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ABTRACT

Many bacterial species have been reported to develop resistance to antibiotics commonly
prescribed for respiratory tract infections. Therefore, the need to search for natural products for
remedy of this problem cannot be overemphasized.

One hundred and eighty (180) specimens were collected from throat (68) and ear swabs (57) as
well as sputum (55) from patients with respiratory tract infection in Ahmadu Bello University
Teaching Hospital Zaria, Nigeria. Isolation and identification of the bacterial isolates were
carried out using standard microbiological methods. MicroGen identification kit was used for
confirmatory identification of the isolates. The ethanol and aqueous extracts of Alchornea
cordifolia was carried out using cold maceration extraction method. Agar well diffusion, agar
dilution and spread plate methods were employed to determine the zone of inhibition, minimum
inhibitory concentration, minimum bactericidal concentration and rate of Kill respectively.The
aqueous extracts was fractionated using column chromatography. Thin layer Chromatography
method was used to identify the phytochemical constituents of the active fraction F2.

The bacterial isolates identified were Staphylococcus aureus (7), Pseudomonas aeruginosa (2),
Klebsiella pneumoniae (2), Escherichia coli (1) and Streptococcus spps (5). The two extracts
showed broad spectrum of activity but the aqueous extract had larger zones of inhibition ranging
from 32. 5 mm — 11. 5 mm and lower M.I.C and M.B.C values ranging from 5 mg/ml — 20
mg/ml.

The fractionation of the aqueous extract gave thirty five (35) fractions but after pooling together
of similar ones, Seven (7) different fractions were obtained. The M.I.C of the fractions showed

that F2 had the lowest M.I.C values against all the isolates and better antibacterial activity. The

Vi



F2 fraction had M.I.C values that ranged between 2.5 — 5 mg/ml against S. aureus and 5 — 10
mg/ml against Strep. spp.

The death/survival rate showed that at 1440 minutes, M.1.C concentration of 2.5 mg/ml of F2
had 100 % kill; there was reduction in surviving cells with both the Sub-M.1.C concentration of
1.25 mg/ml and amoxicillin clavulanic acid 30 pg/ml against S. aureus (T38) isolate. A total kill
was observed at 240 minutes, with M.1.C concentration of 5 mg/ml and at 1440 minutes, with
Sub-M.I.C concentration of 2.5 mg/ml against Klebsiella pneumoniae (S16). There was a
decrease in the number of surviving cells in the positive control and increase in the number of
surviving cells with time in the negative control. The TLC based phytochemical screening of F2
fraction revealed the presence of phenolic compound and flavonoid as secondary metabolites.
This study has justified the traditional use of Alchornea cordifolia leaf extracts in the treatment

of respiratory tract infection caused by bacteria.
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CHAPTER ONE
1.0 INTRODUCTION
1.1 Background
Respiratory tract infections continue to be the most frequent and important cause of short term
illnesses that compel an individual to seek medical attention not only in the developing world,
but also in the developed world (Zafar et al., 2008). It is typically the first infection to occur after
birth. Respiratory tract infections are caused by a handful of bacteria, fungi and viruses and
account for more than 40% of disability days, secondary to acute illnesses; pneumonia and
influenza accounting to 80 - 90% of death in the elderly (Hugonnet et al., 2000).
Respiratory tract infection can be divided into two major types; the Upper Respiratory Tract
Infection (URTI) and Lower Respiratory Tract Infection (LRTI).Upper respiratory tract infection
is a nonspecific term used to describe acute infections involving the nose, paranasal sinuses,
pharynx, larynx, trachea and bronchi (Mossad, 2008). URTIs such as sore throat, ear ache,
laryngitis, common cold, otitis media and sinusitis are the most frequently reported infections of
all human diseases (Hueston et al., 1999; Brunton, 2005, Ndip etal., 2008; Mossad, 2008;
Mungrue et al., 2009). Recurrent URTIs in children constitute a serious problem worldwide
(Ndip et al., 2008). Adults develop an average of two to four colds cycles annually (Mossad,
2008). It has been reported that the majority of URTIs are of viral origin with rhinovirus,
parainfluenza virus, coronavirus, adenovirus, respiratory syncytial virus and influenza virus
accounting for most cases (Clark et al., 2004; Lykova et al., 2003).Apart from viruses, bacteria
pathogens have been reported to cause RTI; the organisms identified include

Haemophilusinfluenzae, Staphylococcus aureus, Streptococcus pneumoniae,



Klebsiellapneumoniae, Pseudomonasaeruginosa and some Enterobacteriaceae (Isenberg and D-
Amato, 1985; Ndip et al., 2003).

Lower Respiratory Tract Infections (LRTI’s) may be defined as those infections presenting with
symptoms including cough, expectoration, dyspnoea, wheeze and or chest pain/discomfort
usually for a period ranging from 1-3 weeks. Acute manifestations of LRTIs which may or may
not involve lungs include acute bronchitis, bronchiolitis, influenza, community—acquired
pneumonia either with or without radiological evidence, acute exacerbation of Chronic
obstructive pulmonary disease (COPD) and acute exacerbation of broncheictasis(Woodhead
etal.,2005).Lower Respiratory Tract Infections are among the most common infectious
diseasesaffecting humans worldwide (Carroll, 2002). They are important causes of morbidity and
mortality for all age groups, and each year approximately 7 million people die as a
directconsequence of acute and chronic respiratory infections (Ozyilmaz et al., 2005). Acute
Respiratory Infections (ARI) and tuberculosis were two of the six leading causes of deathacross
all ages (WHO, 2003). Out of the total acute respiratory diseases, 20-24% of all deaths are
accounted for by LRTI(Gauchen et al., 2006).

RTIs impose a serious economic burden on society, ranging from reduced output in workplaces
to frequent prescription by physicians of antibiotics, even when the causative agent of infection
is not bacteria (Jafari et al., 2009).Due to resistance to antibiotics by pathogens, recent research
has been directed towards the use of traditional medicine/natural products for treatment and
control of infections.

The history of the use of herbs in the management of diseases dates back to the time ofthe early
man (Sofowora, 1992; Kafaru, 1994). In herbal medicine, herbs/plants are used in their unaltered

form for the treatment of disease. A variety of plants or materialsderived from plants have been



used for the preventionand treatment of diseases virtually in all cultures(Adedapo et al.,2005). It
is also reported thatherbshave been used as sources of food and medicinalpurposes for centuries
and this knowledge has beenpassed from one generation to another(Adedapo et al.,2005).
Medicinal plants also represent a rich source fromwhich antimicrobial agents can be obtained
(Kubmarawaet al.,2007). Many pharmaceuticals currently available tophysicians have a long
history of use as herbal remedies (Elumalai and Eswariah, 2012). Pravin, (2006) reported that
about 70% of thehuman population is dependent (wholly or partially) onplant-based medicines
and the World HealthOrganisation (WHO) estimates that 80% of the population in some Asian
and African countries depends on herbal medicine for someaspect of primary health care (WHO,
2008). A majority of Nigerian population still rely on herbal medicine (Eliakim-lkechukwu and
Riman, 2009). Available evidence suggests that some herbal remedies and traditional therapeutic
regimes are efficacious and affordable (TMP,2007).

1.2 STATEMENT OF RESEARCH PROBLEM

Antimicrobial drug resistance is a global challenge for the 21* century with the emergence of
resistant bacteria strains worldwide (Furinet al., 2011).Respiratory tract infections impose a
serious economic burden on society, ranging from reduced output in workplaces to frequent
prescription by physicians of antibiotics, even when the causative agents of infection is not
bacteria (Jafari et al., 2009). Respiratory tract infections are amongst the most wide spread and
serious infection, accounting for over 50 million deaths globally each year (Zafar et al., 2008)).
In 2012, lower respiratory infections such as pneumonia and bronchitis were the second causes
of mortality and morbidity in Sub-Saharan Africa, accounting for over 1 million or 11.5% of
deaths in the region, while tuberculosis accounted for 2.4% (Siikamaki, 2015).Acute respiratory

tract infection is a common cause of hospital admission in Nigeria, it was estimated that



pneumonia accounted for 20% of deaths in children under age of 5 years (Akanbi et al., 2009).
The increasing prevalence of multi-drug resistant strains of bacteria and the recent appearance of
strains with reduced susceptibility to antibiotics raised the specter of ‘untreatable’ bacterial
infections and adds urgency to the search for new infection-fighting strategies (Zy et al.,2005;
Rojas et al., 2006).

1.3JUSTIFICATION

Medicinal properties of plants are hinged on the presence of bioactive principles such as
alkaloids, phenols, tannins, glycosides and essential oils among others. This necessitates the
continued screening of medicinal plants, not only to determine the scientific basis for their usage,
but also to discover possible new active principles (Karou et al., 2006). The primary benefits of
using plantderived medicines are that they are relatively cheaper than synthetic alternatives,
offering profound therapeutic benefits and more affordable treatments.

Many of the plant materials used in traditional medicine are readily available in rural areas and
this has made traditional system of medicine relatively cheaper than modern medicine. Many
works have been carried out with the aim of knowing the different antimicrobial and
phytochemical constituents of medicinal plants and using them for the treatment of microbial
infections as possible alternatives to antibiotics and other chemotherapeutic agents to which
many infectious microorganisms have become resistant.

1.4RESEARCH AIM

To evaluate the antibacterial activity of ethanol and aqueous extracts of Alchornea cordifolia leaf
against some bacterial isolates associated with respiratory tract infections.

1.5SPECIFIC OBJECTIVES

The specific objectives of this study are to:



X/
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Isolate and identify bacteria species associated with respiratory tract infection from

sputum,throat and ear swabs from clinical settings.

% Prepare ethanol and water extractsfrom dried powdered leaves of A. cordifolia.

%+ Determine the antibacterial activity(zone of inhibition, MIC and MBC) of the twoextracts
against the identified bacterial isolates.

% Fractionate the more active extract using Column Chromatography method.

% Determine the antibacterial activity of the fractions against the identified bacterial
isolates.

% Determine the rate of kill of the most active fraction against some of the bacterial
isolates.

% Carry out the phytochemical screening of the most active fraction using TLC.

1.6RESEARCH HYPOTHESIS

% NULL HYPOTHESIS: Ho

The leaf extracts of Alchornea cordifolia has no inhibitory activity against some bacterial

isolates from sputum, throat and ear swab samples.

s ALTERNATE HYPOTHESIS: Ha

The leaf extracts of Alchornea cordifolia has inhibitory activity against some bacterial isolates

from sputum,throat and ear swab samples.

L7LIMITATIONS OF THE STUDY

s Only bacterial isolates from clinical specimens of patients with respiratory tract infections

were included in this study.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Herbal medicine in Nigeria

The traditional medicine program of WHO recognizes traditional medicines as the sum total of
all the knowledge and practices whether explicable or inexplicable used in diagnosis, prevention
and elimination of physical, mental or social imbalance and relying exclusively on practical
experience and observation handed down from generation to generation whether verbally or
written (Rukangira, 2001). According toAnsari and Inamdar, (2010), traditional (or herbal)
medicine is in an evolutionary process as communities and individuals continue to discover new
techniques that can transform practice in the field of medicinal sciences. Traditional medicine
and drug discovery using natural products is still an important issue in the current target-rich lead

poor scenario (Patwardhan et al., 2004).

World Health Organisation (WHO, 2008), reported that about three quarter of Asian and sub-
Saharan African population depends upon traditional remedies (mainly herbs) for the health care
of its people. In fact, herbs are the oldest friends of human being. They not only provide food
and shelter but also served the humanity to cure different dysfunctions. Traditional medicine is
popular. They are extensively used in the developing world where in many places, they offer a
more widely available and more affordable alternative to pharmaceutical drugs. In Africa, for
example, up to 80% of the population depends on them, according WHO estimates in the last 10
years, there has been aresurgence of interest and attention in the use andstudy of traditional
medicine globally (EssentialDrugs, 2003). Hillenbrand (2006) stated thatsupport for traditional

medicine has dramaticallyincreased worldwide and that as far backas 1978 during the Alma-Ata



Primary HealthCare Delivery Declaration, the World HealthOrganisation (WHO) acknowledged
the importanceof traditional medicine in providing primaryhealth care and urged nations to
developofficial policies on it. Though there was minimalfollow through, the African Union
indeedmoved traditional medicine to the front burnerwhen it declared years 2001 to 2010 as the
Decadefor African Traditional Medicine (Davy, 2001). The new health agenda in Nigeria and
Africa focuses on the institutionalization of traditional medicine in parallel with orthodox
medicine into the natural health care scheme in order to move the health agenda forward since,
effective health cannot be achieved in Africa by orthodox medicine alone unless it has been
complemented with traditional medicine as recorded by (Elujoba et al., 2005).

