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^ ^ : ABSTRACT 

•2 ool 

- ' — The rapid increase of drug resistant pathogens in recent years has posed a serious threat to 

successfiil treatment of microbial diseases. In response to this phenomenon many scientists and 

medical professionals have turned their attention to different strategies to combat microbial 

infections. Promising alternatives include the use of natural organic compounds, many of which 

are of plant origin. Research with plant essential oils has proven to be especially encouraging due 

to increasing evidence of antibacterial, antifimgal, and antiviral properties contained within them. 

Pseudomonas aeruginosa is an opportunistic pathogen which causes a multitude of infections 

including contact lens-related ocular keratitis. While many strategies are in use to combat 

bacterial infections caused by P. aeruginosa, I propose that use of plant essential oils may inhibit 

attachment of biofilm formation on contact lens surfaces. This information may lead to 

development of a novel treatment oiP. aeruginosa biofilms in ocular infections. 
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INTRODUCTION 

Herbalism 

Medicinal properties associated with botanical extracts have been known throughout the 

ages. Various nations and cultures have utilized natural plant products for nearly every 

conceivable ailment. Currently, the majority of the world's population still relies on traditional 

medicine and natural remedies for primary healthcare according to the World Health 

Organization (Prabuseenivasan et.al, 2006). The importance of natural plant extracts has been 

gaining attention in recent years due to increasing evidence of their antibacterial, antifungal and 

antiviral properties (Prabuseenivasan et al., 2006). The use of plant compounds are recognized 

by many developed countries including Germany, Japan, USA, Canada, India, and China for 

their medicinal and therapeutic capabilities (Lai and Roy, 2004 and Roy, 2004). A recent study 

conducted in India showed that garlic, black cumin, cinnamon, and clove had strong 

antimicrobial activities ((Lai and Roy, 2004)). Likewise, a Polish study by Kalemba and Kunicka 

indicated oregano, mint, cinnamon, clove, and thyme were also possessed antibacterial properties 

(Lai and Roy, 2004). 

Botanical essential oils are liquids that are obtained from plant materials such as bark, 

fhiits, flowers, buds, seeds, roots, and leaves. They can be collected through fermentation, 

extraction and most commonly, steam distillation (Prabuseenivasan et al., 2006).. Although 

essential oils are complex and comprised of hundreds of chemical compounds, they are primarily 

found to contain terpenes (90%) and phenylpropanes (Aridogan et al, 2002). 



Pseudomonas aerueinosa 

Morphology 

Pseudomonas aeruginosa is a free-living, gram negative, rod shaped bacterium in the 

family Pseudomonadaceae (Todar, 2008) (Figure 1). Although categorized as an aerobe, P. 

aeruginosa can also inhabit areas of partial or complete oxygen depletion, leading to its 

consideration as a facultative anaerobe as well (Ryan and Roy, 2004). The bacterium possesses a 

single polar flagellum which allows it to be one of the most vigorous and fastest swimming 

bacteria known (Todar, 2008). 

(A) (B) 
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Figure 1. (A).Pseudomonas aeruginosa bacteria in vitro by Scanning Electron Micrograph 
(CDC, 2006); (B). P. aeruginosa bacteria gram stained with crystal violet (Todar, 2008) 

Colony Characteristics 

When grown in vitro plated cultures typically form three distinct colony types all of 

which produce a fruity odor and fluorescence. 1). Isolates from soil or water consist of small, 

rough, elevated colonies (Figure 2). 2). Clinical samples from yellow-white colonies that are 

round, smooth, elevated and have the appearance of a fried egg (Todar, 2008). 3). Pseudomonas 

aeruginosa colonies may also have a mucoid appearance due to slime production (alginate). 



which is usually associated with samples collected from respiratory or urinary tract infections 

(Todar, 2008). P. aeruginosa strains appear green in iron deficient media due to its ability to 

synthesize two pigments, pyocyanin which is blue and the fluorescent yellow pigment pyoverdin 

(Todar, 2008). 

Figure 2. P. aeruginosa colony growth on agar media 
(Todar, 2008) 

Other characteristics that allow for the identification of P. aeruginosa include its Gram negative 

reaction, ability to grow in a wide range of temperatures, positive lipase and catalase reactions, 

and its inability to ferment lactose (Todar, 2008). 

Perhaps one of the best, and most frightening, characteristic is the high antibiotic 

resistance associated with strains of P. aeruginosa. These bacteria possess a large amount of 

naturally occurring antibiotic resistance plasmids which can in turn be passed to other bacteria 

through horizontal gene transfer via conjugation or by transduction through a viral vector. 

Resistance plasmids, including antibiotic resistant plasmids, may also be acquired through 

association with other microorganisms in natural environments (Davidson, 1999 ). When 

established in vivo, therapeutic antibiotics are rarely effective due to the ability of the bacteria to 

establish biofilms and the permeability barrier and mass provided by the exopolysaccharide 

(EPS) layer (Nettina, 2005). 

P. aeruginosa is associated with habitats such as water and soil and is commonly 

associated with plant and human pathogenicity. As a human pathogen, P. aeruginosa acts 



opportunistically and is associated with keratitis, bum wound infections, surgical wounds, 

diabetic wounds, and lung infections of people with cystic fibrosis. 

Opportunistic Pathogenicity: 

An opportunistic pathogen is an infectious agent that has the ability to establish itself 

within a host organism when their immune system has been compromised. It is uncommon for an 

opportunistic pathogen to infect healthy individuals, but a breach in the host defenses allows 

entry for the microorganism to begin establishing an infection. Immunocompromised individuals 

are generally more susceptible to infectious agents. Although the effects of opportunistic 

pathogens depend on a wide array of factors, Pseudomonas infections, which are both highly 

invasive and toxigenic, can be categorized into three distinct stages (Todar, 2008). The first stage 

consists of bacterial attachment and colonization within an organism. The second stage involves 

localized invasion of a tissue; this stage can also pertain to the formation of a biofilm within the 

tissue. Lastly, the infection can become a disseminated systemic disease which usually proves to 

be fatal (Todar, 2008). Due to factors associated with the host immune system and its own 

virulence factors, the pathogenicity may end at any stage. 

When acting opportunistically in animal systems, P. aeruginosa has been shown to cause 

dermatitis, septicemia, urinary tract infections, respiratory infections, bone and joint infections, 

gastrointestinal infections, systemic infections, ulcers, chronic wounds and is also able to 

colonize medical devices (Todar 2008, Rhoades et al., 2009). Such infections often involve the 

biofilm mode of growth which adds to the bacterium's tolerance to conventional antimicrobial 

treatments. These infections are most commonly seen in cancer, cystic fibrosis, or AIDS patients 

suffering from immunosuppression. Individuals suffering from severe bum wounds or post-



operative surgeries are also prone to infection and are subject to high mortality rates (Qarah et 

al, 2008). 

