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CADANGAN MEKANISME TINDAKAN DAN PERENCATAN
PEMBENTUKAN BIOFILEM OLEH EKSTRAK METANOL DAUN Cassia

spectabilis (DC.) KE ATAS SEL Candida albicans DAN KESAN
KESITOTOKSIKANNYA

ABSTRAK

Jangkitan Candida albicans pada manusia yang tumbuh dalam mod biofilem

mendapat perhatian yang meningkat kerana yis ini menunjukkan rintangan terhadap

antibiotik komersial atau beradaptasi fenotip dalam biofilem. Oleh itu, dalam kajian

ini, aktiviti perencatan ekstrak metanol daun C. spectabilis telah dinilai terhadap C.

albicans yang membentuk biofilem dan mekanisme tindakan ekstrak tersebut juga

telah ditentukan. Pengawalan piawai kualiti daun C. spectabilis telah dilakukan

melalui ujian biologi, pengenalan entiti kimia di dalam ekstrak dan keaslian

tumbuhan. Kemudian, aktiviti antikandida ekstrak terhadap C. albicans telah dikaji

dengan menggunakan kaedah resapan cakera dan kepekatan perencatan minimum

(MIC). Nilai MIC yang diperoleh adalah 6.25 mg/ml dan kepekatan ini telah

digunakan sepanjang kajian ini. Aktiviti antibiofilem terhadap biofilem C. albicans

telah dinilai dengan menggunakan kaedah cerakin XTT (2,3-bis(2-methoxy-4-nitro-

5-sulfophenyl)-5[(phenylamino)carbonyl]-2H-tetrazolium hydroxide) dan didapati

ekstrak (6.25 mg/ml) merencat 96.88 ± 0.35% daripada biofilem, diikuti dengan

fluconazole, yang digunakan sebagai kawalan positif yang merencat 95.39 ± 0.23%

daripada biofilem tersebut. Pemerhatian visual dengan menggunakan mikroskop

imbasan elektron (SEM) menunjukkan kerosakan dan pemusnahan sel C. albicans

dan biofilem apabila diolah dengan ekstrak daun C. spectabilis dan tahap kerosakan

didapati meningkat dengan tempoh rawatan. Keputusan mikroskopi floresen didapati

selari dengan keputusan kajian SEM dan kajian perencatan biofilem dimana tahap

kerosakan didapati meningkat dengan tempoh rawatan yang diperhatikan dengan sel-
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sel berwarna merah di bawah mikroskop floresen. Disamping aktiviti antikandida

dan anti-biofilem, mekanisme tindakan C. spectabilis juga telah ditentukan dengan

menggunakan empat kaedah. Sel-sel yang dirawat dengan ekstrak menyebabkan

kebocoran kalium sehingga 1039 ppm dan keputusan ini setanding dengan sel-sel

yang dirawat dengan amphotericin B yang menyebabkan kebocoran kalium sehingga

1115 ppm. Oleh itu, kesimpulan yang boleh dibuat ialah salah satu mekanisme

tindakan ekstrak daun C. spectabilis adalah ia menyebabkan kerosakan kepada

membran sel C. albicans. Kesan ekstrak terhadap protein dinding sel C. albicans

telah dikaji dan keputusan SDS-PAGE menunjukkan bahawa terdapat tiga jenis

perubahan dalam jalur protein dinding sel yang dirawat yang dicamkan seperti

kehadiran jalur protein baru, ketidakhadiran jalur protein dan perbezaan dalam

keamatan protein. Oleh itu, boleh disimpulkan bahawa mekanisme kedua tindakan

ekstrak ialah kesan terhadap protein dinding sel. Tindakan ini mungkin untuk

melemahkan dinding sel dan akibatnya menyebabkan kerosakan sel. Aktiviti dua

enzim; proteinase dan -glukosidase telah ditentukan dan didapati ekstrak telah

menyebabkan peningkatan yang ketara dalam aktiviti kedua-dua enzim. Maka,

kesimpulan yang boleh dibuat ialah tindakan tersebut bukan salah satu daripada

mekanisme aktiviti antikandida. Akhir sekali, perubahan morfologi terhadap sel C.

albicans yang dirawat dengan ekstrak C. spectabilis telah dinilai dan hasil kajian

menunjukkan bahawa sel-sel yang dirawat telah mengalami perubahan morfologi

dimana sel-sel kelihatan tidak normal dan rosak, dimana sel-sel terpisah antara satu

sama lain. Di samping itu, kesan toksik kepada sel Vero juga telah dinilai dengan

menggunakan kaedah ujian MTT dan keputusan menunjukkan bahawa ekstrak tidak

menunjukkan kesan toksik dan nilai IC50 yang diperolehi ialah 59.10 μg/ml.



