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ABSTRACT

With the increasing failure of conventional medicines in treating various diseases as drug
resistance among pathogens progresses phytomedicine are increasingly gaining popularity
as alternative sources for their control. In view of this the purpose of the given study was to
examine the effectiveness of Tea tree oil for the control of multidrug resistant bacteria.
Agar well diffusion method and broth dilution methods were used to assess the antibacterial
property. Tea tree oil was effective against all the strains of Staphylococcus aureus tested.
The isolates were subjected to antibiotic sensitivity towards Ampicillin, Methicillin,
Ciprofloxacin, Penicillin, Gentamycin, Vancomycin, Erythromycin, Oxacillin, Tetracycline,
Co-trimoxazole. All the isolates were resistant against Methicilin and Oxacillin.MIC and
MBC concentration was determined by the broth dilution method. All the test strains of S.
aureus were inhibited by Tea tree oil in broth dilution method. While comparing the
assessment of the inhibitory effect of Tea tree oil, agar well diffusion was effective as
compared to broth dilution method. However, Tea tree oil was effective against the
pathogenic strains tested. Tea tree oil represents a valuable weapon against MRSA. A broad
spectrum activity of Tea tree oil could have future potential and strong antimicrobial agents
and be used in therapeutic purpose as well as an alternative medicine. The present study
demonstrates the potential of Tea tree oil for using in the treatment of MRSA infection and
coming prospective of pharmaceuticals.

Introduction

From ancient times there are varied methods
of medicines in India like Aurveda,
Homeopathy and Unani, which utilize plant
materials for drug production. Currently,
Aurveda is considered as a vital system of
medicine and has governed worldwide
recognition and also has non-toxic
substances. Also, newly discovered non-
antibiotic substances such as certain
essential oils and their constituent chemicals
Chavan et al (2006) have shown good
fighting potential against drug resistant
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pathogens Cowan (1999) (Ahmad and Beg,
2001). Essential oils are aromatic oily
liquids, which are obtained from various
plant parts such as flowers, buds, seeds,
leaves, twigs, bark, woods, fruits and roots
by steam distillation. Scientifically these oils
have  been  proved highly potent
antimicrobial agents in comparison to
antibiotics. These plant essential oils are rich
source of scents and wused in food
preservation and aromatherapy.
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Methicillin-Resistant Staphylococcus aureus
(MRSA) is recognized as a major
nosocomial pathogen that has caused
problem in hospital worldwide, with the UK
having one of the highest rates of MRSA in
Europe Johnson et al (2005) .Generally
anterior nares, the groin, axilla and broken
skin are the sites of MRSA colonization. It
is generally in practice to decolonize the
MRSA infection with topical antimicrobials.

Tea tree oil plant is a small tree in the
Myrtaceae family, growing to a height of
about (0.75m) with narrow, soft, alternate
leaves and white to yellowish flowers the
shape of bottle brushes. Its Latin name is
Melaleuca alternifolia. This plant originated
in Nambucca Valley, New South Wales,
Australia. The indigenous Bundjalung
people of Eastern Australia use “tea tree” as
a traditional medicine by inhaling the oils
from the crushed leaves to treat coughs and
colds. They also sprinkle leaves on wound,
after which a poultice is applied. The
commercial tea tree oil industry was born
after the medicinal property of oil was first
reported by Penfold in 1920s. Tea tree oil is
defined by International Standard
Organization, Geneva, as oil of Melaleuca
terpinen-4-ol type 1SO (1996).

Tea tree oil has been scientifically
investigated when applied topically for
antiviral, antibacterial, antifungal and
antiseptic qualities. It has been reported that
the terpinen-4-ol is regarded as the main
antimicrobial component constituting 80-
90% of tea tree oil Southwell et al
(1993).0ther major component include p-
cymeng,linalool, a and y —terpinen, o-
terpinolene and together with cineole and
terpinen-4-ol.Tea- tree oil has Dbeen
considered as a potential agent for MRSA
decolonization, as it has been shown to be
an effective broad spectrum antimicrobial
with good activity in vitro against a variety
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of bacteria including MRSA Hammer et al
(1999).