Nosocomial Infections 

An estimated 2 million patients develop nosocomial, or hospital acquired infections in 

the United States annually (Emori and Gaynes, 1993). The increasing number of antimicrobial 

agent-resistant pathogens and high-risk patients in hospitals are challenges to progress in 

preventing and controlling these infections. Pseudomonas aeruginosa in particular is 

troublesome due to its multidmg resistance and ability to thrive in sterile environments. One 

report's findings show that 82% of nosocomial bacteremias are a consequence of bacterial 

contamination of medical implants, and among the most common organisms causing implant-

based infections are Pseudomonas, Staphylococci, and Enterococci (Zegans et al, 2002). 

According to the CDC, P. aeruginosa is the fourth most commonly-isolated nosocomial 

pathogen in the United States; it accounts for 10.1% of all hospital-acquired infections per year 

(Qarah et al, 2008). Although this number may not seem very large, P. aeruginosa infections 

can cause a high fatality rate (up to 50%) in clinical cases (Qarah et al, 2008). 

Virulence Factors 

Pseudomonas aeruginosa is known to produce a multitude of vimlence factors that 

enable it not only to survive, but to thrive, in various environments. The ability to invade and 

survive in host tissues depends on the capability of the bacteria to break down and damage 

barriers such as host cells. The bacterium must also evade host immune defenses and be able to 

produce compounds that offer protection to itself while establishing an infection. 



Vimlence factors of Pseudomonas aeruginosa include elastase, alkaline proteases, rhamnolipids, 

pyocyanin, and biofilm formation; these factors are shown to be highly controlled by quomm-

sensing (QS) signaling (Rasmussen et al, 2004). Quomm-sensing itself is an important vimlence 

factor of P. aeruginosa because it allows the bacteria to communicate and function as large 

multicellular communities rather than single celled isolated bacteria Vimlence factors act as 

strong defenses to host immune threats and chemical treatments. Bacteria that are able to 

produce biofilm communities as a vimlence factor become highly tolerant to otherwise lethal 

doses of antibiotics, effective on planktonic cells, and are protected against the bactericidal 

activity of immune cells such as polymophonuclear leukocytes. (Bjamsholt et al, 2005, Persson 

etal, 2004). 

Quorum Sensing 

Quomm-sensing is a cell density-dependent microbial process in which intercellular 

communication is mediated by chemical production and secretion. These chemicals are known as 

autoinducers and function as signaling molecules (Park et al, 2008). This communication allows 

the bacteria to fimction as a multicellular community instead of individually. When a threshold 

concentration of these QS molecules is produced, the bacteria can alter their gene expression 

which activates vimlence factors to overcome host defense mechanisms (Bjamsholt et al,2005). 

As bacterial density increases so does the concentration of autoinducer molecules which allow 

the bacteria to communicate with each other. Thus, QS establishes organized systems in which 

vimlence factors are maintained at low levels to avoid host detection until a sufficient amount of 

bacteria accumulate (Bjamsholt et a/.,2005, Park et al, 2008). 



In Pseudomonas aeruginosa, QS signaling allows control of gene expression and 

increased activation of vimlence factors such as toxin production and proteins involved in 

biofilm formation (Park et a/.,2008). QS signaling molecules produced by P. aeruginosa can be 

detected in biologically significant concentrations in various infections, the most well known 

being in sputum of cystic fibrosis patients (Rasmussen et al, 2004). Since QS seems to be a key 

player in regulation of vimlence and pathogenesis of P. aeruginosa it is an intriguing target for 

future antimicrobial chemotherapy (Rasmussen et al,2004, Park et al, 2008). 

Biofilm Formation 

General 

A biofilm consists of an adherent layer of bacteria and/or other microorganisms attached 

to a solid surface or to each other surrounded by an exopolysaccharide (EPS) matrix which can 

comprise 75-90% of a biofilm mass (Nettina, 2005). In order to establish a biofilm, 

microorganisms must undergo physiological and morphological changes which include 

switching from a planktonic state, where the bacterium is motile and independent, into a sessile 

state by attachment to a substrate (Armitage, 2005, Costerton et al, 1999). Bacteria that attach to 

surfaces aggregate in a hydrated environment and synthesize a mucoid polymeric matrix (EPS) 

to form biofilms (Costerton et al, 1999). The matrix is a cmcial factor in the formation of 

biofilms because it allows for the constmction of water channels that supply oxygen and 

nutrients to the immobile microorganisms (Nettina, 2005). The EPS also acts as a barrier 

providing protection from the host immune system and antibiotics. 

The formation of a biofilm begins by the attachment of planktonic, or free-floating, 

bacteria to a solid surface (Figure 3). These first bacterial colonists adhere to the surface initially 

through weak and reversible van der Waals forces (Gottenbos et al. 1999). If the bacteria or 



microorganisms are not immediately separated from the surface, they may anchor themselves 

more permanently using cell adhesion mechanisms (Gottenbos et al 1999). The bacterial 

colonies are then able to form irreversible attachments by means of pilus attachment or by a 

physiological loss of their flagella. 

Cell adhesion to the surface provides more diverse attachment sites that promote the 

congregation of additional microorganisms on the surface. Some species are not able to attach to 

a surface on their own but are often able to anchor themselves to the matrix or directly to earlier 

colonists (Costerton et al, 1999). As colonization continues the biofilm grows through cell 

division and further recmitment, quomm sensing communication initiates amongst the 

microorganisms. Continuing attachment and growth allows the biofilm to be held together and 

the matrix to be reinforced resulting in a mature biofilm. After a mature biofilm community has 

been formed it is able to colonize new surfaces by dissemination or dispersal (Nettina, 2005). 

Figure 3. 5 stages of biofilm 
development. (McGraw-Hill, 
2009) 

Stage 1. initial attachment by 
planktonic bacteria 
Stage 2. irreversible 
attachment/loss of motility 
Stage 3. maturation I 
Stage 4. maturation II 
Stage 5, dispersion and 



The development of biofilms allow for the microorganisms to become more antibiotic resistant. 

Biofilms can be found inhabiting a wide variety of places including on rocks of rivers and 

stagnant ponds, glacial surfaces, and hot springs (Gottenbos et al 1999). They are also found in 

industrial pipes, medical instruments, and in plant or animal tissues. 

Disease Related Biofilms 

Biofilms have been found to be involved in diverse microbial infections in living 

organisms. Infectious processes associated with biofilms in the human body include common 

problems such as urinary tract infections, catheter related infections, ear infections, dental 

plaque, diabetic wounds, and gingivitis (Figure 4) (Costerton et al, 1999). Biofilms are also 

often involved in infections of permanent implanted devices and prosthetics such as orthopedic 

pins, joints and prosthetic heart valves. 