xiv

Kesimpulannya, kajian ini menunjukkan bahawa ekstrak daun C. spectabilis boleh

menjadi sumber sebatian yang mempunyai sifat anti-C. albicans.
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POSSIBLE MECHANISMS OF ACTION AND INHIBITION OF BIOFILM
BY Cassia spectabilis (DC.) METHANOL LEAF EXTRACT ON Candida

albicans CELLS AND THE CYTOTOXICITY EFFECT

ABSTRACT

Candida albicans in its biofilm mode of growth is increasingly attracting interest in

its role in human infections due to the development of resistance to commonly-used

antibiotics or phenotypic adaptation within the biofilm. Hence, in this study the

inhibitory effect of methanol extract of Cassia spectabilis leaves was evaluated

against biofilm-forming C. albicans with the mechanisms of action. The leaf extract

was first standardized in terms of authenticity, assay and chemical constituent

analysis. Then the antifungal activity of the extract against C. albicans was

established by using the disk diffusion and minimum inhibitory concentration (MIC)

assay using the broth macrodilution method. It was found that the MIC value

obtained was 6.25 mg/ml and this concentration of the extract was used throughout

this study. The antibiofilm activity of the extract on C. albicans biofilms formed on

microtitre plate surfaces were evaluated using the XTT (2,3-bis(2-methoxy-4-nitro-5-

sulfophenyl)-5[(phenylamino)carbonyl]-2H-tetrazolium hydroxide) assay and the

extract inhibited 96.88 + 0.35% of the C. albicans biofilm, whereby fluconazole,

which was used as a positive control inhibited of 95.39 + 0.23% of the biofilm.

Visual observations using scanning electron microscopy (SEM) revealed damaged

and abnormal C. albicans cells and the biofilm was shrivelled and broken down

when the fungal cells were treated with the C. spectabilis leaf extract and the extent

of the damage increased as the time of treatment increased. The fluorescent

microscopy results was in agreement with the SEM observation, as well as the

biofilm assay, whereby as the time of treatment with the extract increased, there were

more dead cells which fluoresced red. In addition to the antifungal and antibiofilm
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activities, the possible mechanisms of action of the C. spectabilis leaf extract was

determined, whereby four different methods were used. The potassium leakage of

treated cells was compared with the cells treated with amphotericin B and it was

found that the cells treated with the extract caused a potassium leakage of up to 1039

ppm which was comparable to the drug-treated cells which released up to 1115 ppm.

Hence, it was concluded that damage to the cell membrane was one of the

mechanisms of action of C. spectabilis leaf extract on C. albicans. The effects of the

extract on the cell wall proteins was studied and the SDS-PAGE result showed that

there were three major types of changes in the cell wall proteins expressed by the

treated cells; the presence of a new protein, the absence of a protein and a difference

in the amount of protein expressed. Therefore it was speculated that the second

mechanism of action of the extract could be that it affects the expression of cell wall

proteins, possibly to weaken it, consequently causing cell damage. The activities of

two enzymes; proteinase and -glucosidase were determined but it was observed that

the extract had caused significantly higher activities of both enzymes, thereby

concluding that this was not the mechanism of action relating to the antifungal

activity of C. spectabilis. Finally, the morphological changes on C. albicans cells

treated with the C. spectabilis were evaluated and the results of the study showed that

the treated cells had abnormal morphological changes whereby the cells appeared

damaged and detached from each other. In addition, the cytotoxicity of the extract on

Vero cells were evaluated using the MTT assay and it was found that the extract is

non-toxic with an IC50 value of 59.10 µg/ml. In conclusion, this study demonstrated

that C. spectabilis leaf extract may be sources of new anti-C. albicans compound(s).
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CHAPTER 1.0: INTRODUCTION

Candida albicans is a commensal organism which is normally present in healthy

individuals and they are usually found in the gastrointestinal tract and in the oral and

vaginal mucosa (Shepherd et al., 1985). Only a few members of the Candida species

can cause an infection in humans. Candida species can cause a variety of superficial

and deep-seated mycoses which include cutaneous, mucocutaneous, subcutaneous, or

systemic candidiasis (Douglas, 2003, Mohandas and Ballal, 2011).

To make matters worse, individuals with a weaker immune system are more

likely to acquire opportunistic systemic mycoses. This is due to the fact that the

immune system of the individual is unable to protect itself from fungal pathogens

which are normally not infectious. As a matter of fact, there seems to be a massive

rise in the occurrence of deep-seated, disseminated mycoses (Beck-Sague and Jarvis,

1993). In addition to that, in U.S. hospitals, one of the four most common agents of

bloodstream infections are those belonging to the Candida spp. (Edmond et al.,

1999). In the modern world, the number of patients susceptible to candidiasis is

increasing even more due to high incidences of AIDS and one of the most common

opportunistic infections occurring in AIDS patients is oral thrush (Ampel, 1996).

In addition to an overall increase in fungal infection prevalence, there is also

an increase in resistance of C. albicans to various antifungal drugs. Biofilm is one of

the factors that contribute to resistance by the fungal cells. In a previous study when

Candida was protected by biofilm, there was an increase in antifungal resistance

(Hawser and Douglas, 1995). Another study showed that Candida biofilms showed

30 to 2000 times more resistance to various antifungal agents, including

amphotericin B, fluconazole, itraconazole and ketoconazole when compared to non-

biofilm, planktonic cells (Hawser and Douglas, 1995). This was also supported by a



2

study where Candida biofilms exhibited resistance to fluconazole, ranging from 250

to 400 times when compared to their planktonic counterparts (Chandra et al., 2001a,

Ramage et al., 2001c). Biofilms can be defined as a community of microorganisms

that are self-organized and able to grow on abiotic or biotic surfaces. Typically, the

cells in a biofilm are encased within a matrix consisting of an extracellular polymeric

substance which is produced by themselves (Watnick and Kolter, 2000, Donlan,

2001b, Donlan and Costerton, 2002). Being opportunistic pathogens, Candida

species are able to attach to various types of surfaces and form a biofilm structure,

protecting the cells from the host defences and antifungal drugs (Chandra et al.,

2001b, Ramage et al., 2001a, Ramage et al., 2001d, Douglas, 2002). They are known

to have infected medical devices such as stents, shunts, implants, endotracheal tubes,

pacemakers and various types of catheters (Ramage et al., 2006).

