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Abstract
Resistance of human pathogenic bacterial straisgltsein selective pressure against known
antibiotic. However, plant derived compounds thasgess antibacterial potential are currently
being investigated for treatment of wound infecsiom diabetic patients as they are inexpensive
and non-toxic. Hence, this dissertation was desigie evaluate two medicinal plants
(Brachylaena ellipticeand Brachylaena ilicifolig traditionally used in the treatment of various
diseases such as diabetes, and its secondary catigis in diabetic patients. The vitro
antioxidant activity of both plants were evaluaigging DPPH (1, 1-diphenylhydrazl), ferric
reducing power, ABTS (2, 2-azino-bis-3-ethylberigaroline-6-sulfonic acid), NO (nitric
oxide) and HO, (hydrogen peroxide) techniques. The antibact¢estl and Minimum inhibitory
concentration (MIC) was determined by agar dilutiorethod against 5 bacteria strains
(Pseudomonas aerugingsataphylococcus aureuStreptococcus pyogeneroteus vulgarisand
Proteus mirabili$ infecting wounds in diabetic patients using amtbm and ciprofloxacin as
positive control. The phytochemical analyses wessessed using standard published methods.
Identification of bioactive components in essentidgd of both plants were assessed using GC-
MS. The aqueous and ethanol extracts of both plaete also evaluated to identify bioactive
components using LC-MS. The results of the phytotbal analysis revealed the presence of
phenols, tannins, flavanoids, flavanols, proantho@ins, saponins and alkaloids in both plants.
Both plants indicated strong antioxidant activitigsich might be due to the presence of bio-
active compounds. The aqueous and ethanol leabatst of both plants demonstrated
appreciable broad spectrum activities against tikesend pathogens with MIC ranging between
5 and 0.3 mg/ml. The GC-MS analysis of the essleailis of both plants revealed the presence

of monoterpenes, oxygenated sesquiterpenes, pberasid esters. The LC-MS analysis of the



aqueous and ethanol leaf extracts of both plantsvett that both plants are rich in alkaloids,
terpenes, terpenoids, monoterpernoids, and fladandConclusively, this study has partially
justified the ethnomedicinal use Bf ellipticaandB. ilicifolia leaves for the treatment of various
diseases, including diabetes and wound infectiansed by bacteria in diabetic patients. These
may be attributed to the presence of antioxidantpmund such as phenols, flavanoids, saponins,

tannins, alkaloids and other phytochemical compsund
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1.1 INTRODUCTION

Over the years, the prevalence of bacterial indfctind its resistance to antibiotics drugs has
brought to knowledge the importance to search ftarrative treatments against infections
(Sunita and Mahendra., 2008). Presently, therebleas an increasing interest in the study of
traditional plants and their medicinal value infeliént parts of the world. The medicinal
properties of plants have been investigated in ligbt of recent scientific development
throughout the world, due to their strong pharmagichl activities, economic viability and low
toxicity (Prashanet al, 2010). This tremendous interest in plants-derigeigs are mainly due
to the current widespread belief that herbal medics safer and more reliable than the costly
orthodox medicine, many of which may have adveide sffects (Jign&t al, 2006). Owing to
this fact, the majority of the South African popida depends heavily on the use of plants for
their well being due to a wide array of phytocheatsowith therapeutic properties (Siveen and
Kutton 2010). Naturally, it has been reported tp&nts possess free radical scavenging
molecule such tannins, alkaloids, terpernoids, phemnd other metabolites which are rich in
antimicrobial and antioxidant properties (Omoreyial, 2012). The ingestion of these natural
antioxidants has been investigated to enhance themune defense, reduce risks of
cardiovascular disease, diabetes and infectionso(@ynet al,, 2012). Therefore, responding to
the compelling need for evidence regarding hertedioine, the phytochemical, antioxidant and
antibacterial effects of selected medicinal plamtsa panel of five opportunistic bacterial in

diabetic infection were evaluated in this study.



1.2 Diabetes mellitus

Diabetes mellitus is a group of metabolic disordbet affects the metabolism of carbohydrates,
fats, protein and electrolytes in the body. Thisassa result of defects in insulin secretion,
insensitivity of target organs to insulin or bothis also characterized by abnormal high blood
glucose level that causes glycation of the bodygmavhich lead to serious complications (Rang
et al, 1991). To understand diabetes, it is importankriow the normal physiological process

that occurs during and after a meal.

Food passes through the digestive system, whememtst including carbohydrates, fat and
protein are taken up into the bloodstream. The goas of sugar (glucose) signals to the
endocrine pancreas to release the hormone indoBalin facilitates the entry and storage of
glucose by almost all tissue types in the bodyti@adarly the liver, fat and musculature tissues
(Roussel, 1998). However, If the amount of inswdwailable is deficient, if the body cells
respond poorly to the effects of insulin (insulasistance), or if the insulin itself is defective,
then glucose will not be absorbed properly by tldéiscthat need it, and it will not be
appropriately stored in the liver, muscles ancc&ls. The net effect is persistently high levéls o
glucose in the blood, poor protein synthesis, atiterolong term complications such as
glaucoma, retinopathy, neuropathy and acidosisottunfiately, there is currently no cure for
diabetes. However, by controlling blood glucoseelethrough various hypoglycemic drugs,
insulin injection and life style modifications suel healthy diet, exercise and medications, the
risk of diabetes complications can be lessenedeRBg attention has been focused on a number
of medicinal plants used in the treatment of diebeatisease by virtue of their antioxidant and

antidiabetic effects.



1.3 Opportunistic bacterial infections associated with diabetes mellitus.

People with diabetes are more vulnerable to deusjomfections, since high concentration of
glucose in blood can weaken the patient’s immuséesly defenses. In addition, diabetic patients
are at higher risk for bacterial infection suchfast infection, wound infection, urinary tract
infections, surgical site infections, peritonististeomyelitis, sepsis and lower respiratory tract
infections (Kohet al, 2012). Diabetic foot infections (DFIs) are orfetlee most serious and
costly diabetes mellitus complications. Diabetictiggais with DFIs are characterized by
vasculopathy, increased frequency of infectionspperal neuropathy with loss of sensation and
unnoticed injuries (Roberts and Simon 2012). A ipd@betic foot ulcer (DFU) is an almost
obligatory prerequisite for diabetic foot infectgarDiabetic foot ulcers result from a complex
interaction of a number of risk factors. Once thetgctive layer of skin is broken, deep tissues
are prone to bacterial infection that progressesdha Patients with diabetic foot ulcers often
require amputations of the lower limbs and, in mtnan half the cases, infection is the
predominant factor (Mendes and Neves, 2012). Thet mommon causative pathogens in
diabetic foot ulcers ar&taphylococcus aureu$Streptococcus pyogeneBroteus vulgariand

Pseudomonaspp (Sharmat al, 2006).

Staphyloccoccus aurease the first microorganisms to colonize and @lgunfect breaks in the
skin while Pseudomonas auroginosae specifically associated with wounds treated wiet
dressing (Lipsky 1999).

Urinary tract infections (UTIs) are another mostneoon infection in diabetic patients. These are
infections of any part of urinary system. They elassified into disease categories according to
the site of infections such as bacteriuria (urirggktitis (bladder) and pyelonephritis (kidney)

(Foxman 2003). The primary causative agents resplenfor more than 80% of all UTls are



strains of Escherichia coli(Sadleret al, 1989). Infections in diabetic patients can l¢ad
hyperglycemia and diabetic ketoacidosis (Kitabehal, 2009). Infections can also worsen the
glycemic control. In summary, poor glycemic contoolother factors associated with diabetes

mellitus can exacerbate the development of infastio diabetes patients.

1.4 Phytochemical in plants

Plants produce a wide variety of secondary metaslmany of which have been reported to be
of therapeutic value. In many cases, the prospéabtaining drugs from plants has been
demonstrated by some notable examples of imponparmaceuticals derived from plant
precursors. For instance, the antimalarial drugn@ei was derived from the quinoline alkaloid
of Cinchona spp the topical analgesic Capsaicin was derived feopmenylalkyl-amine alkaloid
of Capsicum sppRaskinet al, 2002). The rich chemical diversity in plants reso been
reported to be a promising source of antibactewahpounds (Bylkaet al, 2004; Smith et al.,
2007; Machadeet al, 2002), raising hopes of obtaining novel antio®that can aid the fight
against drug resistant infections. However, diffiénghytochemicals show various mechanisms
of action, such as, inhibiting specific pathogeimgreasing colonic water and electrolyte re
absorption (Ahmedet al, 2006). Lui (2003) reported that phytochemicalehs as tannins,
steroids, alkaloid and saponins have anti-inflanemyag¢ffect. Triterpenoids and steroids reported

to possess analgesic properties (Malairagal, 2006).

1.5 Freeradical scavenging and antioxidant property of medicinal plants.
Free radicals can be defined as an atom or grougtash containing one or more unpaired

electrons in its outermost atomic or molecular tatband is therefore unstable and highly



reactive (Miller and Rice Evans, 1997). A free cadlis another term applied to reactive oxygen
species that can be classified into five typesr fifuwhich are reactive oxygen species such as
superoxide ion (O), hydroxyl radical (OH), singtetygen, Hydrogen peroxide £§B,) while the

fifth one is the nitrogen reactive species. Antitaits are molecules which can easily interact
with free radicals and terminate the chain readbiponating one of their own electrons, before

vital molecules are damaged (Sa nchez-Moetral., 1998).

Choi et al (2002) reported that free radicals induce cella=idative damage to biomolecule
such lipids, protein and nucleic acids which magutein many diseases, including diabetes
mellitus, inflammation, atherosclerosis, anemiacicagenesis and AIDS. Hence, medicinal
plants with antioxidant and free radical properbuld have great importance as therapeutic
agents in treatment of several diseases relateokittative stress (Ramchouet al, 2009).
However, several synthetic antioxidant agents aponted to be toxic to animal and human
being such as butylated hydoxyltoluene (BHT) antylated hydroxylanisole (BHA) (Madhavi
and salunkhe 2005). This observation prompts masgarchers to search for more natural
antioxidants (Nagulendraet al, 2007). The reliable laboratory method used tavenge free
radical includes spectrophotometric method usin@-azino-bis (3-ethylbenzenthiazolidine-6-
sulphonic) acid radical (ABT$, hydrogen peroxide radical §6p), nitric oxide (NO) and 2, 2-

diphenyl-1-picrylhydrazyl radical (DPPH) with spespgthotometer (Chaet al, 2002).

