devoid of activity against
Pseudomonas aeruginosa. Greater antibacterial activity was reported against
Escherichia coli, Pseudomonas aeruginosa and Salmonella typhi, in both aqueous and
ethanolic extract of the leaves and stem bark (Sanusi et al., 2015). All these activities

reported are due to the bio active ingredient poses by the plant.

2.3.5 Antifungal activity of Securidaca longipedunculata

Securidaca longepedunculata has shown to have antifungal effect against fusarium
solani and Fusarium moniliform and complete inhibition of their mycelia was also
observed by Nitiema et al., (2020.). Also Adejuwon et al. (2019) reported the activity

of ethanolic extract of the root bark against Candida albicans. The essential oil
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extracted from root bark of sacuridaca longipedunculata was found to be active
against Aspergillus ochraceus (Alitonou et al., 2012). The leave was also reported to

have activity against Candida albicans (Ngonda et al., 2012).

2.3.6 Antiprotozoan activity Securidaca longipedunculata

Tauheed et al. (2016) reported the activity of the methanolic crude, ethyl acetate
fraction and aqueous fraction of the stem bark extract against Trypanosoma brucei.
The plant root extract was also said to have activity against Malaria parasite as
reported by Nguta (2019). Lavicidal effect of the root extract was also seen by Adiele

et al. (2013), when trying to determine the anti-helmintic effect of the extract.

2.4  Antibacterial Agents (Antibiotics)

Antibacterial agents are various group of compounds or materials that fight against
pathogenic bacteria either by destroying the bacteria or reducing it metabolic
activities. The threat caused by pathogenic bacteria to human kind leads to the
revolutionary discovery of the antibacterial agents, although the first antibacterial
agents was discovered accidentally by Sir Alexander Fleming in 1928 and is called
penicillin from the fungus Penicillium nonatum. Alexander Fleming was quoted
saying “I did not discover penicillin, nature did but I only discovered it by accident”
(Tan and Tatsumura 2015). This also unfold the mystery behind the use of natural
microbial product to antagonize pathogenic bacteria. Antibacterial drugs are among
the most commonly prescribed and misused antibiotics worldwide by both the
patients and physicians. As a result of this, the emergence of antibiotic resistant

species of the pathogenic bacteria has been in acceleration and threatening to the
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global public health continuously. Therefore, a renewed effort is required researching
and developing new drugs that will be effective against the pathogenic bacteria
species that are resistant to the currently prescribed and consumed antibacterial drugs

(Moellering, 2011; Belete, 2019).

2.4.1 Classification of antibacterial agent
Antibacterial agents can be classified mainly into the following categories which are

on the basis of their source, functions and mode of action and spectrum of activity.

2.4.2 Classification base on their source

On the basis of their source antibacterial agent can be classified into natural, semi-
synthetics and synthetics. Natural antibacterial agents are obtained mostly from plants
and fungi, examples of natural antibacterial agents includes the penicillin,
gentamycin, cephalosporins and cefamycin (Ullah and Ali Khan 2016; Wiese and
Imhoff, 2019). Semi-synthetic antibacterial agents are derived chemical alteration of
naturally sourced antibacterial agents and examples includes amikacin and ampicillin
(Mathur and Hoskins 2017). Synthetics antibacterial agents are produced from
synthesizing various chemical compounds so as to design the drug that will target and
antagonized are particular components of the bacterial cell and examples includes
sulfonamides, imidazole derivatives and diaminopyrimidine derivatives (Azmi et al.,
2017). Though it is said that drugs from natural sources have higher toxicity than that
of the semi-synthetic and also the toxicity level of synthetic based sourced

antibacterial agent is lower than the semi-synthetic and natural sources.
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2.4.3 Classification based on their functions and mode of action

Based on the antibacterial mode of action, it can be grouped in to bactericidal or
bacteriostatic. Bactericidal agents destroy the bacteria completely. For example the
cell wall synthesis interfering antibacterial agents such as Beta- drugs which includes
the penicillin and it derivatives, penicillin and it derivatives; cell wall synthesis
inhibiting antibacterial agent for example vancomycin; protein synthesis inhibiting
antibacterial agents such as aminoglycosides , amikacin, gentamycin and tobramycin;
DNA replication inhibiting antibacterial agent this includes the quinolones and
floroquinolones; cell membrane disrupting antibacterial agents such as polymixin B
and colistin. Whilst bacteriostatic inactivate or slows the bacterial growth, this
antibacterial agents comprises of the various drugs within certain classes such as the
sulphonamides class that inhibit the initial stage of folic acid synthesis; the
amphenicols class that interrupt protein synthesis by binding to 30S sub-unit; the
tigecycline class that block amino acid incorporation to a developing peptide chain;
the macrolides class, oxazolidinone class and tetracyclines class all work by act on
protein synthesis inhibition (Adzitey, 2015; Kang and Park 2015; Etebu and

Arikekpar 2016).

2.4.4 Classification based on the spectrum of activity

In this regard, antibacterial are classified on the basis of their target specification as
either narrow or broad spectrum of activity. The narrow spectrum of activity
antibacterial agents are those that work on a narrow range of microorganisms, they

exact their effect on one group of bacteria, either Gram positive or Gram negative but
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not both at a time. Examples includes the first generation Beta-lactam drugs such as
procaine penicillin, penicillin G and penicillin V; methicillin, Cloxacillin, oxacillin,
nafcillin and temocillin; first and second generation Cephalosporins are also
considered to be relatively narrow spectrum antibiotics. On the other hand, broad
spectrum activity antibacterial agents are those that work effectively against both
Gram positive and Gram negative bacteria. Examples includes Ampicillin and its
derivative amoxicillin, the Quinolones drugs, Chloramphenicols, Aminoglycosides,
Macrolides and Tetracycline (Coates et al., 2011; Josef 2018; O’Rourke et al., 2020).
Thus the narrow spectrum antibacterial agents are considered to be safer as they did
not destroy the microbial flora in the body and also do not cause super infection and

has less ability to cause resistance.

2.5. Plants as Antibacterial Agents

Talking about the medicinal usage of plants, large proportion of the plants species are
of great medicinal important. Going back to the first century, Dioscorides wrote the
medicinal plant catalog called De Materia Medica that becomes the prototypes of
today’s pharmacopoeias, furthermore, the Bible also makes a description of about 30
healing plants (Staub et al., 2016). Presently an estimate number of about 250,000-
500,000 plant species are known worldwide and only a small percent (1-10 %) are
relatively used as food for human consumption (Pattanayak 2018). Plants and plants
products have been used by traditional healers in treating various diseases and
ailments for many years. Although there has always been a lingering questions in

scientific circles about the therapeutic efficacy index, dosage index, and toxicity index
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of various medicinal plants. In other to find the answers to this questions, scientist
make relentless efforts in studying the pharmacological activity of many medicinal
plants. Even with that, there are still vast majority of medicinal plants whose
metabolites are waiting to be studied for their pharmacological effects (Panda et al.,

2018).

2.5.1 Plant metabolites as potential therapeutic agent

Plants serves as source of food to human and animals through the provision of
sufficient nutrients to meet the metabolic requirement for their growth, productivity
and wellbeing (Pisoschi et al., 2018). Medicinally, plants make a major contribution
to in achieving an optimal health and development and also play an essential role in
delaying or reducing the disease infestation and disorder. Medicinal plants exhibit
their therapeutic potentials due to their ability of biosynthesizing various complex
metabolites also known as phytochemicals and are grouped in to the flavonoids,
phenolics and terpenoids (Anand et al., 2019). Most at times the overall activity of a
medicinal plant may be as result of synergistic interaction between two or more
metabolites present in that particular plant. Clinical and pharmacological research of
the metabolites present in plants justified their therapeutics and medicinal potentials
also serves as the backbone of traditional medicines. Medicinal plants have long been
used to supplement the health care needs of both rural and urban residents. Plant
extract, formulations and other pure or natural compounds from living beings can be

used in controlling and treating arrays of diseases ranging from inflammations,
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coughs, diarrhea, bacterial, fungi, viral infections both in human and animal medicine

(Mushtaq et al., 2018).

2.6 Phytochemicals Properties

Phytochemical or phyto-components of plants are secondary metabolites synthesized
by tool in defending itself against microbial pathogens, predators or competitors.
They can also be produced as a waste product within the various parts of the plant.
Example of these metabolites includes; cardiac glycosides, phenols, tannins,
alkaloids, anthraquinones, saponins, terpens, striods, and terpens. These biological
active compounds present in the plants have a lot of medicinal uses and sometimes are
used as source of nutrients (Koche et al., 2016; Grynkiewicz, 2020). A lot of interest
has been geared towards the isolation identification, characterization and biological
activity determination of phytochemical compounds over the years (Rao, 2003; koche
et al.,, 2010). Due to the recognition and encouragement of folk medicines,
phytochemicals become keen interest of pharmaceutics and pharmaceutical industries

as a result of their therapeutic index potentials (Grynkiewicz, 2020).

2.6.1 Classes of phytochemical compounds

Phytochemical components of plants are still research subject worldwide due to their
complex nature. The general classifications of such compounds is still unavailable,
though few researchers were able to classify them in to the following; phenols,

terpenoids and steroids and also alkaloids.
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2.6.2 Phenols Component

Phenols are also called phenolics and are group of phytochemicals which are largely
found naturally within kingdom Plantae. These chemical compounds consist of one or
more hydroxyl group attached directly to an aromatic hydrocarbon group (Ozcan et
al., 2018). Due to the fact that phenolics compounds are synthesized as secondary
metabolites in plants, they possess many beneficial effects to human which includes
antioxidant properties (Balasundram et al., 2006; Dai and Mumper, 2010). The three
most common group of dietary phenolics compounds are polyphenols, flavonoids and

phenolic acids.

2.6.3 Terpenoids and steroids

They are the largest group of naturally occurring compounds because they can be
found in both plant and animals. Most of these compounds are attract industrial
interest because of their commercial values of flavours in food industries and
fragrance in cosmetic industries. Terpenoids are class of secondary metabolites which
are grouped on the basis of isoprene unit or number of carbon in their structure
(Yadav et al., 2014). In plants, they are the main constituent of essential oils. Steroids
are also known therapeutically as cardiac drugs and are also observed to promote
nitrogen retention in oesteoporosis and animals with wasting illness (Sultan, 2015).
Example of terpenoids and steroids includes a-cubebene, terpenolen, B-caryophyllene,

diosgenin and cevadine.
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2.6.4 Alkaloids Component

The name alkaloid was derived from alkaline which describe a nitrogen based
containing compounds. Alkaloids are group of compounds whose basic characteristics
is heterocyclic nitrogen atoms. Most alkaloids are derived from amino acids
precursors and have a biter test (Bribi, 2018). Alkaloids have a good pharmacological
reputation due to their bactericidal ability and are classified based on their structure as

pyridine, tropane or pyrolizidine alkaloids (Bribi et al., 2013; Hussain et al., 2018).

2.7 Medicinal functions and activity of phytochemical compounds

2.7.1 Anti-diabetic activity

Diabetes is a serious public health issue that is characterized by chronic
hyperglycemia and can result in a variety of macro and microvascular problems.
Moreso, due to the hyperlipidemia hyperglycemic infection, diabetes mostly surfaced
with the increase of oxidative stress or production of free radicals (Zhang and Liu
2011). Phytochemicals extracted from many plants such as Chrysobalanus icaco,
Lactuca sativa, Aloe greatheadii, amaranthus, raphanus and cinnamon and their
various parts (leaves, roots, stems, flower and juice) have shown to have anti-
oxidants, lowering of blood glucose and increases the amount of thrombotic
thrombocytopaenic purpura (Rahigude et al., 2012; Xie et al., 2013; Cheong et al.,

2014).

2.7.2 Antimicrobial activity
Generally, phytochemicals are synthesized and employ by plants to protect itself from

pathogenic organisms such as fungi, insect, bacteria, fungi and protozoa, which is the
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reason for their application in human medicines (Nascimento et al., 2000). Some
phytochemicals such as phenolic acids play role in reducing the adherence of the
organism from the site of infection such as the cells lining the bladder, and the teeth
(Jakhetia et al., 2010). Furthermore, plants have the ability to exert bacteriostatic or
bactericidal effect on the organisms, there by inhibiting their growth and metabolism

or destroying the organisms completely.

2.7.3 Anti-Cancer Activity

Due to their independent potential to create DNA mutation, free radicals or oxidants
are recognized to be actively implicated in multistage carcinogenic processes.
Phytochemicals containing phenolic compounds have proof their potentials in
carcinogenic process inhibition. Phenolic acids can significantly minimize the
formation of specific cancer-promoting nitrosamines from the dietary nitrates and
nitrites (Sreelatha et al., 2012). Presently cancer have few or no specific treatment and
preventive dug except for the chemotherapy options that many opt to. Thus the
chemotherapeutic option is capital extensive and attached with several post treatment
complications. Several studies show that vegetables and fruits consumption can
inversely treat and prevent varieties of cancer. For example, cabbage, broccoli and
cauliflower are good source of glucosinolates which provide a substantial protective
support against colon cancer (Liu, 2004). Active intake of Brussel sprouts can cause a
rapid appreciable enhancement of glutathione-Stransferase, and also a noticeable
reduction in the urinary concentration of a specific purine metabolites which serves as

a marker of DNA-degradation in cancer (Liu et al., 2009). Furthermore, polyphenols
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from phytochemicals showed a promising anticancer activity in various research. For
example, epicatechin gallate and ellagitannins polyphenols showed anti-carcinogenic
properties. Grape seeds proanthocyanidins phytochemicals, polyphenols from green
tea and silymarine from milk thistlehad the ability toprotect the skin from theadverse
effects of Ultra Violate radiation (Barrajon-Catalan et al., 2010; Cordero et al., 2013).

Thus this minimize the risk of having skin cancers.

2.7.4 Anti-ulcer activity

Some phytochemicals have been reported to inhibit the growth of ulcer causative
organism and it enzyme (helicobacter pylori). Some plants phyto-constituent very
efficiecient of in a liquid medium at an optimum pH which help in enhancing their in-
vivo potency in the human stomach. Moreso, the inhibitory effect in the kidney and

intestinal electrolytes (K*/Na™ ATPase) (Jakhetia et al., 2010; Orsi et al., 2012).

