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ABSTRACT
Asthma is a chronic inflammatory disorder of the airways. It is characterized by an
inflammation of the airways causing airway dysfunction. Asthma is associated with
widespread airflow obstruction, with an associated increase in airway responsiveness to
a variety of stimuli. An asthma attack is accompanied by wheezing, shortness of breath,
chest tightness and coughing. This project aims to investigate the essential oil of
Eucalyptus grandis, a medicinal plant used by Zulu traditional healers for its anti-

asthmatic and anti-cough activities in the treatment of respiratory tract infections.

The anti-asthmatic and anti-cough activities of the essential oils and 1, 8-cineole on rats
were assessed. These activities were induced and challenged with histamine and
acetylcholine using an ultrasonic nebulizer for asthma and exposure to ammonia for
coughs. The assessment of the chemical composition of the essential oils hydrodistilled
from the fresh and dry leaves of Eucalyptus grandis was carried out using a GC and
GC-MS analysis. Column chromatography was used to isolate 1,8-cineole and terpinen-
4-ol components of the essential oils. Agar well diffusion was used to access
antibacterial (Klebsiella pneumoniae, Staphylococcus aureus and Moraxella catarrhalis)
susceptibility to the essential oil. Cytosolic LDH was released and efflux pump inhibition
activity was monitored to determine the apparent bactericidal mechanism of the
essential oils. Antioxidant activity (free radical scavenging of nitric oxide, hydroxyl
radical, superoxide anion, and also the sulthydryl, NADH as well as the

malondialdehyde (MDA)—TBARS contents) was determined.



Anti-inflammatory activities of the essential oils and 1,8-cineole were determined using
the cotton pellet granuloma test. Biochemical estimates were carried out on the
catalase activity, superoxide dismutase, in vitro COX-1 and COX-2 inhibition assay and
the acetylcholinesterase inhibitory activity. Muscle contraction studies where carried out
using the vascular reactivity on aortic smooth muscle, and cytotoxicity assay done using
the MTT assay on human embryonic kidney cells (HEK293) and human hepatocellular
carcinoma cells (HepG2). The percentage yield of the essential oils from the fresh and
dry leave was 0.19% and 0.40% respectively. The identified main components of the
essential oil of the fresh leaves constituted 99.25% and the major constituents were: a-
pinene (29.69%), p-cymene (19.89%), 1,8-cineole (12.80%), a-terpineol (6.48%),
borneol (3.48%) and d-limonene (3.14%). The identified main components of the
essential oil of the dry leaves was 92.63%, with the major constituents being: 1,8-
cineole (47.44%), d- limonene (13.34%), a-pinene (7.49%), (-)-spathulenol (7.13%) and
benzene,1-methyl-4-(1-methylethyl)-(5.42%). The oils exhibited concentration
dependent anti-asthma and anti-cough activities. Significantly, 1,8-cineole isolated and
purified from the essential oil showed a concentration dependent anti-inflammatory,
anti-cough and anti-asthma activity. The oils inhibited the growth of the microorganisms
studied. The minimum inhibitory concentration (MIC) ranged from 0.3125 mg/ml to 1.25
mg/ml, and the minimum bactericidal concentration (MBC) ranged from 0.625 mg/ml to
>5 mg/ml. The LDH release assay (membrane damage) revealed bacterial membrane
damage ranging from 1% to 11% in comparison with the standard tritonX-100.
Accumulation of rhodamine 6G in bacterial cells, which was used to determine the

activity of the essential oils as drug efflux pump inhibitors (EPIs), showed that the

Vi



essential oils were effective as EPIs; the essential oils were also seen to be
concentration dependent in inhibiting the activity of COX 2, with no significant effect on
COX 1. The essential oils showed weak antioxidant activity in scavenging free radicals
(ICsp for nitric oxide scavenging of 4.34 pg/ml and 3.65 pg/ml for the fresh and dry
respectively, and >5 pg/ml for hydroxyl radical). Sulfhydryl contents were 9.00
po/g(w/w) and 13.14 pg/g(w/w) for the oils from the fresh and dry leaves respectively.
The essential oils showed vasorelaxant activity; cytotoxicity levels of the oils indicated
that the oils were not toxic on cell lines, with 1Cso of 2291, 2189 on HEK 293 cell,
HEPG2 for the essential oils from the fresh leaves and 1875 and 1942 for the essential
oils from the dry leaves on HEK293 and HEPG2 respectively. It is concluded that the
essential oils have the potential to be used as an anti-asthma and anti-cough therapy.
This study also justifies its use by traditional healers in the treatment of asthma and

coughs in Zulu folklore medicine.
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Chapter 1

INTRODUCTION

Asthma is a common physiological disorder encountered in clinical medicine that affects
both adults and children. Asthma is also a serious chronic inflammatory disorder that
affects the airways (Masoli et al., 2004). It is generally characterized by inflammation of
the airways, which causes airways dysfunction (Patel et al., 2009). There are various
other symptoms of asthma characterized by and associated with airflow obstruction,
which causes an associated increase in airway responsiveness to a variety of stimuli.
An asthma attack is accompanied by wheezing, shortness of breath, chest tightness and
coughing (Bousquet et al., 2008). Asthma is currently a worldwide problem, with around
300 million people suffering from it around the globe. About 250 thousand annual world
deaths are reported to be caused by asthma (Archana et al., 2008). Asthma cases are
increasing at a rate of 50% every decade and according to the WHO (2005), by the year
2020, Asthma will become the third leading cause of death.

Inhaled bronchodilators and anti-inflammatory drugs are available and are quite
effective in the management of asthma but, they require long-term use and are
associated with various side effects (Bryan et al., 2000; Angsten 2000). To minimize and
possibly prevent these side effects alternative and complementary medicine is being
sought.

Plants are exploited for their medicinal properties as they are a rich source of
phytochemicals. Estimates have shown that there are about 400,000 species of higher
or vascular plants (Govaerts, 2001; Thorne, 2002). While some of these species have

no medicinal benefits, it has been observed and documented that somewhere between



a quarter and a third of all species have been previously used for their medicinal
properties (Small and Catling, 2002). Plants as a whole are, therefore, an important

source for drug discovery and modeling of new drugs (Jean-Paul et al., 2005).

Essential oils extracted from plants have a long history in folk medicine and food
preservation; essential oils are a known store of natural secondary metabolites with lots
of biological activity such as antimicrobial and antioxidant activity with many others
(Deans and Svoboda, 1990; Cowan, 1999). However, misuse of essential oils have
been established as harmful to humans and cause problems such as skin irritation,
headaches and nausea (Aromacaring, 2004). Aromatherapy has become popular and
has revived interest in the use of essential oils; it is a form of alternative medicine that

makes use of specific essential oil aromas for healing.

An ethnobotanical survey carried out by this researcher (see Appendix F) in the
kwaZulu-Natal region of South Africa confirms that numerous plants are used to relieve
the devastating effect of asthma. Most of these plants are being under-utilized by
traditional healers and the native people due to the lack of scientific screening of these
plants (Da Silva et al., 2006). Eucalyptus grandis was one plant singled out as being

used the most.

Eucalyptus grandis is a medicinal plant indicated by Zulu traditional healers for the
treatment of respiratory tract infections, bronchial infections, asthma and coughs. An
investigation of the medicinal properties of the essential oil of this plant will help to verify

the rationale behind the plants use as a cure for these illnesses.



1.2 DISSERTATION OUTLINE

The dissertation is set out in 6 chapters and appendices, as follows:

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

gives a brief background to and motivation for the study

brings together the literature review where it explains the two diseases:
asthma and cough, the place of traditional healing, and the bioactivity of
essential oils

presents the methodology used in the study and outlines the materials
used. The methodology explaining the extraction of the oils, the chemical
characterization and isolation of active compounds of the essential oils,
the antioxidant and antimicrobial activities, biochemical estimations of
enzymes, anti-asthma and anti-cough activities as well as the
cytotoxicity activities of the essential oils are also presented in this
chapter.

summarizes the data from the experiments without discussing the
implications. The data is organized in the form of tables, figures, graphs
and photographs.

emphasizes the interpretation of the overall findings and data obtained in
the study.

gives an overall conclusion drawn from results obtained in the study and

provides suggestions for further studies.



Chapter 2

Literature review

2.1. ASTHMA

The National Heart, Lung and Blood Institute of the United States of America defines
asthma “as a common chronic disorder of the airways that is complex and characterized
by variable and recurring symptoms, airflow obstruction, bronchial hyper-
responsiveness (bronchospasm), and an underlying inflammation” (Murray and Nadel,
2005). Asthma is a physiologically partial but reversible obstruction of air flow, with
pathological overdevelopment of mucus glands, and thickening as well as shortening of
the airways which is caused by scarring and inflammation and bronchoconstriction
resulting from surrounding smooth muscle tightening. Bronchial inflammation causes
the narrowing of the bronchia as a result of edema and swelling is mostly caused by an
immune response to allergens. Asthma causes a recurring period of wheezing, chest
tightness, shortness of breath, and coughing. The underlining cough most often occurs

early in the morning or during the night.

The actual cause of asthma is not yet fully understood. But, researchers believe that a
combination of factors, including family genes and certain environmental factors,
combine to cause asthma (Martinez, 2007). Other causative factors include: an
inherited tendency to develop allergies, called atopy, that is inherited from parents who
have asthma; respiratory infections which might have occurred during childhood;
exposure to some airborne allergens and or viral infections in infancy, or during early

childhood when the immune system is still developing; exposure to airborne allergens



such as house dust mites, cat or dog dander, and certain irritants such as tobacco
smoke cause the airways to be more sensitive to substances in the air that is breathed

(Martinez, 2007).

An asthma attack (or bronchospasm) is a sudden worsening of symptoms relating to
asthma as a result of tightening of the muscles around the airways. Also, during an
asthma attack, the lining of the airways becomes swollen or inflamed and results in the
production of an excess in thick mucus. Inflamed airways are often triggered by
environmental factors such as smoke, dust or pollen causing the airways to narrow, and
the production of excess mucus makes breathing difficult. All in all, asthma is believed
to be triggered as a result of an immune response in the bronchial airways (Maddox,
and Schwartz, 2002). The airways of asthmatics become hypersensitive to certain
triggers and, in response to these triggers, the bronchi contract into spasm.
Inflammation follows, leading to a further narrowing of the airways and an excess
mucus production, which in turn leads to coughing and other breathing difficulties. (See

Figure 2.1)


http://www.webmd.com/asthma/guide/asthma-symptoms

Figure 2.1 Diagram showing a normal airway and airways during an asthma attack.
(National Heart Lung and Blood Institute. U.S. Department of Health and Human
Services. http://www.nhlbi.nih.gov/health/health-topics/topics/asthma/ February 2014).

Before an asthma episode After an asthma episode

Muscles around

Figure 2.2 Airways and muscles of the lungs before and after an asthma attack.
(National Heart Lung and Blood Institute. U.S. Department of Health and Human
Services. http://www.nhlbi.nih.gov/health/health-topics/topics/asthma/ February 2014)


http://www.nhlbi.nih.gov/health/health-topics/topics/asthma/
http://www.nhlbi.nih.gov/health/health-topics/topics/asthma/
http://en.wikipedia.org/wiki/File:Asthma_before-after-en.svg

Asthmatics and non-asthmatic individuals inhale allergens every day and these
allergens find their way into their airways. The allergens inhaled are ingested by cells
known as antigen-presenting cells and immune cells (Tx0 cells). These cells check and
usually ignore the allergen molecules. In asthmatics, however, these cells mutate into a
different type of cell (Tn2 cells) for reasons not understood. These mutated Ty2 cells
activate the immune system, which is the humoral immune system, thereby producing
antibodies against the allergen inhaled. When these allergens are inhaled and get into
the airways, the antibodies produced attack the airways as well as the bronchial wall,
which in turn causes an asthma attack. Inflammation then occurs as a result of a
chemical release of inflammatory proteins such as histamine and cytokines from cells
damaged by the produced antibodies, thereby causing the wall of the airway to thicken
(hyperplasia), in turn causing mucus-producing cells to grow larger (hypertrophy) and

produce more and thicker mucus (Kuwano et al., 1993; Knox, 1994).

Inflamed airways are more hyper-reactive and prone to bronchospasm (Tippets and
Guilbert, 2009). The release of IL-6 from alveolar macrophages in asthmatic patients
after allergen challenge increases (Gosset et al., 1991) with an increased basal release
compared with non-asthmatic subjects (Broide et al., 1992). Increased levels of IL-6 can
be measured in nasal washings of children following a rhinovirus infection (Zhu et al.,
1996). In addition, IL-6 mMRNA expression with increased NFEB-DNA binding activity
can be induced by rhinovirus infection of cells in vitro (Zhu et al.,, 1996). The
parasympathetic reflex loop consists of different afferent nerve endings that originate

under the inner lining of the bronchus. When these afferent nerve endings are



stimulated by asthmatic triggers an impulse is sent to the brain-stem vagal center, and,
through vagal efferent pathways, back to the small bronchial airways. Acetylcholine, a
neurotransmitter, is released from these efferent nerve endings. The acetylcholine
released results in the excessive formation of inositol 1, 4, 5-trisphosphate (IP3) which
are agonists that contract airway smooth muscle. Acetylcholine (ACh), histamine and
leukotriene D4 (LTD4) act on the seven transmembrane domain receptors which are
coupled to G proteins of the G4 family. Receptor activation then leads to dissociation of
the a-subunit of G4 from the B -subunit and the y-subunit thereby subsequently activates
phospholipase C (PLC). PLC then hydrolyzes phosphatidylinositol 4,5-biphosphate,
resulting in inositol 1,4,5-triphosphate (IP3) production. IP3 production causes
increased intracellular Ca®* concentration by the release of Ca*" from the sarcoplasmic
reticulum. Ca?* then binds with calmodulin, which activates myosin light-chain kinase
causing the phosphorylation of the 20 kDa myosin light chain (MLC). In smooth
muscle,mIC phosphorylation is required for actin—-myosin interactions and muscle
contraction. IP3 increases intracellular calcium leading to the activation of myosin light
chain kinase, myosin phosphorylation, and the consequent muscle contraction which
occurs in the bronchial smooth muscle cells leads to muscle shortening and then

bronchoconstriction (Maddox and Schwartz, 2002).(See Figure 2.2)
2.1.1 TREATMENT OF ASTHMA

Symptomatic control of wheezing and the underlining shortness of breath are treated
mainly with fast-acting bronchodilators like short-acting, selective betay-adrenoceptor

agonists, anticholinergic drugs, as well as inhaled glucocorticoids. Long-acting beta,-



adrenoceptor agonists are used, as well as sustained-release oral albuterol. They are
available in pocket-sized, metered-dose inhalers (MDIs). Many steroids, specifically
glucocorticoids, reduce inflammation or swelling by binding to cortisol receptors. Non-
steroidal anti-inflammatory drugs (NSAIDs) alleviate pain by inhibiting cyclooxygenase
(COX) enzyme. COX enzyme are known to produce prostaglandins, creating
inflammation. On the whole, the NSAIDs stop the synthesis of prostaglandins thereby
reducing or eliminating pain. A nebulizer is used to provide a larger and more
continuous dose of bronchodilators. Nebulizers effectively vaporizes doses of
medication mixed in saline solution into a steady stream of foggy vapour, which is
administered to the patient and which the patient inhales continuously until the full

dosage is administered.

2.1.2 CYCLOOXYGENASE (COX-1 AND COX-2)

Cyclooxygenase (COX) is a physiological enzyme that produces important biological
mediators called prostanoids, which include prostacyclin, thromboxane and
prostaglandins. COX activates the conversion of arachidonic acid to prostaglandins; the
produced prostaglandins are responsible for inflammation, pain and fever. Two types of
cyclooxygenase enzyme are known, namely COX-1 and COX-2 (see figure 2.3). COX-1,
a constitutive enzyme, is required daily for physiological functions; while, on the other
hand, COX-2 is an inducible enzyme which is released during inflammation (Kurumbail

et al., 1996).

The major significant difference between these two isoenzymes, is located at position

523. COX-1 has isoleucine, while COX-2 consists of valine. Valsy; residue in COX-2


http://en.wikipedia.org/wiki/Arachidonic_acid

gives these enzymes their hydrophobic side-pocket property (Kurumbail et al., 1996).
NSAIDs which are drugs used to relieve the effect of inflammation are not selective
because they inhibit both COX-1 and COX-2. The inhibition of COX-2 by NSAIDs gives
them their anti-inflammatory activity, while the unfortunate inhibition of COX-1 leads to
side effects such as kidney problems, ulcers and prolonged bleeding (Hawkey 2001 and

Schachter, 2003).

Physiologic stimulus Inflammatory stimuli
Inhibition
COX-1 CcOX-2
constitutive inducible
Stomach Kidney Inflammmatory sites
Intestine Platelets (macrophages,
Endothelium synoviocytes)

3 1 1 <z ~z

PGE.,|| TxA, || PGI, Inflamma- |Proteases || O.7
= tory PGs
s— b

Physiologic functions Inflammation

A

Figure 2.3 Pathway of the production of postagladins by COX-1 and COX-2 (adapted
from Herschman 1996, Dubois et al., 1998).