Materials and Methods
Microorganism

S. aureus were derived from the stock
cultures of the “Microbial culture collection
bank” of Sam Higginbottom Institute of
Agriculture  Technology and Sciences,
Allahabad. S. aureus were cultured in
nutrient broth at 37°C for 24 h. The test
organisms were streaked on the nutrient agar
slants and incubated overnight at 37+ 1°C.
Cultures were kept under refrigerated
condition and were sub cultured every 15
days.

Procurement of tea tree oil

The essential oil of Melaleuca alternifolia
required for the present study was purchased
(local market).

of

Antibiotic susceptibility test

Staphylococcus aureus

All clinical isolates of S.aureus were
subjected to in-vitro antibiotic susceptibility
testing method on Nutrient agar, using fresh
nutrient broth culture and antibiotic discs
Bauer et al (1966). Briefly, the zone of
inhibition around the disc were measured
and interpreted as sensitive, moderately

sensitive, and  resistant using  the
interpretation chart supplied by the
antibiotic disc manufacturer. The disc

diffusion method was used to determine the
susceptibility of all clinical isolates to

Ampicillin, Ciprofloxacillin, Co-
trimoxazole, Erythromycin, Gentamycin,
Methicillin, Oxacillin, Penicillin,
Tetracyclin, Vancomycin, according to

Clinical and Laboratory Standards Institute
(Wayne,2003) guidelines.
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Antibacterial analysis of Tea tree oll
against Staphylococcus aureus

The technique was used in-vitro Agar well
diffusion method for measuring the
antibacterial potential of essential oil
(Fitzpatrick, 2010). To seed one ml of the
clinical isolates in the Petri dishes
containing previously melted nutrient agar
antimicrobial agent was prepared in
concentration of 1pl, 2ul, 3pul, 4ul, 5ul, 6pl
and filled into wells aseptically. After the
latency period at 37 £1°C for 24-48 hours,
the zone of inhibition surrounding the disks
was measured.

Determination of the minimal inhibitory
concentration (MIC)

The determination of MIC and MBC of the
essential oil of Melaleuca oil on the test
bacterial strain was carried out by using
broth dilution method Carson et al (1995).
4.5ml nutrient broth was used which was
supplemented  with  0.5ml  Dimethyl
sulphoxide. Serial doubling dilutions of
Melaleuca alternifolia oil was prepared in a
test tube over the range of (5.12-
0.005%v/v). Active cell suspension of
(0.5ml) of test organism and media was
placed into oil test tube. Media, treatment
and organism control were prepared. All the
test tubes were incubated at 37°C for 24-48
hrs.

To confirm MICs and to establish MBCs,
(10ul) of broth was removed from test tube
and their plating was performed. After
incubation, plates were observed for growth
of organism.

The MIC of low concentration resulted in
the maintenance of reduction of inoculums
while the MBC was the point where 99.9%
of the inoculums were killed. Each trial was
triplicated.
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Statistical analysis

The data recorded during the course of
investigation were analyzed statistically
using ANOVA (one way classification) The
calculated value was determined at 5% level
of significance for appropriate degree of
freedom (Panse and Sukhatme,1967).0ne
way ANOVA clarified the pattern of activity
of different strains.