2.7.5 Antioxidants activity

Antioxidants help in protecting the cells from damaging effect due to activity of free
radicals or oxidative stress such as. This free radicals are sourced from reactive
oxygen species and examples includes; super oxide, single oxygen, hydroxyl radicals,
peroxyl radicals, and peroxynite which all induced oxidative stress thereby leading to
cellular damage (Mattson and Cheng, 2006; Deng et al., 2012). Natural antioxidants
obtained from phytochemical substances aid in the prevention of chronic and
degenerative diseases such rheumatoid arthritis, heart and cerebral ischemia,
atherosclerosis, and neurological disorders. (Uddin et al., 2008; Jayasri et al., 2009).

Antioxidants play their role by exerting their activity so as to scavenge the free
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radicals and give rise to stable radicals. The free radicals are unstable chemical
entities that draw electrons from their immediate environment if they are ignored,
they tend to damage crucial biomolecules such as proteins and lipids present across all
the membranes, mitochondria and also DNA. Wide array of free radicals scavenging
molecules also known as antioxidants are present in vegetables, fruits, cereal grains,
edible macro fungi, microalgae, and many other medicinal plants (Deng et al., 2012,
Guo et al., 2012), this phyto-compounds includes; the phenols, vitamins, terpenoids
and flavonoids. Example of some plants that have the antioxidants properties are
grape, berries, Chinese date, persimmon, guava, pomegranate, sweetsop and Chinese

wampee.

2.7.6 Anti-inflammatory activity

Ulcerative colitis and crohn’s disease are inflammatory bowel diseases, which is a
chronic inflammatory disorder caused by deregulated immune responses in a
genetically predisposed individual. Phytochemicals with antioxidant properties are
found to have anti-inflammatory activities (Talero et al., 2012; Sung et al., 2013).
Essential oil from C. osmophloeum twigs has good anti- inflammatory activities and
cytotoxicity against Human Hepatocellular Liver Carcinoma Cell Lines. They also
have the ability to suppress nitric oxide production by Lipopolysaccharide stimulated

macrophages (Jakhetia et al., 2010).

2.7.7 Anti-Aging Activity activity
Phyto-components of plants are suggested to have anti-aging activity because aging is

said to be a progressive deleterious alteration and functional decline of an organism,
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this leads to an increase in disease susceptibility and death due to the advancing age
and presenting cognitive and motor deficits (Shukitt-Hale et al., 2013). Oxidative
stress or free radicals are associated with biological aging couple with many aging
associated diseases. (Kolosova et al., 2012). Therefore, the phyto-components of
plants containing antioxidants have the ability to fight against the aging and it
associated diseases. Reductionof both motor and cognitivedeficits in agedrats was
observed using coffee because it contains is a high levels of antioxidant

phytochemicals (Sultan, 2015).
2.8 Plant Materials and Extraction of Plant Materials

2.8.1 Plant materials

Plant medicine is the oldest form of medicinal material known to mankind. As much
as 80 % of the world’s population depends on herbal medicine, as most of the
commonly prescribed medicines worldwide contain at least one active ingredient
derived from plant material (Elumalai and Eswarial 2012). Medicines derived from
plant are used in all civilizations and cultures and, hence, plants have always played a
key role in health care systems worldwide. Herbal treatment remedies are
considerably effective, socially acceptable and economically viable (Ezenyi et al.,
2016).

Plants are powerful biochemists that create a wide range of bioactive substances that
have been used in phytomedicine from the beginning of time. Approximately 20 % of
all known plants have been employed in pharmacological studies, resulting in positive

effects on the healthcare system, such as the treatment of harmful diseases. (Jonathan
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and Micheal 2014). These natural Plant based bioactive constituents are derived from
various plant material such as the grasses, rushes, barks, woods, gourds, stems, roots,
seeds, and leaves. Bark, stems, leaves, flowers, roots, fruits, and seeds. The analysis
of these plant components is carried out scientifically using a logical pathway (Serino
et al., 2019). Plants can be collected at random or based on information provided by
local healers in the locations where the plants are located. Plant materials, whether
fresh or dried, can be used to extract secondary plant components. Many researchers
have reported on the reasoning for extracting plant extracts from fresh plant tissues,
and this logic stems from traditional and tribal peoples' ethnomedical utilization of
fresh plant materials (Halliwell 2007). Due to variances in water content within
different plant tissues and the fact that many plants are utilized in the dry state (or as
an aqueous extract) by traditional healers, plants are normally air dried to a constant
weight before extraction (Dwivedi and shridhar 2007). Otherresearchers dries the
plants in the ovenat about 40 °C for 72 h (Karabegovic et al., 2014). Many research
shows that the underground parts of plant (roots, tuber, rhizome and bulb) have more
water content than other parts and were used more frequently and extensively
compared with other part (above the ground) in search for bioactive compounds
possessing antimicrobial properties (Turner et al., 2007).

More so, the basic principle consist of grinding the plant material (dry or wet) finer,
so as to increase the surface area for extraction thereby increasing the rate of

extraction.
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2.8.2 Improving the quality, safety and efficacy of herbal medicine

Popularity of Herbal medicines has risen and continuously rising globally, therefore
improving the quality, safety and efficacy becomes paramount important prior to
consumption. In past decades, upsurge consciences in quality of herbal medicine was
observed, through which herbal medicines were used as food initially with few or no
quality requirement. Presently they their usage is beyond food and are classified into
various categories such as drugs, health products, neutraceuticals (nutritional
substances), cosmetics and many others depending on the laws governing a country
(Zhang et al., 2011). Furthermore, the face and faith of herbal product is also
changing rapidly as a result of its incorporation into modern science. A lot of efforts
have been put in place by various countries around the world so as to maintain and
improve the quality, safety and efficacy of herbal medicines and other herbal product
(Thakur et al., 2011). This leads the developed nations in enacting certain rules and
regulations governing the usage of herbal and herbal products also known as
pharmacopeias which provides a specific monograph to be used in their prescription.
These countries include the United States, Indian, United Kingdom and other
European countries. Thus several other developing countries such as Brazil are still
in the process of providing their own standard monograph, and also some countries
are using other country’s pharmacopeias to standardize their product. This
monographs are subjected to review on timely basis therefore it varies from one

edition to another (Mandal and Mandal, 2011).
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2.8.3 Encouraging mediculture

The act of producing therapeutic plants on a scientific basis is known as mediculture.
Cultivation of such plants (medicinal plants) should be encouraged, with a greater
focus on genetic stability and homogeneity of the plant population to assure
repeatable outcomes. Realization the existing connection between plants and health
form the basic backbone for a new generation of botanical therapeutics which
includes multicomponent botanical drugs, plant derived pharmaceuticals, dietary
supplement, recombinant proteins, functional foods and plant supplements. This
concept is gradually changing plant Biotechnology and medicine in which some crops
are grown for medicinal purpose rather than food or fiber (Sen et al., 2011; Cragg and

Newman, 2013).

2.8.4 Correct identification of plant material

The importance of carefully identification and classification of medicinal plant
materials is of paramount important prior to it cultivation and development of a
qualitative herbal or medicinal products. Classical methods of plant taxonomy for
identification of plant material provide an authentic and viable methodology. But in
the situation when the whole plant is not available to the taxonomist, a genetic method
will be more reliable in the identification and authentication methods. Because genetic
materials such as Deoxyribonucleic acid (DNA) are more reliable markers than
chemical based on caryotyping and proteins due to the uniqueness of genetic

composition of each individual. This DNA can be extracted from various part of the
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plant such as the stem, leaves, fruit and roots (Estrada et al., 2018; Seeland et al.,

2019).

2.8.5 Minimizing contamination of the herbal medicine or herbal product

Most herbal medicines contained mixture of crude or raw herbs as contaminants
which may occur directly from wild or cultivated fields. Also herbal medicines can be
contaminated by microorganisms, or toxic chemicals which can occur from the
processing agencies, environmental factors, packaging and storage facilities. These
are vital areas aspects that are required to be check mate and ensure all that the
products are devoid of such contaminants prior to production and consumption

(Kosalec et al., 2010; Vuuren et al., 2014).

Extraction is a process use in isolating substances or compounds from the matrix
(mixture). Extraction methods used pharmaceutically involves the separation of
medicinally active portions of plant tissues from the inactive/inert components by
using selective solvents through standard procedures (Azwanida, 2015). During
extraction, solvents diffuse into the solid plant material and solubilize compounds
with similar polarity. The main aim of all standardized extraction procedure is to
separate the soluble plant metabolites and leaving behind the insoluble cellular
residues (Newman and Cragg, 2016). The use of selective solvent also known as
menstruum can be employed in treatment of crude drugs (medicinal parts of plant) so
as to attain desired portion with therapeutic potentials and eliminate the unwanted
material. The end products from plants extraction may be relatively impure obtained

in either of the following forms, liquids, semisolids or solid form (Atanasov et al.,
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2015). Thus, the standardized form of the obtained extract can be used as medicinal
agent in form of tinctures or fluid extracts and can be processed further to be
incorporated in any dosage form such as tablets and capsules. The standardized
obtained product contains several mixture of complex plant metabolites, such as
flavonoids, alkaloids, terpenoids, glycosides and lignin.

2.9 Some General Plant Extraction Techniques and Procedures

2.9.1 Maceration method

This technique is used in making wine and is been adopted and widely in medicinal
plants research. Maceration techniques is a simple extraction technique by which the
whole or coarsely powdered plant material is soaked with the solvent and kept in a
stoppered container for a specified period of time with a frequent vigorous agitation
until the soluble matter is dissolved. The processed tend to breakdown and soften the
plant’s cell wall in other to release the soluble phyto-constituent of the plant. The
disadvantage of this techniques incudes energy and time consuming with low
extraction efficiency, but the advantage of this technique is that, it is most suitable

method in extracting thermo labile (Pandey and Tripathi 2014; Zhang et al., 2018).

2.9.2 Decoction method

This is a method used for the extraction of water soluble and heat stable compounds,
hard plants materials such as roots and barks, and also oil soluble compounds from
the plant material. The plant material is subjected to boiling in a specified volume of
water for a defined period of time which is then cooled and filtered. This method is
suitable for extracting water soluble, heat stable constituents of the plant material,

though the extract from decoction contains a large amount of water-soluble impurities
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and is not a suitable method in extracting volatile components of the plants material

(Lietal., 2010; Daswani et al., 2011).

2.9.3 Percolation method

This technique is more efficient than maceration as result of it being a continuous
process by which the saturated solvent is constantly replaced by a fresh solvent. This
procedure is frequently used to extract active ingredients in the preparation of
tinctures and fluid extracts. A unique narrow, cone-shaped vessel open at both ends
which is called a percolator is generally used. A specified amount of the menstruum
can be use to moisten the dried powdered samples packed in to the percolator and
allowed to stand for 4 h in an airtight container, after which the mass is packed and
the top of the percolator is closed. The menstruum is added to until a shallow layer is
formed above the mass, and the mixture is allowed to macerate in the closed
percolator for 24 h. After which the outlet of the percolator is opened and the liquid
contained therein is allowed to drip slowly. The menstruum is added continuously as
required, until the percolate measures is about three-quarters of the required volume
of the finished product. The mixed liquid is clarified through filtration or decantation

(Azwanida, 2015; Benitez et al., 2016; Ravanfar et al., 2018; Xiong et al., 2018).

2.9.4 Soxhlet extraction (Hot continuous extraction)

This is an automatic continuous extraction method that has a high extraction
efficiency. This method consumes less time, energy and solvent when compared to
maceration or percolation. In this procedure, the finely grounded plant material

sample should be placed in the thimble that is made from a cellulose or strong filter
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paper. The thimble is then transferred in to the thimble chamber as provided in the
soxhlet apparatus. The solvent is heated in the bottom flask and vaporizes in to the
thimble and condenses in the condenser and drip back continuously until a siphon
level is reached. The recycling process will continue until a clear drop of solvent from
the siphon tube does not leave residue when evaporated. The advantage of this
technique is that large amounts of drug can be extracted with small amount of solvent,
and it has tremendous effects economically in terms of time, energy and financial
inputs. Though the disadvantage of this technique is that, prolong heating increases
the possibilities of thermal degradation. (Amid et al., 2010; Lau et al., 2010; Pandey

and Tripathi 2014; Azwanida, 2015).

2.9.5 Plant tissue homogenization

Plant tissue homogenization is one of the old methods widely used by researchers. A
wet or dried plant material should be grinded into fine particles and soaked in certain
amount of solvent with vigorous shaking for five to ten minutes or allowed for 24 h,
after which the extract is then filtered and the filtrate may be centrifuged or dried
under reduced pressure and re-dissolved in the solvent to determine the concentration.

(Xing et al., 2019).

2.9.6 Sonication (Ultrasound-assisted extraction)

In this extraction, an ultrasound frequency ranging from 20 kHz to 2000 kHz is
involved and it mechanical effect helps to produce cavitation and due to the increase
in the cell wall permeability. Because Physical and chemical properties of the

subjected plant materials are altered and the plant cell wall are disrupted, so as to
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facilitate the release of compounds and enhance mass transport of the solvents into the
plant cells. The advantage of this technique is that it is relatively simple and low cost
technologically which can be used in both small and larger scale of phytochemical
extraction. Whilst the disadvantage is that the procedure may lead to an occasional
deleterious effect active constituents of the plant material through formation of free
radicals and undesirable changes in the drug molecules consequently as a result of
ultrasound (above 20 kHz) (Dhanani, et al., 2013; Ebrahim et al., 2014; Yingngam et

al., 2014).

2.9.7 Basic parameters influencing the quality of a plant extract

Some of the basic parameters that influence the quality of an extract are; (1). The
Plant part used as starting material, this includes the various part of the plants such as
the leaf, stem, bark or roots. (2) The solvent used for the extraction this includes the
pH, boiling point, polarity and toxicity of the solvent to be used for the extraction. (3)
The extraction procedure which depends on the type and nature of the compounds
need to be extracted, for examples are the compounds thermo-stable, oily or not
(Odetoye et al., 2016; Tambunan et al., 2017). And the variation in the choice of
extraction methods usually depends upon the Temperature required, Particle size of
the plant tissues, Length of the extraction period, Solvent used, pH of the solvent and

the ratio of the solvent-to-sample.