2.1.3 COMMERCIAL ANTI-INFLAMMATORY DRUGS

Drugs well-known for the treatment of chronic inflammation are corticosteroids, as well
as non-steroidal anti-inflammatory drugs (NSAIDs), such as ibruprofen and aspirin.
NSAIDs only help the patients with symptomatic relief, blocking certain steps of the
pathways above, but they do not alter the pathogenesis of inflammation (Ford-

Hutchinson et al.,, 1981). COX enzymes produce prostaglandin which stimulates
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inflammation, fever and pain. However, COX-1 mainly produces the prostaglandins
needed by platelets and needed for the protection of stomach and intestinal integrity.
NSAIDs, however, block the COX enzymes and reduce prostaglandin throughout the
body by blocking the action of COX 1 and COX 2. As a result, inflammation, fever and
pain are reduced. Since the prostaglandins that support platelets, blood clotting and
protect the stomach are inhibited, NSAIDs are a major cause of ulcers in the stomach
and support bleeding. They increase blood pressure in hypertensive patients thereby
preventing the action of drugs used for hypertension. Also, asthmatic patients are at a
higher risk of experiencing serious allergic reactions to NSAIDs.

It has also been observed that patients have and are developing resistance to the drugs
currently being used (Bagheri et al., 2000). Celebrex is the first COX-2 selective NSAID
that was developed in the late 1990s, after which Vioxx and Bextra were introduced.
However, Vioxx and Bextra have since been redrawn from the market as a result of the
high risk of heart attacks and strokes caused by their use, making Celebrex the only
commercially available COX-2 inhibitor (Sahoo 2005). The ever increasing incidence of
inflammatory diseases and inflammatory related diseases, side effects to commercially
used drugs, drug resistance and patients not easily tolerating currently used anti-
inflammatory drugs, has created a need for research into the development of new anti-
inflammatory drugs of plant based origin which are better tolerated, with little or no side

effects.

Current research on asthma is aimed at finding safer, better drugs to combat the

devastating effects of asthma and relieve the effects of asthma attacks. Since there is
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no known cure for asthma, emphasis is being laid on finding drugs to effectively

manage the disease (Downs et al., 2001).

Epidemiological evidence have proposed that changes in diet, particularly reduced
antioxidant intake, is a contributing factor to increases in developing asthma which
indicates that dietary interventions may assist in controlling asthma (Fogarty and Britton,
2000). Lipid peroxidation has a significant effect in asthma. Oxidative stress has been
linked to the pathophysiology of asthma (Niki et al., 2007; Barnes, 1990; Doelman and
Bast, 1990; Mak and Chang-Yeung, 2006), which could be a common pathway causing
tissue damage (Pinto et al., 2012). Substances such as allergens which include,
pollutants as well as bacteria and viruses (Levine,1995) lead to an increment and
activation of inflammatory cells which then produces oxidants in the airways of
asthmatics (Pinto et al.,, 2012). Activated eosinophils, neutrophils, monocytes,
macrophages as well as resident cells, like bronchial epithelial cells, also generate
oxidants (Barnes, 1990; Barnes et al.,1998; Rahman and MacNee, 2002 ). Therefore, a
good antioxidant could be highly effective as an anti-asthma agent. Experimental
evidences have demonstrated that ethanolic extracts of red alga, L. undulate, containing
large amount of polyphenols inhibit ovalbulmin (OVA) induced airways hyper-

responsiveness and inflammation in a murine model of asthma (Jung et al.,2009).

Some respiratory pathogens which affect the respiratory tracts have been observed to
trigger asthma attacks. Streptococcus pneumonia a gram positive bacterium is one of
such, it is one of the common causes of pneumonia - an acute illness which causes the

lung’s alveolar air spaces to become filled with fluids and white blood cells (Scott et al.,

12



2008). Another is Klebsiella pneumonia, a gram negative bacterium also known to
cause pneumonia with chills, fever and the development of mucoid sputum, coughing
and chest pain. The sputum also becomes bloody (Nester et al., 2001). Crytococcus
neoformans, causes a fungal infection called Cryptococcosis, with symptoms like
coughing and chest pains (Nunez et al., 2000; lindell et al., 2005). Moraxella catarrhalis,
a lower respiratory infection causing bacterium, leads to otitis media that is coupled with
sinusitis, shortness of breath, chronic bronchitis and cough which eventually leads to
respiratory insufficiency (Nester et al., 2001 Van Wyk and Wink, 2004). Staphylococcus
aureus is one bacterium responsible for lower respiratory tract infections like pneumonia
(Nester et al.,, 2001). Mycobacterium tuberculosis is a bacterium that causes
tuberculosis with symptomatic effects of a chronic cough, fever and bloody sputum

(Nester et al., 2001).

It is apparent that the search for an effective anti-asthmatic drug for the symptomatic
relief of, and possible cure for, asthma be directed towards finding agents that are
antioxidant, antimicrobial, anti-inflammatory, anti-allergenic, and immune-boosting in

nature.

2.2 COUGH

A cough is a sudden and often repetitive reflex that helps clear the air passages from
secretions, irritants and foreign particles, including microbes. The cough reflex occurs
when there is a forced and sudden exhalation against the closed glottis which then

results in a massive release of air from the lungs, after the opening of the glottis,
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accompanied by a distinctive sound (Chung and Pavord, 2008). Coughing can be due
to a respiratory tract infection or choking, smoking, air pollution, asthma, chronic
bronchitis, medications and a variety of many other factors which include

acetylcholinesterase (ACE) inhibitors (Chung and Pavord, 2008).

2.3 MEDICINAL PLANTS

Some of the medicinal and therapeutic properties of medicinal plants have been
attributed to the phytochemical constituents of such plants. Phytochemicals are non-
nutritive plant chemicals with protective or disease preventive activities. They are
nonessential nutrients and as a result they are not needed for the everyday function of
the human body. Phytochemicals are also believed to be produced by plants for their
protection (against insect attacks and plant diseases). Recent research suggests that

they can also be utilized for the protection of humans against diseases (Schultz 2000).

The use of plants for medicine is a basic part of African culture (Hutchings et al., 1996)
and one of the oldest and most diverse practices all over the globe (Van Wyk and Wink,
2004). In South Africa, a country also regarded as a developing nation, the use of
indigenous African medicine is widely used alongside Western allopathic medicine (Van
Wyk et al., 2003). Traditional healing with local herbs is widely practiced in Zululand
(Gumede, 1989).The medicinal properties and effects of various plants traditionally
used for a wide variety of diseases has been well documented (George et al., 2001,
Opoku et al., 2002; Jean- Paul et al., 2005; Iwalewa et al., 2007; Bibhabasu Hazra a et

al., 2008). Even in our laboratory at the University of Zululand, the effects of various
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medicinal plants used by Zulu traditional heals have been well documented (Soyingbe
et al., 2013 a, b; Simelane et al., 2013; Mosa et al., 2014 and Machaba et al., 2014).
Globally, a number of studies focusing on the scientific validation of plants traditionally
used to treat respiratory ailments have been carried out; the testing of such plants
specifically against pathogens related to respiratory diseases has been carried out (Van
Wyk and Wink, 2004; Van Wyk et al., 2009; Crouch et al., 2006; Tabuti et al., 2010

Mohamad et al., 2011).

Recent reports in literature have indicated that extracts of some medicinal plants exhibit
anti-asthmatic (Jung et al., 2009; Sunilson et al., 2010; Pinto et al., 2012), and anti-
cough (Batugal et al., 2004; Punjani and Kumar, 2002; Maroyi, 2013; Mulaudzi et al.,

2012) activities.

2.4 EUCALYPTUS GRANDIS W. HILL EX MAIDEN

Eucalyptus grandis is a plant which was originally native to the east coast of Australia. It
is commonly known as rose gum or flooded gum (a misnomer). It is a premier forest
species in Queensland and New South Wales, Australia and can grow to 43 to 55m tall
(Figure 2.3) (Hall et. al.,1970). Massive planting programs have since been

implemented to plant the species in South Africa and Brazil (Jacobs, 1976).
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Figure 2.3 Eucalyptus grandis W. Hill ex Maiden (www.forestryimages.org October
2014)

The traditional use of Eucalyptus by traditional healers to treat a wide range of diseases
such as general infections, colds, flu, sore throats, bronchitis, pneumonia, aching,
stiffness, and neuralgia (Hutching et al., 1996) and its use as an antibiotic (Hopkins-
Broyles 2004) has been documented. Vivik (2008) reported the use of Eucalyptus as an
antifungal agent for the treatment of some skin infections. Sisay (2010) reported that the
essential oils of Eucalyptus globules and Eucalyptus citriodora, with about 70% of their
constituent being 1,8-cineole (Eucalyptol), stimulate respiration, and can be used to
relieve the effect of a cough, to expel mucus, and as a vasorelaxant of the respiratory
muscles, thereby indicating the usefulness of the oils in the management of bronchitis,

asthma, catarrh, sinusitis and throat infections.

Traditional healers interviewed (see Appendix F) on how they treat asthma and coughs

using various medicinal plants made reference to steam inhalation as a method of
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choice. It is apparent that the volatile compound of the plants is being used, and thus

the investigation of the essential oils in this study.

2.5 ESSENTIAL OILS

An essential oil is a concentrated, hydrophobic liquid containing volatile aroma
compounds derived from plants. Essential oils are sometimes referred to as volatile or
ethereal oils, or as oils of the plant they were extracted from, such as oil of rose.
Essential oils are referred to as "essential” as they carry a distinctive scent, or essence,
of the plant they are extracted from. Essential oils don’t necessarily have any specific
chemical properties, apart from conveying characteristic fragrances. Essential oils are
found in the leaves, flowers, buds, twigs, barks, fruits, and roots of plants while a few
are derived from animal sources and micro-organisms. The different odours of the oils
can be detected at low concentration as the odours are well-defined. Essential oils
consist mainly of aliphatic hydrocarbons, monoterpenoids, diterpenoids and
sesgiterpenoids. They can also contain benzyl, phenylpropanoids, and carboxylic acids

with other compounds like sulphur and nitrogen (Ahmad et al., 2006).

2.5.1 USES OF ESSENTIAL OILS

Essential oils have been exploited for their medicinal properties throughout history
(Buchbauer, 2000). Essential oils have been used for and are believed to treat a
numerous diseases, from skin infections to cancer. The use of essential oils has been
revived recently with the revitalization of aromatherapy. Aromatherapy is a form of

alternative medicine that makes use of specific essential oil aromas through diffusion of
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essential oil into the air with a nebulizer, by burning oil over the flame of a candle, or as
incense (Lehrner et al., 2005).

Worldwide research is increasing with the screening of plants for active biological
activities as well as essential oil activities, ranging from chemical and pharmacological
properties to therapeutic properties (Sonbolia et al., 2005; Skaltsa et al., 2003; Tzakou
and Skaltsa, 2003; Lawal and Oyedeji, 2009).

The essential oils of various plants have been studied over the years and seen to
possess useful biological and pharmacological properties, such as antimicrobial
(Kezemi et al., 2011; Vale-Silva et al., 2009; Gulluce et al., 2006; Altanlar et al.,1999;
Janssen et al.,1987and Kurita et al.,1981), antinociceptive (Quintdo et al. 2010;
Sulaiman et al., 2009), anti-inflammatory (Ozbek et al., 2007; Chao et al., 2005),
vesorelaxant (Chiara et al., 2010) and antioxidant properties (Kezemi et al., 2011; Kadri

et al., 2011, Gulluce et al., 2006).

2.5.2 EXTRACTION OF ESSENTIAL OILS

Essential oils are most often extracted by means of distillation. Some of the other

processes used include expression and solvent extraction.
2.5.2.1 HYDRODISTILLATION

This widely used process is also known as water distillation. It is the process most used
for the extraction of essential oils. Plant samples are suspended in water and boiled at
about 300°C, the vapour condensed and the oils separated using a Clevenger type

apparatus (Baser, 1995; Guenther, 1949; Koedam, 1987; Crespo et al., 1991). Essential
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oils extracted using this method have a low yield due to the absence of non-volatile

compounds (Ernest, 1921).

2.5.2.2 STEAM AND WATER DISTILLATION

This method employs the use of water and steam to extract essential oils from plant
materials. This method does not see the plant materials mixed with water. Instead, the
steam generated passes through the plant material to obtain the essential oils from the
plant. The loss of oxygenated constituents is minimal compared with hydrodistillation

(Baser 1995).

2.5.2.3 SOLVENT EXTRACTION

This method makes use of solvents that have low boiling points and are free of odour
and impurities to extract essential oils from delicate plant materials. The solvents mostly
employed in this method are: purified petroleum ether, hexane and benzene. The
solvents used do not react with the oils and can be easily separated from the oils under

reduced pressure (Baser 1995; Koedam 1987).

2.5.2.4 SUPERCRITICAL CARBON DIOXIDE EXTRACTION

Supercritical CO, extraction uses carbon dioxide under extremely high pressure to
extract essential oils. CO; is passed through a tank containing plant materials and,
under high pressure, the CO; turns liquid and acts as a solvent. When the pressure is
decreased the CO, returns to its gaseous form, leaving the residue essential oils
behind. This method uses a lower temperature and gives a higher yield of the essential

oils compared with the other methods of extraction (Baser 1995; Temelli et al., 1988).
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2.5.3 ANALYSIS OF ESSENTIAL OILS

2.5.3.1 PHYSICOCHEMICAL PROPERTIES

Physicochemical properties determine the overall qualities of essential oils extracted.
(Fabiane et al., 2008). Sensory evaluation and the refractive index are two methods of
quality evaluation frequently used (Guenther et al., 1971; Ambrose and Ambrose,

1961).

2.5.3.2 REFRACTIVE INDEX

The refractive index or the index of refraction of a substance or medium is regarded as
the measure of the speed of light that pass through that medium. The refractive index is
expressed as the speed of light in a vacuum relative to that in the considered medium.
The refractive index can be used to distinguish other solvents from water and to confirm

the purity of essential oils (Young and Freedman, 2008).

2.5.3.3 SENSORY EVALUATION

Analyzing essential oils by smell is a crucial method in determining this physical
property. The sensory evaluation is carried out immediately after isolation and it is
conducted using a number of panelists to evaluate and recognize the distinctive smell of
the essential oils. GC-OA gas chromatograph equipped with a DB-Wax fused silica
capillary column, and an FID can also be used (Minh Tu et al., 2003) to determine the
characteristic smell of essential oils ( Baser, 1995; Sawamura et al., 2001; Gedney at

al., 2004).
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2.5.3.4 CHEMICAL COMPOSITION OF ESSENTIAL OILS

A variety of plant-derived essential oils have been studied, and their chemical
compositions analyzed using GC and GC-MS to chemically characterize the various
constituents and compounds in the essential oils, and the results documented.

Gas chromatography (GC) or Gas-Liquid chromatography (GLC) is a chromatography
technique used for the identification and quantitative analysis of essential oils and
mixtures of complex compounds (Baser 1995; Eiceman 1994; Adams 1991; Vernin
1987). A mobile and a stationary phase are required. The mobile phase describes the
use by a carrier gas of an inert gas such as helium, argon, or nitrogen. The stationary

phase consists of a packed column (Eiceman et al., 1994).

Gas chromatography—mass spectrometry (GC-MS) is a method that combines gas-
liquid chromatography and mass spectrometry in order to identify different substances
in a compound. GC-MS is used for identifying the complex properties of essential oils
and is also used in drug detection and the identification of unknown samples (Babushok
et al., 2007; Shibamoto 1987; Herent 2007). Different retention times are required for
molecules to elute from the gas chromatograph. The mass spectrometer breaks
molecules into ionized fragments, detecting fragments by using their mass to charge

ratio (Eiceman 1994).

Use of the two components together provides better substance identification than either
unit used separately. Combining the two processes assists greatly in eliminating the
possibility of error, as two different molecules would be unlikely act the same way when

using a gas chromatograph and a mass spectrometer (McLafferty et al., 1999).
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2.5.4 IDENTIFICATION OF CONSTITUENTS OF ESSENTIAL OILS
2.5.4.1 KOVATS RETENTION INDEX

The time taken by the sample after injection and the recording of the maximum peak of
the component is the retention time (tg). In an ideal situation and in operational
conditions, a given solute should have the same retention time. With varying
temperature and flow rates maintaining a constant condition during analysis, there is a
need to express analytical results in a more uniform and reproducible manner; hence,
the retention indices (Baser, 1995; Babushok et al., 2007; Shibamoto, 1987; Herent et
al., 2007; Scott, 1958). n-Paraffin hydro-carbons are employed as the homologous
series in the Kovats retention index system KIl. Kovats retention index system Kl is
measured on a polar and or a non-polar stationary phase (Merfort, 2002; Shibamoto,

1987).