Historians from all around the world have produced evidence to show that apparently all
primitive people used plants often in a sophisticated way. Quinine from Cinchona bark was used
to manage the symptoms of malaria long before the disease was identified and the raw
ingredients of a common or garden aspirin tablet have been a popular painkiller for longer than

we have had access to tablet making machinery (Ekeanyanwu, 2011).

2.1.1 Safety and Standardization of Herbal Medicine

The growing popularity of herbal remedies is fuelled by increasing scientific interest in herbal
medicine (Ansari and Inamdar, 2010). WHO estimated that of the 35,000-70,000 species of
plants that are used for medicinal purposes around the world some 5,000 have been submitted for
biomedical scrutiny. Scientific evidence of efficacy is beginning to emerge from randomized
controlled trials. Osborne, (2007), noted that thepractitioners inflated the claims attached
toadvertisement and its products as well as nothaving scientific data about its effectiveness, thus

making it difficult to ascertain legitimate and effective therapy.



Another reason for the growing popularity of herbal medicines is that many people believe they
are safer more natural than pharmaceuticals. However, studies have shown that not all natural
products are safe, some poisons are also natural (Ansari and Inamdar, 2010). WHO, (2001)
reported that herbal medicine however natural can cause serious illnesses from allergy to liver or
kidney malfunction to cancer and even death. In terms of carcinogenicity for example, the
toxicological potential of natural plant chemicals could be roughly the same as that of synthetic
chemicals. Most herbal products on the market today have not been subjected to drug approval
process to demonstrate their safety and effectiveness. Hepatic failure and even death following
ingestion of herbal medicine have been reported (Chattopathyay, 1996). A prospective study
showed that 25% of the childhood blindness in Nigeria and India were associated with the use of
traditional eye medicines (Harries and Cullinan,1994). A review of side effects of some

medicinal plants have been been carried (Gupta and Raina, 1998).

Perhaps, the biggest problems in Nigeria with herbal medicine are lack of standardization and
safety regulation. Standardization of a herbal medicine that may contain hundreds of chemical

constituents with little or no proven therapeutic effect is particularly a problem (WHO, 2001).

2.1.2 Status of Herbal Medicine in Nigeria

Nigeria has a rich tradition of herbal medicine with its diverse cultures and traditions. Traditional
medicine practices are a main source of livelihood for a significant number of herbalist who
depend on it as their source of income. High population growth rate and poverty coupled with
dwindling economic reserves in the country make Nigerians resort to more affordable sources for
their immediate health needs (Ekeanyanwu, 2011). As the population increases, demand for

herbal medicine will increase. Nigeria has established national and state traditional medicine



boards for regulation of herbal medicine practice and to promote cooperation and research. In
order to provide affordable health care services especially, to those who cannot afford orthodox
medicine, several state governments through their traditional medicine boards have tried to
institutionalize the use of traditional medicine. The Federal Government has also set up and
financed the Federal College of Complementary and Alternative Medicine, Lagos under the
Federal Ministry of Health to train herbalist on its use and practices. Herbalists are also being
encouraged to register their proven and efficacious standardized herbal preparations with the
National Agency for Food and Drug Administration and Control (NAFDAC)

(Ekeanyanwu,2011).

2.2Alchornea cordifolia (Euphorbiaceae).

Alchornea cordifolia (Euphorbiaceae) (Plate 1) is amedium-sized shrubby treefound along the
coastal regions of West Africa. Widespread in secondary forest and riverine forest, especially in
marshy areas but sometimes in drier sites.It belongs to the subfamily Acalypholdeae and family
Euphorbiaceae or Spurge family.The plant is an important crude drug in the indigenous system
of medicine for the management of pain, rheumatism, and arthritis, pile, toothache and some
other inflammatory disease states (Osadebe and Okoye, 2003). The leaves are mostly used, but

the stem bark, stem pith, leafy stems, root bark, roots and fruits are also used in local medicine.

In Nigeria the local names are ‘Bambami’ in Hausa, ‘Ubebe’ in Igbo, ‘epa’ in Yoruba, ‘Mbom’
in Efik and commonly ‘Christmas bush’ in English. It is widely distributed throughout Africa
where it is used extensively in traditional medicine. Alchornea cordifolia is an important crude
drug in indigenous system of medicine in the coastal regions of West Africa (Adeshina et al.,

2012).



It is a straggling, laxly branched, evergreen dioecious shrub or small tree up to 8 m tall; young
shoots erect, later becoming horizontal, hollow, glabrous. Leaves (Plate 2) are alternate, simple;
stipules triangular, 1.5 mm long, acute, soon falling; petiole 5-15 cm long; blade ovate to
elliptical-ovate, 10-25 cm x 7-15 cm, base cordate, with basal lobes slightly auriculate and
overlapping, apex acute to acuminate, margins toothed, shortly hairy when young, later almost
glabrous, 3-5- veined at the base with 4 glandular patches in the angles of the veins. Male
inflorescence an axillary panicle up to 30-45 cm long, sparingly hairy, bracts minute; female
inflorescence an axillary spike or lax panicle up to 30-45 cm long, bracts broadly
triangularovate. 1 mm long, acuminate. Flowers unisexual, sessile; male flowers with 2 cup-
shaped sepals, petals absent, stamens 8, the united filaments forming a basal plate; female
flowers with 2—4-lobed calyx, lobes obtuse, hairy, petals absent, ovary superior, conical. 2 mm x
2 mm, smooth, densely silky hairy, styles 2-3, 1-2 cm long, free or fused at base, dark red. Fruit
a 2-lobed capsule . 1.5 cm x 1.5 cm, lobes somewhat compressed, smooth, shortly hairy, green to

red, 2-seeded. Seeds ovoidellipsoid,. 6 mm long, smooth, bright red (Ake-Assi et al., 1991).
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Plate 1:Alchornea cordifoliain its natural habitat.

Plate 2: Alchornea cordifolia leaves
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2.2.1 Ethno-medicinal Properties of Alchornea cordifolia

Much research has been carried out into the antibacterial, antifungal and antiprotozoal properties
of Alchornea cordifolia as well as its anti-inflammatory activities, with significant positive

results.

In West Africa pulped root is widely taken to treat venereal diseases. Dried leaves or roots, alone
or with tobacco, are smoked to cure cough, they are also taken as a blood purifier, as a tonic and
to treat anaemia and epilepsy (Burkhil, 1994). Leaf and root decoctions are widely used as mouth
wash to treat ulcers of the mouth, toothache and caries, and twigs are chewed for the same

purposes. The root and stem bark are used in the treatment of jaundice (Agbor et al., 2004).

Ogungbamila and Samuelsson, (1990) reported the use of the decoction of the plant leaf against
gonorrhea in Nigeria and the infusion of the leaf has also been reportedly taken orally for urinary
tract infection in Zaire (Muanza et al., 1994). The decoction of the leaf as reported by Le Grand,
(1989) isused for conjunctivitis in Senegal. For ringworm, the juice of the leaves and fruit is
rubbed on the skin (Okeke et al., 1999). The plant leaf is used for treating infected wound in
Zaire (Muanza et al, 1994). The infusion of the dried leaf of A. cordifolia is used for diarrhea in
Zaire (Kambu et al, 1990; Muanza et al, 1994). The fresh chewed leaf juice of the plant is used
for pneumonia in Sierra Leone (Macfoy and Sama, 1990). It has been reported to have anti-

inflammatory, antibacterial and analgesic properties (Cesario, 1993).

The ethanol extract of the root significantly delayed the effect of histamine-induced broncho-
constriction characterized by shortness of breath in guinea pig (Boampong, 1992). The

cytotoxicity of the crude extract as reported by Banzouzi et al., (2002) and Ayisi et al., (2003),
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was very low. Alcohol extracts from root-bark, stem-bark, leaves, fruits and seeds disrupted

mitotic cell division in onion (Allium cepa L.) (Ayisi et al., 2003).

Adeshina et al., (2010) reported that ethyl acetate extract of Alchornea cordifolia leaves
possesses  antimicrobial activity against the clinical and typed isolates of
Pseudomonasaeruginosa, Staphylococcus aureus, Escherichia coli and Candida albicans.

2.2.2 Phytochemical Constituents of Alchornea cordifolia

Some constituents of the plant, Alchornea cordifolia, have been identified which include;
terpenes, sterols, flavonoids, glycoside and saponins (Osadebe and Okoye, 2003). The leaves,
roots and stem bark contain terpenoids, steroid glycosides, flavonoids ( 2-3%), tannins
(about10%), saponins, carbohydrates and the imidazopyrimidine alkaloids alchorneine,
alchornidine and several guanidine alkaloids (Mavar-Manga et al ., 2004).Duke and Vasquez,
(1994) reported the presence of alchorneine, anthranilic acid, gentisinic acid, iso alchorneine,

yohimbinein the plant.
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2.3 Upper Respiratory Tract Infections and treatment

Although viruses cause most URTIs, antibiotics continue to be inappropriately widely prescribed
for these illnesses (Grijalva et al., 2009). Unnecessary adverse effects of antibiotics and the
development of antimicrobial resistance can be reduced by judicious use of these drugs.
Healthcare providers should educate their patients about the self-limited nature of most URIs and

the hazards of inappropriate use of antibiotics for the individual and the community.

Antibiotics are currently prescribed to 41% of patients with suspected viral pharyngitis; ranking
third among activities thought to be in common practice, but of little benefit, with additional
annual cost of $116.3 million (Kale et al., 2011). Grijalva et al., (2009) reported thatprescriptions
for penicillins, cephalosporins, trimethoprim-sulfamethoxazole, and tetracyclines has decreased,
but there was increase in those for macrolides and fluoroquinolones. Antibiotics account for 20%
of all drug-related emergency department visits in the US; 80% of which are for allergic
reactions. Antibiotics are the second most common cause of adverse drug events in the elderly,
with a risk comparable to insulin, warfarin, and digoxin (Grijalva et al., 2009). Moreover,
concurrent use of warfarin and any antibiotic is associated with an increased risk of bleeding

(Baillargeon et al., 2012).

2.3.1 Rhinosinusitis

Acute rhinosinusitis is a common diagnosis in the outpatient setting, with an annual incidence of
approximately 13 percent in adults(CDC, 2009).1t is defined as inflammation of the nasal
mucosa and sinuses. Symptoms include nasal obstruction, anterior or posterior purulent nasal

discharge, facial pain, decrease in sense of smell, and cough (Thomas et al.,2008).Rhinosinusitis
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is classified as acute when symptoms are present for less than four weeks, sub-acute for four to
12 weeks, and chronic for more than 12 weeks (Thomas et al.,2008).

To differentiate between viral and bacterial rhinosinusitis is very important in order to avoid
overprescribing of antibiotics (Thomas et al.,2008).The diagnosis of acute bacterial
rhinosinusitis should not be made until symptoms have persisted for at least 10 days or after
initial improvement followed by worsening of symptoms (Rosenfeld et al., 2007).Four
symptoms are more predictive of bacterial rather than viral rhinosinusitis: purulent nasal
discharge, maxillary tooth or facial pain, unilateral maxillary sinus tenderness, and worsening
symptoms after initial improvement (Gonzales et al., 2001; Chow et al., 2012).

Mild cases of acute bacterial rhinosinusitis can be managed with watchful waiting if
appropriate follow-up can be ensured (Rosenfeld et al., 2007). Worsening symptoms within
seven days warrant the initiation of antibiotics in these patients. Antibiotic treatment is
acceptable in patients with severe or complicated acute bacterial rhinosinusitis (Chow et al.,
2012).

A Cochrane review of five studies in the primary care setting (n = 631 patients) found that
antibiotic therapy for acute maxillary sinusitis has a slight statistical advantage over placebo
(William et al., 2008). However, the clinical significance was equivocal because the clinical cure
rate was high in both groups (90 percent in the treatment group compared with 80 percent in the
placebo group). The antibiotic chosen should provide coverage for Streptococcus pneumonia,
Haemophilus influenzae, and Moraxella catarrhalis, (Poole, 2004) with amoxicillin as the first
choice or trimethoprim/sulfamethoxazole for patients allergic to penicillin (Rosenfeld et al.,
2007).A different antibiotic is justified if symptoms worsen within seven days (Rosenfeld et al.,

2007). Falagas et al., (2009)reported thata meta-analysis of 12 RCTs (Randomize Control Trials)
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(10 double-blinded, n = 4,430 patients) found no statistically significant difference between long-
and short-course antibiotics for cure or improvement of symptoms. The study showed that short-
course antibiotic therapy (median of five days’ duration) was as effective as longer-course
treatment (median of 10 days’ duration) in patients with acute, uncomplicated bacterial

rhinosinusitis.