2.10 Solvents for Plant extraction
Solvents selected to be used for extraction play a crucial role in determining the

biologically active compounds to be extracted from the plant material. Properties of a
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good solvent in plant extractions includes, ease of evaporation at low heat, low
toxicity, preservative action, promotion of rapid physiologic absorption of the extract
and inability to cause the extract to form complex or dissociate (Xu et al., 2016;
Thouri, et al., 2017). The factors affecting the choice of solvent includes the quantity
of phytochemicals to be extracted, toxicity of the solvent in the bioassay process, the
rate of extraction, diversity of inhibitory compounds extracted, ease of handling of the
extracts, potential health hazard of the extractant and diversity of different compounds
extracted, (Do et al., 2014; Zia-Ul-Haq et al., 2014; Zhao et al., 2018). The intended
use of the extract greatly affects the choice of solvent as traces of residual solvents
remains with the final product. Therefore, solvent needs to be non- toxic and should
not interfere with the bioassay (Moreno-Quir’os et al., 2017; Ztotek et al., 2018). The

targets compounds to be isolated also influence the choice of solvents

2.10.1 Ethanol as solvent

Ethanol is a simple alcoholic solvent with a near neutral pH of 7.33, boiling point of
78.21 °C, melting point of -114.14 °C. It is volatile, flammable and colorless liquid
characterized with a slight odor like smell. It also have a psychoactive drug that is the
principal ingredient in drinks such as beer, wine and hard liquor (Menezes et al.,
2013; Stogner et al., 2014). In most cases, high antimicrobial activity is recorded in
ethanolic when compared to aqueous. Because they are more efficient in cell walls
and seeds degradation of the plant material which have unipolar character and causes
high content of polyphenols to be released from cells. More so, ethanol was found

easier to penetrate the cellular membrane to extract the intracellular ingredients from

68



the plant material. Some of the phytoextract of ethanol includes Polyacetylenes,
Flavonols, Sterols, Alkaloids, Tannins, Polyphenols and Terpenoids. Furthermore,
more bioactive flavonoid compounds can be extracted with 70 % (30 % water)
ethanol solution than 100 % ethanolic solution (Hasan et al., 2017; Tulashie et al.,

2017; Alara et al., 2020;).

2.10.2 Methanol as solvent

This is also an alcoholic polar solvent used for extraction. It is a weak acid solvent
with the pH of 6.0, boiling point of 64.7 °C, and melting point of -97.6 °C. Also it is
light, volatile, colorless, flammable liquid with a distinct odor like smell. It is more
polar than ethanol due to it cytotoxic nature (Mincer and Aicher 2016). Some of the
phyto-components extracted best using methanol includes; Tannins, Xanthoxyllines,
Phenols, Polyphenols, Anthocyanins, Terpenoids, Saponins, Totarol, Quassinoids,
Lactones and Flavones. The aromatic or saturated compound from plants that have
antimicrobial activity are often more obtained through methanolic extraction

(Azwanida, 2015; Huq et al., 2016; Truong et al., 2019).

2.10.3 Acetone as solvent

This is a colorless, flammable organic compound with a fruity odor that dissolves
several lipophilic and hydrophilic components of plants. Acetone is miscible with
water and have low toxicity to the bioassay used. It has a pH value of 7.0, boiling
point of 56.63 °C and melting point of -95.4 °C. Acetone is an important extractant for
antimicrobial studies where more phenolic compounds are required to be extracted.

More so, Flavonols and saponins from acetone extracts proves to have a reputable
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antimicrobial activity (Ghezelbash et al.., 2015; Mizielinska et al., 2017; Famuyide et

al., 2019).

2.10.4 Water as solvent

Water is universal solvent with some basic universal characteristics such as pH near
neutral (7.0), boiling point 100 °C (212 °F) and melting point of 0 °C (32 °F) usedto
extractplant products withantimicrobial activity. It is good in phytochemical
extraction of polar compounds. It is not volatile and has no toxicity effect on the
extract. Some of the phyto-components that are extracted by water are Tannins,
Starches, Anthocyanins, Saponins, Terpenoids, Polypeptides and Lectins. Extracts
from water solvent (aqueous extracts) have a decreased antimicrobial activity when
compared with other solvents, this can be ascribed as a result of the presence of the
enzyme polyphenol oxidase in water which degrades the polyphenols compound of
the plant materials (Pandey and Tripathi 2014; Umapathy et al., 2015; Tchabo et al.,
2018; Yen et al., 2018).

2.11 Research Organisms
2.11.1 Salmonella bongori

Salmonella genus is made up of two species which includes Salmonella enterica and
Salmonella bongori. The genus Salmonella bongori s an intracellular pathogen of cold
blooded animals and it is Gram negative, non-spore forming peritrichously
flagellated, predominantly motile, facultative anaerobic straight rods with simple
nutritional requirements (Fookes et al., 2011). This organism is transmitted through
ingestion of infected animal product, water or direct contact with feces of an infected

animal. On ingestion, the organism stays and multiply in the intestine for a period of
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one to three (1-3) weeks after which it makes way through the intestinal walls and
migrate to the bloodstream which furthermore pave way and spread to other tissues
and organs thereby secreting endotoxins (Okoro et al., 2012). Due to the ability of the
organism to live within the host cells, the host immune system can only do little in
fighting off the pathogen (Jantsch et al., 2011). Symptoms of this infection includes
headache, nausea, prolong fever, vomiting, abdominal pain, constipation and diarrhea.
The complication case of this infection may leads to septic shock and hypovolemic

shock (Fabrega and Vila 2013).

2.10.2 Klebsiella pneumoniae

This is an opportunistic pathogen that mostly causes bacterial pneumonia also known
as lungs infection, it is more severe to immunocompromised individuals. The
organism is encapsulated, Gram negative, rod shaped, non-motile, facultative
anaerobic and lactose fermenter (Rashid and Ebringer 2007). Klebsiella pneumoniae
is one of the notorious drug resisting organisms that poses an increase threat to the
Global health problem (Sanchez et al., 2013). Infection by this organism occur as a
result of direct entry of the bacteria into the respiratory tract of the host and it ability
to survive the host defense system (Li et al., 2014). The organism can be found
naturally in the soil and as normal flora in the intestine, skin and mouth but become
infectious when it disseminates to other part of the body. The infection caused by this
organism includes upper respiratory tract infection, urinary tract infection, wound

infection, thrombophlebitis, cholystitis, diarrhea, meningitis, sepsis and osteomyelitis
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(Hudson et al., 2014). Klebsiella pneumoniae can be diagnosed via sputum culture,

chest radiography and CT scan.

2.10.3 Escherichia coli

It is the most commonly found bacterium in the gut of warm blooded animals. This
bacterium is motile, non-spore forming, Gram negative, rod shaped and facultative
anaerobic organism that is found as a normal flora in the intestinal tract of human and
other mammals (Lim et al., 2010). Also it can be found generally in water, soil,
various foods much especially animal products and on plants. Though most species of
E. coli are har mLess but few are cause various infections which includes pneumonia,
urinary tract infections, gastroenteritis, neonatal meningitis, hemorrhagic colitis and
Crohn’s disease. And in some rarer cases the pathogenic strains of this organism also
causes tissue death known as bowel necrosis and unprogressive perforation (Croxen et
al., 2013). Furthermore, some strains of Escherichia coli produces shiga toxin which
is also classified as bioterrorism agent (Bourgeois et al., 2016). This organism can be

diagnosed using microscopy culture and sensitivity method.

2.10.4 Pseudomonads aeruginosa

Pseudomonads aeruginosa is Gram negative, rod shaped encapsulated pathogenic
bacteria of both plant and animals, the organism can be found in water, soil, skin flora
and many habitats throughout the world (Klockgether et al., 2011). This organism is
of medical important due to it multidrug resistance ability and intrinsically ubiquity in
their advance antibiotic resistance mechanisms (De Smet et al., 2017). It is an

opportunistic pathogen which causes infection of already established diseases
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conditions and treatment of pseudomonads infections may be difficult due to its
natural mechanism of drug resistance, therefore when more advanced drugs are

needed and used may result to more adverse effect (Hoiby et al., 2010).
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1  Study Area

The study was conducted in Minna which is the capital city of Niger State with an
altitude of 9°35'0.8"N and a longitude of 6°32'46.74"E North central Nigeria. The
state was created in 1976 and named after River Niger in 1976. Both the isolates and

plants materials were collected from the city metropolis

3.2  Ethical Consideration
An ethical clearance that permits the collection of test organisms for this research
was obtained from the Research, Ethics and Publication Committee (REPC) the

General Hospital, Minna Niger State.

3.3 Media Used
The media used for this research includes Nutrient agar (NA), Eosine Methylene Blue
(EMB), Salmonella Shigella agar (SSA), Muller Hilton agar (MHA), Nutrient broth

(NB), Peptone water, MR-VP broth and Simon citrate agar.

All the media used were prepared according to the manufacturer’s instruction and

were sterilized by autoclaving at 121 °C for 15 minutes (Cheesbrough, 2006).

3.4  Sample Collection and Transportation
3.4.1 Collection of test organisms
The bacterial isolates used in this research were obtained from three microbiological

samples which includes the urine, stool and wound swab from General hospital
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Minna. Colonies of the isolates were sub-cultured into nutrient broth in a sterile
container, the broths were transported in a maintained cold temperature (4 °C) to
microbiological laboratory of Federal University of Technology Minna (step B) for

further identification and characterization.

3.4.2 Collection of plants materials

The plant materials, Calotropis procera (leaf), Leptidenia hastata (stem) and
Securidaca longipedunculata (stem) were collected aseptically in a clean polythen
bag from their natural habitat around moris area of Barikin sale under Chanchaga
Local Government Area of minna metropolis, and transported to the drug discovery
unit laboratory of Federal University of Technology Minna (step B) Niger state,

Nigeria.

3.5  Culturing of Test Isolates

The broth containing the isolates were incubate at 37 °C for 24 h and a loopful from
the broth was further sub-cultured onto the agar media which includes the EMB,NA
and SSA and incubated at 37 °C for 24 h. Colonies from the agar plates were sub-
cultured further on to nutrient agar with the aid of a wire loop and incubated for
another 24 h at 37 °C so as to obtain pure isolates. The pure isolates were then
identified and characterized by Gram’s staining and other biochemical test as follows:

(Cheesbrough, 2006).
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3.6 Identification of the Isolates

3.6.1 Gram staining
A drop of normal saline was dropped on a clean glass slide, a loopful of colonies were

picked from nutrients agar and were emulsified with the normal saline to form a
smear. The smears ware dried by using heat fixing method. Crystal violet reagent was
added to the smear and was allowed for one minute and after the minute, the crystal
violet was rinsed with water. A logos iodine solution was added to the smear for a
minute and rinsed off with water. An alcohol was added in drops for 25 seconds
which serves as decolourizer and was rinsed with water also. Safranin solution was
added to the smear which serves as counter stain and was allowed for one minute, the

safranin solution was rinsed and the smear was allowed to dry (Cheesbrough, 2006).

3.6.2 Microscopy
After drying of the stained glass, an oil immersion was added to the smear and
covered with cover slip. The smear was viewed under microscope using 100x oil

immersion objective lens (Cheesbrough, 2006).

3.6.3 Indole test

A loopful of the colonies from the Nutrient Agar plate were picked and inoculated in
to a pepton water broth. The broths were incubated for five days at 37 °C. After the
incubation period, three drops of kovacs reagent was added into the broths and was
shook gently and presence or absent of of top layer formation was observed

(Cheesbrough, 2006).
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3.6.4 Methyl red (MR) test

A loopful of the colonies from the Nutrient Agar plate were picked and inoculated in
to the MR-VP broths. The broths were incubated for five days at 37 °C. After the
incubation periods a methyl-red reagent was added to the tube and it was observed for

change in colour (Cheesbrough, 2006).

3.6.5 Voges Proskaur (VP) test

A loopful of the colonies from the Nutrient Agar plate were picked and inoculated in
to the MR-VP broth. The broths were incubated for five days at 37 °C. After the
incubation periods a Barritt reagent was added to the tubes and were observed for

change in colour (Cheesbrough, 2006).

3.6.6 Citrate test

A loopful of the colonies from the Nutrient Agar plate were picked and inoculated in
to the Simon citrate agar slanted in a tube. The media were incubated for 24 h at 37
°C. After the incubation period, the media were observed for change in colour

(Cheesbrough, 2006).

3.6.7 Catalase test
A drop of hydrogen peroxide was dropped in a clean glass slide a colony was picked
from Nutrient agar and was emulsify on the slide, it was observed for bubble

formation within 5seconds (Cheesbrough, 2006).

3.6.8 Oxidase test
A piece of filter paper was placed on a clean a clean petri dish and a 2-3 drops of

oxidase reagent (tetramethyl-p- phenylenediamine dihydrochloride). The colonies
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were picked with a sterile stick and emulsified on the surface of the filter paper. The
filter paper was observed for cloure development within the first 10-30 seconds

(Cheesbrough, 2006).

3.6.8 Motility test

Semi agar medium was produced using nutrient broth and agar in a test tube. The
organism were stab at the center of the media in the test tube using a sterile wire loop.
The tube was incubated at 37 °C for 7 days within routine observation (Cheesbrough,

2006).

3.6.9 Urease test

Urea agar slant was prepared in a bijou bottle and the test organisms were inoculated
heavily on the slant surface. The caps of the bottles were left partly loose and the slant
were incubated for 7 days at 37 °C.the media was observed for present or absent of

color change (Cheesbrough, 2006).