GC and GC-MS have been used by various researchers to establish the chemical
composition of the essential oils of flowers, leaves, and stems. For example, twenty-six
constituents which represented 86.0 - 99.6% of the total composition of two Senecio
polyanthemoides Sch. Bip. from South Africa collected from two different localities
within the city of uMhlatuze have been reported by Lawal and Oyedeji (2009). The main
components were seen to be limonene, p-cymene, B-selinene, a-pinene, B-pinene and
1,8-cineole. The essential oil of Tulbaghia violacea Harv L.F. contains 2,4-
dithiapentane, p-xylene, chloromethylmethyl sulfide, o- xylene, thiodiglycol and p-xylol

(Soyingbe et al., 2013 b).
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2.5.5 CYTOTOXICITY ACTIVITY

The cytotoxicity testing of essential oils is carried out to determine the level of toxicity of
the oils in damaging tissues, the cell wall and cell membrane. Essential oils easily pass
through the cytoplasmic membrane, which makes it easy to disrupt the structure of the
membrane and cause it to permeabilize. Essential oils can coagulate the cytoplasm,
thereby damaging lipids and proteins (Burt, 2004). The possibility of using essential oils

in anticancer and antitumor treatments can therefore be verified by cytotoxicity testing.

Cell line based bioassays have been seen to provide reliable and valid results (Mire-
Sluis et al., 1995). They are also implored as a better replacement for animal based
methods such as the brine shrimp lethality test. The cytotoxicity of essential oils is
determined by exposing cell cultures to the essential oils. Thereafter, cell death can be
determined. Cell lines have also been widely used in research and drug development as
models for normal and cancer tissues. Various cytotoxicity analyses have shown that
essential oils are generally nontoxic. Lawal and Oyedeji (2009) reported the cytotoxicity
of the essential oils of Cyperus distans, C. Papyrus, C. rotundus, Senecio
polyanthemoides and S. pterophorus. Using the brine shrimp lethality assay the results
showed a concentration dependent cytotoxicity activities of all the oils which were
directly proportional to the different concentrations of 10 pg/ml — 250 pg/ml. Soyingbe et
al., (2013b) reported the cytotoxicity of the essential oil of Tulbaghia violacea Harv L.F.
using the MTT cell proliferation assay on human embryonic kidney cells (HEK293) and
human hepatocellular carcinoma cells (HepG2). The oils showed low cytotoxicity 1C50

values of 1218 and 1641 pug/ml against HEK293 and HepG2 cells, respectively. Doll-
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Boscardin (2012) reported the in vitro cytotoxic potential of essential oils of Eucalyptus
benthamii and its related terpenes on tumor cell lines. The volatile oils from the young
and adult leaves of E. benthamii showed some degree of cytotoxicity against the studied
cells with ICsp values ranging from 108.33 pg/mL at 24 h to 56.51 pg/mL at 72 h, when
compared to J77A.1 cells with ICsy values ranging between 287.98 pg/mL at 24 h to
166.87 pg/mL at 72 h. The essential oil obtained from the adult leaves of E. benthamii
showed similar values for these two cell lines. Studies previously documented suggest
that the cytotoxic effect of essential oils with ICsp values between 10— 50 ug/mL suggest
a strong cytotoxic activity, while 1Cso values ranging between 50-100, 100-200, and
200-300 pg/mL indicate moderate, weak, and very weak cytotoxic properties,
respectively (Sylvestre et al., 2006). Compounds with 1Csg values higher than 300 pg/mL

display no cytotoxic activity (Sylvestre et al., 2006).

2.5.6 ANTIBACTERIAL ACTIVITIES

2.5.6.1 ANTIMICROBIAL RESISTANCE

Antibiotic resistance is a worldwide problem. The Centre for Disease Control and
Prevention (CDC) estimates that, in the United States, more than 2 million people are
sick with antibiotic resistant infections and about 23,000 die as a result of antibiotic
resistance, including fungal and bacterial infections. Antibiotic resistance occurs as a
result of bacteria change thereby reducing or eliminates the activity of the drug designed
to cure or prevent the infection. The bacteria survive and continue to multiply, causing

more harm (Bisht et al., 2009). Antibiotic resistance can happen as a result of the
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incorrect use of antibiotics, underdose or overdose (Roger et al., 2003). Antibiotic
resistance results in consequences such as: longer periods of hospitalization and high-

cost treatments (CDC, 2013; Bisht et al., 2009).

Active efflux is a very important mechanism of bacterial resistance to most classes of
antibiotics. This mechanism powered by an efflux pumps system (figure 2.4), is a
component associated with active movement by promoting the extrusion of toxic
compounds, as well as antibiotics, from the cell (Webber and Piddock, 2003; Li and
Nikaido, 2004; Piddock, 2006). These active transporters are present in both specie of
bacteria (Wexler, 2012). Efflux pumps confer a multiple drug resistance (MDR)
phenotype (Zechini and Versace, 2009). Antimicrobial resistance of efflux mutant is due
to an effective efflux pump which makes it more efficient at export; the intracellular
antibiotic concentration decreases and the bacterium become less susceptible to the
compound used (Li and Nikaido, 2004; Piddock, 2006; Starvi et al., 2007; Levy, 2002;
Poole, 2005). Multidrug resistant bacteria that are most problematic include: methicillin
resistant Staphylococcus aureus (MRSA), Vancomycin resistant enterococci (VRE) and

Mycobacterium tuberculosis (Kariuki and Hart, 2001; Aqil et al., 2006).

There is a need therefore to develop new antibacterials, either by improving the
molecular design of old antibiotics or by developing efflux pump inhibitors (EPIS)
(Nikaido, 1996; Zechini and Versace, 2009). EPIs can become active against MDR
pumps by binding directly to the pump and blocking it, in a competitive or non-

competitive manner (Mahamoud et al., 2007; Lomovskaya and Bostian, 2006).
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Figure 2.4 Mechanism of efflux pumps system, which is responsible for removing toxic

compounds and antibiotics from the cell. (news.brown.edu/2011/bacteria)

Plants are a source of biologically active compounds which have the ability to inhibit the
activities of bacteria in the spoilage of food, inhibit the activity of fungi as well as animal
pathogens (Zaika, 1989, Dean and Svoboda, 1990; Lin et al., 1999; Penduka et al.,
2014). Plant volatiles confer antimicrobial ability to most plants taking into consideration
plant maturity, distillation methods, the distilled part of the plant and harvesting periods
(Loziene and Venskutonis, 2005; Boira and Blanquer, 1998; Burbott and Loomis, 2000;
Panizzi et al., 1993; Lahlou, 2004). Some animal and human viruses have also been
reported to be susceptible to essential oil. Research in this field is still ongoing (Dorman
and Dean, 2000; Connor and Beuchat, 1984; Deans and Ritchie, 1987; Deans and

Svoboda, 1988; Roussis et al., 2002; Kilani et al., 2008).

PrabuSeenivasan et al., (2006) studied the in vitro antibacteria activity of six essential

oils and reported that cinnamon, clove and lime oils showed varying degrees of
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antibacterial activity on both specie of the bacteria tested. The minimum inhibitory
concentration and minimum bactericidal concentration values observed for the essential
oils of Eucalyptus globulus and that of Thymus algeriensis, showed that the essential
oils of both plants can be used as natural agents in food preservation and as antibiotic
compounds (Abdenour et al., 2011). Blumea megacephala essential oils have been
seen to be a potential source of natural antimicrobial compounds (Liang Zhu et al.,
2011). Lalitha et al., (2011) suggests that many essential oils, as well as extracts of the

associated plants, have in vitro antifungal and antibacterial activity.

Susceptibility testing methods used to determine the activities of essential oils in
inhibiting the growth of bacteria include agar well diffusion, agar disk diffusion methods,
kill-time analysis and broth dilution analysis (Prabuseenivasan et al., 2006; Cimanga et
al., 2002; Skaltsa et al., 2003; Nevas et al., 2004; Dorman and Deans, 2000; Vijoen et
al., 2006; van Vuuren and Vijoen, 2006). Other methods employed include the minimum
inhibitory concentration (MIC), minimum bactericidal concentration (MBC), membrane
damage activity (LDH assay) and the efflux pump inhibitory assay (Dikshit and Husain,

1984)
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2.5.7 ANTIOXIDANT ACTIVITIES

The antioxidant activities of essential oils have been widely studied and documented.
Ramzi (2011), working with the essential oils of Nepetade flersiana found in Yemen,
reported that the essential oil reduced DPPH and demonstrated moderate antioxidant
activity, although the observed low antioxidant activity was associated with low contents
of phenolic compounds found in the essential oil, such as thymol and carvacrol.

The essential oil extracted from guava stem bark showed a weak proton donor in DPPH
reaction. However, it was observed to compare favorably with a-tocopherol, a good
scavenger of hydroxyl radicals (Fasola et al., 2011). Kadri et al., (2011) reported that the
essential oil from the aerial parts of Artemisia herba-alba growing in the Tunisian semi-
arid region could be a rich source of natural antioxidants in foods as an alternative to
synthetic antioxidant, and could assist the pharmaceutical industry with the prevention
and treatment of various human diseases. Ines et al., (2011) observed that the essential
oil obtained from the flowers of G. sanguineum L. possesses antibacterial and
antioxidant activities. The antioxidant properties of essential oils invariably make them
very good candidates for use as natural antioxidants and also as models for new free

radical scavenging drugs.
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2.6 AIMS & OBJECTIVES

Despite the many and varying pharmaceutical properties of Eucalyptus grandis that are
exploited by traditional healers, there has been little or no scientific verification of their
therapeutic activities. To the best knowledge of this researcher, there is no mention of
the anti-asthmatic and anti-cough activities of the essential oil of this plant in literature.

Such knowledge is essential for the complete (medicinal) exploitation of the plant.

2.6.1 HYPOTHESIS

The essential oils of Eucalyptus grandis have anti-asthmatic and anti-cough activities

that relieve the effects of asthma and a cough.

2.6.2 AIMS

This project aims to extract and investigate the variations in essential oil composition of
the dry and fresh leaves of Eucalyptus grandis, the anti-asthmatic and anti-cough
activities of the essential oil and some of the bioactivities (including the anti-oxidant,
antimicrobial, anti-inflammatory activities) of the essential oil hydrodistilled from dry and

fresh leaves of Eucalyptus grandis.

2.6.3 OBJECTIVES

l. To collect and identification of Eucalyptus grandis (W. Hill ex Maiden);

. To extract essential oils from the fresh and dry leaves by hydrodistillation;
Investigation of the variation in chemical composition of the dry and fresh leaves;

lll. To Investigate of the antioxidant and antimicrobial properties of the extracted

essential oils;
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VI.

To evaluate the cytotoxicity of the extracted essential oils;
To evaluate the anti-asthmatic and anti-cough properties of the essential oils of
Eucalyptus grandis;

To isolate the active agent in the essential oil.
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Chapter 3
MATERIALS AND METHODS
The materials used in this research are listed below as well as a brief description of the
methods used in the study are given; a full and detailed method preparation of the

reagents and methodology are presented in Appendix A and B respectively.

3.1. MATERIALS

3.1.1. CHEMICALS AND REAGENTS

(See Appendix A for reagent details)

The potassium persulfate, trichloroacetic acid (TCA), ascorbic acid, trolox, ferric chloride
(FeCl3), iron (ii) chloride tedrahydrate (FeCl,), 3-(2-pyridyl)-5,6-diphenyl-1,2 4-triazine-
4’ 4”-disulfonic acid sodium salt (ferroxine), sodium nitropruside, sulphanilic acid, glacial
acetic acid, naphthyl ethylenediame dihydrochloride (naphthylamine), potassium chloride
(KCI), sodium chloride, potassium hydroxide, potassium ferricyanide, sodium hydroxide,
ferrous ammonium sulfate (FAS), pyridine, sodium carbonate, xanthine, copper chloride
(Cucly), ferrous sulfate (FeS0O,), hydrogen peroxide (H20,), gallic acid, sodium carbonate,
phenol reagent, dimethyl sulfoxide, and p-iodonitotetrazolium violet (INT) used were all

obtained from Sigma-Aldrich Co., Germany.

The sulphuric acid (H,SO4), ammonium molybdate, potassium ferricyanide, methanol
(MeOH), hexane, glacial acetic acid, sulphuric acid (H.SO,), hydrochloric acid (HCI),
nutrient agar, and nutrient broth used were all obtained from Merck. The ampicillin and

neomycin were obtained from Oxiod.
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3.1.2. EQUIPMENT

Rotor evaporator (Heidolph—Laborota 4000)

Spectrophotometer (Spekol 1300)

Centrifuge (Eppendorf—5804 R)

pH meter (Hanna Instruments)

Incubator (Labcom)

BiotekEIx 808 Ul plate reader (Biotek instrument suppliers)

GC-MS (Agilent technologiesGC 7890A equipped with an Agilent mass spectrometry

system (5975C VL MSD with triple axis detector)

3.1.3. BACTERIA STRAINS USED IN THE STUDY

The bacteria strains used in this study consisted of the reference strains klebsiella
pneumoniae, (ATCC31488), staphyloccus aereus (ATCC 25925) and clinical isolate
morexella catarrhalis. S. aureus and K. pneumoniae were collected from uMhlathuze
Water Municipality and M. catarrhalis was collected from Nkonjeni Hospital in Nongoma,
KZN Province, South Africa. These are pathogens known to be involved in respiratory
infections which could trigger an asthma attack. The stock cultures were maintained at

4°C in Mueller-Hinton agar (Oxoid, Germany).
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3.2 METHODOLOGY

(See appendix B for details)

3.2.1 ETHICAL CLEARANCE

Ethical clearance (UZREC 171110-030 PGD 2013/26) was obtained from the Research
Animal Ethics Committee (RAEC) of the University Of Zululand. Sprague-Dawley rats
were collected from the animal house in the Department of Biochemistry, University of
Zululand. Experimental research was carried out following the guideline for care and
supervision of experiments on animals. The animals were housed in standard cages
and maintained at room temperature with 12:12-h light: dark cycle. All rats had free
access to drinking water and standard rat feed in the experimental environment for 1

week before the experiments were conducted.

3.2.2 COLLECTION AND IDENTIFICATION OF PLANT MATERIAL

Eucaylptus grandis W.Hill ex Maiden leaves were collected from kwaDlangezwa in
Empangeni, kwaZulu-Natal Province, SA. The leaf of the plant was taken to the
Department of Botany, University of Zululand for identification and voucher specimens

(0S.01UZ) were deposited at the University of Herbarium.

3.2.3 EXTRACT PREPARATION

The leaves of Eucalyptus grandis were picked from the stalk of the freshly collected
plant and a portion of the collected leaves were dried at room temperature. The leaves

were subjected to more than three hours of hydrodistillation using a Clevenger-type
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apparatus (British pharmacopoeia). The essential oil obtained was collected over water
and dried over anhydrous sodium sulfate and then dissolved in methanol which was

then stored at — 5 °C until required.

Figure 3.1 Hydrodistillation of essential oil using a Clevenger type apparatus

3.3. PHYSICAL PROPERTIES

The quality assessment of essential oils requires different analyses, including sensory

evaluation and refractive index analysis.

The sensory evaluation (color, odour, etc.) of the extracted essential oils was done by a
panel of staff and students in the Department of Biochemistry and Microbiology. The

refractive index was determined with the Abbey refractometer.

3.4. CHEMICAL COMPOSITION OF ESSENTIAL OILS

The Gas Chromatography/Mass Spectrometer (GC/MS) of the essential oils extracted

was carried out using an Agilent Gas Chromatography (7890 A) equipped with an
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Agilent 190915 (30m x 250 pm x 0.25 pm calibrated) attached with an Agilent mass
spectrometer system (5975C VL MSD with Triple Axis Detector). The oven temperature
was set from 45°C — 310 °C. Helium was used as the carrier gas at a flow rate of 5
ml/min with a split ratio of 1: 200. The essential oil (1ul) was diluted in hexane and 0.5 pl
of the solution was manually injected into the GC/MS. The chemical compositions of the
essential oil of the leaves of E. grandis were determined according to their retention time

and spectrometric electronic libraries (WILEY NIST) equations.

