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Abstract

Biofilm infections pose a major challenge for the physicians and researchers worldwide due to their
inherent recalcitrance towards antibiotic treatment and numerous survival and immune evading
strategies.

The present study focuses on exploring alternative safe solutions to cater to the biofilm bacteria. It
evaluated the anti- biofilm potential of aqueous leaf extract obtained from Eucalyptus against two
clinically significant bacteria (S. aureus and P. aeruginosa) forming potent biofilms. Also, these bacteria
have been shown to be highly resistant to the action of antibiotics making the situation worse.

In vitro biofilms were established for both the strains on microtiter plate surface and on Foley catheter
surface. The treatment was done with Eucalyptus leaf extract (1:1) and the biofilm progression was
monitored. Results indicates significant decline in the adhered viable load in both the treated bacterial
species. Eucalyptus aqueous extract from leaves represented a potential alternative with significant anti-
biofilm ability against S. aureus and P. aeruginosa. This calls for further exploring the potential of
Eucalyptus extract in combination with antibiotic as combination systems for possible synergism against
resistant clinical isolates.
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Introduction

The emergence and spread of resistant bacterial strains is becoming a major global issue with
the possibility of return of the pre-antibiotic era. One of the most frequently encountered
nosocomial pathogens where antibiotic resistance is rising include Staphylococcus aureus and
Pseudomonas aeruginosa. S. aureus has become an important source of both community- and
hospital-acquired infections worldwide. The treatment of staphylococcal infections is difficult
due to its intrinsic ability to develop resistance to the deployed antibiotics and form potent
biofilms. Moreover, the emergence of resistant strains i.e methicillin-resistant S. aureus
(MRSA), glycopeptide intermediate S. aureus (GISA) and vancomycin intermediate S. aureus
(VISA) have made management of such infections a major challenge 2.

Similarly, P. aeruginosa is capable of acting as a persistent opportunistic pathogen in immune-
compromised individuals such as elderly, burn and wound patients, AIDS patients, diabetics
etc. causinga range of infections such as otitis media, urinary tract infections, catheter and
foreign body infections, serious wound infections, chronic air way colonization(Cystic
fibrosis) etc. The virulence factors secreted which include the exotoxins and endotoxins
released by P. aeruginosa continue to cause chronic inflammation which makes infections
difficult to treat leading to a life-threatening situation [,

Both these bacteria are known to form biofilms, and the bacteria residing in biofilms have been
shown to be highly resistant to the action of antibiotics [4. The phenotypic resistance of
bacteria residing in biofilm is due to the poor penetration of most of the antibiotics due to the
biofilm matrix that acts as a barrier. Also, biofilm bacteria show slow growth and act as
persister cells which are not killed or acted upon by majority of the drugs ™ & 7. Cells
associated with a biofilm are 100- to 1,000-fold more resistant than their free-swimming
planktonic counterparts [ 9. Thus, under clinical conditions where biofilms play a major role
in pathogenesis, including wounds in diabetic patients, catheter associated urinary tract
infections and endocarditis, treatment failures are high despite the long duration of many
treatments (291,
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The worldwide escalation in antibiotic resistance rates calls
for search of effective and safe alternatives to be investigated
with priority. Although the development of resistance is
unavoidable as it is a pivotal aspect of microbial evolution,
but the urgent need for development of novel antibacterial
products is equally and essentially prudent.

Herbal medicines have been long used as part of traditional
therapy with proven minimal side effects ™ ', However, in
recent years, interest has rekindled among the scientific
community in investigating these as alternative medicine to
address the challenge of drug resistance. Eucalyptus is one of
the world’s important and most widely planted genera [*l.
Eucalyptus species is well known medicinal plant with
biological and pharmacological properties. Out of this,
Eucalyptus globulus is the main furnisher of essential oils
which have proven antimicrobial, anti-inflammatory, anti-
oxidant, anti-diabetic and even cancer fighting potential [4 1,
The present study was focused on evaluating the anti-biofilm
potential of aqueous extract obtained from E. globulus leaves
against two most clinically significant pathogens (S. aureus
and P. aeruginosa) capable of forming potent biofilms and
associated with life threatening infections and issues of drug
resistance. The study enables us to reinforce our
understanding into the use of traditional herbal medicines as
an effective and safe alternative to the commonly used
antibiotics in preventing as well as treating biofilm infections.