2.3.2 Otitis Media

The diagnosis of acute otitis media (AOM) requires an acute onset of symptoms, the presence of
middle ear effusion, and signs and symptoms of middle ear inflammation. The most common
pathogens are nontypeable H. influenza,S. pneumonia, and M. catarrhalis (Klein, 1994).Viruses
have been found in the respiratory secretions of patients with AOM and may account for many
cases of antibiotic failure(Heikkinen et al., 1999; Pitkdranta et al., 1998; Chonmaitree,
2000)Group B streptococcus, Gram-negative enteric bacteria, and Chlamydia trachomatis are
common middle ear pathogens in infants up to eight weeks of age.

Cohort studies and RCTs have shown that AOM typically resolves without antibiotic therapy in
children (Rosenfeld and Kay, 2003). In 2004, the American Academy of Pediatrics and the
American Academy of Family Physicians developed guidelines for the treatment of AOM. These
guidelines list observation as an option for children older than six months; observation involves
deferring antibiotic treatment for 48 to 72 hours and initiating therapy only if symptoms persist
or worsen. However, two RCTs conducted in 2011 showed that immediate antibiotic use in
children six to 35 months of age was more effective than observation (Tahtinen et al., 2011;
Hoberman et al., 2011).These studies used strict criteria, tympanometry, or otoscopy for
diagnosis and follow-up. Febrile infants (up to eight weeks of age) with AOM should have a full
sepsis workup. These infants should undergo an otolaryngology consultation, if available, for
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tympanocentesis. Immediate initiation of antibiotics is recommended in children younger than
two years with bilateral AOM and in those with AOM and otorrhea (Rovers et al., 2006;
Glasziou et al., 2004).Amoxicillin (80 to 90 mg per kg per day, in two divided doses) is
recommended as first-line treatment for AOM (Coker et al., 2010).

If there is no response to initial antibiotic therapy within 48 to 72 hours, the patient should be
reexamined to confirm the diagnosis, and amoxicillin/clavulanate (Augmentin) should be
initiated.Ceftriaxone can be wused as a second-line agent or in children with
vomiting. Trimethoprim/sulfamethoxazole and erythromycin/sulfisoxazole are not effective for
the treatment of AOM.Longer courses of antibiotics (more than seven days) have lower failure
rates than shorter courses (Kozyrskyj et al., 2010).

Children with AOM should be reevaluated in three months to document clearance of middle ear
effusion. Long-term antibiotic therapy has been shown to reduce the number of recurrent AOM
episodes, (Leach and Morris, 2006), but is not recommended because of the risk of antibiotic

resistance.

2.3.3 Pharyngitis and Tonsillitis

Approximately 90 percent of adults and 70 percent of children with pharyngitis have viral
infections(ICSI, 2012; Bisno et al., 2002; Bisno, 1996).In those with bacterial cases of
pharyngitis, the leading pathogen is group A beta-hemolytic streptococcus. Appropriate
antibiotic treatment in these cases has been shown to decrease the risk of rheumatic fever,
alleviate symptoms, and decrease communicability (Centor et al., 2007; Bisno et al., 2002;
Cooper et al., 2001). Antibiotic treatment does not prevent glomerulonephritis and has

inconsistent results in the prevention of peritonsillar abscess(Centor et al., 2007;1CSI, 2012).
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The Infectious Diseases Society of America recommends diagnostic testing to confirm group A
beta-hemolytic streptococcal infection before initiating antibiotics to avoid overuse (Bisno et al.,
2002). However, the American Academy of Family Physicians and the American College of
Physicians recommend using the modified Centor criteria, which are based on age and the
presence or absence of fever, tonsillar erythema or exudates, anterior cervical lymphadenopathy,
and cough (Ebell, 2003; Choby, 2009; Mclsaac 1998; Mclsaac et al., 2000).In patients with a
score of 1 or less, no further diagnostic testing or treatment is indicated because the likelihood of
streptococcal infection is low. However, in patients with a score of 1, other factors should be
considered, such as contact with a person who has documented streptococcal infection; rapid
antigen detection testing should be performed in these patients. In those with a score of 2 or 3,
streptococcal rapid antigen detection testing should also be performed. If test results are positive,
antibiotic treatment is indicated. Antibiotic therapy is recommended for patients with a score of 4
or 5 (Choby, 2009).

The recommended first-line treatment is a 10-day course of Penicillin (Bisno et al., 2002; Choby,
2009; Lan et al., 2000).Erythromycin can be used in patients who are allergic to
penicillin.(Choby, 2009; Snow et al., 2001).Amoxicillin, azithromycin (Zithromax), and first-

generation cephalosporins are appropriate alternatives (Bisno et al., 2002; Choby, 2009).

2.3.4 Laryngitis

Acute laryngitis is inflammation of the vocal cords and larynx lasting less than three weeks
(Reveiz et al., 2007). Symptoms include loss or muffling of the voice, sore throat, and other clas-
sic URTI symptoms such as cough, fever, runny nose, and headache. A Cochrane review of
antibiotic therapy in patients with laryngitis found two studies (n = 206 patients) showing that

antibiotic use does not reduce the duration of symptoms or lead to voice improvement(Reveiz et
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al., 2007). Although these studies are older, there are no recent studies to indicate that these
conclusions have changed. Laryngitis is a self-limited, viral disease that does not respond to

antibiotic therapy (Schwartz et al., 2009)

2.3.5 Epiglottitis

Epiglottitis is an inflammatory condition of the epiglottis and adjacent supraglottic structures that
can rapidly progress to airway compromise and, potentially, death (Rafei and Lichenstein,
2006;Guldfredet al., 2008).The incidence of epiglottitis in children has decreased with the use of
H. influenza type b (Hib) conjugate vaccines in early infancy (Shah et al., 2004; Gonzaélezet al.,
1995). A combination of an intravenous anti-staphylococcal agent that is active against
methicillin-resistant Staphylococcus aureus and a third-generation cephalosporin may be
effective(Ward, 2002).Intravenous monotherapy  with  ceftriaxone, cefotaxime, or
ampicillin/sulbactam is also recommended (Shah et al., 2004; Tanner et al., 2002; Fairbanks,

2012).

2.3.6 Bronchitis and Tracheitis

Acute bronchitis is a self-limited inflammation of the large airways (including the trachea) that
presents with cough and possibly phlegm production. The predominant etiology of acute
bronchitis is viral; therefore, antibiotics are not indicated in most patients(Smucny et al., 2004;
Gonzales et al., 2001; NIHCE, 2012; Irwin et al., 2006).Many studies have evaluated the use of
antibiotics in the treatment of acute bronchitis and found no significant benefit from their use.
Guidelines from the National Institute for Health and Clinical Excellence and the Centers for
Disease Control and Prevention do not recommend antibiotics for the treatment of adults with
acute bronchitis(Gonzales et al., 2001; NIHCE, 2012).A 2004 Cochrane review found a small

decrease in cough and days of feeling ill in patients who received antibiotics; however, the
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authors do not recommend their use because of adverse reactions, antibiotic resistance, and cost
(Smucny et al., 2004).Individualized care focusing on symptom relief, as well as explaining to
patients why antibiotics are not indicated, is appropriate in managing acute bronchitis in the
outpatient setting.

It is important to differentiate pneumonia and influenza from bronchitis because antibiotics are
recommended for patients with pneumonia, and antivirals may be indicated for those with
influenza. Few cases of acute bronchitis are caused by Bordetella pertussis or atypical bacteria,
such as Chlamydia pneumoniaeand Mycoplasma pneumoniae. However, these infections are
self-limited and do not warrant antibiotic use except in rare cases in which pneumonia develops
or the patient is immunocompromised(NIHCE, 2012).The British Thoracic Society does not
recommend using antibiotics to treat cough or head colds in children except when pertussis is
suspected, and then macrolides should be administered early in the course of the disease (Shields
et al., 2008). In patients with suspected pertussis, antibiotics are prescribed to curb the spread of

disease rather than to change patient outcomes(Gonzales et al., 2001).
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2.4 Lower Respiratory Tract Infections and treatment

Antibiotics do not help the many lower respiratory infections which are caused by viruses. While
acute bronchitis often does not require antibiotic therapy, antibiotics can be given to patients
with acute exacerbations of chronic bronchitis. The indications for treatment are increased

dyspnoea, and an increase in the volume or purulence of the sputum.

An important consideration in the treatment of a patient with a lower respiratory tract infection is
to decide if an antibiotic is required at all. If an antibiotic is required, the choice of drug will
depend on the site of infection, the severity of illness, the age of the patient, the presence of any
other underlying diseases, history of drug reactions and the likely compliance of the patient

(Christainsen, 1996).

2.4.1 Acute exacerbations of chronic bronchitis

Early trials did not show any significant benefit from antibiotics, although there was a trend in
their favour. More recent trials which have addressed some of the problems of the previous trials
have shown a significantly better outcome in the treatment group. The largest study showed that
antibiotic treatment was associated with a significantly higher success rate than the placebo
group, with an overall failure rate of 29% in the treatment group and 42% in the placebo group
(Anthonisen et al., 1987). This response was further analysed according to the number of
symptoms present. Significant improvement was obtained with antibiotics if the patient had two

of the following:

e increased dyspnoea

e increased sputum volume
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e increased purulence

A meta-analysis (Saint et al., 1995) also found a small, but statistically significant, improved
outcome in the patients given antibiotics. In many infections, a culture provides useful
information for choosing an antibiotic, but this can be misleading in patients with acute on
chronic bronchitis. The respiratory tract of these patients is usually colonised with one or more of
the recognised respiratory tract pathogens, Streptococcus pneumoniae, Haemophilus influenzae ,
and Moraxella catarrhalis.The ninth edition of the Antibiotic Guidelines (1996) recommends
either amoxycillin or doxycycline as initial therapy. Either of these will be effective against most
of the causative bacteria. Approximately 20% of Haemophilus influenzae and almost 100% of
Moraxella catarrhalis produce a beta lactamase. If one of these organisms has colonised the
respiratory tract, if the clinical response is slow or the patient has a severe exacerbation, an
alternative drug should be chosen. The alternatives that have the required spectrum of activity
and that are not affected by beta lactamases are roxithromycin, cefaclor and

amoxycillin/potassium clavulanate (Christainsen, 1996).

2.4.2 Pneumonia

Although the diagnosis of community-acquired pneumonia is made on clinical and radiographic
grounds, the same information cannot be used to establish the identity of the causative agent. For
many years, the empirical choice of antibiotic for the initial treatment of pneumonia has been
‘organism based'. This assumed that the clinical and radiographic appearances of disease caused

by the different pathogens were sufficiently distinct as to be easily recognized (Farr et al., 1989).
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An acute illness characterised by fever, productive cough with blood-stained sputum, signs of
lobar consolidation and a neutrophilia has been considered diagnostic for Streptococcus
pneumoniae infection. A dry cough, low grade fever, extra pulmonary symptoms and diffuse
infiltrates on chest X-ray were considered indicative of an infection due to Mycoplasma
pneumoniae, Chlamydia pneumoniae or Legionella spp. While this may be true for many
patients, there is unfortunately much overlap. Well-controlled studies in which clinical or
radiographic parameters have been used to predict the microbial aetiology show a correct

prediction in less than 50% of cases (Farr et al., 1989).

A different approach to selecting the initial empirical therapy is necessary. The most useful
approach is to identify the risk factors contributing to morbidity and mortality and then select
empirical therapy accordingly (Niederman et al., 1993).The most important predictors of patient

morbidity and mortality are;

e Age
e The presence of underlying disease

e Severity of illness.

% Age

This is important for two reasons.

o Patients over 60 years of age have a significantly higher mortality and should be treated
more vigorously, with hospitalization being considered at an earlier stage than for a

younger patient.
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e There is an association of particular pathogens with different age groups. Streptococcus
pneumoniae is more common in the elderly, although it does occur in all age groups,

while Mycoplasma pneumoniae is much more common in the 20-40 age group.
% Presence of Underlying Disease

The most common underlying condition of significance is chronic obstructive pulmonary
disease. The airways are colonised with organisms such as Streptococcus pneumoniae,
Haemophilus influenzae and Moraxella catarrhalis making infection with these organisms more
likely. Similarly, patients with diabetes mellitus, alcoholism, renal disease, altered mental state,
congestive cardiac failure, post-spleenectomy state and a history of smoking are more

predisposed to these pathogens.