Figure 4. (A) Biofilm infected chronic diabetic foot wound (Cunningham et al, 2006) (B) Biofilm 

infected ulcer in diabetic foot wound (Kosinski and Joseph, 2005) 



The complexities associated with eradicating a biofilm infection have provided a new 

outlook on treatments of chronic bacterial infections. Since biofilms occupy diverse biotic and 

abiotic systems, such as oil pipelines, hot tubs, teeth (dental plaque), diabetic wounds, bum 

wounds, and medical devices, they have evolved the ability to survive in multiple environments. 

These microbial communities are able to persist due to their various mechanisms for survival 

such as defenses against ultraviolet radiation, viral attacks, desiccation, and environmental 

stresss (Wolcott and Ehrlich, 2008). Similarly, biofilms are able to avoid engulfment by 

phagocytosis due to their massive size and EPS mucoid layer (Wolcott and Ehrlich, 2008). 

Methods of Assessing Biofilms 

Crystal violet assays are a common technique utilized in bacterial biofilm studies. 

Crystal violet is a stain known to absorb to bacterial cells and is routinely used in a bacterial 

staining procedure known as the Gram stain. The stain is absorbed by all bacteria and can be 

used to measure the amount of bacterial cell attachment to a surface i.e. biofilm. The stained 

bacterial surface is rinsed and ethanol is administered to extract any remaining crystal violet 

solution. The resulting solution can be measured using a spectrophotometer set at 595 nm. The 

darker the purple color indicates more attachment has occurred and results in higher absorbance 

readings and indicates more attachment has occurred. 

By incorporating plastic disks into crystal violet assays visualization of biofilm 

attachment may be easier to view with microscopy. Scanning electron microscopy (SEM) and 

confocal laser scanning microscopy (CLSM) are current modes used to examine mature biofilms, 

examples of which can be seen in Figure 5. 
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(A) (B) 

Figure 5. (A) P.aeruginosa biofilm on nylon suture by SEM (Zegans et al, 2002) 
(B) pollen grains by CLSM (Radboud University, 2007) 

P.aeru£inosa Biofilms 

The high antibiotic resistance displayed by biofilms compared to planktonic cells is 

known to play a significant role in bacterial biofilm diseases (Persson et al, 2004). The ability 

of Pseduomonas aeruginosa to form biofilms is an important factor in the multitude of infections 

it causes. Most notably, it forms a biofilm in the lungs of people afflicted with cystic fibrosis 

resulting in chronic lifelong lung infections. Many pathogens are known to coat contact lenses 

resulting in ocular keratitis or infect ocular post-surgical wounds, of these, P. aeruginosa is one 

of the most common contaminants of contact lens cases and is the most prevalent etiologic agent 

in ocular infections associated with contact lens use, accounting for up to two thirds of cases in 

the United States (Pinna et al, 2008). 

Coating contact lenses as well as colonization of the contact lens case are both examples 

of P.aeruginosa biofilms. The formation of biofilms and the transmission of Pseudomonas 

aeruginosa from a colonized contact lens case to the contact lens itself aids in transmission of 

11 



bacteria to the corneal tissue surface, heightening the chance for infection (Vermeltfoort et al. 

2008). 

P. aeruginosa Ocular Infections 

Invasion of corneal epithelial cells may somehow be related to 

rapidity of established infection and severity of inflammation since P. 

aeruginosa is unable to infect healthy corneas in vivo (Pinna et al, 2008). 

Figure 6. Progression of 
ulcerous keratitis (Seitz 
etal, 2008) 

The bacterium is able to directly damage stmctural elements required for corneal transparency. 

This stimulates inflammatory responses which become a major contributor to tissue destmction 

and high visual impairment (Fleiszig and Evans, 2002). Bacterial biofilms may participate in 

ocular infections by inducing corneal hypoxia or by allowing bacteria to persist on abiotic 

surfaces that come in contact with, or are implanted into the eye, leading to direct biofilm 

formation on biotic eye surfaces (Zegans et al, 2002). Bacteria can gain access to compromised 

eye tissue through contamination of implant devices such as scleral buckles, suture material, and 

intraocular lenses. Contact lenses can also become bacterial reservoirs, and studies show that of 

the 20,000+ corneal ulcers in the United States per year, 56 % are associated with contact lens 

wear due to contamination of lens solution, the lens case, or the lens itself (Figure 6) (Zegans et 

al, 2002). Pseudomonas aeruginosa strains require around three hours of continual interaction 

with ocular tissues for an infection to establish. Contact lenses assist infection by allowing close 

contact to eye tissues and by blocking the bacteria from natural tear washing (Fleiszig and Evans, 

2002). Strains of Pseudomonas aeruginosa isolated from comeal ulcers due to contact lens 

12 



wear were resistant to ampicillin, cephalothin, neomycin, and tetracycline antibiotics in a study 

conducted by Mayo et al (Pinna et al, 2008). However, P. aeruginosa's susceptibility to 

fluoroquinolones and aminoglycosides has resulted in successful treatment and has become the 

leader in therapy for bacterial keratitis (Pinna et al, 2008). Unfortunately recent 

studies have demonstrated the resistance of P. aeruginosa to ciprofloxacin a commonly used 

fluoroquinolone (Pinna et al, 2008). 

Although progress has been made in research of Pseudomonas aeruginosa hi of I m 

involvement in ocular infections, most research conducted to date has focused on trentment after 

an infection has been established (Fleiszig and Evans, 2002). Initial treatment consists of 

intensive therapy, usually lasting months, with topical ointment or drops in accordance with 

broad spectmm antibiotics (Pinna, Stapleton). If initial treatments are unsuccessful the biofilm 

infected device or tissue is surgically removed (i.e. penetrating keratoplasty/corneal transplant) 

(Stapleton and Dart, 1995). 

Due to unsuccessfiil current treatments and the invasiveness required for many biofilm 

removals research has shifted to include prevention strategies. In a study conducted by 

Vermeltfoort et al. killing efficacies of marketed multipurpose contact lens care solutions were 

tested for their effects on planktonic and biofilm growth (Vermeltfoort et al, 2008). 

Multiptipurpse solutions included ReNu®, MultiPlus®, SoloCare Aqua^" ,̂ and OptiFree 

Express® in which the killing efficacy was lower than 20% (+/- standard error) in all cases 

except OptiFree Express® which showed a 40% (+/- standard error) efficacy (Vermeltfoort et 

al, 2008). Considering the low rates of killing efficacy demonstrated by multipurpose solutions 

preventative measures of coating contact lens cases or impregnating solutions with effective 

antimicrobials. 