Material and Methods

Bacterial Strains

S. aureus strains were isolated from skin and nares of healthy
volunteers. For this, skin swabs and nasal swabs from n=12
healthy volunteers were taken in nutrient broth tubes. These
swabs were streaked on nutrient agar plates and incubated at
37°C for 24 hours. Colonies so obtained on nutrient agar
plates were further identified on the basis of a) Microscopic
analysis: Gram reaction and morphology b) Colony
morphology c¢) Catalase reaction d) Coagulase test e)
Mannitol fermentation and growth on selective medium i.e
Mannitol salt agar (MSA).Clinical strain of P. aeruginosa was
procured as a gift sample from Department of Microbiology,
Panjab University. It was further checked for its purity and
identified again on the basis of Gram reaction, motility,
oxidase test, green pigmentation in broth and on media plates.
Strains isolated were later stored as slants at 4°C till further
use. S. aureus strain S-2 was used for further experimentation
and biofilm formation.

Extraction of Eucalyptus leaf extract

Sample collection and Pre-treatment

The Fresh leaves of the Plant (Eucalyptus leaves) were
collected from Ropar, SAS Nagar, Mohali, Panjabi and placed
in polyethylene bags and transported to the Microbiology lab
of Food Science Department, MCM DAV College for
Women, Chandigarh. Eucalyptus leaves were carefully
washed using tap water and dried under sunlight to remove
moisture. The dried leaves were milled/grinded manually
using pestle motar. The powdered leaves were transferred to a
glass sealed cans and placed in the refrigerator before the
extraction process.

Extract preparation
The aqueous extract of dried plant leaves was made in

distilled water. About 10 grams of leaf powder was taken and
mixed in 100 ml of distilled water. The mixture was taken
into 250 ml sterile conical flasks, plugged with sterile cotton
and kept in Shaking Incubator at 150 rpm for 24 hours. The
solution was then filtered through muslin cloth. This process
was repeated three times after which a clear aqueous extract
of the plant was taken. This was finally concentrated on water
bath at 50°C to obtain the final aqueous extract which was
labeled and stored in airtight containers at 4°C till further use.

Optimisation of In vitro Biofilm formation by S. aureus
(Microtiter plate method)

S. aurues biofilm was grown in 96-well microtiter plate
according to method described by Bedi et al. ¢ Briefly,
100 pl of nutrient broth and 100 pl of bacterial culture (optical
density i.e O.D at 600 nm = 0.3) equivalent to 108 CFU/ml
of S. aureus (S-2) were added to the wells of microtiter plate
and incubated at 37°C overnight. In each plate, control wells
containing sterile media were included that acted as plate
sterility control. After every 24 h, planktonic bacteria were
removed and a set of two wells (corresponding to each day)
were washed thoroughly 3 times with 0.85% NaCl. Adherent
biofilm was scraped from two wells, suspended in 0.85%
NaCl and vortexed for 3 min. Bacterial load of biofilm was
enumerated by viable cell counting. For crystal violet
staining, duplicate wells were stained with 0.1% of crystal
violet stain for 10 min, gently washed with 200 pl fresh
normal saline and then de-stained with 95% of ethanol. The
content from wells was transferred to flat bottom plate and
analyzed at 595 nm. In rest of the wells, spent medium was
replaced with fresh sterile nutrient broth and microtiter plate
again incubated at 37°C overnight. This procedure was
repeated until 7" day of experiment.

P. aeruginosa (in vitro catheter assay)

Sterile Foley catheter pieces of 1 cm were cut and P.
aeruginosa biofilm was allowed to develop under static
conditions for 7 days. [*1 The catheter pieces were transferred
to fresh medium ever 24 h. Each day, the catheter pieces in
duplicate were removed, rinsed three times with and cells
were removed from the surface by scraping with a sterile
scalpel blade. The cells were sonicated using a low-level
sonication cycle and vortexed for 30 sec. Dispersed samples
were centrifuged and the biofilm cells were suspended in one
ml phosphate buffered saline (PBS), pH 7.4. Serial dilutions
were prepared and plated on nutrient agar plates to determine
the cell viability. This procedure was repeated until 7" day of
experiment. For visualization of adhered biofilm cells 8 on
catheter and within its lumen, two additional catheters were
removed and rinsed with distilled water. After drying at room
temperature for 15min, each catheter was cut longitudinally
into two half to expose the catheter lumen.700ul of 1% crystal
violet was added to catheters for 20 min. The stained biofilms
were solubilized with 33% acetic acid, and absorbance was
determined at 630 nm.

