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ABSTRACT.
The increasing concern of antibiotic resistance has lead to search for new antibiotic
chemotheraphy. The aim of this study was to investigate the Inhibitory potential of the leaf
and root bark extracts of Terminaliaavicennioides against Methicillin resistant
Staphylococcus aeurus (MRSA) and characterization of the most distinct bioactive
extract.Extraction was done using n-hexane, Chloroform, Ethyl acetate and Methanol. The
extracts were graded at concentrations of 60pg/ml, 120ug/ml, 180ug/ml and 240ug/mi.
With exception of chloroform, ethyl acetate and n-hexane extract of the leaf at 60ug/mi,
every other extracts of the leaf and root bark at all concentrations are inhibitory to the
growth of MRSA within the susceptible range > 14mm as defined by Kirby-Bauer standard
chart for (Methicillin) antibiotic susceptibility. Chloroform crude extract of the leaf and
Ethyl acetate crude extract of the root bark were observed to be the best system for
isolation of bioactive principles. A comparison of activity of these two lead to further
investigation of Ethyl acetate extract of the root bark. TLC fractionation was done using a
mixture of Chloroform: Ethyl acetate: Methanol: Water (15:8:4:1) with a resultant 18
fractions (bands). The organism showed a mean zone inhibitory sensitivity of 14mm at
60pg/ml, 15.76mm at 120pg/ml and 15.33mm at 180pg/ml for fraction TLb4 and
15.33mm at 60pg/ml, 17.33mm at 120ug/ml and 20mm at 180ug/ml for TLb17 (> 14mm).
The two Fractionswhere subjected to GC-MS and FTIR analysis. Minimum Inhibitory
Concentration was 0.6pug/ml for both TLb4 and TLb17 and as well bactericidal at this same
concentration. Phytochemical screening of TLbl to TLb18 fractions from ethyl acetate
extract shows that terpenoidswhere present in all fractions. Quantitatively, 42ug of
alkaloids, 19.80ug of anthraquinone and 184.25ug of tannins were estimated in 1mg of

ethyl acetate root bark extract.Analysis of GC-MS revealed that the most likely
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pharmacological compounds present in both fractions were oleic acid, analogs of palmitic
acid (n-Hexadecanoic), methyl ester (11-Octadecenoic acid), stearic acid (Octadecenoic
acid ) in association with a possible synergistic effect of 9-Octadecenal, 3,11-
Tetradecadien-1-ol, and (92)-9-Teradecenal present only in fraction TLb17. FTIR shows
the presence of Alkyl Halides: R-Br, R-F, Methyne: ( CH-), Nitro Compounds:R-NO,
Amides: R-C(0O)-NH2, R-C(O)-NH-R., Isothiocyanate: (-NCS), Nitril: C=N, Carboxylic
Acids, Saturated Aliphatic (Alkyl):METHYLENE C-H, Alkanes, in both TLb4 and
TLb17, and Alkyl Halide: R-1, Allenes, Amines: R-NH2 in TLb17 only as functional
groups. These bioactive compounds and functional groups could be effective therapeutic

agents for the treatment and management of infections caused by MRSA.
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Cassette Chromosome Recombinase(ccr):A gene necessary for the mobility of SCC that
enables its site-specific integration into and precise excision from the S. aureus
chromosome.

Genomic Island:Genomic islands (often abbreviated as GIS or GEIls) are horizontally
acquired chromosomal regionsof DNA carrying several genes encoding traits associated
with increased adaptability or fitness under specific conditions. They are termed
pathogenicity, fitness, symbiosis, metabolic, or resistance islands, depending on the
functions encoded.

Housekeeping Gene:A gene involved in basic functions required for cell viability and
constitutively expressed in mostcells. Housekeeping genes evolve much more slowly than
do tissue specific genes that encode proteins necessary only inselected types of cells.

Insertion Sequence:A DNA sequence involved in the mobilization of genetic information
to and from vectors such asplasmids.

mecgene Complex:Gene complex composed of mecAand its regulator genes, mecland
mecR.

mecA:The gene encoding PBP2a, responsible for resistance to methicillin and other -
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mecCgene: A novel resistance gene in methicillin-resistant Staphylococcus aureus (MRSA).
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individual patients and for the surveillance of MRSA. It was formally called mecALGA251
because it is of a S. aureus isolate, it also confers resistance to oxacillin and cefoxitin).

mecl_GENE: The mecArepressor gene. It is a gene that encodes a transcriptional regulator

(mecA_GENE_repressor) which is a strong repressor of the expression of the mecA gene.

mecR1_GENE: A signal transducer gene that encodes a cytoplasmic transmembrane-bound
signal transduction receptor protein (mecR1_PROTEIN) that responds to covalent binding
of a blactamantibiotic and its extracellular sensor domain. Binding initiates events that lead
to inactivation of the meclgene repressorproduct by a protease, allowing expression of
mecA.
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cassette containing the genethat encodes resistance to methicillin (mecA), as well as those
genes (ccrAand ccrBin most cases) that encode the integration and excision necessary for
its recombination in the staphylococcal chromosome, in addition to insertion sequences.
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CHAPTER ONE

1.0 INTRODUCTION

Methicilin resistant Staphylococcus aureus strains are prevalent bacterial pathogens that
cause both health care and community-associated infections and over the years community-
associated strains of methicillin-resistant Staphylococcus aureus (CA-MRSA) have
emerged and spread rapidly, accounting for large increases in disease both in the
community and in the hospital (Klein et al., 2007; Chambers and DeLeo, 2009). Increasing
resistance to commonly prescribed antibiotics like methicillin has made these antibiotic
resistant strains of Staphylococcus aureus, a serious threat to public health throughout the
world.Ever since the gram-positive bacterium Staphylococcus aureus was first discovered
by Sir Alexander Ogston in 1880, it has been regarded as a serious threat to human health,
capable of causing a multitude of infections. Initially, MRSA strains afflicted hospitalized
patients and those with chronic illnesses. But the 1990s saw the emergence of community
associated MRSA (CA-MRSA) strains that primarily caused skin and soft tissue infections
(SSTIs) in otherwise apparently healthy individuals. These strains quickly led to an
epidemic of CA-MRSA infections including some with severe consequences, for example,
community-acquired pneumonia with high mortality rates (Francis et al., 2005),
pyomyositis (Burdette et al., 2012), sepsis, osteomyelitis (Kechrid et al., 2011) and

necrotizing fasciitis (Changchien et al., 2011).

Methicillin resistance is mediated by PBP-2a, a penicillin binding protein encoded by the
mecA gene that permits the organism to grow and divide in the presence of methicillin and
other beta-lactam antibiotics. The mecA gene is located on a mobile genetic element called

staphylococcal chromosome cassette (SCCmec) (Inglis et al., 1988).
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Prevalence in some Nigerian cities shows that out of 98 (49 %) S. aureus isolated from 200
nasal swab samples in Jos Nigeria, Sixty two isolates (63.3 %) were found to be methicillin
resistant while 55 (88.7 %) of the methiciln resistantStaphylococcusaureus (MRSA)
isolated were multidrug resistance and only 3 (4.8 %) were susceptible to all other tested
antibiotics(Ajoke et al., 2012).In a total of 54 (36%) S. aureus isolated from 150 urine
samples of women in Zaria Nigeria, 37 (69%) were methicillin-resistant. All the 37 (100%)
MRSA isolates showed resistance to at least two antibiotics tested while 33 (89.2%) were

multi-drug resistant (Onanugaet al., 2005).

Antibiotic failure is due to the appearance of multidrug resistant pathogens and the spread
of the new infections (Abdalla, 2011). Example is methicillin resistant S. aureus (MRSA);
a bacterium that has developed resistance to most antibiotics such as methicillin,
gentamycin, fucidic acid and clindamycin that are commonly used for Staphylococcus
infections, unfortunately, leading to failure of treatment (Shai et al., 2004). The effectual
lifespan of an antibiotic is limited and over-recommendation and mistreatment with
traditional antibiotics have caused microbial resistance to develop (Alam et al., 2009). This
increasing frequency of resistance to most antimicrobial agents complicates their use and
the control of infectious diseases. This situation seems to pose the search for the use of
antimicrobial drugs in future to be uncertain (Nascimentoet al., 2000); as a result, the
search for new ways to treat MRSA infections stimulates research into natural products
from medicinal plants (Aliyu et al., 2008).

A plant-based system continues to play an essential role in healthcare. Herbs have been

utilized by people throughout history (Tagboto and Townson, 2001). A large variety of
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secondary metabolites are produced by medicinal plants; these are either used as precursors
or lead compounds in the pharmaceutical industry and it is expected that medicinal plant
extracts showing target sites other than those used by antibiotics will be active against
drug-resistant microbial pathogens. (Shokeen et al., 2009).

The use of medicinal plants has a long history, especially, in Africa. It is estimated that
two-third of the world population rely on traditional medical remedies due to the limited

availability and affordability of pharmaceutical products (Tagboto and Townson, 2001).

Terminalia avicennioides is a yellowish brown, hard and durable wood. It belongs to the
family Combrataceae, genus Terminalia, and species avicennioides. In Nigeria, it is called
baldsheé in HausaBarbar, in Kanuri,Kpace in Nupe, Kuegh inTiv, Idi inYorubaand Edo in
Igbo. The root, which is used as chewing sticks have been claimed to cure dental caries and
skin infections (Gill and Akinwunmi, 1986). Previous studies showed that the bark extract
of T. avicennioides exhibited both vibrocidal and typhoidal activities (Akinside and

Olukoya, 1995; Akinyemi et al., 2000)..

Traditionally,in different localities in the Northern part of Nigeria, the root bark extract of
T. avicennioides are drank and bathed with and in some cases are mixed with local creams
in the treatment of skin infections . Traditionally alsoextracts of the stem bark and roots of
T. avicennioides are used for the treatment of bacterial infections such as gastrointestinal
disorders (Abdullahi et al., 2001), syphilis (Irvine, 1961), dental caries and skin infections
(Lewis and Elvin-Lewis, 1977); bloody sputum (tuberculosis) and cough in humans (Mann
et al., 2007a). Pharmacologically, crude methanolic extract of the T. avicennioides root
bark exhibited broad growth inhibition against microbes causing infectious diseases (Mann

etal., 2007D).
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1.1STATEMENT OF RESEARCH PROBLEM
Infectious diseases with increasing trends of drug resistant microorganisms have been

common global problem posing enormous public health concerns (Iwu et al., 1999).

In the hospital, S. aureus is the most frequent cause of surgical; lower respiratory tract, and
cardiovascular infections. Furthermore, it is the second most common cause of health care-
associated pneumonia and bloodstream infections (Loffler and Macdougall, 2007; Richards

et al., 1999a; Richardset al., 1999b).

Report by Center for Desease Control and Prevention indicates that in 1999, MRSA
accounted for >50% of S. aureus isolates from patients in intensive care units (ICUs) in the
National Nosocomial Infection Surveillance (NNIS) system (CDC&P, 2003); in 2004 the
proportion of MRSA isolates was reported to have increased from 59.5% to 64.4% in ICUs
in the United States (CDC&P, 2004; Klevens et al., 2006). Hospital surveillance data in
2001 also showed that MRSA was the biggest threat in China, where resistance among

hospital-acquired infections reached almost 90% (Zhang et al., 2006).

The global emergence of antimicrobial resistant bacterial strains is increasingly limiting the

effectiveness of current drugs and causing treatment failure of infections (Hancock, 2005).

In many poor countries, the available drugs are costly and beyond the reach of the common
man (WHO, 2002); as a result, the search for new ways to treat MRSA infections
stimulates research into natural products from medicinal plants.Hence to investigate the
inhibitory potential ofTerminalia avicennioides leave and root bark extracts on methicillin

resistant Staphylococcus aureus, and to determine the active component that doesthe
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inhibition in the distinct bioactive extract is a necessity towards solving the health problem

associated with methicilline resistantStaphylococcus aureus.

1.2 JUSTIFICATION FOR THE STUDY

Indigenous plants are reservoirs of various metabolites and provide a limitless source of
important chemicals that have diverse biological properties and many of modern day drugs
have their origin in traditional plant medicine and the screening of plant extracts for
antimicrobial activity has shown that plants represent a potential source of novel antibiotic

chemotherapy.

Most therapeutic attributes of medicinal plants are traced to the plant constituents and the
medicinal actions of these constituents are unique to particular plant part, species or family.

Hence the use of the leave and roots bark of Terminalia avicennioides

Traditionally, the roots bark extract of Terminalia avicennioides are drank, bathed with and
in some cases are mixed with local creams in the treatment of skin infectionsin different

localities in the Northern part of Nigeria.

Theindigenous useofTerminalia avicennioides and in-vitro anti-methicilline resistant
Staphylococcus aureus activity of Terminalia avicennioides has been reported by
(Akinyemi et al.,2005), however fractionation and characterisation of the bioactive

component of the extract was not investigated.
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1.3 Aim and Objectives

1.3.1Aim

The aim of this study is to evaluate the inhibitory potential of the leaf and root bark extracts

of Terminalia avicennioidesagainst methicillin resistant Staphylococcus aureus and

characterization of the distinct bioactive extract.

1.3.2Specific Objectives

This research is designed to achieve the following specific objectives:

Determine the most bioactive crude extract between the leaf and root bark extracts
of Terminalia avicennioidesagainst methicillin resistant S. aureusand evaluation of
phytochemical content of the most active crude extract.

Isolate the bioactive compound (s) of the most bioactive crude extract of Terminalia
avicennioides, by preparative TLC, determine their inhibitory effect against
MRSAand evaluate the phytochemical contents.

Determine the Minimum Inhibitory ConcentrationandMinimum Bactericidal
Concentration of the bioactive TLC band(s) of the most bioactive extract of
Terminalia avicennioidesagainst MRSA.