3.7 Molecular Characterization of Bacterial Isolates

3.7.1 DNA extraction

Single colonies grown on medium were transferred to 1.5 mL of liquid medium and
cultures were grown on a shaker for 48 h at 28 °C. After this period, cultures were
centrifuged at 4600 g for 5 min. The resulting pellets were re-suspended in 520 uL of
TE buffer (10 mMTris-HCI, 1 mM EDTA, pH 8.0). Fifteen microliters of 20 % SDS
and 3 pL of Proteinase K (20 mg/ mL) were then added. The mixture was incubated
for 1 h at 37 °C, then 100 pL of 5 M NaCl and 80 pL of a 10 % CTAB solution in 0.7

M NaCl were added and votexed. The suspension was incubated for 10 min at 65 °C
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and kept on ice for 15 min. An equal volume of chloroform: isoamyl alcohol (24:1)
was added, followed by incubation on ice for 5 min and centrifugation at 7200g for 20
min. The aqueous phase was then transferred to a new tube and isopropanol (1: 0.6)
was added and DNA precipitated at —20°C for 16h. DNA was collected by
centrifugation at 130009 for 10 min, washed with 500 uL of 70 % ethanol, air-dried at

room temperature for 3 h and finally dissolved in 50 pL of TE buffer.

3.7.2 Polymerase chain reaction

PCR sequencing preparation cocktail consisted of 10 pL of 5x GoTaq colourless
reaction, 3 pL of 25 mM MgCly, 1 pL of 10 mM of dNTPs mix, 1 pL of 10 pmol each
27F 5°- AGA GTT TGA TCM TGG CTC AG-3 and - 1525R, 5-
AAGGAGGTGATCCAGCC-3" primers and 0.3units of Taq DNA polymerase
(Promega, USA) made up to 42 uL with sterile distilled water 8 uL. DNA template.
PCR was carried out in a GeneAmp 9700 PCR System Thermalcycler (Applied
Biosystem Inc., USA) with a Pcr profile consisting of an initial denaturation at 94 °C
for 5 min; followed by a 30 cycles consisting of 94 °C for 30 s, 50 °C for 60s and 72
°C for 1 minute 30 seconds ; and a final termination at 72 °C for 10 mins. And chill

at 4 °C.GEL (2,3)

3.7.3 Integrity

The integrity of the amplified about 1.5Mb gene fragment was checked on a 1 %
Agarose gel ran to confirm amplification. The buffer (LXTAE buffer) was prepared
and subsequently used to prepare 1.5 % agarose gel. The suspension was boiled in a

microwave for 5 minutes. The molten agarose was allowed to cool to 60 °C and
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stained with 3ul of 0.5 g/ mL ethidium bromide (which absorbs invisible UV light and
transmits the energy as visible orange light). A comb was inserted into the slots of the
casting tray and the molten agarose was poured into the tray. The gel was allowed to
solidify for 20 minutes to form the wells. The 1XTAE buffer was poured into the gel
tank to barely submerge the gel. Two microliter (2 L) of 10X blue gel loading dye
(which gives colour and density to the samples to make it easy to load into the wells
and monitor the progress of the gel) was added to 4 pL of each PCR product and
loaded into the wells after the 100bp DNA ladder was loaded into well 1. The gel was
electrophoresed at 120V for 45 minutes visualized by ultraviolet trans-illumination
and photographed. The sizes of the PCR products were estimated by comparison with
the mobility of a 100bp molecular weight ladder that was ran alongside experimental

samples in the gel.

3.7.4 Purification of amplified product

After gel integrity, the amplified fragments were ethanol purified in order to remove
the PCR reagents. Briefly, 7.6 puL of Na acetate 3 M and 240 pL of 95 % ethanol were
added to each about 40ul PCR amplified product in a new sterile 1.5 pL tube
eppendorf, mix thoroughly by vortexing and keep at -20°C for at least 30 min.
Centrifugation for 10 min at 13000 g and 4°C followed by removal of supernatant
(invert tube on trash once) after which the pellet were washed by adding 150 pL of 70
% ethanol and mix then centrifuge for 15 min at 7500 g and 4 °C. Again remove all
supernatant (invert tube on trash) and invert tube on paper tissue and let it dry in the

fume hood at room temperature for 15 min. then resuspend with 20 pL of sterile
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distilled water and kept in -20 °C prior to sequencing. The purified fragment was
checked on a 1.5 % Agarose gel ran on a voltage of 110 V for about 1hr as previous,
to confirm the presence of the purified product and quantified using a nano-drop of

model 2000 from thermo scientific.

3.7.5 Sequencing

The amplified fragments were sequenced using a Genetic Analyzer 3130xI sequencer
from Applied Biosystems using manufacturers’ manual while the sequencing kit used
was that of BigDye terminator v3.1 cycle sequencing kit. Bio- Edit software and

MEGA 6 were used for all genetic analysis

3.8  Processing of Plants Materials

The three plants material used in this study are Calotropis procera leaf (Tumfafia),
Leptidenia hastata stem (Yadiya) and Securidaca longipedunculata stem (Sanya)
were all selected based on their local consumption and ethno-medicinal uses in

treating urinary tract, wound, enteric fever and other bacterial infection.

The plant materials were washed under running tap water, air- dried at room
temperature and then pulverized and homogenized to fine powder and stored in
airtight glass containers at room temperature (28+2°C) in dark until use as described

by Shobowale (2013).

3.8.1 Extraction of plant materials
The plant materials were extracted using cold maceration technique as described by
Nenaah and Ahamad (2011). For each plant material, one hundred Gram (100 g) of

the dried powder was soaked into the methanol in a clean sterile airtight container for
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three days (72 h) at room temperature (28+£2°C), while undergoing vigorous shaking
at regular interval. The mixture was then filtered through muslin cloth and re-filtered
through Whattman's filter paper No. 1. The filtrate was concentrated by complete
evaporation of the solvent at room temperature. The concentrated extract was
subsequently transferred into clean sterile airtight glass container and stored in the
refrigerator at 4 °C until use. The weight of the plants materials were recorded and the

percentage yield were calculated using the formula below;

weight of the extract

x 100
weight of dry sample

Percentage ( %) yield =

3.8.2 Preparation of the plant extract concentration

The dried extracts were prepared to the concentration 15 mg/ mL, 25 mg/ mL, 50 mg/
mL, 100 mg/ mL, 150 mg/ mL, 200 mg/ mL, 250 mg/ mL and 300 mg/ mL
respectively by dissolving in 2 mL of dimethyl sulfoxide (DMSO) and 10 mL of

sterile distilled water (CLSI, 2012).

3.9  Standardization of Inoculum

Zero-point one (0.1 mL) of bacteria suspension from 18 h overnight cultures was
suspended into 10 mL of nutrient broth and the suspension was incubated for 2 h at 37
°C. The culture was standardized to 0.5 McFarland turbidity standard. A loopful of the

standardized inoculum was used for the antibacterial susceptibility test.

3.10 Antimicrobial Susceptibility Testing of the Crude Extracts.
The antimicrobial activity of the extracts was determined using Agar well diffusion

method adopted by Innalegwu et al. (2021) with slight modification. Mueller Hinton
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agar plates were prepared for all the organisms. A sterile cork borer of diameter 6 mm
was used to bore wells onto the agar plates and a sterile cotton swab sticks were
submerged into the standardized microbial suspensions. Blotting out the excess
fluids, the swabs were used to streak the inoculum on the entire surface of the agar
plates and the plates were allowed to dry for few minutes. 0.2 mL of each
concentration prepared was transferred into the labelled bored well on the agar plate
and ciprofloxacin, amoxicillin was used as positive control whereas distilled water

and DMSO were used as negative control.

Thirty minutes’ pre-diffusion time was allowed for each plate after which they were
incubated at 37 °C for 24 h. After the 24 h incubation period, the diameter zone of
inhibition (mm) were measured using a measuring ruler and the measurement were
obtained by measuring the Centre of well and subtracting it with the diameter of the
cork borer. Test isolate with 10mm zone of inhibition is considered sensitive to that

extract as described by Clinical and Laboratory Standards Institute (CLSI, 2012).

3.11 Determination of Minimum Inhibitory Concentration (MIC) of the
Extract

The minimum inhibitory concentration (MIC) was determined using the method of
Mogana et al. (2020) with little modification. A series of two fold dilutions of each
extract ranging from 300 mg/ mL to and 4.6875 mg/ mL were prepared in Nutrient
broth and 0.1 mL of each standardized culture of the test organisms (0.5 McFarland
turbidity standard) was transferred into each labeled dilution tubes. Negative and

positive controls were maintained respectively in which the negative control contain
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the inoculum in the growth medium organisms and positive controls contained the

diluted extracts in the growth medium without the inoculum .

The tubes were incubated at 37 “C for 24 h and at the end of the incubation period, the
optical density of the cultures in the test tubes were read using a spectrophotometer at
a wavelength of 600 nm. The test tubes with the lowest significant reduction in

absorbance was taken as the MIC.

3.12 Determination of Minimum Bactericidal Concentration (MBC) of the
Extracts

The minimum bactericidal concentration (MBC) was determined by sub-culturing the

tubes with the lowest optical density from the minimum inhibitory concentration into

a freshly prepared agar plates. The plates were incubated at 37 °C for 24 h. Thus the

plates with minimum or no bacterial growth were recorded as the MBC (Ewansiha,

2020).

3.13 Partitioning of the Crude Extracts

The plants methanolic extract were partitioned as described by Innalegwu et al.
(2021). Fifteen grams (15 g) of the crude methanol extracts were dissolved into 100
mL of distilled water and were partitioned exhaustively in order of increasing solvent
polarity (n-hexane < ethyl acetate < distilled water) using separating funnel. The
fractions obtained were evaporated to dryness at a control temperature of 40 °C in
water bath. The weight of each fraction was recorded after the dryness. Furthermore,
the fractions were subjected to antibacterial screening, also the MIC and MBC of the

fractions were also determined using the method previously described.
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3.14 Gas Chromatography (GC)-Mass Spectrometer (MS) Analysis

The GC-MS analysis of the purified fractions from methanol sub-fraction of
Calotropis procera leaf, Leptidenia hastata stem and Securidaca longipedunculata
stem were carried out on a GC-MS-QP 2010 Plus Shimadzu system (SHIMADZU,
JAPAN). Gas chromatograph interfaced with a mass spectrometer (GC-MS)
instrument was used; Column elite-1 fused silica capillary column (30m x0.25mm 1D
x uL df, composed of 100 % dimethyl polysiloxane). In detecting the GC-MS an
electron ionization system with ionization energy of 70 eV was used. Helium gas
(99.999 %) was used as the carrier gas at constant flow ratel mL/min and an injection
volume of 2 uL was employed (split ratio of 10:1) injector temperature 250 ‘C; ion
source temperature 280 ‘C. The oven temperature was programmed from 110 °C
(Isothermal for 2 min.) with an increase of 10 " per minute to 200  then 5 " per
minute to 280 " /min, ending with a 9 min isothermal at 280 "°. Mass spectra were
taken at 70 eV with a scanning interval of 0.5 s and fragments from 40 to 550 Da. The
total GC running time was 27 minutes. The relative percentage amount of each
component was calculated by comparing the average peak area to the total areas.
Software adapted to handle the mass spectra and chromatogram was a turbo mass and
the detection of compounds employed the database of the National Institute of

Science and Technology (NIST) NIST Ver. 2.0 year 2009 library.
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3.15 Qualitative and Quantitative Determination of Phytochemicals

3.15.1 Total flavonoids determination

Praveen and Rajesh (2019) method was used to determine total flavonoid content of
the extracts. 0.5 mL of each extract was measured and added to a test tube containing
1.5 mL of absolute methanol, 0.1 mL of 10 % aluminum chloride, 0.1 mL of 1 %
sodium acetate and 2.8 mL of distilled water. The tubes were incubated at ambient
temperature for 30 minutes. The absorbance was read at 415 nm with double beam
shimadzu UV spectrophotometer, UV-1800. Standard quercetin was used to prepare

the calibration curve.

3.15.2 Total phenol determination

Total phenol content of the extracts was determined using the method of (Ajiboye et
al., 2013) 0.01 g of each extract was dissolved in 10 mL of distilled water, and 0.5 mL
was oxidized by 2.5 mL of 10 % Folin-Ciocalteu’s reagent which was then
neutralized by 2 mL of 7.5 % sodium carbonate. Followed by vigorous shaking, the
mixture was allowed to for 2 h. Finally, the absorbance was read at 765 nm using
double beam Shimadzu UV spectrophotometer, UV-1800. Standard garlic acid was

used to prepare the calibration curve.

3.15.3 Total saponins determination

Saponins content of the extracts was determined using the method of (Mir et al.,
2016). 0.5 g of each extract was weighed and dissolved in 20 mL of 1N HCI and
boiled in water bath at 80 °C for 4 h. The reaction mixture was cooled and filtered. 50

mL of petroleum ether was added and the ether layer was collected and evaporated to
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dryness. Thereafter, 5 mL of acetone-ethanol (1:1), 6 mL of ferrous sulphate and 2
mL of concentrated sulphuric acid were added and allowed to stand for 10minutes.
The absorbance was taken at 490 nm. Standard saponins was used to prepare the

calibration curve.

3.15.4 Total alkaloid determination

Total alkaloid of the extracts was determined using method of Lofty et al. (2015).
Using this, 0.5 g of each extract was weighed and dissolved in 5 mL of mixture of 96
% ethanol:20 % H2SO4 (1:1) and then filtered. 1 mL of the filtrate was then added to a
test tube containing 5 mL of 60 % H,SO4 and allowed to stand for 5 minutes.
Thereafter, 5 mL of 0.5 % formaldehyde was added and allowed to stand at room
temperature for 3 h. The absorbance was read at wavelength of 565 nm. Vincristine
extinction coefficient (Ezgs, ethanol {ETOH} = 15136M~1cm™) was used as reference

alkaloid.

3.15.5 Total tanins determination

Tannin content of the extracts was determined using the method of (Suleiman et al.,
2007). 0.2g of each extract was weighed into a 50 mL beaker and 20 mL of 50 %
methanol was added to it and covered with para film and heated in water bath at 80 'C
for 1 hour. The reaction mixture was shaken thoroughly to ensure uniformity. The
extract was then filtered into a 100 mL volumetric flask, and 20 mL of distilled water,
2.5 mL of Folin-Denis’ reagent, and 10 mL of sodium carbonate were added and
mixed properly. The reaction mixture was then allowed to stand for 20 minutes at

room temperature for the development of bluish-green coloration. The absorbance
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was taken at 760 nm using double beam shimadzu UV-spectrophotometer, UV-1800.