3.4.1 ISOLATION OF ACTIVE COMPOUNDS.

The isolation and purification of components from the essential oils of the fresh and dry
leaves of Eucalyptus grandis, were performed using a column chromatography packed
with chromatographic silica gel (0.063-0.200 mM). Firstly 80 g of LC 60A 40-63 silica gel
was slurred with 120 mL n-hexane and poured into a 25mm I.D. x 300mm glass
column, after which 3.2 grams of essential oil was dissolved in 5mL n-hexane. The
mixture was run through the silica gel column and washed with n-hexane and ethanol to
give two fractions. Hexane was used to elute (20 ml/min) the terpene hydrocarbon from
the LC60A 40-63 silica gel, thereafter, two oxygenated compounds were easily washed
off the column with ethanol (20 ml/min). These fractions were then analyzed using thin
layer chromatography for purity. After this, a GC-MS analysis was done on the ethanol

fraction.
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3.5. BIOLOGICAL ACTIVITIES OF ESSENTIAL OILS

3.5.1 ANTIMICROBIAL ACTIVITY OF THE ESSENTIAL OILS.
3.5.1.1 AGAR DISK DIFFUSION METHOD

The antibacterial properties of the essential oils were carried out using the agar disk
diffusion method (Van Vuuren and Vijoen, 2006). Bacteria were incubated in 10ml
nutrient broth at 37°C overnight. Next, the cultures were diluted to the McFarland no.5
standard (1.0 X 10® CFU/ml). Standard Petri dishes with nutrients agar were inoculated
with the bacteria suspension (1.0 X 10® CFU/mI). Sterile paper disks (6 mm) were then
placed on the inoculated plates and 10 pl of 10 mg/ml of the essential oils dissolved in
10% DMSO was added to the paper disks. Tests were performed in triplicates;

ampicillin and neomycin at 10 ug/ml were used as positive control.
3.5.1.2 MINIMUM INHIBITORY CONCENTRATION

The minimum inhibitory concentrations (MIC) of the essential oils were determined by
the Eloff's (1998) method. Nutrients broth (50 pl) was added to all the wells of the
microtiter plates; 50 pl of 10 mg/ml of the essential oils dissolved in 10% DMSO was
then added to all the wells in the row and then serially diluted down the rows from the
first row. Bacteria culture (50 ul) of McFarland standard were added to all the wells and
then incubated at 37 °C for 24 hrs. A 20 ul of 0.2 mg/ml p-iodonitotetrazolium violet
(INT) solution was then added to each well and incubated at 37 °C for 30 mins. The
MIC, which is the lowest concentration at which no visible microbial growth is seen, was
recorded. Bacteria treated with ampicillin and neomycin at 10 pug/ml were used as

positive controls.
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3.5.1.3 MINIMUM BACTERICIDAL CONCENTRATION

The minimum bactericidal concentration (MBC) which is regarded as the lowest
concentration of the sample at which inoculated bacterial strains are completely killed,
were confirmed by re-inoculating 10pul of each culture medium from the microtiter plates,
which was used for MIC, on nutrient agar plates and incubated at 37 °C for 24 hrs
(Soyingbe et al., 2013). Bacteria treated with ampicillin and neomycin at 10 pg/ml were

used as positive controls.

3.5.1.4 MEMBRANE DAMAGE (CLEAVAGE) LDH ASSAY

The susceptible organisms were grown and incubated with the MBC concentration of
the essential oil overnight. The microbial cultures were then centrifuged (5000 g; 5
mins). The supernatant (100 pl) was then mixed with 100 pl of lactic acid
dehydrogenase substrate mixture of 54 mM lactic acid, 0.28 mM of phenazine
methosulfate, 0.66 mM p-iodonitrotetrazolium violet, and 1.3 mM NAD+. The release of
the cytosolic lactate dehydrogenase (LDH) reflects the loss of membrane integrity in
dying cells, and it was assessed by colorimetric assay The cytotoxicity in the LDH
release test was calculated using the formula: (E-C)/(T-C) X 100, where E is the
experimental absorbance of the cell cultures, C is the control absorbance of the cell
medium, and T is the absorbance corresponding to the maximal (100%) LDH release of

Tri- ton X-100 lysed cells (positive control). (Badovinac et al., 2000).
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3.5.1.5 EFFLUX PUMP INHIBITION-RHODAMINE 6G UPTAKE

The activities of the essential oils were tested for their MDR inhibition of Rhodamine 6G
(R6G) accumulation using the method of Maesaki et al., (1999) with some modifications.
Bacteria were cultured overnight at 37 °C with shaking (110rpm). After 24 hrs cells were
centrifuged at 4000xg for 5 min and washed twice with phosphate buffer saline (PBS,
pH 7.2). Cells were centrifuged again and re-suspended at 40 mg/ml in PBS containing
10mM sodium azide (NaN3). R6G was added to a final concentration of 10 uM and cells
placed in an incubator for 1hr. Cells were then divided into two aliquots, tube 1 and tube
2. Cells were centrifuged for 5 min at 4000rpm. Cells in tube 1 were re-suspended in
PBS containing 1M glucose while the cells in tube 2 were re-suspended in PBS alone.
Essential oils were then added to the cells containing glucose to a final concentration of
100 uM. Both tubes were then placed in an incubator with agitation for 30 min at 37 °C.
Cells were centrifuged and the supernatant discarded. The remaining pellet was re-
suspended in 0.1 m glycine HCI, pH 3 and placed in the shaking incubator overnight.
After 24 hr, cells were centrifuged for 10 min at 4000xg and the supernatant collected
and the absorbance reading was 527 nm. The accumulation of the R6G was expressed
as a percentage accumulation in the cells.

The percentage accumulation of R6G inside cells after exposure to glucose, extract and
standards was calculated with the formula:

(1-A; /A0) X 100
Where A; is the absorbance of the test compound and A, is the absorbance of the

control in the presence of glucose only, Beberine was used as positive controls.
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3.5.2 ANTIOXIDANT ACTIVITY

3.5.2.1 SUPEROXIDE ANION SCAVENGING ACTIVITY

The method used by Nagai et al. (2001) for determination of superoxide dismutase was
followed, with some modification. The method uses the extract ability to inhibit and
reduce nitroblue tetrazolium (NBT) in the riboflavin—light—-NBT system (Beauchamp and
Fridovich, 1971). A reaction mixture of 0.02 ml each of sodium carbonate buffer (50
mM, pH 10.5), 0.15 % bovine serum albumin, 3 mM Xanthine, 3 mM EDTA, 0.75 mM
NBT and 0.02 ml of essential oil (0-5 mg/100 ml) were incubated with 0.02 ml of
Xanthine oxidase (6 mU) for 20 min at 25 °C. The production of blue formazan was

monitored after the addition of 0.02 ml of 6 mM CuCl2, at 560 nm.

3.5.2.2 NITRIC OXIDE SCAVENGING ACTIVITY

The nitric oxide radical scavenging activity was determined using the method of Garret
(1964). Methanolic solution of the essential oil at different concentration (0.5 ml of 5
mg/ml — 100 mg/ml) were added to a reaction mixture of (2 ml of 10 mM) of sodium
nitroprusside saline phosphate buffer (0.5 ml of 0.01 M, pH 7.4), incubated for 150 min
at 25 °C. Sulphanilic acid reagent (1 ml of 0.33%) was then added to 0.5 ml of the
incubated solution and allowed to stand for 5 min. Naphthyl ethylenediamine
dihydrochloride (1 ml of 0.1%) was added and the mixture incubated at 25 °C, after

which absorbance was measured at 540nm and the percentage scavenging estimated.
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3.5.2.3 HYDROXYL RADICAL (-OH) SCAVENGING ACTIVITY

The assay is based on benzoic acid hydroxylation method as described by Osawa, et
al., (1997). In a screw-capped tube, 0.2 ml each of FeSO,, 7H,O (10 mM), EDTA (10
mM), different concentrations of the essential oil (0-5 mg/100 ml), DNA (10 mM) and
phosphate buffer (pH 7.4; 0.1 mol) were mixed. Then 200 ul of H,O, solution (10 mM)
was added. The reaction mixture was incubated at 37 °C for 2 hr. After that, 1.0 ml TCA
(2.8%) and 1.0 ml of 1% TBA was added and the mixture boiled and allowed to cool on

ice. Absorbance was read at 520nm.

3.5.2.4 SULFHYDRYL (SH) CONTENT

The SH content of the oils was done using the method described by Cohen and Lyle
(1966). Methanolic solutions of the essential oils were added to 0.5 ml phosphate buffer
(0.1M, pH 8.0) and 0.1 ml of 1% o--phthalaldehyde thereafter allowed to stand for
20mins at room temperature. The absorbance was read at 420nm. The -SH content of

the oils was estimated from the standard graph of glutathione.

3.5.2.5 NADH CONTENT

The of Stern et al. (2002) with some modification was used to determine the NADH
content in the essential oil. The essential oil (1:5w/v) was mixed with a phosphate
buffer containing 20 mM NaHCOg3, 100 mM Na,CO3z; and 10 mM nicotinamide. The
filtrate was heated on a dry heating block at 60 °C for 30 min to destroy NAD+/NADP+,
and quickly chilled to 0 °C. Thereafter, 1 ml of a reaction mixture containing 100 ymol

Tris-HCI (pH 8), 2 umol phenazineethosulfate, 0.5 ymol Tetrazolium bromide, 0.2 mg
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alcohol dehydrogenase, and 0.2ml of the essentail oil was added then incubated for 5
min at 37 °C. Thereafter 60 umol ethanol was then added and incubated for 10 min at

37 °C and the absorbance was read at 570 nm.
3.5.2.6 DETERMINATION OF MALONDIALDEHYDE (MDA)—TBARS

Determination of MDA was done using the method of Halliwell and Gutteridge (1990).
To 100pl of the reaction mixture, 1.5ml of TCA (10 %) was added and incubated for 10
minutes. Then centrifuged at [3500 rpm for 20 min] the resultant supernatant was mixed
with 1.5 ml of 1% TBA. The mixture heated in a bath of boiling water for 30 minutes,
allowed to cool, 2ml of n-butanol was then added. The absorbance of the butanol layer

was measured at 532nm.

Unless otherwise stated, ascorbic acid, trolox and BHT were used as standards. All assays
were repeated three times and the mean = S.E reported. The inhibitory effects of the

extracts on each parameter were calculated as:
% Inhibition=(1 — AY/, ) x 100

where Ag is the absorbance value of the fully oxidized control and A; is the absorbance of
the extract. The inhibitory concentration providing 50% inhibition (ICsp) was determined

using statistical package Origin 6.1.
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3.6. CYTOTOXITY ASSAY

Human embryonic kidney cells (HEK293) and Human hepatocellular carcinoma cells
(HepG2) were the cells used for the assay. Cells were cultured in 25cm? flask to
confluenecy, the cells were then trypsinised and plated into 48 well plates at 2.5 x 10*
seeding density per well. Next, the cells were incubated overnight at 37°C. Fresh
medium (MEN +Glutmax + antibiotic) was added. The essential oils (50 pug -350 pg)
were added in triplicate and incubated for 4 hr. The medium was removed and replaced
by complete medium (MEM + Glutmax + antibiotics + 10% Fetal bovine serum). After

48hrs cells were subjected to the MTT assay (Mosman, 1983).

3.7 MUSCLE CONTRACTION STUDIES (VASCULAR REACTIVITY ON AORTIC
SMOOTH MUSCLE)

The study was undertaken to evaluate the effect of the essential oils and 1,8-cineole on
the isometric contraction of isolated rat aortic rings. Healthy, young adult, male and
female Wistar albino rats weighing 250-300 g were used. The animals were kept and
maintained under conventional laboratory conditions of controlled temperature, humidity
and light, and allowed free access to standard pellet diet and water ad libitum. All the
animals used were fasted for 18 hr, but still allowed access to water before the
commencement of the experiments. The rats were sacrificed by cervical dislocation. The
thoracic aorta was quickly removed, freed of connective tissue and placed in a petri-dish
containing physiological salt solution (PSS). The aortic lumen was gently flushed with
PSS and sectioned into 2 mM ring segments. Each aortic ring was suspended in a 60 ml
jacketed tissue bath containing PSS with the following composition (Ebeigbe and

Aloamaka, 1987; Obiefuna et al., 1991; Ojeikere et al., 2003; Salahdeen and Murtala,
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2012) (mmol/L): NaCl, 118.0; KCI, 4.7; KH,POy,, 1.2; MgSO,, 1.2; NAHCO3, 15.0; CaCl,,
1.6 and glucose, 11.5. The temperature of the bath was maintained at 37°C and the
solution bubbled with a 95% O,, 5% CO, gas mixture (pH 7.3 - 7.4). An initial tension of
2 g was applied to all arterial rings. An equilibration period of 60-90 min was allowed
before the start of experiments, and during this time it was stimulated thrice with 10° M
noradrenaline for 5 min at 30 min intervals. At the end of the equilibration period, the
vessel was subjected to the following procedures. Cumulative doses of noradrenaline
(NA) were added to the PSS to obtain concentrations of 10®° to 10° M and the
concentration—-response curves (CRCs) were determined. Following incubation with

essential oil the extract CRCs were determined for NA.
3.8 ACETYLCHOLINESTERASE INHIBITORY ACTIVITY

The method of Ellman et al.,, (1961) was used to determine acetylcholinesterease
inhibitory assay. Acetylcholine iodide was used as a substrate for the assay. The
mixture containing 1ml of acetylcholine iodide, 1 ml of 0.1 mM sodium phosphate buffer
(pH 7.4), and the compound (0-5 mg/100 ml), were incubated at 37°C for 5 min, and 0.1
ml of the enzyme (acetylcholinesterase) was added. The mixture was incubated at 37°C
for a further 8 min. The reaction was terminated by adding 1 ml of 3 % sodium dodecyl
sulphate (SDS), then 0.1 ml of 0.2 % 5,5-dithiobis-(2-nitrobenzoic acid) (DTNB) was
added to produce the yellow anion of 5-thio-2-nitrobenzoic acid. The colour was
measured at 440 nm for 10 min at 2 min intervals. Tacrine was used as a positive

control. The enzyme activity was calculated using the formula: R = 574 x 10 x A/C.
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Where: R = rate in moles of substrate hydrolysed/ min/ mg; A= change in absorbance/
min; C = original concentration of the substrate (mg/ml). Percentage inhibition was
calculated using the formula: % Inhibition = (1 - Vo Sample/ V Blank) x 100. Where V,

Sample and V, Blank represent the initial velocities of samples and blank velocities.

3.9. INVESTIGATION OF ANTI-INFLAMMATORY EFFECTS.

3.9.1. COTTON PELLET GRANULOMA TEST

The proliferation phase of inflammation was investigated by the cotton pellet granuloma
model (Meier et al., 1950). The essential oils at 50 and 150 mg/ kg and indomethacin as
the control drug at 10 mg/kg body weight were dissolved in 10% Tween-20 and were
given to the rats orally. After 30 min the animals were anesthetized. Sterile cotton
pellets of 20mg each were implanted at an interscapular depth under the skin under
sterile conditions. The essential oils and control drug were administered daily for a
period of seven days. The rats were sacrificed after anesthesia on the eighth day and
the pellets surrounded by granuloma tissues were dissected out, weighed, dried for 24 h
at 40°C temperature and weighed again. The increment between dry and wet pellet
weights were taken as a measure of granuloma formation and compared with those of
the control.

The collected, dried and weighed granulations were separately homogenized, and used

to estimate catalase, superoxide dismutase (SOD) and protein content.
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3.9.2. CATALASE ACTIVITY

The catalase activity was measured according to method of Shinha et al. (1971). A 0.1
ml of the homogenate was mixed with 1.0 ml of 0.01 M phosphate buffer (pH 7.4), and
incubated with 0.4 ml of 0.2 M H,0O, at 37 °C accurately for 1.0 min and reaction was
stopped with 2.0 ml of 5 % potassium dichromate (1:3 with glacial acetic acid). The
samples were incubated in a bath of boiling water for 15 min, centrifuged at 5000 rpm
for 15 min and supernatant was used to quantify the amount of H,O, to calculate
catalase activity at 570nm. One unit represents 1.0 pmole of H,O, consumed/min/mg

protein.

3.9.3 SUPEROXIDE DISMUTASE

The method of Hwang et al. (1999) was used to determine the SOD content. One gram
of fresh tissue was homogenized with 10ml of ice cold 50mM sodium phosphate buffer
containing 1mM phenyl methyl sulfonyl fluoride (PMSF).. Superoxide dismutase activity
was assayed as described by Beauchamp and Fridovich (1971). The reaction medium
was prepared and to 3 ml reaction medium, 1ml of enzyme extract was added. The
reaction mixture contained 1.17x10° 6 M riboflavin, 0.1 M methionine, 2x10°5 potassium
cyanide and 5.6 x10'5 M nitroblue tetrasodium salt, dissolved in a 0.05 M sodium
phosphate buffer (pH 7.8). The mixture was illuminated in fluorescent glass test tubes.
The absorbance was read at 560 nm in the spectrophotometer against the blank. The
amount of change in the absorbance by 0.1 per hour per milligram protein under the

assay condition was taken as the SOD activity
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3.9.4. IN VITRO COX-1 and COX-2 INHIBITION ASSAY

The ability of the essential oils to inhibit COX-1 and COX-2 was determined using an
EIA kit as described by Gautam et al., (2010). COX-1 and COX-2 catalyzes the
biosynthesis of prostaglandins (PG) H, from arachidonic acid, and PGF,a produced
from PGH; by reduction with stannous chloride is measured by an acetylcholinesterase
competitive EIA kit. The essential oils (50 pg/ml) were dissolved in ethanol and used.
The percentage inhibition was calculated by the comparison of compound treated and

control incubations.