Characterizethe compounds in the bioactiveTLC band(s) by GC-MSanddetermine

the functional groups present in the compoundsby Infrared spectroscopy.
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CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 History of Staphylococcus aureus and Methicillin-resistant Staphylococcus
aureus(MRSA)

Staphylococcus aureus are gram positive, non-motile, and perfectly spherical, measuring
approximately 1 micrometer. S. aureus grow in chains and resemble bunches of grapes.
The unusual name is derived from the Greek staphyle, meaning “bunch of grapes”. When
observed microscopically in stained specimens taken from colonies grown on blood agar,
S. aureus strains grow out a hemolytic pattern.S. aureus also display golden color of
colonies when grown on agar aerobically. S. aureuswas first described at the end of the
19th century in pus from human abscesses. Itis a major pathogen that is responsible for not
only severe infections of the skin and skin structures but also life-threatening diseases
because of its propensity to form biofilms on artificial materials, difficult-to-treat infections
of catheters and other devices ( Moreillon et al., 2005) S. aureus was certainly a significant
human pathogen prior to the development of antibiotics. Following the introduction of
antibiotics, S. aureus developed resistance to penicillin in the 1947, just four years after the
drug started being mass-produced and then emerged as an important cause of serious
nosocomial infections in the 1950s. Methicillin was then the antibiotic of choice, but has
since been replaced by oxacillin due to significant kidney toxicity. With the development
and widespread use of chloramphenicol and tetracycline in the 1960s, superinfections due
to S. aureus occurred including staphylococcal enterocolitis (Steves, 2007). The incidence
of S. aureus related infections has increased dramatically since the emergence of
methicillin resistant strains and high rates of mortality and morbidity are occurring

worldwide (Oliveira et al., 2002). Infections caused by S. aureus range from mild (pimples
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or boils) to life-threatening ones such as infection of the bloodstream, heart valves,
pneumonia, bones or joints. It is experimentally reported that benign appearing skin and
soft tissue infections caused by MRSA canprogress rapidly to potentially fatal diseases

(Olsen et al., 2008).

2.1.1 Methicillin and Other Drug Resistant Staphylococcus aureus
Methicillin-resistant Staphylococcus aureus (MRSA) is a major cause of infections in
healthcare institutions (Panlilio et al., 1992) and more recently in the community (Drews et
al., 2006). MRSA was first reported in 1961 in Britain, two years after the introduction of
methicillin in 1959 as the first beta-lactamase-resistant penicillin for the treatment of
penicillin-resistant S. aureus infections (Enright et al., 2002). Despite extensive infection
control efforts, methicillin resistance among isolates of S. aureus has steadily increased.
What is really worrying are the information with report of patients that have been infected
with strains of S. aureus resistant to methicillin and vancomycin having also acquired the
ability to release cellular toxins (O’Hara et al., 2008). This is raising the spectre of the
worst kind of antibiotic-resistant superbug (O’Hara et al., 2008).Rates of invasive
infections with methicillin-resistant S. aureus (MRSA) have increased both in the hospital
and in the community. The prevalence of methicillin-resistant S. aureus (MRSA)
worldwide (Tiemersma, 2004) is continuously increasing. Data from the National
Healthcare-associated Infections Surveillance (NHIS) system of the Centers for Disease
Control and Prevention (CDC) show that 50% of healthcare-associated S. aureus isolates
are now resistant to methicillin (Safdar et al., 2007).

MRSA is common in long-term care facilities. Described in the popular media as

"superbugs,"” MRSA organisms generally are resistant to multiple antibiotics, including
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aminoglycosides, macrolides, fluoroquinolones, clindamycin, trimethoprim-
sulfamethoxazzole, chloramphenicol, and beta-lactams.

Humans are a natural reservoir for S. aureus, (Chambers, 2001) and the anterior nares and
skin are the usual sites of MRSA colonization, (Coello et al., 1994) which may persist for
years. (Sanford et al., 1994 and Eveillard et al.,2004) In health care facilities, inanimate
surfaces are occasional sources of nosocomial spread (Boyce et al., 1997), although
patient-to-patient is the most common MRSA route of transmission, and the contaminated
hands or gloves of health care workers usually serve as intermediate transmission vectors
(Coello et al., 1994,Sanford et al., 1994 and Eveillard et al., 2004) Thus, infection control

policies that include isolation and barrier precautions are critical components of prevention.

2.1.2 Antibiotic resistance and Mechanism of Antibiotic Resistance

Antibiotic resistance is a form of drug resistance whereby some (or, less commonly, all)
sub-populations of a microorganism, usually a bacterial species, are able to survive after
exposure to one or more antibiotics; pathogens resistant to multiple antibiotics are

considered multidrug resistant (MDR) orcolloquially, superbugs. (ljeh and Ukweni, 2007).

Several mechanisms have evolved in bacteria which confer them with antibiotic resistance.
These mechanisms can chemically modify the antibiotic, render it inactive through physical
removal from the cell, or modify target site so that it is not recognized by the antibiotic.
The most common mode is enzymatic inactivation of the antibiotic. An existing cellular
enzyme is modified to react with the antibiotic in such a way that it no longer affects the

microorganism. An alternative strategy utilized by many bacteria is the alteration of
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theantibiotic target site. These and other mechanisms are shown in the figure 2.1on the next

page.

@ - antibiotic Decreased uptake
} Penetration

Altered target site

' Enzymatic

'Bypass" pathways inactivation or
modification

Figure 2.1: Bacterial Resistance Mechanisms on Antibiotics.Adapted from Hawkey,
(1998).
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Antibiotic resistance is a serious and growing phenomenon in contemporary medicine and
has emerged as one of the pre-eminent public health concerns of the 21st century;
particularly as it pertains to pathogenic organisms (the term is especially relevant to
organisms which cause disease in humans). In the simplest cases, drug-resistant organisms
may have acquired resistance to first-line antibiotics, thereby necessitating the use of
second-line agents.

Typically, a first-line agent is selected on the basis of several factors including safety,
availability and cost; a second-line agent is usually broader in spectrum, has a less
favorable risk-benefit profile and is more expensive or, in dire circumstances, is locally
unavailable.

In the case of some MDR pathogens, resistance to second and even third-line antibiotics is
thus sequentially acquired; a case quintessentially illustrated by Staphylococcus aureus in
some nosocomial settings. Some pathogens, such as Pseudomonas aeruginosa, also possess

a high level of intrinsic resistance.

It may take the form of a spontaneous or induced genetic mutation or the acquisition of
resistance genes from other bacterial species by horizontal gene transfer via conjugation,
transduction, or transformation. Many antibiotic resistance genes reside on transmissible
plasmids, facilitating their transfer. Exposure to an antibiotic naturally selects for the
survival of the organisms with the genes for resistance. In this way, a gene for antibiotic
resistance may readily spread through an ecosystem of bacteria. Antibiotic-resistance
plasmids frequently contain genes conferring resistance to several different antibiotics.

This is not the case for Mycobacterium tuberculosis, the bacteria that causes tuberculosis,
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since evidence is lacking for whether these bacteria have plasmids (ILSI, 2005). AlsoM.
tuberculosis lacks the opportunity to interact with other bacteria in order to share plasmids.

(ILSI, 2005;Islam et al., 2001).

Genes for resistance to antibiotics, like the antibiotics themselves, are ancient. (Jayeola,
1998). However, the increasing prevalence of antibiotic-resistant bacterial infections seen
in clinical practice stems from antibiotic use both within human medicine and veterinary
medicine. Any use of antibiotics can increase selective pressure in a population of bacteria
to allow the resistant bacteria to thrive and the susceptible bacteria to die off. As resistance
towards antibiotics becomes more common, a greater need for alternative treatments arises.
However, despite a push for new antibiotic therapies there has been a continued decline in
the number of newly approved drugs. (Katzung and Parmely, 1989). Antibiotic resistance

therefore poses a significant problem.

Although there were low levels of preexisting antibiotic-resistant bacteria before the
widespread use of antibiotics (Khatune et al., 2001),(Kokate, 1986) evolutionary pressure
from their use has played a role in the development of multidrug resistance varieties and
the spread of resistance between bacterial species (Konkwara, 1976). In medicine, the
major problem of the emergence of resistant bacteria is due to misuse and overuse of
antibiotics (Stephenand Kennedy,2011). In some countries, antibiotics are sold over the
counter without a prescription, which also leads to the creation of resistant strains. Other
practices contributing towards resistance include the addition of antibiotics to livestock
feed (Lorke, 1983 and Lewington et al., 1999). Household use of antibacterial in soaps and
other products, although not clearly contributing to resistance, is also discouraged (as not

being effective at infection control) (Mbata and Saika, 2008). Unsound practices in the
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pharmaceuticalmanufacturing industry can also contribute towards the likelihood of
creating antibiotic-resistant strains (Meenaa et al., 2009). The procedures and clinical
practice during the period of drug treatment are frequently flawed — usually no steps are
taken to isolate the patient to prevent re-infection or infection by a new pathogen, negating
the goal of complete destruction by the end of the course (Nina et al., 2005).

Antibiotic resistance can be a result of horizontal gene transfer, (Obi and Onuoha, 2000)
and also of unlinked point mutations in the pathogen genome at a rate of about 1 in 108 per
chromosomal replication. The antibiotic action against the pathogen can be seen as an
environmental pressure. Those bacteria with a mutation that allows them to survive live to
reproduce. They then pass this trait to their offspring, which leads to the evolution of a

fully resistant colony (Obi and Onuoha, 2000).

Antibiotic resistance can also be introduced artificially into a microorganism through
laboratory protocols, sometimes used as a selectable marker to examine the mechanisms of
gene transfer or to identify individuals that absorbed a piece of DNA that included the

resistance gene and another gene of interest. (Ukwubile et al., 2013)

The main mechanisms by which microorganisms exhibit resistance to antimicrobials are:

i.  Enzymatic inactivation: The antimicrobial agent may be destroyed or inactivated by
enzymes. These include B-lactamases that hydrolytically inactivate the B- lactam ring
of penicillins, cephalosporins and related drugs, acetyltransferases that transfer an
acetyl group to the antibacterial agent inactivating chloramphenicol or
aminoglycosides, and esterases that hydrolyse the lactone ring of macrolides (Katzung,

1998; Howland and Mycek, 2006).
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ii. Alteration of target site: for example, alteration of PBP—the binding target site of
penicillin—in MRSA and other penicillin-resistant bacteria.

iii. Reduced drug accumulation: by decreasing drug permeability and/or increasing active
efflux (pumping out) of the drugs across the cell surface. (Mbata and Saika, 2008).

iv. Alteration of metabolic pathway: for example, some sulfonamide-resistant bacteria do
not require Para-aminobenzoic acid (PABA), an important precursor for the synthesis
of folic acid and nucleic acids in bacteria inhibited by sulfonamides, instead, like
mammalian cells, they turn to using preformed folic acid.

v. Genetic alterations: Acquired antibiotic resistance requires the temporary or permanent
gain or alteration of bacterial genetic information. Resistance develops due to the
ability of DNA to undergo mutation or to move from one organism to another. There
may be chromosomal alteration which occurs by insertion, deletion or substitution of
one or more nucleotides within the genome. The cell thus replicates and transmits its
mutated properties to progeny cells. This then results in organisms that proliferate
under certain selective pressures, e.g. emergence of rifampicin-resistant
Mycobacterium tuberculosis when rifampicin is used alone. Resistance can also be
acquired due to DNA transfers from bacterium to another. Resistant properties are
encoded in extra chromosomal R factors (resistant plasmids). Plasmids may enter cells

by transduction, transformation or bacterial conjugation (Howland and Mycek, 2006).

In fluoroquinolone resistance, mutations at key sites in DNA gyrase or topoisomerase 1V
can decrease their binding affinity to quinolones, decreasing the drug's effectiveness. (Nina

et al., 2005).
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2.1.3 Mechanism of Methicillin Resistance inStaphylococcus aureus

Although methicillin is no longer produced, the name MRSA has persisted and can be
regarded as referring to resistance to virtually all p-lactam antibiotics. (Paterson et al.,
2014).

One of the defining features of bacterial resistance is based on the physical properties of
cell wall representing possible barriers for attacks by pathogens. The first form of drug
resistance was ‘‘penicillin resistance’’, due to penicillin, an antibiotic of the beta lactamic
family. Its resistance is due to the ability of bacteria to express beta-lactamase, an enzyme
that can inactivate the drug by hydrolysis of its beta lactamic ring (Zhang et al., 2001 and
Chambers et al., 1994). To overcome this phenomenon, methicillin drugs (Figure 2.2) not
affected by the same molecular mechanisms of inactivation was developed with excellent
results against a penicillin resistant strain because it is not a beta-lactamase substrate,
although the methicillin target is the same of the penicillin.

In fact, both drugs are B-lactamic antibiotics that act by inhibiting the penicillinbinding
proteins (PBPs) (Autiero et al., 2009) essential for cell wall biosynthesis and inhibit
peptidoglycan crosslink formation, leading to bacterial cell lysis. The structure of the
glycan strands of the peptidoglycan consists of repeats of a B-1, 4-linked N-acetyl-
glucosamine-Nacetyl-muramic acid (NAG-NAM) disaccharide (Fig. 2.3). The NAM
saccharide of this pair contains a pentapeptide stem (in S. aureus, NAM—_-Ala—y-p-Glu— -
Lys—p-Ala—p-Ala), which forms a cross-link (by displacement of the terminal p-Ala of this

stem, during the transpeptidation reaction) with the residue before the first p-Ala of the
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peptide stem of an adjacent glycan chain (Fig. 2.3) (Fuda et al., 2005). There are some
variations among bacteria in the characteristics of the cross-linking, and in some there is an
interpeptide bridge (Vollmer et al., 2008). In S. aureus the crosslinking occurs to a
pentaglycine pentapeptide extension at- tached to the e-amine of the (-Lys of the peptide
stem of an adjacent glycan strand.

Synthesis of the glycan strand occurs in the transglycosylase domain of a biosynthetic
bifunctional PBP, and stem cross-linking occurs in the transpeptidase domain of the
biosynthetic PBPs. In the bifunctional PBPs, such as PBP 2 of S. aureus (Fuda et al.,
2005), the transglycosylase and transpeptidase domains are spatially well separated.
Carboxypeptidases, also members of the PBP family, remove the terminal p-Ala of the
peptidoglycan peptide stems. This reaction moderates the degree of cross-linking of the

peptides (Ghosh et al., 2008).

