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Abstract  Candida albicans (C. albicans), the most 

common and dangerous pathogenic fungus, has been 

identified as a nosocomial acquired pathogen. Quorum 

sensing is one method for developing resistance (QS). QS 

is a cellular mechanism that enables microorganisms to 

control gene expression in response to changes in cell 

density through chemical signaling pathways. The 

pathogenicity of C. albicans is demonstrated by several 

mechanisms, such as the creation of biofilms, the synthesis 

of deactivate enzymes, the capacity for phenotypic shifting, 

and the ability to swiftly transition from the blastophore 

phase to the hyphal state. Patients who have chronic 

infections where antibiotics easily take over the host cells 

but are unable to penetrate the QS mediated biofilms make 

the antibiotic resistance problem in cases of infections 

caused by C. albicans more concerning. The anti-virulence 

agent reduces the pathogenicity without eradicating the 

target strain, rather than applying abrupt selective pressure 

to growing microbes. This review presents a current state 

of scientific research concerning the quorum sensing 

mechanism in fungi and natural compounds that have been 

identified as quorum sensing inhibitors and purportedly 

impede the morphogenic transition of the fungal population. 

A number of naturally occurring substances, specifically 

Candida albicans, are emphasized as potentially effective 

materials with high anti-QS capacities when used as 

isolated principal components. 

Keywords  Candida albicans, Resistance, Quorum 

Sensing, Biofilms, Quorum Sensing Inhibitors, Natural 

Products 

1. Introduction

The traditional method of treating infectious diseases is 

to prevent or eradicate the microorganism using anti-

microbial agents, but this approach frequently results in 

drug resistance and is frequently ineffective in reducing the 

microbial effect. Using various endogenous and exogenous 

signals, C. albicans colonizes a wide range of 

environments that contribute to pathogenesis. Quorum 

sensing, a well-studied aspect of biofilm formation, was the 

mechanism by which C. albicans displayed its virulent 

behaviour. These traits in C. albicans help explain why it 

is resistant to a variety of anti-fungals used to treat a wide 

range of infections. Alternative strategies are therefore 

urgently required to address the issue of these microbes' 

resistance. Anti-virulence agents explore a new class of 

drugs promising "evolution-proof" and "tailored-spectrum" 

therapeutics by inhibiting pathogen virulence rather than its 

growth, in contrast to conventional anti-microbial agents. 

The use of anti-virulence agents to reduce bacterial 

pathogenicity is a popular strategy today. Utilizing 

computational designing techniques like ligand docking, 
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virtual screening, molecular modelling, etc., the 

development of therapeutic drugs that significantly inhibit 

a particular protein has been accomplished. Virtual 

database screening techniques in particular have a strong 

potential to aid in the discovery of new molecules that are 

thought to have a strong affinity for a given protein [1]. 

Antivirulence pharmaceuticals are a novel category of 

medications that selectively target the virulence elements 

of viruses, as opposed to eliminating or inhibiting their 

proliferation. This method successfully mitigates the 

presence of pathogenic microorganisms. Moreover, 

bactericidal drugs have the capacity to elicit selection 

pressure, hence resulting in the emergence of resistance. 

Antivirulence drugs hinder the pathogen's interaction with 

its host, hence diminishing host damage and hindering the 

organism's capacity to induce disease without causing its 

demise or exerting selective pressure. The initial 

occurrences of the antivirulence method can be traced back 

to investigations conducted on the elimination of diphtheria 

and tetanus toxins. In addition, bezlotoxumab holds the 

distinction of being the inaugural antivirulence agent to get 

licensure from the United States Food and Drug 

Administration. This medication hinders the protein TcdB 

in Clostridioides difficile [2]. Anti-virulence drugs, which 

focus on virulence factors and may open up new avenues 

for drug development with new targets, are regarded as 

advanced therapeutics. Additionally, by interfering with 

various virulence factors, these agents can reduce microbial 

pathogenicity while maintaining microbial growth, thereby 

resolving the issue of antibiotic resistance. These 

pharmaceutical agents are intended for administration 

either as monotherapy or in combination with antibiotics 

for the purpose of managing microbial infections. In 

addition, it is imperative to possess a comprehensive 

comprehension of several virulence factors and their roles 

in disease mechanisms when formulating anti-virulent 

methods [3]. Candida albicans, as an opportunistic 

pathogen, has the ability to inhabit various physiologically 

diverse locations such as the skin, oral cavity, 

gastrointestinal system, and vagina. In these areas, the yeast 

hyphae have the potential to undergo growth. Reversible 

embryological processes are used by C. albicans, which are 

important virulence factors that speed up the infiltration of 

host cells, escape from phagocytes, and eventually flow 

into the systemic circulation. As a result, it is believed that 

the body's natural immune system serves as the first line of 

defense against infections brought on by C. albicans. This 

system is also impacted by the discovery of cellular wall 

components with varied morphological forms [4]. 