Antimicrobial susceptibility (well diffusion assay)
Preparation of Inoculum

Overnight cultures of test strains of S. aureus (S-2) and P.
aeruginosa were prepared by inoculating isolates into nutrient
broth and incubated at 37°C for 24 hr. Next day, cell density
was adjusted with PBS, pH 7. 4 so as to obtain an O.D of 0.3
at 600 nm (corresponding to 108 CFU/m).
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Antimicrobial Sensitivity Testing

Agar well diffusion method was used to determine the zone of
inhibition. O.D adjusted cultures of the two strains were
spread plated using a sterile cotton swab over the entire
surface of their respective Mueller Hinton agar plates. Petri
plates were allowed to dry. About 3-4 wells in each plate of
6 mm diameter and 5 mm depth were punched in agar surface
with the help of a sterilized borer for placing the samples.
Different volumes of the undiluted leaf extract were dispensed
into respective wells and gentamicin (10 ug) (Himedia) was
used as a positive control. Dimethyl sulfoxide (DMSO) was
used as negative control. The plates were then left at room
temperature for 30 minutes and then incubated for 24 hours at
37°C. After incubation, the zones of inhibition were measured
and the results reported in millimeters (mm). All the tests
were run in triplicate and the average result was taken.

Effect of aqueous Eucalyptus extract on biofilm formation
by S. aureus (S-2)

S. aureus biofilm was grown in 96-well microtiter plate as
described above. To study the ability of the extract to prevent
biofilm formation, the wells were treated by adding aqueous
leaf extract (1:1) ratio with media. All the test wells were
seeded with O.D adjusted S. aureus culture. In each plate,
positive control wells containing media and test organism
were included along with negative control wells containing
media only. At each time point (on different days post-
inoculation), wells were processed to determine the viable
load and absorbance by crystal violet staining method as
described above.

Effect of aqueous Eucalyptus extract on biofilm formation
by P. aeruginosa

P. aeruginosa biofilm was grown on Foley’s Catheter as
described above. To study the ability to prevent biofilm

formation, aqueous leaf extract (1:1) ratio was added to the
flask containing cut pieces of catheter suspended in media
broth. The test flask was seeded with O.D adjusted P.
aeruginosa culture At each time point (on different days post-
inoculation), catheter pieces shall be removed and processed
to determine the viable load and absorbance by crystal violet
staining method as described above. Similarly, control flask
seeded with test organism and catheter was also put up along
with test flask.

Statistical Analysis

All experiments were performed in duplicate and repeated at
least three times on different days to validate the
reproducibility of experiments. The effect of different
treatments on biofilm eradication was evaluated by the
Student’s t-test and P <0.05 was considered significant. Data
were analysed using Excel software.

Results

A total of two strains of S. aureus and two strains of CoNS
were isolated (Table-1). All the strains were gram positive
cocci in bunches, catalase positive. S. aureus strains gave
golden yellow colonies on nutrient agar. They were coagulase
positive and showed mannitol fermentation. The colonies seen
on selective media i.e Mannitol salt agar (MSA) exhibited
change in colour to yellow confirming positive mannitol
fermentation. The other two strains exhibited no change in
color with non-mannitol fermentation on MSA plates. S.
aureus (S-2) was selected for further experimentation and
biofilm formation.

Note: Data on strain isolation and identification with pictoral
representation of tests performed for both S. aureus and P.
aeruginosa can be provided as supplementary data if required.

Table 1: Strains isolated and their characteristic features

Catalase & Mannitol
Source Gram Reaction Colony Morphology Coagulase -
. Fermentation
Reaction

S. aureus(S-1) |Spoiled food sample|Gram Positive Cocci in bunches; Golden Yellow colonies on Nutrient agar|  (+);(+) (+)
S. aureus —(S-2) Nasal Gram Positive Cocci in bunches; Golden Yellow colonies on Nutrient agar|  (+);(+) (+)
CoNS (S-3) Skin Gram Positive Cocci in bunches; White colonies on Nutrient agar (+);(-) ()
CoNS(S-4) Nasal Gram Positive Cocci in bunches; White colonies on Nutrient agar (+);(-) (-)

P. aeruginosa strain was Gram negative, rod, showing blue to
blue-green pure isolated colonies on nutrient agar, it showed
positive results for oxidase test and motility test.

Antimicrobial Susceptibility Test
The data showed that S. aureus and CoNS spp. were sensitive
to 25 ul showing negligible zones at 5 and 10 pl while

Pseudomonas spp. required 50 ul of eucalyptus extract (Table
2) to show a zone diameter of 8 mm. With an increasing dose
of extract added to wells, the resulting diameter of the zone of
inhibition also increased for all the test organisms. The results
of the study revealed that eucalyptus extract has antibacterial
activity against Gram-positive as well as Gram-negative
bacteria resistant to commonly used antimicrobial agents.