The methicillin- PBPs interaction causes the inactivation of the normal path to synthesize
the peptidoglycan. This it does due to the fact that structural similarity of B-lactam
antibiotics to the acyl- p-Ala—p-Ala moiety of the peptidoglycan provides the mechanistic
basis for the inactivation of the PBP transpeptidase (and carboxypeptidase) domain,
according to the Tipper-Strominger hypothesis (Waxman and Strominger,1983; Koch,
2003). When the B-lactam is bound in the transpeptidase/carboxypeptidase PBP domains,
the identical serine nucleophile used for catalytic transpeptidation attacks the carbonyl of
the B-lactam ring, resulting in serine acylation. This pB-lactam-derived acyl-enzyme
complex, which is stable, in contrast to the transient acyl-enzyme complex derived from p-
Ala—p-Ala, is incapable of transpeptidation and undergoes very slow hydrolysis to

regenerate the free serine.This functionally irreversible acylation stops the transpeptidase
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activity of the biosynthetic PBPs and the carboxypeptidase activity of the PBPs involved in

maturation of the cell wall structure.

CH,

CHs

O// OH

Figure 2.2:Chemical Structure of Methicillin (Adapted from Autiero et al., 2009).
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Figure 2.3: Schematic Representation of Cell Wall Synthesis in S. aureus (Adapted from Meroueh

et al., 2006).



However, the basis for methicilline (B-lactam) resistance by PBP 2a-containing MRSA
strainsis not due to the production of the B-lactamase enzyme, as one can see in the case
ofthe penicillin-resistance (Autiero et al., 2009), but depends on the (PBP2a)intrinsically
lower reactivity of its transpeptidase domain to B-lactam acylation (Fuda et al., 2004.,
Zapun et al.,2008). As PBP 2a lacks transglycosylase activity, cell wall biosynthesis in
MRSA is completely dependent on the cooperative function of the PBP 2a transpeptidase
with the transglycosylase domain of PBP 2 (Pinho et al.,2001). Hence, when the
transpeptidase activity of the native staphylococcal PBPs is abolished by p-lactam
acylation, the altered protein, PBP2a exhibit both a reduced rate-constant for acylation by
B-lactams and elevated dissociation constants (Fuda et al., 2004), retaining effective
transpeptidase activity while having reduced affinity for penicillin and other available -
lactam antibiotics. ThusPBP 2a functions as a surrogate to maintain cell wall synthesis at -

lactam concentrations that inhibit B-lactam-sensitive PBPs (Fuda et al.,2005)

In MRSA strains the resistance mechanism is based on the PBP2a expression. Moreover,
some genes (mecA_GENE, mecR1 _GENE and mecl_GENE,) are located on the mobile
genetic elements, known as Staphylococcal Cassette Chromosomal (SCCmec) elements
that constitutes 1%-2% of the ~2.9 million-bp S. aureus chromosome (Katayama et
al.,2000., Hiramatsu, 2004., Robinson and Enright, 2004).SCCmec also contains the
insertion sequence, 1S431mec, as well as recombinases necessary for site-specific
integration and excision. Some SCCmec types also contain various additional genetic
elements, such as Tn554 (which encodes resistance to macrolides, clindamycin, and

streptogramin B), erythromycin (ermA and pT181 (which encodes resistance to
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tetracyclines) (Chambers, 2001). In particular, the mecA_GENE encodes for PBP2a when
the methicillin arrives, mecR1_GENE encodes a cytoplasmic membrane-bound signal
transduction receptor protein (mecR1_PROTEIN) and mecl_GENE encodes a
transcriptional regulator (mecA_GENE_repressor) which is a strong repressor of the
expression of the mecA gene. When MecR1_protein interacts with the methicillin, it breaks
off, triggering a signal leading to the proteolytic release of the mecl repressor from the
operator region of the mecA gene (Zhang et al., 2001, Archer and Bosilevac, 2001) which
makes it able to repress the mecl GENE. So, in the absence of the mecA_GENE_
soppressor, the mecA_GENE can express PBP2a (Autiero et al., 2009). The PBP2a
expression enables the cell to synthesize the peptidoglycan and this neutralizes the
methicillin effect. These PBP2a isoforms present a decrease of binding affinities for
antibiotics. Therefore, PBP2a confers resistance by contributing to the function of native

PBPs during cell wall synthesis (Stapleton and Taylor, 2002; Gordon and Lowy, 2008).

However, phenotypic resistance to methicillin is variably expressed, and population
analysis demonstrates that each MRSA strain has a characteristic growth profile at each

concentration of methicillin examined (Tomasz et al., 1999).
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Figure 2.4:Map model Representation of The Network Connecting Genes, RNAs, Proteins and

Metabolites. (Adapted from Autiero et al., 2009).
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2.1.4Molecular Evolutionary History of MRSA
The overall genetic background of S. aureus isolates is unambiguously determined through
multilocus sequence typing by determination of the sequence of portions of 7 housekeeping

genes (Hiramatsu, 2004) onthe staphylococcal cassette chromosome mec (SCC mec).

The mobile SCCmec elements, on the other hand, are classified by analysis of their cassette
chromosome recombinase (ccr) and mecA gene complexes ( Ito et al., 2001) SCCmec types
also differ with regard to their acquisition of resistance determinants acquired as the result
of integration of plasmids and transposons ( Ito et al., 2001). Like in type 1l and IV.At least
5 SCCmec types (types I-V), varying in size from ~20 kb to 68 kb, have been identified
(Ito et al., 2004). Nevertheless, the number of SCCmec types has increased from type’s I-
VIl (Malachowa and DelLeo, 2010). The smallest of these—SCCmec types I, IV, and V—
contain only recombinase genes and the structural and regulatory genes for resistance to
methicillin and lack the transposable elements and genes encoding resistance to non—f3-
lactam antibiotics carried by types Il and I11 (Ma et al., 2002 and Ito et al., 2004).

Though (year 2010) study has shown that the smallest of these —-SCCmec types are now
types I, IV, V, VI in which I, V and VI contain only recombinase genes and the structural
and regulatory genes for resistance to methicillin and lack the transposable elements and
genes encoding resistance to non—f-lactam antibiotics carried by types while IV has the
same characteristics but with additional aminoglcoside resistance due to Tn4001 encoding
an aminoglycoside resistance operon (aacA-aphD). SCCmec types I-1V contain alleles of
ccrA and ccrB, whereas type V,which has to date been identified in a small number of

AustralianCA-MRSA isolates, contains a novel ccr designated ccrC (Ito et al., 2004).
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Figure 2.5: Comparison of Methicillin-Resistance Cassettes Typical of Hospital- or
Community MRSA (Adopted from Chambers and DeLeo, 2010).
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Though (year 2010) study has shown futher that it’s now SCCmec type I, I, 111, IV, VI and
VIII contain alleles of ccrA and ccrB, while SCCmec type V and VII contains the novel
ccrC.

A novel resistance gene mecC MRSA has been discovered, validating the report of
methicillin-resistant Staphylococcus aureus (MRSA) encoding a divergent mecA gene in
2011 (Paterson et al., 2014). This homologue, designated mecC, poses diagnostic problems
with the potential to be misdiagnosed as methicillin-sensitive S. aureus, with important
potential consequences for individual patients and for the surveillance of MRSA. mecC
MRSA have now been reported from 13 European countries and have been isolated from
14 different host species, with evidence of a recent increase in Denmark. (Paterson et al.,
2014). mecC gene was formally called mecALGA251 because it is of a S. aureus isolate,
LGA251, during 2007 epidemiological study of bovine mastitis (Garcia Alvarez et
al.,2011%from a bulk tank milk sample in southwest England which was phenotypically
MRSA (i.e., resistant to oxacillin and cefoxitin). However, confirmatory tests for the mecA
gene and PBP 2a/2 were repeatedly negative (Garcia-Alvarez et al., 2011°). Genome
sequencing of LGA251 at the Wellcome Trust Sanger Institute revealed that the strain
carried a novel mecA homologue, initially termed mecA cazs1, Which was only ~69%
identical to conventional mecA at the DNA level , and the encoded PBP 2a/2 was ~63%
identical at the amino acid level (Garcia-Alvarez et al., 2011°). This explained the
resistance of LGA251 and why it produced negative results by mecA PCR and PBP 2a/2
slide agglutination. A retrospective search of isolate collections in the UK and Denmark

identified a further 65 isolates positive for mecAcazs1 isolated not only from dairy cattle
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but also from humans, including the earliest known isolate, a Danish blood isolate from
1975 (Garcia-Alvarez et al., 2011) b In consequence, although mecALcazsi MRSA has only
recently been recognised, it may have been causing human infections for over 35 years.
These mecA cazs1 MRSA isolates belonged predominantly to CC130 and ST425 (Garcia-
Alvarez et al., 2011°). Similarly to conventional mecA, mecA cazs: is located within a

SCCmec element inserted into the 3'region of orfX.

The LGA251 SCCmec was also novel; it had divergent ccrA and ccrB recombinases
(belonging to the ccrAl and ccrB3 groups and representing a novel combination of
recombinase groups designated type 8 ccr), divergent mecA regulatory genes (mecl/mecR),
and the absence of one of the three joining regions (J3) that are normally present (Garcia-
Alvarez et al., 2011°). The SCCmec sequence from LGA251 was submitted to the Working
Group on the Classification of SCC and given the designation type XI SCCmec in
November 2009. mecA cazs1 Was itself subsequently renamed mecC in 2012 (ltoet al.,
2012). mecC was chosen because an additional divergent homologue of mecA, distinct
from mecALcazs1, had already been described in Macrococcus caseolyticus (Tsubakishitaet
al., 2010)and was designated mecB(ltoet al., 2012). Published at the same time as the UK
and Danish report (Garcia-Alvarez et al., 2011%), work in the Republic of Ireland
independently described mecC and type XI SCCmec in human MRSA strains isolated in
2010 and belonging to CC130 (Shore et al.,2011).

Genetic evolutionary analyses have demonstrated that the mecA gene has been transferred
into methicillin-susceptible S.aureus (MSSA) on >20 occasions, having emerged in >5
phylogenetically distinct lineages (as well as reemerging within individual lineages)

(Enright et al., 2000, Enright et al., 2002and Hiramatsu, 2004,). It has been suggested that
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the emergence of PBP2a initially resulted from a recombination event involving the genes
encoding an existing PBP and an inducible B-lactamase (Song et al., 1987). The donor
strains that became the source of PBP2a are likely to have been coagulase-negative
staphylococci, with Staphylococcus sciuri identified as a prime candidate (Wu et al., 2001).
A recent study of 44 methicillin-resistant Staphylococcusepidermidis isolates from the
blood of patients with prosthetic valve endocarditis from 1973 to 1983 found that 2%
carried SCCmec type I, 34% carried type 11, 28% carried type 11, and 36% carried type 1V
(Wisplinghoff et al., 2003). The introduction of mecA from the putative donor species into
MSSA strains that are already successfully adapted to hospital environments and to the
community have, in turn, created successful epidemic HAMRSA and CA-MRSA clones

(Enrightet al., 2000., Ma et al., 2002., Okuma et al., 2002., Baba et al., 2002).

Evidence indicates that the ancestral MRSA genotype, ST250- MRSA, is a strain
originating in Denmark and possessing SCCmec type I, most extant isolates of which were
obtained in the 1960s (Enright et al., 2002). (By convention, strains are named by their
sequence type [ST] and the presence or absence of methicillin resistance. Thus, this strain
is a methicillin-resistant S. aureus of a sequence type designated as 250). ST250-MRSA
arose as the consequence of the acquisition of the mec gene by the methicillin-susceptible
strain ST250-MSSA, which had itselfrisen from ST8-MSSA by a chromosomal point
mutation (Enright et al., 2002). ST250-MRSA is no longer a major cause of epidemic
MRSA infections, but ST247-MRSA (the “Iberian clone”), which evolved from ST250-
MRSA by a single point mutation, remains an important hospital pathogen in Europe and
has been reported to have caused an outbreak in a New York City hospital (Roberts et

al.,1998). As indicated above, there have since been multiple introductions of mec into S.
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aureus (Enright et al., 2000). The emergence of CAMRSA strains, in particular, has
repeatedly occurred as a result of the introduction of SCCmec type IV into a variety of
genetic MSSA backgrounds (Okuma et al., 2002). In the United States, one of the resultant
clones, ST8-MSSA (USA 300) has proven increasingly successful (Perdreau-Remington et

al., 2004).

2.1.5 Functional Characterisation of mecC-encoded PBP2a

The function of the mecC-encoded PBP 2a/2' and its role in B-lactam resistance was
formally demonstrated by the work of Kim et al. which also highlighted noteworthy
differences in the properties of the mecA and mecC-encoded proteins (Kim et al., 2012).
Although the detection of mecC-encoded PBP2a in LGA251 was problematic, most likely
due to low expression levels resulting from mecl/mecR, inducible expression of mecC in a
methicillin-sensitive S. aureus (MSSA) strain conferred high minimum inhibitory
concentration (MIC) values against a range of B-lactams (Kim et al., 2012). Recombinant
PBP2amecC protein was bound by B-lactams but showed higher affinity for oxacillin
compared to cefoxitin, whereas PBP2amecA showed less preference. The two proteins also
displayed differences in their thermostabilty and temperature optima, with PBP2amecC
appearing to be less stable at 37 °C than PBP2amecA. Interestingly, PBP2a-mecC did not
require the presence of the native PBP2 to confer high-level oxacillin resistance. This is in
contrast to PBP2amecA for which high-level oxacillin resistancerequires the presence of
native PBP2 to provide transglycosylase activity lacking in PBP2amecA. Because PBP2a-
mecCalso appears to lack transglycosylase activity, highlevel oxacillin resistance conferred
by mecC is likely to involve collaboration between PBP2amecC and one of the other

monofunctional glycotransferases that are known to be induced in S. aureus when PBP2 is
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inhibited (Kim et al., 2012). Although this characterisation confirms the function of mecC-
encoded PBP2a as a transpeptidase, and its role in methicillin resistance, there are
important differences in the behaviour of the proteins encoded by mecC and mecA. The
structural and evolutionary bases for these distinctions are not yet clear (Paterson et al.,

2014).