1.1. Morphogenesis and Pathogenesis of C. albicans 

C. albicans is the most common and dangerous 

pathogenic yeast, causing 0.25 to 0.4 million deaths 

worldwide each year and causing significant morbidity in 

around 100 million episodes of recurrent vaginitis [5]. This 

fungus lives innocuously as a commensal in approximately 

50% of people. Our immune system and a protective 

fungus population on the mucosal surfaces of our gut and 

other organs keep this fungus under control. Candida 

albicans exhibits several virulence factors that contribute 

to its pathogenic nature. These include the formation of 

biofilms, adherence to medical devices and host tissues, 

manifestation of cell-surface components (adhesins), 

embryological process (which involves the transformation 

of filamentous growth forms from unicellular yeast cells), 

and secretion of specific enzymes such as aspartyl 

proteases and phospholipases. Phenotypic transitioning in 

Candida albicans is concomitant with alterations in antigen 

expression, colony morphology, and tissue affinities [6] 

(Figure 1). C. albicans has shown that one of its key 

virulence factors for causing pathogenicity is switching 

morphology from yeast type to hyphal (mycelial) type. 

Furthermore, C. albicans biofilm development is aided by 

this simultaneous dimorphic transition. Such mutated 

strains that have lost their ability to germinate cannot form 

dense and homogeneous biofilms. Environmental factors 

that reduce dimorphic switching in C. albicans include 

neutral pH, high temperatures (37°C), and serum [7,8]. 

Candida species can adhere to the surface of medical 

equipment and initiate biofilm formation. Other non-

specific factors such as electrostatic forces and 

hydrophobicity mediate Candida cell primary attachment, 

which is aided by specific adhesives found on fungal cell 

surfaces that detect molecules such as fibronectin, 

fibrinogen, and proteins [9]. Specialized surface proteins 

called adhesives display the phenomenon of adhesion. 

These adhesions primarily bind to sugars and amino acids 

on the fungal cell's abiotic surface and encourage adhesion. 

Since they are a component of the human microbiota, 

Candida species are well established on medical implants, 

biomaterials, and various types of catheters [10]. 



 Advances in Pharmacology and Pharmacy 13(1): 97-112, 2025 99 

 

 

Figure 1.  Schematic representation of key virulence factors of C. albicans 

1.2. Prevalence 

Antimicrobial resistance (AMR) was identified as a 

public health concern that requires global action in 2014. 

The declaration complies with the World Health 

Organization's report on extensive anti-microbial resistant 

(AMR) surveillance (WHO). The main topics of this 

surveillance report, which offered the first global 

perspective on these two features, were the scope of the 

issue and its global implications. In the six WHO provinces, 

which are made up of 114 participating countries, the report 

highlighted a high rate of anti-microbial resistance 

displayed by all pathogens that primarily cause common 

infections in various settings (community, medical 

facilities, and food chain) [11]. The main classes of 

antifungals, including azoles, echinocandins, and polyenes 

(such as Amphotericin B), are currently only available for 

treating extremely severe Candida infections. Azoles are 

the most common medications used to treat Candida 

infections, but some Candida strains are inadvertently 

becoming less sensitive to azoles, and in some cases, it has 

even been discovered that they develop resistance to them. 

Echinocandins are also a possible empiric treatment option 

when they are available. Amphotericin B is manufactured 

in many nations, but its use is restricted due to the drug's 

higher toxicity when compared to azoles and 

echinocandins. Different classes of medications are 

capable of treating a variety of azoles-resistant infections, 

but their use is constrained by high costs, toxicity, and a 

lack of suitable oral formulations. In several impoverished 

nations, the availability of antifungal medications is limited 

to a single class, devoid of possible therapeutic alternatives 

in the event of drug resistance. The resistance profiles that 

are of particular concern in light of the limitations of 

available antifungal drugs include resistance to azoles, 

specifically fluconazole, which is the sole standard 

treatment drug in numerous countries. Additionally, 

resistance to Echinocandins, a more recent class of 

antifungals that has replaced fluconazole as an 

experimental treatment in developed countries, is also a 

significant concern. Furthermore, there are bloodstream 

infections that exhibit multidrug resistance and may lack 

feasible treatment options. Higher rates of morbidity and 

mortality, higher medical expenses, and extended hospital 

stays are all cited as the primary causes of invasive 

Candida contamination. Various mechanisms in Candida 

species led to azole resistance. The most typical process is 

started by introducing efflux pumps encrypted by genes 

that are resistant to the drugs used to treat Candida, which 

results in the insertion of point mutations in the gene for the 
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main target enzyme (ERG11). Candida species typically 

exhibits resistance to echinocandins through insertion of a 

point mutation in the 1,3-beta-D-glucan-UDP 

glucosyltransferase (FKS) gene that encrypts the major 

subdomain of the target enzyme. Antifungal resistance in 

C. albicans is a result of increased minimum inhibitory 

concentrations (MIC), poor medical outcomes, the 

occurrence of advanced infections during antifungal 

therapy, as well as prophylaxis [12]. 

The global variance in the prevalence of Candida spp. 

infections is determined by various factors, including 

geographical location, local epidemiology, age, and other 

pertinent variables. The prevalence rate of 3-5 instances per 

100,000 individuals in the total population and 1-2% for all 

admissions to medical and surgical intensive care units is 

estimated by the majority of large-scale national surveys. 

Community-acquired candidemia, which refers to the 

development of the disease outside of a hospital setting, has 

only lately become common in the United States and other 

industrialized countries. This development can be 

attributed to the increased use of long-term intravenous 

access devices, such as peripherally inserted central 

catheters and tunnelled intravascular catheters, as well as 

the increased use of parenteral outpatient antibiotic therapy. 