®,

% Severity of IlIness

This can be defined as mild, moderate or severe. The patient with severe pneumonia can usually
be recognized and sent rapidly to hospital for specialist care. The patient with mild or moderate
pneumonia requiring hospitalization is perhaps harder to identify. Attempts have been made to
identify risk factors which predispose to a complicated course. The presence of two or more risk
factors should lead to hospitalization, while those patients with one or less risk factors could be

given a trial of therapy at home (Fine et al., 1991).

The initial route of therapy will depend on the severity of illness, the ability of the patient to
tolerate oral medication and the likely patient compliance. If the initial treatment is parenteral,
transfer to oral therapy can be considered once the clinical condition has stabilized and the

patient can tolerate oral fluids and has a temperature of <38°C for at least 48 hours. The choice
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of drug should be made on known susceptibilities if the causative organism has been identified.
For those initially treated for severe pneumonia, a combination of an oral macrolide together

with either amoxycillin/potassium clavulanate or cefaclor would be suitable.

2.5Mode of Resistance by Respiratory Tract Pathogens to some Antibiotics

2.5.1 Pneumococcal resistance to Beta-lactams

The prevalence ofresistance to penicillin and other drugs among pneumococcihas considerably
been complicated in the empirical treatment ofrespiratory tract infections. Worryingly, the
majority ofresistant isolates are resistant to multiple classes of antimicrobials,which has a serious
impact on many first-line antimicrobialtherapies. The mechanism of resistance to penicillin and
other b-lactamsis due to alterations of penicillin-binding proteins (PBP).PBPs interact with b-
lactams enzymatically by forming acovalent complex via the active-site serine. The loss of
affinityfor the PBPs affects all b-lactams, although this may varysubstantially depending on the
drug. The affinity for a givenb-lactam is different for different PBPs, and conversely, onePBP
has distinct affinities for different b-lactams. Thereforepoint mutations reducing the affinity for
one b-lactam do notnecessarily affect the affinity for another compound.However, National
Committee for Clinical Laboratory Standards(NCCLS) guidelines states that a pneumococcal
isolatethat is susceptible to penicillin can be considered susceptibleto other b-lactams. It is
generally accepted that the MICs of amoxicillin and extended-spectrum cephalosporins are
usuallyequal to or two to four times lower than the MIC of benzylpenicillin (Spratt et al., 1975).
However, pneumococci resistant to amoxicillin and/or extended-spectrum cephalosporins with
the MICs ofthese agents equal to or 1 dilution higher than the MIC ofpenicillin have been
identified (Doit et al., 1999).Pneumococci with decreased susceptibility to penicillinhave a much

higher rate of resistance to other classes ofantibiotics, as has been mentioned.
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Carbapenems,imipenem, meropenem and ertapenem, are the most active b-lactams available.
Among parenteral cephalosporins,those with good activity are cefotaxime, ceftriaxone,cefepime
and cefpirome. Although otherparenteral third-generation cephalosporins are considerablyless
active, for example ceftizoxime and ceftazidime; thelatter has been linked to a poor clinical
response (Carratala et al., 1997).

Amoxicillin remains the most active of all oral b-lactams,and among cephalosporins, cefditoren
and cefpodoxime aremost active, a cefuroxime and cefprozil. The use of cefuroximein cases of
bacteraemic pneumococcal pneumoniacaused by penicillin non-susceptible strains has been
linked to an increased mortality (Yu et al., 2003).

The prevalence of penicillin-resistant Streptococcus pneumonia (PRSP) and multidrug-resistant
SP varies between regions.Data on the prevalence of antibiotic resistance among Streptococcus
pneumoniae has been regularly produced by the EARSSproject, a European-wide network of
national surveillance systems,providing reference data on antimicrobial resistance forpublic
health purposes. In Belgium,the proportions of PNSP as well as PRSP continued todecrease
significantly in 2008. In Croatia, Hungary, Irelandand Turkey a significant increase was also
observed, but onlyfor the percentage of fully resistant isolates .The changes in the distribution of
serotypes compared with2007 were small. Serogroups 1 and 19 were still the mostprevalent
ones, whereas serogroup 7 and serogroup 3 becameslightly more prevalent, and serogroup 14
became less prevalentin the population. The highest resistance proportionswere identified in
serogroups 1, 6, 9, 14, 19F and 33, of whichall but 1 and 33 are included in the seven-conjugate
vaccine (Woodhead et al., 2011)

Another recent survey of interest was performed in easternand southern Mediterranean countries.

Over a 36-monthperiod, from 2003 to 2005, the ARMed project collected1298 susceptibility test
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results of invasive isolates of S. pneumoniafrom blood and spinal fluid cultures routinely
processed within 59 participating laboratories situated in Algeria,Cyprus, Egypt, Jordan,
Lebanon, Malta, Morocco, Tunisia andTurkey. Overall, 26% (335) of isolates were reported
asnon-susceptible to penicillin, with the highest proportionsbeing reported from Algeria (44%)
and Lebanon (40%) (Borg et al., 2009).In the US, the incidence of invasive pneumococcal
diseasedue to penicillin-resistant increased from 6.7%to 35% between 1998 and 2005 (p
<0.0001). Of 151 penicillin- resistant isolates, 111 (73.5%) belonged to the rapidly emerging
clonal complex 320, which is related tomultidrug-resistant Taiwan (Moore et al., 2008). Of
special concern, is the increase in some Europeancountries of MDR strains of serotype 19A,
particularly in Spain and France (Ardanuy et al., 2009).

The new susceptibility breakpoints for S. pneumoniae, publishedby the Clinical and Laboratory
Standards Institute(CLSI) in January 2008, were the result of a re-evaluation thatshowed clinical
response to penicillin was being preserved inclinical studies of pneumococcal infection, despite
reducedsusceptibility response in vitro. Antimicrobial susceptibilitybreakpoints are currently
established based on (i) the pharmacokineticand pharmacodynamic properties of an agent and (ii)
data correlating individual MIC results withpatient outcomes. Those breakpoints remain
unchanged forpatients without meningitis who can be treated with oral penicillin(e.g. for
outpatient pneumonia). The changes in penicillin breakpoints for S. pneumoniahave the potential
to allow clinicians to increase use of penicillinto treat penicillin-susceptible non-meningitis
pneumococcalinfections, instead of using broader-spectrumantimicrobials. Its use is encouraged
to prevent the spread ofantimicrobial-resistant S. pneumoniae and also the spread ofmethicillin-
resistant Staphylococcus aureus and Clostridium difficile,which can result from use of broader-

spectrum antimicrobials (CLSI, 2008). The new formulation of amoxicillin-clavulanic acid now
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available in some countries, is able to eradicateamoxicillin-resistant strains, as shownin two
recent randomized clinical trials (RCTs) (File et al., 2005).

2.5.2 Haemophilus influenza resistance to Beta-lactams

Beta-Lactamase productionis the primary mechanism of resistance among H. influenzaand is a
well-known predictor of treatment failure incommunity-acquired respiratory tract infections.
This can beovercome with the use of b-lactamase-stable cephalosporinsor b-lactam plus b-
lactamase-inhibitor combinations. In addition,H. influenzae isolates carrying amino acid
substitutionsin the ftsl gene (encoding PBP 3) are phenotypically recognizedas b-lactamase
negative ampicillin resistant (BLNAR),which leads to the loss of susceptibility to
aminopenicillinand some cephalosporins.In  Europe, resistance rates of Haemophilus
influenzaagainst b-lactams, in spite of large inter-regional differences, seem to decline due to a
decreasing number of BL-producingstrains. In a recent surveillance study of antibiotic
resistancein H. influenzae, the mean prevalence of b-lactamase producerswas 7.6%, with a range
of 0.7-17.6% (Jansen et al., 2006). Although rare, b-lactamase-negative ampicillin-resistant
(BLNAR) and b-lactamase-positive amoxicillin/clavulanate-resistant (BLPACR)H. influenzaeare
of concern where they exist (Woodhead et al., 2011)

2.5.3Moraxella catarrhalis resistance to Beta-lactams.

The susceptibility of M. catarrhalis haschanged little since 1999. It is interesting to note
that,despite almost universal b-lactamase prevalence, resistanceto other antibacterial agents has
not developed in M. catarrhalis.Clinicians should assume that all isolates of M. catarrhalisare
resistant to amoxicillin, ampicillin, piperacillin and penicillin.Two types of b-lactamases can be
found that are phenotypicallyidentical: the BRO-1 and BRO-2 types. Bothenzymes are readily

inactivated by b-lactamase inhibitors,and all isolates are still susceptible to amoxicillin in
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combinationwith clavulanic acid. Other enzyme-stable b-lactams,macrolides and tetracyclines
are still very active against M. catarrhalis,but rates of TMP-SMX resistance as high as 50%have
been occasionally reported.

2.5.4Streptococcus pneumoniae resistance to Macrolides.

Macrolide resistance in S. pneumoniae occurs by two mainmechanisms: target-site modification
or efflux of the drugout of the cell. The most common form of target-site modificationis a
specific adenine residue on the 23S rRNA (A2058) that is dimethylated by an rRNA methylase.
Thepredominant methylase responsible for macrolide resistancein S. pneumoniae is encoded by
erm (B). This methylation isthought to lead to conformational changes in the ribosome,resulting
in decreased binding of all macrolide, lincosamideand streptogramin antibacterials (the so-called
MLSB phenotype).The pneumococci harbouring erm (B) gene exhibitsslight to very high levels
of resistance to all macrolides, with both clarithromycin and azithromycin or more (Weisblum,
1995;Syrogiannopoulos et al., 2001). Macrolide efflux is mediated by the product of the mefA)
gene, which usually causes MICs lower than the erm (B)isolates (MICs of 1-32 mg/L) and
retains susceptibility toclindamycin (the so-called M-phenotype) (Johnston et al., 1998). Much
morerarely, mutations at different positions in domains V and 11 0f23S rRNA and in genes that
encode the ribosomal proteinsL4 and L22 have been identified as a cause of macrolide resistance
(Farrell et al., 2003). A matched case-control studyof patients with bacteraemic pneumococcal
infections showedthat breakthrough bacteraemia with an erythromycin-resistantisolate occurred
in 18 (24%) of 76 patients taking a macrolidecompared with none of the 136 matched patients
withbacteraemia with an erythromycin-susceptible isolate (Lonks et al., 2002)

These results established that macrolide resistance amongpneumococci, including low level

erythromycin-resistant isolates(M phenotype), is a cause of failure of outpatient pneumonia

29



therapy. A more recent population-based case-control study from Toronto has confirmed these
results (Daneman et al., 2006).Macrolide resistance contributes to an increased risk ofmacrolide
failure, irrespective of the underlying resistancemechanism or the degree of elevation in
erythromycin MIC. Clinical parameters associated with macrolide resistanceamong pneumococci
include macrolide exposure within theprevious 3 months, recent use of a penicillin or
trimethroprim—sulphamethoxazole, extremes of age, HIV infection andexposure to siblings
colonized with resistant isolates (Doern, 2006).

Macrolides, at sub-MICs, but not other classes of antibiotic,subvert the production of
pneumolysin, even in the presenceof (and irrespective of the mechanism of) macrolide
resistancein S. pneumonia (Anderson et al., 2007).

2.5.5 Haemophilus influenzaeresistance to Macrolide

Azithromycin is the most active of theseagents against H. influenzae, with a MIC four- to
eightfoldlower than erythromycin (azithromycin MICs, <0.25-4 mg/L).On the other hand, the
existence of efflux pumps leads toloss of susceptibility to macrolides in more than 98% of H.
influenza strains (Peric et al., 2003). It appears that the vast majority(>98%) of H. influenzae
strains have a macrolide efflux mechanism,with a few of these being hyper-resistant (1.3%;
azithromycinMICs >4 mg/L) due to one or several ribosomalmutations. Occasional
hypersusceptible strains (1.8%; azithromycinMICs <0.25 mg/L) are found without any
underlyingmechanism of resistance and appear to be the only truly macrolide-susceptible

variants of H. influenzae (Peric et al., 2003).