Standard tannic acid was used to prepare the calibration curve.

3.16 Data Analysis

The results were analyzed using the SPSS statistical package for WINDOWS (version
21.0; SPSS Inc., Chicago) and Data were expressed as the MeanzStandard Error of
Mean of three determinations. Results were subjected to one-way ANOVA followed
by the Duncan Multiple Range Test (DMRT) also the Values were considered

statistically significant at p < 0.05
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
4.1 Results

4.1.1 Ildentity and characteristics of the isolates

The isolates collected and identified were Escherichia coli, Pseudomonas aeruginosa,
Salmonella bongori and Klebsella pneumonia. The isolates were confirmed based on
their growth and cultural characteristics on the culture media, Grams reaction and
microscopical appearance and their reaction to certain biochemical reagents as shown

in Table 4.1 and Table 4.2.

4.1.2 Molecular characterization of bacterial isolate

Polymerase chain reaction amplifications of total genomic DNA of the bacteria
isolates using primer pair 27F 5’- AGA GTT TGA TCM TGG CTC AG-3’ and -
1525R, 5'-AAGGAGGTGATCCAGCC-3’ primers produced a PCR product of about
1500 base pair (bp) (Plate I). The PCR products were sequenced (GenBank Accession
Number: MK572634.1, MN623691.1, CP074120.1 and ABG642255.1 for
Pseudomonas aeruginosa, Salmonella bongori, Escherichia coli and Klebsiella
pneumoniae respectively) (Table 4.3). The phylogenetic tree of the test isolates
(Figure 4.1) showed the relations among the organisms and their origin using the

NCBI database while the result of the sequence anlysis are presented in Appendix A.
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Table 4.1: Cultural and morphological characteristics of bacteria

Organism GC &M MCM Gram staining

Escherichia coli Greenish metallic sheen colonies on EMB Rod shaped bacilli Negative

Pseudomonas aeruginosa Large opaque flat colonies with green pigmentation on NA Rod shaped bacilli Negative

Salmonella bongori Colorless colonies with black center on SSA Rod shaped bacilli Negative

Klebsella pneumoniae Large mucoid purple to pink colonies without metallic sheen Rod shaped bacilli Negative
on EMB

Key: GC&M = growth characteristics on media, MCM= microscopic morphological characteristics
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Table 4.2: Biochemical characteristics of bacteria

Organism Indole M-R V-P Citrate  Catalase = Motility ~ Oxidase Urease
Escherichia coli + + - - + n _ _
Pseudomonas aeruginos - - - + + + + -
Salmonella bongori - + - - + + - -
Klebsella pneumonia - - + + + - - +

Key: + = Positive and - = Negative
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Table 4.3: Molecular characterization of bacteria

Sample ID Scientific Name Max Score Total Score Query Cover E value Per. Ident Acc. Len Accession
IDZU7 Pseudomonas aeruginosa 287 2623 99 % 0 99.93 % 1473 MK572634.1
IDZU8 Salmonella bongori 54736 2647 99 % 0 99.52 % 1526 MNG623691.1
IDZU9 Escherichia coli 562 2630 99 % 0 99.58 % 4844032 CP074120.1
IDZU10 Klebsiella pneumoniae 573 2636 99 % 0 99.79 % 1533 AB642255.1

92



4.1.3 Percentage yield of extract

The yield of the 500 g weight of the pulverized plant material extracted
exhaustively with methanol was measured and recorded. The highest yield
was obtained from Calotropis procera leaf with 35 g (7 %) follow by
Securidaca longipedunculata stem with 30 g (6 %) and the lowest yield was

recorded from Leptidenia hastata stem with 27 g (5.6 %) (Table 4.4).
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1500bp -

Plate I: PCR amplification of the DNA region of the bacteria isolates
using the 27F and 1525R primer.

Keys: MK = 1500bp DNA ladder, IDZU7= Pseudomonas aerugnosa, IDZU8
= Salmonella bongori, IDZU9 = Escherichia coli, IDZU10 = Klebsiella
pnuemoniae, PCR reaction mixture with DNA of the samples to be identified.
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—|: MT2830286.1 Escherichia coli

DA S

MR 025332 1 Shigella dysenterias

MR 0418585 1 Salm onella enterica

 — MR 074828.1 Salmonella bongori

L IDAE

— MR 0357594 1 Klebsiella pneum onias
L DA 10

— KT721585 1 Peeudomonas asruginosa

L D AT

APD1TE32.1:558524 5509859 Helicobacter pyori

KMTS154230.1 Kocuria sp. strain L14

 — DQ239591.1 Leuconostoc garlicum
L

MTS04752 1 Leuconostoc lactis strain 2334

MR 028655.1 Streptococcus pneumonias

 — KF1451287.1 Lactobacillus #rmentum

L KFO080265 1 Pediococcous acidilactic

{ MR 118837 .2 Staphylococcus aureus

MR 112116.2 Bacillus subtilis

{ MKSF1202.1 E nterococcus faccalis

MKSF1202.1 E nterococcus faecalis

Figure 4.1: Phylogentic tree showing the relations among the bacteria isolates

Key: IDZU7 = Pseudomonas aeruginosa, IDZU8 = Salmonella typhi, IDZU9 = Eschrichia coli and IDZU10 = Klebsiella pneumoanie
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Table 4.4: Percentage yield of plant extracts

Samples WDP WE (9) PY (%)
Calotrpis procera 500 35 7
Leptedenia hastata 500 27 54
Securidaca 500 30 6

longipedunculata

Key: WDP= weight of dry powder, WE= weight of extract, PYY= percentage yield and
g=gram

4.1.4 Antibacterial activity of the crude extract of Calotropis procera leaf,
Leptidenia hastata stem and Securidaca longipedunculata stem
Antibacterial activity of the Calotropis procera leaf extract against the tested
organisms as shows that Escherichia coli and Pseudomonas aeruginosa are more
susceptible to the extract with a zone of inhibition of ranging between 8.00+0.30-
17.80+0.20 mm and 14.00+0.50-19.60+0.20 mm respectively but less active against

Salmonella bongori and Klebsella pneumoniae (Table 4.5)

4.1.5 Antibacterial activity of the Leptidenia hastata stem crude extract

Crude extratct of Leptidenia hastata was active against Escherichia coli, Klebsella
pneumoniae and Pseudomonas aeruginosa with zones of inhibition ranging between
6.70+£0.30-14.85+0.5 mm, 12.10+0.10-21.55+0.65 mm and 7.10+1.10-17.65+0.15

mm respectively (Table 4.6).
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4.1.6 Antibacterial activity of the Securidaca longipedunculata stem crude
extract

Securidaca longipedunculata stem extract shows a significant zone of inhibition

against Escherichia coli ranging between 8.05+2.05-13.15£0.15 mm while

Pseudomonas aeruginosa, Klebsiella pneumoniae and Salmonella bongori were

resistant against the extract (Table 4.7).
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Table 4.5: Mean zones of inhibition of methanol extract of Calotropis procera leaf against bacterial isolates

Organisms Concentration (mg/ mL)
15 25 50 100 150 200 250 300 Cipro 50mg/ Amox
mL 50mg/ mL

E. coli - 8.00£0.30° 10.00+0.50° 11.00+1.0° 11.00+0.0° 14.50+0.50¢ 17.80+0.20° 18.55+1.12f 3.10+0.232

P. aeruginosa - 14.00£0.50% 14.00+1.00*° 15.00+1.00%* 15.15+0.15® 17.10+0.60°  19.60+0.2° 24.35+1.50¢ 12.75+0.22%

S.bongori - - - 3.60+0.20° 7.75+0.15° 8.00+1.00° 11.10+0.1¢ 13.50+0.50¢  23.01+0.20° 7.30+1.11°
K. - - - - - 4.50+0.50° 9.05+0.05°  10.10+0.10° 24.90+0.13¢  12.33+0.6°
pneumoniae

Values are expressed in mean + standard error of mean, values with the same superscript on the same row have no significance difference
(p > 0.05), n=3, - = No activity
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Table 4.6: Mean zones of inhibition of methanol extract of Leptidenia hastata stem against bacterial isolates

Organisms Concentration (mg/ mL)
15 25 50 100 150 200 250 300 Cipro Amox
5mg/ mL 5mg/ mL
E. coli - - 6.70£0.30°  9.25+0.25°  11.85+0.45 12.40+0.0° 13.15+0.5° 14.85+0.5"  18.55+1.129 3.10+0.23?

d

P. aeruginosa 7.10£1.10°  10.90+0.10° 14.00+1.00 14.15+0.15% 15.25+0.25% 17.65+0.15° 24.35+1.507 12.75+0.22

d e c

S. bongori - 5.55+0.258  6.20+0.202® 6.90+0.10% 7.30+0.30°  9.10+0.2° 23.01+0.20¢  7.30+1.11°

K.pneumoniae -  4.35%0.25% 12.10+0.10° 12.65+0.15° 14.80+0.8° 17.40+0.10° 17.35+0.85% 21.55+0.65° 24.90+0.132° 12.33+0.60°

Values are expressed in mean + standard error of mean, values with the same superscript on the same row have no significance difference
(p > 0.05), n=3, - = No activity
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Table 4.7: Mean zones of inhibition of methanol extract of Securidaca longipedunculata stem against bacterial isolates

Organisms Concentration (mg/ mL)

15 25 50 100 150 200 250 300 Cipro 5mg/ Amox 5mg/

mL mL

E. coli - - - 8.05+2.05° 10.40+0.1° 10.70+0.3° 11.75+0.05° 13.15+0.15% 18.55+1.12¢  3.10+0.23?
P. aeruginosa - - - - - - - - 24.35+1.50°  12.75+0.222
S.bongori - - - - - - - - 23.01+0.20°  7.30+1.112
K. - - - 2.70+0.70° 3.40+0.40° 5.20+0.10° 5.85+0.35° 6.35+0.35°  24.90+0.13%  12.33+0.6°
pneumoniae

Values are expressed in mean + standard error of mean, values with the same superscript on the same row have no significance difference
(p > 0.05), n=3, - = No activity
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4.1.7 Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of Calotropis procera leaf extract

MIC and MBC of the crude extracts of Calotropis procera leaf was observed against the

organisms whereas the least values were recorded against Escherichia coli and

Pseudomonas aeruginosa, (MIC {37.5 mg/mL}, MBC {75mg/ mL}) was observed

against Escherichia coli and Pseudomonas and the highest value was recorded against

Klebsella pneumonia (MIC {150 mg/mL}, MBC {300mg/ mL}) as shown in Figure

4.2.

4.1.8 Minimum inhibitory concentration (MIC) and minimum bactericidal
Concentration (MBC) of Leptidenia hastata stem extract

Least MIC and MBC were recorded in Leptidenia hastata stem extract against Klebsella

pneumonia (18.75 mg/mL) and (37 mg/mL) follow by Escherichia coli and

Pseudomonas aeruginosa (37.5 mg/mL), (75 mg/mL) and Salmonella bongori (150mg/

mL) and (300 mg/ mL) as described in Figure 4.3.

4.1.9 Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of Sacuridaca longipedunculata stem extract

Securidaca longipedunculata stem extract had the least MIC and MBC against

Escherichia coli (75mg/ mL) and (150mg/ mL) and the highest were recorded against

Pseudomonas aeruginosa, Salmonella typhi and Klebsella pneumonia (150mg/ mL) and

(300 mg/ mL) respectively (Figure 4.4).
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4.1.10 Percentage yield of partitioned fractions of plant crude extracts

Various yields were obtained in n-hexane (23 %), ethylacetate (41 %) and residual
aqueous (35 %) fractions of Calotropis procera leaf extract while ethylacetate (30 and
27 %) and residual aquaouse (70 and 73 %) fractions were obtained from Leptidenia

hastata stem and Securidaca longipedunculata stem extract (Table 4.8).

4.1.11 Antibacterial activity of partitioned fractions of methanol extract of
Calotropis procera leaf

Narrow zones of inhibition were recorded for all the bacteria isolates across the

various concentration in n-hexane fraction while ethyl acetate and residual aqueous

shows an improve level of activity against the bacteria isolates than their crude extract

(Table 4.9).

4.1.12 Antibacterial activity of the Leptidenia hastata stem and Securidaca
longipedunculata stem extract fractions (ethyl acetate and residual

aqueous extract) against the test organism
A significant zone of inhibition was observed across all the various concentration
used in ethyl acetate and residual aqueous fraction of Leptidenia hastata stem and
Securidaca longipedunculata stem against some bacteria isolates used in this study

(Tables 4.10 and 4.11).

4.1.13 Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of partitioned fractions of plant crude extracts
Different values were recorded for the minimum inhibitory concentration and

minimum bactericidal concentration of the partitioned fractions (Figures 4.5 — 4.11).
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The values were lower than those obtained from the crude showing an improved in

the activity of the extract on purification.

4.1.14 Gas chromatography and mass spectrometry analysis of the sub-fractions
of the plants extracts

The Gas Chromatography and Mass Spectrometry analysis of the sub-fractions of the

extracts shows the presence of various metabolites of the research plants ranging from

fatty acids and their esters to carbohydrates which justifies usage in traditional

medicines. This are shown from Tables 4.12-4.14.