1.6 Uses of medicinal plant in South Africa
In South Africa, medicinal plants are still an innfamt cultural heritage as a large number of
people now depend on herbal medicines for theittihezare needs, mostly because of their

easier accessibility and affordability (Manders88P Due to diverse cultural heritage, South



Africa has over 30,000 plant species of which at8000 species are currently used as herbal
medicine for treatment of various diseases (Van Wylal, 1997; Van Vuuren, 2008). The
literature sources detailing uses of plant mediegmé&outh Africa include: Watt and Breyer-
Brandwijk (1962), Hutching (1996), Van Wyk (199Dlajuyigbe and Afolayan (2012), Lawal
et al, (2014). This reliance on plant as a source afiomr@e for treatment of various diseases
justify scientific validation of their safety effiseeness, and proper dosage of the plant material

used (Masika and Afolayan, 2002).

1.7 Safety evaluation of medicinal plants

Medicinal plants have been used for centuries bglitional healers for treatment of various
diseasedhowever care needs to be taken regarding dosatieess treatments at higher doses
can be toxic. For example, several studied havevshibat intake of plant extracts in high
dosage could lead to various complications suclmjasy to the kidney, induce acute renal
failure and interfere with renal tubular functioBw(titi et al, 2000; ljeh and Agbo, 2006).
Therefore, there is a need to further investigatéers concentrations of ethnomedicinal
preparations accompanied with toxicology screerfifaylor et al, 2001; Fennelét al, 2004;

Coset al,, 2006).

1.8 The choice of Brachylaena dlliptica and Brachylaenailicifolia for this study

The choice oBrachylaena ellipticaand Brachylaena ilicifolia(Asteraceae) was based on four
criteria: Firstly, these plants have ethnopharnagiohl data indicating their traditional usage for
the treatment of diabetes mellitus. (Deutschlareteal., 2009). Secondly, in the history of

diabetes mellitus, there is no study in the Eas@ape of South Africa that deals with these



plants for the management of diabetes. Third andttiocriteria were based on the antidiabetes
and antibacterial activities and the availabilifytlee plant materials respectively. Based on these

criteriaBrachylaena ellipticaandBrachylaena ilicifoliawere then selected for this study.

Brachylaena elliptica Brachylaena ilicifolia

Figure 1: Medicinal plants used in this study

Brachylaena ellipticaThunb.) DC. belongs to the family Asteraceaes & shrub or small tree
up to 4m tall with a light grey to brown bark th@comes rough with age. It is distributed from
Port Elizabeth, Eastern Cape Province to DurbanaXyu-Natal. The leaves are lanceolate,
elliptic to ovate, dark green above and white teltelow (Figure 1). The species occurs in
bushveld on rocky outcrops and along the edge efgegen forest. Poles from this species are
used as fence posts; the sticks have been usedrtadire by friction. The leaves, which are
extremely bitter tasting, are used medicinally (Wapk and Van Wyk, 1997) and valued by the
Zulu and Xhosa for the management of diabetes.ififiasion of the leaves is used as a gargle

and mouthwash (Coates Palgrave, 1984).



Brachylaena ilicifolia(Lam.) Phill. & Schweick. belongs to the family Asaceae. It is a shrub
or small tree between 3 and 4 m in height with doelgrown bark. The leaves are frequently on
short lateral branches, small, narrowly oblong¢céantate to ovate, green above and covered with
whitish-green hairs below. The plant is distributesim Port Elizabeth Eastern Cape Province to
Durban, KwaZulu-Natal, in bush and scrub forestg§€les Palgrave, 1984).The leaves, which
are intensely bitter, are used by traditional hmsalend herbalists to treat various disease
including diabetes (Coastes Palgrave, 1984). Thusion and decoction of the leaves are used to
treat diarrhea (Olajuyigbe and Afolayan, 2012).

Despite the acclaimed folkloric use & elliptica and B. ilicifolia as an antidiabetic and
antibacterial agent, there is a lack of sciensfiedy to authenticate the claim. Hence, there is

need to validate these acclaimed use by traditioealers for the treatment of various diseases.

1.9 Statement of resear ch problem

The last two decades have witnessed a dramatimribe incidence of life threatening bacterial
infections.It is a major health problem with its frequencyrggsing every day in most countries.
Nowadays, a number of clinically efficacious artdiii are becoming less effective due to the
development of resistance. However, current meidicas not readily accessible to many rural

populations and many traditional plants have nenlszientifically validated.

1.10 Aim and objectives

1.10.1 Aim

* The ultimate aim is to contribute to our knowleddehese two plants in their medicinal

properties.

10



1.10.2 Specific objectives

» To investigate the antioxidant, antibacterial ahgttpchemical properties of these plants
against wound infecting bacterial in diabetic pattse

* To identify volatile bioactive compounds from tlkesential oil of these plants using
GC/MS

» To identify non volatile bioactive compounds fronese plants extracts using LC/MS
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CHAPTER 2

2.1 INTRODUCTION
Numerous human diseases are caused by oxidatess dtnat results from imbalance between
the production of reactive oxygen species and =idémt defenses (Hazmt al, 2008). Free
radicals such as hydrogen peroxide, hydroxyl, aitxide, superoxide anions, play a crucial role
in damaging different cellular macromolecules, unithg proteins along with lipid peroxidation
and DNA molecules. This damage may result in marsgases including atherosclerosis,

neurodegenerative diseases, carcinogenesis aretesabnellitus (Polterat, 1997).

Diabetes mellitus is a group of chronic metabolgedses in which there are high blood glucose
levels over a prolonged period. If left untreateligbetes can cause serious complications
including stroke, kidney failure and cardiovasculbsease (WHO, 2013). Apart from organ
complications, diabetic patients also suffer froarious infections, which include skin and
mucous membrane infection, respiratory tract indecturinary tract infection and diabetic foot
infections (Hoepelmaet al, 2003). Hence, patients with diabetes are at hgihfor infection-
related mortality (Bertonet al, 2001). It has been reported that poor manageuofediabetes
contributes to the pathogenesis of microbial infectn diabetic patients. When diabetic patients
develop ulcers, they become at greater risk of mamplication like infection and amputation.
Wound infection is caused by physical injuries tlesult in an opening or breaking of the skin.
Wounds break the continuity of the skin and alloacteria such aBseudomonas aerugingsa
Streptococcus pyogenasd Staphylococcus spjo gain access to the tissue and cause infection
(Houghtonet al, 2001). There are several bacteria which areoresple for wound infection.
One of such iPseudomonas aerugingseharacterized by the formation of a green pigment

which later a black lesion (Al-Akayeh, 1999). Toda007) reported the isolation Btherichia
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coli from surgical woundsStaphylococcus aureusas also been isolated from diabetic patients
with diabetic wounds and foot ulcers (Hirshal, 2008). Bacteria generally, possess the genetic
ability to acquire resistance towards many antibotFollowing the massive use of antibiotics in
human therapy, some antibiotics while effectiveyehbeen associated with adverse side effect
such as allergic reaction and immune-suppressidirmgtlet al, 1998). Due to these reasons
plant derived compounds or phytomedicine havingndotobial action are needed to be

introduced and evaluated through biological trials.

Many plants naturally contain a wide variety ofefradical scavenging molecules such as tannin,
anthocyanins, saponin, alkaloids, steroids, tegpdsn In most cases, the pharmacological
properties of medicinal plants are attributed testhphytochemicals. Some of these compounds
are radical scavenging compounds or antioxidantghivt et al. (2011) reported that plants are
very good source of antioxidants and also heléntteatment of various radical related diseases
including wound infections. Studies and identificatof bioactive compounds from plants have
become a major interest to scientists (Sktaal, 2008). Previous work (Dekket al, 2001)
reported that compounds such as diterpenoid foonthiropha zeyherishowed antibacterial
activity against Streptococcus pyogenes$n addition, some compounds such as 2-alpha
hydroxyurosolic acid,ursolic acid and butulinic cacsolated inCurtisia dentatealso possessed
antimicrobial properties (Shaetal, 2008). This study aimed at evaluating antioxidand
phytochemical properties d@drachylaena ellipticaand Brachylaena ilicifolialeaves and their

effect on bacteria which infect wounds of diabgttients.
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2.2MATERIALSAND METHODS

2.2.1 Microorganisms used

Pseudomonas aerugino$ATCC 27853),Staphylococcus aurey&TCC 2593),Streptococcus
pyogengLaboratory strain)Proteus vulgarigKZN) and Proteus mirabilistATCC 7002) were
obtained from the Medicinal Plants and Economic édayment (MPED) Research Centre,
Department of Botany, University of Fort Hare, SoAfrica. These bacteria strains were chosen
for their pathological effects on wounds in diabgtatients. The following antibiotic drugs were

used as control: amoxicillin and ciprofloxacin.

2.2.2 Collection of plant materials and preparation of extracts

The leaves oB. elliptica were collected from a thick forest in Amathole D in Eastern
Cape, whileB. ilicifolia leaves were collected from Grahamstown also irEths&tern Cape. The
plants were identified by their vernacular named kter authenticated at the Albany Museum
Grahamstown. The leaves of each plant were ovesddi® constant weight at 4D and
pulverized to a homogeneous powder using an eteblender (Waring Products Division,
Torrngton, USA). Approximately 60 g of the powderplants were extracted separately in
distilled water and ethanol on a shaker for 24dctEextract was filtered using a Buchner funnel
and Whatman No. 1 filter paper. The water extraas Wozen at -4 and dried for 48 h using a
freeze dryer to give a yield of 9 g and 8.1 g Borelliptica andB. ilicifolia respectively. The
ethanol extract was concentrated to dryness unetiuced pressure at 4D using a rotary

evaporator to give a yield of 11.6 g and 12.7 gHoellipticaandB. ilicifolia respectively. The
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resulting extracts were then reconstituted in thespective solvents to give the desired

concentrations used in the study.