The documented mortality rate associated with candidemia 

in patients varies between 10% and 47%. Nevertheless, a 

more accurate approximation is anticipated to fall within 

the range of 10% to 20%. The mortality risk is strongly 

linked to several factors, including increasing age, higher 

scores on the Acute Physiology and Chronic Health 

Evaluation II (APACHE II) assessment, the specific type 

of Candida responsible for the infection (such as C. 

parapsilosis, which has lower virulence compared to other 

species and is generally associated with lower overall 

mortality), the use of immunosuppressive agents, pre-

existing renal dysfunction and other comorbidities, 

retention of venous catheters, and the implementation of 

targeted antifungal treatment. The projected cost per 

patient with candidemia is approximately US$40,000 [13]. 

Furthermore, there were significant variations in the 

prevalence rate of vulvovaginal candidiasis (VVC) among 

women of reproductive age, according to accessible 

epidemiological data from throughout the globe. The 

findings of our investigation were in line with earlier 

studies conducted in Turkey (49.2%), Egypt (50.4%), Iran 

(50.5 and 51.6%), and Egypt (50.4%). Tanzania (45.7%), 

Greece (12.1%), UAE (13.88%), India (20.0%), Gabon 

(28.52%), Ghana (36.5%), Lebanon (39.0 and 44.8%), and 

Gabon (28.52%) all had lower frequencies of yeast. 

Reproductive-age women who are not pregnant had a lower 

prevalence of VVC than those in the current study, 

according to studies from Yemen and Ethiopia. There have 

been reports of higher prevalence rates in Saudi Arabia 

(53.5%), Nigeria (57.3%), and Brazil (72.7%). Variations 

in prevalence may result from a variety of causes, such as 

patient immunological state, treatment with immune 

suppressants and broad range antibiotics, hormonal 

fluctuations, and other factors. Since VVC affects women 

everywhere, additional research is necessary to determine 

the incidence of VVC [14]. 

According to the model, the anticipated yearly incidence 

of candidemia in India is estimated to be 188,035. 

Nevertheless, the researchers assert that the actual yearly 

occurrence of candidemia is approximately 470,000 

instances, primarily attributed to the restricted sensitivity 

of blood cultures in detecting invasive candidiasis. About 

42% of cases are probably caused by Candida tropicalis, 

whereas estimated cases of Candida albicans and Candida 

auris are 21% and 5.3%, respectively. Also, there are 

thought to be 85 cases of Candida peritonitis every year in 

India among those with end-stage renal illness. In case of 

intra-abdominal candidiasis, it is predicted that 18,775 

cases of post-surgical intra-abdominal candidiasis occur in 

intensive care units annually. Recurrent vulvovaginal 

candidiasis is estimated 24,370,566 instances of recurrent 

vulvovaginal candidiasis reported per year. Approximately 

266,612 instances of esophageal candidiasis occur each 

year in HIV-positive individuals [15]. 

1.3. Quorum Sensing (QS) Mechanisms 

The Quorum Sensing (QS) mechanism is the process by 

which microbes use cell-population density to control 

microbial responses. The behaviour of these microbial 

communities is typically controlled by secreted signaling 

molecules, the accumulation of which provides an estimate 

of cell density. QS is crucial to the formation of various 

types of biofilms [16]. Bacteria produce and release signals, 

which are small, diffuse molecules. These signals have two 

main effects: first, ex-factors, which are secreted by cells 

to support microbial growth, motility, and biofilm 

development, are controlled by auto-induction, the process 

by which the cell assimilates the signaling molecules. 

Second, the process of auto-regulation, which involves 

absorbing signaling molecules and increasing their 

production within the cell, is important for cell-to-cell 

communication. The production of auto-inducer molecules 

controls the positive feedback of a region with high cell 

densities, which significantly increases the production of 

regulatory elements related to the QS system. High cell 

densities controlled by quorum sensing are favorable for 

the production of these extracellular factors [17]. In many 

instances, auto-inducers and other molecules play a role in 

more complex inter-species communication in addition to 

species communication. The inter-kingdom signaling that 

takes place in a variety of environments can be divided into 

the following four categories based on density [18]: 

1. One-way sensing: A diffusive signal produced by an 

organism is sensed and responded by another one. 

2. Fusion of signals: The signals produced by an 

organism are co-opted by other organism to control its 

own genetic expression. 

3. Signal Modulation: The signals produced by an 

organism are altered by another organism. 
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4. Two-way communication: Pathogen exchanges 

multiple signaling molecules. 

1.3.1. Biofilm 

Biofilm is a surface-associated microbial assembly that 

is protected by layers of complex extracellular polymeric 

substance (EPS), including proteins, lipids, extracellular 

DNA, and polysaccharides [19]. Microorganisms can 

benefit from biofilm in a number of ways. For example, it 

protects them from the host's immune system and 

antimicrobials, helps them retain water and tolerate 

desiccation, speeds up the absorption of nutrients and their 

storage, improves enzymatic activity, improves adherence 

to the infection site, and gives them a better environment 

for quorum sensing and the expression of their virulence 

[20]. According to several reports, biofilm formation is 

linked to 80% of all microbial infections and contributes to 

more than 90% of chronic wound infections in people, 

which is now a major problem for the medical industry [21]. 

Additionally, because of physical resistance and enzymatic 

inactivation of antibiotics linked to lower metabolic rate 

just because of the biofilm mode of microbial life, the 

biofilm developed during infections results in an 

approximately 1,000-fold increase in antibiotic endurance. 