3.10 ANTI-ASTHMATIC ACTIVITY OF ESSENTIAL OILS

The animal experiments were carried out using Sprague-Dawley rats. Rats obtained
from the animal house were allowed to acclimatize for 4 days. The rats were then
divided into 5 groups of 5 rats each: group 1 was the control group that received only
the carrier solvent (10% Tween-20); group 2 was the positive control, and were treated
with Aminophylline (125 mg/kg body weight); groups 3, 4 and 5 received 50 mg/kg, 100
mg/kg and 250 mg/kg in body weight, respectively of the extract dissolved in 10%
Tween-20 (Fig 3.2). All the rats were fed with a standard diet (Doghouse, SA) and water
ad libitum. The rats were administered with their respective drugs through the oral
cannula for 3 consecutive days. One hour after the last administration the rats were
exposed to irritant agents (histamine and acetylcholine mixture 1:1) for 30seconds using
an ultrasonic nebulizer via whole body exposure. The latent periods of asthma were

recorded.
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Figure 3.2 Animal experimental set-up.

3.11. ANTI-COUGH ACTIVITY OF ESSENTIAL OILS

The experimental design was similar to that reported for the anti-asthma (see section

3.11). Codeine phosphate (5 mg/kg of body weight) was used as the positive control.

Coughing was induced by exposing rats to ammonia for 5 sec, and the latent period of

coughing (seconds from the expose to the first cough) and the number of coughs during

a 2 minute period recorded.
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3.12 A549 LUNGS CELL CULTURES

A549 lungs cells were cultured (37 °C, 5% CO,) to confluency in 25 cm? culture flask in
complete culture media (CCM). CCM was made up of eagle’s minimum essential
medium (EMEM), 10% foetal calf serum, 1% L-glutamine and 1% penstrepfungizone.
Growth of cells was monitored and confluent flasks were trypsinized using 1ml trypsin.
Cell numbers were counted with the aid of trypan blue dye stains. The cytotoxicity effect
of the essential oils was determined using (MTT) assay. A549 cells (15,000 cells/ well)
were seeded into a 96-well microtiter plate and incubated at (37 °C, 5% CO,) with a
range of essential oil dilutions, in triplicate, for 24 hr. A549 cells incubated with CCM
only were used as a positive control. 120 pl of CCM/MTT salt solution at a concentration
of 5mg/ml was added to each well and incubated for 4 hr at 37 °C. Following incubation,
the supernatant were removed and 100 pl DMSO was added to each well and
incubated for 1 hour. The optical density of the formazan produced was measured at
570nm with a reference wavelength of 690nm. The percentage cell viability was then
determined (% viability = average OD of treatment/average OD of untreated control X

100).
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3.13 INDUCTION OF INTERLEUKIN (IL-6) SECRETION (CYTOKINE ASSAYS)

The levels of cytokines interleukin 6 (IL-6) in A549 cells was determined by enzyme-
linked immunosorbent assay. (ELISA) IL-6 secretion was induced by the addition at time
zero of 10ul of a stimulatory agent to the test wells. Supernatants were removed from
triplicate wells for each stimulus at the four experimental time points. The triplicates
were combined into one sample and immediately frozen at -20°C. A control sample
obtained from unstimulated cells was treated similarly. Samples from a single

experiment were analyzed in the same IL-6 assay.

3.14 HISTOLOGICAL STUDIES

An in vivo study using rat models of lipopolysaccharide (LPS)- induced acute lung injury
and its effect on the lung inflammation were viewed digitally by histological observation.
LPS 50 pl (2 mg/kg) was administered to the rats intranasal. After 48 hrs of the last
challenge of LPS, lungs were removed from the rats after they had been sacrificed.
Prior to the removal of the lungs, the lungs and trachea were filled intratracheally with a
fixative (4% paraformaldehyde) using a ligature around the trachea. Lung tissues were
fixed with 10% (v/v) paraformaldehyde. The specimens were dehydrated and
embedded in paraffin. Histology studies were carried out at the Vet Diagnostix
laboratories (Pietermaritzburg, SA) by a qualified pathologist having no prior knowledge
of which group the specimens belonged. The lung tissues were stained with
haematoxylin and eosin (H & E). This method allowed for an unbiased description of the

histological lesions which were either present or absent in the samples.
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Figure 3.2 intranasal administration of LPS.

3.14 STATISTICAL ANALYSIS

Data was expressed as means + S.E.M. Students’ t-tests were used to analyze data
between the groups and analyses of variance (ANOVA) conducted among groups,
followed by Dunnet’s t-test for multiple comparisons. The statistical significance will be

set at P < 0.05.
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Chapter 4

RESULTS

The hydrodistilled volatile oils of both the fresh and dry leaves were examined by GC-
MS to determine the components of both sets of leaves. The oils were investigated for
their anti-asthma and anti-cough properties. Studies of the antioxidant properties as well
as their antimicrobial properties were carried out. In addition, studies of the cytotoxicity
and the anti-inflammatory properties were carried out. The results obtained are

presented in this chapter

4.1 PHYSICOCHEMICAL PROPERTIES OF THE ESSENTIAL OILS.

The physicochemical properties of the essential oils that were isolated from both the
fresh and dry leaves of Eucalyptus grandis are summarised in Table 4.1 and were
assessed using the method described in the British Pharmacopoeia (1998). The results
showed a percentage yield of 1.10% for the dry leaves and 0.43% for the fresh leaves;
the characteristic color of the oils were green for the fresh leaves and lighter shade of
green for the dry leaves. It is apparent that the drying process affected the physical

properties of the extracted oil.

Table 4.1 Physicochemical properties of the essential oils of the fresh and dry leaves of
Eucalyptus grandis.

Properties Fresh leaves Dry leaves
% yield 0.43% 1.10%
Refractive index 1.4685 1.4773
Color Green light green
pH 3.651 @ 28° 4.065 @ 28°

51



4.2 CHEMICAL COMPOSITION OF THE ESSENTIAL OILS

The chemical composition of the essential oils (identified by their relative retention

indices and percentage composition) are shown in Table 4.2. A total of 33 compounds,

representing 99.3%, were identified in the fresh leaves and 14 from the dry leaves,

representing 89.2 %. The main components of the oils from the fresh leaves were a-

pinene (29.67%), p-cymene (19.89%), 1,8-cineole (12.80%) and a-terpineol (6.48%).

The main components of the dry leaves were 1,8-cineole (47.44%), limonene (13.34%),

a-pinene (7.49%) and spathulenol (7.13%). (see appendix C for spectra).

Table 4.2 Chemical composition of the essential oils of the fresh and dry leaves of

Eucalyptus grandis

Chemical composition of essential oils of Eucalyptus grandis

Percentage composition

Compound RT? KI°

Fresh Dry
a- pinene 8.10 936 29.6 7.5
camphene 8.50 950 15
B- pinene 9.31 064 - 0.2
B-myrcene 9.69 993 - 0.3
p-cymene 10.72 1025 19.8 5.4
limonene 10.84 1029 3.1 13.3
1,8-cineole 10.92 1031 12.8 47.4
y-terpinene 11.71 1060 2.1 15
terpinolene 12.60 1089 0.3 1.6
carene 12.90 1148 0.2 -
B-fenchol 13.35 1122 1.2 -
trans-pinocarveol 13.73 1139 0.6 -
camphor 14.11 1146 2.5 -
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sabinyl acetate 14.82 1166 0.5 -
borneol 14.90 1169 3.4 -
terpinen-4-ol 15.22 1177 0.8 -
a-terpineol 15.62 1189 6.4 1.2
cis-carveol 16.38 1231 0.4 -
thymol 18.19 1290 0.2 -
carvacrol 18.63 1299 0.3 -
terpinyl acetate 19.97 1349 1.6 -
caryophyllene 21.90 1419 1.8 -
alloaromadendrene 26.12 1441 0.2 -
y-gurjunene 25.53 1447 0.3 -
viridiflorene 22.83 1497 15 -
a-calacorene 24.87 1546 0.4 -
spathulenol 25.76 1578 1.4 7.1
caryophyllene oxide 25.92 1583 15 2.7
a-eudesmol 26.35 1632 0.7 0.3
cis-cadin-4-en-7-ol 26.65 1637 1.7 -
epoxy-allo- alloaromadendrene |26.82 1641 1.0 -
cadine-1,4-diene 26.82 1646 0.4 0.5
amiteol 27.13 1660 0.1 -
monoterpene hydrocarbons 56.6 29.9
oxygenated monoterpenes 31.0 48.7
sesquiterpene hydrocarbons 4.9 0.5
oxygenated sesquiterpenes 6.8 10.1
Total identified 99.3 89.2

*Kovats index on a DB-5 column in reference to n-alkanes (Adams 1995, 2001). MS,

NIST and Wiley libraries spectra and the literature; Kl, Kovats index.
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4.3 ISOLATION OF COMPOUNDS

Two compounds were isolated from the essential oils: 1,8-cineole (Fig 4.1) from the dry
leaves and terpinen-4-ol (fig 4.2) from the fresh leaves. The spectra obtained showed

pure compounds. (see Appendix C).

CHj
O
H
H;C CHs
1,8-cineole terpinen-4-ol
Figure 4.1 1,8-cineole Figure 4.2 Terpinen-4-0

4.4 CYTOTOXICITY OF THE ESSENTIAL OILS

The cytotoxicity of the essential oils against HEK 293 and HEP G2 cell lines are

presented in Table 4.3.
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Table 4.3 Percentage inhibition of HEK 293 and HEP G2 by the essential oils

E. grandis (Dry leaves) E. grandis (Fresh leaves)
(Hg/200pI) HEK293 HEPG?2 HEK293 HEPG?2
100 151 10.11 -1.06 -1.32
150 12.03 14.01 -0.21 0.49
200 8.77 13.21 -1.00 1.72
250 13.40 15.80 3.48 4.62
300 17.42 24.45 8.10 8.45
350 25.92 28.68 16.81 13.42
IC 50 pg/mi 1875 1942 2291 2189

0 = Control values expressed as mean + SEM, (n=3)

The cytotoxicity of the essential oils showed a concentration dependent activity with ICs

values of 1875 ug/ml on HEK293 and 1942 ug/ml on HEP G2 for the fresh leaves, and

2291 pg/ml on HEK293 and 2189 upg/ml on HEP G2 for the dry leaves. Even though the

essential oil from the dry leaves appeared to contain more toxic materials than the oil

from the fresh leaves, the ICs values suggest that the essential oils are not cytotoxic.

4.5. ANTIOXIDANT ACTIVITIES

The results of the antioxidant activities of the essential oils of the fresh and dry leaves of

Eucalyptus grandis are presented in Table 4.4.
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Table 4.4 Antioxidant activities of the essential oils from the fresh and dry leaves of
Eucalyptus grandis

@Superoxide
anion Oy’

PNitric
oxide
NO

‘Fe*
Chelating

YHydroxyl
‘OH

*TBARS

'NADH

ISulfhydryl
content

Essential
oils of
the fresh
leaves of
E.
grandis

>5

4.34

>5

>5

32.76

0.8

9.00

Essential
oils of
the Dry
leaves of
E.

grandis

>5

3.65

4.93

>5

41.51

2.1

13.14

Trolox

Ascobic
acid

4.02

2.88

BHT

>5

EDTA

>5

Citric - -
acid

3.46 - - - -

ab.ed1c50 —inhibitory concentration, (O2.-) —Superoxide anion radical scavenging;

(.OH) —Hydroxyl radical scavenging; (NO.) —Nitric oxide radical scavenging,- (Fe*")
Chelating. ® Percentage inhibition-TBARS " pm/g-NADH, ¢ pg/g(w/w)-Sulfhydryl content
conc. 1 =5 mg/ml, conc. 2 = 10 mg/ml, conc. 3 = 20 mg/ml, conc. 4 = 50 mg/ml conc. 5
=100 mg/ml.

The essential oil obtained from the fresh and dry leaves of Eucalyptus grandis showed a
similar antioxidant activity. They both showed a relatively low tendency to chelate Fe?*,
and scavenge free radicals O2.-, .OH and Nitric oxide. This indicated a lack of potential

to donate electrons to free radicals, and possibly prevent lipid peroxidation.
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4.6 ANTI-ASTHMA ACTIVITY OF THE ESSENTIAL OILS

The results presented in Figure 4.3 show the anti-asthma activities of the essential oils,
the isolated 1,8-cineole and the control drug aminophylline. The time in delaying the
wheezing associated with asthma after rats were exposed to the irritant agents,
histamine and acetylcholine is presented. The rats which were administered the control
drug aminophylline delayed longer in developing wheezing after being exposed to the
irritants, while the groups which were administered with the essential oils showed a
concentration dependent activity in delaying wheezing associated with asthma after

exposure to the irritants.
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Figure 4.3 Anti-asthma activity of the essential oils, 1,8-cineole and the control
aminophylline. Values expressed as mean = SD, (n=5)

57



4.7 ANTI-COUGH ACTIVITY OF THE ESSENTIAL OILS

The results presented in Figures 4.4 and 4.5 show the anti-cough activities of the
essential oils, the isolated 1,8-cineole and the control drug dextromethorphan. The time
in delaying the cough associated with asthma and the number of coughs in 2 minutes
after 5 seconds exposed to ammonia is presented. The experimental groups showed a
concentration dependent activity; as the concentration increased the delay in coughing

also increased, though they were not as effective as that of the control drug

dextromethorphan.
40 1
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Figure 4.4 Anti-cough activity of the essential oils, 1,8-cineole and the control

dextromethorphan. Values expressed as mean + SD, (n=5)
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Figure 4.5: The activity of the essential oils, 1,8-cineole and the control
dextromethorphan on the number of coughs for 2 minutes after 5 seconds of exposure
to ammonia. Values expressed as mean * SD, (n=5)

The anti-cough activity of the essential oils showed a concentration dependent activity
for both the number of coughs recorded in a 2 minute period after exposure to ammonia
and the delay in coughing after exposure. The delay in the time it took to develop a
cough was longer at the highest concentration of the essential oils for both the fresh and
dry leaves and also for 1,8-cineole, as compared to the control group with no drugs. The
number of coughs counted for 2 minutes was also seen to decrease as the

concentration increased.
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4.8 ACETYLCHOLINESTERASE ACTIVITY

The percentage inhibition of acetylcholinesterase is presented in Table 4.5 for the
essential oils from both the fresh and dry leaves of Eucalyptus grandis. The oils showed
less than 50% acetylcholinesterase inhibition activity (fresh leaves show a 35.66 + 1.06
% inhibition, while dry leaves exhibited 36.65 + 3.04 % inhibition). The essential oils

were not as effective as the standard tacrine (96.90 + 0.63 % inhibition).

Table 4.5 Percentage inhibition of acetylcholinesterase

% INHIBITION OF ACETYLCHOLINESTERASE.

Essential oils from fresh | Essential oils from Dry leaves Standard
leaves Tacrine

35.66 + 1.06 (%) 36.65 + 3.04 (%) 96.90 * 0.63 (%)

values expressed as mean = SEM, (n=3)

4.9 ANTIMICROBIAL ACTIVITIES OF THE ESSENTIAL OILS FROM THE FRESH

AND DRY LEAVES OF EUCALYPTUS GRANDIS.

The antibacterial activities of the essential oils were carried out against respiratory tract
infection bacteria strains. The MIC and MBC are summarized in Table 4.6 and the

membrane damage activity summarized in Table 4.7.

The essential oils from the fresh leaves showed MIC and MBC valves ranging from
0.3125- 1.25 mg/ml and 0.626 - 2.5 mg/ml respectively. The MIC and MBC values for
the dry leaves were 5 mg/ml for MIC and >5 mg/ml for the MBC. These values suggest

that the oils are more bacteriostatic than bactericidal.
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Table 4.6 Minimum

inhibitory concentration (MIC) and minimum bactericidal

concentration (MBC) of the essential oils from the fresh and dry leaves of Eucalyptus

grandis.

Bacterial strains MIC of | MIC of | MIC MBC of | MBC of | MBC -
E. oils |E. oils | Neomycin |E. oils |E. oils | Neomycin
fresh Dry 20ug/ml fresh Dry 20ug/ml
leaves leaves leaves leaves
5mg/ml | 5mg/ml 5mg/ml | 5mg/ml

S.aureus

(ATCC 25925) 1.25 5 20 2.5 >5 ND

K.pneumoniae ND

(ATCC31488) 0.3125 5 20 0.625 >5

M. catarrhalis ND
1.25 5 20 2.5 >5

MIC values given as mg/ml for essential oils, ND= not determined

The results presented in Table 4.7 show the percentage release of cytosolic LDH from

bacteria cells. The low (8% - 24%) release of the LDH indicates that the observed

antibacterial activities of the oils were not due to bacterial membrane damage.

Table 4.7 LDH release (membrane damage) activity.