Phytochemical analysis

2.2.3 Deter mination of tannin content

The tannin content was determined according tortbthod described by Wintola and Afolayan
(2011) with some modifications. Twenty millilite2@ ml) of 50% methanol prepared in distilled
water was added to 0.2 g of plant sample and cdv@iee mixture was shaken vigorously on the
shaker placed in a water bath af@7or 1 h to ensure uniform mixing. Extract wasefied into
100 ml volumetric flask. Twenty milliliter (20 mbf distilled water containing 2.5 ml of Folin-
Denis reagent and 10 ml of 17% J9€); were added to the filtrate and properly mixed tbhge
The bluish-green colour developed at the end ofehetion mixture, and was unique at various
concentrations ranges from 0 to 10 ppm. The abscgbaf the tannic acid standard solution was
measured after colour development at 760 nm usMg/LE spectrophotometer (AJ-C03). Total
tannins content was expressed as tannin standarvaemts (mg/g) using the following
equation from the calibration curve: Y = 0.0593x0-0485, B= 0.9826, where Y is the

absorbance and X is the tannic acid equivalentgng/

2.2.4 Deter mination of phenol content
The total phenolics content was determined speotimmetrically with Folin Ciocalteau’s
phenol reagent using the method described by O#trgg. (2012) with some modifications.

About 0.5 ml of the extract solution was mixed wiitb ml of 10% Folin-Ciocalteu reagent

22



(previously diluted with water 1:10 v/v) and 4 nil5(% wi/v) of sodium carbonate. The tubes
were vortexed for 15 s and allow to stand for 30 rai 40C for colour development. The
absorbance was then measured spectrophotometrically 765 nm using UV-VIS
spectrophotometer (AJ-C03). Total phenolic conteas then expressed as mg/g tannic acid
equivalent using the following equation based oe dalibration curve: Y= 0.1216x,*R=

0.9365, where y was the absorbance x was the ctvatien

2.2.5 Deter mination of flavanoids content

Determination of flavonoid content was determinsthg the method described by Adedagto

al (2008). A volume of 0.5 ml of 2% Alglethanol solution was mixed with 0.5 ml of extract
solution. After 1 h of incubation at room temperaiithe absorbance was measured at 420 nm
using UV-VIS spectrophotometer (AJ-C03). A yellowlaur indicated the presence of
flavonoids. Extract samples were evaluated ata iancentration of 0.1 mg/ml. Total flavanoid
contents were calculated as mg/g of quercetin edgrivs using the following calibration curve:

Y =0.0255, B = 0.9812, where y was the absorbance x was theeatration.

2.2.6 Deter mination of flavanols content

Total flavonols content was determined accordingh® method described by Wintola and
Afolayan (2011). The reacting mixture consisted2dd ml of the sample, 2.0 ml of AICI
prepared in ethanol and 3.0 ml of (50 g/L) sodiwstate solution. The absorption at 440 nm
was read after 2.5 h at Z0 Total flavonols content was calculated as mg/gjercetin
quercetin equivalents using the following calibwaticurve: Y =0.0255, R= 0.9812, where y

was the absorbance x was the concentration.
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2.2.7 Deter mination of proanthocyanidins content

Total proanthocyanidins was determined by adoptimegmethod described by Oyedeetial
(2010). 0.5 ml of 1 mg/ml extract solution was nax&ith 3 ml of vanillin-methanol (4% v/v),
and 1.5 ml of hydrochloric acid was added and es@tl. The mixture was left to stand for 15
min at room temperature. The absorbance was themasured at 500 nm. Total
proanthocyanidins content was calculated as mgkatefchin equivalents equivalents using the
following calibration curve: Y = 0.5825x,°R= 0.9277, where y was the absorbance x was the

concentration.

2.2.8 Estimation of alkaloids content

The alkaloids content in plant extracts was quatiiély determined following the method
described by Otangt al (2012). Five grams (5g) of powdered plant extwaas added into 200
ml of 10% acetic acid prepared in ethanol and albwo stand for 4 h. The filtrate was collected
and the extract was concentrated using water bah5°€ to 1/4" of its original volume.
Concentration ammonium hydroxide was added drop wito the extract until precipitation was
complete. The precipitate collected was washed diitite ammonium hydroxide solution and
then filtered. The residue which is the crude akhlwas weighed and calculated using the
following equation:

% Alkalods = Weight of rdgex 100%

Wylet of sample
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2.2.9 Estimation of saponins content

Estimation of saponin content in the plant extraets determined according to the method
described by Omorut al. (2012) with some modifications. Ten gram (10gjhef plant sample
was added to 200 ml of 20% ethanol prepared inlldstvater and kept in a shaker for 30 min.
The plant sample was heated over a water bath’@tf65 4 h. The resulting mixture was filtered
and the residue was re-extracted again with 200fr20% aqueous ethanol. The mixture was
reduced to 40 ml over water bath at’®©0 The concentrate was transferred into 250 ml
separatory funnel, extracted twice with 20 ml dye#tther. The Ether layer was discarded while
purification process was repeated. Sixty millili(60 ml) of n-butanol was added and the extract
was washed twice with 10 ml of 5% aqueous sodiuforicle. The remaining solution was
heated over a water bath and evaporated to dryoesgonstant at 4C. The saponins content
was calculated using the following equation:

% Saponins contents = Weight ofdesk 100%

Weight of sample

Antioxidant assays

2.2.10 DPPH radical scavenging assay

DPPH radical scavenging activity of the plant estisavas determined according to the method
described by Wintola and Afolayan (2012) with somedifications. One milliliter (1 ml) of
0.135 mM DPPH in methanol was prepared and mixéa WD ml of various concentrations (0.2
— 1.0 mg/ml) of the plant extracts, vitamin C or BHBoth vitamin C and BHT were used as the
standards. The reaction mixture was vortexed thgitlyu and left in the dark at room

temperature for 30 min. The absorbance of the mexivas measured spectrophotometrically at
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517 nm. The ability of the plant extract to scawer@PPH radical was calculated by the
equation: DPPH radical scavenging activity = {(Admntrol — Abs sample)}/ (Abs control} x
100 where Abs control was the absorbance of DPRitak+ methanol; Abs sample was the

absorbance of DPPH radical + sample extract odsatas (Vitamin C and BHT)

2.2.11 Reducing power assay

The reducing power of the plant extracts was detexdhaccording to the method described by
Aiyegoro and Okoh (2010). A volume of 1.0 ml of tegtract prepared in distilled water or
BHT, Vitamin C (0.2 - 1.0 mg/ml) were mixed indiuvdlly with 2.5 ml of phosphate buffer
(0.2M, pH 6.6) and 2.5 ml of potassium ferricyan{d&ow/v). The resulting mixture was shaken
well and incubated at 80 for 20 min. After incubation, 2.5 ml of trichlaoetic acid (TCA) (10

% wi/v) was added to stop the reaction and therribggeed at 3000 rpm for 10 min. The upper
layer of the solution (2.5 ml), 2.5 ml of distdlewater and 0.5 ml of ferrous chloride
(FeCk)(0.1%, w/v) were mixed and incubated for 10 mim &me absorbance was measured at

700 nm on spectrophotometer.

2.2.12 ABT Sradical scavenging assay

The method described by Adedapgbal (2008) was adopted for the determination of ABTS
activity of the plant extract. The radical was @eggl by mixing two stock solutions of 7 mM
ABTS and 2.4 mM potassium persulphate in the satie and allowing the solution to react for
12 h at room temperature in the dark. The resuliplgtion was further diluted by mixing 1 mi
of ABTS" solution with 60 ml of methanol to obtain an albsmce of 0.706 + 0.001 units.

Various concentrations (0.2- 1.0 mg/ml) of the plantracts and the standards (BHT and
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vitamin C) was allowed to react with the ABTS radim the dark for 7 min and the absorbance
were then measured at 734 nm. The percentage tiohibdf ABTS by the extract was
calculated and compared with that of BHT and vitad@iusing the following equation: ABTS
scavenging activity = {(Abs control — Abs sample(pbs control} x 100 where Abs control was
the absorbance of ABTS radical + methanol; Abs sam@s the absorbance of ABTS radical +

sample extract or standards (Vitamin C and BHT)

2.2.13 Nitric oxide scavenging activity

Nitric oxide scavenging activity was determinedadmg to the method described by Oyedemi
et al (2010). Sodium nitroprusside (2 ml, 10 Mm) preplare0.5 ml phosphate buffer saline (pH
7.4) was mixed with 0.5 ml of plant extracts, vitar® and BHT at various concentrations (0.2-
1.0 mg/ml). The mixture was incubated at’@5for 150 min. After incubation, 0.5 ml of
incubation solution was withdrawn and mixed with tl of Griess reagent containing 1.0 ml of
0.33% sulfanilic acid reagent prepared in 20% glaacetic acid at room temperature for 5 min
with 1 ml of naphthylethylenediamine dichloride 1% w/v). The mixture was then further
incubated for 30 min at room temperature. The dzsuare was then measured at 540 nm. The
amount of nitric oxide radical inhibited by the mdt was calculated using the following
equation: NO radical scavenging activity = {(Absnttol — Abs sample)}/ (Abs control } x 100
where Abs control was the absorbance of NO radicamnethanol; Abs sample was the

absorbance of NO radical + sample extract or staisd¥/itamin C and BHT)

2.2.14 Hydrogen peroxideradical scavenging assay
Hydrogen peroxide scavenging activity of the plaewgract was determined using the method

described by Oyedendt al (2010). Plant extract (4 ml) prepared in distiliwdter at different
27



concentrations (0.2-1.0 mg/ml) was mixed with 0.6ah4 mM Hydrogen peroxide (#D-)
solution prepared in phosphate buffer (0.1 M, pH) 7and incubated for 10 min. After
incubation, the absorbance of the solution was theasured at 230 nm against a blank solution
containing the plant extract without Hydrogen pédex The amount of hydrogen peroxide
radical inhibited by the extract was calculatedngsthe following equation: ¥D, radical
scavenging activity = {(Abs control — Abs sample(pbs control} x 100 where Abs control was
the absorbance of B, radical + methanol; Abs sample was the absorbah¢&O, radical +

sample extract or standard (Vitamin C and BHT).