There are many antifungal drugs that are available and these include the

polyene natural product amphotericin B (Gallis et al., 1990, Wingard et al., 1999)

and various newer lipid formulations (Hiemenz and Walsh, 1996), fluconazole and

itraconazole which are from the azole group and flucytosine. Although these

antifungal drugs have proven clinical efficacy, their use are bound by some

restrictions in usage; for example, amphotericin B, which causes nephrotoxicity

when used in high dosages, development of resistance to the azoles and resistance

with flucytosine. Therefore, it is vital to develop new antifungal agents which are

more efficient and with much less dose-limiting side effects (Graybill, 1996,

Maertens and Boogaerts, 2000).

The antifungal treatments usually need lifelong therapy. So, there is a need

for a new series of antifungal compounds that have a high efficiency and low cost. In

the past decade, there has been an increased focus on plant research all over the
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world and much evidence exist to demonstrate a massive potential of medicinal

plants used to treat various ailments (Dahanukar et al., 2000). Malaysia is rich in

medicinal plant diversity and in the past five decades, numerous studies have been

carried out on medicinal plants found in Malaysia (Jantan, 2004). One of such rich in

medicinal value plants from Malaysia is Cassia spectabilis. The genus Cassia, well

known for its diverse biological and pharmacological properties comprises of about

600 species and is  vastly distributed worldwide (Viegas Jr et al., 2004). C.

spectabilis (DC.) Irwin et Barn (Leguminosae) is generally grown as an ornamental

plant in tropical and subtropical areas, and for many years, it has been commonly

used in traditional medicine. For example, it has been used in traditional Brazilian

medicine for the treatment of flu and cold and as a laxative agent (Lorenzi and

Matos, 2002) and in Thai traditional medicine to cure ringworm and skin diseases

(Farnsworth and Bunyapraphatsara, 1992). Other therapeutic properties such as

antifungal (Sangetha et al., 2008c), antibacterial (Sangetha et al., 2008a) and

antioxidant (Sangetha et al., 2008b) activities have also been reported.

1.1 Objectives

The current study was undertaken with the following objectives:

1) To standardize the C. spectabilis methanol leaf extract with respect to

authenticity, assay and chemical constituent analysis.

2) To study the anticandidal activity and the prevention of biofilm formation of

C. albicans by C. spectabilis extract in vitro

3) To investigate the possible mechanisms of action of the antifungal activity of

the C. spectabilis extract against C. albicans

4) To evaluate the toxicity of the C. spectabilis leaf extract on the Vero cell line
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CHAPTER 2.0: LITERATURE REVIEW

2.1 Cassia spectabilis

2.1.1 General characteristics

C. spectabilis is a medium to large tree from tropical America and reaches 60 feet in

height and can spread 15 to 20 feet as well, but is often much smaller (Figure 2.1). It

forms a uniform, round, vase-like shape, growing in high density.  The pinnate

compound leaflets which are arranged alternately, have fuzzy undersides. The

oblong-shaped leaves have pinnate venation and are about 2 to 4 inches long. The

bright yellow flowers are 1.5 inches wide but appear in dense racemes up to two feet

long. The cylindrical seedpods are about 6 to 12 inches long (Gilman and Watson,

1993) and are green in colour initially, turning black once ripe (HDRA, 2002).

Scientific classification of C. spectabilis (DC.) (USDA and NRCS, 2011):

Kingdom : Plantae

Subkingdom : Tracheobionta

Superdivision : Spermatophyta

Division : Magnoliophyta

Class : Magnoliopsida

Subclass : Rosidae

Order : Fabales

Family : Fabaceae

Genus : Senna Mill.

Species : Senna spectabilis (DC.) Irwin & Barneby
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Figure 2.1: Cassia spectabilis tree
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Common names:  Cassia, mwenu, mhomba, antsoan dilaw, scented shower

(HDRA, 2002).

Local name : Kasia kuning (Krishnan et al., 2010)

Synonyms: Cassia amazonica, Cassia carnaval, Cassia edulis, Cassia excelsa,

Cassia humboldtiana, Cassia speciosa, Cassia totonaca, Cassia trinitatis,

Cathartocarpus humboldtianus, Cathartocarpus speciosus, Cathartocarpus trinitatis,

Pseudocassia spectabilis (Irwin and Barneby, 1982).

2.1.2 Secondary metabolites isolated from C. spectabilis

Previous studies have isolated the piperidine alkaloids spectaline and iso-6 cassine,

from the leaves of C. spectabilis (Christofidis et al., 1977a) as well as spectalinine

and iso-6-carnavaline from the seeds of C. spectabilis (Christofidis et al., 1977b). In

addition to that, cytotoxic alkaloids have also been isolated from the flowers of C.

spectabilis (Sriphong et al., 2003). The presence of these secondary metabolites

could be responsible for the antifungal activity.

2.1.3 Pharmacological properties

The leaves of C. spectabilis were reported to possess sedative and anticonvulsant

properties in mice. In a study by Bum et al. (2010), it was suggested that this could

explain the use of the leaves of C. spectabilis in Africa, particularly in Cameroon, to

traditionally treat insomnia and epilepsy. Besides that, C. spectabilis has also been

used in traditional Thai medicine to cure ringworm and skin diseases (Farnsworth

and Bunyapraphatsara, 1992).