4.1.15 Qualitative and quantitative phytochemical screening of plant extracts
Quantitative phytochemical screening of the extracts indicates the presence of the
tested compounds in such as flavonoids, phenols, tannins Alkaloid and saponins

except in Leptidenia hastata where tannins was absent (Table 4.15).
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Table 4.8: Percentage yield of partitioned fractions of crude extract of plants

Samples % Weight of fractions (g)

WDE (g) n-hexane Ethyl acetate ~ Aqueous
C. procera 15 3.5(23) 6.2 (41) 5.3(35)
L. hastate 15 - 4.5 (30) 10.5 (70)
S. longipedunculata 15 - 4.0 (27) 11.0 (73)

Key: WDE = weight of dry Extract
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Table 4.9: Mean zones of inhibition of ethyl acetate and aqueous fraction extract of Calotropis procera leaf fractions against

bacterial isolates

Organism H150 H250 H300 E150 E250 E300 A150 A250 A300
Concentration (mg/ mL)

E. coli - 5.00+0.00° 8.30+0.30° 7.10+0.10° 11.35+0.15° 13.00+0.00¢ 10.30+0.2° 13.05+0.05° 15.05+0.35°
P. - 7.20£0.20° 9.90+0.10*  13.05+0.05° 15.40+0.10° 17.25+0.25¢ 13.05+0.05° 15.40+0.10"° 17.25+0.25°
aeruginosa

S.bongori  6.00+0.00% 9.00+1.00° 12.40+0.109 11.55+0.45° 13.15+0.25¢ 15.10+0.10° 8.90+0.50° 11.60+0.1°  13.30+0.30°
K. - 9.90£0.40° 13.10£0.1° 9.20+0.20° 12.20+0.20° 12.95+0.50° 8.20+0.20° 13.10+0.1°  14.20+0.4°
pneumoniae

Keys: H: n-Hexane fraction, A: Residual aqueous fraction, E: Ethyl acetate fraction

Values are expressed in mean * standard error of mean, values with the same superscript on the same row have no significance difference

(p > 0.05), n= 3, - = No activity
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Table 4.10: Mean zones of inhibition of ethyl acetate and aqueous fraction of Leptidenia hastata stem against bacterial isolates

Organism E150 E250 E300 A150 A250 A300

Concentration (mg/ mL)

E. coli 11.55+0.15° 12.10+1.70° 18.15+0.55° 11.25+0.452 13.3040.30° 14.55+0.85%
P. aeruginosa 14.15%0.45" 19.3040.9° 25.80+0.20¢ 9.80+0.80° 15.10+1.10° 20.30%1.3¢
S. bongori - 8.75+0.45° 10.40%0.90¢ 6.80+0.50° 8.20+0.80° 10.00£0.6°
K. pneumoniae 9.35+0.35" 11.35+0.45¢ 16.750.15¢ 4.80+0.20° 10.30+1.30° 15.80+0.40¢

Keys: A: Residual aqueous fraction, E: Ethyl acetate fraction

Values are expressed in mean + standard error of mean, values with the same superscript on the same row have no significance difference
(p > 0.05), n=3, - = No activity
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Table4.11: Mean zones of inhibition of ethyl acetate and aqueous fractions of Securidaca longipedunculata stem against bacterial
isolates

Organism E150 E250 E300 A150 A250 A300

Concentrations (mg/ mL)

E. coli 4.30+0.10° 8.70+0.2° 10.95+1.35¢ 1.70+1.702 10.80+0.20¢ 13.25+0.55°
P. aeruginosa 4.00+0.60? 8.25+0.35" 15.70+0.10¢ 10.95+0.35¢ 16.85+0.15¢ 20.00+0.40°
S. bongori 0.60%0.60? 1.30+1.30° 9.60+1.10° - 4.15%1.15% 9.15+0.55"
K. pneumoniae  13.25+0.35° 17.60+0.20¢ 19.90+0.10° 5.85+0.15° 10.85+0.05° 12.80+0.2¢

Keys: A: Residual aqueous fraction, E: Ethyl acetate fraction

Values are expressed in mean + standard error of mean, values with the same superscript on the same row have no significance difference
(p > 0.05), n=3, - = No activity
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Table 4.12: GC-MS profile of sub-fraction extract from methanolic
extract of Calotropis procera leaves

P-N R-T Compound names M-F M-W %
Conc.
Ethyl acetate fraction
5 16.118 9,12-Octadecadienoic acid (Z,2)- C18H3202 280 18.56
7 16.332 9-Octadecenamide, (2)- CigH3zsNO 281 28.71
11 18.732 Hexadecanoic acid, 2-hydroxy-1- C19H3804 330 5.78
(hydroxymethyl) ethyl ester
16 19.992 9,12-Octadecadienoic acid (Z,Z2)-,  C21H3804 354 13.13
2,3- dihydroxypropy! ester
17 20.017 Propyleneglycol monoleate C21H4003 340 4.99
Residual aqueous fraction
12 9.705 Glycerin C3HsO3 92 56.78
13 11.233 Propanal, 2, 3-dihydroxy-, (S)- C3Hs03 90 8.11
16 13.324 Nonanoic acid CoH1802 158 5.58
20 16.113 9,12-Octadecadienoic acid (Z,2)- C18H3202 280 6.24
25 19.998 9,12-Octadecadienoic acid (Z,Z)-, Cz1H3z804 354 7.00
2,3-dihydroxypropyl
n-Hexane fraction
22 15.171 Hexadecanoic acid, ethyl ester C18H3602 284 13.11
23 15.404 n-Hexadecanoic acid C16H3202 256 11.53
25 15.813 9,9-Dimethoxybicyclo[3.3.1] nona- C11H1604 212 7.37
2,4-dione
26  16.025 Phytol C20H400 296 8.02

118



Table 4.12 cont.

27 16.278 Cyclopropaneoctanoic acid, 2-[[2- Cz2H3s02 334 7.71
[(2- ethylcyclopropyl)  methyl]
cyclopropyl]

28  16.533 Dichloroacetic acid, tridec-2-ynyl CisH24Ci202 306 5.29
ester

P-K= Peak Number, R-T= Retention Time, M.F= Molecular formula, M-W=
Molecular Weight, % Conc. = Percentage Concentration,
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Table 4.13: GC-MS profile of sub-fraction extract from methanolic
extract of Leptidenia hastata stem

P-N R-T Compound names M-F M-W %
Conc.
Ethyl acetate fraction

12 14.609 Hexadecanoic acid, methyl Ci7H340> 270 6.75
ester

13 14.744 Phthalic acid, butyl hexyl CigH2604 306 5.87
ester

14 14.959 n-Hexadecanoic acid C16H3202 256 7.87

19 15.753 9,12-Octadecadienoic acid, CigH3402 294 5.03
methyl ester

22 16.145 9,12-Octadecadienoic acid CigHz202 280 15.75
(Z’Z)_

23 16.349 Octadecanamide CisH7sNO 283 6.25

30 18.742 Hexadecanoic acid, 2- Ci9H3304 330 4.34
hydroxy--(hydroxymethyl)
ethyl ester

35 20.029 9,12-Octadecadienoic acid C21H3s04 354 18.70
(Z,2)-, 2,3-dihydroxypropyl
Ester

Residual aqueous fraction

7 7.037  2,5-Dimethyl-4-hydroxy- CeHgO3 128 5.84
3(2H)- furanone

10 7.803  4H-Pyran-4-one, 2,3- CgHgO4 144 6.86

dihydro-3, 5-dihydroxy-6-
methyl-
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Table 4.13cont.

12 8.495 o-Tolylamino-acetic  acid CisH1sN4O3 312 6.37
(4-nitro-benzylidene)—
hydrazide

16  11.638 3-tert-Butyl-4- C11H1602 180 7.23
hydroxyanisole

19 13.665 1,5-Anhydro-d-mannitol CeH1205 164 25.08

21 14.880 n-Hexadecanoic acid C16H320 256 17.48

23 16.064 9,12-Octadecadienoic acid CigH3202 289 419
(Z’Z)_

P-K= Peak Number, R-T= Retention Time, M.F= Molecular formula, M-W=
Molecular Weight, % Conc.= Percentage Concentration
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Table 4.14: GC-MS profile of sub-fraction extract from methanolic extract of
Sacuridica longipedunculata stem

P-N R-T Compound names M-F M-W %
Conc.
Ethyl acetate fraction

23 13.124  4-((1E)-3-Hydroxy-1propenyl)-2- Ci0H1203 180 4.20
Methoxyphenol

32 14752 1,2Benzenedicarboxylic acid, butyl CxH30s4 334 9.30
octyl ester

33  15.021 n-Hexadecanoic acid-(2-nitro-2- CisH3202 256 15.05
heptenyl)-

39 16.181  9,12-Octadecadienoic acid (Z,2)- CisH3202 280 11.99

40 16.223 9-Octadecenoic acid, (E)- CisH3:02 282 5.43

45 19.997  9,12-Octadecadienoic acid (Z,Z2)-, CxH3s0s4 354 6.11
2,3-dihydroxypropyl ester

Residual aqueous fraction
4 7.848 Erythritol C4H1004 122 3.32
13 15.933  1,5-Anhydro-d- mannitol CeH1205 164 93.10

P-K= Peak Number, R-T= Retention Time, M.F= Molecular formula, M-W=

Molecular Weight, % Conc.= Percentage Concentratio
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Table4.15: Quantitative phytochemical contents (mg/100g) of plant extracts.

Extracts Flavonoids Phenol Tannins

Alkaloids Saponins

SLS 49.820.63 201.62+1.98  114.25+3.71

LHS 80.34+6.11  372.98+0.99 ND

CP 62.21+3.56  509.68+10.26 87.75+1.25

655.56+3.05 160.20+1.80

884.25+128.06  787.00+26.20

380.92+12.66  35.28+0.50

Keys: SLS = Stem extract of Securidaca longipedunculata, LHS = Stem of Leptidenia

hastata, CP = Calotropis Procera, ND= Not Detected
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4.2 Discussion

4.2.1 The identity and characteristics of the isolates

The biochemical and molecular characterization of the bacteria isolates were carried out to
confirm the true identity of the isolates. The DNA sequencing and blasting confirmed the
isolates to be Pseudomonas aeruginosa, Salmonella bongori Escherichia coli and Klebsiella
pneumoniae with accession number: MK572634.1, MN623691.1, CP074120.1 and
AB642255.1 respectively. The phylogenetic tree of the bacteria isolates were also plotted to
determine the source and the relationships among the organisms. All the isolates have a

common origin showing common ancestry.

4.2.2 The antibacterial activities of the test plants

The three plants used in this studies: Calotropis procera, Leptidenia hastata and Securidica
longipedunculata were selected based on their traditional usage in treating urinary tract
infection, diarrhoea and wound infections. As extraction of plant showcase the biological
active compounds, it also leads to fractionation and monitoring of their antimicrobial
activity which may leads to the isolation and structural elucidation of the most potent

compounds.

The study was aim at evaluating the in vitro antibacterial activity of Calotropis procera leaf,
Leptidenia hastata and Sacuridaca longipedunculata stem. The percentage yield of the plant
material extracted exhaustively with methanol was 7 % for Calotropis procera leaves, 6 %
for Securidaca longipedunculata stem and 5.6 % for Leptidenia hastata stem, this agrees
with the review and research of Abubakar et al. (2019) and Bello et al. (2011) who states

that the yield of plant is affected by the nature and composition of the plant material that is
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soluble in the solvent. Although extracting solvent contribute greatly to plants yields, as
Kawo et al. (2009) reported, polar solvents tends to gives higher yield of active plant
components than non-polar solvents.

The isolates used in determining the antibacterial activity of the extracts includes;
Escherichia coli, Pseudomonas aeruginosa, Salmonella bongori and Klebsiella pneumoniae,
all the isolates are gotten from hospital samples which includes urine, stool and wound
swab. The antibacterial efficacy of the extracts and fractions were judged on the basis of
their zones of inhibition of bacterial growth of the test organisms. The crude extracts a lower
concentration (15 and 25 mg/ mL) were unable to inhibit the growth of the bacteria isolates,
and this may be due to the percentage concentration of the plants phyto-components been

too small to exert effect on the organisms.

For C. procera leaf and L. hastata stem at a concentration between 50-300mg/ mL exert
effect on the growth of E. coli and P. aeruginosa with a zone of inhibition ranging from
8.00+0.30 — 19.60+0.20mm and 6.70+0.30-17.65+0.15 mm respectively. While S. bongori
and K. pneumoniae (100-300mg/ mL) had a narrow zones of inhibition of 3.60+0.20 -

13.50+0.50mm and 4.35+0.25- 21.55+0.65mm.

On the other hand, S. longipedunculata extract could not inhibit the growth of P.
aeruginosa and S. bongori at all the concentration rather an inhibitory activity of 2.70+0.70-
13.15+0.15 mm is seen against K. pneumoniae and E. coli at 100-300mg/ mL concentration.
The observed variation in the zones of inhibition by the extract across the bacteria isolates
may be attributed the concentration of the phyto-constituents  present in the extracts
(Innalegwu et al., 2021). Also, diffusion rate of the extract on the petri dish could also be a

factor that maybe responsible for the observed level of activity as antibacterial agents with
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high diffusion rates maybe more active (Ewansiha, 2020). The report of this study agrees
with the findings of Hayat et al. (2020), who reported on the antibacterial activity of
methanol extract of C. procera leaves against wide range of pathogenic organisms including
those reported in this study. Akindele et al. (2017) also reported that extract of C. procera
leaves shows better activity at higher concentration than at lower concentration when
determining the activity of extract against vancomycin and methicillin resistant bacteria
isolated from wound samples in hospital patients. Fraction of the extracts shows a narrow
zone of inhibitions across all the organisms even at lower concentration of the fractions (15
mg/ mL, 25 mg/ mL, 50 mg/ mL and 100mg/ mL). The mean zones of inhibition of the
isolates are a function of the relative antibacterial activity of the extracts. The zone of
inhibition is the area that remains free of bacterial growth and the sizes of the zones of

inhibition are usually related to the susceptibility of the extract (Innalegwu et al., 2021).