2.1.6 Resistance to Antibiotics Other Than B-Lactams

In contrast to the multidrug resistance usually seen in HAMRSAstrains, antibiotic
resistance in CA-MRSA strains is often limited to B-lactams. The small size of SCCmec
type IV maypreclude its carriage of additional genetic material, in contrastto the
characteristic presence of additional genetic material iInSCCmec type Il and SCCmec type
11 (Hiramatsu,2004;Robinson and Enright, 2004). This does not,however, preclude
chromosomally encoded resistance or thepresence of resistance plasmids in strains carrying
any of themec types. For instance, some CA-MRSA strains isolated inWestern Australia
contain a 41.4-kb plasmid encoding resistanceto tetracycline and trimethoprim, as well as
resistance to mupirocinand cadmium (Pearman and Grubbl1993&Udoetal., 1994).
Fluoroquinolone resistance isfrequent in CA-MRSA carrying SCCmec type 1V isolated
fromhomeless youth in San Francisco (Panet al., 2003). Nonetheless, in contrastto HA-
MRSA strains, most CA-MRSA isolates remain susceptibleto tetracyclines, clindamycin,

and trimethoprim-sulfamethoxazole (TMP-SMZ) (Naimi et al.,2003).

2.1.7 Composition of the Gene Cassette Coding For Methicillin Resistance
Epidemiologic success and virulence of CA-MRSA strains differ in a number of important
ways fromthe 6 major pandemic clones of MRSA that account for nearly70% of epidemic

HA-MRSA strains (Aires de Sousa and de Lencastre, 2003). These differences arefound in
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the composition of the gene cassette coding for methicillinresistance, in the carriage of
plasmids encoding resistance to antibiotics of other classes (as well as resistance to heavy
metals), and in their associated virulence factors.

The earliest strain of MRSA in which SCCmec type 1V has been identified was isolated in
1981 (Ito et al., 2001). Despite this apparently recent emergence, an analysis of a large
number of MRSA isolates detected SCCmec type 1V in twice as many clones as any of the
other types, suggesting its greater promiscuity and successful persistence (Robinson and
Enright, 2004). This may be the result of greater efficiency of transfer and or a lesser
fitness cost to the recipient clone, possibly because of its smaller size and lack of the
“excess baggage” included in other SCCmec types (Ma et al.,2002, Okumaet al.,
2002,Robinson and Enright2004). Although HA-MRSA has been reported to replicate
more slowly than MSSA (Sutherland andRolinson, 1964), a CA-MRSA clinical isolate
harboring SCCmec type IV has been demonstrated to replicate more rapidly than
HAMRSA isolates with other SCCmec types (Okumaet al., 2002 and, Babaet al., 2002). In
contrast, transformation of a SCCmec type | element into S. aureus strains yielded highly
oxacillin-resistant transformants with a reduced growth rate (Enderet al., 2004). This
relatively greater fitness of CAMRSA strains carrying SCCmec type 1V may account for its
remarkable success in displacing other MRSA strains in some hospitals after its

introduction from the community (Donnio et al., 2004).

2.1.8Detection and Diagnosis of MRSA
The detection and diagnosis of MRSA in the clinical microbiology setting is very important
both for informing the appropriate treatment of individual patients and also for the

surveillance of MRSA. The gold standard for confirmationof MRSA is regarded as the
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molecular detection of either mecA, typically by PCR, or of PBP2a/PBP20, usually by
antibody detection with commercially available slide agglutination assays. Crucial to the
reliability of these assays is the fact that mecA and PBP2a/PBP20 are both highly

conserved among MRSA isolates (Paterson et al., 2014).

2.2 History of antimicrobial agents
Flemming noted the inhibition of bacteria by a colony of Penicillum notatum that had

developed as a contaminant on a Petri dish (Howland and Mycek, 2006).

By 1940, significant quantities of the first penicillin from cultures of Penicillum notatum
were produced. Penicillin G had clinical limitations which were its instability at acidic pH,
susceptibility to destruction by beta-lactamase (penicillinase) and its relative inactivity
against Gram-negative bacteria. These limitations were overcome by the production of
semi-synthetic penicillins (Katzung, 1998).

Resources of industry and academic institutions were devoted to the study of penicillins
and search for other antibiotics leading to the discovery of streptomycin, aureomycin,
chloromycetin and other antibiotics involving various species of Streptomyces,

Cephalosporium and Penicillum (Kong and Liang, 2003; Howland and Mycek, 2006)

Unfortunately, the widespread and indiscriminate use of antibiotics, together with poor
hygiene has led to many pathogenic organisms acquiring resistance to specific antibiotic

treatments.

This problem is worsened by the fact that resistance to a particular antibiotic can be
transferred from one organism to another. Thus, the clinician’s antibiotic armamentarium is
being steadily eroded, increasing the need for research in isolation or synthesis of new

drugs (Trease andEvans, 2002).
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2.2.1 Conventional antimicrobial agents

Antimicrobial agents can be categorised according to whether they are antibiotics (derived
from the growth of microorganisms), chemotherapeutic agents (synthetic compounds not
found in nature) or derivatives from nonmicrobial natural sources (lichens, higher plants
and animals) (Trease and Evans, 2002). According to Walkman’s 1951 definition of
antibiotics, the term is limited to substances produced by microorganisms. The term
antibacterial is consequently used to include those active compounds prepared synthetically
or isolated from higher plants. Most of the clinically used antibiotics are produced by soil

microorganisms or fungi (Trease and Evans, 2002).

Antibacterial drugs are classified as either bacteriostatic or bactericidal. Bacteriostatic
drugs arrest the growth and replication of bacteria at serum levels achievable in the patient,
thus limiting the spread of infection while the body’s immune system attacks, immobilises
and eliminates the pathogens. If the drug is removed before the immune system has
scavenged the organisms; enough viable organisms may remain to begin a second cycle of
infection. Bactericidal drugs Kill bacteria at drug serum levels achievable in the patient.
Because of their more aggressive antimicrobial action, these agents are often the drugs of

choice in seriously ill patients (Howland and Mycek, 2006).

The antibacterial drugs may be divided by the spectra of bacteria for which they are
therapeutically effective i.e. narrow-spectrum, extended spectrum and broad spectrum:

() Narrow-spectrum antibacterial drugs are those that act only on a single or limited

group of microorganisms. For example isoniazid which is active only against

mycobacteria.
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(i) Extended spectrum antibacterial drugs are those that are effective against Gram-
positive organisms and also against a significant number of Gram-negative bacteria,
e.g. ampicillin which acts against Gram-positive and some Gram-negative bacteria.

(iii)Broad-spectrum antibacterial drugs are exemplified by tetracycline and
chloramphenicol which affect a wide variety of microbial species (Howland and

Mycek, 2006).

2.3 Medicinal Plants

Medicinal plants are a significant aspect of developing a safer antibacterial principle
through isolation, characterization, identification and biological studies (Chanda et
al.,2010), and despite the availability of different approaches for the discovery of
therapeuticals, natural products, of course from medicinal plants still remain one of the best
reservoirs of structural types (Hostettmann, 1999). The use of medicinal plants as a source
for relief from illness can be tracked back over five millennia to written documents of the
early civilization in China, India and near east of Asia, and it is doubtless an art as old as
mankind (Prozesky et al., 2001) Nevertheless we can say that the use of medicinal plants
all over the world predates the introduction of antibiotics and other modern drugs into

Africa continent (Akinyemi et al.,2005).

In Africa, The practice of herbal medicine which employs plants as its major components is
an integral part of traditional and culture of Africans (Mann et al., 2003). Many medicinal
plants are used traditionally in most African countries, with the traditions of collecting,
processing and applying plants and plant based medications having been handed down

orally from generation to generation (\Von Maydell, 1996).
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The Nigerian environment is probably the least explored in terms of available untapped
resources. Nigeria flora has over seven thousand, three hundred and forty-nine species of
higher plants that had made serious impact on the health and wealth of Nigerians and could

be an enormous source of foreign exchange for the country (Mann et al., 2003).

Many medicinal plants have been studied scientifically and in most cases the results
confirmthe traditional therapeutic claims of these plants (Samy et al., 1998). For example
the root bark of T. avicennioides from many research worksindicates the presence of
anthraquinone, saponins, steroids, tannins terpenes flavonoids and triterpenoids which
possess anti-inflammatory properties; traditionally, the root bark is used by the locals and is

considered cleansing and healing on refractory sores (Kerharo and Adam, 1963).

Medicinal plants have therapeutic properties due to biosynthesis of various complex
phytochemical substances grouped broadly as phenolics, alkaloids and terpenoids.
Synergistic interaction among the multiple phytochemicals may be responsible for the
overall bioactivity of a given medicinal plant. Pharmacological and clinical studies of
phytochemical in plants have shown that they exhibit various medicinal uses and serve as

the major backbone of traditional medicine (Van Wyk and Wink, 2004).

2.3.1Terminaliaavicennioides, Taxonomy and Uses

Terminalia avicennioides belongs to the family Combretaceae, genus Terminalia, and
species avicennioides. It is a yellowish brown, hard and durable wood; grow as shrubs or
small trees (Burkill, 1985) commonly found in the Savannah region in West Africa (Mann
et al., 2011), woodland from Senegal to N and S Nigeria, and on into Cameroun and

Ubangi-Shari. The rough grey corky bark renders the tree somewhat fire-resistant. In
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Nigeria, it is called baushee in Hausa,barbar, in Kanuri,kpace in Nupe, kuegh inTiv,idin
inYorubaand edo in Igbo. Itis a yellowish brown, hard and durable wood. The Hausa of N
Nigeria make bows and walking-sticks or cudgels from the roots, which are first wrapped
in leaves and scorched to remove the bark, and then soaked in oil. Any staff or cudgel
called gwalmi or kwaleru (Hausa) is usually said to be made of wood of this species. in NE
Nigeria the Jukun use the roots in a ceremonial treatment of syphilis (Irvine, 1961). The
pulverized leaves are used in N Nigeria on burns and bruises. The leaves are often galled,
called in N Nigeria galulai-baushi (Hausa), and these have medicinal use: reduced to ashes
and mixed with roasted bulbs of Crinum (Amaryllidaceae), an ointment is prepared with

fresh cow’s butter for rubbing on rheumatic and swollen joints(Burkill, 1985).

Traditionally, the aqueous extract of its stem bark is employed to treat sleeping sickness
(Atawodi et al., 2002). Extracts of the stem bark and rootsare used for the treatment of
bacterial infections such as diarrhea and gastrointestinal disorders in Nigeria (Abdullahi et
al., 2001; Irvine, 1961), dental caries and skin infections (Lewis and Elvin-Lewis, 1977);
bloody sputum (tuberculosis) and cough in humans (Mann et al., 2007a), The roots which
are used as chewing sticks have been claimed to cure dental caries and skin infections (Gill
and Akinwunmi, 1986).

Pharmacologically, crude methanolic extract of the T. avicennioides root bark exhibited
broad growth inhibition against microbes causing infectious diseases (Mann etal., 2007b;
2008c) and it was found to significantly inhibit activity of Mycobacterium tuberculosis
(Mann et al., 2008b). Previous studies, showed that the stem bark extract of T.
avicennioides exhibited both vibrocidal and typhoidal activities (Akinyemi et al., 2005),

antimicrobial activity (Mann et al., 2008a) and malaria parasite (Sanon et al.,2013). Its

56



efficacy on the healing of ulcer and wound has been also reported (Akinyemi et al., 2005).
Also methanol extract of this plant suggested potent anti-trypanosomal activity (Atawodi et

al., 2003).

Terpenoids has been detected phytochemically in an inbitory fraction of Terminalia
avicennioides Guill and Perr (Root), assayed against Staphylococcus aureus, (Mannet
al.,2009). However, the study was limited to Staphylococcus aureus and not extended to
Methicillin Resistant Staphylococcus aureus as the later has a modified genetic makeup
conferring resistance, thus bringing possible differences amongst the two in their activity
with the plant. Also the study was done with root and not the root bark.
Nevertheless,characterization for the specific compound(s) associated with this very
activity was not identified, since terpenoids are large and diverse naturally occurring
organic chemical which differ from each other not only in functional groups but also in

their basic carbon skeleton.

CHAPTER THREE
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3.0 MATERIALS AND METHODS

3.1 Materials

3.1.1 Plant material

Terminalia avicennioidesleafandroot bark were collected from their natural habitat in its
natural habitatin Samaru, Zaria L.G.A Kaduna State. The plant materialswere identified
and authenticated at the Herbarium in the Department of Biological Science, Ahmadu

Bello University Zaria, with the voucher number 901452.

3.1.2 Chemicals and Reagents.
Folin’s reagent (Hopkins and Williams, England)., Glacial Acetic acid (Avondale
Laboratories Ltd Banbury, Oxon, England), Muller Hinton broth, Muller Hinton
agar (Oxoid, Basingstoke-Hampshire, UK), all other chemicals: and all other
reagents: Normal Saline, n-Hexane, Chloroform, Ethyl acetate, Methanol, Dimethyl

sulfoxide, were of analytical grade.

3.1.3 Equipments used

UV-visible spectrophotometer, GC-MS machine (QP 2010 plus Shimadzu, Japan), FTIR
UV-spectrophotometer 1800(Shimadzu model), electronic weighing balance, incubator,
Refrigerator, Soxlet extractor, Oven, bunsen burner, micropipette, quartz curvette, syringes

(2 ml, 5ml, 10ml), ultracentrifuge and water bath were used.

3.1.4 Bacterial Isolate
ATCC 33591 standard strains of methicilin resistant Staphylococcus aureus(University
Boulevard Manassas VA 20110 USA)obtained from Department of Veterinary Public

Health and Preventive Medicine, Ahmadu Bello University Zaria was used.Resistance of
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Figure 3.1: Terminalia avicennioides Plant in its Natural Habitat inSamaru, Zaria L.G.A,
Kaduna State.

this strain to Methicillin/Oxacillin antibiotic was verified by a retest of its sensitivity to

Oxacillin antibiotic(Oxoid, UK)and interpreted as described in the performance standard
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for antimicrobial susceptibility testing as described in the Cinical and Labouratory

Standard Institute 2007. Picture is shown in Appendix 1.