As a result, infections brought on by biofilms are highly 

resistant to antibiotic treatment, resulting in persistent and 

incurable conditions [22]. The presence of biofilms is the 

primary cause of fungi acting as pathogens because they 

aid in evading host immune systems, fending off 

competition from other organisms, and resisting antifungal 

treatment. As a result, treating biofilm-related infections 

becomes more difficult [23,24]. The presence of 

extracellular matrix resulted in the formation of a diffusion 

barrier, which limits drug permeation across it. As a result, 

only the uppermost layer is in contact with antimicrobials, 

leaving the lower layers unaffected by the agents, and 

biofilm infections become resistant to any conventional 

treatment and infections worsen, causing clinical problems 

with antifungal therapy [23]. Thus, biofilm infections can 

be classified as highly manageable infections that progress 

to chronic and non-healing infections. Biofilms cause an 

increase in resistance to antifungal therapy, which is a 

major source of concern. Biofilms are specific and 

organized cell communities in which signaling molecules 

modulate the systematic variation in cell characteristics 

rather than the random cell accumulation that occurs during 

cell division. These fungal communities generate an 

extracellular matrix on their own and can be found 

embedded in it [22]. Furthermore, biofilms have a complex 

structure with differentiated fungal populations and 

increased resistance to host environmental factors such as 

antibiotics and host immune mechanisms [25]. C. albicans 

and P. aeruginosa are common contaminants, especially in 

patients with severe lung diseases such as cystic fibrosis 

(CF). The fungus C. albicans thrives in an anaerobic 

environment in cystic fibrosis lungs, resulting in biofilm 

formation during infection and worsening of the condition 

[26,27]. In-vitro biofilms of C. albicans are primarily made 

up of two cell types: long tubular hyphal cells and small 

oval yeast cells (blastophores) [34,35]. It is also very 

obvious that EPS is typically bound to blastophores and 

hyphal cells. Typically, the matrix is dispersed throughout 

the biofilm. Genetic analyses suggest that yeast and hyphal 

are both essential for biofilm transformation. This blatantly 

implies that each cell type's special function plays a part in 

the process [23, 28].  

1.3.2. Mechanisms of Biofilm Formation in C. albicans 

The key factor contributing to microbial pathogenicity 

and subsequent infections is the formation of biofilms [29]. 

The fungal biofilms consist mostly of fungal colonies that 

form and multiply on surfaces, and are further protected by 

layers of exopolymers. The establishment of these biofilms 

serves as the key etiological factor for subsequent 

infections. Eliminating them gets challenging. In instances 

of this nature, the attainment of efficacious therapy 

becomes unattainable due to the frequent occurrence of the 

required antibiotic dosage above the maximum achievable 

dose. It is worth noting that examinations of the 

quantitative and qualitative characteristics of cells liberated 

from biofilms have indicated that a significant proportion 

of the dispersed cells consists of yeast cells. This suggests 

that the process of transitioning from yeast to hyphae, 

which takes place during the commencement of biofilm 

formation, may be reversed during the dispersal phase. 

Furthermore, it is noteworthy to mention that previous 

studies have provided evidence indicating that dispersed 

cells possess distinct attributes in contrast to planktonic 

cells. These attributes encompass heightened adhesion, 

filamentation capacity, and pathogenicity as observed in 

animal models. The findings suggest that cells released 

during the dispersal stage have specific traits that make 

them highly suitable for the formation of new biofilms and 

infection sites. Genetic research has provided evidence 

supporting the essential role of yeast cells and hyphae in 

the formation of biofilms, indicating that each cell type 

possesses distinct functions in this biological process. 

Quorum sensing, also known as cell-cell communication, 

is a pivotal process in the development and advancement of 

microbial biofilms. The actions or behaviors of bacteria 

within a biofilm are governed by the density of cells, which 

is regulated by signaling molecules that are released. 

Farnesol, a molecule that detects quorum outside of cells 

and is produced by C. albicans, builds up in the liquid 

portion of fully developed biofilms and has been 

extensively studied. Inhibition of hyphal growth by 

farnesol has been found to have a notable impact, 

presumably leading to the promotion of yeast cell 

proliferation and the facilitation of biofilm dispersion 

[30,31]. Farnesol and tyrosol, which are quorum sensing 

signaling chemicals, play a role in partially controlling the 

production of virulence proteins in polymorphic C. 

albicans. The contagious characteristics of C. albicans, 

which are regulated by quorum sensing mechanisms, hold 
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clinical significance due to the fungus' ability to exhibit 

various morphologies and form biofilms on exposed 

surfaces. These characteristics can lead to severe infections 

and confer resistance to most antimicrobial agents. 

Farnesol, alternatively referred to as (E,E)-Farnesol, is an 

exogenous quorum sensing molecule (QSM) that is 

synthesized and released by Candida albicans in order to 

control the growth of mycelia, the structure of cells, and the 

production of biofilms. The biofilm density and 

morphological properties of C. albicans can be 

significantly altered by high doses of farnesol due to its 

direct inhibitory effect on morphogenesis [32]. As farnesol 

concentrations decline, the morphological properties of 

biofilm undergo a dose-dependent transformation, 

resulting in the formation of a typical hyphal structure. The 

microarray assay exposed the biofilms to farnesol, which 

had an impact on genes related to hyphal formation, 

antimicrobial resistance, cell-wall care, iron-uptake and 

transport, moisture retention on cell surface, and heat-

shock proteins [33]. E-Farnesol is the most extensively 

researched QSM in C. albicans. It hinders the development 

of hyphae and disrupts the formation of biofilms when 

administered early during adhesion [34]. The primary 

constituents of C. albicans biofilms consist of two distinct 

cell types, namely blastophores, which are small yeast cells 

with an oval shape, and long tubular hyphal cells [35]. 