Antibacterial assay

2.2.15 Preparation of inocula

The inoculums of the test micro-organism were edrout using the colony suspension method
described by EUCAST (2003). The bacteria strairgs ianlates were cultured in nutrient agar
overnight at 37C. Identical colonies from the culture were suspehih sterile saline. The
suspension was adjusted following the McFarlandidyr of 0.1 at 600nm to achieve 5 X10

colony forming units per/ml (Olajuyigbe and Afolay®012).

2.2.16 Bioassay
Five bacteria strains (two Gram positive and tiee@m negative) each of which was maintained
in nutrient agar plate and recovered for testingytmywth in nutrient broth for 24 hours. Before

streaking, each culture was diluted 1:100 withHrsterile nutrient broth.
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2.2.17 Minimum Inhibitory Concentration (M1C)

The antibacterial activity of the plant extract weletermined according to the method described
by Olajuyigbe and Afolayan, (2012) with some maghfions. Agar (Biolab) was prepared
according to manufacturer’s instructions and placedvater bath at 5€. The extract stock
solution (100 mg/ml) was filtered and incorporatedhe molten agar. Different concentrations
of the extracts were prepared to final concentnatim the range of 5- 0.3 mg/ml. A volume of
one milliliter (1 ml) from each dilution of the e&att was mixed with 19 ml of molten sensitivity
test agar at 5C and poured into sterile petri dishes allowing dlgar to cool. Plates containing
only nutrient agar and another set containing entragar and the solvent of extraction were
served as negative control while plates contair@ngpxicillin and ciprofloxacin were used as
standard drugs (positive control). The surfacehef agar was left to dry before streaking with
standardized overnight broth cultures of the testtdria. Plates were incubated af@G7or 24
hours under aerobic conditions. Each test was dongiplicate. The minimum inhibitory
concentration was defined as the lowest conceotratf the extract or standard that completely

inhibited the visible growth of the organism.

2.2.18 Statistical analysis

All experiments were done in triplicates and, whegplicable, the data were statistically
analyzed using one way analysis of variance (ANOWAY the difference between samples
were determined by Duncan’s Multiple Range teshgigshe Minitab program (version 12 for

Windows). Values were considered significant alOFD5s.
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2.3 RESULTSAND DISCUSSION

2.3.1 Phytochemical analysis

Phytochemical analysis of th®. elliptica and B. ilicifolia extract revealed the presence of
tannins, phenols, flavanols, flavanoids, proanthoayins, alkaloids and saponins in aqueous
and ethanol extracts (Figure 2 and 3). Most plantsused for the treatment of diseases because
of the presence of these phytochemicals which Heeen reported to possess high medicinal
value. In this study high content of tannins wasesbed in aqueous (105 mg/g tannic acid
equivalent) and ethanol extracts (211 mg/g taneid aquivalent) ofB. ilicifolia leaf when
compared with that dB. elliptica Tannin has been reported for antibacterial agtisieatment

of cancer and inhibition of lipid oxidation (Yokoza et al, 1993; Dharmananda, 2003). The
presence of this compound in the aqueous and dtkeatract of both plants could play a vital
role in antioxidant and antibacterial propertiesated in this study. Nevertheless, these results
show similar trends found by Omorugt al. (2012) for the total tannin content using aqueous

and ethanol extract @&. edulisthough the results obtained in this study was highe

The total phenol content of aqueous (99 mg/g taanid equivalent) and ethanol leaf extracts
(98.6 mg/g tannic acid equivalent) Bf ilicifolia was significantly higher (P < 0.05) than that of
B. elliptica (Figure 2 and 3). Phenolic compounds are impontderit components reported to
possess antioxidant, antibacterial and numerodsdical activities (Omalet al, 2010). These
compounds have been indicated in several studibs &ffective in scavenging free radicals due

to their redox properties that allow them to acaaeducing agent (Zherg al, 2001). The high
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content of phenol in the aqueous and ethanol be@hes ofB. ilicifolia, may be a contributing

factor toward its antioxidant activity.

The flavanoid content showed no significant défeces (P > 0.05) in the aqueous and ethanol
extracts ofB. elliptica and B. ilcifolia leaf (Figure 2 and 3)However, flavanoids are very
important bioactive polyphenols that are widelytmlmited in the plant kingdom and play a
crucial role in photosynthesizing cells (Fernandetal, 2006). Flavanoids have been reported
to possess a wide range of biological activitieduding anti-inflammatory, antibacterial and
analgesic (Fergusion, 2001). Research undertakedtémyget al. (2012) showed similar results
with no significant difference for the flavanoidrntent between the leaf and stem bark acetone
extracts ofG. bicolor andP. viridiflorum respectively. Their findings were in agreementhwit

current study.

Flavanols were present in the aqueous and etleatraict ofB. ilicifolia andB. elliptica (Figure

2 and 3). The highest content of flavanols was meskin the aqueous (20 mg/g quercetin
equivalent) and ethanol (48.8 mg/g quercetin edeinta extracts ofB. ilicifolia leaf when
compared with that oB .elliptica Flavanols are phytochemical compounds found wgh hi
concentrations in variety of plants. They have begrorted to have the ability to scavenge free
radicals (Williamson and Manach, 2005). The restdtsethanol extract oB. ilicifolia show
similar trends found by Wintola and Afolayan, (2D¥2r the total flavanol contents using

ethanol extracts, though the results obtainedigndtudy was higher.

Proanthocyanidins, were one of the groups of plngogcals that were found to be in high
guantity compared to other phytochemicals invetgain this study. The maximum

proanthocyanidins content was noted in both aquaadsethanol extracts &. ellipticaandB.
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ilicifolia (Figure 2 and 3). However, levels of proanthocgars one found to be significantly
higher in the aqueous (219 mg/g catechin equivabent ethanol (417 mg/g catechin equivalent)
extracts ofB. ilicifolia when compared with that &. elliptica Proanthocyanidins are group of
polyphenolics bioflavanoids which play a vital rote eliminating hydroxyl radicals (Patakt
al., 2002). Beninger and Hosfield (2003) reported graanthocyanidins have high antioxidant
activity usually greater than ascorbic acid andopberol. These results concurred with the
finding of Omoruyiet al. (2012) who reported high content of proanthocyiasidh the aqueous

and acetone extract @f edulis,but lesser than what was reported in this study.

The highest content of alkaloid was observed in d@geeous extract oB. elliptica when
compared with that dB. ilicifolia (Figure 2 and 3). However, the ethanol extradB oilicifolia
was also showed significantly higher than thaBoélliptica These results corroborated with the
findings of Omoruyiet al. (2012) who reported the aqueous extracCokdulisexhibited the
highest concentration of alkaloids compared to ofisdvents. Alkaloid is one of the bio-active
components in plants with potential to protect@bainst foreign invading agents due to its
toxic nature. This nature is accountable for thelioieal values of various plants used for the
management of anti-malaria, analgesic and badfaticctivities (Neumanet al, 2004). The
presence of alkaloids in the aqueous and ethaabeldracts oB. ellipticaandB. ilicifolia may

partially justify their ethnomedicinal use for tte®ent of various diseases.

The estimation of saponin content in the aqueous ethanol extract oB. elliptica was
significantly higher (P < 0.05) than that Bf ilicifolia leaf (Figure 2 and 3). The presence of
saponin inB. ellipticaandB. ilicifolia aqueous and ethanol leaf extracts in this studyradicts
the observations of Rajamuruganal. (2013) who reported that saponin were absekiciipta

alba andAlternanthera sessilisTheir observation may be due to the methods tetton and
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many other factors such as geographical distributib the plants and environmental factors.
Saponins are one of the largest secondary metebolithey serve as a potential source of
antibacterial and anticancer agents. The preseinsaponin in the extracts of both plants could

support antibacterial activity observed in thisdgtu

Saponin
Alkaloid
Proanthocyanidin

Flavanol

m B. ilicifolia
Flavanoid m B .elliptica
Phenol
Tannic
CI) 1I00 2IOO 3I’00

Phytochemical content (mg/g)

Figure 2: Phytochemical constituents identifiedtle aqueous extract @. elliptica and B.

ilicifolia. Each value represents mean + S.D (n=3)
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Figure 3: Phytochemical constituents identifiedtive ethanol extract oB. elliptica and B.

ilicifolia. Each value represents mean + S.D (n=3).

2.3.2 Antioxidant activity

2.3.3 DPPH radical scavenging activity

DPPH radical is commonly used as a model to ingasti the scavenging ability of various
natural compounds such as tannins, phenolics aecextract of plants (Veerapat al, 2009).
This method is based on the reduction of the meth&PPH solution in the presence of
hydrogen donating antioxidant due to formationhaf hon radical form DPPH-H. The results of
DPPH radical scavenging activity of the aqueousaexif both plants and reference compounds
(Vitamin C and BHT) are presented in figure 4. Tasults of the aqueous extracts showed that
B. elliptica have a higher scavenger activity than thaBaficifolia at all concentrations. At 0.2
mg/ml B. elliptica (87.16% =+ 0.97) showed stronger inhibitory activityremoving the DPPH
radical from the reaction system thBnilicifolia (81.02% = 1.94). Nevertheless, none of the
extract evaluated here showed an activity that agagotent as that of vitamin C and BHT used
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as reference compounds in this study. It was disemwed thaB. elliptica, B. ilicifolia, vitamin

C and BHT had DPPH scavenging activity withyd@alues of 0.61, 0.61, 0.52 and 0.56 mg/ml
respectively. Scavenging of DPPH radical in thigdgtshowed the effectiveness of both plants
in donating a hydrogen proton to the lone pair tebecof the radical. This could be suggested
that both plants contain compounds capable of dugatrotons to the free radicals. This method
has confirmed the efficacy of both plant extractsiconcentration dependent manner (Mondal

et al, 2005).