2.1.3.1 Antibiofilm

Preliminary studies on the effects of C. spectabilis leaf extract on C. albicans biofilm

have been reported (Sangetha et al., 2009) and they were evaluated using scanning
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electron microscopy (SEM). Visualization of the ultrastructure in general revealed a

marked reduction in biofilm and also a reduction in adhering cells for cells that were

treated with C. spectabilis leaf extract compared to the untreated ones after treatment

for 36 hours. This suggested that the leaf extract of C. spectabilis may exert a

metabolic interference in the biofilm. As biofilm formation and development is

brought about by a series of steps, cell responses and interactions, any intervention of

these steps may possibly inhibit its formation.

2.1.3.2 Antifungal

The methanolic extracts of the C. spectabilis leaves, flowers, stem and pods have

been evaluated for their antifungal activity against Saccharomyces cerevisiae and

Aspergillus niger (Sangetha et al., 2008a) by using the disk diffusion assay.

Aspergillus niger was susceptible to all extracts of C. spectabilis. The leaf, flower,

stem and pod extracts showed a zone of inhibition of 12 mm, 12 mm, 7 mm and 11

mm, respectively but they were lower than the positive control miconazole nitrate

(30 µg/ml) which had a zone of inhibition of 25 mm. However, Saccharomyces

cerevisiae was resistant against it. In another study (Sangetha et al., 2008c), the

antifungal activity of the C. spectabilis leaf extract on C. albicans was studied and

the zone of inhibition obtained was 16 mm, compared to miconazole nitrate (30

µg/ml) which had a zone of 21 mm.

In addition to the disk diffusion method, the C. spectabilis leaf extract has

been subjected to the broth dilution method to determine the minimum inhibitory

concentration (MIC) on C. albicans (Sangetha et al., 2008c). The extract showed a

favourable antifungal activity with a MIC of 6.25 mg/ml. Besides that, in vivo studies

have been carried out as well by treating mice with 2.5 g/kg body weight dose of the

leaf extract and subsequently enumerating the colony forming units (CFU). There
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was a 5-fold reduction in the CFU/g of organ and CFU/ml of blood when compared

to the untreated controls. Further studies on the C. albicans morphology have also

been carried out using scanning electron microscopy (SEM) and the transmission

electron microscopy (TEM). After 24 hours of treatment, the SEM observation

showed that the cells had a rough appearance with the formation of invaginations

compared to the untreated control cells. After treatment for 36 hours, the cells were

completely collapsed and appeared cavitated and it was believed that at this stage,

the cells had completely lost their metabolic functions. As for the TEM observation,

after 24 hours of exposure to the extract, the cells exhibited notable alterations in the

cell membrane and the cell wall. After treatment for 36 hours, the yeast cells were

found to have collapsed and lysed followed by an outflow of the cytoplasmic

components. These results suggest that it is possible that the C. spectabilis leaf

extract acts on the cell wall or cell membrane of the C. albicans cells, thus arresting

their growth.

2.1.3.3 Antibacterial

The disk diffusion assay and the minimum inhibitory concentration (MIC) assay

using serial tube dilution technique have been employed in a study by Sangetha et al.

(2008a) to investigate the antibacterial potency of C. spectabilis. The bacteria studied

included Proteus mirabilis, Staphylococcus aureus, Bacillus thuringiensis,

Escherichia coli, Salmonella typhi, Enterobacter aerogenes, Bacillus subtilis,

Azospirilium lipoferum, Klebsiella pneumoniae and Pseudomonas aeruginosa.

Overall, the leaf, flower, stem and pod extracts showed significant antibacterial

activity against both Gram-positive and Gram-negative bacteria when compared to

chloramphenicol which was used as a positive control. The C. spectabilis leaf

extracts was most active and it inhibited the growth of all the bacterial strains tested,
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specifically Micrococcus sp. (35 mm), Staphylococcus aureus (30 mm) and Bacillus

subtilis (30 mm).

As for the MIC assay, the MIC values against these Gram-positive and Gram-

negative bacteria ranged from 0.195 to 50 mg/ml. The MIC results also indicated that

the leaf extract is effective against Gram-positive bacteria at a lower concentration

(0.195 mg/ml for Bacillus subtilis) compared to Gram-negative bacteria (50 mg/ml

for Pseudomonas aeruginosa).

2.1.3.4 Antioxidant activity

The antioxidant activity of C. spectabilis has been evaluated using the DPPH (2,2-

diphenyl-1-picrylhydrazyl) radical-scavenging assay (Nehru et al., 2008). It was

reported that the flower, stem, leaf and pod extracts exhibited 54.29%, 53.28%,

45.17% and 6.18% of radical-scavenging activities respectively at 1.0 mg/ml of

extract tested.

2.1.4 Toxicological assessment

No adverse effects have been reported on the usage of C. spectabilis as a drug. In a

cytotoxicity assay on brine shrimp nauplii, the LC50 value of the C. spectabilis

methanol leaf extract obtained was 2.20 mg/ml (Sangetha et al., 2008a). The

cytotoxicity of the plant extract was compared to the cytotoxicity of potassium

dichromate which was used as a standard whereby the LC50 value was 0.41 mg/ml.