When farnesol is present, the main contributors to the 

production of biofilms are yeast and pseudo-hyphal cells, 

rather than hyphae structure. Farnesol is also present in the 

collected liquids that cover mature biofilms, where the 

dissemination of the biofilm may be facilitated by the 

promotion of yeast cell formation [36]. When the 

concentration of farnesol is beyond a specific threshold, it 

induces the transformation of yeast into mycelium, 

resulting in the expansion of the culture as active budding 

yeast, while maintaining the cellular growth rates 

unaffected. Farnesol, the initial quantitative structure-

modifying agent (QSM) identified, exhibits the ability to 

induce biofilm formation in Candida albicans. 

Consequently, it is imperative to acquire a comprehensive 

comprehension of its synthesis and mechanism of action, 

as it represents a promising avenue for pharmaceutical 

intervention aimed at inhibiting biofilm production and 

mycelial growth in C. albicans [37]. Tyrosol, an alcohol 

produced from the amino acid tyrosine, exhibits a 

contrasting action to farnesol by promoting the 

development of hyphae. While the influence of extrinsic 

tyrosol on biofilm formation is not shown to be substantial, 

it does have the potential to mitigate the inhibitory effects 

of extracellular farnesol on biofilm development [38]. 

Tyrosol accumulates in fully developed biofilm 

supernatants, and the capacity of this supernatant to inhibit 

tyrosol in its hyphal state is usually regulated by farnesol 

activity [39]. Tyrosol expedites the process of hyphal 

development and decreases the duration required for cells 

to initiate germination under conditions that promote 

hyphal growth. Three quorum sensing molecules (QSMs), 

including tyrosol, have an impact on the morphogenesis of 

C. albicans. The inhibitory effect of farnesol on 

germination was not counteracted by tyrosol. Tyrosol 

modulation, a limited quantitative signaling molecule 

(QSM), only influences the process when farnesol is 

produced in a little quantity or is entirely lacking in the 

environment. As a result, tyrosol plays a secondary role in 

controlling morphogenesis, after farnesol [37]. The 

morphogenic switching in C. albicans is illustrated in 

Figure 2. 

 

Figure 2.  Illustration of effect of farnesol & tyrosol on the morphology of C. albicans. Blue coloured arrow indicates a positive regulation of the 

phenotype and red arrows indicate negative regulation 
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1.4. Conventional Antifungals and Resistance 

Development in Candida Infection 

Agrosterol, the primary sterol produced by fungi, is 

directly affected by azoles like fluconazole and polyenes 

such as amphotericin B. Anidulafungin, an example of an 

echinocandin, hinders the functioning of β-1,3-glucan 

synthase, resulting in the disturbance of the fungal cell wall. 

In the previous two decades, there has been clinical 

utilization of only one new class of antifungal drugs, in 

contrast to the approval of fifteen antibiotics, which 

comprise five distinct therapeutic classes, for the treatment 

of bacteria during the same timeframe. Since the onset of 

the 21st century, the exclusive category of antifungal 

medications approved for the management of fungal 

infections has been echinocandins. Similarly, in the past 

decade, only isavuconazole has been registered as an azole 

for management of fungal infections. As a result of their 

exceptional safety profile and fungicidal efficacy, 

echinocandins have been identified through clinical 

investigations as the antifungal treatment of choice for IC 

[40]. 

Azole resistance to Candida species is brought on by 

drug efflux pump overexpression and altered drug targets. 

Biofilms play a significant role in the total or partial 

resistance to most drug classes [41]. Each antifungal class 

employs a different mechanism to have a cidal effect or to 

slow the growth of the fungal pathogen [42]. Involved in 

the two categories of primary and secondary antifungal 

agents are resistance mechanisms. These mechanisms are 

related to inherent characteristics of fungi that either hinder 

drug action or reduce the effectiveness of the main drug 

targets. A susceptible species may be replaced by a 

resistant one as a result of environmental factors, which 

also play a significant role in the development of resistance. 

Echinocandins, azoles, and polyene class of anti-fungals 

work by disrupting the cell membrane of fungi [43]. The 

presence of extracellular matrix hinders the penetration of 

antifungal drugs, hence leading to an increase in resistance 

to antifungal treatment and subsequently rendering it 

ineffective [44]. Planktonic cells generally necessitate 

permanent genetic modifications in order to sustain a 

resistance phenotype, whereas biofilms can endure as a 

result of their high population density and physical 

presence, resulting in an almost inexorable resistant 

phenotype irrespective of any substantial genetic 

modifications [45]. The rise in the prevalence of fungal 

infections has resulted in the authorization of triazoles, 

namely Voriconazole and Posaconazole, together with 

echinocandins such as anidulafungin, caspofungin, and 

micafungin, for the objective of preventing and treating 

fungal infections (Table 1) [46]. Amphotericin B and 

echinocandins, specifically caspofungin, have consistently 

exhibited in-vitro effectiveness against C. albicans 

biofilms, making them the most commonly utilized types 

of antifungal medications [47]. Currently, the availability 

of bioassays for characterizing recently identified 

compounds with anti-fungal properties against Candida 

species biofilms is limited. This scarcity poses a significant 

challenge in the development of a novel category of anti-

biofilm medicines for the treatment of Candida infections, 

namely those produced by C. albicans. The prevalence of 

Candida species as a causative agent of bloodstream 

infections is notably high, particularly among individuals 

receiving hospital care [48]. Based on a study, almost 40% 

of patients who had intravenous catheters from which 

Candida species were extracted had an underlying 

fungemia. There is a mortality rate of 40% among patients 

diagnosed with catheter-related candidemia [47]. 

