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ABSTRACT

Staphylococcus aureus is a major public health concern. Methicillin resistant Staphylococcus
aureus is not only resistant to methicillin and other B-lactam antibacterial agents but also to other
antibacterial agents. Therefore, new agents are needed to treat Methicillin Resistant Staphylococcus
aureus (MRSA). The main aim of the present research was to study the antibacterial activity of
four plants extract against clinical isolates of Staphylococcus aureus at the purpose of overcoming
its infection. The current investigation was carried out at Pokhara Bigyan tatha Prabidhi Campus
based on the evaluation of traditional plants on its antibacterial activity against MRSA. Antibacterial
activity of the medicinal plant extract was observed by mixing 100 g powder of collected leaves
in 70% methanol making 1000 sml. After performed processes, extract was filtered and methanol
was evaporated. Antibacterial activity of the medicinal plant extract was determined using agar well
diffusion assay method. Methanol leaf extracts may have the potential to act against MRSA and
could be a possible source to obtain new and effective herbal medicines to treat infections caused
by methicillin resistant strains of microorganisms from community as well as hospital settings. The
synergistic effect was clearly observed among all four medicinal herbs.
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INTRODUCTION

Staphylococcus aureus can cause substantial
morbidity and mortality. It is a major public
health concern. It can adapt rapidly to the
selective pressure of antibiotics and this
has resulted in the emergence and spread of
Methicillin resistant S. aureus which poses a
serious public health (Kayastha 2010). Strains of
S. aureus resistant to a large group of B-lactam
antibiotics which includes the penicillins
and cephalosporins are known as Methicillin
Resistant Staphylococcus aureus (MRSA) (Joshi

and Devkota 2014). MRSA causes more than
50% of hospital acquired infections (HAIs) and
are more virulent than the methicillin sensitive
strains (Sanjana et al 2010).

In the last few years, there has been
great scientific interest in chemical and
pharmacological investigations of the biological
properties of medicinal plants. The use of
extracts as antimicrobial agents shows a low risk
of increasing resistance to their action, because
they are complex mixtures, making microbial
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adaptability very difficult and it is also reported
to have minimal side effects (Abd El-Kalek and
Mohamed 2012).

Medicinal plants
antimicrobial molecules. A wide range of
medicinal plants extracts are used to treat several
infections as they have potential antimicrobial
activity (Javid et al 2015). Plants are rich
in a wide variety of secondary metabolites,
such as tannins, terpenoids, alkaloids, and
flavonoids, which have been found in vitro to
have antimicrobial, anti-viral, anti-parasites and
anticancers properties (Geetha and Roy 2013).
Ability of using most of the medicinal plants
for the treatments for various diseases may lie
in the antioxidant and antimicrobial effect of
phytochemicals (Rathnayaka 2013). Some of
the species that emerged from such an inventory
are Artemisia vulgaris, Ocimum tenuiflorum,
Azadirachta indica, Castanopsis indica (Bhatt
et al 2012).

Azadirachta indica (Neem, Family- Meliaceae)
is used in traditional medicine as a source
of many therapeutic agents. Earlier studies
on neem have showed that it contains active
substances with multiple medicinal properties.
Aqueous extract of neem leaf extract has a good
therapeutic potential as anti-hyperglycemic
agent and anti-inflammatory effect. Neem leaves
has antibacterial properties and could be used
for controlling bacterial contamination in the
residential premise. The great potential of neem
aqueous extract is a powerful chemotherapeutic
agent (Maragathavalli et al 2012).

Artemisia vulgaris, family Compositae or
Asteraceae commonly called Mugwort pollen.
Its leaves have an antibacterial action, inhibiting
S. aureus (Ashok and Upadhyaya 2010).
Artemisia vulgaris is tolerant to most herbicides,
while cultivation and mowing are not effective
means of control and is commonly found along
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road sides (Barney and Di Tommaro 2003). This
herb has been used worldwide in folk medicine
since ancient time. They have been used as
tonics, anti-malarial, anti-helminthic and anti-
diabetic, and in treating wounds, bronchitis,
ulcers and tuberculos is intraditional Anatolian
medicine (Erel et al 2012).

Ocimum sanctum belongs to the family
Lamiaceae and is used as an important
component for the ayuevedic treatment of
various diseases and also possesses several
pharmological properties such as antifertility,
anticancer, antidiabetic and antimicrobial (Al-
Ali et al 2014). Ocimum sanctum L., known
as Krishna‘Tulsi’in Hindi and ‘Holy Basil’ in
English, is an erect softly hair aromatic herb or
under shrub (Bhatt et al 2012). It is one of the
holiest and most sacred herb grown widely in
Nepal and India (Gupta et al 2013).
Castanopsis indica, family Fagaceae known
as‘Dhalne katus’and‘Indian Chest nut’found
throughout the Himalayan region of North
East India, Bangladesh, Loas, Myanmar,
Nepal, Sikkim, Bhutan, Thailand, Vietnam. A
decoction of the leaves applied to treat stomach
disorder and skin diseases (Dolai et al 2012).
The leaf extract possesses a pronounced invitro
antibacterial effect (Zivkovic et al 2009).