13 
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Current Biofilm Treatment 

Since biofilms cannot be cultured by current conventional techniques {re. streaking on 

agar plates), and only a small minority of species within a biofilm may be detected, inappropriate 

or incomplete diagnoses are common (Wolcott and Ehrlich, 2008). Although antibiotics are 

effective at eradicating an infection caused by planktonic bacteria, they are often erroneously 

prescribed for treatment of biofilm infections. Biofilms possess genotypic and phenotypic 

diversity that allows them to survive medical therapies such as the use of antibiotics. Antibiotic 

therapy has also been ineffective because it has been shown that biofilms have the ability to 

persist in 100 to 1000 times the concentration needed to kill planktonic cells (Wolcott and 

Ehrlich, 2008). Although antibiotics may kill one competitor in a biofilm community, the other 

species that are also integrated in the biofilm are allowed to thrive (Rhoades et al, 2009). The 

ovemse of antibiotic therapy raises the possibility of producing more resistant bacterial strains 

that are already thriving in a biofilm community. 

Biofilm infections are progressive and often result in extensive tissue damage in which 

surgical intervention is necessary. Physical scraping and removal of tissues, or debridement, is 

the most effective treatment of biofilms currently being utilized. This technique has shown to be 

successful in treatment of chronic soft tissue wounds (i.e. diabetic foot wounds) and other 

superficial infection sites (Rhoades et al, 2009). Since tissue damage is progressive and severe 

in long-term biofilm infections, amputations or whole organ removal may be necessary. In a 

study conducted by Rhoades et al 8 of 11 Sulzer acetabular cup prostheses, used in hip 

replacement surgeries, were found to harbor biofilm colonization although traditional culture 

tests were negative. The use of intermittent devices, such as contact lenses, may also harbor 

14 



biofilm infections if there is colonization already established or if improperly cleaned (Rhoades 

etal, 2009). 

Medical/Business Importance 

Research conducted over the past 4 decades has connected chronic infections to the 

presence of biofilms that involve nearly every medical specialty (Rhoades et al, 2009). In fact 

the Center for Disease Control and Prevention and the National Institute for Health estimate that 

more than 65% of infections treated in the developed world stem from bacteria growing in 

biofilms (Wolcott and Ehrlich, 2008, Rhoades et al, 2009). The impact of biofilm infections on 

healthcare is tremendous affecting over 14 million people per year and resulting in 400,000 

deaths per year (Rhoades et al, 2009). Although biofilm disease is more prevalent than cancer 

and results in higher mortality than HIV-AIDS each year, the response of the healthcare system 

has been fragmented at best (Rhoades et al, 2009). 

Reconceptualizations of biofilms as a prevalent and ongoing issue can lead to new 

techniques for dealing with biofilm detection, prevention and treatment. Performing molecular 

tests as part of routine bacterial analysis is becoming a feasible option for clinical laboratories 

(Wolcott and Ehrlich, 2008). Clinical microbiologists have been able to detect bacteria in biofilm 

infected tissues by Polymerase Chain Reaction (PCR) assays, genetic sequencing, and other 

immunological techniques (Rhoades et al, 2009). By utilizing these techniques, more accurate 

diagnoses and treatment strategies may result due to enhanced understanding of biofilms and 

their infections. 

15 



Prevention 

Considering that biofilm infections result from planktonic adherence to artificial surfaces 

such as medical devices or compromised tissues, prevention strategies are cmcial to employ. 

Peri-operative antibiotics as well as coating prostheses with biofilm blockers may reduce the 

capabilities of planktonic bacteria to form biofilms (Rhoades et al, 2009). Further research into 

prevention strategies and biofilm sensitive antibiotics are important to reduce human suffering 

and to cut healthcare costs which are currently projected at $62 billion/year (Rhoades et al, 

2009). 

Microbial Keratitis 

An estimated 0.2-.05% of all soft contact lens wearers are infected by microbial keratitis due to 

contaminated contact lenses or lens cases. Considering that between 29-38 million people wear 

contact lenses in the United States, these low incidences pose a major health threat (Vermeltfoort 

et al, 2008). In a study conducted by Vermeltfoort et al. 80% of contact lens cases and 30-80% 

of contact lenses were found to be contaminated although the wearers were asymptomatic and 

followed proper care regimens (Vermeltfoort et al, 2008). Bacterial attachment to contact lens 

cases can form biofilm communities in which some bacteria may detach and planktonicly infect 

the lens solution. Planktonic bacteria in the solution may attach to the contact lens surface and 

colonize which can then be introduced to comeal tissue. 

Pseudomonas.aeruginosa is a vimlent opportunistic pathogen that causes major health 

problems especially when incorporated into a biofilm. There are currently no easy treatments for 

biofilm infections. Current treatments are costly, lengthy, invasive or usually ineffective due to 

P.aeruginosa''s high antibiotic resistance. It is the leading cause of microbial keratitis which is 
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why I have chosen to test the ability of natural plant extracts to affect its growth and biofilm 

formation. By investigating possible biofilm prevention and bactericidal properties of natural 

plant extracts, through the use of growth and crystal violet assays, advances may be made in 

decreasing the amount of infections caused by bacterial keratitis. 
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CHAPTER 2: MICROBIOLOGICAL TESTING METHODS 

Disk Diffusion 

A standard protocol, outlined by the Kirby-Bauer Method, for preparation of an agar 

plate for disk diffusion is dependent on the bacterial cell density denoted by turbidity, or 

cloudiness, of inoculated media. Turbidity is used to indicate the amount of bacterial growth 

present in liquid media and can be measured by the use of a spectrophotometer set at a 600 nm 

wavelength. The cell density mass can be determined by measuring the amount of light absorbed 

by a suspension of cells, or the optical density. More turbid media signifies a greater cell mass 

and results in a higher absorbance reading. After reaching a desired turbidity the agar plate can 

be streaked and incubated. For optimal growth conditions, inoculated broth media should be 

placed in a shaker rack to allow maximum aeration in the case of P. aeruginosa. Aeration allows 

more oxygen to get to the bacteria leading to more planktonic growth. 

The susceptibility of bacteria to antibiotics or other chemicals is measured by the 

presence of zones of inhibition. These zones are clear circular areas surrounding an impregnated 

disk. The presence of a zone of inhibition indicates the diffusion of the disk's material and the 

inability of bacterial growth in that area. 

The presence of biofilm formation on a surface can be determined by the use of growth 

assays. In microtiter well plates, planktonic bacterial growth is found suspended in the media 

whereas biofilm growth accumulates on the sides, and added surfaces, of the well. Planktonic 

growth can be directly pipetted from the well and measured by a spectrophotometer set at 

600nm. Biofilm accumulation must be physically scraped from the well surfaces, resuspended in 

liquid, and vortexed to obtain an optical density reading from the spectrophotometer. 
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Measuring Bacterial Growth 

The presence of biofilm formation on a surface can be determined by the use of growth 

assays. In microtiter well plates, planktonic bacterial growth is found suspended in the media 

whereas biofilm growth accumulates on the sides and surfaces of the well. Planktonic growth can 

be directly pipetted from the well and measured by a spectrophotometer set at 600nm. Biofilm 

accumulation must be physically scraped from the well surfaces, resuspended in liquid, and 

vortexed to obtain an optical density reading from the spectrophotometer. 