3.2 METHODS
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The leaf and root bark were separated washed and dried at room temperature for 14
days.The dried plant parts were then pulverized using pestle and mortarsieved and stored in
polythene bag until required.

3.2.2 Preparation of Plant Extracts

Three hundred grams (300g) each of the powdered Terminalia avicennioides leaf and root
barkwere extracted successively by cool maceration with 750ml, n-Hexane, Chloroform,
Ethyl acetate and Methanol, independently for 48hrs using soxhlet extractor. The extracts
were filtered using whatmanfilter paper No.land left at open air to dry at room
temperature. The percentage yield of each extract was determined by the formula:

Mass vield of Extract x 100
Mass of Plant Material 1

3.2.3 Antimicrobial Activity (Bioassay) of Crude Extracts

The antimicrobial test was performed using the agar well diffusion method of (Nair et al.,
2005). A 0.1ml standardized inoculum (1.5 x 10° cfu/ml 0.5 McFarland standards) of a
24hrs culture was inoculated or spread using a sterile cotton swab onto the surface of sterile
Muller Hinton agar which has been prepared and allowed to solidify. The excess of the
inoculums was allowed to drain off. The plates were left on the bench for 1hour for the
inocula to diffuse into agar. Wells of 5 mm diameter were made on the agar using a sterile
cork borer. The cut agar disks were carefully removed by the use of forceps sterilized by
flaming. To each well was introduced a 0.5 ml of each extract graded concentrations
(60pg/ml, 120ug/ml, 180ug/ml, and 240ug/ml) of each of the solvent crude plant extracts
dissolved in Dimethylsulfoxide (DMSO) respectively.

Inoculated plates with wells to which DMSO instead of plant extract has been added was
used as negative controls while standard antibacterial drug (Aurgumentin) was used as
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positive control.The plates were inoculated at 37°C for 24 hrs. The zones of inhibition
(clearance) around the agar well and standard drug were measured in (mm) from the edge
of the plate to the point where the growth of the organism started after incubation and
compared with that in Kirby Bauer chart.

3.2.4 Qualitative Phytochemical Screening:

Phytochemical screening of alkaloid, flavonoids, tannins, cardiac glycosides, terpenoids
anthraquinones, of the distinct bioactive crude extractof Terminaliaavicennioideson
methicillin resistant Staphylococcus aureus was conducted following the method of
Harbone, (1998) and Trease and Evans, (1989)., but with a 10 percent scale down of plant

extract and reagents.

3.2.4.1Test for Alkaloids
The extracts (0.5 g) was diluted in 10 ml of 1% aqueous hydrochloric acid, boiled and
filtered.Dilute ammonia 2 milliliter (ml) was added to 5 milliliter (ml) of the filtrate.
Chloroform 5 milliliter (ml) was added and shaken gently to extract the alkaloidal base.
The chloroform layer was extracted with 10 ml of acetic acid. This was then divided
into two portions. Mayer’s reagent was added to one portion and Draggendorff’s
reagent to the other. The formation of a cream (with Mayer’s reagent) or reddish brown
precipitate (with Draggendorff’s reagent) was observed indicating the presence of

alkaloids.

3.2.4.2 Test for Flavonoids
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Two methods were used to test for flavonoids. First, 10% of dilute ammonia (5 ml)
wasadded to a portion of an aqueous filtrate of the extracts. Concentrated sulphuric acid
(1 ml) was added. A yellow colouration that disappeared on standing indicated the
presence of flavonoids. Second, a few drops of 1% aluminium solution was added to a
portion of the filtrate. A yellow colouration indicated the presence of flavonoids.

3.2.4.3 Test for Tannins
The extract (0.5g)was boiled in 10 ml of water in a test tube and then filtered. A few
drops of 0.1% ferric chloride was added and observed for brownish-green or a blue-
black colouration, indicating the presence of tannin.

3.2.4.4 Test for Cardiac Glycosides (Keller-Killiani test)
To 0.5 g of the extract diluted in 5 ml of water, 2 ml of glacial acetic acid containing
one drop of ferric chloride solution was added. concentrated sulphuric acidl ml was
added. A brown ring at the interface indicated the presence of a deoxysugar
characteristic of cardenolides. A violet ring appeared below the brown ring, while in
the acetic acid layer a greenish ring formed just above the brown ring and gradually
spread throughout the layer.

3.2.4.5Test for Triterpenes (Lieberman Buchard test)
To 0.5ml of sample was added 5ml of acetic anhydrideand shaken, then 1ml of
H,SO,was added. Formation of a brown ring at the interface indicates the presence of

triterpenes.

3.2.4.6 Test for Terpenoids (Salkowski test)
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To 0.5 g of each of the extracts, 2 ml of chloroform was added. 3 ml of concentrated
sulphuric acid (H,SO4) was as well carefully added to form a layer. A reddish brown
colouration of the interface indicated the presence of terpenoids.

3.2.4.7Test for Anthraguinones
The extract(0.5g) was boiled with 10 ml of sulphuric acid (H2SO,) and filtered using
Whatman filter paper No.1. The filtrate was shaken with 5 ml of chloroform. The
chloroform layer was pipetted into another test tube and 1 ml of 10% of dilute ammonia

was added. The resulting solution was then observed for colour changes.

3.2.5 Quantitative Phytochemical Analysis

3.2.5.1QuantitativeEstimation of Alkaloids

This was done using a spectrophotometric method precipitable as described by Sreevidya
and Mehrotra, (2003). It is based on the formation of yellow bismuth complex in nitric acid
medium with thiourea.Plant material (10 mg) was dissolved in 10ml methanol and termed a
Stock solution. A 5 ml amount of the stock solution was taken and thepH was maintained
at 2-2.5 with dilute HCI. A 2 ml amountof DR was added to it, and the precipitate formed
was centrifuged.The centrifugate was checked for complete precipitationby adding DR.
After centrifugation, the centrifugate wasdecanted completely and meticulously. The
precipitate wasfurther washed with alcohol. The filtrate was discarded andthe residue was
then treated with 2 ml disodium sulfide solution.The brownish black precipitate formed
was then centrifuged.Completion of precipitation was checked by adding 2drops of
disodium sulfide. The residue was dissolved in 2 mlconcentrated nitric acid, with warming
if necessary. This solutionwas diluted to 10ml in a standard flask with distilled water;1 ml

was then pipetted out, and 5 ml thiourea solutionwas added to it. The absorbance was
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measured at 435 nm against the blank containing nitric acid and thiourea. The amount of
bismuth present in the solution was calculated by multiplying the absorbance values with
the factor, taking suitable dilution factor into consideration. The factor is obtained from the
standard curve, which is a constant for different concentrations.

Factor = concentration/absorbance
Because the Bismuth Nitrate-Thiourea complex formed is 1:1, the amount of bismuth
corresponds to the amount of alkaloids present; hence the method of preparation of DR
does not affect the result. The amount of alkaloid present is calculated by multiplying

absorbance with factor.

3.2.5.1.1 Procedure for Calibration Curve

The calibration curve was obtained with bismuth nitrate pentahydrate stock solution. Serial
dilutions of the stock solution were made by pipetting out 1, 2, 3, 4, 5, 6, 7, 8, and 9 ml
stock solution into separate 10ml standard flasks and diluting to volume with distilled
water. A1 ml amount of this solution was taken, and 5 ml thiourea solution was added to it.
The absorbance value of the yellow solution was measured at 435 nm against colorless
reagent blanks. Alkaloids concentration was calculated from regression equation of the
standard curve of bismuth nitrate-thiourea complex{Bi [CS (NH2)3]} (NOs3)s}. The
preparation of all standard reagents for quantitative estimation of alkaloids are presented in
Appendix 2.0

3.2.5.2 Quantitative Estimation of Tannins

This was done with a slight modification of method of Swain et al.,(1979)as follows. finely
ground sample 20mgwas measured into a 5 ml beaker. 2 ml of 50% methanol was added

and covered with paraffin and placed in a water bath at 80°C for 1 hr and stirred with a
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glass rod to prevent lumping. The extract was quantitatively filtered using a double layered
Whatman filter paper No.1 into a 10 ml volumetric flask using 50% methanol to rinse. This
was made up to mark with distilled water and thoroughly mixed. Sample extract (0.1 ml)
was pipetted into 5 ml volumetric flask, 2 ml distilled water, 0.25 ml Folin-Denis reagent
and 1 ml of 17% Na,COswas added and mixed properly (preparation of 17% Na,COsis
presented in Appendix 2.0). The mixture was made up to mark with distilled water, mixed
well and allowed to stand for 20 min when a bluish-green colouration developed. Standard
tannic acid solutions of range 0-10 ppm were treated similarly as 1 ml of sample above.
The absorbances of the tannic acid standard solutions as well as samples were read after
colour development on a spectrophotometer at a wavelength of 760 nm. Percentage tannin
was calculated from regression equation of the standard curve of tannic acid.
3.2.5.3 Quantitative Estimation of Anthraquinone:
This was done with a slight modification of method described by Soladoye and
Chukwuma(2012) as follows.Fine powder sample (10 mg) was soaked in 10 ml of distilled
water for 16 hours. This suspension was heated in water bath at 70°C for one hour. After
the suspension was cooled, 10ml of 50% methanol was added to it and then filtered. The
clear solution was measured by spectrophotometer at a wavelength of 450nm and
compared with a standard solution containing 1mg/100ml alizarin with the absorption-
maximum 450nm. Calculation for antraquinon was done using
C=A
CoA;
Where C; = Concentration of Sample.

C, = Concentration of Standard.

A; = Absorbance of Sample.
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A, = Absorbance of Standard.

3.2.6 Fractionation of The Most Bioactive Crude Extract of Terminalia avicennioides

By Preparative Thin Layer Chromatography

Preparative Thin Layer Chromatography (PTLC) was carried out on the ethyl acetate root
bark extract of Terminalia avicennioides using stationary phase: Silica gel 60 Fys4 pre-
coated TLC plates by Merck of 0.25mm thickness and silica gel 60G. Capillary tube was
filled by dipping one end into the extracts, and lightly applied to the thin layer plate. The
ascending thin layer chromatography (TLC) was conducted in a wide chromatotank
containing chloroform, ethyl acetate, methanol and water as the solvent system (15:8:4:1)
The solvent system in the chamber was allowed to mix before loading the TLC plates.After
that, the plates were allowed to dry under room temperature; 2cm width from the end of the
TLC plates were cut out and sprayed with para-anisaldehyde for detection of the bands.
The spots on the same line corresponding to the detected bands were scraped off from the
unsprayed TLC plate and suspended in ethyl acetate solvent and centrifuged twice at 15009
for 10 min. The supernatants were concentrated to dryness at room temperature and
reconstituted with DMSO. Each fraction obtained were tested for inhibitory activity against
bacterial isolate as descried by (Nair et al., 2005)., for zone of inhibition determination by
agar well diffusion method and minimum inhibitory concentrationMIC by 10 fold serial
broth dilution method (Leboffe and Pierce, 1999). The active fraction was subjected to GC-

MS analysis.

3.2.7. Phytochemical Screening of Fractions of TLC

The spray reagents method for Natural products TLC visualization was used as follows
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3.2.7.1 Test for Terpenoids (Liebermann-Burchard Spray Reagent Test).Acetic
anhydride (5ml) was carefully mixed under cooling with 5ml concentrated sulphuric acid,;
this mixture was added cautiously to 50ml absolute ethanol with cooling. After sparaying,

the chromatogram was heated for 10minutes at 100°C. (Takeda et al.,1963).

3.2.7.2 Test for Alkaloids (Dragendorff Spray Reagent Test)
Dissolve 10g tartaric acid in 50ml water and 10ml stock solution (equal volumes of
solutions 1 and 2), APPENDIX 2.0.This forms the spraying solution. After spray, heat until

dark orange-to-red coloration appears (Jork et al., 1990)

3.2.7.3 Test forCardiac glycosides (Spray Test)
Procedure: Spray solution I (Sample A and B., APPENDIX 2.0, was sprayed lightly
followed by spray solution Il in excess. A blue violet colouration of the spot indicates the

presence of cardiac glycosides(Tschescheet al., 1953; Lewbartet al., 1963).

3.2.8Determination of Minimum Inhibitory Concentration (MIC)

The broth dilution method was used to determine MIC as described by (Leboffe and Pierce,
1999). A 3 times serial dilution was done as follows: 9ml of Muller Hinton broth was
dispensed into each of the test tubes, then 1ml of 60ug/ml of ethyl acetate fraction was
added and mixed properly. From this first test tube, 1ml of the mixture was taken and
dispensed into the second test tube containing only 9 ml of the broth and mixed properly,
then 1ml was as well taken from this second tube into the third tube also having 9ml of
broth and was also mixed properly, then 1ml was finally taken out of this third tube and
discarded. Finally 0.01ml of standardized test organism of bacterial cells which has been
streaked over night on a Petri dish was added to each of the three tubes. Controls were

equally set up using broth and test organisms only and the next control was the broth only.
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Tubes were incubated aerobically for 24hours at 37°C. The plates were then observed for
the presence or absence of growth. The concentration that completely inhibits macroscopic

growth was regarded as the minimum inhibitory concentration of the extract.

3.2.9 Determination of Minimum Bacterial Concentration (MBC)

A sample from the tubes used in MIC (Minimum Inhibitory Concentration) determination
which did notshow any visible growth after the period of incubation was streaked on
Muller Hintonagar plates. The lowest concentration of the extract indicating a bactericidal
effect after 24 hours of aerobic incubation at 37°C was regarded as the Minimum
Bactericidal Concentration (MBC).

3.2.10. Fourier Transform Infra-Red spectroscopyAnalysis

The FTIR analysis of the TLC fraction with the highest MRSA inhibitory property was
carried out to determine functional group(s) present using FTIR-8400S (Shimadzu model
spectrophotometer), available at the National Research Institute for Chemical Technology

(NARICT) Laboratory Zaria.