Table 2: The mean zone of inhibition exhibited by various doses of aqueous leaf extract of Eucalyptus against various bacterial test strains

. Different doses of undiluted aqueous Eucalypus leaf extract .

Test Strains 5ul | 10pl | 25p | 5s0ul | 100 | 150p | 200yl Gentamycin (1049)
S. aureus (S-1) - - + ++ +++ +++ +++ +++
S. aureus (S-2) - - + ++ +++ +++ +++ +++
CoNS (S-3) - - + ++ +++ +++ +++ +++
CoNS(S-4) - - + +++ +++ +++ +++ +++
P. aeruginosa - - - + ++ +++ +++ ++

Zone of inhibition. — <5 mm, +: 5-9 mm, ++: 10-19 mm, +++: > 20 mm

50 ul of gentamycin (10pg) was used as control and showed a

zone diameter of 15 mm against P. aeruginosa while S.
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aureus and CoNS spp. showed zone diameters greater than 20
mm with gentamycin.

In vitro Biofilm formation and Treatment with Eucalyptus
aqueous extract S. aureus (S-2): S. aureus formed biofilm

on surface of 96 well microtiter plate showing day dependent
increase in adhered bacterial cells(Log CFU/ml).Peak biofilm
was formed by day 3 (8 log CFU/ml) with no further increase
seen (Fig. 1). Higher load was maintained till day 7.

A) H Log CFU/ml {untreated)

H Log CFU/ml {treated)

Log CFU/ml
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Fig 1: Comparison in terms of A) Log CFU/ml of S. aureus adhered on 96 well microtiter plate on different days between Eucalyptus extract
treated and untreated wells and B) O.D (600 nm) of S. aureus adhered on 96 well microtiter plate on different days between Eucalyptus extract
treated and untreated wells.

However, with eucalyptus extract treatment, significant
decrease in adhered cells was seen by day 2 itself (p<0.05).
By day 3, bacterial counts of 5.4 log CFU/ml was obtained
with highly significant decrease of >3 log CFU/ml (p<0.05).
Minimal adhered population was obtained in treated wells by
day 7 (3.87 log CFU/ml) (Fig.1).Similarly, there was
significant decrease in the absorbance as well as seen in
treated samples. Absorbance did not increase beyond a value
of 0.4 (on day 1) with sharp decline seen by day 3 and

thereafter. However, in control wells, absorbance of adhered
population showed a day dependent increase with peak value
of 1.6 (Fig.1).

As seen in Fig.2, the crystal violet staining of biofilm cells in
untreated wells clearly showed increase in adhered cell
biomass on different days where a layer of cell formation was
quite visible whereas, in wells treated with Eucalyptus extract,
by day 7 there was minimal adherence of S. aureus seen and
eventually it cleared thereafter.

Fig 2: Pictoral representation of microscopic view of various stages of formation of biofilm on successive days as seen through crystal violet staining.
~ 428~
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P. aeruginosa

In vitro biofilm formation of P. aeruginosa was established
on Foley’s catheter. Progression of biofilm formation was
evaluated on basis of absorbance (O.D) and adhered bacterial
load (CFU/mI) on different days post inoculation.

The results as depicted in Fig. 3, indicate that there was a day
dependent increase in both adhered biomass and absorbance

of adhered population. Peak load was seen on day 3 with a
bacterial count of 7.61 log CFU/mI which was maintained till
day 5. This correlated well with the increase in O.D on
different days post inoculation. Peak absorbance was also
seen by day 5 reaching to a value of 0.45 at 600 nm.
Therefore, by day 3 young biofilm was formed on the surface
of catheter pieces and peak was maintained till day 7.

Log CFU/ml

PP
W oM

0

©O.D {800 nm)
g

e
i

Day1l Day2 Dey3 Day5 Day7

Day1 Day2 Day3 Day5 Day7

Fig 3: In vitro biofilm formation of P. aeruginosa on Foley’s catheter determined in terms of CFU/mI adhered and optical density.