LDH

Bacterial strain Fresh leaves Dry leaves
S. aureus 11% 8%
(ATCC 25925)

K. pneumoniae 13% 24%
(ATCC 31488)

M. catarrhalis 11% 20%

LDH release (membrane damage) activity % LDH release in comparison to Triton X-100
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4.9.1 EFFLUX PUMP INHIBITORY ACTIVITIES

The efflux pump inhibitory activities of the essential oils of the fresh and dry leaves of

Eucalyptus grandis presented in Table 4.8 show the percentage accumulation of R6G

inside the cells, while Figures 4.6, 4.7 and 4.8 show the accumulation of R6G in the

bacteria cells over time.

Table 4.8 Percentage increase of R6G accumulation.The results show the percentage
accumulation of R6G inside the cell after exposure to glucose, plant extract and
standard inhibitor bererine. The value of the drug accumulation in the presence of
glucose alone was taken as the control 0%.

Standard Essential oils
Bacterial strain Beberine Oils (fresh | Oils (dry
leaves) leaves)
S. Aureus (ATCC 25925)? 98% 53% 11%
K. Pneumoniae (ATCC 31488)? 74% 9% 3%
M. catarrhalis® 67% 25% 4%

% Values of drug accumulation in the presence of glucose. Glucose alone was taken
as the control 0%. ATCC = American Type Culture Collection, USA. ? - Environmental

strains; b _ Clinical isolates.
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Table 4.9 Accumulation of R6G against respiratory tract infectious bacteria®

Microorganism | FLEO DLEO Plus Glucose No Beberine
Glucose
S. aureus 2.01 +1243 +10.75+£0.20** | 4.30+1.00 | 2.50 + 0.80**
0.50** 0.75**
K. pneumonia 3.24 + 0.50* | 2.30 +10.89+£1.00** |4.75+0.90 | 2.37 £ 0.60***
0. Grr*
M. catarrhalis 284+100 |2.22+1.00* |1.38+0.50** 4.00+0.50 [2.75+1.00

8 = 3, mean * S.D); FLEO - fresh leaf essential oil; DLEO — dry leaf essential oil

Table 4.9 show the accumulation of R6G in bacterial cells over time. The results are of
R6G concentration inside the cell after 30mins of incubation against the sample used
(essential oils, ampicillin and beberine). Glucose was used to provide energy for the
efflux pump in the form of ATP. Error bars denote the standard deviation from the mean

(N=4) and statistical significant difference with the control (glucose) (P<0.05).

The results show that R6G was bacteria strain specific as observed in Table 4.9 where
R6G absorption was greater for K. pneumoniae and M. catarrhalis for S. aureus in the
presence of the essential oil from the fresh leaves, while Staphylococcus aureus had a
high accumulation with the dry. For M. catarrhalis and K. pneumonia, the uptake of R6G
by oil of the fresh leaf was even higher than that of the standard used, Beberine, while
for Staphylococcus aureus the essential oils from the dry leaves were more effective,
which showed that plant extracts increase R6G concentration. It is also noted that S.
aureus had a higher percentage accumulation than the other organisms in Table 4.8,

because gram positive organisms have a single layer of cell wall (making them more
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susceptible to antibiotics than gram negative organisms which have a double

membrane), making them less susceptible to antimicrobial agents.

4.10 ANTI-INFLAMMATORY ACTIVITY

The results obtained from the anti-inflammatory activity of the essential oils and the
isolated 1,8-cineole on the cotton pellet-induced granuloma are presented in Figure 4.9.

The extracts showed a concentration dependent anti-inflammatory activity.
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Figure 4.9 Anti-inflammatory activity of the essential oils and the isolated 1,8-cineole on
the cotton pellet-induced granuloma. Values expressed as mean + SD, (n=5)
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4.11 BIOCHEMICAL ESTIMATION OF ENZYMES

The biochemical estimation of some inflammatory enzymes; catalase, superoxide
dismutase and cyclooxygenase (COX 1 and COX 2) are presented in Figures 4.10, 4.11

and 4.12 respectively.
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Figure 4.10 Catalase activity of the essential oils and the isolated 1,8-cineole. Values
expressed as mean * SD, (n=5)
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SOD Activity
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Figure 4.11 SOD activity of the essential oils and the isolated 1,8-cineole. Values
expressed as mean * SD, (n=5)
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Figure 4.12 COX 1 and COX 2 activities of the essential oils and the isolated 1,8-
cineole Values expressed as mean + SD, (n=5)
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4.12 INTERLEUKIN 6 (CYTOKINE ELISA)
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Figure 4.13 IL 6 (Cytokine activity) of the essential oils and 1,8-cineole activities on
A549 lung cell cultures. Values expressed as mean + SD, (n=5)

The effects of the essential oils and isolated 1,8-cineole on inflammatory enzymes
show their ability to activate the inflammatory enzymes SOD and catalase. They also
inhibited the effect of COX 2 with little effect on COX 1, which is needed for

physiological functions, as well as IL 6, which is produced during imflammation.
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4.13 HISTOPATHOLOGICAL EVALUATION

Figure 4.14 Micrographs of lung tissues (200x) of rats induced with LPS observed
under a microscope. Group a: lung from blank group; Group b: lung from carrier solvent
(10% tween-20); Group c: lung from essential oil derived from fresh leaves (250 mg/ml)
and Group d: lung from essential oil derived from dry leaves (250 mg/ml).

Group a is the control group to which the other groups are compared. These were the

rats which were normal and in an apparently healthy condition. Group b showed mild

peribronchiolar lymphocytic accumulates (peribronchiolar associates lymphoid tissues or
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BALT). BALT form part of the normal defence mechanism or immune system cell
hyperplasia and peribronchiolar inflammation with neutrophils, lymphocytes, plasma
cells and macrophages. There was purulent exudate in the bronchial lumen, which may
suggest secondary bacterial infection or bronchopneumonia. Groups ¢ and d, which
were given the essential oils, showed a few lesions of mild thickening of the alveolar
septal walls, with scant mononuclear cellular infiltrates and mild alveolar atelectasis.
Though this is a non-specific finding and can be seen in, for instance, chronic irritation
caused by abnormally high levels of uric acids. It is a common finding, especially in

laboratory rodents.

4.14 MUSCLE CONTRACTION STUDIES (VASCULAR REACTIVITY ON AORTIC
SMOOTH MUSCLE)

The effects of the essential oils and isolated 1,8-cineole on aortic smooth muscle are
presented in Figures 4.15 - 4.19. Figure 4.15 shows the concentration response curve
for the essential oils compared with noradrenaline. The curves were evidence of the
concentration dependent vasorelaxant activity of the oils. Figure 4.16 shows the
concentration dependent vasorelaxant activity of the essential oils and 1,8-cineole at
different concentrations on the aortic ring isolated from the rats. Figures 4.17 - 4.19
shows the individual vasorelaxant activities of the essential oils and 1,8-cineole on the
aortic rings isolated from rat muscles which had previously been stimulated by

noradrenaline.
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Figure 4.15 Typical tracing showing: concentration response curve of NE
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Figure 4.16 Concentration response for noradrenaline in aortic rings incubated with and
without essential oils and 1,8-cineole (0.5mg/ml). n= 6.

The essential oils and 1,8-cineole extracted from the essential oils showed a
concentration dependent muscle contraction activity on the aortic ring muscle isolated
from rats. Figures 4.17 - 4.19 show the individual curve of each sample and the effects

on muscle contraction.
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Figure 4.17 Concentration response curve for noradrenaline in aortic rings incubated
with and without the essential oil from the fresh leaves (0.5 mg/ml). n=6
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Figure 4.18 Concentration response curve for noradrenaline in aortic rings incubated
with and without the essential oil from the dry leaves (0.5 mg/ml). n=6
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Figure 4.19 Concentration response curve for noradrenaline in aortic rings incubated
with and without the isolated 1,8-cineole (0.5 mg/ml). n=6
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Chapter 5

DISCUSSION

Asthma is a chronic inflammatory disease characterized by acute exacerbation of
coughing, dysponea, wheezing and chest tightness (Pan et al., 2010; Clark et al., 2010).
The search for an effective drug to manage asthma should be directed towards agents
that are antioxidant, antimicrobial, anti-inflammatory, anti-allergic, and immune-boosting
in nature.

The anti-asthma activity (Figure 4.3) of the essential oils from both the fresh and dry
leaves of Eucalyptus grandis indicated a concentration dependent activity in delaying
asthma in vivo in rats after the rats had been exposed to the irritant agents histamine
and acetylcholine. For the first time, a clinical study showed the anti-inflammatory
activity of the terpenoid oxide 1.8—cineole, which is also abundantly present in the

essential oils from Eucalyptus grandis (Juergens et al., 2003).

A study on the use of organic essential oil of lavender reported its ability to assist with
resistance to asthma attack triggers by strengthening the immune system. Lavender oll
also assists in treating other respiratory problems such as bronchitis, sinus congestion,
laryngitis, tonsillitis and also drug-resistant infections and fungal Infections (Stevenson,

2013).

The physicochemical properties of the essential oils from the fresh and dry leaves of
Eucalyptus grandis were assessed using the method as described in the British
Pharmacopoeia (1988). The commercial importance of oils mostly depends on these

physicochemical properties, which provide baseline data to determine their suitability for
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consumption (Bamgboye and Adejumo 2010; Parthiban et al., 2011; Barkatullah et al.,
2012). Yield depends on the period of harvest, the part of the plant used and the
extraction process (Yentema et al., 2007). The vyield results of the essential oil of
Eucalyptus globulus, extracted from Eucalyptus leaves by means of the hydro distillation
method, showed an oil yield of 3.5% in the month of July and the lowest oil yield was
0.08%, found in the month of December. The refractive index of the oil was in

agreement with that of our study (Astao et al., 2012).

Drying of plant material has been reported to increase essential oil yields and accelerate
distillation by improving the heat transfer (Whish and Willam, 1998). Other advantages
of drying include the reduction of microbial growth and the inhibition of some
biochemical reactions in the dried materials (Baritaux et al., 1992; Combrinck et al.,
2006). This is evident in the high yield of essential oil obtained from the dry leaves as
compared with that of the fresh leaves. The concentration of the oils with the removal of
water by drying increases the pH of the essential oil derived from the dry leaves as

compared with that of the fresh leaves (Table 4.1).

The chemical composition (Table 4.2) of the essential oil from fresh leaves revealed 31
compounds, which were about 99.25% of the essential oil. The compounds most
abundant in the oil were a-pinene (29.67%), p-cymene (19.89%) and 1,8-cineole
(12.80%). In the essential oil of the dry leaves, 14 compounds were identified which
together constituted 92.63% of the essential oil, of which the major compounds were
found to be 1,8-cineole (47.44%), d-limonene (13.34%), a-pinene (7.49%) and

spathulenol (7.13%).
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Concentrations of various volatile substances have been observed to increase in
numerous species of plants when leaves are dried and have been attributed to the
breakdown of glycosylated forms, dehydration reactions, and oxidation reactions
(Moyler, 1994; Bartley and Jacob, 2000). The increase in concentrations may also be
due to ruptures in plant cells where the volatiie compounds are stored. Some
compounds also arise from dehydration of oxygenated compounds which could have
occurred during the process of drying (Combrinck et al., 2006). It is obvious that the
drying process does not only affect the composition of the oils of Eucalyptus grandis, but
the concentration of the components as well. For example, while the concentrations of
a-pinene and p-cymene decreased in the dry leaf, the concentration of 1,8- cineole and
limonene increased in the dry leaf; only B-pinene was observed to be present in the dry
leave but was not found in the essential oil of the fresh leaf. As in most other Eucalyptus
essential oils whose main component is 1,8-cineole (Damjanovi¢-Vratnic et al., 2011;
Rahimi- Nasrabadi and Batooli, 2011), the essential oils from the dry leaves of
Eucalyptus grandis 47.44% of its component comprised 1,8-cineole, while the main
components of the essential oil from the fresh leaves of Eucalyptus grandis were a-
pinene with 29.67% and 1,8-cineole, making up just about 12.80% (Eucalyptol) of its

contents.

Cineol rich Eucalyptus oils have been used in traditional medicines to treat influenza
and colds. 1,8-Cineole can now also be found in products like cough syrups, lozenges,
ointments and inhalants and is used in the treatment of bronchial infections (Santos
and Rao, 2000; Pereira et al., 2005; Salari et al., 2006; Sisay, 2010). The presence of

1,8-Cineol in the essential oils of both the fresh and dry leaves of Eucalyptus grandis
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scientifically validates its traditional use for the treatment of bronchial infections as well

as asthma and coughs.

Free radicals have been implicated as a major cause of various diseases arising in living
tissues and their overproduction during inflammation makes them a major factor in
asthma which is due to oxidative stress in the bronchia. Lipid peroxidation has been
documented to play a major role in disease development (Keenoy et al., 2001) and in
fatigue syndrome (Vecchiet et al., 2003). Hydroxyl radicals are the most reactive and
predominant radicals, which are generated endogenously during aerobic metabolism
(Waling, 1975). They have a very short half-life due to their high activity and are more
effectively scavenged only at high concentrations (Rathee et al., 2007). In addition, the
role of NO has been controversial as it has both protective and harmful effects. For
example, the dual role of NO has been implicated in many neurological disorders of the
body. Its roles in the pathogenesis of major depression and modulatory activity of
various antidepressants have been indicated by recent research (Rathee et al., 2007,
Simelane et al., 2014). Reductones have peroxide formation preventive mechanism by
reacting with certain precursors of peroxide (Rathee et al., 2007). Oxidative damage
could be effectively neutralized with antioxidants and it is apparent that a good anti-
asthma drug should be a good free radical scavenger, it is also a good source of natural
antioxidant that helps to prevent lipid peroxidation and thereby prevent oxidative
damage (Moure et al., 2001; Simelane et al., 2014). The antioxidant activities of the
essential oils presented in Table 4.4 show the ability of the essential oils to prevent the
generation of free radicals with considerable Fe?" chelating activity and a considerable

nitric oxide radical scavenging activity which was seen to be concentration dependent.
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This was also observed with the superoxide radical anion and hydroxyl radical
scavenging activity which indicated high 1Cso values. Soyingbe (2012) reported that the
essential oil from Eucalyptus grandis exhibited a rather high antioxidant activity in
scavenging pre-existing free radical DPPH and ABTS, and also a high reducing power
which indicated the potential of the oils to donate electrons to free radicals, making them
stable. The essential oils probably contain reductones as seen in the percentage of
TBARS from Table 4.4 thereby inhibiting lipid peroxidation. NADH therapy has been
seen to be beneficial in patients with chronic fatigue syndrome (Santaella et al., 2004).
NADH contents (Table 4.4) indicate a potential for anti-lipoperoxidative activity.

The human system has an effective mechanism to prevent and neutralize free radical
induced damaged (Sarma et al., 2010). This is accomplished by a set of antioxidants
such as SOD and CAT, but when the balance between the production of free radicals
(Reactive Oxygen Species) and antioxidant defenses is not regulated, oxidative stress
results (Sarma et al., 2010) which can cause damage to DNA, lipids and proteins, and
slowly destroy healthy tissues leading to rapid aging. The biochemical estimation of the
antioxidant enzymes (catalase, and superoxide dismutase) and the inflammatory
enzymes, cyclooxygenase (COX 1 and COX 2) presented in Figures 4.10, 4.11 and
4.12 respectively show the ability of the essential oils as well as the isolated 1,8-cineole
in activating these enzymes and neutralizing the effect of free radicals produced during
chronic inflammation.

Acetylcholine is a major compound which helps nerve impulses to transmit from nerve
cell to nerve cell. Acetylcholinesterase is the principal enzyme involved in the hydrolysis

of acetylcholine (Fujiwara et al., 2010). At cholinergic synapses, acetylcholinesterase
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breaks down into choline and acetate, regulating nerve impulse transmission across
cholinergic synapses (Lopez and Villalobos, 2010). Acetylcholinesterase inhibition has
been considered a promising strategy for the treatment of neurological disorders such
as Alzheimer’s disease in which a deficit in cholinergic neurotransmission is involved
(Mukherjee et al., 2007). Anticholinergic agents may help block irritant induced
bronchospasm (Mukherjee et al., 2007). But, studies have shown that
acetylcholinesterase may provoke bronchospasm by increasing acetylcholine at
parasympathetic nerve terminals (Hirshman, 1992). Thus, the use of cholinesterase
inhibitors should be avoided in asthma if possible. The acetylcholinesterase inhibition
activities of both the essential oils from the fresh and dry leaves presented in Table 4.5
show only a moderate inhibitory activity.