Some of the fractions from the plant extract shows an improved activity against the isolates
although depends on the solvent polarity. N-hexane fraction of Calotropis procera leaf
shows an activity of 5.00+0.00-13.10+0.10 mm, ethyl acetate shows activity of 7.10+0.10-
15.40+0.10 mm and residual aqueous with inhibition zone of 8.20+0.20-17.25+£0.25 mm
against the tested isolates all within the concentration range of 150-300mg/ mL. The
findings of this study agrees with the report of Ali et al. (2014), who reported a good activity
against Salmonella typhi and Escherichia coli. The residual aqueous fraction has significant
activity against Escherichia coli and Pseudomonas aeruginosa at the concentration between
150-300 mg/mL and also against Salmonella bongori and Klebsella pneumoniae at 250 to

300 mg/ mL.
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Ethyl acetate fractions obtained from of Leptidenia hastata show to exert effect against
Escherichia coli, Pseudomonas aeruginosa and Klebsella pneumoniae ranging from
9.35+0.35-25.80+0.20 mm across the concentration of 150 to 300 mg/ mL, although for
Salmonella bongori an inhibition zone of 8.75+0.45-10.40+0.90 mm the concentration of
150-300 mg/ mL. The activity observed from the residual aqueous ranges between
4.80%0.20-20.30+1.30 mm against all the tested isolates at the concentration of 150-300 mg/
mL. When compared with the crud extract, spectrum of activity shows an improvement
against the isolates. As repoted by Abubakar et al. (2014), extract of Leptidenia hastata
possess good antibacterial potentials with a broad spectrum of activity at 100 mg/ mL, 200
mg// mL and 300 mg/ mL against Klebsella pneumoniae and Escherichia coli. Imam et al.
(2019) also reported a good spectrum of activity by the extract of L. hastata even at a lower
concentration of 50mg/ mL. This variation in this study maybe as due to the type of solvent
used, method of extraction and even the season the plant was collected. Ethyl acetate and
residual aqueous fraction L. hastata also shows a significant activity Escherichia coli and P.

aeruginosa while the fractions only inhibited Salmonella at 300 mg/ mL.

Ethyl acetate fraction of Securidaca longipedunculata stem extract shows a narrow zone of
inhibition ranging from 1.30£1.30-19.90+0.10 mm against the tested isolates at a
concentration of 150-300mg/ mL and an activity ranging from 1.70£1.70-20.00+0.40 mm
was recorded from the residual aqueous fraction against the tested organisms. This finding
disagrees with the report of Abubakar et al. (2018), who reported that the stem bark extract
has activity against E. coli, P. aeruginosa, S. typhi and K. pneumoniae at lower

concentration of 20 mg/ mL.

4.2.3 The MIC and MBC of the test organisms
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The minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) of a drug reveals the potency level of the drug i.e. the lower the MIC the more potent
the drug. The MIC can be a guide on the choice of antimicrobial drugs used in treatment by
predicting efficacy (Ewansiha et al., 2020). If pharmacokinetic and pharmacodynamics
(PKPD) principles are observed by careful selection of a particular antimicrobial drug
administered at an appropriate dosage, it will lead to clinical cure, eradication of carrier
status of a system, and prevention of resistance. The MIC and MBC of the crude extracts
shows that all the extract recorded lower MIC and MBC values ranging between 17-300 mg/
mL against the bacteria isolates. Further purification of the extracts by subjecting it to
partition fraction shows a decrease in the MIC and MBC values ranging between 9.38-300
mg/ mL. This could be true owing to the fact that standard drugs like the quinolones and
aminoglycosides exert remarkable activity due to their pure nature and whose efficacy
depends on concentration; whereas, the efficacy of some other drugs are time-dependent
such as the beta-lactams (Ewansiha et al., 2020). Purification of plant extract through
various means such partitioning, column chromatography, high performance liquid
chromatography etc have been used to determine the active compounds present in pant
extract (Parvekar et al., 2020). It has also been suggested that purification could lead to an
increase or decrease in the activity of a given plant extract (Doughari, 2012). This is because
some of the active component in plant extract act in a synergistically or antagonistic means
hence a resolution of the components in the extract could lead to a decrease or and an

increase in the level of activity (Parvekar 2020).

4.2.5 The findings from the GC-MS fractions of plant extract
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Gas Chromatography Mass Spectrophotometric analysis of fractions obtained from the plant
crude extracts revealed the presence of different phyto-constituents in various amount. The
result analyzed from ethyle acetate fraction of Calotropis procera with high concentration
ratio were five compounds, this includes 9,12-Octadecadienoic acid (Z,Z)- (18.56 %), 9-
Octadecenamide, (Z2)- (28.71 %), Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl
ester (5.78 %), 9,12-Octadecadienoic acid (Z,2)-, 2,3- dihydroxypropyl ester (13.13 %) and
Propyleneglycol monoleate (4.99 %).

9,12-Octadecadienoic acid (Z,Z)- have been reported to be used in the treatment of
atherosclerosis and hyperlipoidemia, anti-inflammatory, hypocholesterolemic, cancer
preventive, hepatoprotective, nematicide, insectifuge(cide), antihistaminic, antieczemic,
antiacne, 5-o reductase inhibitor, antiandrogenic, antiarthritic, anti coronary, antimicrobial
(Adeoye-Isijola, et al., 2018). An amide from oleic fatty acid called 9-Octadecenamide,
(2)- (C18H3sNO) is also detected in high amount (28.71 %). This compound is naturally
occurring metabolite of oleic acid and it has antibacterial activity as reported by Goraksh et
al. (2017). It can also can be used in treating cannabinoid regulated depression, sleeping
disorder and reducing psychological excitement or anxiety (Davic and Cascio, 2021). 2-
palmitoylglcerol also known as Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl
ester (C19H3804) was also found at a concentration of 5.78 %. it is a natural product of plant
and algae metabolite which has various biological activity such as antioxidant,
hypocholesterolemic, hemolytic 5-a reductase inhibitor, Intestinal histamine release
inhibitor, pesticide, nematicide, and anitandrogenic as described by Adnan et al. (2019)

and Laitha et al. (2015).
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Propyleneglycol monoleate also known as Glycidil stearate (C21Hs003) was found at a
concentration of 4.99 in the ethyle actate fraction of Calotropis procera leaves but it has no
known record of biological activity.

In the residual aqueous fraction of Calotropis procera five compounds were also analyzed
these are; Glycerin (56.78 %), Propanal, 2,3-dihydroxy-,(S)- (8.11 %), Nonanoic acid (5.58
%), 9,12-Octadecadienoic acid (Z,2)- (6.24 %), and 9,12-Octadecadienoic acid (Z,2)-, 2,3-
dihydroxypropyl (7.00 %). Glycerin also known as Glycerols (C3HgOs) is an intermediate
in carbohydrate and lipid metabolism because excess carbohydrate is converted into long
chain fatty acid which is esterified with three hydroxyl group in biological system. It
interferes with immune reaction through histamines, and also enhances immune cells
activity by increasing antibody production which is also known as allergen, this qualifies it
to possess some antiviral properties as reported by Jiang et al. (2015) and antibacterial
activity (Schlivert et al., 2012). Above all this, the United States Food and Drug
Administration (FDA) approved the use of this compound in treatment of wound and burnt
injuries. Propanal, 2,3-dihydroxy-,(S)- (C3sHsOz  also called glyceraldehyde is a
monosaccharide sugar that is the simplest of all the aldoses and it is an intermediate
compound in carbohydrate metabolism. It was reported to have antioxidant, antimicrobial,
hypochloesterolemic (Raseem et al., 2017) and also anticancer activity (Bakchiche, et al.,
2020; Elkhateeb et al., 2020).

Nonanoic acid also known as pelargonic acid (CoH180>) is a nine-carbon saturated fatty acid
that is seen in at extract at the concentration of 5.58 %. It was reported to be more potent
than valproic acid in seizure treatment (Chang, et al., 2013). Furthermore, this compound is

said to have antifungal activity (Matejic et al., 2018) and antibacterial activity (Akpuaka et
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al., 2013; Sahin et al., 2006). 9,12-Octadecadienoic acid (Z,Z)- (CisH3202) is one of the
most abundant polyunsaturated fatty acid in human nutrition as said by it is important in
treatment of atherosclerosis and hyperlipoidemia, Anti-inflammatory, hypocholesterolemic,
cancer preventive, hepatoprotective, nematicide, insectifuge(cide), antihistaminic,
antieczemic, antiacne, 5-o reductase inhibitor, antiandrogenic, antiarthritic, anti-coronary,
antimicrobial (Adeoye-Isijola, et al., 2018). 9,12-Octadecadienoic acid (Z,2)-, 2,3-
dihydroxypropyl ester also known as 2-linoleoylglycerol (C21Hzs04) was detected and this
compound has no or limited record of biological activity rather an industrial usage as
emollient and emulsifying agent (Varadharaj and Kuppan 2015; Huang et al., 2009).
Although MOLBASE (chemical E-commerce platform) mentioned the compound to be used
as amoebic control agent and metabolic biomarker in hepatotoxicant response.

In the n-Hexane fraction of Calotropis procera, six compounds were analyzed namely;
Hexadecanoic acid, ethyl ester (13.11 %), n-Hexadecanoic acid (11.53 %), 9,9-
Dimethoxybicyclo[3.3.1] nona-2,4-dione (7.37%), Phytol (8.02 %), Cyclopropaneoctanoic
acid, 2-[[2- [(2- ethylcyclopropyl) methyl] cyclopropyl] (7.71 %) and Dichloroacetic acid,
tridec-2-ynyl ester (5.29 %).

Hexadecanoic acid, ethyl ester known as stearic acid (C1sH360-) is a saturated fatty acid
known to have antibacterial, antifungal and cancer preventive activities as reported by
(Elkhateeb et al., 2020). n-Hexadecanoic acid also known as palmitic acid (C1sH3202) is
also a saturated fatty acid that is known to have antioxidant, nematicide, Hypo-
cholestrolemic, 5-a reductase inhibitor, anti-inflammatory, antitumor, immunostimulant,
chemo-preventive and lipo-oxygenase inhibitor (Adeoye-Isijola, et al., 2018; Malik et al.,

2016). 9,9-Dimethoxybicyclo [3.3.1] nona- 2,4-dione (C11Hi1604) is a bicyclic organic
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molecule with no known biological activity but has industrial uses particularly in the
construction industries. Phytol is also called florasol (C20H400) is the main precursor in the
industrial synthesis of vitamin E and K1 and its biological activity includes; Anxiolytic,
antimicrobial, cytotoxic, antioxidant autophagy activity, anti-nociceptive, and anti-
inflammatory effect, immune and metabolism modulation (Babu et al., 2017; Islam et al.,
2018).

Cyclopropaneoctanoic acid, 2-[[2- [(2-ethylcyclopropyl) methyl] cyclopropyl (C22H3s02) is
a decosatrienoic long chain omega-3 fatty acid is said to have antimicrobial, cancer
preventive, hypocholestromic and hepatoprotective activity (Devakumar et al., 2017).
Dichloroacetic acid, tridec-2-ynyl ester (CisH24C1202) can be used in treating mastitis

(Dinesh et al., 2016). Though biological activity of this compound is not fully explored.

The ethyl acetate of sub- fractions of Leptidenia hastata consist of eight compounds and
these includes; Hexadecanoic acid, methyl ester (6.75 %), Phthalic acid, butyl hexyl ester
(5.87 %), n-Hexadecanoic acid (7.87 %), 9,12-Octadecadienoic acid methyl ester (5.03 %),
9,12-Octadecadienoic acid (Z,2)- (15.75 %), Octadecanamide (6.25 %), Hexadecanoic acid,
2-hydroxy-(hydroxymethyl) ethyl ester (4.34 %) and 9,12-Octadecadienoic acid (Z,2)-, 2,3-
dihydroxypropyl Ester (18.70 %).

Hexadecanoic acid, methyl ester also refers as margaric acid (C17H340>) is a saturated fatty
acid ester of essential oil that occurs in plant naturally. It is reported to have antioxidant,
nematicide, Hypocholestrolemic, hemolytic 5-a reductase inhibitor and antiandrogenic
activity (Easwaran and Ramani, 2014). Phthalic acid, butyl hexyl ester (C1gH2604) is said to
have antimicrobial activity (Ingole, 2016). n-Hexadecanoic acid also known as palmitic acid

(C16H3202) is a saturated fatty acid that is known to have antioxidant, nematicide,
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Hypocholestrolemic, 5-0  reductase  inhibitor,  anti-inflammatory, antitumor,
immunostimulant, chemopreventive and lipo-oxygenase inhibitor (Malik et al., 2016;
Adeoye-Isijola et al., 2018). 9,12-Octadecadienoic acid, methyl ester (C19H340>) is a methyl
ester fatty acid of linoleic acid is reported to have anticancer, anti-leukotriene and anti-
inflammatory activity (Abubakar and Majinda, 2016).

9,12-Octadecadienoic acid (Z,Z)- (C18H3202) It is one of the most abundant polyunsaturated
fatty acid in human nutrition as said by it is important in treatment of atherosclerosis and
hyperlipoidemia,  Anti-inflammatory,  hypocholesterolemic,  cancer  preventive,
hepatoprotective, nematicide, insectifuge(cide), antihistaminic, antieczemic, antiacne, 5-a
reductase inhibitor, antiandrogenic, antiarthritic, anti-coronary, antimicrobial (Adeoye-
Isijola et al., 2018). Octadecanamide (CigsH37NO) is a fatty acid amide of stearic acid,
although though it has no known record of biological activity. Hexadecanoic acid, 2-
hydroxy-1-(hydroxymethyl) ethyl ester (C19H380a4) is a natural product of plant and algae
metabolism which has various biological activity such as antioxidant, hypocholesterolemic,
hemolytic 5-a  reductase inhibitor, Intestinal histamine release inhibitor, pesticide,
nematicide, and anitandrogenic as described by Adnan et al. (2019); Laitha et al. (2015).
9,12-Octadecadienoic acid (Z,2)-, 2,3- dihydroxypropyl ester also known as 2-
linoleoylglycerol (C21H3804) has no or limited record of biological activity rather an
industrial usage as emollient and emulsifying agent (Varadharaj and Kuppan 2015; Huang
et al.,, 2009). Although MOLBASE (chemical E-commerce platform) mentioned the
compound to be used as amoebic control agent and metabolic biomarker in hepatotoxicant

response.
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The residual aqueous fractions shows the present of seven compounds of high concentration
and these includes; 2,5-Dimethyl-4-hydroxy- 3(2H)- furanone (5.84 %), 4H-Pyran-4-one,
2,3- dihydro-3, 5-dihydroxy-6-methyl- (6.86 %), o-Tolylamino-acetic acid(4-nitro-
benzylidene) —hydrazide(6.37 %), 3-tert-Butyl-4-hydroxyanisole (7.23 %), 1,5-Anhydro-d-
mannitol (25.08 %), n-Hexadecanoic acid (17.48 %) and 9,12-Octadecadienoic acid (Z,Z2)-
(4.19 %).