Treatment with eucalyptus extract on P. aeruginosa
biofilm

Results (Fig. 4) showed a day dependent decrease in the
adhered population (CFU/ml) as compared to untreated
control. By day 3, there was a significant decrease of more
than 2 log CFU/ml and by day 5 and 7, negligible load was

seen adhered on the treated catheters with minimal count of
2.15 log CFU/mI. This indicates that eucalyptus extract has
significant potency in decreasing the adhered population of
this bacteria inhibiting the formation and maturation of
biofilm on catheter surfaces. Results of absorbance (i.e O.D)
on different days post treatment also supported this finding.
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Fig 4: Comparison of A) adhered cell load (Log CFU/mI) of P. aeruginosa and B) absorbance on catheter surface treated with Eucalyptus extract.
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Discussion

Biofilm infections pose a major medical problem especially in
the hospital settings. Among the bacterial community, both S.
aureus and P. aeruginosa are the leading bacterial species
involved in causing range of serious nosocomial infections
associated with high degree of recalcitrance towards antibiotic
therapy due to their biofilm forming ability % 2021, Bjofilm
producing bacteria secrete certain chemicals that protect them
from disinfectants, antimicrobials and phagocytic host
immune systems 221, Moreover, biofilm bacteria are far more
protected and resistant to antibiotic attack than their
planktonic counterparts 2% This makes treatment and
eradication of biofilm infection very challenging with heavy
burden on the patient prolonging their hospital stay and
associated sufferings.

Eucalyptus extract presents a favorable alternative to be
explored against biofilm bacteria. The medicinal properties of
Eucalyptus are mainly due to Eucalyptol (also known as 1, 8-
cineole), one of the ingredients of Eucalyptus oil (EO)
contained within the leaves. Several studies have investigated
the therapeutic effects of Eucalyptus, which has been used as
an antiseptic and for relieving symptoms of cough, cold, sore
throat % 23 as well as in the treatment of respiratory tract
infections 21 wound healing, diabetes and fungal
infections [20-%2, In addition, in vitro and in vivo studies have
indicated that polysaccharides and essential oil extracted from
Eucalyptus exhibit various antimicrobial properties. However,
limited work has been focused on studying the anti-biofilm
potential of Eucalyptus leaf extract against nosocomial
pathogens. The present study focuses on the potential of
aqueous extract of Eucalyptus leaf on the biofilm forming
ability of two clinically significant bacteria i.e S. aureus and
P. aeruginosa using in vitro assays.

Eucalyptus leaf extract was tested using well diffusion assay
against the test species. The data showed that while S. aureus
and CoNS spp. showed significant inhibitions at 25 ul extract,
similar inhibition was observed for Pseudomonas spp. at 50 ul
of eucalyptus extract. This indicated higher concentration of
extract was required against P. aeruginosa. Results are similar
to those reported by Trivedi and Hotchandani 3 with higher
volumes required by the above gram negative test bacteria.
Coagulase negative staphylococci (CoNS) has recently
emerged as an opportunistic nosocomial pathogen especially
in immune-compromised patients, due to its ease in
incorporating different resistant mechanisms to antimicrobial
genes, favored by the biofilm environment(4, Eucalyptus
extract showed potent inhibition against two strains of CoNS
isolated from human nares in our laboratory. The results of
the study revealed that eucalyptus extract has antibacterial
activity against Gram-positive as well as Gram-negative
bacteria resistant to commonly used antimicrobial agents. The
difference in bacterial sensitivity toward eucalyptus extract
can be attributed to the differences in the structural
components of the matrix elaborated by each bacteria as well
as the subpopulations of bacteria showing differential gene
expression in unfavorable conditions and thus greater
resistance [,

In vitro biofilm of selected S. aureus strain was established on
abiotic surface by employing the Microtiter dish assay that
allows the formation of a biofilm on the wall and/or bottom of
a microtiter well. The ease, low cost and flexibility of the
microtiter plate assay has made it a critical tool for the study
of biofilms [l Eucalyptus treated well (1:1) showed
significant decline in the adhered population of biofilm cell

load with negligible load seen by day 7 as compared to
control wells. This indicates potent anti-biofilm activity in the
aqueous leaf extract against this Gram positive bacteria. The
leaf extract was added soon after addition of bacteria i.e in the
initial stages of biofilm formation. Although adherence with
initial load of 6 log CFU/mI did occur on day 1 but by day 3
and beyond, the biofilm cells were significantly reduced to 3
log CFU/ ml. The reduction in bacterial numbers is possibly
due to successful inhibition of microbial respiration and
increased plasma membrane permeability, resulting in death
of bacterial cells after massive ion leakage 7 %L1t may also
happen due to hydrophilic nature of bacterial cell wall. In the
present study, aqueous extract so tested have shown strong
antibacterial potential against S. aureus biofilm cells. Results
emphasize that by further increasing the extract concentration
from 50% and above, increased inhibition may be expected.
Also, eucalyptus extract can be used in combination with
another anti-biofilm agent or antibiotic to obtain synergistic
killing. The same fact has also been stressed by other workers
[39, 40]