2.5.6. Streptococcus pneumoniae resistance to Fluoroquinolones
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Resistance to quinolones occurs in a stepwise fashion, with mutations observed first in either
parC or gyrA leading to decreased fluoroquinolonesusceptibility. Strains usually become fully
resistant with theaddition of a mutation in the other target gene (either gyrAor parC) (Pan et al.,
1996). Mutations in parE and gyrB and efflux pumpare less important mechanisms of
resistance.Emergence of resistance during the course of antimicrobialtherapy is most likely to
develop from strains that alreadycarry one quinolone resistance determining region (QRDR)as
they require only one additional mutation in one of theother target genes to become resistant. The
concept ofmutant prevention concentration reflects the concentrationthat prevents the growth of
first-step mutants. Based ontheir potential for restricting the selection of resistantmutants, not all
fluoroquinolones are equal and can be classifiedaccordingly; their ability to prevent the selection
ofmutants is in descending order: moxifloxacin, trovafloxacin,gatifloxacin, grepafloxacin and
levofloxacin (Blondeau et al., 2001).Fluoroquinolone resistance among S. pneumoniae
remainsrare in Europe. The use of older agents and incorrect dosingare the main drivers of
resistance. The Alexander Project reported fluoroquinolone resistance among pneumococci
0f<1% in 2001 in northern and southern Europe (http://www.alexandernetwork.com). The
PROTEKT study identifiedno quinolone-resistant isolates in northern Europe andonly 1.3% of S.
pneumoniae from southern Europe wereresistant to levofloxacin (http://www.protekt.org.).
However,the prevalence of first-step mutants is largely unknown.

More recent surveys suggest that the prevalence of resistanceto levofloxacin and 8-methoxi
fluoroquinolones (moxifloxacin,gatifloxacin) in southern Europe, specifically in Italyand Spain,
appears to be around 2-3% (De La et al., 2009)

2.5.7 H. influenzae resistance inFluoroquinolones and other agents
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Fluoroquinolone resistanceremains rare with H. Influenzae.Prevalence of tetracycline resistance:
few recent data areavailable. A survey in the UK and Ireland showed a significantthough slow
downward trend (p <0.00008) in tetracyclinenon-susceptibility, which reduced from 3.5% in
1999/2000 t01.2% in 2006/2007 and dipped as low as 0.9% in 2004/2005 (Morrissey et al.,
2008). In Greece, resistance to tetracycline increased from 1.6% in 1996 to 38% in 2005
(Kofteridis et al., 2008).Resistance to other orally administered agents, such as trimethoprim-
sulphamethoxazole (TMP-SMX) and chloramphenicol,is well known. The overall frequencies of
resistance toTMP-SMX remain around 18% in a recent survey in the US (Critchley et al., 2007)
2.5.8 Pneumococcal resistance in Tetracyclinesand other agents

In many countries of theworld chloramphenicol, co-trimoxazole and tetracyclineshave reached
such a level and prevalence of resistance thatthey are no longer a good option for empirical
therapy inRTI of pneumococcal aetiology. Thus, resistance to trimethoprim-sulphamethoxazole
is reported in approximately 35% ofisolates. Tetracycline resistance in pneumococi remains
relativelyhigh in some European countries. However, no recentcomprehensive surveillance data
on tetracycline resistanceare available. Early this decade, among invasive isolates, up t011.5%
were reported to be resistant to tetracycline, andamong non-invasive isolates, the prevalence of
tetracyclineresistance can be as high as 42% in southern Europe.

2.5.9Mycoplasma pneumoniae resistance to other agents

M. pneumoniae is inhibited by tetracyclines,macrolides, ketolides and fluoroquinolones, with
littlevariation in MICs among clinical isolates (Waites et al., 2003). Otheragents that are active at
the bacterial ribosome, such as streptogramins,chloramphenicol and aminoglycosides, may
alsoshow in vitro inhibitory activity against M. pneumoniae but arenot normally used for

therapeutic purposes against this organism.Clindamycin is active in vitro but it in vivo activity
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hasnever been demonstrated. Due to the lack of a cell wall, mycoplasmasare resistant to all b-
lactams and glycopeptides. Sulphonamides,trimethoprim, polymixins, nalidixic acid and
rifampin are also inactive (Waites and Talkington, 2004). As tetracyclines and
fluoroquinolonesare not approved for use in children, macrolides aregenerally considered the
treatment of choice for M. pneumoniainfections in both adults and children.Since 2000, the
emergence of macrolide resistance hasbeen reported mainly in Asia. In Japan, several recent
studiesreported that macrolide-resistant M. pneumoniae isolateshave been spreading since 2000,
with prevalence increasingup to 30.6% according to these studies (Matsuoka et al., 2004;
Morozumi et al., 2005; Morozumi et al., 2008). TheA2058G mutation in domain V of 23S rRNA
is the most frequentsubstitution associated with macrolide resistance inclinical isolates.

2.5.10 Staphylococcus aureusresistance.

In the European setting, S. aureusremains an unusual primary cause of CAP (Stralin and
Soderquist, 2006) although itis an important cause of pneumonia and death following influenza
(Morens et al., 2008). The role of CA-MRSA is even more poorlydefined, although emergent in
Europe (Nathwani et al., 2008). Infections dueto CA-MRSA have symptom onset before or
within 48 h ofadmission to hospital and patients have no significant previoushealthcare contact
with CAP, which is due to CA-MRSA, classically presents in a young, previously healthy,
individualwith rapidly progressive, severe respiratory disease. Theaggressive nature of CA-
MRSA, due to toxin production,causes massive destruction in previously normal lungs.CA-
MRSA is usually only resistant to the b-lactams andsusceptible to most other antibiotic classes.
This differencein the laboratory findings may indicate that the patient has aCA-MRSA isolate as

opposed to an HA-MRSA isolate. However,with time, CA-MRSA is likely to acquire the
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resistancegenes that will make it more difficult to differentiate fromHA-MRSA by routine
antimicrobial susceptibility testing (Woodhead et al., 2011).

Because S. aureus is an uncommon cause of CAP, it doesnot need to be covered routinely by the
empirical CAPtreatment. However, the severity associated with S. aureuspneumonia reinforces
the importance of performing routineblood and respiratory cultures in pneumonia
patients.Clindamycin and linezolid markedly suppress the formationof PVL, a-haemolysin and
toxic shock syndrome toxin 1lby suppressing translation but not transcription. Nafcillin, onthe
other hand, stimulates toxin production, whereas toxinlevels with use of vancomycin are
comparable to those incontrol samples not exposed to antibiotics.As suppression of toxin
production may correlate withimproved outcome, vancomycin alone may not be the
optimaltreatment for pneumonia caused by toxin-producingCA-MRSA. Although it has not been
established that the

Combination of a bactericidal agent with a toxin-suppressingagent, such as clindamycin or
linezolid, is associated withimproved outcome, it is the general feeling that vancomycinshould
not be used as a single agent in the treatment of CA-MRSA CAP.In severe infections there are
limited trial data to supportthe use of one regimen over another and recommendations

(Woodhead et al., 2011).
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Materials
3.1.1Equipment

Autoclave (Portable 230V and 1850W Adelphi MFG Co. Ltd, England), Cork borer, Water bath,
Incubator (National Appliance Co. Ltd, USA: model 1630, 240Vand 2340W),Hot air oven
(Baird and Tatlock (London) Ltd, Chad Well Health Essex, England), Refrigerator (Haier
Thermocool: Model No. HRF-688-FF/A), Microscope (Wild Heerbrugg M11,Swizerland),
Micro-pipette, Forcep, Electronic weighing balance (QT 600), Bunsen burner, Wire loop, Rotary

evaporator, Colony counter (Stuart scientific. UK), TLC Aluminium plates.

3.1.2 Glass wares
Beakers, Petri dishes, Conical flasks, Bent glass rod, Bijou bottles, Column.
3.1.3 Culture Media

MacConkey agar (Oxoid Ltd. England), Chocolate agar, Blood agar, Nutrient agar (Oxoid Ltd.
England), Mueller Hinton agar (Oxoid Ltd. England), Cetrimide agar (Oxoid Ltd. England),

Eosin Methylene Blue agar (Oxoid Ltd. England), Nutrient broth (Oxoid Ltd. England)

3.1.4 Reagents

Distilled water,Amoxiclav 30ug disc(Oxoid Ltd. England), Tween 80, n-Hexane, 0.5 McFarland
Standard, Ethyl acetate, Methanol, Ethanol, MicroGen Identification kits A and B, Staph
MicroGen Identification Kits, Gram staining reagents, P — Anisaldehyde, Ferric chloride,
Aluminium chloride, Libermann Burchard spray reagent, Bontrager’s spray reagent, Dragendorff

spray reagent, Normal saline.
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3.2 METHODS

3.2.1 Collection,Identification and Preparation of Plant leaf.

Alchornea cordifolia leaves werecollected from Chaza area of Suleja in Niger State,Nigeria. The
plant was authenticated in the herbarium of the Department of Biological Sciences,Ahmadu
Bello University, Zaria. A voucher specimen number of 1868 was kept for future reference. The

leaves were air-dried at room temperature and reduced to powder using mortar and pestle.

3.2.2 Ethical Approval

Ethical clearance with the number ABUTH/HREC/CL/05 was obtained from the ethical
committee of Ahamdu Bello University Teaching Hospital for all the sample collection

(Appendix I and 1)

3.2.3 Collection ofClinical Specimen.

Specimen collection commenced immediately the Ethical Committee approved the research
proposal. The consent of patients that presented with upper and lower respiratory tract infections
were sought before taking the specimens (Appendix I11).One hundred and eighty (180)
consecutive,non-duplicate specimens made up of Throat swabs (68), Ear swabs (57) and Sputum
(55) were collectedin theGeneral out Patient (GOP) clinic of theDepartment of Family Medicine,

Ahmadu Bello University Teaching Hospital Zaria, over a period of six months.

3.2.4lsolation and Characterization of Bacteria Species

The specimens were cultured on Blood agar, Chocolate agar andMac-Conkey agar platesat 37°C

for 24 h. Discrete colonies were picked based on their morphologyand further sub-cultured to
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obtain pure strains. The isolated colonies wereGram stained and based on their Gram reactions
were inoculated on different selective media; Mannitol Salt agar, Cetrimide agar, Eosin
Methylene blue agar. Different biochemical tests were conducted(Catalase test, Coagulase test,
Oxidase test), after which MicroGen Identification Kits were used to identify different species
with Staph. ID kits for S. aureus, MicroGen A for enterobacteracea and MicroGen A+B for
oxidase positive organisms.All the isolates were then placed on nutrient agar and chocolate agar

slants and maintained in a refrigerator at 4°C.

3.2.4.1 Catalase Test

This was used to detect the presence of enzyme catalase which hydrolyses hydrogen peroxide to
oxygen and water. This test was performed as described by Cheesbrough (2006). Few drops of
3% H,0, were added to the suspension of test bacteria on a microscope slide. The results were
considered positive if bubbling and frothing occurs (signifying O, gas liberation from the H,0,)

within 10 seconds and negative if no bubbling occurs.

3.2.4.2 Oxidase Test

This test was used for differentiation of Pseudomonas aeruginosa which is oxidase positive from
members of Enterobacteriaceae family which are also Gram negative bacilli but oxidase
negative. It was performed as described by Cheesbrough (2006) by smearing with the aid of a
glass rod, test organisms on 2 drops of 1% freshly prepared oxidase reagent (Phenylenediamine)
placed on a filter paper. A positive result was indicated by appearance of deep purple colour

within 5-30 seconds.
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3.2.4.3 Coagulase Test

This test was used to identify S. aureus which produces the enzyme, Coagulase. This causes
plasma to clot by converting fibrinogen to fibrin. The test was performed as described by

Cheesbrough (2006).

The slide method which detects bound coagulase was used in this study. To a drop of
physiological saline on two separate spots on a clean glass slide, a loopful of the test organism
were picked and emulsified in both spots. To one spot, a drop of plasma was added and to the
other a drop of saline. Both mixtures were then mixed thoroughly by rocking. Coagulation in the

emulsion in the spot to which plasma was added indicates positive test.

3.2.4.4 ldentification of Test Organism using Rapid Test Kits

The Microgen ID system is a simple, commercial standardised microsystem for the rapid
identification of common clinical isolates. It consists of dehydrated substrates for different

biochemical tests placed in the wells of a microtitre tray.