Besides that, a linear correlation was observed when logarithm of concentration

versus percentage of mortality was plotted on a graph. The results for the brine

shrimp assay indicated that the extract has an LC50 value greater than 1.0 mg/ml,

which is the recommended cutoff point for detecting cytotoxic activity. This suggests

that this plant may not be toxic.
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Furthermore, oral acute toxicity study have also been carried out on mice by

Sangetha et al. (2008c) for further toxicological assessment and no toxic symptoms

or death was observed in the animals and all of them lived up to 14 days. An autopsy

at the end of the experimental period revealed that there we no obvious changes in

both the corporal weight and the weight of the principal organs. Therefore, the acute

minimum fatal dose of C. spectabilis leaf extract for mice was over 2000 mg/kg body

weight.

2.1.5 Precautions/Safety for Usage

There are no contraindications for the use of C. spectabilis. C. spectabilis is normally

found as an ornamental tree. Hence, precaution should be taken to ensure the plant

parts were not sprayed with weed killer or pesticides. The samples are to be washed

thoroughly or soaked in water to remove unwanted pollutants.

2.2 Candida

The genus Candida belongs to the class Deuteromycetes and consists of a

biologically diverse group of microorganisms, which include yeasts capable of

forming pseudo-hyphae (Odds, 1987). Most often, they are the species mostly

isolated from the oral cavity (Shepherd, 1992).

2.2.1 Candida albicans

C. albicans is the most common human fungal pathogen (Beck-Sague and Jarvis,

1993). Human infections caused by the yeast C. albicans can range from relatively

minor diseases such as oral and genital thrush to fatal, systemic infections in patients

who have their immune system compromised (McCullough et al., 1996). It has been

reported that the clinical nature of oral candidiasis was only defined until after the

mid-19th century. Many different synonymous terms are used for organisms of the
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genus Candida, where C. albicans is known by 166 different synonyms worldwide

(Barnett et al., 1983).

C. albicans is one of the major causative agents of deep seated and superficial

mycoses. Candidiasis occurs in patients with endocrine disorders,

immunosuppression, malignant disorders, HIV and AIDS (Martinez et al., 1998). C.

albicans is the microorganism responsible for 85–90% cases of vulvovaginal

candidiasis. It is a dimorphic fungus which can switch between the blastospore form

and one of the several filamentous forms referred to as germ tube, pseudohyphae and

hyphae (Sobel et al., 1998, Sudbery et al., 2004). There are a few factors that

increase the chances of invasive Candida infections and this includes advanced age

or premature births, hematological malignancies, neutropenia in more than 8-day

stay in the intensive care unit, abdominal surgery, broad-spectrum antibiotics and

immunosuppressive drugs, total parenteral nutrition and vascular catheters (Klepser,

2011).

During 1980 to 1990, the Centers for Disease Control and Prevention (CDC)

which received data from hospitals in the United States through the National

Nosocomial Infections Surveillance (NNIS) system reported a stable increase in the

rate of nosocomial fungal infections, from 2.0 to 3.8 per 1,000 discharges (Beck-

Sague and Jarvis, 1993). Although there has been an increase in the number of

nosocomial infections caused by various pathogens in U.S. hospitals over the past

decade, the number of nosocomial fungal infections occurring caused by C. albicans

has raised proportionally. For example, the proportion of  all nosocomial infections

reportedly caused by Candida spp. increased from 2% in 1980 to 5% in 1986 to 1989

(Schaberg et al., 1991).
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A nosocomial infection, which is also known as a ‘hospital-acquired’

infection can be defined as an infection which was non-existent in the patient at the

time of admission. Patients which have diseases that have already compromised

their immune system are very susceptible to nosocomial infections caused by

organisms such as fungi that  otherwise have very low virulence levels or also called

non-pathogenic (Bodey, 1988). Fungal infections in these immunocompromised

patients are often severe, progresses very fast and are not easy to diagnose or treat

(Edwards Jr, 1991).

Nosocomial fungal infections can be classified into endogenous and

exogenous sources. Endogenous infection (self-infection) is caused by

microorganisms which originate from patient themselves (Brooker and Nicol, 2003).

For example, C. albicans and related species, which are responsible for the majority

of nosocomial fungal infections (Pfaller, 1996), occur relatively harmless as the

natural microflora of a majority of individuals (Soll et al., 1991). They may become

pathogenic under favourable conditions. Exogenous infection is caused by the

transfer of a microorganism to an individual (Brooker and Nicol, 2003). For

example, contaminated infusates, biomedical devices, and the hands of health care

workers (HCWs) are sources of such infections (Burnie, 1986, Burnie et al., 1987,

Isenberg et al., 1989, Moro et al., 1990, Sanchez et al., 1992, Sherertz et al., 1992,

Sanchez et al., 1993, Reagan et al., 1995). In cases of nosocomial infections

involving newborns, the infection must originate in the hospital (Reef et al., 1998)

based on the assumption that the fetus is sterile in utero.

In reports from NNIS hospitals from 1990 through 1992, C. albicans ranks

seventh among all hospital pathogens isolated from major infection sites. These

include urinary tract infections, surgical site infection, bloodstream infection and
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pneumonia. In addition to that, C. albicans ranks fourth among all hospital pathogens

isolated solely from nosocomial urinary tract infections (Emori and Gaynes, 1993).

In hospitals in Israel, an epidemiological study of nosocomial infections showed that

C. albicans was the major species isolated (Weinberger et al., 2005). In addition to

that, it was also found that the patients who acquired C. albicans infections were

more likely to have received immunosuppressive agents or steroids in the month

prior to candidaemia. Besides that, there was a very high fatality rate and the highest

frequency of colonization with the same Candida species as well. In another study on

nosocomial fungemia in hospitals in Taiwan, C. albicans was found to be the major

causative agent of the infections (Liu et al., 2010). Besides that, it was reported that

61.6% of the microorganisms isolated from the patients with candidemia in hospitals

in Iceland were represented by C. albicans (Asmundsdottir et al., 2008).