It is apparent that the antibacterial properties of the oil from the fresh leaves show
higher activity than the oil of the dry leaves (Table 4.6). This could be attributed to the
presence of compounds such a and 3 pinene, and limonene which are more abundant
in the oil of fresh leaves than in the dry leaf oil. These compounds have been reported
to possess antimicrobial properties (Raju and Maridas, 2011). In addition, monoterpene
hydrocarbons which were dominant in dry leaves readily react with air and heat sources
thereby reducing the antimicrobial activity of the dry leaf (Abdelmajeed et al., 2012). The
low 11-13% levels of cytosolic LDH released (Table 4.7) for the essential oils from the
fresh leaves and 8-24% release for the essential oils from the dry leaves, does suggest
that microbial cell membrane damage contributes very little to microbial death in the

organisms exposed to the essential oils.
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Living cells (including bacteria) have mechanisms that expel toxic substances. These
systems (such as resistant-nodulation-division pumps) are mostly found in bacteria in
which a pump structure (such as an efflux pump) is anchored to the inner membrane to
release noxious substances, including antibiotics which are aimed to kill the bacteria
(Wexler, 2012). The efflux pump confers bacterial resistance (Amusan et al., 2007). It is
therefore important that new antibiotics, specifically efflux pump inhibitors (EPIs) are
developed to reduce the emergence of multidrug resistance (MDR). In this study, the
essential oils of E. grandis were able to increase the accumulation of rhodamine 6G
inside bacterial cells (Table 4.8 and 4.9), which revealed that the essential oils can
apparently be used as efflux pump inhibitors. It is noted that S. aureus had the highest
percentage accumulation over other organisms (Table 4.8); this could be because gram
positive organisms have a single layer of cell wall (which makes them more susceptible
to antibiotics) compared with gram negative organisms, which have a double membrane
making them less susceptible to antimicrobial agents (Kaur and Arora, 2009).

The anti-inflammatory activity of the essential oils and 1,8-cineole presented in Figure
4.9 were carried out using the cotton pellet-induced granuloma models in rats. Cotton
pellet-induced granuloma is broadly used to evaluate the transudative and proliferative
components of chronic inflammation (Winter et. al., 1957). The weight of the wet cotton
pellets correlates with transude material, whereas the weight of dry pellet correlates with
the amount of granulomatous tissue. Verma et al. (2010) showed the anti-inflammatory
activity of ethanolic root extract from Aconitum heterophyllum using cotton pellet-
induced granuloma in rats. Inflammation was reduced by the extract as shown by

decreased weight of the cotton pellet in cotton pellet-induced granuloma in rats. A
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decrease in the weight of the cotton pellet was similarly observed in this study,
suggesting that the essential oils do have anti-inflammatory activity.

Cyclooxygenase (COX) is an enzyme that is responsible for the production of important
biological mediators called prostanoids, including prostacyclin, thromboxane and
prostaglandins. COX converts arachidonic acid to prostaglandins which is responsible
for inflammation, pain and fever. There are two types of cyclooxygenase enzyme COX-1
and COX-2. COX-1 is considered a constitutive enzyme that is required for daily
physiological functions. COX-2 is an inducible enzyme that is produced during
inflammation (Kurumbail et al., 1996). The COX activity of the essential oils and 1,8-
cineole presented in Figure 4.12 were seen to inhibit more of COX-1 than COX-2. The
results obtained also showed a concentration dependent effect. The results thus
indicate that the essential oils do have some anti-inflammatory activity. However, the
inhibition of COX-1 has been shown to lead to drug toxicity and adverse side effects,
whereas the inhibition of COX-2 accounts for the anti-inflammatory effect of the drug
(Hawkey, 2001; Schachter, 2003). It is interesting to note that 1.8 cineole as well as the
essential oils from the fresh leaves at 250 mg/kg were able to inhibit COX-2 more than it
inhibited COX-1. This result is in line with previous studies that showed 1,8-cineole

reduces inflammation and pain (Santos and Rao, 2000).

Interleukin (IL), is defined as any group of proteins or cytokines that occurs naturally and
mediates the communication between cells. Similar to other cytokines, interleukins are
not stored within cells but they are rapidly and briefly secreted in response to a stimulus
(Sims et al.,1988). Interleukins regulate differentiation, cell growth and motility; they also

stimulate immune responses such as inflammation (Hirano et al.,1986). Once an
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interleukin has been produced, it travels to its target cell and binds to it through a
receptor molecule on the cell’s surface. Interleukins (1, 6, 13 and 17) are known to be
involved in the inflammatory response (Minty et al.,1993; Aggarwal and Gurney, 2002).
Figure 4.13 shows the reduction in IL6 in cells that were treated with the essential oils
with the essential oils from the dry leaves showing the lowest level of IL6 produced as
compared to the control group. This is significant and shows the inhibition of
inflammation by the essential oils with the reduced levels of IL6 produced.
Histopathological Micrographs of lung tissues observed under a microscope (200x) of
rats induced with LPS are presented in figure 4.14. The thickening of the airway smooth
muscle cells layer is the most common feature observed during airways
hyperresponsiveness. This proliferation has been suggested as one of the main causes
of hyperplasia (Aili et al.,, 2005; Sun et al., 2012). From the micrograph pictures the
number of airway smooth muscle cells significantly reduced in the lungs treated with the
essential oils compared to the tween-20 group. This is suggestive of the essential oils
inhibiting the proliferation of airway smooth muscle cells.

The essential oils and 1,8-cineole isolated showed a concentration dependent
vasorelaxant activity on the aortic ring from rats. The results show the contractile
response to noraderenalin which was suppressed by the test samples (evident by the
shifting of concentration response curve to the contractile agent to the right thereby
depressing the maximum response to each agonist). The results in this study are similar
to that observed by Salahdeen and Murtala (2012). The essential oils and 1,8-cineole
had a direct dilatory effect on smooth muscle and since smooth muscle around the

bronchial contracts during an asthma attack thereby obstructing the airways passage,
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the dilatory effect of the oils validates the use of Eucalyptus grandis as an anti-asthmatic
and anti-cough agent by traditional healers. Chinese formulations have also been
employed in the treatment of asthma. Several active components of phenethyl alcohol
were investigated in vitro and indicated an anti-asthmatic effect on the contraction of
isolated tracheal smooth muscles in guinea pigs. This prevented histamine-induced
bronchoconstriction, thereby corroborating the traditional use of this formulation as an

anti-asthmatic agent (Chi et al., 2009).

Cytotoxicity evaluations of compounds with an IC50 value less than 30 pg/ml are
considered to display significant activity (Suffness and Pezzuto 1990). The essential oil
from the dry leaves appears to contain a bit more toxic materials than the oil from the
fresh leaves; the ICsy values suggest that the essential oils are not cytotoxic. The
studies carried out by Doll-Boscardin et al. (2012) demonstrated that the essential oils of
Eucalyptus benthamii show improved cytotoxic potential compared to the isolated
terpenes a-pinene and y-terpinene and can pave the way for the future development of

therapeutic opportunities against cancer
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Chapter 6
CONCLUSION
Asthma is characterized by inflammation of the airways, causing airway dysfunction with
widespread airflow obstruction and also causes an associated increase in airway
responsiveness to a variety of stimuli (Patel et al., 2009). The underlying inflammation is
a complex biological response of vascular tissues against aggressive agents such as
pathogens, irritants, or damaged cells (Ferrero-Miliani et al., 2007). Asthma causes an
attack accompanied by wheezing, shortness of breath, chest tightness and coughing
(Bousquet et al., 2008).
Many synthetic drugs are used to treat asthma, but they are not completely safe for long
term use. Various inhaled bronchodilators and anti-inflammatory drugs are available,
require long-term use and are associated with side effects. (Bryan et al., 2000; Angsten,
2000).
This study showed the effect of the essential oils from both the fresh and dry leaves of
Eucalyptus grandis and isolated 1,8-cineole possessing anti-asthmatic and anti-cough
activities. These activities resulted from their considerable activities against respiratory
tract bacteria and their considerable activity in relieving the oxidative stress which
triggers an asthma attacks (Soyingbe et al., 2013).
The essential oils and 1,8-cineole showed anti-inflammatory activity and also the ability
to inhibit the inflammatory enzyme which triggers inflammation and subsequently
asthma and coughing. They also showed the ability to delay the effect of wheezing and
coughing associated with histamine and acetylcholine induced asthma which leads to

severe bronchoconstriction, and have displayed relatively low cytotoxicity.

84



The ability of the essential oils and 1,8-cineole to directly dilate smooth muscle and
relieve the stress of bronchial contraction and obstruction of the airways passage
validates the use of Eucalyptus grandis as an anti-asthmatic and anti-cough agent by

traditional healers.

It is concluded that the essential oils could be used as part of existing anti-asthma
therapy. The rationale behind the use of the Eucalyptus grandis plant in the treatment of

asthma by traditional healers and in Zulu folklore medicine has also been justified.

6.1 SUGGESTIONS FOR FURTHER STUDIES
It is suggested that further studies be carried out on the mechanism of action of the
essential oils on asthma and cough, as follows:
e The mechanism of action of active compound should be carried out.
e The active compound should be tested for other biological activities.
e More pure compounds should be isolated and tested and should be prepared
from active compound.

e Clinical trials should be considered.
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APPENDIX A

REAGENT PREPARATION

A.1 PHOSPHATE BUFFER (pH 7.4, 0.2M)
40ml of 0.2 M of potassium hydroxide was prepared and mixed with 50ml of 0.2M

potassium dihydrogen phosphate. The prepared mixture made up to 100ml.

A.2 Sulphanilic acid reagent

0.33 % of sulphanilic acid was prepared in 20 % glacial acetic acid.

A.3 Glutathione preparation

0.1-10 pg/ml was dissolved in ice cold distilled water containing 30 mumoles/ml EDTA.

A.4 Tris-buffer (pH 7.0)
7.88 g of Tris-HCI, 2.79 g of EDTA and 10.27 g of NaCl was dissolved in distilled

water and the solution made up to 1 L.

A.5 TBA
50ml of glacial acetic acid and 50ml of distilled water was mixed and 1 g of TBA
was added to the solution and the solution was made up to 100ml with distilled

water.

A.6 Phosphate buffed saline
0.13 M NaCl, 2.68 M KCI, 0.01 M Na2HPO4, 1.76mM KH2PO4 dissolved in distilled

water.

A.7 PBS buffer (pH 7.4)
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27mM potassium chloride,137mM sodium chloride, 4.3mM sodium hydrophosphate and

1.4mM potassium hydrophosphate was dissolved in distilled H20 and autoclaved

A.8 Formalin

1.75 g of sodium dihydrogen orthophosphate (NaH2PO42H20) and 3.25 g of di-sodium
hydrogen orthophosphate (Na2HP04) was dissolved in 25ml of boiling water. 50ml of

40 percent formalin was added and the resulting mixture made up to 400ml with distilled

water.
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APPENDIX B

DETAILED METHODOLOGY

B.1 Extraction
About 300 g of the fresh and dry leaves of Eucalyptus grandis were hydro-distilled using
a clevenger type apparatus for three hours with deionized water. The oils were collected

and stored in a brown vial bottle until required.

B.2 Compound Preparation

Compound preparation for a concentration of 50 mg/kg, 0.5 g of essential oil, 1.8 cineole
and 0.5 g of betulinic acid were weighed and dissolved in 5 ml tween-20 which was then
topped up to 50 ml with distilled water, separately. Preparation was made for a
concentration of 250mg/kg, 2.5g of essential oil and 1.8 cineole and dissolved in 5 ml
tween-20 which was then topped up to 50 ml with distilled water; this was also done
separately. Indomethacin 10 mg/kg, 0.1g was weighed then dissolved in 5 ml tween-20
and topped up to 50 ml with distilled water. The compounds were administered to the

rats with respect to their weight.

B.3 Determination of SOD content

Different concentrations of (0.1, 1, 5, 10 and 50 mg/ml) were prepared. Absorbance was

read at 420nm against a reagent blank
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Figure 3.2 Calibration curve of SOD concentration (mg/ml) against absorbance (nm).

B.4 Chelating activity on FE*":

Different concentrations of methanolic solution of the essential oils were prepared. 2 mM FeCl,
and 5 mM ferrozine were also prepared and test tubes were set as in DPPH experiment. 1ml of
oil solution was diluted with 3.75 ml deionised water and this was mixed with 0.1 of FeCl, and
0.2 ml ferrozine. This was left to stand for 10 min with intermittent mixing. The absorbance was
read at 562nm and with deionised water used as blank. Percentage scavenging activity was

calculated as:
% scavenging =(1 — A4/, ) x 100

Graphs of percentage scavenging activity versus concentration of oil (mg/ml) were

constructed.

121



B.5 Nitric Oxide Radical Scavenging Activity:

Methanolic solutions of different concentrations of the essential oils were prepared. 10mM of
sodium nitropruside, (pH 7.4) 0.01M saline phosphate buffer, 0.33% of sulphanilic acid reagent
in 20% glacial acetic acid and 0.1% naphthylenediamedihydrochloride were also prepared.
Test tubes were set as in DPPH experiment. 2 ml of sodium nitropruside and 0.5 ml saline
phosphate buffer were added to 0.5 ml of methanolic solution of the essential oil. The mixture
was incubated at 25°C for 150 mins, then 0.5 ml of the reaction mixture was pipetted into
different test tubes and 1ml of sulphanilic acid was added, mixed and left to stand for 5 mins
after which 1ml of 0.1% naphthylethylelediamedihydrochloride was added, mixed and left to
stand in diffused light for 30 min. The absorbance was read at 540nM using a plate reader with

deionised water used as blank and percentage scavenging activity was calculated as:
% scavenging =(1 — A4/, ) x 100

Graphs of percentage scavenging activity versus concentration of oil (mg/ml) were

constructed.
B.6 SH- Sulphydryl Content

Different concentrations of glutathione red (GSH) 0.1-10 pg/ml was prepared in iced cold
distilled water containing 30 um/ml of EDTA. The methanolic solution of the essential oils was
also prepared with the EDTA solution as above (1:5). Test tubes were set up (comprising:
blank, GSH of different concentrations and essential oils of different concentrations). A 0.1M
sodium phosphate buffer of pH 8 was prepared and 1% o-phthaladehyde (OPT) in methanol

was also prepared. To 2 ml of GSH and essential oils in test tubes, 0.5 ml sodium phosphate
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buffer was added (to the blank, 2.5 ml of sodium phosphate buffer). The mixture was allowed
to stand for 15-20 min at room temperature and the flourescence read at 420nm. The standard
graph was plotted with GSH (Figure B1) and the SH content in the essential oils was estimated

from the graph.
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Figure B1. Standard graph of GSH

B. 7 Agar Disk Diffusion Method.

Bacteria were grown in 20 ml nutrient broth at 37°C overnight. The cultures were then adjusted
to compare with the McFarland no.5 standard (1.0 x 10® CFU/ml). Standard Petri dishes
containing nutrients agar were then inoculated with the bacteria suspension which had been
adjusted to the McFarland standard. Sterile paper disks were placed on the inoculated plates

and 10 pl of 10 mg/ml of the essential oils in 10% DMSO were added to the paper disk. The
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plates were then incubated at 37 °C for 24 hrs and the zone of inhibition measured using a

ruler. Tests were performed in duplicates using ampicillin and neomycin as positive control.

B.8 Minimum Inhibitory Concentration (MIC)

About 50 pul of nutrients broth was added to all wells of the microtitre plate. 50 pl of 10 mg/ml of
the essential oils in 10% DMSO was then added to the well in row A, then serially diluted down
the rows from row A. The remaining 50 ml was then discarded. 50 pl of bacteria culture of
McFarland standard was then added to all the wells and then incubated at 37 °C for 24 hrs.
About 20 pl of 0.2 mg/ml p-iodonitotetrazolium violet (INT) solution in distilled water was then
added to each well and incubated at 37 °C for 30 mins. A reddish coloration which was a result
of INT being reduced by the metabolic active microorganisms to formazan indicated microbial
activity. The MIC measurement, which is the lowest concentration at which no visible microbial

growth is seen, is then taken.

B.9 Minimum Bactericidal Concentration (MBC)

The minimum bactericidal concentration (MBC) is defined as the lowest concentration of the
sample at which inoculated bacterial strains are completely killed. The MBC was confirmed by
reinoculating 10 pl of each culture medium from the microtiter plates which were used for MIC
on nutrient agar plates and incubated at 37 °C for 24 hrs. The plates were then observed for

growth.