The test was performed according to the manufacturer’s specifications. It was performed by
adding saline suspension of the test organisms to each of the wells and appropriate wells (1, 2, 3
and 9) were overlaid with sterile paraffin oil. After overnight (18-24 hours) incubation at 37°C,
suitable reagents (such as Nitrate A and B, Kovacs, Typtophan deaminase (TDA), Voges-
proskauer (VPI and Il) were added to wells 8, 10 and 12 for additional tests and colour changes
of the different tests recorded. The results were converted into four to eight digits codes
depending on the organisms being tested and interpreted using the Microgen Identification

Software Package.
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3.2.5Aqueous and EthanolExtraction of Plant Material

Seven hundred grams (700g) each of powdered leaf extract were weighed. To one portion
2.5litres of ethanol was added, covered to prevent evaporation and allowed to macerate for 2hrs;
it was filtered and excess ethanol evaporated to dryness using a rotary evaporator at 35°c. The
dried extract was then stored in a desiccator till required. The second portion was extracted in
water at 60°C for one hour and filtered. The filtered extract was then concentrated on a water
bath at 70°C (Evans, 2002).

3.2.6Fractionation of Aqueous extractusing Column Chromatography

Forty grams (40g) of the aqueous extract was mixed with 40grams of silica gel and 20mls of
Methanol and allowed to dry in open air. A column was mounted by first placing a cotton inside
the column, then 150grams of silica gel was introduced into the column, after which the extract
was introduced. A cotton was finally placed. Two hundred (200)mls of different solvents with
varying percentage were used to elute the column starting from the least polar solvent to the most
polar solvents. 100% n-Hexane was first eluted twice and the fractions collected, then 90% n-
Hexane and 10% Ethyl acetate three times, followed by 80% n-Hexane and 20% Ethyl acetate
twice, then 70% n- Hexane and 30% Ethyl acetate, 60% n-Hexane and 40% Ethyl acetate, 50%
n-Hexane and 50% Ethyl acetate, 40% n-Hexane and 60% Ethyl acetate, 30% n-Hexane and
70% Ethyl acetate, 20% n-Hexane and 80% Ethyl acetate, 10% n-Hexane and 90% Ethyl acetate,
100% Ethyl acetate. Same was carried out forpercentages of Ethyl acetate and Methanol. After

elution, various fractions were collected.
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3.2.7Thin Layer Chromatography (TLC) of fractions

The Thin Layer Chromatography was carried out by cutting equal sizes of silica gel plates,
different fractions starting from the first fraction were spotted on the plate using a capillary at an
interval of 0.5cm. A mobile phase mixture of n-Hexane and Ethyl acetate at ratio of 4:1 was
placed in a chromatographic tank for fractions 1-15 and the silica plate was placed in the tank
vertically with the spotted portion facing down. The solvent move vertically upward by capillary
movement. It was removed and allowed to dry before it was sprayed with 10% sulphuric acid in
methanol and heated in an oven at 110°C to bring out the bands clearly. This was carried out
using mobile phase solvent system mixture of Ethyl acetate and Methanol at ratio of 3:2 for
fractions 16-23. Similar bands of fractions were pooled together. The pooled fractions were
evaporated to yield dry residues using rotary evaporator and water bath. The weight of the

pooled fractions were determined using a weighing balance (Evans, 2002).

3.2.8Susceptibility Testing

Each of the overnight cultures of organism was standardized to a 0.5 MacFarland density. Sterile
molten Mueller Hinton agar(20 ml) was poured into sterile Petri dishes and allowed to set. The
sterile Mueller Hinton agar plateswere flooded with 1.0 ml each of the standardized test
organism and the excess is drained off and dried. A sterile cork-borer was used to bore
equidistant cups into the agar plate. One drop of the molten agar was used to seal the bottom of
the bored hole so that the extract will not seep beneath the agar. Serial dilutions of the stock
solution of the extracts were made to obtain concentration between 20 — 1.25 mg/ml.One
hundred microlitres of the extracts of different concentrations (1.25 — 20.0 mg/ml) was added to

fill the bored holes. Negative control was prepared by putting 0.1 ml of sterile distilled water
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inone of the bored holes for each plate andamoxicillin-clavulanicacid antibioticdisc (30Q)
served as a positive control. The plates were left to stand for one hour to allow for diffusion, after
which the plateswere incubated at 37°C for 18 h. The zones of inhibition weremeasured in
millimetres.The above method was carried out in duplicates and the mean of the duplicate results
wastaken. For all isolates and both extracts (CLSI, 2009).

3.2.9 Determination ofMinimum Inhibitory Concentration (M.1.C)

The MIC was determined by agar-dilution method according to CLSI, (2006) with some
modifications (Aboaba et al., 2006). Serial dilution of the stock solution of the extracts/fractions
was made to obtain concentration between 20 — 1.25 mg/ml. A 10ml portion of each dilution
containing double concentration of extract/fraction was incorporated into 10mls double strength
Mueller Hinton Agar and poured into sterile Petri dishes. Sterilepunctured filterpaper discs
(6mm) were aseptically placed on the solidified leaf extract-agar admixture plates. Using a micro
pipette standardized innoculum ofthe isolates was immediately added to the discs in volumes of
about 20ul. A 20 pl sterile distilledwater was added to the sterile paper disc as a negative control.
The plates were left at ambient temperature for 30 minutes for pre-diffusion prior to incubation
at 37°C for 24 hrs. Thelowest concentration of the extract/fraction in each of the test agar plates
that showed no growth when compared to the control wasconsidered as the M.I.C. of the extract
against the test organism.

3.2.10Determination of Minimum Bactericidal Concentration (M.B.C)

The filter paper discs that did not show any visiblegrowth from the M.I.C plates were
asepticallytransferred into 5ml sterile Nutrient broth using a pair of sterile forceps. This was

incubated at 37°Cfor 24hrs. The Minimum BactericidalConcentration was considered as the

41



minimum concentration of those nutrient broth bottles in which no turbidity was observed (CLSI,
2006) as modified by (Aboaba et al., 2006).

3.2.11Determination of the Rate of Kill

The rate at which the most active fraction kills the bacterial isolates was determined using the
methoddescribed by Adeshina et al., (2012).The M.1.C (5mg/ml and 2.5mg/ml) and sub- M.I.C
(2.5mg/ml and 1.25mg/ml) of the fraction were prepared in 9mls of single strength sterile
nutrient broth in bottles, after which 1.0ml of standardized overnight culture of K. pneumoniae
(S16) and S. aureus (T38) were added to the bottles respectively.The reaction mixtures were
shaken at 37°Cand at various time intervals that is; 0,30,60, 120, 240, 360 and 1440
minutes,1.0mlof each mixture was taken using a micropipette,serially diluted in sterile normal
saline containing 3% Tween 80,from this a 0.1ml aliquot was then plated on the surface of
solidified sterile Mueller-hinton agar containing 3% Tween 80. It was allowed to stand and
plates wereincubated at 37°C for 18 hours and the number of colonies was counted using a
colony counter, and recorded. A negative control was set containing nutrient broth and the test
organism but without fraction (F2). The positive control was a mixture of the organism with
amoxicillin-clavulanicacid (30ug/ml).

3.2.12TLC Based Phytochemical screening

Phytochemical screening was carried out using the method of (Evans, 2002) as modified by
Wahab et al.,(2010).Thin layer chromatography was carried out on the fractions (F1-F7) by
reconstituting the fractions and spotting them on a TLC plate 0.5cm apart using a capillary tube.
Three solvent system were used as the mobile phase in the chromatographic tank. They are; n-
hexane and ethyl acetate 7:3, chloroform and methanol 8:2 and Butanol, acetic acid and water

10:1:1. The plates were removed and dried after placing them in the tank vertically, they were

42



sprayed with p-anisaldehyde and sulphuric acid. It was heated in an oven at temperature of
105°C. The bands were read. The TLC offraction (F2) was further conducted using a mix of 7:3
n-hexane and ethyl acetate assolvent system. The fraction was spotted on six plates. After
removing it from the tank it was dried and cut into six parts each part for a spot. For each part a
specific phytochemical reagent was used to spray the plate. The first was sprayed with (P-
anisaldehyde), the second with ferric chloride, third with aluminium chloride and viewed under
long wave length u.v light of 360nm, the fourth with Liberman-Burchard spray reagent, fifth
plate with Bontrager’s spray and the sixth with Dragendorff spray reagent.They were heated in
an oven at 105°C (where applicable).The colour changes were observed and recorded.
3.3Statistical Analysis

The data was analyzed using SPSS version 20.Results were expressed as meansstandard
deviations. The data was analyzed using Analysis of Variance (ANOVA) at P< 0.05 level of

significance. Duncan multiple range test was used to separate differences in means.
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CHAPTER FOUR
4.0 RESULTS

4.1 Sample Collection, Isolation and Identification

Out of the 180 specimens collected, 208 bacteria were isolated.Seventeen (17) isolates were
identified and confirmed using MicroGen identification kits. (Fig 4.1) is aflow-chart that shows
the isolation and identification of bacterial species from clinical specimens.(Table 4.1) shows the
distribution of bacterial isolates from clinical specimens.S.aureus has the highest number with

seven isolates while E.coli has just one isolate.

Distribution of bacterial isolates by source

S.aureus was isolated in throat swabs, ear swabs and sputum specimens, with isolates from throat
swab having the highest number. While K.pneumoniae was only isolated from sputum specimens

and E.coli from throat swab samples (Figure 4.2).

4.2 Antibacterial Activity of the Plant Extracts.
4.2.1Extraction of the powdered leaves of Alchornea cordifolia

Aqueous has higher percentage yield ofextract than that of Ethanol. The ethanol extract yielded

7.0 % while the aqueous yielded 8.5 %.

4.2.2 Zone of Inhibition values of the aqueous and ethanol extracts of A.cordifolia.

The aqueous extract of A. cordifolia showed activity against isolates from throat swab specimens
with highest activity recorded against E.coli(T13) and least zone of inhibition against Strep. spp

(T67) (Table 4.2).
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The ethanol extract showed activity against the isolates from throat swab specimens but with
smaller zones of inhibition compared to the aqueous extract. The larger zone of inhibition is seen

in E. coli (T13) and the lowest in Strep. spp (T67) (Table 4.3).

The aqueous extract showed higher activity against isolates from ear swab specimens with the

highest diameter zones of inhibition recorded against P. aeruginosa. (Table 4.4.).

Smaller zones of inhibition have been recorded in ethanol extract against isolates from ear swab
specimens compared to the aqueous extract. At 1.25mg/ml concentration there was no zone of

inhibition recorded. (Table 4.5).

The aqueous extract had clear activity against isolates from sputum specimens with S. aureus
(S44) having the least zone of inhibition values. At the concentration of 1.25mg/ml only K.

pneumoniae (S16) had a zone of inhibition value of 12.5 mm. (Table 4.6).

The ethanol extract showed smaller zones of inhibition against isolates from sputum specimens.
With K. pneumonia (S20), S. aureus (S44) and S. aureus (S10) having no zones of inhibition at

2.5 mg/ml concentration. (Table 4.7).

4.2.3 Minimum Inhibitory Concentration (M.I.C) and Minimum Bactericidal

Concentration (M.B.C) values of agueous and ethanol extracts.

The aqueous extract showed lower values of M.I.C and M.B.C with S. aureus (T31) having the
lowest values. While Strep. spp (T67) having the highest values. (Table 4.8).
The Ethanol extract has higher M.I.C and M.B.C values than the aqueous extract with P.

aeruginosa (E27) and (E6) having lower M.1.C values. (Table 4.9).
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Both the ethanol and aqueous extract M.1.C values against isolates from sputum specimens were
higher and the same in the two K. pneumonia isolates and S. aureus (S44). S. aureus (S10) had

lower M.1.C and M.B.C. (Table 4.10).

4.2.4 Fractionation of the aqueous extract and TLC based phytochemicals of fraction F2

Fractionation of the aqueous extract gave a total of 35 fractions (Table 4.11).

Similar bands after TLC were pooled together and seven fractions were obtained. (Table 4.12)
shows the combinations of fractions.

Fraction (F3) has the lowest weight of 0.69g while (F6) has the highest weight of 13.18g (Table

4.13). The fractions contains Phenolic compound and Flavonoid (Table 4. 14).

4.3. Antibacterial Activity of Fractions

Fraction F1 had the highest M.I.C values against isolates from throat swabs specimens and

fraction F2 had the lowest (Table 4. 15).