2.2.2 Candida albicans biofilm

2.2.2.1 Introduction

A biofilm can be defined as a community of microorganisms which can be either

attached to a surface or to one another and they are surrounded by the extracellular

matrix produced by themselves, which offers them protection (Costerton et al.,

1995). Biofilms can occur inside a human host or even in the natural environment

and consist of microbes that interact cooperatively (Coghlan, 1996). Fungus in

biofilm mode of growth has an advantage over free-living cells because it  enables

the cells to survive in hostile conditions (Seneviratne et al., 2008). Biological and

non-biological surfaces, such as the oral mucosa or denture material substrates is a

widespread location for yeasts that have clinical significant and they are able to form

complex, adherent cell populations (Holmes et al., 1995a). For microorganisms of
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clinical importance in the medical field, biofilms pose a problem due the possibility

of elevated resistance to antifungal agents. The dimorphic yeast C. albicans, is the

microorganism usually found in medical devices such as central venous catheters,

prosthetic heart valves, artificial voice prostheses and intrauterine devices (Donlan,

2001a).

2.2.2.2 Development and architecture of Candida biofilms

In a study by Chandra et al. (2001a), it was proposed that biofilm formation is a

highly complex phenomenon. It is different from fungal adhesion and that true

biofilms involve not only the production of specific extracellular materials but special

cellular functions as well. The same study proposed that biofilm formation involved

three distinct phases (Figure 2.2).

The first phase is the early phase which occurs from 0-11 hours. This initial

attachment phase is controlled by factors such as hydrophobicity of the cell surface

and electrostatic forces. In addition to that, specific adhesins on the surface of C.

albicans are also capable of binding to ligands such as fibronectin and fibrinogen on

the conditioning film (Verstrepen and Klis, 2006, Dranginis et al., 2007). In a biofilm

model formed on polymethylmethacrylate strips, at 0-2 hours, the majority of C.

albicans cells were present as blastospores (yeast forms) adhering to the surface of

the strips. At 3 to 4 hours, the C. albicans cells then begin to multiply by budding and

distinct microcolonies appear on the surface of the strips. At this stage, pseudo-

hyphae was visible at the 4th hour while hyphae was visible at the 8th hour (Ramage

et al., 2001b).



15

Figure 2.2: Sequence of biofilm development. Source: Seneviratne et al. (2008).
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The second phase is the intermediate phase which occurs from 12 to 30

hours. This phase was characterized by the emergence of predominantly non-cellular

material at 12 to 14 hours (Chandra et al., 2001a). Microcolonies are connected by

hyphae which extend, forming a confluent monolayer in this phase (Baillie and

Douglas, 2000, Al-Fattani and Douglas, 2006). Besides forming microcolonies,

Candida species have also been shown to directly adhere to bacterial organisms that

have already colonized the biomaterial (El-Azizi et al., 2004).

This stage can be differentiated from the other stages by the formation of an

opaque film encasing the fungal microcolonies. The polysaccharides which make up

the extracellular material causes a murky appearance (Baillie and Douglas, 2000, Al-

Fattani and Douglas, 2006). At this stage, the basal layer is composed of yeast cells.

On the other hand, the structural framework is composed of filamentous cells (Baillie

and Douglas, 1998).

The third phase is the maturation phase, occurring from 38 to 72 hours.

During the maturation phase, there was an increase in the amount of extracellular

material which was directly proportional to the time of incubation. This increase

continued until the extracellular material completely enclosed the C. albicans

communities. Hence, the biofilm consists of the fungal communities and the

extracellular material in which they are embedded (Chandra et al., 2001a).

2.2.2.3 Factors affecting Candida biofilm formation

A wide variety of factors contribute to the initial surface attachment of a microbe.

Some factors further enhance biofilm formation by Candida and they can also inhibit

biofilm formation. These factors will be discussed further below.
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2.2.2.3.1 Surface

To study the formation of biofilms, different surfaces have been used to create in

vitro models for biofilms. Several types of materials such as polystyrene 96-well

plates (Ramage et al., 2001b, Jin et al., 2003, Seneviratne et al., 2009), polyvinyl

chloride (PVC) (Al-Fattani and Douglas, 2006, Lal et al., 2008), latex, silicone,

polyurethane catheter disks (Hawser and Douglas, 1994) and silicone-elastomer

disks (Hawser and Douglas, 1994, Chandra et al., 2001a) have been used.

The chemical nature of the contact surface has been shown to affect the

extent of biofilm formation (Hawser and Douglas, 1994) and besides that, adhesion

and subsequent biofilm formation of Candida is also affected by surface roughness,

manufacture of the lining material and contact with denture cleansing medium

(Nikawa et al., 2003).