Pseudomonas aeruginosa is an opportunistic human pathogen
that is especially adept at forming surface-associated biofilms
such as catheter associated urinary tract infections (UTIs) [&
42, P. aeruginosa is responsible for 12% of all nosocomial
UTlIs 3, To study the biofilm forming ability, we simulated
in vitro biofilm formation by test strain on Foleys urinary
catheters. Peak biofilm was formed by day 3 on the catheter
surface. However, Eucalyptus extract showed significant day
dependent decrease in the biofilm adhered bacterial numbers
with minimal load of 2 log CFU/ml by day 7.Sambhyal et al.
41 who studied the anti-biofilm effect of EO against P.
aeruginosa showed that biofilm cells exhibited 65.43%
sensitivity to eucalyptus oil. Similarly, Lu and co-workers
concluded that eucalyptus is a potential alternative to
chemical treatment to control the spoilage of refrigerated pork
meat by P. aeruginosa. They indicated the killing mechanism
of Eucalyptus extract or oil includes increasing the membrane
permeability and leakage causing morphological deformities
in the biofilm cell structure 1, However, Quartin and co-
workers showed that nano emulsions containing Eucalyptus
oil did not present antimicrobial activity against
P. aeruginosa as the Nano emulsion contained only 5% of
active oil. This emphasizes of using higher concentration of
the Eucalyptus component for enhanced Killing effects [*6],
Another indication from the above results highlight towards
using the Eucalyptus extract in a combination system with
another anti-biofilm antibiotic for higher inhibition and lesser
chances of developing resistance as seen in other combination
treatments. Pereira et al. ™1 showed synergistic effects
between extracts of Eucalyptus globulus leaves and
antibiotics against several isolates from respiratory tract
infections (Pseudomonas aeruginosa).

The results depicted that Eucalyptus aqueous extract from
leaves represented a potential alternative with significant anti-
biofilm ability against S. aureus and P. aeruginosa. It
significantly decreased the adherent cell population on both
the surfaces (mictotiter plate and catheter surface). Eucalyptus
extract can thus be used alone or in combination with an
antibiotic to be used as a coating agent on various catheter
surfaces as a measure to prevent the initial adherence and
biofilm formation in hospital settings. Future in vivo studies
are essential to augment the fact that Eucalyptus extract has
anti-biofilm potential against S. aureus and P. aeruginosaby
employing suitable animal infection models.

~4307



The Pharma Innovation Journal

Acknowledgement
The assistance provided by MCM DAV College for Women,
Chandigarh is gratefully acknowledged.

References

1.

10.

11.

12.

13.

14.

15.

16.

Zetola N, Francis JS, Nuermberger EL, Bishai WR.
Community-acquired methicillin-resistant Staphylococcus
aureus: an emerging threat. Lancet Infectious Diseases.
2005; 5:275-286.

Linares J. The VISA/GISA problem, therapeutic
implications. Clinical Microbiology and Infection. 2001;
7(4):8-15.

Irvin RT. Attachment and colonization of Pseudomonas
aeruginosa: role of the surface structures, In E. A. Mario
Campa (ed.), Pseudomonas aeruginosaas an
opportunistic pathogen. Plenum Press, New York, NY,
1993, 19-42.

Singh 'S, Singh SK, Chowdhury 1, Singh R.
Understanding the Mechanism of Bacterial Biofilms
Resistance to Antimicrobial Agents. The Open
Microbiology Journal. 2017; 11:53-62.

Singh R, Ray P, Das A, Sharma M. Role of persisters and

small-colony variants in antibiotic resistance of
planktonic and biofilm-associated  Staphylococcus
aureus: an in vitro study. Journal of Medical
Microbiology. 2009; 58:1067-1073.

Lewis K. Persister cells. Annual Reviews in

Microbiology. 2010; 64:357-372.

Wood TK, Knabel SJ, Kwan BW. Bacterial Persister Cell
Formation and Dormancy. Applied and Environmental
Microbiology. 2013; 79(23):7116-7121.

Gilbert P, Das J, Foley I. Biofilm susceptibility to
antimicrobials. Advances in Dental Research. 1997;
11:160-167.

Donlan RM. Biofilms: Microbial Life on Surfaces.
Emerging Infectious Diseases. 2002; 8(9):881-890.
Thwaites GE, Edgeworth JD, Gkrania-Klotsas E, Kirby
A, Tilley R, Torok ME, et al. Clinical management
of Staphylococcus aureus bacteraemia. Lancet Infectious
Diseases. 2011; 11:208-222.