As shown in (Table 4.16) F2 fraction had the lowest M.I.C values followed by F3 fraction

against isolates from ear swab specimens.

The M.I.C values of most of the fractions against isolates from sputum samples were high all
having values >20. Only fraction F2 had the lowest M.I.C values followed by F3 (Table 4. 17).

4.3.1. M.1.C and M.B.C of fraction F2

The values of the M.I.C and M.B.C of the fraction F2 against Strep. spp isolated from throat

swab were higher than those against S. aureus (Fig 4.3).

The values of the M.I.C and M.B.C of the fraction F2 against Strep. spp and P. aeruginosa

isolated from ear swab were higher than that against S. aureus (Fig 4.4).
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Fraction F2 M.1.C and M.B.C values against S. aureus (S10) isolated from sputum sample was
the lowest. While the M.1.C and M.B.C values of fraction F2 against K. pneumoniae isolates and

S. aureus (S44) were higher (Fig 4.5).

4.3.2. Death/Survival Rate of most active Fraction (F2).

The Death/Survival Rate of S. aureus (T38) in Fig 4.5 showed that as contact time increases the
number of surviving cells decreases with no cells recovered at 1440 minutes at M.I.C
concentration (Fig 4.5).The Death/Survival Rate of K. pneumoniae (S16) is concentration
dependent with no cells recovered at 240 minutes of the M.1.C concentration and 1440 minutes

at Sub-M.1.C concentration (Fig 4.6).
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48



Table 4.1Distribution of bacterial isolates from clinical specimens

Organisms Number of Isolates
Staphylococcus aureus 7
Streptococcus spp. 5
Klebsiella pneumoniae 2
Pseudomonas aeruginosa 2
Escherichia coli 1
Total 17
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Fig 4.2Distribution of the bacterial isolates by source
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Table 4.2.Zone of inhibition values of the aqueous extract of A.cordifolia againstisolates
from throat swabs.

Isolates Zone of Inhibition (mm) for aqueous extract

éOmg/mI 10mg/ml 5mg/ml 25mg/ml 1.25mg/ml Amc (30ug) C

E.coli25.5+0.7 22.5+1.4 17.0+1.4 155407 145+0.7 27.50.7 NI
(T13)

Saureus 20.0+0.0 185+0.7 16.5+0.7 125407 115+0.7 26.5:0.7 NI
(T20)

Saureus22.5+0.7  19.0+0.0 17.5#0.7 11.5%0.7 NI 25.01.4 NI
(T31)

Saureus 20.5+0.7  17.5+0.7 14.0+0.0 12.5+0.7 NI 26.5+0.7 NI
(T44)

S.aureus20.0 £0.0  17.540.7 16.0+0.0 14.5+0.7 11.5+0.7 28.5%0.7 NI
(T38)

Strep.spp  22.5%0.7  20.5#0.7 17.5£0.7 12.5%0.7 NI 27014 NI
(T12)

Strep.spp  20.5+0.7 195407 155:0.7  12.0%0.0 NI 25.0+1.4 NI
(T8)

Strep.spp  16.5:0.7  13.0£0.0 11.5%0.7 NI NI 245+0.7 NI
(T67)

KEY:

+ Standard deviation

NI = No Inhibition

AMC= amoxicillin /clavulanic acid
C =Control (Sterile distilled water)
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4.

Table 4.3. Zone of inhibition values of the ethanol extract of A.cordifolia against isolates

from throat swabs.

Isolates Zone of inhibition (mm) for ethanol extract.

20mg/ml 10 mg/ml ~ 5mg/ml 2.5mg/ml  1.25mg/ml  Amc (30uQ) C

E.coli23.5+0.7 20.5+0.7 17.5¢0.7  12.50.7 NI 29.5+0.7 NI
(T13)

S.aureus 18.0£0.0 16.5+0.7  14.0+1.4 11507 NI 24.0£0.0 NI
(T20)

S.aureus 185+0.7 14.5x0.7  12.0%0.0 NI NI 245+21 NI
(T31)

Saureusl7.5:0.7 155x0.7  12.5%0.7 NI NI 25.5+0.7 NI
(T44)

Saureus 185#0.7 16.0£0.0  125+0.7  11.0+00 NI 245+0.7 NI
(T38)

Strep. spp 19.540.7  17.0£0.0  12.5+0.7 NI NI 255+0.7 NI
(T12)

Strep. sppl9.5¢0.7  16.5£0.7  13.5+0.7 NI NI 235+0.7 NI
(T8)

Strep. spp 16.0£0.0  12.5+0.7 NI NI NI 23.0¢+1.4 NI
(T67)

KEY:

+ Standard Deviation

NI = No Inhibition
AMC=Amoxicillin Clavulanic acid
C =Control (Sterile distilled water)
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Table 4.4. Zone of inhibition values of aqueous extract of A.cordifolia against isolates from
ear swabs.

Isolates Zone of inhibition (mm) for aqueous extract

20 mg/ml 10 mg/ml 5mg/ml 2.5 mg/ml 1.25 mg/ml  Amc (30pQ) C

P.aeruginosa 32.5+0.7 30.0+1.4 27.5+0.7 245+0.7 20.0+1.4  29.0+1.4 NI
(E6)

P.aeruginosa 30.5+0.7 26.0+1.4 235+0.7 215+0.7 18.0+1.4  26.0:0.7 NI
(E24)

S.aureus23.5+0.7 21.5+0.7 19.0£0.0 15.5%0.7 NI 25.5+0.7 NI
(E27)

Strep. sppl8.5£0.7 16.0+0.0  14.5+0.7 12.0%0.0 NI 24.0+0.0 NI
(E20)

Strep.spp 205807 16.5£0.7 14.5£0.7 11.5:0.7 NI 25.0+0.0 NI
(E22)

KEY:

+ Standard deviation

NI = No Inhibition

AMC= amoxicillin/clavulanic acid
C =Control (Sterile distilled water)
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Table 4.5. Zone of inhibition values of ethanol extract of A.cordifolia against isolates from
ear swabs.

Isolates Zone of inhibition (mm) for ethanol extract.

20mg/mlI 10 mg/ml 5 mg/ml 2.5 mg/ml  1.25 mg/ml Amc (30pQ) C

P.aeruginosa21.0+1.4  17.5+0.7 15.5+0.7 12.5+0.7 NI 26.5+2.1 NI

(E6)

P.aeruginosal9.0+0.0  15.5+0.7  13.5+0.7 NI NI 26.5+2.1 NI
(E24)

S. aureus20.5+0.7  18.5+0.7 15.0+0.0 12.5+0.7 NI 24.5+0.7 NI

(E27)

Strep. spp 17.5+0.7  15.5+0.7  12.5+0.7 NI NI 24.0£1.4 NI
(E20)

Strep. spp 16.5+0.7  14.5+0.7  11.5+0.7 NI NI 24.0+0.0 NI

(E22)

KEY:

+ Standard deviation

NI = No Inhibition

AMC= amoxicillin/clavulanic acid
C =Control (Sterile distilled water)
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Table 4.6. Zone of inhibition values of aqueous extract of A.cordifolia against isolates from

sputum specimens.

Isolates Zone of Inhibition (mm) for aqueous extract

20 mg/ml 10 mg/ml 5mg/ml 2.5 mg/ml 1.25 mg/ml Amc (30ug) C

K.pneumoniae27.5¢0.7  24.5+0.7 22.0+1.4 16507  12.5+0.7 27.5%2.1
(S16)
K.pneumoniae 25.5£0.7 19.5£0.7 17.0#0.0  12.5:0.7 NI 27.0£2.1
(S20)
S.aureus  205+0.7 185+0.7 16.0+0.0 13.5%0.7 NI 26.0+0.7
(S44)
S.aureus  255#0.7 205+0.7 17.5#0.7 12.540.7 NI 23.5+0.7
(S10)

NI

NI

NI

NI

KEY:

+ Standard deviation

NI = No Inhibition

AMC= amoxicillin/clavulanic acid
C =Control (Sterile distilled water)
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Table 4.7. Zone of inhibition values of ethanol extract of A.cordifolia against isolates from
sputum specimens.

Isolates Zone of inhibition (mm) for ethanol extract.

20mg/ml 10 mg/ml 5mg/ml 25 mg/ml  1.25mg/ml Amc (30pg) C

K.pneumoniae19.5¢0.7 17.5¢0.7 15.5+0.7 14.0+0.7  115:07 26.5%0.7 NI
(S16)
K.pneumoniae 19.0+1.4 155+0.7 12.5+0.7 NI NI 29507 NI
(S20)
S. aureus 185+0.7 16.0+0.0 12.5+0.7 NI NI 26507 NI
(S44)
S.aureus  205+0.7 18.0+0.0 14.5+0.7 NI NI 250+1.4 NI
(S10)

KEY:

+ Standard deviation

NI = No Inhibition

AMC= amoxicillin/clavulanic acids
C =Control (Sterile distilled water)
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Table 4.8. M.I1.C and M.B.C of aqueous and ethanol extracts against isolates from throat

swab specimens.

Adqueous Extract

Ethanol Extract

Isolates M.1.C (mg/ml) M.B.C (mg/ml) M.I.C (mg/ml) M.B.C (mg/ml)
Ecoli  (T13) 20 >20 20 >20

S. aureus (T38) 5 5 10 20

S. aureus (T44) 5 20 10 20
S.aureus (T31) 5 5 10 10

S. aureus (T20) 5 10 10 20
Strep.spp (T12) 10 20 20 20

Strep.spp (T8) 20 >20 20 >20

Strep.spp (T67) 20 >20 20 >20
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Table 4.9.The M.I.C and M.B.C values of aqueous and ethanol extracts against isolates

from ear swab specimens.

Aqueous Extract

Ethanol Extract

Isolates M.I.C (mg/ml)  M.B.C (mg/ml) M.1.C (mg/ml) M.B.C (mg/ml)
P.aeruginosa(E6) 5 10 10 20
P.aeruginosa(E24) 5 20 10 20

S. aureus (E27) 5 10 5 20
Strep.spp (E20) 10 20 20 >20

Strep. spp (E22) 20 >20 20 >20
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Table 4.10. The M.1.C and M.B.C values of aqueous and ethanol extracts against isolates

from sputum specimens.

Aqueous Extract Ethanol Extract

Isolates M.I.C (mg/ml)  M.B.C (mg/ml) M.L.C (mg/ml) M.B.C (mg/ml)
K.pneumoniae (S16) 20 >20 20 >20
K.pneumoniae (S20) 20 >20 20 >20

S. aureus (S10) 5 10 10 20

S. aureus (S44) 20 >20 20 >20
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Table 4.11: Fractionation of aqueous extract of A. cordifolia

Fraction No.

Ratio of Eluting Solvents

N-hexane

Ethyl acetate

Methanol
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Table 4.12. Number of fractions after TLC and the combination of pooled fractions.

Number of pooled Fractions Combination of Fractions pooled

Fi1 Combination of fractions 1-9

F2 Combination of fractions 10-14
F3 Combination of fractions 15-17
F4 Combination of fractions 18-20
F5 Combination of fractions 21-24
F6 Combination of fractions 25-27
F7 Combination of fractions 28-35
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Table 4.13. Weight of pooled fractions

Weight of Fractions

Number of Fractions Weight ()

F1 0.88
F2 1.36
F3 0.69
F4 3.79
F5 7.28
F6 13.18
F7 6.20

Total 33.38
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Table 4.14. TLC Based Phytochemical screening of F2

Spray Reagents used Secondary Metabolites Inferences
P-Anisaldehyde General Present
Ferric Chloride Phenolic compounds Present
Aluminium chloride Flavonoids Present
+ u.v light 360nm
Liberman Burchard Steroids/Tertepenoids Absent
Bontragers spray Anthraquinones Absent
Dragendorff Alkaloids Absent
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Table 4.15. The M.1.C of Fractions against Isolates from Throat swab specimens.

M.1.C (mg/ml)

Isolates F1 F2 F3 F4 F5 F6 Fr7
E.coli(T13)>20 5 10 10 10 >20 10
S.aureus (T38) >20 2.5 5 20 10 10 20
S.aureus (T44) >20 2.5 10 >20 >20 >20 >20
S.aureus (T31) >20 5 5 20 10 10 10
S.aureus (T20) >20 2.5 5 10 20 >20 10
Strep. spp (T12)>20 5 10 20 10 20 >20
Strep. spp (T8) >20 10 20 >20 >20 >20 >20
Strep. spp (T67) >20 5 20 >20 >20 >20 >20
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Table 4.16. The M.1.C of Fractions against Isolates from Ear swab specimens.