3.2.11. Identification of Active Component by Gas Chromatography/Mass
Spectroscopy (GC-MS)

The active TLC bands of the ethyl acetate fraction of Terminalia avicennioidesroot-bark
were dissolved in DMSO and were used for GC-MS.Aliquots of each sample were the
injected into the sample inlet. The machine was programmed with syringe injection
positionedat 250°C temperature and 108.0 kPa pressures and at 80% column oven. As the
separated substances emerge from the column opening, they flow into the Mass
spectrometry which identifies compoundsby the mass of the analyte molecule. The

machine is coupled to computer that has a library of known massspectra, covering several
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thousand compounds which help to identify the likely compounds present in the sample.
After that the print out of the result was obtained and used.

3.2.12. STATISTICAL ANALYSIS

The results are presented as mean + standard deviation and differences between the means
value zone of inhibition of the leaf and root sample were compared, and to the standard
using ONE WAY ANOVA. A POST — HOC multiple test was used to compare the level of
significance. P value > 0.05 was considered statistically non significant while P value <

0.05 was considered statistically significant.

CHAPTER FOUR

4.0 RESULTS
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4.1. Yieldof Successive Extraction of Terminalia avicennioidesLeaf and Root Bark

The yield of successive extraction of Terminalia avicennioidesleaf and root bark extract is
presented in Table 4.1.Methanol gave the highest yield at 12.66% followed by n-Hexane
1.18%, Ethyl acetate 1.75% and Chloroform 1.62%. While in root bark extraction,
Methanol also gave the highest rate of yield at 13.01% value, followed by Chloroform
1.43%, which unlike in leaf extraction was the lowest in yield. N-Hexane gave 0.73% and
Ethyl acetate 0.37%.

4.2 MeanZone of Inhibition of Different Concentrations of the Leaf and Root Bark
Extracts of Terminalia avicennioides on Methicillin Resistant S. aureus

The meanzone of inhibition of different concentrations of the leaf and root bark extracts of
Terminalia avicennioides on methicillin resistant S. aureus is shown in Table 4.2 and
graphically represented in Appendix 3.0. The values down the columnbearing the same
alphabetical superscript are not significantly different(P>0.05). Thus the Inhibitory
activities observed across the extracts at all concentrations for both leaf and root bark are
significantly lower (P<0.05) compared to the standard drug while there was no significant
difference (P>0.05) in the activity of the leaf extracts at 60ug/ml and 120ug/ml. Similarly,
at 180ug/ml and 240ug/ml activities were equally significantly lower (P<0.05) in all the
extracts than it was in the standard. However, at 180ug/ml, activity in chloroform was
significantly higher (P<0.05) compared to what was observed in ethyl acetate extract but
not significantly different (P>0.05) from the inhibitory activities recorded in other extracts
of the same concentration. Activities in chloroform extract at 240ug/ml was significantly

higher (P<0.05) than the activity noticed in other extracts of the same concentration.
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At 60pg/ml of the root bark extracts, the inhibitory activities did not differ significantly
(P>0.05) from chloroform and n-Hexane extracts which both showed lower activities
compared to what was observed in methanol and ethyl acetate extracts which also did not
show a significant difference (P>0.05) in activities. At 120ug/ml, activity was significantly
lower (P<0.05) in n-Hexane extract than what was observed in other extracts, where it
appeared activity was higher in ethyl acetate extract compared to the activities in both
methanol and chloroform extracts but only differ significantly (P<0.05) from the latter’s.
At 180pg/ml, the highest inhibitory activity was observed in methanol extract compared to
others among which only chloroform extract showed a significant difference (P<0.05). At
240ug/ml, while there was no significant deference(P>0.05) observed between the
inhibitory activity in methanol and chloroform extract, they both showed a significantly
lower activity than what was observed in n-Hexane and ethyl acetate extracts in which the

former showed a significantly lower activity.

Mean values in Roman numeral across the row at different concentrations describes a
mean zone of inhibition of different concentration of the same extract for the leaf and for
the root bark respectively. Roman numeral i is significantly higher than ii. (i > ii). The
values in the leaf for each extract at different concentrations bearing the same superscript
across the row are not significantly different(P>0.05). The same is for the rootbark. Thus
Methanol, Ethyl acetate, and n-Hexane extract of the leaf had no significant difference
(P>0.05) across all concentrations. Only Chloroform leaf extract at 60ug/ml shows a
higher significant difference (P < 0.05). Similarly, all extracts of the root bark has no

significant difference (P> 0.05).
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Mean values in asterisks explains the comparison in the mean zone of Inhibition between
theleaf and root bark at the same concentration and at the same solvent extract of
Terminalia avicennioides on methicillin resistant S. aureus. Asteriks one is significantly
higher (P< 0.05) than asterisk two than asterisk three (*>**>***) The values bearing the
same superscript of asteriks are not significantly different (P> 0.05). Thus Methanol and
Ethyl acetate extract of the root bark records significantly, a high zone of inhibition (p <
0.05) over its corresponding leaf extracts at the concentration of 60pg/ml and 120ug/mi
respectively. The same is observed in ethyl acetate root bark and chloroform leaf extract at
180pg/ml. At 240ug/ml, Ethyl acetate and n-hexane root bark extracts are significantly
higher (p < 0.05) than the corresponding leaf extracts while the leaf extract of chloroform is

significantly higher (p < 0.05) than its corresponding root bark extract.

Table 4.1:The Yield of Successive Extraction of Terminalia avicennioides Leafand
Root Bark

74



Leaf Root Bark
Solvent Yield (9) Yield (%) Yield (9) Yield (%)
n-Hexane 3.54 1.18 2.18 0.73
Chloroform 1.62 0.54 4.29 1.43
Ethyl acetate 1.75 0.59 1.10 0.37
Methanol 37.98 12.66 39.01 13.01

Table 4.2 Zone of Inhibition of Different Concentrations of the Leaf and Root Bark
Extracts of Terminalia avicennioides on Methicillin Resistant S. aureus
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4.3 Phytochemicals Present in the Most Bioactive Extract of Terminalia avicennioides.
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Phytochemical present in Ethyl Acetate extract, the most bioactive extract of Terminalia
avicennioides is presented in Table 4.3, it shows the presence of triterpens, alkaloids,

tannin, cardiac glycoside, terpenoid, and anthraquinon, while flavonoids were absent.

4.4 Quantitative Estimation of Phytochemical Present in the Most Bioactive Extract
of Terminalia Avicennioides

Quantitative estimation of phytochemicals present in Ethyl Acetate extract of the most
bioactive extract of Terminalia avicennioides is presented in figure 4.1. It shows that 42ug
of alkaloids,184.25ug of tannins and 19.80pug of anthraquinone were estimated in 1mg of
root barkethyl acetate extract of Terminalia avicennioides. Calculations are presented in

Appendix 4.0, 5.0 and 6.0

Table 4.3 Phytochemicals Present in the Ethyl Acetate Extract of The Root Bark
ofTerminalia avicennioides
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Phytohemical

Triterpens +
Alkaloids +
Tannin +
Flavonoid

Cardiac glycoside +
Terpenoid +
Anthraquinon +

(+) = detected

(-) = Not detected
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200 ~

160 -

120 -

Conc. (ng/ml)

athraquinone alkaloids tannins

Phytochemicals

Figure 4.1Quantitative Estimation of Phytochemicals Present in 1mg/ml Bioactive
Ethyle Acetate Root Bark Extract of Terminalia avicennioides

4.5Thin Layer Chromatogram of Root Bark Bioactive Ethyl Acetate Extract
ofTerminaliaavicennioides.
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The TLC chromatogram of ethyl acetate extract of Terminalia avicennioidesroot barkis
presented in plate 4.1. There werel7 different visible bands with the 18" band too close to
the solvent front using Chloroform: Ethyl acetate: Methanol: H,0 at (15:8:4:1) ratio.

4.6Zone of Inhibition of Different TLCFractions of Root Bark BioactiveEthyl Acetate
Extract of Terminalia avicennioides

The mean zone of inhibition in millimeter units of different TLC fractions of bioactive root
barkethyl acetate extract of Terminalia avicennioides at concentration of 180ug/ml are
shown inFigure 4.2. TLb4 and TLb17 being > 14mm indicates sensitivity of Methicillin
resistant Staphylococcus aureuswithing the Kirby-Bauer standard for (Methicillin)

antibiotic susceptibilityto the compounds in the bands.

4.7:Mean Zone of Inhibition of Graded Concentrations of TLC Bands 4 and Band 17

of Root Bark Bioactive Ethyl Acetate Extract of Terminalia avicennioides.

The mean zone of inhibition in millimeter of graded concentrations of TLC bands 4 and
band 17 of root barkbioactive ethyl acetate extract of Terminalia avicennioides is shown in

Figure 4.3. The Sensitivity plates are shown in Appendix 6.0

4.8: Phytochemicals Present in TLC Fractions ofRoot Bark BioactveEthyl Acetate
ExtractofTerminalia avicennioide.

The phytochemicals present in the TLC bands of the root bark of ethyl acetate extract of
Terminalia avicennioides is presented in Table 4.4. Terpenoids were present in all bands
except in band 2, 3, 5, 14 and band 16. Alkaloid was present in only band 6 and band 11,
anthraquinone was present in band 10 only, while cardiac glycoside and tannins were

present in band 18.
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Plate 4.1 Thin Layer Chromatogram of ethyl acetate fraction of Terminalia avicennioides
root barks developed with pre-coated TLC plate and a solvent system of
Chloroform, Ethylacetate, Methanol and Water at ratio 15: 08: 04: 01
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Figure4.2.Mean Zone of Inhibitionin (mm) of Different TLC Fractionsof Bioactive Root
Bark Ethyl Acetate Extract of Terminalia avicennioide at 180pg/ml on Methicillin resistant

S. aureus

82



25

Mean Zone of Inhibiton In millimeter

TLb4 TLb17
Different Concentration of TLC Band 4 and 17

= 60ug/ml
m 120pg/ml
= 180ug/ml

Figure 4.3 Mean Zone of Inhibition in (mm) of TLC Bands 4 and 17 of Ethyl Acetate Root

Bark Extract of Terminalia avicennioides at Different Concentrations.
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Table 4.4Phytochemicals Present in TLC Bands of Root Bark of Ethyl Acetate
Extractof Terminalia avicennioidesusing recommended Spray Reagents for Natural
Product TLC Visualization Method.

Terpenoids  Alkaloids Anthraquinone Cardiac Tannins
glycosides
TLbl +
TLb2 ND
TLb3 ND
TLb4 +
TLb5 ND
TLb6 + +
TLb7 +
TLb8 +
TLb9 +
TLb10 + +
TLb1l + +
TLb12 +
TLb13 +
TLbl4 ND
TLb15 +
TLb16 ND
TLb17 +
TLb18 + + +

ND = Not Detected.
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4.9Minimum Inhibitory Concentration and Minimum Bactericidal Concentration of
the Partially Pure Compound; TLC band 4 and TLC band 17 against MRSA

The minimum concentration of the partially purified pure compound at which it is
inhibitory to methicillin resistant Staphylococcus aureus was found to be 0.6pg/ml for both

TLC band 4 and TLC band 17. It was as well bactericidal at the same concentration

4.10.Gas Chromatography-Mass Spectroscopy Analysis of TLb4 and TLb17 Fraction
of Root Bark BioactiveEthyl Acetate Extract of Terminalia avicennioides

Gas chromatography-mass spectroscopy analysis of bioactive TLb4 and TLb17 fractions of
root bark ethyl acetate extract of Terminaliaavicennioides is presented in Table 4.5 and 4.6

respectively while the chromatograph is presented in Appendix 8.0.

Seven compoundswere present in TLb4 (Table 4.5) while six compounds were present in
TLb1l7 (Table 4.6). These compounds are analog of palmitic acid (n-Hexadecanoic with
molecular Weight (mol. weight) of 256,percentage (%) abundance of 3.95 and 1.52).,
methyl ester (11-Octadecenoic acid with mol. weight of 296, % abundance of 2.90 and
1.82)., stearic acid (Octadecanoic acid with mol. weight of 284, % abundance of 4.07 and
2.97) and Oleic acid with mol. weight of 282, % abundance of 22.10 and 13.79, for both

TLb4 and TLb17 fractions respectively.

4.11 FTIR analysis for TLb4 and TLb17 Fraction of Ethyl Acetate Extract of Root
Barks of Terminalia avicennioides

FTIR analysis for TLb4 and TLb17 fraction of ethyl acetate extract of root bark of
Terminalia avicennioides is presented in table 4.7 and 4.8, while the spectroscopy pectrum
is presented in Appendix 9.0. The functional groups detected includes Alkyl Halides: R-Br,
R-F., Methyne: ( CH-)., Nitro Compounds:R-NO2., Amides: R-C(O)-NH2, R-C(O)-NH-

R., Isothiocyanate: (-NCS)., Nitril: C=N., Carboxylic Acids., Saturated Aliphatic
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(Alkyl):METHYLENE C-H., Alkanes., in both TLb4 and TLb17, while Alkyl Halide: R-I.,

Allenes and Amines: R-NH2 were found in addition to TLb17 only.
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Table 4.5Gas Chromatography Mass Spectroscopy Analysis of Fraction TLb4 of
Bioactive Ethyl Acetate Root BarksEctract of Terminalia avicennioides
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Table 4.6Gas Chromatography Mass Spectroscopy Analysis of Fraction TLb17 of
Bioactive Ethyl Acetate Root Barks Extract of Terminalia avicennioides
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Table 4.7Major Peak Values in FTIR Analysis ofFractionTLb4of Boioactive Ethyl Acetate
Root Bark Extract ofTerminaliaavicennioides

S/No  Frequency Intensities Assignment/ Functional Groups
range (cm™) Bond
1 399.28
2 681.86 S Aliphatic bromo ALKYL HALIDES:
compounds R-Br
C-Br stretch
3 950.94 Cyclohexane ring METHYNE ( CH-)
vibrations
4 1037.74 Vs C-F stretch ALKYL HALIDES:
R-F
5 1319.35 Vs C-F stretch ALKYL HALIDES:R-F
=C-O-C sym. ETHERS
asym. stretch Ar-O-R
6 1422.55 S N-O symmetric & NITRO COMPOUNDS:
asym. stretch R-NO2
7 1654.98 S Carbonyl AMIDES:
broad C=0 stretch R-C(O)-NH2
R-C(0)-NH-R
8 1990.60 m-s Isothiocyanates (- ISOTHIOCYANATE
NCS)
9 2099.59 m-s Isothiocyanates (- ISOTHIOCYANATE
NCS)
10 2330.09 m C=N Nitril
11 2602.06 S O-H stretch CARBOXYLIC ACIDS
broad
12 2918.40 \% sp3 C-H SATURATED
strech ALIPHATIC
(ALKYL):METHYLENE
C-H
13 2997.48 S sp3c-H stretch ALKANES
14 3431.48 w-m N-H asym. Stretch  AMIDES:
R-C(0)-NH2
15 3922.38 88.849
16 4022.68 88.829
17 4291.76 86.117
18 4402.67 84.075