Figure 5 illustrates the DPPH radical scavengirtyigg of the ethanol extract d@. elliptica and

B. ilicifolia compared with vitamin C and BHT. The DPPH radiseshvenging activity oB.
elliptica was significantly higher (P<0.05) than thaBofilicifolia within the concentration range
of 0.4 to 1.0 mg/ml (Figure 5). The result alsowhd that both plant extracts and the standards
(Vitamin C and BHT) acted in a concentration demgmidmanner. However, comparable
scavenging activities of the ethanol extract ohlyolants were observed with those of reference
compounds (Vitamin C and BHT).Thed{values ofB. elliptica B. ilicifolia and that of vitamin

C and BHT were 0.57, 0.59, 0.53 and 0.60 mg/ml eetsgely. This result has proven the
antioxidant effectiveness of both plants extractisaidose dependent mann&herefore, the
results obtained from aqueous and ethanol extddss elliptica andB. ilicifolia may partially
justify the folkloric use of these plants as a ptitd source of natural antioxidant agent against

radical related diseases.
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2.3.4 Reducing power

The reducing ability of the aqueous extracts of It of B. elliptica and B. ilicifolia were
estimated from their ability to reduce *feo Fé'This wasdetected by a change from the
yellowish color of the test solution to differerttagles of green and blue depending on the
concentration of plant extracts. The dose-respaunsees for the reducing powers of aqueous
extract compared with standards are shown in figurEhe results showed th&at elliptica has a
stronger reducing potential at all tested concéntra compared t®. ilicifolia. The result also
showed that both plant extracts and the referencgpounds (vitamin C and BHT) had dose
dependent activity. In addition, it was also obedrthat reducing ability dB. elliptica andB.
ilicifolia aqueous leaf extracts was significantly greaten tihat of vitamin C but the scavenging
effect was lesser than that of BHT (97.80% + 0.02k 1G, of B.elliptica, B. ilicifolia, vitamin

C and BHT were 0.67, 0.60, 0.75 and 0.62 mg/ml getsgely. The reducing ability of a
compound usually relies on the presence of redtetahich show antioxidative potential by
breaking the free radical chain and donating adgein atom. The observed reducing capacity of
both plant extracts might be due to the presencpobfphenolic compounds such as tannin,
flavanoid, phenol and flavanol (Ebrahimzadethal, 2010; Yanget al,2001). These results
corroborated previous work which reported that o&uy power of plant extracts correlated with
the phenolic content (Park and Jhon, 2010; Haslesal.2010). Therefore, This result may
partially support the folkloric use of these plaats a natural antioxidant for the treatment of

oxidative stress caused diseases.
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In this study, it was observed that ethanol ext#cB. elliptica showed a stronger reducing
ability than that oB. ilicifolia at all tested concentrations (Figure 7). The teslab showed that
that the activity both plant extracts and standardreference compounds decreased with
increasing concentration (Figure 7). The reducibigjty of both plant extract was significantly
higher than that of the reference compounds (vitagiand BHT) used in this study. Thes§C
values ofB. elliptica B. ilicifolia, vitamin C and BHT were 0.57, 0.59, 0.53 and &§ml
respectively. These results showed that extractsotd plants had a good reducing potential
when compared with the standards. Similar obsemwatiere made in the finding of Otargal.
(2012) who reported the reducing powerRof viridiflorum (bark) andG. bicolor (leaf) were
greater than vitamin C. Therefore, it could be iirdd from this study thaB. elliptica andB.
ilicifolia aqueous and ethanol leaf extracts could servesasirae of natural antioxidant against

pathological disease related to free radical.
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Figure 6: Reducing power activity of the aqueousast of B. elliptica andB. ilicifolia. Each

value represents mean + S.D (n=3).

S
o
5 »
S m B. elliptica
§ mB. ilicifolia
3 mVit C
x

mBHT

0.2 0.4 0.6 0.8 1
Concentration (mg/ml)

Figure 7: Reducing power activity of the ethanofrast of B. elliptica andB. ilicifolia. Each

value represents mean = S.D (n=3).

39



2.3.5ABTSradical scavenging activity

ABTS is a compound used to measure antioxidantngiateof medicinal plants based on the
decolorization of blue chromophore of ABTS radifatmed by the reaction of ABTS and
sodium persulphate. The scavenging activity of ABF®. elliptica andB. ilicifolia aqueous
leaf extracts was found to be extremely high (Feg8). At a concentration of 0.6 mg/ni,
elliptica (97.27% + 0.09) an®. ilicifolia (97.05 = 0.02) showed a similar strong activityt ki
was significantly different (P <0.05) when compavéth that of vitamin C (99.87% + 0.01) and
BHT (99.95 + 0.01). The results also show that ABTS radical scavenging activity of both
plants and that of standards act in a concentratependent manner. ThesiCvalues ofB.
elliptica, B. ilicifolia, vitamin C and BHT were 0.61, 0.58, 0.59, 0.57 migfespectively.
However, the capability of the plants extract tav@nge DPPH radical also reflects its ability to
scavenge ABTS These results corroborated with the finding ohisa and Afolayan, (2011)
who reported that compounds with higher amounisotdr solvents have the ability to scavenge
both ABTS and DPPH radicals as compared with nolarpsolvent (Bushreet al, 2009)
Therefore, it could be deduce from this study tiquieous leaf extracts of both plants may be

useful therapeutic agents for treating radicalteslaliseases.

The results from this assay showed that ethanadlaetst of both plants are very efficient
scavenger of ABTS radicals. There was no significiiferences between the scavenging ability
of extract ofB. ellipticaandB. ilicifolia but the scavenging effect was lesser than theemde
compounds used in this study (Figure 9). The resalso showed concentration dependent
decrease in ABTS radical scavenging activity. TGg halues ofB. elliptica (0.55 mg/ml),B.
ilicifolia (0.34 mg/ml) showed a comparative activity withamin C (0.54 mg/ml) and BHT

(0.61 mg/ml) which is a derivative of phenolic caopds. Some factors like solubility of the
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extract or stereoselectivity of the radicals irfafiént testing system have been reported to affect

the capability of the extracts to quench or reaith different radical system (Yudt al, 2002).

Wang et al. (1998) found that some compound which inhibitedTABradical did not show

DPPH scavenging property. In this study the aquemds ethanol leaf extracts of both plants

depicted strong scavenging activities against badlicals (ABTS and DPPH) in different system

indicating that they may be useful therapeutic adgentreating pathological disease emanating

from oxidative stress.
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Figure 8: ABTS radical scavenging activity of thipaous extract dB. elliptica andB. ilicifolia .
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2.3.6 Nitric oxide radical scavenging activity

Nitric oxide has been involved in inflammation goathogenesis of different human ailments,
for example cardiovascular disease and cancer r{di Forstemann, 2000). In this study, the
aqueous extract @. ilicifolia significantly scavenged NO production from sodiuitnoprusside
when compared d. ellipticaat all tested concentrations (Figure 10). The efdraf both plants
and standards (vitamin C and BHT) showed a conagoitr dependent decrease in NO radical
scavenging activity. At 0.6 mg/ml vitamin C (85.0824.05) andB. ilicifolia (78.60 = 0.03)
show strong inhibitory activity when compared wittat of B. elliptica (66.81% + 0.21) and
BHT (75.39% =+ 0.04). The I§ values forB. elliptica (0.58 mg/ml),B. ilicifolia (0.34 mg/ml)

also show comparative activity with vitamin C (0.6&/ml) and BHT (0.55 mg/ml). In this
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study, the results showed that both plants exirdabit formation of nitric oxide by directly

competing with oxygen during its reaction with imtoxide.

In this study, the ethanol extract Bf elliptica showed a concentration dependent decrease in
nitric oxide scavenging activity that reached aimum at a concentration of 0.2 mg/ml and
increased thereafter (Figure 11). At a concentnatin0.4 mg/ml,B. ilicifolia (84.81% = 0.07)
showed a strong inhibitory NO radical scavengingviag when compared witB. elliptica
(80.45% = 0.03), vitamin C (83.66% + 0.02) and Bt8R.06% + 0.07). In addition, it was also
observed that the gvalues oB. elliptica B. ilicifolia and the reference compounds (vitamin C
and BHT) were 0.50, 0.66, 0.59 and 0.70 mg/ml retbpedy. These results corroborated with the
findings of Otanget al. (2012) but contradict the report of Omoreyial (2012). Therefore, NO
(nitric oxide) radical scavenging ability of aqueoand ethanol extracts of these plants may
possibly assist to stop the chain reactions inttthay excessive production of nitric oxide and

play a role in preventing pathological diseasesrgg&om oxidative stress.
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2.3.7 Hydrogen peroxide radical scavenging activity

Hydrogen peroxide is an important reactive oxygeecges due to its strong ability to penetrate
biological molecules. It is formed as a result oparoxide radical production by the action of
superoxide dismutase and which is later converebdydroxyl radical (OH) by the action of
glutathione and catalase in the presence of coppéron. Among the oxygen radicals, the
hydroxyl radical (OH) is the most reactive radicapable of damaging macromolecules such as
carbohydrates, proteins and lipids in the bioldggystem (Sakanaket al, 2005). Therefore,
eradication of this radical in order to defend thedy system from invading agent is very
important. In this study, it was also observed thia@ aqueous extract dB. ilicifolia
demonstrated a significant hydrogen peroxide sagafeactivity when compared with that of the
B. elliptica aqueous leaf extracts at all the tested concemtiatiFigure 12). The results also
showed a concentration dependent decrease in hamrpgroxide scavenging activity that
reached a minimum at a concentration of 0.2 mgithe aqueous extract of both plants and
reference compounds recorded high inhibitory atbdigiover a range of concentrations tested.
The 1Go values of 0.61, 0.57, 0.64 and 0.63 mg/ml werended forB. elliptica B. ilicifolia,

vitamin C and BHT respectively.

The scavenging potential of ethanol leaf extrat®®.ellipticaandB. ilicifolia against hydrogen
peroxide are presented in figure 13 using vitamen@ BHT as reference compounds. The result
showed that the extract &. elliptica had a strong potential to eradicate hydrogen peeox
scavenging activity as compared wRhilicifolia at all tested concentration, kBt elliptica and

B. ilicifolia showed a dose reduction in hydrogen peroxide sgmwg activity which was lower

than the reference compounds (vitamin C and BHThe IG; values ofB. ilicifolia (0.57
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mg/ml) significantly high (P < 0.05) when compareith B. elliptica (0.60 mg/ml), BHT (0.63

mg/ml) and vitamin C (0.64 mg/ml). The ability othanol extracts to scavenge hydrogen

peroxide radical has been reported by Wintola afaafan (2011). These results showed that

aqueous and ethanol leaf extractsBofelliptica and B. ilicifolia have the ability to scavenge

harmful hydrogen peroxide radical.
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Figure 12: HO, radical scavenging activity of the agueous extoh&. ellipticaandB. ilicifolia.