In one study, biofilm had a distinct biphasic structure composed of an

adherent blastospore layer covered by hyphal elements, embedded within layer of

ECM when they were grown on flat, hydrophobic surfaces of silicone elastomer or

polyvinyl chloride (PVC) disks (Chandra et al., 2001a, Kuhn et al., 2002a, Kuhn et

al., 2002b). On the other hand, when they were grown on irregular surfaces of

polymethylmethacrylate denture strips which had rough edges, they appeared as

dense tracks of cells growing along the raised rough edges with an overgrowth of

cells and ECM in mature biofilms (Chandra et al., 2001a). Besides that, in another

study, there was an increase in biofilm formation on latex compared with polyvinyl

chloride but on polyurethane and 100% silicone, the biofilm growth drastically

decreased (Hawser and Douglas, 1994). The C. albicans biofilm varies in terms of

architecture when cellulose filters are used, compared to catheter disks (Baillie and

Douglas, 1999).
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Biotic surfaces have also been used to study factors affecting biofilm

formation, such as those in an engineered human oral mucosa model (Mukherjee et

al., 2006). It was found that the Candida cells adhered better to the soft lining

materials of dentures when compared to acrylic surfaces (Radford et al., 1998).

Besides that, a mouse model was used to illustrate mucosal biofilms in vivo

associated with C. albicans and it was found that the infection consisted of complex

structures of fungal, bacterial and host cells (Dongari-Bagtzoglou et al., 2009).

Hence, surface topography is an important factor, where the various surface

properties of biomaterials, including the contact angle of the surface, can change the

ability of C. albicans to form biofilms (Chandra et al., 2005). All these indicate that

gene expression induced by specific gene contact may be responsible for this

variation in biofilm formation on different surfaces (Douglas, 2003).

2.2.2.3.2 Nutrients

Studies have shown that C. albicans adhesion to acrylic varies when supplemented

with different concentrations of different carbon sources. This can be related to how

the different carbon sources affect biofilm formation since adhesion of the C.

albicans is the first step in biofilm formation. Previously, a study by McCourtie and

Douglas (1981) was conducted to determine if there was a difference in the

adherence of C. albicans to acrylic surfaces. The C. albicans was grown in medium

with carbon sources from glucose, sucrose, galactose, fructose or maltose and it was

found that its adherence improved to different degrees. It was found that C. albicans

which was grown in medium supplemented with 500 mM galactose adhered to the

acrylic surface 10 times stronger than the ones supplemented with 50 mM glucose. In

addition to that, the adherence was directly proportional to the concentration of sugar

used.
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Another study which directly studied the effects of different carbon sources

on biofilm formation showed that galactose (500 mM) was also found to greatly

increase biofilm formation compared to glucose (50 mM). Although both cultures

grown in galactose and glucose exhibited a similar pattern in biofilm growth, the

cultures supplemented with galactose showed a significantly higher value after it

reached a plateau level (48 hours) compared to the ones supplemented with glucose

(Hawser and Douglas, 1994). However, there is a report which contradicts this

finding. Biofilms were formed on microtitre plates at a higher degree in glucose

media (100 mM) compared to galactose (500 mM) (Jin et al., 2004).

2.2.2.3.3 Candida species and strain

There was a significant difference in the degree of biofilm formation by different

Candida species. Isolates of C. parapsilosis, C. pseudotropicalis, and C. glabrata

showed significantly less biofilm growth when compared to C. albicans (Hawser and

Douglas, 1994, Kuhn et al., 2002a). Another study supported this and reported that

the biofilm produced by the isolate of C. parapsilosis was considerably less thick and

showed clumping when viewed using fluorescent microscopy (Kuhn et al., 2002a).

However, C. krusei which is also considered less pathogenic than C. albicans,

exhibited good biofilm formation (Hawser and Douglas, 1994). When the biofilm-

forming ability was compared based on C. albicans isolates taken from  different

sites of infection, one study showed that catheter and blood isolates had consistently

a higher biofilm formation than commensal isolates (bronchial, urine, vaginal, and

skin isolates) (Kuhn et al., 2002a).

However, contrasting results were found in another study where the biofilm

production showed no significant differences between bloodstream isolates of C.
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albicans and isolates taken from other sites (urine, respiratory specimens, pus or

wounds and bodily fluids (Shin et al., 2002).

2.2.2.3.4 Liquid Flow

Flow conditions have shown to affect biofilm formation whereby there was a

tremendous amount of exopolymeric matrix produced when the cultures were shaken

during biofilm formation. On the other hand, there were only small amounts of

exopolymeric material when static conditions were applied (Hawser et al., 1998a).

2.2.2.3.5 Presence of other microorganism

There have been many studies both in vitro and in vivo on the impact of interaction

between different microorganisms which may affect colonization by Candida species

and subsequent biofilm formation. These interactions can either stimulate or inhibit

biofilm formation and development of C. albicans.

Mixed species biofilms comprising of C. albicans and Staphylococcus

epidermidis have been studied in vitro, by using the catheter disk model system. S.

epidermidis was chosen because it is the bacteria mostly found in catheter-related

infections. Many physical interactions were seen between the bacteria and yeast and

its hyphae when observed using  scanning electron microscopy (SEM) (Adam et al.,

2002).

Biofilm formation, morphology, and virulence of C. albicans can be affected

by bacterial-fungal interactions. It was shown that C. albicans can bind and

aggregate with the oral microbes Streptococcus gordonii, Streptococcus oralis, and

Streptococcus sanguinis. Streptococcal cell-wall polysaccharides and cell-surface

proteins were shown to mediate such interaction and certain salivary proteins support



21

this interaction as well (Holmes et al., 1995b, Holmes et al., 1996, O'Sullivan et al.,

2000).

A study by Thein et al. (2006) showed that Actinomyces israelii, which is a

gram-positive filamentous bacillus commonly found in plaque biofilms, increased

the viability of C. albicans biofilm at low concentrations but not at high

concentrations. Similarly, it has been reported that two salivary Actinomyces strains

stimulated C. albicans growth (Gutierrez de Annan and Benito de Cardenas, 2004).