B.10 Assay of hydroxyl radical (_OH) scavenging activity

the assay is based on benzoic acid hydroxylation method, as described by Osawa, et al

(1997). In a screw-capped tube 0.2 ml of FeS0O,4.7H,O (10 mM) and 0.2 ml EDTA (10 mM)
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were added. Then, 0.2 ml extract (0-5 mg/100 ml), 0.2 ml DNA (10 mM) and 1 ml phosphate
buffer (pH 7.4, 0.1 mol.) were added. Finally, 200 pl of an H,0O, solution (10 mM) was added.
The reaction mixture was then incubated at 370°C for 4 hr (of internal mixing). After this, 1ml of
TCA (2, 8%) and 1ml of TBA (1%) were added and the mixture was boiled for 10 min and
allowed to cool on ice. Absorbance was determined at 520nm and the inhibition of lipid

peroxidation by the extract was calculated.
B.11 Assay of NO- scavenging activity

About 2 ml of sodium nitropruside (10 mM) and 0.5 ml of phosphate buffer saline (0.01 M; pH
7.4) was mixed with 0.5 ml extract (0-5mg/100ml) and incubated at 250 °C for 150 min. 0.5 ml
of reaction mixture was pipetted into different test tubes. 1 ml sulphanilic acid reagent (0.33%
in 20 % glacial acetic acid) was added and incubated at room temperature for 5 min and 1ml 1-
naphthylamine (5 %) was added and allowed to stand for 30 min in diffused light. The

absorbance was determined spectrophotometrically at 540nm (Garrat, 1964).
B.12 Chelating Activity on Fe2+

The method reported by Decker and Welch (1990) was used to measure the chelating activity
of plant extracts on Fe?*. Then 1 ml of plant extract (0-5 mg/100 ml) was diluted with 3.75 ml of
deionised water. This was mixed with FeCl, (2 mM, 0.1 ml) and 4, 4, 1- [3-(2-pyridinyl)-1, 2, 4-
triazine-5, 6-dryl] bisbenzene sulphonic acid (ferrozine) (5 mM, 0.2 ml), and after 10 min the
absorbance was measured. Ethylenediaminetetra-acetic acid (EDTA) and citric acid were used

as standards.
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B.13 NADH

A modified method for determining NADH by Stern et al (2002) was used to determine the
concentration of NADH in the plant extract. Phosphate buffer (containing 20 mM sodium
dihydrogen carbonate, 100 mM sodium carbonate and 10mM nicotinamide) was used to
extract plant powder (1 g in 5 ml). The supernatant was divided into two portions. The
NAD+/NADP+ of one portion was destroyed by incubating extract at 60 °C for 30 min on a dry
heating block and promptly chiling to 0 °C. Both (heated and unheated) extracts were
combined with 1ml of reaction mixture (10 uM tris-HCI, pH 8, 2 uM phenazineethosulfate, 0.5
MM tetrazolium bromide and 0.2 pg alcohol dehydrogenase). The mixture was incubated for 5
min at 37 °C; 0.1 ml ethanol (600 uM) was added and the mixture was reincubated for 10 min
at 37 °C. The absorbance was measured at 570nm and the concentration was determined

using the standard graph.

B.14 SH determination

Powdered plant material was extracted (1:5 w/v) with EDTA solution (ice cold water containing
30 uM/ml EDTA) and filtered. 2 ml of extract (0-5 mg/100ml) was mixed with 0.5 ml phosphate
buffer (0.1 M, pH 8.0) and 0.1 ml of 1% o- phthaldehyde. The mixture was allowed to stand at
room temperature for 15-20 min. The fluorescence was measured at 420nm (activation at
350nm). A standard graph for GSH (0.1-10 ug) was plotted (Figure B3) and -SH content of the

sample was estimated from the graph.
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B.15 MTT cell proliferation assay

Human embryonic kidney (HEK293) and human hepatocellular carcinoma (HepG2) cells were
all grown to confluenecy in 25 cm? flasks. This was then trypsinised and plated into 48 well
plates at specific seeding densities. Cells were incubated overnight at 37°C. Medium was then
removed and fresh medium (MEM + Glutmax + antibiotics) was added. Extracts were then
added in triplicate and incubated for 4 hrs. Thereafter the medium was removed and replaced
by complete medium (MEM + Glutmax + antibiotics +10 % Fetal bovine serum). After 48 hr
cells were subjected to the MTT assay (Mosman, 1983). At the end of the incubation period
(48 hr), medium from cells in the multiwall plate was removed. 200 uyl of MTT solution as well
as 200 ul of medium was added to each well containing cells. A multiwell plate was incubated
at 37°C for 4 hr. Thereafter, medium and MTT solution were removed from the wells.
100/200/400 ul of DMSO was added to each well (this stops the reaction and dissolves
insoluble formazan crystals). The plate was read in a plate reader at 570nm (Mosman, 1983).
Data was evaluated through regression analysis using a QED statistics program and from the

linear equation; the LCsp values representing the lethal concentration for 50 % mortality.
B.14 A549 LUNGS CELL CULTURES

A549 lungs cells were cultured (37 °C, 5% CO,) to confluency in 25 cm? culture flasks in
complete culture media (CCM). CCM was made up of eagle’s minimum essential medium
(EMEM), 10% foetal calf serum, 1% L-glutamine and 1% penstrepfungizone. Growth of
cells was monitored and confluent flasks were trypsinized using 1 ml trypsin. Cell numbers
were counted with the aid of trypan blue dye stains. The cytotoxicity effect of the essential

oils was determined using (MTT) assay. A549 cells (15,000 cells/ well) were seeded into a
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96-well microtitre plate and incubated at 37 °C (with 5% CO,) and a range of essential oil
dilutions, in triplicates, for 24 hr. A549 cells incubated with CCM only were used as
positive control. 120 ul of CCM/MTT salt solution at a concentration of 5mg/ml was added
to each well and incubated for 4 hr at 37 °C. Following incubation, the supernatant was
removed and 100 pl DMSO was added to each well and incubated for 1 hour. The optical
density of the formazan produced was measured at 570nm, with a reference wavelength
of 690nm. The percentage cell viability was determined (% viability = average OD of
treatment/average OD of untreated control x 100).

B.15 INDUCTION OF INTERLEUKIN (IL-6) SECRETION (CYTOKINE ASSAYS)

The levels of cytokines interleukin 6 (IL-6) in A549 cells was determined by enzyme-linked
immunosorbent assay. (ELISA) IL-6 secretion was induced by the addition at time zero of
10 ul of a stimulatory agent to the test wells. Supernatants were removed from triplicate
wells for each stimulus at the four experimental time points. The triplicates were combined
into one sample and immediately frozen at -20°C. A control sample obtained from
unstimulated cells was treated similarly. Samples from a single experiment were analyzed
in the same IL-6 assay.

B.16 MUSCLE CONTRACTION STUDIES

Healthy, young adult, male and female Wistar albino rats weighing 250-300 g were used.
The animals were kept and maintained under conventional laboratory conditions of
temperature, humidity and light, and allowed free access to a standard pellet diet and
water ad libitum. All the animals used were fasted for 18 h, but still allowed access to water

before the commencement of the experiments.
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B.17 PREPARATION AND MOUNTING OF AORTIC RINGS

The rats were sacrificed by cervical dislocation. The thoracic aorta was quickly removed,
freed of connective tissue and placed in a petri-dish containing physiological salt solution
(PSS). The aortic lumen was gently flushed with PSS and sectioned into 2mM ring
segments. Each aortic ring was suspended in a 60ml jacketed tissue bath containing PSS
with the following composition (Ebeigbe and Aloamaka, 1987; Obiefuna et al., 1991) (in
mmol/L): NaCl, 118.0; KCI, 4.7; KH,PO,4 , 1.2; MgSQOy, 1.2; NAHCOg3, 15.0; CaCl,, 1.6 and
glucose, 11.5. The temperature of the bath was maintained at 37°C and the solution
bubbled with a 95% O, 5% CO, gas mixture (pH 7.35-7.40). Each ring was mounted
between a stainless steel hook connected to the base of the bath, and a stainless steel rod
anchored to a force transducer (model 7004; Ugo Basile Varese, Italy) connected to a data
capsule acquisition system (model 17400) for recording of isometric contractions. An initial
tension of 2 g was applied to all arterial rings. This level of initial tension produces maximal
active contractions in aortic rings stimulated with noradrenaline (NA) or a depolarizing
solution (Ojeikere et al., 2003). An equilibration period of 60-90 min was allowed before the
start of experiments, and during this time it was stimulated thrice with 10 M noradrenaline
for 5 min at 30 min intervals (Salahdeen and Murtala 2012). At the end of the equilibration
period, the vessel was subjected to the following procedures. Cumulative doses of
noradrenaline (NA) were added to the PSS to obtain concentrations of 10° to 10° M and
the concentration—response curves (CRCs) were determined. Following incubation with

essential oil of the extract CRCs were determined for (NA).
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Data is expressed as means + SE, where n equals the number of animals from which
blood vessels were isolated. The data is analyzed using two-way ANOVA. The Student-
Newman-Keuls post hoc test was used to identify differences between individual means.
The confidence interval was set at 95%, so that in all cases, results with a value of P<0.05

were considered to indicate statistical significance.

B 18 LACTATE DEHYDROGENASE (LDH) RELEASE ASSAY (MEMBRANE DAMAGE)

The microbial cultures were then centrifuged (5000 g; 5 mins). The supernatant (100 ul)
was then mixed with 100 pl of a lactic acid dehydrogenase substrate mixture of 54mM
lactic acid, 0.28mM of phenazinemethosulfate, 0.66mM p-iodonitrotetrazolium violet, and
1.3mM NAD+. The pyruvate-mediated conversion of 2,4-dinitrophenyl-hydrazine into
visible hydrazone precipitate was measured on an auto microplate reader (BioteKELx 808)
at 492nm. The total loss of membrane integrity resulting in complete loss of cell viability
was determined by lysing the cells of untreated organisms with 3% triton X-100 and using
this sample as a positive control. The cytotoxicity in the LDH release test was calculated
using the formula: (E-C)/(T-C) X 100, where E is the experimental absorbance of the cell
cultures, C is the control absorbance of the cell medium, and T is the absorbance
corresponding to the maximal (100%) LDH release of Tri- ton X-100 lysed cells (positive

control).
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APPENDIX C ADDITIONAL DATA

C.1 GC-MS Spectra for the essential oil of the fresh leaves of Eucalyptus grandis.
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C.2 GC-MS Spectra for the essential oil of the dry leaves of Eucalyptus grandis.
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C.3 GC-MS Spectra of the isolated 1,8-cineole.
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C.4 GC-MS Spectra of the isolated terpinen-4-ol
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The Essential Oil of Eucalyptus grandis W. Hill ex Maiden
Inhibits Microbial Growth by Inducing
Membrane Damage

Oluwagbemiga Sewanu Soyingbe', Adebola Oyedeji’, Albert Kortze Basson', Andy Rowland Opoku'”
'Department of Biochemistry and Microbiology, University of Zululand, Empangeni, South Africa
*Department of Chemistry, Walter Sisulu University, Mthatha, South A frica
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ABSTRACT

Lucalyptus grandis is a medicinal plant which has been indicated by Zulu traditional healer in the treatment of respira-
tory tract infections, bronchial infections, asthma and cough. The investigation of the essential oil of this plant could
help to verify the rationale behind the use of the plant as a cure for these illnesses. Essential oil was hydro-distilled from
the fresh leaves and characterised for the chemical constituents and bioactivity. The main constituents of the oil of the £.
grandis are a-Pinene (29.69%), p-Cymene (19.89%), 1.8-cineole (12.80%), a-Terpineol (6.48%), Borneol (3.48%) and
D-Limonene (3.14%). The essential oil of E. grandis showed high scavenging of DPPI and ABTS radicals, and was
active against 13 of the 16 organisms tested with the MIC ranging from 0.625 mg - 5.0 mg/ml; the MBC value ranged
from 2.5 mg - 10 mg/ml. The essential oil also inhibited the growth of 7 of the 8 antibiotic resistant bacteria tested, with
MIC ranging from 5 mg/ml - 10 mg/ml. The DNA extracted from the affected microorganisms did not show any dam-
age however, there was an increase of released cytosolic LDH activity. We conclude that the antibacterial activity of the
essential oil was exhibited through cell membrane damage rather than the damage of the DNA. It is apparent that the
bioactivity of the essential oil of £. grandis plays an important role in the plants’ use in folk medicine for the treatment
of respiratory tract illnesses.

Keywords: Essential Oil; Antioxidant; Antimicrobial Activity; LIDH

The flowers in bud are covered with a cup-like mem-
brane (whence the name of the genus, derived from the
Greek word “eucalyptus™ meaning well covered), which
is thrown off as lid when the flower expands. Eucalyptus

1. Introduction

Medicinal plants form a sizeable component of tradition-
al medicine and are mainstay for about 80% of the peo-

ple in developing nations [1]. The use of medicinal plants trecs are quick growers and many species reach great
heights [10].

is a basic part of African culture [2] and it is one of the
oldest and most diverse the world over [3]. In South Af-
rica indigenous African medicine is used alongside West-
em allopathic medicine [4], which caters for different
people of different cultures. Traditional healing which
makes use of local herbs is widely practised in Zululand
[5]. The medicinal effect of various plants traditionally
used by the Zulus to cure different ailments has been well
documented [1,6-9].

E. grandis (Figure 1) belongs to the Myrtaceae family
previously native to Australia. Massive planting pro-
grams have been carried out in the Republic of South
Africa, Zambia and Zimbabwe. The leaves are leathery
in texture, hang oblique or vertically, and arc studded

with glands containing a fragrant volatile oil.

"Corresponding author.

Copyright © 2013 SciRes.

Figure 1. Eucalyptus grandis W. Hill ex Maiden (www.for-
estryimages.org).
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Antimicrobial and efflux pumps inhibitory activities of
Eucalyptus grandis essential oil against respiratory
tract infectious bacteria
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Oluwagbemiga Folusho', Lawal Oladipupo Adejumobi® ? and Opoku Andrew Rowland'
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“Department of Chemistry, Lages State University, P.M.B. 0001 LASU Post Office, Ojo, Lagos, Nigeria.

Received 17 Qctaber, 2014; Accepted 10 March, 2015

Essential oils obtained by hydrodistillation from the fresh and dry leaves of Eucalyptus grandis were
analyzed by gas chromatography (GC) and gas chromatography mass spectrometry (GC-MS). The main
components of the fresh leaf oil were a-pinene (29.6%), p-cymene (19.8%), 1,8-cineole (12.8%) and o-
terpineol (6.4%). While, the dry leaf oil had 1,8-cineole (47.4%), limonene (13.3%), a-pinene (7.5%) and
spathulenol (7.1%). The antimicrobial activities of the essential oils were tested against respiratory tract
infectious microorganisms (Klebsiella pneumoniae, Staphylococcus aureus and Moraxella catarrhalis)
using the microdilution-broth methods. The minimum inhibitory concentration and minimum
bactericidal concentration values of the oils ranged between (0.31 to 1.25) mg/ml and (0.63 - >5) mg/ml
respectively. The minimum bactericidal concentration values caused the release of cytosolic lactate
dehydrogenase (membrane damage) which ranges from 8 to 24% in comparison with Triton.X-100. The
accumulation of rhodamine 6G in bacterial cells showed that the essential oils were effective as efflux
pump inhibitors. The results of this study support the use of the piant in folk medicine.

Key words: Fucalyptus grandis, myrtaceae, essential ¢il, antimicrobial activity, efflux pump, R6G.

INTRODUCTION

Eucalyptus (Myrtaceae), previously native to Australia,
now grows in both fropical and subtropical climates round
the world. Different species of these plants are known,
but Eucalyptus globulus is the most studied (Nagpal et
al., 2012). In many countries around the world, traditional
healers reportedly use the leaves (fresh and dry) of
different species of the genus Eucalyptus for asthma,

cough colds, flu, sore throats, bronchitis, pneumonia,
aching, stiffness, neuralgia, and as an antibiotic (Bajpai et
al., 2008; Hutchings et al., 2006; Hopkins-Broyles et al.,
2004). The dry leaves are also consumed as teas or used
in bathing (Chen et al., 2008). Sisay (2010), reported that
the essential oils of £. globules and Corymbia citriodora,
which have 70% of their constituent to be 1.8 cineole
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APPENDIX F

Interview with Traditional Healers

Research Questionnaires

Date:
Name of the Interviewer:

Particulars of the area

GPS reading:

Name of the Area:

Name of the Village (Precise place):

Sociodemographic data

Questionnaire No.

Gender: Age:

Male 15-24

Female 25-34
35-44
45-54
55-64

Plant Species particulars
Zulu name:

Plant
1.

Plant
2.

Plant
3:

Plant
4.

Scientific name:
Plant
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1.

Plant
2.

Plant
3:

Plant
4.

English name:
Plant
1.

Plant
2:

Plant
3:

Plant
4.

Source of plant material:

Collected from the wild

Cultivated (home-garden)

What are the other uses of the plant?

Plant usage and collection

Question

Usage

Which part(s) is used?

Are the plants sold?

In which state are the plants sold?
(fresh or dry)

If collected from the wild, when?
(season)
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b)

Any specific time of collection during
the day?

What places does the plant prefer to
grow in? (wetland, dry land, forests,
old fields, as weeds among the plants

Preparation Method:

How is the medicine taken (e.g. by mouth or as enema)?

How is the medicine prepared?
Storage Method:

Dosage:

a) What is the dosage (e.g. one cup three times a day)?

b) For how many days is the medicine taken?

c) Are there any known side effects?

d) Where did the knowledge come from (e.g. grandmother, relative)?

Age Group:

Infants

Children

Adults
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