Intensity abbreviations: vw = very weak, w = weak, m = medium, s = strong, vs = very

strong.
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Table 4.8 MajorPeak Values in FTIR Analysis ofFractionTLb170f Bioactive Ethyl Acetate
Root Bark Extract of Terminalia avicennioides

S/No Frequency Intensities Assignment/ Functional Groups
range (cm™) Bond
1 441.71 S C-1 stretch ALKYL HALIDES: R-1
2 681.86 S Aliphatic bromo  ALKYL HALIDES:
compound R-Br
C-Br stretch
3 951.90 Cyclohexane ring METHYNE
vibrations (CH-)
4 1033.92 Vs C-F stretch ALKYL HALIDES: R-F
5 1320.32 Vs C-F stretch ALKYL HALIDES: R-F
ETHERS
=C-0-Csym. & Ar-O-R
m-s asym. stretch
6 1423.51 S N-O symmetric & NITRO COMPOUNDS:
asym. stretch R-NO2
7 1655.94 s broad C=0 stretch AMIDES:
R-C(0)-NH2
R-C(0)-NH-R
8 1987.71 m-s Allenes, Ketenes, X=C=Y
Isocyanates,
Isothiocyanates
9 2140.09 m-s Isothiocyanates (- ISOTHIOCYANATE
NCS)
10 2337.80 m C=N Nitril
11 2921.29 S C-H stretch ALKANES
12 3003.27 s, broad O-H stretch CARBOXYLIC ACIDS
H-bonded Alcohols, phenols
13 3422.80 w N-H asym. stretch AMINES:
R-NH2
3935.88 86.26
4025.57 86.307
4295.62 84.862
4404.6 83.452

Intensity abbreviations: vw = very weak, w = weak, m = medium, s = strong, vs = very

strong.
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CHAPTER FIVE

5.0 DISCUSSION

It is no news that plants produce a plethora of bioactive secondary metabolites drawing
many curious researchers to the forest of herbs. This search for inhibitory potential of leaf
and root bark extracts and characterization of thedistinct bioactive extract from one of the
most unexplored forest plants; Terminalia avicennioides has reveled that chloroform is the
best solvent in inhibitory activity wise for extraction of bioactive components in leaf of the
plant material compared to other solvents as shown in (Table 4.2 and Appendix 3.0)., as it
maintained a concentration dependent increasing inhibitory activity anddespite having the
lowest of mean zone inhibition at 60ug/ml, it maintained the widest mean zone of
inhibition across the graded concentrations of 120ug/ml, 180pg/ml and 240ug/ml.

Nevertheless, ethyl acetate was determined to be the best solvent for extraction of bioactive
principles in the root bark of Terminalia avicennioides considering its high inhibitory
activity when compared across the inhibitory activities of all concentrations of other
solvents used in the extraction (Table 4.2) and as well when compared to the Chloroform
activity of the leaf as shown in (Table 4.2). This led to further studies on ethyl acetate root
bark extract. However, this finding is in contrast with (Mann et al., 2009) use of root
portion, whose final findings is that fractions of n-hexane gave higher activity over
fractions of ethyl acetate extract, though both n-hexane and ethyl acetate extractgave
significantly higher activity (P < 0.05) over acetone and methanol extracts. This contrast
may be due to the fact that root bark portion was used in this study. The result indicates
that the ethyl acetate root bark extraction has definite effect among other solvents for the

isolation of bioactive principles in the root bark of Terminalia avicennioides and could
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probably be due to it polarity index of 4.4 (intermitently polar) thus having the ability of
extracting series of saturated and unsaturated fatty acids with antimicrobial abilities like
oleic acid etc., as found in the GCMS analysis and as well some other possible
antimicrobial components not detectable by GCMS analysis .

According to Prescott et al., 2002, the activity of antimicrobial agent is concentration
dependent. (Hugo and Russell, 1998) also indicated that the position of the zone edge
(diameter of inhibition) is determined by the initial population density of the organism,
their growth rate and the rate of diffusion of the antimicrobial agent. These two principles
were obeyed by all the leaf extracts (Table 4.2) whose mean zone of inhibitions recorded
an increase as concentration increased, but however arriving at a concentration of
180ug/ml with the exception of ethyl acetate extract at 120ug/ml, further increase in
concentration gave no further increase in activity. This observation could be due to the
presence of high molecular weight fatty acids and probably other components whose rate
of diffusion could be limited by entrapment or adhesion of such compound on the agar gel
bits and probably would not have been entrapped or adhered to the agar gel bits were they
to be of low molecular weights, volatile oil or even of gaseous components. The
observation could as well be due to initial population density of the organism under study
as indicated by (Hugo and Russell, 1998). Similarly, the same principle was followed but
not completely by root barks extract as only methanol extract increased in activity as
concentration increases and got to maximum at 180ug/ml where further increase in
concentration caused no further increase in activity. Chloroform extract of root bark only
had a maximum increase in activity at 120ug/ml and increased no further as concentration

increases. Irrespective of some of these irregularities in parttern of the results it is most
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interesting that with the exception of only chloroform, ethyl acetate and n-Hexane extract
of the leaf at 60ug/ml, every other extracts of the leaf and root bark at all concentrations
are inhibitory to the test organism within the susceptible range (> 14mm) as defined by

Kirby-Bauer standard chart for (Methicillin) antibiotic susceptibility.

The inhibitory activity believed to be exhibited by these secondary metabolites
(phytochemicals present., Table 4.3) tends to agree with the reports of Scherbanvoski
(1971) who linked the antibacterial properties of plants to the presence of secondary
metabolites and (Mann et al., 2008) in whose conclusion the presence of the secondary

metabolites in Terminaliaavicennioides may be responsible for its potential use asdrugs.

Sensitivity test of all TLC bands of the root bark ethyl acetate extract of
Terminaliaavicennioidesshows that only TLb4 and TLb17 had inhibitory activity on
MRSA within the susceptible range (> 14mm).Terpenoids where the most phytochemical
metabolite present, in 13 out of the 18 fractionsin TLb1 to TLb18 fractions of ethyl acetate
root bark extract (Table 4.6). Though TLb18 possesses the presence of terpenoids, cardiac
glycosides and tannins, it was not tested for activity as the band was too close to the solvent
front. TLb6 and TLb1ll recorded the presence of both terpenoids and alkaloids while
TLb10 showed the presence of terpenoid and anthraquinone but on the whole, showed no

significant inhibitory activity on MRSA.

In quantitative estimation of phytochemicals,42ug of alkaloids, 19.80ug of anthraquinone
and 184.25ug of tannins were estimated in 1mg/ml, of ethyl acetate root bark extract of
Terminalia avicennioides. This is the first time quantitative phytochemical estimation is

done on any part of this plant.
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MIC value was observed to be 0.6pg/ml for both TLb4 and TLb17 and as well bactericidal

at this same concentration.

Functional group maintains the core of anti microbial activity compounds. The presenceof
alkyl halides: R-Br, R-F., Methyne: ( CH-)., Nitro Compounds:R-NO2., Amides: R-C(O)-
NH2, R-C(O)-NH-R., Isothiocyanate: (-NCS)., Nitril: C=N., Carboxylic acids., Saturated
aliphatic (Alkyl):METHYLENE C-H., Alkanes., in both TLb4 and TLb17, and Alkyl
halide: R-I., Amines: R-NH2 in TLb17 which comfirms the pharmacological activities
observed in these fractionsas further justified by work done by other authors.Findings by
Hollosy et al., (2002) and Litvin et al., (2004) state that heteroatom, in particular halogen,
substitution on aryl ring substituents frequently produced compounds with improved
biological activity and the incorporation of halogen atoms into drug candidates have
generally been correlated with increased lipophilicity, which may allow improved
penetration through cell lipid membranes. This may explain the process of inhibiton by the
presence of the alkyl halids in the fractions. Compounds based around nitrogen-containing
heterocyclic frameworks (Wyatt et al., 2008), amides in form of diamides(Pauk et al., 2013
and Zadrazilova et al., 2014), dominates as the active species compounds that exhibited a
great anti-MRSA with dihydrofolate reductase inhibitory activity. isothiocyanates from
cruciferous plants has shown a very strong anti-MRSA activity of up to 87% with MIC
value between 2.9 and 110 pug/mland were mainly bactericidal (Dias et al., 2014) Ether
functional groups available in biphenyl ether, antibacterial is implicated in exhibition of
broad-spectrum antibiotics activity targeting the fatty acid biosynthetic pathway, via
inhibition of enoyl-acyl carrier protein reductase (ENR). (Tipparaju et al., 2008). Likewise

in vancomycin (Rybak et al., 2009).
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The result obtained from GC-MS analysis showed that the likely active compounds were
analogs of palmitic acid (n-Hexadecanoic), methyl ester (11-Octadecenoic acid), stearic
acid (Octadecanoic acid) and Oleic acid for both TLb4 and TLb17 fractions respectively.
However, it is possible that other compounds or group of compounds present in the extract,
although not suspected to have elicited the inhibitory effects may have inhibited the growth
of MRSA or contributed to the observed inhibition. This is because of the presence of 9-
Octadecenal and 3, 11-Tetradecadien-1-ol in both TLb4 and TLb17 fractions respectively,
and (92)-9-Teradecenal present only in TLb4 fraction of the root barks bioactive ethyl

acetate extract of Terminalia avicennioides.

The antimicrobial activity and therapeutic efficacy of oleic acid against methicillin-
resistant S. aureus have been proven (Huang et al., 2011). Fatty acids, particularly methyl
esterpossess antibacterial activities (Chandrasekaran et al., 2008). Palmitic acid, stearic
acid and many other fatty acids have been reported to have some antimicrobial activity
against MRSA (Ghedal et al., 2013). (92)-9-Teradecenal has also been identified among
fatty acids with antimicrobial activities against MRSA (Ololade et al., 2014). Meanwhile,
this is the first time 3, 11-Tetradecadien-1-ol is found among compounds with anti MRSA

potential.

Potential antimicrobial activity is attributed to different compounds belonging to a diverse
range of chemical classes (Ozdemir et al., 2004). Oleic acid has the highest % abundance
with value of 22.10 and 13.79, for both TLb4 and TLb17 fractions respectively, and study
has demonstrated that oleic acid effectively eliminates Staphylococcus aureus through cell
wall disruption and can inhibit growth of a number of Gram-positive bacteria, including

hospital and community-associated MRSA (Chen et al., 2011), therefore, we speculate that
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the anti MRSA effect of TLb4 and TLb17 fractions of the root bark bioactive ethyl acetate

extract of Terminalia avicennioides might highly be due to the presence of oleic acid.

As a known hypothesis, fatty acids interferes with the bacterial cell structure and acids
interfere with cellular energy production, causing disruption of the electron transport chain
and oxidative phosphorylation. (Carpo et al., 2007 and Parfene et al., 2013). Fatty acids
may also inhibit enzyme activity, impair nutrient uptake, generate cellular degradation
products, or cause direct lysis of infectious cells. (Parfene et al., 2013 and Carpo et al.,
2007), and some fatty acid compounds with a small percentage have been reported to have
significant antimicrobial activity (Hashem and Saleh, 1999). These components at low
concentrations might be involved in some type of synergism with the other active
compounds (Marino et al., 2001) thus exhibiting high antibacterial activities on MRSA.
Therefore it would be safe to conclude that palmitic acid (n-Hexadecanoic), methyl ester
(11-Octadecenoic acid), stearic acid (Octadecanoic acid), with 9-Octadecenal, 3, 11-
Tetradecadien-1-ol and (92)-9-Teradecenal, all which have a low % abundance could be

inhibiting based on the above mechanism.

Nevertheless, it is worthy to note that the antimicrobial activities of plant extract are
dependent on the rate of diffusion of the extract. These low-molecular weight and highly
lipophilic compounds easily diffuse across cell membranes to induce biological reactions.
Also, if the extract has high molecular weight, the rate of diffusion is always slow, reduced
and also takes longer time, whereas an extract of low molecular weight diffuses faster and
at a quicker rate (Orji et al., 2012). However, it is possible that the compounds with high

molecular weight although diffuses at a slow rate may elicit a stronger biological effect.
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Secondary metabolites of non fatty acid nature in plant extract inhibits the life processes of
microorganisms by binding their protein molecules, acting as chelating agents, altering
their biochemical systems, or causing inflammation of the cells. Example, terpenes
promote membrane disruption, and tannins act on microorganism membranes as well as
bind to polysaccharides or enzymes promoting inactivation (Cowan, 1999). In this regard
the organic compounds in this medicinal plant would play an important role as a good

natural source of antibiotics for further studies.
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6.0

CHAPTER SIX

SUMMARY, CONCLUSION AND RECOMMENDATIONS

6.1 SUMMARY

Leaf and root bark of Terminalia avicennioides were extracted with four different
solvents giving a leaf extracts yield of 37.98g (12.66%,)., 3.54g (1.18%)., 1.75¢
(1.75% )., 1.62g (1.62% ) for Methanol, n-Hexane, Ethyl acetate and Chloroform
respectively while root bark extracts yielded 39.01g (13.01%)., 4.29g (1.43%).,
2.18g (0.73%)., 1.10g (0.37%) for Methanol, Chloroform, n-Hexane and Ethyl
acetate respectively.