Results and Discussion

Of all the clinical isolates of S.aureus tested,
50% were found to be multi-drug resistant
(MDR). Ciprofloxacillin, Cotrimoxazole,
Erythromycin, Gentamycin, Tetracyclin and
vancomycin were shown to be the most
effective antibiotics against all the S.aureus
isolates inhibiting the bacterial growth to the
highest extent. The least effective antibiotic
was Methicillin. 90% resistance of isolates
was detected against the drug Methicillin
followed by Penicillin (80%) and Oxacillin
(50%). (Table-1)

In similar studies a higher percentage
sensitivity for vancomycin (90-100%) was
reported Prakash et al (2007),Sanjana et al
(2010),Kaleem et al (2010) Other
antibiotics  like  Ciprofloxacin ~ and
Erythromycin, exhibited a sensitivity range
of 62.0 to 82.0 percent Nwanze et al
(2007),Mamhood et al (2010) . The present
investigation showed a higher percentage
sensitivity  for ~ Vancomycin  (100%)
Ciprofloxacin and Erythromycin.

Various literatures have also reported all
resistant strains of MRSA resistant to
Penicillin (100%) with most MRSA strain
showing multidrug resistance (Khadri and
Alzohairy,2010) Somanathan et al (2010)
.However in contrasted by Farzana et al
(2011) reported the sensitivity of the
bacterium against Ampicillin and Co-
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trimoxazole. According to (Hoekstra and
Paulton,2002) antimicrobial resistance was

commonly found for Penicillin G,
Lincomycin, Tetracycline and
Trimethoprimsulphamethoxazole in

Staphylococcus aureus.

Prolonged and extensive use of antibiotics in
the medical centers and Hospitals leads
MRSA to build resistance towards them.
The resistance to antibiotics and multiple-
drug resistance in MRSA are due to the
presence of plasmid DNA and several drug
resistant genes in a single plasmid, each with
its own resistance marker.

The tea tree oil showed highest inhibitory
activity against test organism. Strain number
9 with an inhibition zone of 30.00mm and
least activity was observed for strain number
10 giving an inhibition zone of 16.00mm
.The Strain numbers 2, 4, and 5 gave an
inhibition zone of size of 24.00mm The
strain numbers 1, 3, and 7, showed
inhibition zone is size of 18.00mm. The
strain number 6 gave an inhibition zone of
20.00mm.The maximum effect was at 6l
concentration and minimum effect was at
1l concentration of tea tree oil (Table-2 and
Fig-1).

In accordance with the present investigation
various literature  have shown the
antibacterial  potential of Melaleuca
alternifolia (tea tree) oil and members of the
Myrtaceae family, against strains of
Staphylococcus aureus especially MRSA,
exhibiting zones of inhibitions ranging from
10-45mm (Carson and Riley,1994) Bosnic et
al (2006) Park et al (2007) Chao et al
(2008).

However, Dalirsani et al (2011) showed a
small zone of inhibition (0.60mm) was
produced by tea tree extract against
Streptococcus mutans.
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The inhibition zone among different
observation may differ due to many factors.
First, the composition of plant oils is known
to vary according to local climate and
environmental conditions Janseen et al
(1987)  Sivropoulou et al  (1995).
.Furthermore, some oils with the same
common name may be derived from
different plant species Windholz et al (1983)
(Reynolds,1996).The method used to assess
antimicrobial activity and the choice of test
organisms, varied between different studies
Morris et al (1979) (Smith palmer,
1998).The usefulness of Agar well diffusion
method is limited to the generation of
preliminary, qualitative data only, as the
hydrophobic nature of most essential oils
prevents the uniform diffusion of these
substances through the agar medium Ross et
al (1980). Hence these variations in the
antibacterial activity were observed.

The antimicrobial activity of an essential oil
is linked to its chemical composition. The
functional group of some compounds found
in most plant materials are alcohol, phenols,
terpenes and ketones associated for its
antimicrobial characteristics.