Doughari JH, Elmahmood AM, Manzara S. Studies on
the antibacterial activity of root extracts of Carica papaya
L. African Journal of Microbiology Research, 2007, 037-
041.

Mabhiza D, Tariro C, Stanley M. Antibacterial Properties
of Alkaloid Extracts from Callistemon citrinus and
Vernoniaadoensis against Staphylococcus aureus and
Pseudomonas aeruginosa. International Journal of
Medicinal Chemistry. 2016; 5:45-52.

Akin M, Aktumsek A, Nostro A. Antibacterial activity
and composition of the essential oils of Eucalyptus
camaldulensis Dehn. And Myrtus communis L. growing
in Northern Cyprus. African Journal of Biotechnology.
2010; 9(4):531-535.

Bajaj YPS. Medicinal and aromatic plants. Berlin,
Heidelberg, New York: Springer Edition; Biotechnology
in agriculture and forestry. 1995; 8:194-196.

Bachir RG, Benali M. Antibacterial activity of the
essential oils from the leaves of Eucalyptus globulus
against Escherichia coli and Staphylococcus aureus.
Asian Pacific Journal of Tropical Biomedicine. 2012;
2(9):739-742.

Bedi MS, Verma V, Chhibber S. Amoxicillin and specific
bacteriophage can be used together for eradication of

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

~4317

biofilm of Klebsiella pneumoniae B5055. World Journal
of Microbiology and Biotechnology. 2009; 25: 1145-51.
Mittal R, Chhibber S, Sharma S, Harjai K. Effect of
macrophage secretory products on elaboration of
virulence factors by planktonic and biofilm cells of
Pseudomonas aeruginosa. Comparative Immunology,
Microbiology and Infectious Diseases. 2006; 29:12-26.
Yakandawala N, Gawande PV, Lovetri K, Madhyastha S.
Effect of Ovotransferrin, protamine sulfate and EDTA
combination on biofilm formation by catheter-associated
bacteria. Journal of Applied Microbiology. 2007;
102:722-7.

Harrison F. Microbial ecology of the cystic fibrosis
lung. Microbiology 2007; 153: 917-923.

Fazli M, Bjarnsholt T, Kirketerp-Moller K, Jorgensen B,
Andersen AS, Krogfelt KA, et al. Nonrandom
distribution  of  Pseudomonas  aeruginosa and
Staphylococcus aureus in chronic wounds. Journal of
Clinical Microbiology. 2009; 47:4084-4089.

Hotterbeekx A, Kumar-Singh S, Goossens H, Malhotra-
Kumar S. In vivoand In vitro Interactions between
Pseudomonas aeruginosa and Staphylococcus spp.
Frontiers in Cellular and Infection Microbiology. 2017;
7:106.

Lebeaux D, Ghigo JM, Beloin C. Biofilm-Related
Infections: Bridging the Gap between Clinical
Management and Fundamental Aspects of Recalcitrance
toward Antibiotics. Microbiology and Molecular Biology
Reviews. 2014; 78(3):510-543.

Costerton JW, Lewandowski Z, Caldwell DE, Korber
DR, Lappin-Scott HM. Microbial biofilms. Annual
Reviews in Microbiology. 1995; 49:711-45.

Van Wyk E, Wink M. Medicinal Plants of the World.
Portland: Timber Press, Inc, 2004.

Kumar B, Vijayakumar M, Govindarajan R,
Pushpangadan P. Ethno pharmacological approaches to
wound healing—exploring medicinal plants of India.
Journal of Ethnopharmacology. 2007; 114:103-113.
Ashour HM. Antibacterial, antifungal, and anticancer
activities of volatile oils and extracts from stems, leaves,
and flowers of Eucalyptus sideroxylon and Eucalyptus
torquata. Cancer Biology and Therapy 2008; 7(3): 399-
403.

Silva J, et al. Analgesic and anti-inflammatory effects of
essential  oils  of  Eucalyptus.  Journal  of
Ethnopharmacology 2003; 89(2-3):277-83.

Goodger JQD, Woodrow IE. Selection gains for essential
oil traits wusing micro-propagation of Eucalyptus
polybractea. Forest Ecology and Management. 2008;
255(10):3652-8.

Taur DJ, Kulkarni VB, Patil RY. Chromatographic
evaluation and antihelmintic activity of Eucalyptus
globulus oil. Pharmacognosy Research. 2010; 2(3):125-
127.