HYPOTHESES 

Hypothesis 1: The use of plant extracts and oils will inhibit Pseudomonas aeruginosa growth in 

laboratory media. 

Hypothesis 2: Plant extracts and oils will prevent biofilm formation by P. aeruginosa. 

Aims; 

1. To study zones of inhibition by spice-infiised or plant oil disk diffiision assays. 

2. To study prevention of biofilm attachment by plant extracts and oils using Crystal 

Violet (CV) assays. 

3. To determine if plant oils effect PAOl growth. 
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CHAPTER 3: MATERIALS AND METHODS 

Experiment 1; Zone of Inhibition on Solid Agar Plates using Spice Water Extracts and 

Plant Oils 

Bacterial Strain and Culture Conditions 

Pseudomonas aeruginosa was obtained from Dr. Abdul Hamood at the Texas Tech 

University Health Sciences Center. The strain was PAO1 which was cultured on Luria Bertani 

(LB) agar plates. The cultures were left at room temperature (approximately 21° C) to grow. A 

new LB plate was inoculated each week from the stock plate of PAOl to insure optimal culture 

conditions. 

Spice Water Extracts 

Spices were obtained from the local supermarket as well as Dr. San Francisco's garden 

and included: mustard seed, poppy seed, cinnamon, coriander, black cumin, fennel, cardamom, 

fenugreek, black peppercorn, cloves, mint, red pepper flakes, whole anise, cumin seeds, 

chamomile, and garlic. For each spice 0.5 g of the sample was added to 5 ml of water and ground 

with a mortar and pestle. The extracted liquid was placed into a 1 ml centrifuge tube. Tubes were 

spun at 10,000 rpm for 5 minutes. Supernatant liquid from the centriftige tubes were placed in a 

1ml syringe and filtered through a .22 micron filter. The sterilized water extract was then stored 

in a 4° C refrigerator. 
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Plant Oil Extracts 

Plant oils were obtained from a local health food store and included: almond, anise, 

clove, cinnamon (cassia), cinnamon leaf, citronella-java, eucalyptus, garlic, lavender, lemon, 

oregano, peppermint, rosemary, sesame, spearmint, and tea tree. The oils were similarly placed 

in a 1 ml syringe, filtered, and stored in a 4° C refrigerator. 

Disk Diffusion 

Step 1. Initiation of Pseudomonas aeruginosa Culture 

Turbidity 

Tubes containing 5 ml of Luria Bertani media were inoculated aseptically with 

Pseudomonas aeruginosa from an agar plate. The tube was placed in a 30° C water bath (in a 

shaker rack) for 20 hours. 

Step 2: Inoculating plates 

Following the procedure listed by Muller Hinton (BBL, 2006) 2 ml of liquid was 

collected from the LB tube and the optical density was measured, as absorbance, with a 

spectrophotometer at a wavelength of 600nm. When turbidity reached the range of 0.08-0.1 

absorbance, approximately 1.5 hours, an LB agar plate was streaked using a sterile swab. 

Step 3. Disk Administration 

Sterile filter disks were impregnated with 40 or 60 |il of each spice-water extract or plant 

oil. Extracts or oils were added as 20 or 30 |il aliquots allowing the disk to dry in between. Disks 

were transferred by using sterile forceps to LB agar plates which had been inoculated with a 

lawn of bacteria within 15 minutes of streaking. One disk not impregnated with any chemical, 
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but with sterile water, was also used on the plates as a control for the spice-water extracts. 

Mineral oil served as the control for the plates with plant oil disks. Plates were left for 24 hours 

at 37°C. A millimeter mler was used to measure zones of inhibition (Figure 7). All experiments 

were carried out in triplicate. 

Figure 7. Layout of disk diffusion 
agar plate 

Experiment 2; 

Growth Assay 

Media was inoculated with Pseudomonas aeruginosa from an overnight culture grown at 

37° C to obtain an optical density (OD) between .02-.03 at 600 nm. One ml of inoculated media 

was added to respective experimental wells in a 24 well microtiter plate. Two different types of 

microtiter plates were utilized to determine attachment efficiency of PAOl to treated versus 

untreated plastic. In addition biofilm initiation was examined on NUNC microtiter plate well 

surface as well as coverslips. Thirteen mm coverslips, Thermanox® by NUNC, were added to 
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each well to serve as the attachment surface (Figure 8). Well plates were incubated for 24 hours 

at 32° C. 

Planktonic growth was measured from standard wells and wells containing coverslips. 

Biofilm attachment was determined by physical scraping of the well, and/or disk, surfaces, 

resuspending the cells in liquid, vortexing, and measurement at OD600nm. 

f PAOl jlpystal Vidfet j 

Figure 8. microtiter plate layout 

Crystal Violet (CV) Assay: 

One gram of CV powder was mixed with 100 ml of distilled water resulting in a 1% 

solution. Crystal violet protocol was followed using modification of the technique of Pitts et al to 

measure biofilm formation by surface adhesion (Niu and Gilbert, 2004). After incubation the 

microtiter wells were inverted and rinsed gently with distilled water to remove any unattached 

Pseudomonas cells (planktonic cells). Briefly, one ml of CV solution was added to each well. 

After 30 minutes in which the crystal violet absorbs to any attached bacterial cells, the crystal 
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violet was gentiy rinsed out with distilled water. One ml of ethanol was then added to each well 

and allowed to sit for 1 hour. The optical density was taken at 595 nm. 

Experiment 3: 

Biofilm Prevention 

Step 1: Oil Concentration Determination 

Plant oil extracts of anise (food grade), anise (natural), clove, cinnamon cassia, cinnamon 

leaf, citronella-java, eucalyptus, lavender, lemon, oregano, peppermint, spearmint (food grade), 

spearmint (natural), and tea tree were tested. The oils were solubilized in methanol resulting in a 

20%) stock concentration. Oils were added to a 24 well microtiter plate in a 1 ml volume with 

final concentrations of concentrations of 10%), 5%, 2%, 1%, .5%, and . 1 % . Well plates were 

incubated for 24 hours at 32° C. Plastic damage and corrosiveness were measured (figures 9 and 

10). The highest non-corrosive concentrations of each oil were used in biofilm experiments. 

Figure 9. (A). Cinnamon-cassia 
oil corrosiveness on plastic of 24 
well microtiter plate (10%, 5%) 

(B). Close-up of plastic damage 
(10%) 

'^^.r^^S (B) 
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Figure 10. (A). Plastic damage 
caused by anise (food grade) oil 
and rosemary oil (10 % 
concentrations) 

(B). Close-up of anise (food 
grade) plastic damage to well 
bottom (10% concentration) 

(B) 

Step 2: Inoculating Plates 

After 24 hours of exposure to oil, the oil was removed and the microtiter plates were 

inoculated with PAOl. PAOl was grown in a test tube filled with LB media overnight. PAOl was 

sub-cultured and added to a tube with fresh LB media and tested for turbidity as outlined above. 