Table 1.  Common anti-fungal agents along with cellular key targets [49] 

Chemical Class Drug Key Target 

Azoles 

Miconazole, 

Ketoconazole, 

Fluconazole, 

Itraconazole, 

Terconazole, 

Voriconazole, 

Posaconazole 

Ergosterol Synthesis 

Polyenes Amphotericin B 
Ergosterol (membrane 

function) 

Pyrimidine 

Echinocandins 

Nystatin 

Flucytosine 

Caspofungin 

Micafungin 

Anidulafungin 

DNA and RNA 

synthesis 

Glucan synthesis 

1.4.1. Challenges in Conventional Anti-fungal Therapy 

The emergence of resistance to existing antifungal drugs 

is a significant and escalating problem, especially in 

hospitalized patients with impaired immune systems [50]. 

Two factors that should be considered are the emergence of 

antifungal agent resistance in Candida optics, specifically 

caused by C. albicans, and the natural solutions that reduce 

the susceptibility of Candida and fungus [51]. A multitude 

of obstacles can be observed, including: Currently, there is 

a scarcity of antibiotic therapeutic options for effectively 

managing microorganisms that exhibit multi-drug 

resistance (MDR), extended drug resistance (EDR), and 

total drug resistance (TDR), hence limiting the potential for 

achieving a comprehensive cure. Due to several factors, the 

previously lauded efficacy of antibiotics has diminished. 

Firstly, there is a lack of viable alternatives to antibiotics. 

Secondly, the majority of developing nations either lack 

regulatory frameworks to govern the use of antimicrobial 

drugs or have yet to implement such policies. Thirdly, 

antimicrobial drug resistant strains persist even in non-

human environments. Fourthly, clinicians may also 

contribute to the emergence of multidrug-resistant (MDR) 

strains in susceptible individuals. Lastly, clinicians often 

overlook the physiological and psychological impacts of 

antimicrobial therapy when prescribing treatment. The 

effectiveness of treatment for the infection is contingent 
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upon the interplay between multiple medications when 

administered concurrently. Furthermore, synergistic 

combinations exhibit enhanced antibacterial action, 

reduced toxicity, and heightened efficacy against various 

illnesses [52]. 

1.4.2. Combination Strategy of Antifungals and Anti-

virulence Agents in Resistant Problems 

Novel approaches are needed to develop new, potent 

antifungal medications in response to the rising number of 

therapeutic failures, including those brought on by 

multidrug resistance. Combinations of antifungals and anti-

virulence medicines that work well together emphasize the 

practical approach to slowing the emergence of drug 

resistance and maybe repurpose existing antifungals, 

avoiding the expensive and time-consuming process of 

developing new drugs. By addressing the drawbacks or 

inadequacies of conventional therapy for fungal infections, 

anti-virulence and synergistic combination offer novel 

avenues for antifungal drug discovery. Finding 

medications with unique modes of action can be 

accomplished with a practical and legitimate approach: 

using synergistic drug combinations. With improved drug-

efficacy, it may be possible to decrease the dosage of a 

single medication, which would minimize the drug's 

toxicity [53]. Concurrently targeting two or more 

pharmacological targets is consistent with the notion that a 

disease is an intricate and multidimensional consequence 

stemming from numerous underlying factors. In addition, 

the implementation of numerous targets may impede the 

development of drug resistance. Combinations of 

synergistic antifungal medications are evaluated in vitro, 

validated in vivo via animal models, and then put to the test 

in clinical trials. Historically, clinicians have utilized a 

combination of two or more antifungal medications in 

order to treat severe invasive fungal infections. For 

invasive candidiasis, amphotericin B and flucytosine are 

the initial medications utilized in synergistic therapy. 

Amphotericin B effectively reduced the occurrence of 

unforeseen adverse effects and medication resistance that 

were commonly associated with flucytosine monotherapy. 

As per the directives of the Infectious Diseases Society of 

America (IDSA), there are particular circumstances in 

which this combination ought to be administered for the 

treatment of candidiasis in patients. Endovascular 

infections, severe intra-abdominal candidiasis, and severe 

and deeply seated candidal infections affecting the central 

nervous system (CNS) are examples of such circumstances 

[54]. Few other examples are shown in Table 2. 

Table 2.  Combination of anti-fungal and anti-virulence drugs effective against Candida spp. 