MATERIALS AND METHODS

Study sites

The study was conducted in Microbiology
laboratory of Pokhara Bigyan Tatha Prabidhi
Campus (PBPC) Pokhara, Nepal. Different
MRSA strains collected from Microbiology
Laboratory of Manipal Teaching Hospital,
Pokhara were processed to observe synergistic
effects of 4 medicinal herbs. Only leaves of the
plants and Staphylococcus aureus resistant to
Cefoxitin antibiotic were included in this study.
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Laboratory analysis

Extraction of active component:

Plant leaves were rinsed with tap water and then
dried in shade. After shade drying, leaves were
pulverized using domestic blender to powder
form. Powdered material (100g) was mixed with
1L of 70% methanol and kept for 7 days in a
closed glass bottles at room temperature. After
7 days, mixture was placed inside the safety
cabinet which was cleaned with disinfectant
and the continuous UV light was passed for
24 hours in a safety cabinet. Then, the mixture
was filtered through Whatman filter paper. The
water bath was adjusted to 65°C. The extract
produced was kept in a water bath which was
kept inside a safety cabinet for 3 days for the
complete methanol evaporation (Al-Ali 2014).
Antimicrobial susceptibility testing by agar
well diffusion method:

The antibiotic sensitivity profiles of MRSA
isolates were determined according to agar
well diffusion method. A loopfull strain was
inoculated in nutrient broth and incubated
at 37°C for 4 hours. The mixture was then
compared with 0.5 Mc Farland turbidity
standard. Lawn culture of the test organism
was made on the Muller Hinton agar plates
using sterile cotton swab and the plates were
dried for 15 minutes. A sterile cork borer was
then used to make wells (bmm diameter).
The extract in different volumes (1uL, 25uL,
50uL, 75uLL and 100uL) of different plants
was placed on the wells. The culture plates
were allowed to stand on the working bench
for 30 minutes of pre-diffusion and were
then incubated at 37°C for 24 hours. After
24 hrs, antibacterial activity was determined
by measurement of diameter of zones of
inhibition (mm).

Synergistic method:

Chhetri et. al.

The synergistic effect was observed with equal
volume combination of:

Ocimum tenuiflorum +Castanopsis indica
Ocimum tenuiflorum +Artemisia vulgaris
Ocimum  tenuiflorum +Azadirachta indica
Castanopsis indica+Artemisia vulgaris
Castanopsis indica+Azadirachta indica
Artemisia vulgaris+Azadirachta indica. All the
experimental results were analyzed by two way

ANOVA in Microsoft Excel.
RESULT

Four medicinal plants (Azadirachta indica,
Artemisia vulgaris, Ocimum tenuiflorum and
Castanopsis indica) methanol extracts were
taken and their antimicrobial activities were
studied and analyzed in combination form.
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Figure 1: Zone of inhibition (in mm) for different
volume of leaf extracts against MRSA isolate
number 1.

The methanolic extract of leaves against MRSA
isolates showed variable zone of inhibition. As
shown in figure (1), in the lowest volume (1pL)
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13mm inhibition zone was given by Artemisia
vulgaris + Castanopsis indica. For isolate
number 1 Ocimum tenuiflorum + Castanopsis
indica, Ocimum  tenuiflorum  +Artemisia
vulgaris and Artemisia vulgaris + Azadirachta
indica has p value greater than 0.05 (p>0.05).
But Castanopsis indica + Azadirachta indica
has significantly different effect than others
(p<0.05).

Tablel: zone of inhibition (in mm) for different
volume of leaf extract against isolate number 2.
Medicinal Volume (uL)

no. plant 1[25]50 [75] 100

Ocimum 0911 ]|13] 16
tenuiflorum
+Azadirachta
indica

Artemisia 0[O0 10| 13| 14
vulgaris+
Azadirachta
indica

Castanopsis | 0 [ 10| 12 | 14| 16
indica+
Azadirachta
indica

Isolate

MRSA

2 Castanopsis | 0| 0| 0 | O | 16
indica+
Artemisia
vulgaris

Ocimum 00| 0 |0] 14
tenuiflorum
+Castanopsis
indica
Ocimum 0|11 12 |14] 16
tenuiflorum
+Artemisia
vulgaris

Mean total 0[5[75]| 9| 15.
33

As shown in table 2, at lowest volume, the
antibacterial activity against isolate 2 showed
resistances to all plants extracts but highest zone
of inhibition was shown at 100uL.

The zone of clearance was insignificant (p>0.05)
for O. tenuiflorum + C. indica, O. tenuiflorum
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+ A. vulgaris, O. tenuiflorum + A. indica and
C. indica+ A. vulgaris. The zone of inhibition
were significant for C. indica + A. indica and A.
vulgaris + A. indica (p<0.05).