1 ml of inoculated media (OD .025) was added to each well in the plate and incubated for 24 

hours at 32° C (Figure 11). Planktonic and biofilm growth were measured with a 

spectrophotometer set at OD 600 nm in a VA ratio of PAOl to sterile LB media. Biofilm 

attachment was determined by physical scraping of the well surfaces. Control wells included 

PAOl alone in LB media. Since methanol was used to solubilize the oils, PAOl was grown in 

wells containing methanol and LB to determine if the methanol alone would inhibit PAOl growth 

or attachment. 
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Figure 11. PAOl inoculated wells 
after oil removal and 24 hour 
incubation 

3 wells per sample: 
Control 
Eucalyptus 
Peppermint 
Oregano 

Step 3: Crystal Violet Assay 

Oils were removed from 24 well microtiter plates. 1ml of sterile LB media or 1 ml of LB 

containing PAOl was added to each well and incubated for 24 hours at 32° C. One ml of crystal 

violet dye was added to each well for 30 minutes. The wells were washed with distilled water 

and ethanol was added for 1 hour. Readings were taken with a spectrophotometer set at OD 595 

nm. Data collected using sterile LB served as a control to show the effect of oil alone on plastic 

absorption and crystal violet. Data obtained using PAOl measured the effect of oil concentrations 

on PAOl attachment. The procedure above was followed. Anise and cinnamon-cassia, cinnamon 

bark were diluted to Vt well crystal violet/ethanol solutions. 
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CHAPTER 4: RESULTS 

Experiment 1 

Disk Diffusion 

The Kirby-Bauer disk diffiision method was used as a preliminary screening for the 

effects of plant extracts on PAOl growth. All plates with spice-water extracts showed no zones of 

inhibition (Table 1). The doxycycline antibiotic disks used a control, produced zones of 

inhibition measuring 1 Imm, 13mm, and 14mm. 

Zones of inhibition measured 7mm, 7mm, and 8mm for oregano oil plates. Cinnamon 

(cassia) oil also produced kill zones on plates that were allowed to grow overnight before the 

disks were administered (Figure 12 A). Cinnamon-cassia disks resulted in zones measuring 14 

mm, 15 mm, and 16mm initially. After an additional 2 days the initial zones of inhibition showed 

regrowth of P. aeruginosa suggesting the oil had dried and was no longer effective at preventing 

growth. The kill zones continued to grow over a 2 day period, after which there was re-growth of 

the P. aeruginosa (Figure 12 B). The zones increased to 19mm, 21mm, and 22mm after the 2 

day period. 
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Table 1 

Plate # 

1 

2 

3 

4 

5 

6 

Disk Diffusion 

Water Extracts 

Cinnamon 
Clove 
Chamomile 
Control 

Red Pepper 
Comino Seed 
Fennel 
Control 

Whole Anise 
Cardamom 
Coriander 
Control 

Mint 
Black Cumin 
Poppy 
Control 

Black Pepper 
Mustard 
Fenugreek 
Control 

Garlic 
Control 
Cefoxitin 
(Antibiotic) 
Doxycycline 
(Antibiotic) 

Results 
1 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 

14 mm 

Results 
2 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 

11 mm 

Results 
3 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 

13 mm 
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(A) 

Figure 12. (A). Zone of inhibition produced by Cinnamon-Cassia oil after 24 hour growth (B). Second 
zone of inhibition produced after 48 hour growth 

Experiment 2: 

Initial assays were used to perfect technique and to determine the differences of NUNC 

brand treated versus untreated 24 well microtiter well plates on PAOl planktonic growth and 

biofilm formation. Treated plates contained Nunclon^"^ Delta Surface treatments. The assays 

were also used to compare biofilm growth on plastic disk coverslips versus microtiter plate wells 

of each plate type. Thermanox® plastic coverslips produced by NUNC were used in assays. 

Replicates of each plate, treated versus untreated, and coverslip vs. wells, showed high 

reproducibility (Charts 1-4). Comparisons of treated versus untreated (with and without 

coverslips) 24 well microtiter plates showed little variation in P. aeruginosa biofilm growth or 

planktonic growth (Chart 5). 

29 



Chart I Comparing Growth of PAOl in Treated Microtiter Well Plates 
with Coverslips 

Replicates 

Chart 2 Comparing Growth of PAOl in Treated Microtiter Well Plates 
Replicates 
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Comparing Growth of PAOl in Untreated Microtiter Weil Plates 
Chart 3 Replicates 

Comparing Growth of PAOl in Untreated Microtiter Well Plates 
\^nan '* Replicates with Coverslips 

3/3^009 
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Chart 5 Comparing treated versus untreated plates 

• control wells 

• media with CS 

• P A O I planktonic 

DPAOl planktonic with 

• P A O I biofilm plate 

D P A O I biofilm platen 
CS 

• media alone 

• media with CS 

I P A O I planktonic 

D P A O I planktonic with 
_CS 
• P A D I hinfllm nIatB 

Crystal Violet Assay 

Following the method by Pitts et al crystal violet assays were performed to test the 

attachment of PAOl in treated and untreated 24 well microtiter plates. Coverslips were 

incorporated into each plate type to compare biofilm attachment against wells without coverslips 

(Chart 6). Treated versus untreated 24 well microtiter plates did not show considerable variation 

in crystal violet measurements. Treated plates were chosen due to availability of supplies and 

previous literature of biofilm research. Biofilm formation (noted as: PAOl CV Plate in chart 6) 

on coverslips were found to be significantiy lower. The use of coverslips was not incorporated 
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into ftiture assays with oil extracts due to observations of lowered planktonic growth and biofilm 

formation. 

Comparing Attachment of PAOl via CV Assay in Treated versus Untreated IVlicrotiter 
Chart 6 Well Plates with and without Coverslips 

2.S 

1.5 

iTreated 
Plates 

iLntreated 
Ptates 

0.5 

media alone media with CS PAOl CV plate PAOl CV coverslip 

Experiment 3: 

Oil Concentrations 

Initial screening of plant oil concentrations was performed to assess the highest 

concentrations for use in growth assays. Following a modified procedure from Niu and Gilbert 1 

ml of all oils solubilized in methanol (20% oil / 80% methanol) were added to a well and 

incubated for 24 hours at 32° C. High amounts of plastic damage was observed at this oil 

concentration for nearly all oils. Oil concentrations were decreased and the plates were incubated 
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as described above. The highest concentrations of oils that were not corrosive to the plastic were 

used in the SBF assays (Table 2). Non-soluble oils such as almond, sesame, mineral, lemon and 

garlic were not used. Anise (food grade and natural), spearmint (food grade and natural), lemon, 

and cinnamon-cassia oils showed the highest corrosiveness on the microtiter well plate plastic. 