The essential oil Kills bacteria by damaging
the cell membrane’s structure, inhibiting
membrane function. When tea tree oil acts
on microbial membrane; it alters their
permeability and affects the membrane’s
ability to osmoregulate the cell adequately.
Due to this it inhibits respiration and genetic
material being lost from the cell. The highest
antimicrobial activity is due to presence of
catechins and polyphones which damages
bacterial cell membrane. The interaction
between two components of tea tree oil 1, 8-
cineole and terpinene is chiefly responsible
for the antibacterial action of Melaleuca
alternifolia. 1, 8-cineole exhibits little
antimicrobial activity inherently, however, it
has been shown to enhance the lethal action
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of terpinene. It is hypothesized that 18-
cineole helps permeabilize  bacterial
membranes, allowing more active terpinen
to enter and kill the bacterial cell Carson et
al (2002) (Gibbons, 2004).

The minimum inhibitory concentration and
minimum bactericidal concentration of tea
tree oil was (0.04%v/v) and (0.08%v/v)
against strain numbers 1, 3, 5, and 8 of S.
aureus. The minimum inhibitory
concentration and minimum bactericidal
concentration of tea tree oil was (0.02%v/v)
and (0.04%v/v) against strain numbers 2, 6,
7, and 10.The MIC and MBC of tea tree oil
was (0.04%v/v) against strain numbers 4
and 9.

Nelson1(997) reported the MIC value of
(0.25% v/v) and MBC (0.5%vV/v) of tea tree
oil obtained against MRSA strain. Loughlin
et al (2008) in their study showed a higher
MIC (2%v/v) and MBC (4%vV/v) of tea tree
oil against 30 isolates of S.aureus.
Harkenthal et al (1999) demonstrated the
MIC and MBC value of tea tree oil to be
(0.12-0.5%v/v) against various methicillin
resistant strains of seven species of
Staphylococcus, e.g. S.aureus,
S.epidermidis, S.haemolytics.

(Mann and Markham ,1998) reported MIC
value of (0.04%v/v) of tea tree oil against
S.aureus which was in agreement to the
given investigation.

Emulsifying agent such as Tween -20,80,
and dimethylsulphoxide (DMSO) may cause
changes in the physiocochemical properties
of the test system, resulting in either
enhancement or  reduction of the
antimicrobial activity. Lipophilic molecules,
including the components of tea tree oil,
may become solubilized with in the n
micelle formed by non-ionic surfactants,
such as Tween 20 and Tween 80, and are
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thus partitioned out of the aqueous phase of
the suspension resulting in varying values of
MICs (Beylier ,1979) (Walsh and
Longstaff,1987) Patkar et al(1993) (Dean
and Ritchie,1987) (Scortichini and Rossl,
1991).

Ability to compare data from different
studies is limited due to differences in test
methodologies and in the criteria selected
for the determination of the end point. In
testing of essential oils, broth dilution micro
methods employ an indicator to determine
cell viability, as the turbidity of oil-water
emulsions interferes with the determination
of end points Villar et al (1986) Chand et al
(1994). A number of factors need to be
considered; Culture condition, e.g. the type
and volume of broth, the concentration and
age of inoculums, the temperature and time
of incubation are among the most important
factors, which should precisely be stated in
reports. Additionally, a variety of other
factors, such as the solvent or dispersing
agent, may also influence the result
(Kalemba and Kunicka, 2003).

In conclusion, the present study confirmed
antimicrobial properties of tea tree oil that
showed a significant growth inhibition for
S.aureus tested. The encouraging result
indicate that the tea tree oil might be
exploited as natural antibiotic for the topical
treatment of several infectious diseases
caused by S.aureus and could be useful in

understanding  the relations  between
traditional cures and use of current
medicines.

Isolation and characterization of potential
drug molecules and their commercialization
for future clinical application is further
required. More clinical and pharmacological
studies need to be undertaken to establish
dose pattern of tea tree oil. It is worthwhile
to develop new techniques and the
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guidelines for standardization of techniques
implied for plant’s essential oil analysis so
that inter-study outcome can be safely
measured. There is a need to investigate oil
of Melaleuca species from different
geographical locations for the most active
ingredients responsible for their antibacterial
activity.
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