The presence of other bacteria can inhibit biofilm formation as well and this is seen

in a study where the ability of C. albicans to form biofilms was significantly

compromised by E. coli and P. aeruginosa (Thein et al., 2006). This could possibly

be explained by the fact that P. aeruginosa has a particular predilection for candidal

hyphal elements and selectively kills them (Hogan and Kolter, 2002).

2.2.2.3.6 Presence of ions

Metal ions have been shown to play a role in biofilm development. When metal ions

(Co2+,  Cu2+, , Ag+, , Cd2+, , Hg2+, , Pb2+, AsO2
-, SeO3

2-) were added to C. albicans and

C. tropicalis biofilms, their hyphal formation was inhibited (Harrison et al., 2007).

An opposite effect of ions on biofilm formation was reported in another study where

Ca2+ which was added to a concentration of up to 0.1mM promoted adherence of the

C. albicans cells to the acrylic surface used and in addition to that, the presence of

Mn2+ and Mg2+ ions improved the adherence as well (McCourtie and Douglas, 1981).

2.2.2.4 Resistance by C. albicans biofilm

Resistance to an antifungal can be defined as absence of growth inhibition or strongly

induced growth under the influence of an antifungal drug (Kumar and Shukla, 2010).
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As demonstrated in a previous study, C. albicans can acquire resistance to

amphotericin B by continuous exposure of C. albicans to the drug (Kumar and

Shukla, 2010). This can be considered as selection for the evolution of drug

resistance. This is due to the notion of ‘Natural and acquired drug resistance is an

evolutionary process that enables a pathogen to survive and reproduce in the

presence of drug’ (Samaranayake et al., 1984).

Generally, there are a few different mechanisms whereby a microbe may

acquire resistance to antimicrobial agents (Figure 2.3). Firstly, the target enzyme is

overproduced, so that the drug does not inhibit the biochemical reaction completely.

Secondly, the drug target is altered so that the drug cannot bind to the target.

Thirdly, the drug is pumped out by an efflux pump. Besides that, the entry of the

drug is prevented at the cell membrane/cell wall level. The cell can also have a

bypass pathway that compensates for the loss-of-function inhibition due to the drug

activity. Next, some fungal "enzymes" that convert an inactive drug to its active form

are inhibited. Finally, the cell secretes some enzymes to the extracellular medium,

which degrade the drug (Ghannoum and Rice, 1999).

2.2.2.4.1 Factors affecting antifungal resistance of Candida biofilms

Previous studies have shown that C. albicans biofilm exhibit resistance to antifungal

drugs in studies carried out in vitro on denture, cathether materials and silicone

elastomers (Hawser and Douglas, 1995, Chandra et al., 2001a, Chandra et al.,

2001b). There are several factors that can contribute to the resistance of C. albicans

biofilm to antifungal agents. Among them are the presence of extracellular polymeric

matrix, differential expression of genes, sterol composition and presence of persister

cells.
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Figure 2.3: Mechanisms by which microbial cells might develop resistance. 1, The
target enzyme is overproduced, so that the drug does not inhibit the biochemical
reaction completely. 2, The drug target is altered so that the drug cannot bind to the
target. 3, The drug is pumped out by an efflux pump. 4, The entry of the drug is
prevented at the cell membrane/cell wall level. 5, The cell has a bypass pathway that
compensates for the loss-of-function inhibition due to the drug activity. 6, Some
fungal “enzymes” that convert an inactive drug to its active form are inhibited. 7,
The cell secretes some enzymes to the extracellular medium, which degrade the drug.
Source: (Ghannoum and Rice, 1999).
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2.2.2.4.1.1 Role of extracellular matrix (ECM)

Previously, bacterial biofilms have shown to increase resistance to antibacterial

agents and this was shown to be due to the presence of its extracellular matrix (May

et al., 1991, Davies et al., 1993, Boyd and Chakrabarty, 1995, Davies and Geesey,

1995, Gacesa, 1998, Hentzer et al., 2001). Therefore, the role of the ECM of fungal

biofilms has been studied since both bacterial and fungal biofilms are characterized

by the presence of the ECM. According to Seneviratne et al. (2008) generally, the

ECM of the biofilm may hinder the penetration of antimicrobial agents through them

to cells embedded deep within them, thus causing a resistance. This phenomenon can

be affected by both the amount and the structure of the ECM. In addition to that, the

penetration properties of the drug play a role in its ability to penetrate the biofilm. A

previous study has reported that there was an increase in resistance by C. albicans

biofilms to amphotericin B when matrix production was increased by putting it under

a constant flow of liquid (Al-Fattani and Douglas, 2006). However, when biofilms

developed with and without shaking were compared in another study, there were no

significant differences in susceptibility to any of the drugs (Baillie and Douglas,

2000). In contrast to those studies, it was shown that the ECM did not affect

resistance to antifungal agents whereby the sessile cells of C. albicans had retained

its resistance phenotype when resuspended as free-floating cells. This study

suggested that resistance by C. albicans was not primarily determined by the

presence of ECM (Ramage et al., 2002a). This finding was further supported by the

fact that the defective mutants of C. albicans with ECM-lacking biofilms still

maintained a high level of resistance to antifungal agents (Ramage et al., 2002b).

This was not only seen in C. albicans, but also in C. parapsilosis. C. parapsilosis,

which is known to form less complex biofilms with less ECM was reported to be just
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