Antimicrobial screening of the leaf and root bark extracts of Terminalia
avicennioides on methicilin resistant staphylococcus aureus was done using the
four different extracts for the leaf and root bark at graded concentrations of
60pg/ml,120pug/ml,180ug/ml and 240ug/ml. Chloroform extract of the leaf and
Ethyl acetate extract of the root bark were observed to be the best system for
isolation of bioactive principles and maintained a significant inhibitory records
within the susceptible range (> 14mm) as defined by Kirby-Bauer standard chart for
(Methicillin) antibiotic susceptibility on the test organism with only the exception

of only Chloroform, Ethyl acetate and n-Hexane extract of the leaf at 60ug/ml

Antimicrobial studies of inhibitory activities of Chloroform leaf extract and Ethyl
acetate root bark extract led to further investigation of Ethyl acetate extract of the

root bark.
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Amongst the tested phytochemical has the presence of Triterpenes, Alkaloids,
Tannin, Cardiac glycoside, Terpenoid, and Anthraquinon, while Flavonoid was
found to be absent in root bark of ethyl acetate extract.

Further investigation of Ethyl acetate extract of the root bark gave fraction TLb1-18
in which fractions TLb4 and TLb17gave significant activity thus were characterized
for bioactive principles and functional group present, using GC-MS and FTIR
spectroscopy respectively.

Phytochemical analysis of the fractions of root bark ethyl acetate extract using
recommended spray reagents for natural product TLC visualization method
indicated that Terpenoids were present in all Fractions except in TLb 2, 3, 5, 14 and
16. Alkaloids were found present in only TLb6 and TLb1l, Anthraquinone was
present in TLb10 only, while Cardiac glycoside and Tannins were present in
TLb18.

FTIR analysis of fractions TLb4 and TLbl7showed that these functional
groupsAlkyl Halides: R-Br, R-F., Methyne: ( CH-)., Nitro Compounds:R-NO2.,
Amides: R-C(0)-NH2, R-C(O)-NH-R., Isothiocyanate: (-NCS)., Nitril: C=N.,
Carboxylic acids., Saturated aliphatic (Alkyl):METHYLENE C-H., Alkanes., were
present in both TLb4 and TLb17, while Alkyl halide: R-1., Allenes and Amines: R-

NH2 were found present in addition to TLb17 only.

GC-MS analysis of fractions TLb4 and TLB17 showed that the most likely
compound responsible for the inhibitory effects were majorly Oleic acidwith mol.
Weight of 282, abundance of 22.10% and 13.79%, for both TLb4 and TLbl7

fractions respectively., analogs of palmitic acid (n-Hexadecanoicwith mol. Weight
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of 256, abundance of 3.95% and 1.52%)., methyl ester (11-Octadecenoic acidwith
mol. Weight of 296, abundance of 2.90% and 1.82%)., stearic acid (Octadecanoic
acidwith mol. Weight of 284, abundance of 4.07% and 2.97% ) in a possible
synergisim with (9-Octadecenalwith mol. Weight of 266,abundance of 4.39% and
3.73%)., (3,11-Tetradecadien-1-ol mol. Weight of 210, abundance of 3.08% and
0.81%) in both TLb4 and TLb1l7 fractions respectively, and (92)-9-
Teradecenalwith mol. Weight of 210 and abundance of 1.47% present only in
fraction TLb17.

This study establishes that: ethyl acetate extract of root bark of Terminalia
avicennioidesat a dose of 120ug/ml in vitro, had significant (P < 0.05) inhibitory
effect on the growth of methicillin resistant Staphylococcus aureus. Level of
inhibition was 72.4% of that by augumentin; the standard drug. The ethyl acetate
extract of the leaf of this plant was also inhibitory to the growth of methicillin
resistant Staphylococcus aureus but less effective than the root bark extract (level of

inhibition was 56.24% of that to augumentin.

6.2 CONCLUSION

This study has scientifically validated the ethno medical use of leaf and root bark extracts

ofTerminalia avicennioides by the locals in the treatment of skin infections particularly

caused by the test organism and has as well revealed that the root bark has higher inhibitory

potential over the leaf. Findings from the GCMS characterization of the root bark fractions

suggests that the identified bioactive compounds fatty acids majorly oleic acid alone and a

possiblesynergisim with analogs of palmitic acid, methyl ester, stearic acid with 9-
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Octadecenal,3, 11-Tetradecadien-1-ol and(9Z)-9-Teradecenal are effective therapeutic

agents for the treatment and management of disease conditions caused by methicillin

resistant Staphylococcus aureus

6.3 RECOMMENDATIONS

Considering these findings, it is therefore recommend that these natural source fatty
acids are harnessedin industrial amounts towards maximum development of
standard drug and dosage for the treatment of medical conditions of methicillin
resistant Staphylococcus aureus significance.

Due to the limitations of GC-MS, as it detects only volatile fatty acid at its
operational high temperature, there is need for further studies on these bioactive
ethyl acetate fractions of the root bark extract of the plant using LCMS and HPLC
for a possible detection of some other compounds capable of being active on the
test organism

Futher studies should be carried out to check the effect of these extracts on mecA
gene that confers resistance to MRSA

Further research should be carried out on the In-vivo studies to ascertain the effects

of the bioactive compounds of the extract on the organism.
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APPENDICES
APPENDIX 1.0

VERIFICATION OF RESISTANCE OF ATCC 33591 STRAIN TO
METHICILLIN/OXACILLINE ANTIBIOTIC USING 1pg OXACILLIN ANTIBIOTIC
DISK AS DESCRIBED IN THE PERFORMANCE STANDARD FOR
ANTIMICROBIAL SUSCEPTIBILITY TESTING AS DESCRIBED IN THE CINICAL
AND LABOURATORY STANDARD INSTITUTE 2007.

Chloramphenicol 30ug (C30) Streptomycin 10 pg (S10)

Penicillin G 10 U (P10) Amikacin 30ug (AK30)
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Trimethoprim 5 pg (W5) Oxacillin 1pg (OX1)
APPENDIX 2.0

PREPARATION OF STANDARD REAGENTS FOR QUANTITATIVE
PHYTOCHEMICAL ESTIMATION AND SPRAY REAGENTS FOR
NATURAL PRODUCT TLC VISUALISATION.

Estimation of alkaloids:

(2) DR.—Prepared by mixing (1) solution of 0.8 g bismuth nitrate pentahydrate in 40
mldistilled water and 10 ml glacial acetic acid, and (2) solution of 8.0 g potassium
iodide in 20 ml distilled water.

(b) Standard bismuth nitrate solution.—Bismuth nitratestock solution was made by
dissolving 10 mg Bi (NO3)3-5H20 in 5 ml concentrated nitric acid and diluting to
100 ml withdistilled water.

(c) Thiourea, 3%.—prepared by dissolving 3 g in 100ml distilled water.

(d) Disodium sulfide, 1%.—prepared by dissolving 1 g in 100 ml distilled water.

Estimation of tannins:

(a) Na,COs3, 17% — prepared by dissolving 17 g in 100ml distilled water.

Test for Alkaloids (Dragendorff spray reagent test)
Solution 1: 1.7g basic bismuth nitrate and 20g tartaric acid in 80ml water.
Solution 2:16 g potassium iodide in 40ml water.
Stock solution (stable for several weeks in a refrigerator): Mix equal volumes of
solutions 1 and 2.
Spraying solution: Dissolve 10g tartaric acid in 50ml water and 10ml stock

solution.
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Test forCardiac glycosides (Spray test)
A. Spray solution: 3,5-dinitrobenzoic acid (1 g)was dissolved in a mixture of 50 ml
methanol and 50 ml potassium hydroxide solution (c = 2 mol/L).
B. Spray solution I: 2% methanolic solution of 3, 5-dinitrobenzoic acid.

Spray solution I1: 5.7% methanolic potassium hydroxide solution.
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APPENDIX 3.0

MEAN ZONE IN (MM) OF INHIBITION AT DIFFERENT CONCENTRATIONS
OF (60pg/ml, 120ug/ml, 180pug/mIAND 240ug/ml) OF EXTRACTS OFT.

AVICENNIOIDESLEAF ON MRSA
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MEAN ZONE IN (mm)OF INHIBITION AT DIFFERENT CONCENTRATIONS
OF (60pg/ml, 120pg/ml, 180ug/mIAND 240ug/ml) OF EXTRACTS OF T.
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APPENDIX 4.0

CALIBRATION CURVE FOR QUANTITATIVE ESTIMATION OF ALKALOID IN
ETHYL ACETATE ROOTS BARKS EXTRACT OF
TERMINALIAAVICENNIOIDESUSING BISMUTH NITRATE-THIOUREA
COMPLEX{BI[CS(NH2)s]}(NO3)sFORMED FROMBISMUTH REACTION WITH
THIOUREA IN NITRIC ACID MEDIUM.

0.35 -

0.3 4
y=2.931x + 0.004

0.25 1 R2=0.891

Absorbance

0.2 -
0.15 ~
0.1 -
0.05 -

fal

-0.04 -o.pzﬁ 0 002 004 006 008 0.1 0.12

0.1 4 {Bi[CS(NH,)3]}(NO,);in mg/ml

(). At 5mg/ml = 0.5mg/ml
0.5mg/ml + 5ml =0.5mg in 6ml
If 0.5mg in 6ml, therefore
[0.083mg x (12.05 factor)]/ml =

121



1mg/mi Amount of Bi (NO3)3.5H,0 = Abs.Value x

Dilution Factor (DF),
From Regression Equation,

Y=2.9317x + 0.0047 Where DF =Conc. of sample x Abs.Value
If y=0.215, x=? =XXYy
0.215=2.9317x + 0.0047 =0.075mg x 0.215

-2.9317x = -0.215 + 0.0047 _

x = -0.215 + 0,0047 =0016125mg

29317 Therefore; Amount of Bi (NO3)3.5H,0
x= 02197 =0.215 x 0.016125mg
2.9317 =0.00346688
x = 0.0749395 = 0.003mmg x (12.05 factor)]/ml for

= 0.042mg/ml = 42ug/ml

Because the complex formed is 1:1, the
amount of bismuth corresponds to the amount
of alkaloids present; hence the method of
preparation of Dragendorff’s reagent (DR)
does not affect the result. The amount of
alkaloid present is calculated by multiplying
absorbance with factor.
APPENDIX 5.0

CALIBRATION CURVE FOR QUANTITATIV ESTIMATION OF TANNINS IN
ETHYL ACETATE ROOTS BARKSEXTRACT OF Terminaliaavicennioides USING
STANDARD TANNIC ACID

0.18 -
0.16 - y=0.012x + 0.004
R?=0.955

®

0.14
0.12

0.1
0.08
0.06
0.04
0.02

Absorbance

fa)
-4 724; T 2 4 6 8 10 12 14

-0.04

Concentration of Tannic acid in ppm

20mg/ml = 2mg/ml = 0.2mg/0.1ml
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Therefore, 0.2mg in 0.1ml + 4.9ml add up = 0.2mg in 5ml = 0.04mg/mi
To establish 0.04mg in 1mg, for 1ml, you multiply by (25 factor)
Therefore 0.04mg x (25 factor) = 1mg/ml
From Regression Equation,
Y=0.0127x + 0.0046

Ify=0.089, x=?

0.089 = 0.0127x + 0.0046

-0.0127x = -0.089 + 0.0046

x =-0.089 + 0.0046
-2.0127
x = 0.0936
0.0127

x= 7.37007874
Therefore the amounts of Tannins “x” in 1mg/ml of Ethylacetate crude extract
“X” = Conc. x in 0.04mg x (25 factor)
“X”=17.37007874 x (25 factor)
“X”=184.25ppm = 0.18425mg/ml = 184.25ug/ml

APPENDIX 6.0

CALULATION FOR QUANTITATIVE ESTIMATION OF ANTRAQUINON IN
0.5mg/ml OF ETHYL ACETATE ROOT BARKS EXTRACT OF
Terminaliaavicennioides USING ALIZARIN AS STANDARD

10mg ethylacetate crude extract + 10ml of dist. H,0 + 10ml of 50% Methanol
= 10mg in 20ml
= 0.5mg/ml
To convert 0.5mg to 1mg per ml, you multiply by (2 factor)
0.5mg x (2 factor) = Img/mi

C=A
C A

Where C; = Concentration of Sample.
C, = Concentration of Standard.
A; = Absorbance of Sample.

A, = Absorbance of Standard.
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G = 0.169

0.02mg/ml 0.342

C1 = 0.169x 0.02mg/ml
0.342

C1 =0.49415205 % 0.02mg/ml

C1 =0.00988304 x (2 factor)
=0.01976608 mg/ml

C1=19.80 pg/ml of Anthraquinone.

Percentage Composition of Anthraquinone Present In 1mg/ml of Ethyl Acetate Roots
Barks Extractof Terminalia avicennioides.

19.80pgx 100
1000pg 1

=0.0198 X100

= 1.98% of Anthraquinone per 1mg/ml of ethyl acetate roots barks extract
ofTerminalia avicennioides.

APPENDIX 7.0

ZONE OF INHIBITION OF TLb 4 AND TLb 17 AT DIFFERENT CENTRARATIONS,
60ug/ml AURGUMENTIN (NEGATIVE CONTROL) AND DMSO (POSITIVE
CONTROL)ON MRSA

Zone of inhibition of TLb 17 at Zone of inhibition of TLb 4 at
120pug/ml on MRSA 120pg/ml on MRSA
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Zone of inhibition of TLb 17 at Zone of inhibition of TLb 4 at

60pg/ml on MRSA 60pg/ml on MRSA

APPENDIX 7.0

Zone of inhibition of60ug/ml Aurgumentine No Zone of Inhibition using DMSO
On MRSA. (Reconstitution solvent) on MRSA.
(Negative control). (Positive Control).
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APPENDIX 8.0

THE GAS CHROMATOGRAPHY MASS SPECTROSCOPY SPECTRUM
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THE GC-MS SPECTRUM OF FRACTION TLB4 OF ROOT BARKS BIOACTIVE
ETHYL ACETATE EXTRACT OF Terminalia avicennioidesSHOWING FRAGMENTS
PEAKS
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APPENDIX 9.0

FOURIER TRANSFORM INFRA-RED SPECTROSCOPYPECTRUM
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THE FTIR SPECTRUM OF FRACTION TLB4 OF ROOT BARKS BIOACTIVE ETHYL
ACETATE EXTRACT OF Terminalia avicennioidesSHOWING SPECTRA PEAKS
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