Citronella-java, oregano, and peppermint showed no observable plastic damage. 

Oils 
Almond 

Anise (Food Grade) 

Anise (Natural) 

Cinnamon-Cassia 

Cinnamon Leaf 
Citronella-Java 

Clove 

Eucalyptus 
Garlic 

Lavender 

Lemon 
Mineral 
Oregano 
Peppermint 
Rosemary 
Sesame 
Spearmint (Food 
Grade) 

Spearmint (Natural) 
Tea Tree 

10% 
NS 
PD 
(11mm) 
PD 
(7mm) 
PD 
(5mm) 
PD 
(2 mm) 
NE 
PD 
(2 mm) 
PD 
(3mm) 
NS 
PD 
(3mm) 
PD 
(11mm) 
NS 
NE 
NE 
NE 
NS 
PD 
(7mm) 
PD 
(4mm) 
PD 

5% 
NS 

PD (8mm 
PD 
(5mm) 
PD 
(3 mm) 
PD 
(1mm) 
NE 
PD 
(1.5mm) 
PD 
(3mm) 
NS 
PD 
(1.5mm) 

PD (8mm 
NS 
NE 
NE 
NE 
NS 
PD 
(6mm) 
PD 
(3mm) 
NE 

2% 
NS 

PD(7mm) 
PD 
(4mm) 
PD 
(2 mm) 

NE 
NE 
PD 
(1mm) 

NE 
NS 
PD 
(1mm) 
PD 
(3mm) 
NS 
NE 
NE 
NE 
NS 
PD 
(4 mm) 
PD 
(2 mm) 
NE 

1% 
NS 
PD 
(4mm) 
PD 
(3mm) 
PD 
(2 mm) 

NE 
NE 
PD 
(1mm) 

NE 
NS 

NE 

NS 
NS 
NE 
NE 
NE 
NS 

PD/low 

PD/low 
NE 

0.50% 
NS 

PD/low 

NE 

NE 

NE 
NE 

NE 

NE 
NS 

NE 

NS 
NS 
NE 
NE 
NE 
NS 

NE 

NE 
NE 

0.10% 
NS 

NE 

NE 

NE 

NE 
NE 

NE 

NE 
NS 

NE 

NS 
NS 
NE 
NE 
NE 
NS 

NE 

NE 
NE 

Table 2 PD: Plastic Damage (Melted Ring in mm) 
NS: Non-Soluble 
NE: No Observable Effect 
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Growth Assay 

Plant oils utilized in growth assays were tested for their effects on PAOl planktonic 

growth, and biofilm growth. Oils that lowered the amount of planktonic and biofilm growth as 

compared to PAOl and PAOl/methanol controls included anise (food grade and natural), 

cinnamon-cassia, cinnamon leaf, citronella-java, clove, oregano, spearmint (food grade and 

natural), and tea tree (Charts 7-18). 
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Chart 10 Effects of Cinnamon Leaf Oil on PAOl Growth 
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Chart 11 Effects of Citronella-Java Oil on PAOl Growth 
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Chart 12 Determining Effects of Clove Oi l on PAOl G r o w t h 
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Chart 13 Determining Effects of Lavender Oil on PAOl Growth 
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Chart 14 
Determining Effect ofOregano Oil on PAOl Growth 
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Chart 15 
Effects of Spearmint Oil (Food Grade) on PAOl Growth 
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1 
Chart 16 

Effects of Spearmint Oil (Natural) on PAOI Growth 
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Chart 17 
Determining Effect of Tea Tree oil on PAOI growth 
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Chart 18 Determining Effects of Eucalyptus oil on PAOl growth 
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Interestingly peppermint oil in addition to anise (food grade) oil was shown to increase biofilm 

growth; peppermint oil also increased planktonic growth compared to PAOl and PAOl/methanol 

controls (Charts 12, 7). 

Statistical Analysis 

Statistics were calculated using the one way analysis of variance (ANOVA) by means of 

the Graphpad Instat statistical analysis program. P values < .0001 were considered to be 

extremely statistically significant with a cutoff of P< .05 as statistically significant. All plant oils 

used in growth assays were analyzed on the basis of statistical significance among planktonic 

growth, biofilm growth, and attachment based on crystal violet. Each oil used was tested for 

significance among effectiveness of varying concentrations, concentrations versus PAOl growth, 

and concentrations versus PAOl/methanol growth. PAOl growth versus PAOl/methanol growth 

41 



was also compared for significance as controls. Many oils demonstrated an inhibitory effect on 

planktonic PAOl growth in various concentrations (Table 3). Anise (natural) and oregano oils 

were found to significantly lower planktonic growth although the PAOl versus PAOl/methanol 

controls were also significant and therefore not included. 

Oils that Significantly Decreased PA01 Planktonic 
Growth (Lowest Concentration) 

Citronella-Java 5% 

Oregano 

Tea Tree 

Lavender 

Anise (Food Grade) 

Anise (Natural) 

Cinnamon-Cassia 

Spearmint (Natural) 

Spearmint (Food Grade) 

2% 

2% 

1% 

0.50% 

0.10% 

0.10% 

0.10% 

0.10% 

Table 3 

Some oils were able to decrease PAOl biofilm growth in various concentrations (Table 4). Anise 

(food grade) also exhibited a decrease in biofilm growth although variations among oil 

concentrations and controls were also significant and therefore not included. 

Oils that Significantly Decreased PA01 Biofilm Growth 
(Lowest Concentration) 
Citronella-Java 2% 
Eucalyptus 2% 
Tea Tree 2% 
Lavender 1 % 
Anise (Natural) 0.10% 
Cinnamon-Cassia 0.10% 
Cinnamon Leaf 0.10% 
Clove 0.10% 
Spearmint (Food Grade) 0.10% 0.10% 
Spearmint (Natural) 0.10% 

Table 4 
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Anise (natural), citronella-java, cinnamon-cassia, lavender, spearmint (food grade), and 

spearmint (natural) oils were shown to significantly decrease both planktonic and biofilm growth 

of PAOl. Peppermint oil increased both planktonic and biofilm growth. 

CV Assay 

Plant oils that decreased PAOl attachment determined by crystal violet staining included 

anise (natiu-al), cinnamon-cassia, cinnamon leaf, citronella-java, clove, eucalyptus, oregano, 

lavender, peppermint, and spearmint (food grade and natural) (Charts 19-29). 
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Effect of Cinnamon-Cassia Oil on PAOl Attachment 

Chart 20 

4 5 

3 5 

a 
o 

2 

1 5 

0 5 

• Oil absorption 

0.5 0.1 

samples 

Methanol/PAOl PAOl 

Chart 21 Effect of Cinnamon Leaf Oil on PAOl Attachment 

Q 
O 4 

lOi l absorpinn 

0l5 0.1 

^amnln 

Methanol/PAOl PAOI 

44 



Chart 22 
Effect of Citronella-Java Oil on PAOl Attachment 
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Examining the Effect of Eucalytpus Oil on PAOl Attachment 
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(Note: oregano oil at 10% concentration was not testable due to damaging the plastic of the 

microtiter plate resulting in high CV absorption). 
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(Note: Spearmint oils showed such high inhibition at 1% concentration that the results were 

negative as compared to values of the control wells.) Oils that heightened PAOl attachment were 

anise (food grade) and tea tree at 2% concentration. 