Candida strain type Combination Reference 

Tested in-vitro 

Wild type/Resistance Nitroimidazole with Amphoterecin B 

Fluconazole with Thymol, or Carvacrol 

Berberine with Fluconazole 

Lactoferrin with Fluconazole, or Itraconazole 

Farnesol with Fluconazole, or Ketoconazole, or Miconazole, or Amphotericin B 

[55] 

[56] 

[57] 

[58] 

[59] 

Resistance Eugenol with Amphotericin B, or Fluconazole 

Baicalein with Amphotericin B 

Curcumin with R6G, or Ketoconazole, or Itraconazole, or Miconazole 

[60] 

[61] 

[62] 

Biofilm and Planktonic cells Berberine with Miconazole 

Aspirin with Amphotericin B 

[63] 

[64] 

Biofilm Tyrocidines with Amphotericin B, or Caspofungin 

Amphotericin B with N-acetylcysteine, or EDTA, or Ethanol, or Talactoferrin 

Silver nanoparticles with nystatin, or chlorhexidine digluconate 

[65] 

[66] 

[67] 

 Tested in-vivo  

Wild type/Resistance Posaconazole with Caspofungin, or FK506 [68] 

Resistance Tetrandrine with Ketoconazole [69] 

Wild type Cilofungin with Amphotericin B [70] 

Wild type Nikkomycin Z with R 3783 [71] 

Biofilm Fluconazole with FK506, or Cyclosporine A [72] 
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1.5. Natural Products Targeting Quorum Sensing and 

Biofilms of Candida Species 

Although it is well known that plant-based products have 

a milder anti-microbial effect than commercially available 

antibiotics in the same dose, they are still more promising 

antimicrobials because they have fewer side effects when 

used for a longer period of time. Due to their therapeutic 

benefits, essential oils have been used for centuries. 

Alternately, fungal infections can be effectively treated by 

combining plant-based medications with antibiotics to treat 

bacterial infections. Pathogens do not develop resistance to 

herbs easily because herbs may aid in the destruction or 

inactivation of enzymes or bio-molecules produced by 

microbes to degrade antibiotics. Furthermore, drugs of 

natural origin can reduce the microbial ability to remove 

antibiotics by inhibiting the action of efflux pumps. To treat 

such infections, herbal drugs can be used in synergistic 

combinations with antibiotics [73]. For instance, the effects 

of various herbals on various bacterial and fungal 

pathogens have been documented in a number of literatures 

by various authors. According to a study, both planktonic 

and biofilm infections of C. albicans can be treated with 

curcumin and LED light. Another study on the same 

therapy but using different amounts of curcumin and LED 

exposure at various fluencies significantly lowers C. 

albicans infections [74]. Numerous studies have been 

reported and highlighted the potential of natural products 

against quorum sensing and biofilm formation of C. 

albicans and Candida species (shown in Table 3). 

1.6. Clinical Drug Development against Candida 

Infections 

Drug-resistant microorganisms pose a threat to global 

health; hence the development of new antifungal 

medications is critical. Clinically available antifungals are 

limited in their effectiveness range, have high toxicity, and 

are developing resistance. Finding novel targets for 

antifungals has always been difficult because both fungi 

and humans are eukaryotes, complicating the hunt for 

antifungal medicines. Novel antifungals now in clinical 

development include first-in-class drugs, new structures for 

a known target, and formulation adjustments to already 

marketed antifungals. Novel compounds that can solve 

these issues are urgently needed in light of the limits of 

currently known antifungals. Securing the first-in-class 

classification expedites the approval process and increases 

market availability [97]. Table 4 and Table 5 represent the 

status of few authorized classes of drugs in European Union 

and drug products in ongoing phases of clinical trial 

respectively. 

Table 3.  Anti-fungal activity of products from natural origin, commercial (synthetic) products and carrier mediated drug delivery systems against 
infections of C. albicans 

Natural Products Strains/Targets Inhibitory mechanism Reference 

number 

Romanian plant extract 

Arnica montana, Artemisia absinthium and 

Urtica dioica. 

S. aureus and C. albicans. Biofilm formation [75] 

Coriandrum sativum L. (Fractions of oils i.e., 

2-hexen-1-ol, 3-hexen-1-ol and cyclodecane) 

C. albicans Biofilm formation  [76] 

 

Boesenbergia pandurata and Piper 

sarmentosum- Leaf extract 

C. albicans Streptococcus mutans, 

Lactobacillus species., Aggregatibacter 

actinomycetemcomitans 

Planktonic cells as well as 

biofilm formation 

[77] 

Plant derived Saponins- Aginoside C. albicans Biofilm Formation  [78] 

Polyphenols (green tea): -(-) epigallocatechin-

3-gallate 

C. albicans Biofilm Formation  [79] 

 

Ocimum americanum L. (essential oil) C. albicans Streptococcus mutans, 

Lactobacillus casei 

Anti-biofilm activity [80] 

 

Caesalpinia ferrea Martius fruits C. albicans, Streptococcus mutans, 

Streptococcus salivarius, Streptococcus 

oralis and Lactobacillus casei  

Planktonic cells as well as 

biofilm formation 

[81] 

 

Cassia spectabilis (methanolic extract) C. albicans Cell wall degradation and 

biofilm formation 

[82] 

Croton cajucara Benth. linalool-rich oil C. albicans Reduction in cell size and 

abnormal germination, 

anti-biofilm activity 

[83] 
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Table 3 continued 

Garlic extract C. albicans Biofilm formation [84] 

Limonene C. albicans Cell adhesion [85] 

Citrus paradise Macf. C. albicans Cell adhesion 

Hibiscus sabdariffa L C. albicans Biofilm formation [86] 

Alpinia galanga L C. albicans Biofilm formation [87] 

Azadirhacta indica A.Juss C. albicans Biofilm formation 

Psidium guajava L. C. albicans Biofilm formation [88] 

Arctium lappa L C. albicans Biofilm formation [89] 

Moringa oleifera Lam. C. albicans,  

E. coli,  

S. aureus,  

P. aeruginosa 

Biofilm formation [90] 

`Paullinia cupana Kunth.  C. albicans Microbial adhesion [91] 