M.1.C (mg/ml)

Isolates F1 F2 F3 F4 F5 F6 F7
P.aeruginosa (E6) >20 5 20 >20 >20 >20 >20
P.aeruginosa (E24) >20 5 10 >20 >20 >20 >20
S.aureus (E27) >20 2.5 5 >20 20 10 20
Strep. spp (E20) >20 5 >20 >20 >20 >20 >20
Strep. spp (E22)>20 10 >20 >20 >20
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Table 4.17. The M.1.C of Fractions against Isolates from Sputum specimens

M.1.C (mg/ml)

Isolates F1 F2 F3 F4 F5 F6 F7
K. pneumoniae (S16) >20 5 20 >20 >20 >20 >20
K.pneumoniae (S20) >20 5 20 >20 >20 >20 >20
S.aureus (S10) >20 2.5 20 >20 >20 >20 >20
S.aureus (S44) >20 5 >20 >20 >20 >20 >20
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Fig 4.3. M.1.C and M.B.C of the most active fraction (F2) against isolates from throat swab
specimens
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Fig 4.4. M.1.C and M.B.C of the most active fraction (F2) against isolates from ear swab
specimens.
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Fig 4.6. Death/Survival rate of S. aureus (T38) on exposure to M.1.C and Sub-M.I.C of F2.
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Fig 4.7. Death/Survival rate of K. pneumoniae (S16) on exposure to M.1.C and Sub-M.I.C of
F2.

71



CHAPTER FIVE
5.0 DISCUSSIONS

A total of 180 specimens were collected from patients having RTIs.The bacteria isolated from
the specimens collected included; S. aureus, K. pneumoniae, E. coli, P. aeruginosa and Strep.
spp. These isolates clearly represented clinically significant pathogens and are known to cause
majority of community and hospital acquired infections and are capable of elaborating severe
virulence factors. This result is similar with the work of Kumari et al., (2007) in India, EL —
Mahmood et al., (2010) and Okesola and Oni, (2009) in Nigeria who isolated similar pathogens
from patients with respiratory tract infection. It is also in line with the work of Taura et al.,
(2013) that isolated Klebsiella pneumoniae and Staphylococccus aureus from sputum samples in

Aminu Kano Teaching Hospital in Kano State, Nigeria.

S. aureus was isolated in all the specimens with throat swabs (4), ear swabs, (1) and sputum (2).
While K. pneumoniae was isolated in only sputum specimens (2), P. aeruginosa was isolated in
only ear specimens (2) and Strep. spp in throat swab (3) and ear swab (2) specimens. This is in
line with the work of Adedeji et al., (2007) in Osun State, Nigeria and the work of Somia et al.,
(2014) in Pakistan who showed that P. aeruginosa was the commonest organism isolated from
ear infections followed by S. aureus. P. aeruginosa infections such as Otitis media and externa
are often chronic infections. It was also similar with the result obtained in the work by Anitha et
al., (2016) in India who isolated Strep. pyogenes, S. aureus and E. coli from throat swab
specimens with Strep. pyogene having the highest percentage and E. coli having the least. Also
in the study,S. aureus has the highest number of isolates and is also isolated in all the three
specimen sources, this could be as a result of the availability of Staphylococcus aureus as a

normal flora of the nares, mouth and some non-sterile sites. The presence of K. pneumoniae from
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sputum could be as a result of K. pneumoniae being one of the causes of broncho-pneumonia. It
colonize the lower respiratory tract and common in hospital patients receiving antibiotics, it
sometimes causes chronic destructive lesions and multiple abscess formation in the lungs

(Friedldnder’s pneumonia), (Greenwood et al., 2007).

The polarity of the solvent (water) used in extracting the aqueous extract which allowed it to
draw more constituents than ethanol extract, could have been the reason why the former had
more yield than the latter. The choice of the method of extraction (Cold maceration) was due to

the fact that it is similar with the extraction method by the traditional herbalist.

The diameter zones of inhibition, showed that the aqueous extract had more activity than the
ethanol extract. The degree of activity varied with the isolates and the extracts. This variation of
activity could be due to the differences in the solubility of the secondary metabolite in the
different solvents used and also the structural or morphological variability of the tested isolates
thus, larger zones of inhibition were produced by the susceptible organisms than the resistant
ones. It could also be due to the polarity of the solvents, water been more polar dissolvemore of
the secondary metabolites. This result is different from the work of Adeshina et al., (2012) which
showed that the ethyl acetate fraction (non-polar solvent) of methanol extract of A. cordifolialeaf
was relatively more active than the aqueous fraction (polar solvent) against type isolates ofE.
coli, S. aureus, P. aeruginosa and Candida albican. The observed differences may be as a result
of variation of plants location and method of extraction. The result is similar to the findings of
Mohammed et al., (2012) who reported that water extract of Alchornea cordifolia exerted
highest activity against S. aureus isolated from wound samples in Aminu Kano Teaching
Hospital in Kano, Nigeria more than the ethanol extract. The work OFGatsing et al., (2010) in
Cameroon who showed that the aqueous leaf extract of A. cordifolia was more active than the
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methanol and ethanol extracts against E. coli, P. aeruginosa, K. pneumoniae and S. aureus. The
result is also in line with the work of Osumah et al., (2012) that showed that the aqueous root
extract of A. cordifolia had more activity than the ethanol extract against E. coli, P. aeruginosa,

S. aureus and S. typhi isolates from fecal material and wounds

The diameters zone of inhibition showed a concentration dependent result and the result also
showed that the zone of inhibition values of the extracts was far lesser than that of the positive
control amoxicillin/clavulanic acid. This may be attributed to the fact that conventional
antibiotics are usually prepared from synthetic materials by means of reproducible
manufacturing techniques and procedures, while herbal medicinal plants products are still crude,
prepared from plant and animal origins and are subjected to contamination and deterioration

most of the time (EL — Mahmood and Ameh, 2007).

The M.I.C and M.B.C values were generally lower for the aqueous extract against the test
isolates compared to those of the ethanol extract. S. aureus was more susceptible to the extracts
especially the aqueous extract which showed lowest M.I.C and M.B.C values of 5 mg/ml — 10
mg/ml. This is of great importance as it has been reported that this organism has developed
resistance to many antibiotics, which sometimes makes its clinical management difficult
(Adewunmi et al., 2001). This result agrees with the work ofOsumah et al.,(2012) who showed
that the root and stem bark extracts and fractions of A. cordifolia had more activity against S.
aureusisolated from fecal and wound samples in Ahmadu Bello University Teaching Hospital
Zaria. The differences in the susceptibilities of the isolates to the plant extracts can be related to
the cell wall composition of the organisms. Gram — positive bacteria have cell wall composed of
peptidoglycan with techoic acid in between, therefore they are more susceptible than Gram —
negative bacteria that have their cell wall surrounded by bi-lipid layers of Gram-negative
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lipopolysaccharides and lipoproteins, which prevent ready penetration of antibiotics through

their cell wall.

The lower M.1.C confirm the high activity of the fraction (F2) at low concentration. High activity
of antibacterial agent at low concentration is very essential for chemotherapeutic purposes
because of their toxicity to patient system. The observed low M.I.C values from fraction F2
could be due to the fact that F2 contains the secondary metabolites responsible for the
antibacterial activity of the aqueous extract. The M.I.C and M.B.C values of F2 against the
isolates was lower compared to the crude extract, this could be due to the fact that the crude
extract contained a lot of constituent that play little or no role in the antibacterial activity of the

extract ( Adewunmi et al., 2001).

There was increase in the number of surviving cells in all the negative controls. The general
bactericidal activity of F2 was rapid from onset and generally concentration dependent. Garret
and Brown (1964) reported that there was no single concentration of an antibacterial agent at
which cells in a suspension will be killed spontaneously. Killing of cells occur chiefly as a
function of time within a range of concentrations and these possibly explain the increase lethal

activity of the F2 with increase concentration above the Sub — M.1.C.

Many researchers have reported the presence of secondary metabolites in A. cordifolia, these
secondary metabolites are generally found as components of plants (Ogungbamila and
Samuelsson, 1990). The secondary metabolitesreported by several researchers possessed
appreciable inhibitory activities against various organisms (Cushine and Lamd, 2005). In this
study, the TLC based phytochemical screening of fraction F2 revealed the presence of phenolic

compounds and flavonoids. These secondary metabolites might be responsible for the
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antibacterial activity of F2 and they exert their antimicrobial activities through different
mechanisms. Phenols are generally protoplasmic poisons toxic to all types of cells. Precipitation
of proteins occurs with high concentration of phenol, while at low concentrations it denatures
proteins without coagulating them. It freely to penetrates the tissue because of its denaturing
activity (Adeshina et al., 2012). Flavonoids on the other hand have been reported to be
synthesized by plants in response to microbial infection, hence they exhibitantibacterial activities
(Kujumgiev et al., 1999). The presence of flavonoids suggest that it can be used as anti—
spasmodic and antioxidant, and confirms the reason for the use of the plant in the treatment of

spasmodic bronchitis and other microbial infections.
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CHAPTER SIX
6.0 SUMMARY,CONCLUSION AND RECOMMENDATIONS

6.1 SUMMARY

The leafextracts of A. cordifolia have shown broad spectrum of activity and a consistent and
concentration dependent inhibition of bacterial isolates. The aqueous extract had more yield than
the ethanol extract, and have shown to have higher antibacterial activity than the ethanol
extractwith zones of inhibition ranging from 32. 5 mm — 11. 5 mm and lower M.I.C and M.B.C

values ranging from 5 mg/ml — 20 mg/mi

Fraction F2 obtained from the column chromatography of the aqueous extract was found to be

the most active fraction with superior antibacterial activity than the extracts.

The TLC based phytochemical showed that F2 contains Phenolic compound and flavonoids

secondary metabolites.

6.2 CONCLUSION

The aqueous and ethanol leaf extracts of Alchornea cordifolia obtained from Chaza, Niger State,
Nigeria was found to possess antibacterial activity against S. aureus, E. coli, P. aeruginosa, K.
pneumoniae and Strep. spp isolated from throat swabs, ear swabs and sputum specimens of
patients with respiratory tract infection in Ahmadu Bello University Teaching Hospital Zaria,

Nigeria.

This study has justifiedthe use of Alchornea cordifolia in the treatment of some bacterial diseases

in folkloric herbal medicine.
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6.3RECOMMENDATIONS

1. Isolating the secondary metabolites will be important to explore the full potential of Alchornea

cordifolia plant.

2. Test for safety is required with further purification for economical purposes.

3. Mechanism of action of the Alchornea cordifolia should be determined.

4. The findings in this study have shown the need for further investigation to establish the

economic viability of exploiting Alchornea cordifoliaplant to address health problems.

6.4CONTRIBUTIONS TO KNOWLEDGE

1. This study has contributed to other studies on the antibacterial activity of the leaf extracts of
Alchornea cordifolia.lt further substantiated other findings that Alchornea cordifolia has

antibacterial activity.

2.1t was observed in this study that aqueous and ethanol leaf extracts of Alchornea
cordifoliawere active against respiratory tract pathogens and can be used in the treatment of
respiratory tract infection caused by S. aureus, K. pneumoniae, E. coli, Strep. spp and P.

aeruginosa.
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Appendix IV. Thin layer Chromatography (TLC) of different fractions
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Appendix V

Thirty five (35) different fractions collected.
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Appendix VI

Column used in Column chromatography

A= Column before eluding
B= Column during eluding

C= Column after eluding
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Appendix VI

TLC of pooled fractions in three solvent system

1. n - hexane and ethyl acetate 7:3
2. Butanol, acetic acid and water 10:1:1
3. Chloroform and methanol 8:2

102



Appendix VIII

1. P— Anisaldehyde

2. Ferric Chloride

3. Aliminium chloride + uv light
4. Liberman Burchard reagent
5. Bontrager’s reagent

6. Dragendorff reagent

TLC phytochemicals of F2 fraction using different specific spray reagents
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Appendix IX

Zone of inhibition of Aqueous and Ethanol extracts of A. cordifolia against S. aureus(S10)
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Appendix X

Death/Survival Rate of K. pneumoniae at 240 minutes growth.

A= Organism with Amoxicillin clavulanic acid (Positive control)
B= Organism without fraction or antibiotic (Negative control)
C= Organism with Sub-M.I.C of fraction (F2)

D= Organism with M.I.C of fraction (F2)
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