In MRSA isolates no. 3, 4 and 5 all plant
extracts showed resistance to 1xL (i.e Omm)
but highest zone of inhibition to 100uL.

In MRSA isolate no. 3 p-value found
to be >0.05 for Ocimum tenuiflorum +
Azadirachta indica, Castanopsis indica +
Artemisia vulgaris and Ocimum tenuiflorum
+ Castanopsis indica. Significantly different
character was given by Castanopsis indica
+ Azadirachta indica (p<0.05).

For isolate no. 4 the zone of clearance was
significantly same p>0.05 for O. fenuiflorum +
A. indica, C. indica+A. vulgaris, O. tenuiflorum
+A. vulgaris and A. vulgaris+A. indica and the
zone of clearance was significantly different for
O. tenuiflorum +C. indica i.e (p<0.05).

In MRSA isolate no. 5 no any effect, were
seen in synergistic plant extracts i.e., O.
tenuiflorum +A. indica, O. tenuiflorum +C.
indica, O. tenuiflorum +A. vulgaris and A.
indica+A. vulgaris of all volumes. In C.
indica+A. vulgaris and C. indica+A. indica
zone of inhibition were seen only at 100uL
volume (13mm and 14mm respectively).
The zone of clearance was same (p>0.05) for O.
tenuiflorum+A. indica, C. indica+A. vulgaris,
O. tenuiflorum~+C. indica, C. indica+ A. indica
and A4. vulgaris+A. indica and the zone of
clearance was significantly different for C.
indica+A. indica (p<0.05).

In the study, four plants methanolic extract
were used for the antibacterial activity.
The antibacterial effect of leafs extract in
combination showed that extracts were effective
against MRSA isolates at different volumes. The
combination of plant extracts with Castanopsis
indica showed greater antibacterial activity in
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comparison to other combined plant extract in
all volume (figure 2).

B
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o Artemsilavulgaris+Azadrahtaindica
Figure 2: Maximum zone of inhibition shown

by plant extract in combination against different
MRSA isolates.

Figure 3: Synergistic effect of four leaf extracts
against isolate no. 3 in 50uL volume.

DISCUSSION

Staphylococcus aureus 1is an opportunistic

Chhetri et. al.

pathogen often carried asymptomatically on
the human body. Methicillin-resistant S. aureus
(MRSA) include those strains that have acquired
a gene giving them resistance to methicillin
and essentially all other beta-lactam antibiotic
(CFSPH 2011).

The use of herbal preparations made from
medicinal plants is widespread in developing
countries. The healing powers of traditional
herbal medicines have been realized and about
65% of the world populations have access to
local medicinal plant knowledge system. The
need for new and useful compounds is ever-
growing (Sidkey et al 2014).

In the present study, methanol leaf extracts of
four medicinal plants- Azadirachta indica,
Artemisia vulgaris, Castanopsis indica and
Ocimum tenuiflorum against five MRSA isolates
were studied in five different concentrations.
Methanol extracts of four plants giving six
synergistic combinations have been observed.
The study shows that the methanol extracts
of each plant which exhibits antibacterial
activity against all tested MRSA isolates at all
concentration and the results were acceptable.
Result analysis was done through two way
ANOVA test were single antibacterial activity of
all extracts has been studied against each MRSA
isolates individually. ANOVA test enables to
study the mean antibacterial activity of all leafs
extracts at different concentrations.

Among the five concentrations (1uL, 25uL,
50uL, 75uL and 100uL) used, maximum
inhibitory zone was observed at 100puL, followed
by75ul, 50ulL, 25uL and 1pL. This study
frames that as the concentration of the extract
increases, the zone of inhibition also increases.
In synergistic effect the highest antimicrobial
activity was observed in  Castanopsis
indicatAzadirachta followed by
Ocimum tenuiflorum+ Artemisia vulgaris and

indica,
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Ocimum tenuiflorum~+ Azadirachta indica.
Castanopsis leaf extracts contains ingredients
which block the virulence and pathogenesis
of S. aureus and it has been found that broad-
spectrum activity against the skin microflora also
holds the potential for fostering an environment
amenable to the proliferation of pathogenic
bacteria (Quave et al, 2015).

Accordingto Sharmaetal (2012) the antibacterial
activity in Ocimum tenuiflorum may be due to the
presence of several metabolites like alkaloids,
tannins and sterols and the hydroxyl group on
phenol components may increase in toxicity
against the microorganisms.

Javid et al (2015) stated that Artemisia vulgaris
possess good antibacterial activity against S.
aureus. The antimicrobial activity of the tested
extracts and fractions are comparable with the
standard drugs. These activities may be due
to strong occurrence of different chemical

compounds such as flavonoids, tannins,
alkaloids, steroids, phenols and saponins.
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