Each value represent mean + S.D (n=3).
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2.3.8 Antibacterial assay

The results of the effect of aqueous and ethantohets ofB. ellipticaandB. ilicifolia tested on

5 bacterial strains associated with diabetic indectising serial dilution of 5 to 0.3 mg/ml are
shown in Table 1. The aqueous extract8oflicifolia was found to be inactive in all tested 5
bacterial strains buB. elliptica showed moderate antibacterial activity agaidseudomonas
aeruginosawith MIC value of 5 mg/ml but not effective againStaphylococcus aureus
Streptococcus pyrogeneBroteus vulgarisand Proteus mirabilis.Similar observations were

made in the finding of Kudurat al. (2006) who reported no inhibitory effect of a wasatract
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of the fruit and leaf ofS. aculeastrunon Staphylococcus aureuStreptococcus pyogenasd

Pseudomonas aeruginosaing agar dilution methods.

The ethanol extract d. elliptica and B. ilicifolia showed strong antibacterial activity against
Pseudomonas aeruginosend Streptococcus pyrogenegth MIC values of 2.5 and 2.5 mg/ml
respectively. The results also show that both planthibited effective antibacterial activity
againstProteus mirabiliswith MIC values of 5 mg/ml. The ethanol extractsBo elliptica was
found to be inactive irStaphylococcus aureusut activity was found when tested wibh
ilicifolia with MIC value of 5 mg/ml. There was no signifitamtibacterial activity against
Proteus vulgarisvhen tested with the ethanol extractBofilicifolia but activity was present in
B. elliptica with MIC value of 5 mg/ml. It has been reporte@ttiGram-negative bacteria are
more resistant to anti-microbial agents than Grasitive bacteria due to the possession of
multilayered structure of Gram-negative which ao¢ found in Gram-positive bacteria. These
results show that growth of two out of three graegative bacteria used in this study were
inhibited by the ethanol extracts of both plantbe Tindings onP. aeruginosaand Proteus
vulgaris corroborated with the report of Uma and Parvattthud, (2010) on hexane extract of
sea urchin,Temnopleurus alexandriThis result onStaphylococcus aureuoncurred with the
finding of Adedapcet al.(2008) who reported the antibacterial propertiesmethanol extracts of
the leaves and stem Ghlpurina aureabut contradicts the MIC value obtained $imeptococcus
pyogenes The observed antibacterial activities Bf elliptica and B. ilicifolia against some
bacteria associated with wounds in diabetic patoentid be due to the presence of bio-active
compounds. Flavonoids, tannin, alkaloid and polygihe compounds have been reported to
possess antibacterial properties and this couldebponsible for this observation (Oyedeszhi

al., 2010). These results suggest that the ethandas ofB. elliptica andB. ilicifolia leaves
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can be an effective herbal remedy for treatmenva@find infection caused by these bacteria in

diabetic patients

Table 1: Minimum inhibitory concentration (mg/mlj B. ellipticaandB. ilicifolia aqueous and

ethanol leaf extracts

Agqueous Ethanol
Bacteric Gran (+/-)  B.elliptica  B.ilicifolia  B. elliptice  B. ilicifolia ~ Amoxi® Ciprc®
Staphylococcu + ne ne 5 5 0.€ 0.2
aureus
Streptococcu + ne ne 2.t 2.t 0.€ 0.2
pyrogenes
Proteus vulgari - ne ne 5 ne 0.€ 0.2
Pseudomona - ne 5 2.k 2.5 0.€ 0.2
aeruginosa
Proteusmirabilis - ne ne 5 5 0.€ 0.2

na = not active?Amoxicilin; "Ciprofloxacin

2.4 CONCLUSION

From the results of this study it could be conctutleat agueous and ethanol leaf extractB.of
elliptica and B. ilicifolia contain bioactive components and found to havengtrantioxidant
activities. The antibacterial properties of aqueofishoth plants are not as effective as the

ethanol leaf extracts.
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CHAPTER 3

3.1 INTRODUCTION

Extracts and essential oils obtained from many tpldrave recently gained popularity and
scientific interest. Essential oils have been usedlifferent purposes, such as food, drugs and
perfumery from ancient times (Ates and ErdogruD30 They are natural product obtained from
plants through various extraction methods such asromave assisted distillation,
hydrodistillation, steam distillation and organmh&nt extraction. Nevertheless, the properties
of the essential oils extracted through these nusthh@ave been found to vary depending on the
method. It has been reported that essential oilplafit origin exhibit a broad spectrum of
biological activities. Jeongt al. (2009) reported tha€Cymbopogon citrate¢DC) Stapf is a
source of essential oil widely used as a compowoérgthnopharmaceuticals in tropical and
subtropical countries. The Majority of individualho use essential oils from plants are less
prone to contract infectious disease such as woinfdmmation, skin sores and bleeding
(Nicolaset al, 2013). However, oil users who at some point @mttan infectious disease such
as fungal infection, wound, syphilis and leprosgntt to improve faster than those using
antibiotics (Panahet al, 2012).

In South Africa, essential oils are commonly usedptotect food against the growth of
microorganisms. In this manner numerous of thesergml oils from plants are cheaply

circulated and sold in the local market center heeaf expanded requests (Otatgl, 2011).

Brachylaena ellipticaandBrachylaena ilicifoliabelongs to the family of Asteraceae. This family
is an important source of essential oil with biatad activities such as antibacterial, antidiahetic

The leaves of both plants which are intensely bitee used traditionally to treat diabetes
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(Deutshlander, 2009). At the beginning of this gtetdhanol leaf extracts of both plants have
proven effective against wound infecting bactenadliabetic patients. Taking into consideration
of the medicinal value of these plants, the esskailii of the leaves dB. ellipticaandB.ilicifolia
were analysed for the first time using GC-MS. Tstisdy will help to identify the compounds of
theurapeutic value. GC-MS is the best techniquel tsaedentify various bioactive constituents
of alcohols, esters, alkaloids, amino acid, longirchhydrocarbons and phenolic compounds

(Muthulashmiet al., 2012).

3.2MATERIALSAND METHODS

3.2.1 Collection of plant material

The leaves oB. ellipticaandB. ilicifolia were collected as described in section 2.2.2

3.2.2 Extraction of essential oil
Volatile oil from the fresh leaves (30 g) of bqilants were extracted separately for 3 h using a
hydro-distiller in a Clevenger's-type apparatusaiccordance with the British Pharmacopeia

specifications (1980). The oils were collected andlyzed immediately.

3.2.3 GC-M Sanalyses

The GC-MS analysis of the oils were performed gishgilent 6890 GC coupled to Agilent
5975 MSD with aZebron-5MS column (ZB-5MS 30 m X®.mm x 0.25 um) (5%-
phenylmethylpolysiloxane). GC grade helium was uasda carrier gas at a flow rate of 2

mL/min; splitless 1uL injections were used. Injector temp 280 source temp 28Q, Oven
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temperature was 70, the ramp was £8/min. to 126C, then 10C/min to 186C, then

20°C/min. to 276C and held for 3 minutes.

3.2.4 I dentification of components

Identification of the components of each essewilalvas accomplished by matching their mass
spectra and retention indices with those of Wil&g Rbrary (Wiley, New York) in the computer
library (Joulainet al, 2001). The yield of each component was calcdlgter g of the plant
material, while the composition was calculated frin@ summation of the peak areas of the total

oil composition. The whole experiment was doneiplicate

3.2.5 Calculation of ail yield

Prior to the final extraction and obtaining of thié a clean bottle of known mass was made
available. At the end of extraction process, tHeobtained was carefully transferred into the
bottle and final mass noted. The yield was obtaumgdg the following equation:

Percentage (%) yield = [(B- A) + X] 100 where Magglant material distilled (g) = X; Mass of

empty bottle (g) = A; Mass of bottle + oil extradte B; Mass of oil (g) = (B-A)

3.3RESULTSAND DISCUSSION
The essential oil yields were 1.7% and 4.7%HoellipticaandB. ilicifolia, respectively. A light
pale yellowish liquid with pungent garlic like odowas produced. Fourteen compounds were
identified in the essential oil d@. elliptica (Figure 14). The prominent compounds were oxalic
acid, cyclohexylmethyltridecylester with peak ared 11.39% followed by butylated
hydroxytoluene (3.97%)x —muurolol (3.47%), caryophyllene oxide (2.73%)cadinene

(1.45%), eucalyptol (1.16%), 1R-.alpha.-pinene 3%, damascenone (1.02%), pyrazine,
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methoxy (0.79%), squalane (0.75%);calacorene (0.70%), hexadecanoic acid,15-methyl-
,methylester (0.30%), benzoic acid,2.5-bis (trimpkstifoxy)-,trimethylsilyl ester (0.55%), and
phenol,2,5-dichloro-4-methoxy (0.27%) (Table 2).

In the case oB. ilicifolia, seven compounds were identified (Figure 15). tagor compounds

of the oil were oxalic acid,cyclohexylmethyltetragikester (7.87%), butylated hydroxytoluene
(2.22%), caryophyllene oxide (0.54%), santolinarte (0.29%) carvone oxide, cis (0.27%), 9-
borabicyclo [3.3.1] nonane,9- hydroxyl- (0.12%) abenzoic acid,2-[(trimethylsilyl)oxy]-
[trmethylsilyester (0.08%) (Table 3). The GC analyaso indicated the presence of a higher
percentage of ester (12.24%), followed by oxygahatsquiterpenes (6.2%), phenol compounds
(4.24%) and monoterpenes (3.23%), in the essapitiaf B. elliptica than those iB. ilicifolia
(Table 4). However, sesquiterpenes and the hetelfo@romatic class of compounds were not
found in the essential oil d@. ilicifolia but detected at a level lower than 3% in the biBo
elliptica. These differences could be attributed to sevexelofs such as species differences,
climate, soil or season. However, there were nmrtepon the variation of the volatile oil
composition with the phonologic stage. Among thentdfied phytochemicals, butylated
hydroxytoluene and phenol, 2, 5-dichloro-4-methaxpy be employed as an antioxidant,
antidiabetes and antibacterial activity (Duke, 20@&able 5). Compounds such as hexadecanoic
acid, 15-methyl-,methyl ester(0.30%), benzoic &;tbis(trimethylsiloxy)-,trimethylsilyl ester
(0.55%) oxalic acid, cyclohexylmethyltridecyl estefl1.39%) and benzoic acid,2-
[(trmethylsilyyl)oxy]-, trimethylsilylester (0.08%were observed as ester, such essential oil
containing fatty acid may be an active antimicabiDuke, 2012).