2,5-Dimethyl-4-hydroxy- 3(2H)- furanone (CeHgOz) is a furaneol compound with
inconclusive biological activities as researches are still in progress. 4H-Pyran-4-one, 2,3-
dihydro-3, 5-dihydroxy-6-methyl- (CeéHgOs) was reported to have antioxidant activity by
Malik et al. (2016) and antimicrobial activity (Verdini et al., 2020). o-Tolylamino-acetic
acid (4-nitro-benzylidene) —hydrazide (CisH16N4O3) and 3-tert-Butyl-4-hydroxyanisole
(C11H1602) have no record of biological activities rather it has industrial activity as flavor.
1,5-Anhydro-d-mannitol (CeH120s) is a sugar alcohol that is reported to have anticancer
activity by Alagammal et al. (2012) and antibacterial activity (Vambe et al., 2020). n-
Hexadecanoic acid also known as palmitic acid (C1sH3203) is a saturated fatty acid that is
known to have antioxidant, nematicide, Hypocholestrolemic, 5-a reductase inhibitor, anti-
inflammatory, antitumor, immunostimulant, chemopreventive and lipo-oxygenase inhibitor
(Adeoye-Isijola, et al., 2018; Malik et al., 2016). 9,12-Octadecadienoic acid (Z,2)-
(C18H3202) is one of the most abundant polyunsaturated fatty acid in human nutrition as
said by it is important in treatment of atherosclerosis and hyperlipoidemia, Anti-
inflammatory, hypocholesterolemic, cancer preventive, hepatoprotective, nematicide,
insectifuge(cide), antihistaminic, antieczemic, antiacne, 5-a reductase inhibitor,

antiandrogenic, antiarthritic, anti coronary, antimicrobial (Adeoye-Isijola et al., 2018).
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The most abundant compounds found in the ethyl acetate sub- feaction of Sacuridicat
longipedunculata were six namely; 4-((1E)-3-Hydroxy- 1-propenyl)-2- Methoxyphenol
(4.20 %), 1,2-Benzenedicarboxylic acid, butyl octyl ester (9.30 %), n-Hexadecanoic acid-(2-
nitro-2-heptenyl)- (15.05 %), 9,12-Octadecadienoic acid (Z,Z2)- (11.99 %), 9-Octadecenoic
acid, (E)- (5.43 %), and 9,12-Octadecadienoic acid (Z,Z)-, 2,3-dihydroxypropyl ester (6.11
%).

4-((1E)-3-Hydroxy- 1-propenyl)-2- Methoxyphenol (C10H1203), a phenolic compound that is
reported to have antimicrobial, antioxidant and anti-inflammatory activities (Mathulakshimi
et al., 2012). 1,2-Benzenedicarboxylic acid, butyl octyl ester (C20H3004) is said to have
antimicrobial and antifouling activity (Khalil et al., 2014; Lakshmi and Rajalakshmi, 2011).
n-Hexadecanoic acid also known as palmitic acid (C16H320>) is a saturated fatty acid that is
known to have antioxidant, nematicide, Hypocholestrolemic, 5-a reductase inhibitor, anti-
inflammatory, antitumor, immunostimulant, chemopreventive and lipo-oxygenase inhibitor
(Malik et al.,, 2016; Adeoye-Isijola, et al., 2018). 9,12-Octadecadienoic acid (Z,2)-
(C18H3202) is one of the most abundant polyunsaturated fatty acid in human nutrition as said
by it is important in treatment of atherosclerosis and hyperlipoidemia, Anti-inflammatory,
hypocholesterolemic, cancer preventive, hepatoprotective, nematicide, insectifuge(cide),
antihistaminic, antieczemic, antiacne, 5-o reductase inhibitor, antiandrogenic, antiarthritic,
anti coronary, antimicrobial (Adeoye-Isijola, et al., 2018). 9-Octadecenoic acid, (E)-
(C18H3402) which is an oleic fatty acid which occurs naturally in plant and animals has an
Antimicrobial, cancer preventive anti-inflammatory and anti-tumor activity (Padma et al.,
2018; Vijayakumari and Raj, 2019). 9,12-Octadecadienoic acid (Z,2)-, 2,3-

dihydroxypropyl ester also known as 2-linoleoylglycerol (C21HssOsy has no or limited
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record of biological activity rather an industrial usage as emollient and emulsifying agent
(Huang et al., 2009; Varadharaj and Kuppan 2015). Although MOLBASE (chemical E-
commerce platform) mentioned the compound to be used as amoebic control agent and
metabolic biomarker in hepatotoxicant response. The residual aqueous sub-fractions contain
two compounds of high concentration which are; Erythritol (3.32 %) and Anhydro-d-
mannitol (93.10 %).

Erythritol (C4H1004) is a sugar alcohol that has no known record of biological activities
whist 1,5-Anhydro-d-mannitol (CeH120s) is a sugar alcohol that is reported to have
anticancer activity by Alagammal et al. (2012) and antibacterial activity (Vambe et al.,

2020).

The presence of all these compounds in the frations of the crude extracts maybe attributed to
the observed level of antibacterial properties depicted in this study and these compounds can

serve as an analogue for the synthesis of new drug.

4.2.6 The qualitative and quantitative phytochemical composition of plant extracts

The qualitative and quantitative phytochemical composition of C. procera leaves L. hastata
and S. longipedunculata stem revealed the presence of various amounts of flavonoids,
phenols, tannins Alkaloids and saponins, excepts tannins which is absent in L. hastata.
Umaru et al. (2018) also reported the unavailability of tannins from leaf of L. hastata and
this may be attributed to the season and sit of collection of collection also the solvent and
extraction method used. The best extraction method for extracting bioactive compounds
from plants is cold maceration or reflux method. (Altemimi et al., 2017). In this studies, L.
hastata was found to have the highest amount of the analyzed phytochemicals with

80.34+6.11, 372.98+0.99, 0.00+0.00, 884.25+128.06 and 787.00+26.20 followed by C.
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procera 62.21+3.56, 509.68+10.26, 87.75+1.25, 380.92+12.66 and 35.28+0.50. But the least
is S. longipedunculata with 49.820+63, 201.62+1.98, 114.25+3.71, 655.56+3.05 and

160.20+1.80 all for Flavonoids, Phenols, tannins, alkaloid and saponin respectively.

The presence of these phyto-components confers the therapeutics potentials of the plants as
reported by Doughari (2012). Flavonoids act by disrupting the cytoplasmic membrane
energy metabolism and inhibiting nucleic acid synthesis of the bacterial cell (Ahmad et al.,
2015). Phenols are reported to have destructive effect on the bacterial membrane and
inhibition of virulence factors such as enzymes and toxins (Majdanik et al., 2018). Farha et
al. (2020), reveals tannins to have the ability to disrupt the bacterial cell wall synthesis and
fatty acid biosynthetic pathways. Alkaloid are said to exert effect on the microbial cell by
inhibiting the DNA synthesis (Matsuura and Fett-Nato 2015). On the other hand, saponins
disrupt the cell wall, cytoplasmic membrane and membrane bound proteins which causes a

leakage on the cell content. (Dong et al., 2020).
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CHAPTER FIVE
5.0 CONCLUSION AND RECOMMENDATIONS

5.1  Conclusion

The pathogenic bacterial isolates used in this research are Klebsiella pneumonia, Salmonella
bongori, Pseudomonas aeruginosa and Escherichia coli which were confirmed
phenotypically and molecularly. Also the plants materials extract tested aginst the pathogens
are Calotropis procera leaf, Leptidenia hastata stem and Securidaca longipedunculata stem.
The Extracts, showed antibacterial activity against the tested isolates, and also a low level of
MIC and MBC. Patitioning the plants extracts showed some increased level of antibacterial
activity with more portency in the MIC and MBC when compared to the crude.
Furthermore, the compounds isolated using GC-MS proofs the plants to be effective in
treatment of ailment of both microbial and non-microbial origin. Many of the major
compounds isolated from the GC-MS analysis have several therapeutic and biological
potentials and proof to be medicinally valuable by possessing various pharmaceutical
applications. All these may be attributed to the concentration of phytochemicals constituent
presents in the plants. These findings strongly suggest that toxicological analysis of the
identified bioactive compounds from the plants extract would be of necessity to develop safe

drugs.

5.2 Recommendations

Based on the result obtained from this study, the following are recommended:

i.  There is need to evaluate and analyzed other parts of the plant materials which are

not used in this study to determine their antibacterial activity. This is because the
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phyto-constituents  which are the sole determinant of the therapeutic efficacy of

plants varies from one location to another within the plant.

ii.  Solvent of different polarity and method of extraction different from the one used in
the study should be employed for extraction to fully harness the phytochemical

qualities of the plant.

iii.  Extract of these plant should also be screen against other bacterial and fungal
pathogens so as to validate the efficacy of these plants against different microbial

pathogens.

iv.  Further purification and isolations of active compounds from this plant extract is also
recommended to determine their mechanisms of actions against these bacterial

pathogens.
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APPENDIX
Appendix A: Molecular Identification of the Gene Sequence Amplified from the Isolates

> MK572634.1 Pseudomonas aeruginosa strain IDZU7

AAAGCGCTGGCAGCAGGGGCCTTCAACACATGCAAGTCGAGCTTATGAAGGGA
GCTTGCCTTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGG
TAGTGGGGGATAACGTCCGGAAACGGCCGCTAATACCGCATACGTCCTGAGGG
AAAAAGTCGGGGATCTTCGGACCTCACGCTATCAGATGAGCCTAGGTCGGATTA
GCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCGTAACTGGTCTGAGA
GGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCA
GCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATTGCCGCGTG
TGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGCAGTA
AGTTAATACCTTGCTGTTTGACGTTACCAACAGAATAAGCACCGGCTAACTTCG
TGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGG
CGTAAAGCGCGCGTAAGTGGTTCAGCAAGCTTGATGTGAAATCCCCGGGCTCAA
CCTGGGAACTGCATCCAAAAGCTACTGAGCTAGAGTACGGTAGAGGTGGTAGA
ATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGA
AGGCGACCACCTGGACTGTACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAA
CAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGCCGGTTG
GGATCCTTGAGATCTTAGTGGCGCACGTAACGCGATAAGTCGACCGCCTGGGGA
GTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGG
TGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGCCTTGACA
TGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACAGAGACACAGGTG
CTGGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAAC
GAGCGCAACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGA
CTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCC
TTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGC
CGCGAGTGGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTGCA
ACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAGAATGTCACGGT
GAATACGTCCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTG
CTCCAGAAGTAGCTAGTCTAACCGCAAGGGGG

> MN623691.1 Salmonella bongori strain IDZU8

AAATTGAAAAGTTTGGTATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACA
TGCAAGTCGAACGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGG
ACGGGTGAGTAATGTCTGGGAAACTGCCTGGTGGAGGGGGATAACTACTGGAA
ACGGTGGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGC
CTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTTGTTGGTGGGGTAACGGCC
CACCAAGGGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAAC
TGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAAT
GGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGT
AAAGTACTTTCAGCGGGGAGGAAGGTGTTGTGGTTAATAACCACAGCAATTGAC
GTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATAC
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GGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGT
CTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCCGAAAC
TGGCAGGCTTGAGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAAT
GCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACGAAGAC
TGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG
TCCACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCC
GGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAAC
TCAAATGAATTGACGGGGGCCCGCACAAGCCGGGGAGTATGTGGTTTAATTCGA
TGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGAATCCAGAGATG
GATTTGTGCCTTCGGGAGCCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCG
TGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTG
CCAGCGGTCCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAA
GGTGGGGATGACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGC
TACAATGGCGCATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATA
AAGTGCGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAAT
CGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTAC
ACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAAC
CTCCGGGG

> CP074120.1 Escherichia coli strain IDZU9

CATGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGA
ACGGTAACAGGAAGAAGCTTGCTTCTTTGCTGACGAGTGGCGGACGGGTGAGTA
ATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAA
TACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCG
GATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGAC
GATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTC
CAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCT
GATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCA
GCGGGGAGGAAGGGAGTAAAGTTAATACCTTTGCTCATTGACGTTACCCGCAGA
AGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAG
CGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAGTCAGA
TGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCTGATACTGGAAGCTTGAGT
CTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTG
GAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACGAAGACTGACGCTCAGGTG
CGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGATGTCGACTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGANNTAACGCGT
TAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGA
CGGGGGCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGA
ACCTTACCTGGTCTTGACATCCACGGAAGTTTTCAGAGATGAGAATGTGCCTTC
GGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTCCCAGCGGTCCGG
CCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGAC
GTCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGCGCA
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TACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTGCGTCGTA
GTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCG
TGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTC
ACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACTTCGGGGG

> AB642255.1 Klebsiella pneumoniae strain IDZU10

AAAGGTTTTTCCCGGCCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGT
CGAGCGGTAGCACAGAGAGCTTGCTCTCGGGTGACGAGCGGCGGACGGGTGAG
TAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCT
AATACCGCATAACGTCGCAAGACCAAAGTGGGGGACCTTCGGGCCTCATGCCAT
CAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCG
ACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACG
GTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAG
CCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTT
TCAGCGGGGAGGAAGGCGTTAAGGTTAATAACCTTGGCGATTGGCGTTACCCGC
AGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGC
AAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTC
GGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGGCTA
GAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGA
TCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCA
GGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCG
TAAACGATGTCGATTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAAC
GCGTTAAATCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAA
TTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCG
AAGAACCTTACCTGGTCTTGACATCCACAGAACTTAGCAGAGATGCTTTGGTGC
CTTCGGGAACTGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAA
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTT
AGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGAT
GACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGC
ATATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTATGTC
GTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAA
TCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCC
GTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTAGGGG
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