Mangifera indica L.  S.aureus  

S.mutans 

E.coli 

C. albicans 

Biofilm formation [92] 

Lactobacillus brevis biosurfactant (bacteria) C. albicans Adhesion and biofilm 

formation  

[93] 

Human ApoE apolipoprotein derived Peptide 

18- amino acid (Peptide) 

C. glabarata Early-stage biofilm 

formation  

[50] 

Zuccagnia punctate Cav. Candida species Biofilm formation [94] 

2′,4′-dihydroxy-3′-methoxychalcone 

2′,4′-dihydroxychalcone Galangin 3,7-

dihydroxyflavone Chrysin Naringenin 7-

hydroxyflavanone Pinocembrine 

Candida species Biofilm formation [94] 

Curcuma longa L. Candida species Anti-biofilm activity [95] 

Artocarpus lakoocha Roxb. Candida species Biofilm formation [96] 

Table 4.  The class of drugs with market authorization in European Union (EU) [98] 

Class of Drug Common name Brand Name Company 

Market 

Authorization year 

in EU 

Triazole Derivatives 

Voriconazole Vfend® Pfizer Europe MA EEIG 2002 

Posaconazole Noxafil® Merck Sharp & Dohme B.V. 2005 

Isavuconazole Cresemba® 
Basilea Pharmaceutica Deutschland 

GnBH 
2015 

Echinocandin 

Capsofungin Cancidas® Merck Sharp & Dohme B.V. 2001 

Anidulafungin Ecalta® Pfizer Europe MA EEIG 2007 

Micafungin Mycamine® Astella Pharma Europe B.V. 2008 
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Table 5.  The current status of anti-fungals in clinical development against Candida spp. [99] 

Compound Route Company Status Registration No. 

Fosmanogepix PO/IV Amplyx Pharmaceuticals Phase -II recruiting NCT04240886 

Nikkomycin PO University of Arizona Phase -1 completed NCT00834148 

MGCD290 PO MethylGene, Inc. Trial suspended after Phase-II NCT01497223 

VT-1129 PO Viamet Pharmaceuticals, Inc. Preclinical NA 

VT-1161 PO Mycovia Pharmaceuticals Phase-III completed NCT03561701 

VT-1598 PO Mycovia Pharmaceuticals (Clinical trails 

sponsored by National Institute of 

Allergy and Infectious Diseases) 

Phase-I NCT04208321 

Ibrexafungerp PO/IV Scynexis, Inc. Phase-III NCT03059992 

Rezafungin IV Cidara Therapeutics, Inc. Phase-III NCT03667690 

NCT04368559 

 

2. Future Considerations 

The effectiveness of conventional antifungal therapies is 

severely limited since fungi are eukaryotic organisms with 

a restricted range of fungal targets. The effectiveness of 

antifungal therapy is altered by the presence of toxicity and 

the emergence of resistance. Fungal infection leads to 

higher incidence of illness and death. Therefore, it is an 

attractive technique to produce efficient antifungal 

medication by specifically addressing the pathogenic 

pathways linked to infections. Morphogenic transitions 

occurring within Candida albicans, specifically between 

yeast cells and filamentous hyphae, contribute significantly 

to the pathogenicity of the organism by inducing tissue 

damage and facilitating the production of biofilms. In 

recent times, there has been a growing interest in 

employing an anti-virulence strategy as a viable method for 

controlling pathogenic mechanisms, particularly those 

pathogenic characteristics that have the potential to inflict 

damage upon human and animal populations, as well as 

reduce agricultural output to a certain degree [100]. This 

review focused on investigating the antibacterial activity of 

natural matrices. There exists a comprehensive compilation 

of natural items that have been verified to possess 

antimicrobial properties, nevertheless exhibit a dearth of 

data regarding their anti-quorum sensing (anti-QS) 

activities, which could potentially unveil their complete 

capabilities. To obtain a more comprehensive outlook in 

determining the most effective chemicals for addressing 

microbial illnesses, forthcoming research endeavors should 

prioritize the exploration of natural matrices possessing 

anti-quorum sensing capabilities. There is a need for a more 

comprehensive comprehension of the mechanism by which 

natural compounds exert their QS inhibitory effects, 

particularly for those that have already undergone testing. 

A comprehensive comprehension of the numerous 

trajectories that a single molecule may pursue in combating 

infections is crucial when considering the future 

implications of medication development. The findings of 

this study can assist researchers in identifying the 

chemicals and extracts that exhibit the highest in-vitro 

activity, making them the most efficient QS regulators in 

vivo. The examination of natural products possessing 

diverse modes of action can contribute to the mitigation of 

pathogenic microorganisms. This is due to the potential for 

combating these strains at a distinct and more targeted level, 

even in the event that they develop resistance to a certain 

class of chemicals. 

3. Concluding Remarks 

Quorum sensing in C. albicans has recently gained 

prominence as a research topic. A few frequently quorum 

sensing signalling pathways that play a role in controlling 

morphogenesis may be used to study its relationship to 

fungal virulence. These are some pertinent issues that 

should be thought about in the coming years and should 

prove useful in the creation of new anti-fungal tactics for 

treating fungal infections, and more specifically infections 

linked to C. albicans. The review also highlighted the 

potential of few natural extracts and antivirulence 

compounds as biofilm formation antagonists and QS 

inhibitors which may be helpful in tackling and eliminating 

persistent biofilms to curb infections. 
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