Most volatile components analysed from plant esskeotls are largely composed of terpenes

(Omoruyiet al, 2014). Terpenes are well-known to have stroofpgical activities and they are
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involved in plant protection. (Micheat al.,2013). Martinset al. (2010) reported that intake of
terpenes can reduce toxins from kidney and livethenbody. In this studi. elliptica oil was
largely composed of monoterpenes dominated by 3poomds, 1R-.apha.-pinene, eucalyptol
and damascenone. Such essential oils, containingpt@@enes as their major constituents are
known for pharmacological activities (Harney al., 1978; Gherlardinet al., 2001). Santolina
triene, one of the major monoterpenes observetdressential oil oB. ilicifolia was found to
possess antibacterial activity (Duke 2012). Plas#eatial oil containing sesquiterpenes have
been used for treatment of allergies and inflamoma(Enzo, 2011; Akranet al, 2011). It has
been reported that people who use oil containisguagerpenes consistently, have a higher level
of resistance to illness than the average perddartips et al, 2010). Oxygen-containing
sesquiterpenes have apparent antimicrobial, tramiug action and beneficial to various
systems and metabolic processes in human organ@mib( 2006). Compounds such as
caryophyllene oxide, was detected in high amoumtthe essential oil of both plant3henols,
monoterpenes, threeterpenes, sesquiterpenes ayaki@dtester have been reported to possess
antioxidant and antimicrobial activites (Chokee al., 2008; Zsuzsannat al., 2010). These
results support the finding of previous studiespliorbiaceaet al.,2013; Mamzeet al.,2012;
Omoruyiet al., 2014). The GC/MS analysis revealed that the esdenit of B. ellipticaandB.
ilicifolia leaves are composed of phenolic, terpenes anddaitl ester. These phytochemicals
are responsible for various pharmacological actidike antioxidant, antimicrobial and
inflammation activities. However, isolation of ingdual phytochemical constituents may

proceed to find a novel drug or a leading compound.
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Table 2: Chemical composition Bf ellipticaessential oil determined by GC-MS

SIN RT Compound Peak Molecular MW Hit
(min) (%)  formular quality
1 5.29¢ 1R-.alpha-pinene 1.08  CiHis 13¢ 87
2 7.08¢ Eucalypto 1.1¢  CyH10 154 70
3 12.5¢ Damascenor 1.0z Ci3His0 19C 74
4 14.4: d-Cadinen 1.4 CysHas 204 93
5 14.7¢ a-Calacoren 0.7 CisHao 20C 92
6 15.Z Caryophyllene oxic 2.7¢  CisH..0 22C 64
7 15.97 T -Muurolol 3.47  CysHeO 22z 62
8 19.61 Squalan 0.7 CspHsg 41C 70
9 14.8¢ Pyrazine,metho>» 0.7¢  CgHisNy 16€e 72
10 14.1% Butylated hydroxytoluer 3.97 Ci5H0 22C 64
11  19.47 Phenol,2,-dichlorc-4-methoxy- 0.27 CHLLO, 19 60
12 19.8¢ Hexadecanoic acid, -methy-,methyl este 0.z CigH3605 284 68
13 19.5: Benzoic acid, 2-bis(trimethylsiloxy- 0.558  CygH300,Sis 37C 74
trimethylsilyl ester
14 16.4¢ Oxalic acid,cyclohexylmethyltridecyl es 11.3¢ C,Hi0O4 36¢ 68
Total compouns (%) 29.€
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Table 3: Chemical compositiasf B. ilicifolia essential oil determined by GC/MS

SIN RT Compound Peak Molecular MW  Hit
(min) (%) formular quality

1 5.67¢  Santolina trien 0.2¢ CigHis 13¢ 91

2 15.32¢ Caiyophyllene oxid 0.5¢ CisH,.0 22C 64

3 14.19: Butylated hydroxytoluer 2.22 CisH,.0 22C 96

4 16.507 Oxalic acid, cyclohexylmethyltetradec 7.87 Cy3H420, 38z 67
ester

5 8.71: Benzoic acid,-[(trimethylsilyl)oxy]- 0.0¢ CisH00sShL 282 70
[trimethylsilylester

6 19.48° Carvone oxide, c- 0.27 CioH10 15C 87

7 18.96¢ 9-Borabicyclo[3.3.1]nonane-hydroxy- 0.12 CgH1sBO 13¢ 60
Total compounds (9 11.¢
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Table 4: Class composition Bf ellipticaandB.ilicifolia essential oil

Class of compour B. elliptica (%) B. ilicifolia (%)
Monoterpen 3.2¢ 0.2¢
Triterpent 0.7t *
Sesquiterper 2.1 *

Oxygenated sesquiterpe 6.z 0.5¢

Phenoli 4.2¢ 2.22

Este 12.2¢ 7.98
Heterocyclic Aromati 0.7¢ *

Other: * 0.3¢

Total 29.6 11.4

* = Not detected
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Table 5: Activity of phytocomponents identified tine essential oil from leaves Bt elliptica

andB. ilicifolia.

SIN  Name of the compoul Activity

1 1R-.alpha-Pinent Antimicrobial

2 Eucalypto Antimicrobial

3 Damascenor Antimicrobial

4 Butylatedhydroxytoluen: AntioxidantAntidiabetes

5 8-Cadinen Antibacteria

6 a-Calacoren Antidiabete

7 Carvone oxide, ¢ Antibacterial, Antineoplast
8 Pyrazine,metho» Antibacteria

9 Caryophyllene oxic Antimicrobial, Anticance
10 t-Muurolol Antimicrobial, Anticance
11  Oxalic acid,cyclohexylmethyltridecyl es Antimicrobial

12  Phenol,2,-dichlorc-4-methoxy- Antioxidant, Antidiabetes
13  Santolina trien Antibacteria

14  Squalan Antibacteria

15 Hexadecanoic acid, -methy-,methyl este Antioxidant,Fypocholesterolemi
16 Benzoic acid, 2-bis(trimethylsiloxy-,trimethylsilyl este Antimicrobial

17  9-Borabicyclo[3.3.1]Jnonane-hydroxy- Antimicrobial

18  Benzoic,[(trimethylsilyl)]Joxy-,trimethylsilyeste Antimicrobial

Activity source: Dr Duke phytochemical and Ethnabotal databases.
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3.4 CONCLUSION
The present study is the first report of the GC-Bi&lysis of bioactive compound in the
essential oil from the leaves Bf elliptica andB. ilicifolia. The presence of various bioactive
compounds in the essential oil of both plants mastigly justify their use for treatment of

various ailments by traditional healers.
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CHAPTER 4

4.1 INTRODUCTION

At the beginning of this study, several biologigalctive compounds have been identified from
B. elliptica andB. ilicifolia, although many questions still remain about tineade of action.
Recent studies have focused on their antimicrolra antioxidant property. Therefore the
present study aimed at identifying bioactive cormgua of these plants using LC-MS.

Liquid chromatography (LC-MS) is one of the bestht@ques used to increase sensitivity and
accelerate analysis (Ackermaahal, 1996). Frequent improvements in liquid chromedp@y
(LC-MS) interface technologies combined with powerfeatures for structure analysis,

qualitative and quantitative, have resulted in demed scope of application (Pawral, 2013.

42 MATERIAL AND METHODS

4.2.1 Collection of plant materialsand preparation of extracts.

Collection of plant materials and preparation df&sts was as described in section 2.2.2

4.2.2 LC-MSanalyses and identification of components

LC-MS analyses were performed using the Agilent MS-system (ABSCIEX Triple TOF,
5600) with the analyser and electron spray iomrasource (ESI), source parameters were
optimized to provide high sensitivity. The sourcargmeters were: negative mode, gas
temperature 60C, drying gas flow rate 0.5 mi/min, nebulizer prees50 psi, capillary voltage
5500v, separation was carried out by Ultra HighsBuee Liquid Chromatography (UHPLC)

using Shimadzu UFLCXR with a phenomenex kinetex 216 (100x2.1), column mobile phase
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used was A: water (5 Mm ammonium formate + 0.5%nforacid) and B (acetonitrile). The
gradient program was : 5% B for starting conditimrtreased up to 95% B in 20 min, hold 25
min, how and decrease % B to 5% at the final sty total run time was 30 min. Injection
volume was 50 pl. The standardized collision enevgyg 35 £15V. Identification of compounds
was done with the aid of computer assisted evalnaif the resulting data by searching against

the spectral library. The whole experiment was dartéplicate.

4.3 RESULTSAND DISCUSSION
Liquid Chromatography-Mass Spectrometry (LC-MS) ha®ved to be one of the best
techniques provide complete information on taeget non target compound in natural products
(Wolfenderet al, 2003; Singtet al, 2013). The LC-MS method allows the quantificatmf a
large variety of common plant metabolites in a rdhromatogram. The Components present in
the agueous and ethanol extract8oklliptica and B. ilicifolialeaf were identified by LC/MS
coupled with their retention time (RT), molecularrhular, molecular weight (MW) and nature
of the compound (Table 6 and 7). Three compounds wientified in the aqueous leaf extracts
of B. ellipticawhile four compounds were identified B ilicifolia leaf extracts. The prominent
compounds were: Nerol (monoterpenoid), (-)- carvgnenotepenoid), fenchol (terpene),
geraniol (monoterpenid), ibogaine (alkaloid) andacine (quinolones) (Table 6). All of these
identified compounds have been reported to havéowsrbiological activities especially
antidiabetes and antimicrobial activity. Aggarwed! al, (2002) and Friedmaet al (2002)
reported that carvone exhibited antimicrobial attiagainst a number of bacteria including
Listeria monocytogene&noxacine found in aqueous leaf extracBoflicifolia is reported to be

active against many Gram negative bacteria and Guasitive bacteria (Chin and Neu, 1983).
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Kotan, (2007) also reported that fenchol, nerol gadhniol inhibited the growth of many Gram

positive and Gram negative bacteria.