Sarkar SN. Capillary permeability increasing effect of
Eucalyptus hybrid leaf and Seseli indicum seed oils in
rabbit. Indian Journal of Pharmacology. 1994; 26(1): 55-
6.

Gray AM, Flatt PR. Anti-hyperglycemic actions of
Eucalyptus globulus (Eucalyptus) are associated with
pancreatic and extra-pancreatic effects in mice. Journal of
Nutrition. 1998; 128(12):2319-23.

Ashour HM. Antibacterial, antifungal, and anticancer
activities of volatile oils and extracts from stems, leaves,



The Pharma Innovation Journal

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

and flowers of Eucalyptus sideroxylon and Eucalyptus
torquata. Cancer Biology and Therapy. 2008; 7(3):399-
403.

Trivedi NA, Hotchandani SC. A study of the
antimicrobial activity of oil of Eucalyptus. Indian Journal
of Pharmacology. 2004; 36:93-4.

Martini R, Horner R, Rampelotto RF, Garzon LR, Nunes
MS, Teixeira MD, et al. Investigation of biofilm
formation in coagulase-negative staphylococci isolated
from platelet concentrates bags. Revista do Instituto de
Medicina Tropical de Sao Paulo. 2016; 58:1.

Kostakioti M, Hadjifrangiskou M, Hultgren SJ. Bacterial
biofilms:  development, dispersal, and therapeutic
strategies in the dawn of the post-antibiotic era. Cold
Spring Harb Perspect Med. 2013; 1:3(4).

O’Toole GA. Microtiter Dish Biofilm Formation Assay.
Journal of Visualized Experiments. 2011; 47:2437.
Lambert RJ, Skandamis PJ, Coote, Nycas GJ. A study of
the minimum inhibitory concentration and mode of action
of oregano essential oil, thymol and carvacrol. Journal of
Applied Microbiology 2001; 91:453-462.

Walsh SE, Maillard JY, Russel AD, Catrenich CE,
Charbonneau DL, Bartolo RJ. Activity and mechanism of
action of selected biocidal agents on gram-positive and
negative bacteria. Journal of Applied Microbiology.
2003; 94:240-247.

Utchariyakiat 1, Surassmo S, Jaturanpinyo M,
Khuntayaporn P, Chomnawang MT. Efficacy of
cinnamon bark oil and cinnamaldehyde on anti-multidrug
resistant Pseudomonas aeruginosa and the synergistic
effects in combination with other antimicrobial agents.
BMC Complementary and Alternative Medicine 2016;
16:158.

Herculano ED, de Paula HCB, de Figueiredo EAT, Dias
FGB, dePereira AV. Physicochemical and antimicrobial
properties of nano-encapsulated Eucalyptus staigeriana
essential oil. LWT Food Science and Technology 2015,
6: 484-491.

Costerton JW, Stewart PS, Greenberg EP. Bacterial
biofilms: a common cause of persistent infections.
Science. 1999; 284:1318-1322.

Donlan RM, Costerton JW. Biofilms: survival
mechanisms of clinically relevant microorganisms.
Clinical Microbiology Reviews. 2002; 15:167-193.

Kunin CM. Infections of the urinary tract due to
Pseudomonas aeruginosa, In Baltch AL, Smith RP,
editors. (ed), Pseudomonas aeruginosa infections and
treatment. Marcel Dekker, Inc, New York, NY, 1994,
237-256.

Sambyal SS, Sharma P, Shrivastava D. Anti-biofilm
activity of selected plant essential oils against
Pseudomonas aeruginosa and Staphylococcus aureus.
International Journal of Current Microbiology and
Applied Sciences. 2017; 6:444-450.

Lu H, Shao X, Cao J, Ou C, Pan D. Antimicrobial
activity of eucalyptus essential oil against Pseudomonas
in vitro and potential application in refrigerated storage of
pork meat. International Journal of Food Science and
Technology. 2016; 51(4):994-1001

Quatrin PM, Verdi CM, de Souza ME, de Godoi SN,
Klein B, Gundel A, et al. Antimicrobial and anti-biofilm
activities of nanoemulsions containing Eucalyptus

47.

~432"

globulus oil against Pseudomonas aeruginosa and
Candida spp. Microbial Pathogenesis. 2017; 112:230-
242.

Pereira V, Dias C, Vasconcelos MC, Rosa E, Saavedra
MJ. Antibacterial activity and synergistic effects between
Eucalyptus globulus leaf residues (essential oils and
extracts) and antibiotics against several isolates of
respiratory tract infections (Pseudomonas aeruginosa).
Journal of Industrial Crops and Products. 2013; 52:1-7.