Statistical analysis was performed on crystal violet assays as described above using 

ANOVA. Comparisons of the different oils grouped by similar concentrations, as compared to 

the control PAOl in methanol, can be found in charts 30-32 below. PAOl in methanol is set at 

100%. 
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Chart 31 Attachment of PAOl Measured by 
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All oils shown above except anise (food grade) and cinnamon leaf showed statistically 
significant differences in PAOl attachment by CV assay. 
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CHAPTERS: DISCUSSION 

Plant oils have been used around the world for their medicinal and therapeutic qualities. 

Numerous oils have been (Lai and Roy, 2004) shown to possess potent antimicrobial activity in 

recent studies (Agarwal et al, 2007). Research performed using disk diffiision methods have 

shown some plant oils to be effective at inhibiting bacterial growth of multiple species (Aridogan 

et al, 2002, Agarwal et al, 2007, Prubuseenivasan et al, 2006). In a study conducted by 

Agarwal etal IS out of 30 plant oils, including eucalyptus, peppermint, clove, and tea tree, were 

found to be effective at inhibiting Candida albicans growth (Agarwal et al, 2007). Similarly, 

Prubussenivasan et al found that 19 out of 21 oils had some effect on bacterial growth, of which 

Pseduomonas aeruginosa was included. Lavender, clove, peppermint, rosemary, and cinnamon-

cassia produced zones of inhibition of P. aeruginosa reported by previous literature (Agarwal et 

al, 2007, Prubussenivasan et al, 2006). Of these oils, cinnamon-cassia and oregano were the 

only compounds to inhibit growth in my studies. Garlic oil was not found to have an inhibitory 

effect although reported by previous literature (Tsao and Yin, 2001, Bjamsholt et al, 2005). The 

use of water-extracts for disk diffusion was not helpfiil in determining inhibition of PAOl 

growth. This was possibly due to the weak concentrations of essential oil components contained 

in the plant itself or in solution. Diffusion by oil extracts showed better results, although only 2 

out of the 15 oils showed positive results as zones of inhibition in disk diffusion assays. Disk 

diffusion assays altogether were not helpfiil in screening of essential oil activities. Since bacteria 

prefer different surfaces on which to grow and biofilm formation is known to be surface 

dependent, (Costerton et al, 1999) differing results may be explained in regards to disk diffusion 

versus growth/crystal violet assays. 
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To find optimal experimental conditions for assays, treated versus untreated 24 well 

microtiter plates were tested for difference in PAOl planktonic growth, biofilm formation, and 

attachment of CV dye. The effects of wells with and without coverslips were tested for each 

plate type to determine differences in PAOl growth and attachment. Replicates of each plate, 

treated versus untreated, and coverslip wells versus non-coverslip wells, showed high 

reproducibility. Comparisons of treated versus untreated (with and without coverslips) 24 well 

microtiter plates showed little variation in P. aeruginosa biofilm growth or planktonic growth 

(Chart 5). Treated plates were chosen due to availability of supplies and previous literature of 

biofilm research. The use of coverslips was not incorporated into the assays with oil extracts due 

to observations of lowered biofilm formation. However, coverslips may be used in the ftiture as 

a hard contact lens simulation and to visualize biofilms via microscopy. 

Initial screening of plant oil concentrations was performed to assess the highest 

concentrations for use in SBF assays. Oil concentrations were evaluated and chosen based on the 

lowest levels of plastic damage to the microtiter plates. The highest concentrations of oils that 

were not corrosive to the plastic were used in the assays. Non-soluble oils such as almond, 

sesame, mineral, lemon and garlic were not used. Anise (food grade and natural), spearmint 

(food grade and natural), lemon, and cinnamon-cassia oils showed the highest corrosiveness on 

the microtiter well plate plastic. Citronella-java, oregano, and peppermint showed no observable 

plastic damage. Based on these results noncorrosive oils may have the potential to be 

incorporated into contact lenses; citronella-java is the most promising due to its ability to 

decrease both planktonic and biofilm growth of PAOl in my study. A more realistic and practical 

application may be to add more effective oils (usually also more corrosive) in a minimal 

concentration to lens solution, assuming it produces no ocular tissue damage. Minimal oils 
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concentrations could also be incorporated into wound creams to treat topical biofilm infections 

and chronic wounds. 

Oils that lowered the amount of planktonic growth as compared to PAOl and 

PAOl/methanol controls included anise ( food grade and natural), cinnamon-cassia, cinnamon 

leaf, citronella-java, clove, eucalyptus, oregano, spearmint (food grade and natural), and tea tree 

(table 3). Peppermint oil was shown to have the opposite effect on planktonic growth. 

Peppermint oil in addition to anise (food grade) heightened the amount of biofilm formation 

compared to PAOl and PAOl/methanol controls. Anise (natural), cinnamon-cassia, cinnamon 

leaf, citronella-java, clove, eucalyptus, oregano, spearmint (food grade and natural), and tea tree 

were found to lower biofilm formation (Table 4). 

Statistics were calculated using the one way analysis of variance (ANOVA) by means of 

the Graphpad Instat statistical analysis program. Studies conducted by Niu and Gilbert showed 

chemical components of essential oils such as citronellol (citronelia), cinamaldehyde (cirmamon-

cassia), and eugenol (allspice, cinnamon-cassia, clove, sage) to have a significant inhibitory 

effect on PAOl biofilm formation (Niu and Gilbert, 2004, Lai and Roy, 2004). My data 

supported this claim by showing similar effects by cinnamon-cassia, clove, and citronella-java 

oils. 

Plant oils that lowered PAOl attachment measured by crystal violet staining included anise 

(natural), cinnamon-cassia, cinnamon leaf, citronella-java, clove, eucalyptus, oregano, lavender, 

peppermint, and spearmint (food grade and natural). 

The establishment of biofilm communities can lead to chronic infections which is 

detrimental to human wellbeing. Biofilm infections are becoming an increasingly dangerous 

mode of infection and more research needs to be conducted for prevention and eradication of 
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such infections. The notion of finding alternative medicinal compounds is becoming increasingh 

important due to the heighted amounts of antibiotic resistant bacterial strains affecting thousands 

of people each year. My study offers significant data that suggests multiple plant oils have 

inhibitory effects on Pseudomonas aeruginosa in planktonic growth, biofilm formation, and 

attachment. This study along with previous investigations may lead to fiirther advancement of 

research and understanding of plant oils as antibacterial compounds. 
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