The LC-MS analysis of the ethanol leaf extractsBofelliptica and B. ilicifolia revealed the
presence of eight major compoundsBinilicifolia and six compounds iB. elliptica (Table 7).
The prominent compound were: Fenchol (terpene), argehidin-3, 5-diglucoside
(anthocyanidin), (-)- carvone (monoterpenoid), wegime (flavanoid), vanillylanine (alkaloid),
geraniol (monoterpenoid), cinchoninone (alkaloidljquiritiginin  (flavanone), geraniol
(monoterpenoid), hederagenin (triterpenoid) andin@nonoterpenoid). These compounds are of
pharmacological importance as they possess anelgagi-diabetic and antibacterial properties.
It has been reported that plants naturally possedscal scavenging molecules such as
terpenoids, flavanoid, alkaloid, tannins which acé in antioxidant and antimicrobial properties
(Amini at al., 2012; Omoruykt al, 2012). Compound such as geraniol have beentezpty
inhibits growth and polyamine biosynthesis in hurnalon cancer cell (Carneseceéhial 2001).
The results presented in this study showed simitservation with previous report on presence
of some alkaloids, flavanone, terpernoid isolatesimf plants which are potent against some
disease and health conditions such as oxidatiessstdiabetes and infections (Srivasteval,
2012; Singhet al, 2013). Therefore, the folkloric pharmacologieativities of these plant®(
elliptica and B. ilicifolia) may be due to the presence of identified compsurtbwever,
isolation of individual bioactive components andjeating them to biological testing will

absolutely confirm these results.

76



Table 6: Identified compounds in aqueous leaf exdrafB. elliptica and B. ilicifoliausing

LC/MS
S/r Compound¢ Formula B. elliptica B.ilicifoia MW  Nature o
RT(min) RT(min) compound
1 Ibogaine CyoH26N0 3.1 * 31C Alkaloids
2 Nerol CiHoaN>O,  13.67% * 31z Monoterpene
3 Carvont CioH1.0 13.57 11.8: 15C Terpenoid
4 Fenchc CioH1s0 * 6.65 154 Terpene
5 Enoxacint  CisH17FN,O;  * 14.3¢ 32C Quinolone
6 Geranio CioH1s0 * 14.7¢ 154 Monoterpernoic
*=Not detected
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Figure 16: LC-MS spectrum of ibogaine
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Figure 19: LC-MS spectrum of fenchol
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Figure 21: LC-MS spectrum of geraniol
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Figure 22: LC-MS spectrum of vanillylanine
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Table 7: Identified compounds in ethanol leaf est8aof B. elliptica and B. ilicifoliausing

LC/MS
S/r  Compound Formula B. elliptica B. ilicifolia MW  Nature of
RT(min) RT(min) compound

1 Fenchc CiH1s0 * 6.71 154 Terpene

2 Catharanthin C,H,04 7.1€ * 181 Alkaloid

3 Hederageni CaoHagO15  10.7 * 18C Triterpenoid

4 (-)- Carvont CioH1.0 11.6¢ 11.7: 15C Monoterpenoid
Pelargonidi-3,&-

5 diglucoside GsH1105 * 11.01 271 Anthocyanidin

6 Nerol CigH24N-0,  13.91 * 31Z Monoterpene

7 Wighteon CyoH1805 * 14.75 33¢ Flavanoic

8 Vanillylanine CgH.INO, 14.17 14.1¢ 25C Alkaloid

9 Geranio CioH1s0 * 14.8¢ 154  Monoterpernoi

10 Cinchoninon CigHoaNsO  * 14.5¢ 381 Alkaloid

11 Liquiritigenin Cis5H120, 14.7¢ 14.81 132 flavanont

*= Not detected
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Figure 23: LC-MS spectrum of liquiritigenin
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Figure 24: LC-MS spectrum of catharathine
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Figure 25: LC-MS spectrum of cinchoninone
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Figure 27: LC-MS spectrum of wighteone
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Figure 28: LC-MS spectrum of hederagenin
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4.4 CONCLUSION
In conclusion, aqueous and ethanol extractBoklliptica and B. ilicifolia contain various
identified bioactive compounds. Both are recommeratke plants of pharmaceutical importance.

However, further studies are needed to isolateeaptbre individual bioactive compounds.
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CHAPTER S5

5.1 GENERAL DISCUSSION

Diabetes mellitus is one of the common endocriserdiers that affect more than 387 million
people around the world (IDF, 2014). It has begrored that poor management of diabetes
contributes to the pathogenesis of microbial inéecin diabetic patients and many pathogens
are however becoming resistant to antibiotic dritgrbal medicine is an alternative medicine
widely used for the treatment of various diseasedding diabetes and wound infections.

As a multidisciplinary science, research in thetphgience is almost unlimited; thus, in this
dissertation phytochemical, antimicrobial and axatant investigation oB. elliptica and B.
ilicifolia have been reported. The effect of aqueous andhatlextracts of both plants against
some opportunist bacteria associated with wounekctidn in diabetic patients and the bioactive

components present in these plants were also disdus

Phytochemical

This study has revealed the presence of phytodasnsuch as flavanoids, phenolics, tannins,
alkaloids, proanthocyanidins, flavanols and sapanirhese have been reported for their wide
range of biological activity, including antidiabstentimicrobial, anti-inflammatory and antiviral
effects (Wonget al, 2006). These properties have been attributeset@ral mechanisms of
action such as stimulating defence enzyme activéied quenchers of the formation of singlet
oxygen (Zhou and Yu, 2004). Previous studies (Suabld Leelavathi, 2010) have shown that

flavanoids exhibit their action through effects membrane permeability and by inhibition of
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membrane-bound enzymes. This property may explaén antioxidative action of the two

medicinal plants extracts used in this study.

Antioxidant activity

Oxidative stress plays a role in the pathogendsigmous diseases including diabetes mellitus.
It occurs as a result of increased production ofger free radicals and a sharp reduction of
antioxidant defense systems (Fridlyagtdal, 2005). Antioxidant agents of natural origin have
attracted special interest because they can prthechuman body from oxidative damages
caused by free radicals (John, 1991). In the ptestendy, these results show that agueous and
ethanol extracts dB. ellipticaandB. ilicifolia scavenge DPPH, reducing power, ABTS, NO and
hydrogen peroxide radicals. The observed sthiongitro antioxidant activities of both plants
extracts may be due to the presence of bioactivgoands. Therefore, it could be inferred from
this study that aqueous and ethanol leaf extramitdcserve as a source of natural antioxidants

against pathological disease related to free radica

Antibacterial activity

Antimicrobial compounds in plants have been reggbfor their enormous therapeutic potential.
The active ingredients of the plant parts are bedi¢racted with alcohol than other solvents.
Okemo, (1996) reported an alcohol extract of setbehedicinal plants used by Kenyan herbal
doctors found to contain alkaloid, and coumarinsui@arins have been reported for antibacterial
and antihelminthic properties (Hedbeial, 1983). In the present work, the antibacteritivag

of aqueous and ethanol extract of both plants waliesl on five bacterial strains. The results of
the study revealed that ethanol extract of botmtplaxhibited strong antibacterial activity

against five selected pathogens used in this sitdgn compared with that of aqueous extracts
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of B. ellipticaandB. ilicifolia leaf. This observed antibacterial activity of etblagxtracts of both
plants against these bacteria associated with woudabetic patients could be attributed to the
presence of bio-active compounds. Tanins were tegoto be outstanding antimicrobial
compounds (Cowan, 1999). These compounds havesdiwfects on biological system due to
their capability of metal ion chelators and biotmji antioxidants (Hagerman, 2002). Various
mechanisms of action have been proposed to exglatimicrobial activity of tannins. They
include extracellular microbial enzymes and praeideprivations of iron as substances for
microbial growth or direct action towards its memes (Scalbert, 1991). From this
investigation, it is therefore postulated that fhi®ytochemicals compounds presents in the

ethanol leaf extracts were responsible for thebacterial activity.

GC-MSanalysis

The GC-MS analysis of the essential oil of bothns revealed the presence of monoterpenes,
oxygenated sesquiterpenes, phenolics and estelsofAlhese identified compounds were
reported to have various biological activities aothe of them were found to have antimicrobial
activity. Monoterpenes compounds possess strongniantbial and antibacterial activities
(Sokmenet al, 2003). Previous studies (Denyer and Hugo, 1®kkemaet al, 1994) have
also reported that essential oils break througid igomponents of bacterial cell membrane and
mitochondria, disrupting the cell structure and mgkhem more permeable resulting in leakage

of critical molecules from within the cell and edeal death of the bacteria cells.
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LC-MSanalysis

This type of analysis provides high sensitivitydapecificity, based on the fact that only ions
specific to target analytes are monitored. Theltestd analysis showed that aqueous and ethanol
extract ofB. ellipticaandB. ilicifolia are rich in alkaloids, terpenes, terpenoids, menpatrnoids
and flavanoids. Some of the identified compoundvehdeen reported to have great
pharmacological importance such as antioxidanidiattetes and antimicrobial (Amimt al,
2012; Omoruyiet al, 2012). Hence both plants can be recommendectiarmacological

importance due to this presence of bioactive coraptm

5.2 CONCLUSION
This study has partially justified the ethnomedatinse ofB. ellipticaandB. ilicifolia leaves for
treatment and wound infection caused by bacteréhabetic patients. These may be attributed to
the presence of antioxidant compound such as péefteolanoids, saponin, tannic, alkaloids and
other phytochemical compounds. These compounds ¢@veibuted to the scavenging activity

of free radicals of these plants as a means oeptewg pathogenesis of radical related diseases.

5.3RECOMMENDATION
It is however, recommended that further assays déonmed on the two plants species to
evaluate their hypoglycaemic activity and toxicithis should be done by using aqueous extract
as used by traditional healers and herbalist. #i$® recommended that extractsBofelliptica
andB. ilicifolia should be testeih vivoin a rat or mouse model for their hypoglycaemitvity
as plants extracts differ in their activity. Isabat of individual bioactive components should be

tested for biological activity.
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