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Abstract: The purpose of this comprehensive review article is to systematically assess and compare the 

antifungal efficacy of Azadirachta indica (Neem) extract—a historically prominent natural 

phytotherapeutic solution—and Chlorhexidine—a widely established synthetic broad-spectrum antiseptic 

agent—against the opportunistic fungal pathogen Candida albicans. Candida albicans is clinical major 

pathogen linked to a variety of diseases ranging from superficial oral thrush and mucosal infections to 

life-threatening systemic candidiasis, particularly in immunocom promised patient demographics. To 

evaluate these agents' growth inhibition and relative mechanical performance, standard in vitro 

experimental paradigms, including agar disk diffusion methods, minimum inhibitory concentration (MIC) 

evaluations, and minimum fungicidal concentration (MFC) tests, are comprehensively reviewed and 

compared. Synthesized quantitative data reveals that both agents possess highly significant antifungal 

properties; specifically, Chlorhexidine achieves an average percentage growth inhibition of 92.63%, 

while natural Azadirachta indica leaf and bark extracts demonstrate a substantial and dose-dependent 

growth inhibition reaching 81.88%. This review systematically details the biochemical mechanisms 

behind both agents, underscoring neem's capability to disrupt fungal cell membranes, alter morphology, 

inhibit enzyme syntheses (such as chitinase and proteinase), prevent host cell adhesion, and hinder 

protective biofilm matrices. Given the current global surge in multidrug-resistant fungal strains and the 

notable clinical side effects associated with synthetic chemicals, this evaluation highlights the 

prospective formulation of plant-based antimicrobials as primary or adjunct therapeutic alternatives in 

clinical dentistry and infectious disease management. 
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I. INTRODUCTION 

The rapid escalation of global antimicrobial resistance presents one of the most critical challenges to modern healthcare 

and clinical pharmacology. Among opportunistic human pathogens, fungal species have emerged as significant 

contributors to morbidity and mortality, shifting from manageable superficial entities into serious clinical hazards. 

Chief among these is Candida albicans, a polymorphic diploid fungus that exists naturally as part of the normal human 

microflora, colonizing the oral cavity, gastrointestinal tract, and vaginal mucosa of healthy individuals. Under 

homeostatic physiological conditions, host immune responses and competitive microbial interactions actively restrict 

Candida populations, preventing pathogenicity. However, disruptions in host immunity, imbalances caused by systemic 

antibiotic regimens, prolonged use of immunosuppressive drugs, or underlying metabolic conditions like diabetes 
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mellitus can trigger an opportunistic transition. The fungus morphologically shifts from a commensal unicellular yeast 

state into an invasive hyphal form, causing various forms of candidiasis. 

Clinical manifestations of candidiasis range from highly prevalent mucosal infections like oral thrush (oral candidiasis) 

and vulvovaginal candidiasis to catastrophic, life-threatening deep systemic candidaemia. In healthcare contexts, oral 

candidiasis is particularly problematic in pediatric populations, geriatric groups, individuals wearing poorly fitted 

dental prostheses, and patients suffering from severe immunodeficiency syndromes such as HIV/AIDS or undergoing 

intensive oncology treatments. The traditional management of these infections relies heavily on conventional synthetic 

antifungal drugs, primarily polyenes (e.g., Amphotericin B, Nystatin) and azoles (e.g., Fluconazole, Itraconazole). 

Nevertheless, the persistent, prolonged administration of these agents has inevitably led to the emergence of resistant 

fungal mutant strains. Furthermore, conventional synthetic antifungals are frequently limited by issues of host toxicity, 

severe systemic drug-drug interactions, and high economic burdens, making the exploration of alternative or 

complementary therapeutic agents an urgent priority. 

In response to the limitations of synthetic antifungal therapies, global scientific attention has increasingly shifted 

toward ethnopharmacology and natural plant-derived bioactives. For millennia, traditional medical systems, 

particularly Ayurveda in the Indian subcontinent, have successfully utilized preparations from the neem tree, 

Azadirachta indica, to treat an assortment of infectious, inflammatory, and metabolic diseases. Widely termed the 

"village pharmacy," virtually every anatomical portion of Azadirachta indica—including its leaves, bark, seeds, and 

roots—contains an exceptionally rich array of complex secondary metabolites. Analytical biochemistry has identified 

over 140 distinct biologically active compounds within neem extracts, including isoprenoids, diterpenoids, and non-

isoprenoids such as nimbin, nimbidin, azadirachtin, gedunin, and various limonoids. These compounds possess 

powerful anti-inflammatory, immunomodulatory, antibacterial, and antifungal activities, making neem a prime 

candidate for alternative therapy development. 

Conversely, clinical medicine and contemporary dental practice rely heavily on synthetic chemical formulations for 

broad-spectrum disinfection. Among these, the golden standard for oral antisepsis is Chlorhexidine—a bisbiguanide 

compound synthesized for its powerful bactericidal, virucidal, and fungicidal properties. Chlorhexidine is routinely 

deployed as an active rinse, topical gel, or root canal irrigant due to its high microbial killing rates and unique property 

of substantivity, which allows it to bind to oral tissues and maintain prolonged therapeutic action. However, the 

prolonged application of Chlorhexidine is not without significant adverse effects. Clinical documentation consistently 

links long-term Chlorhexidine use to cosmetic tooth staining, taste alterations, mucosal irritation, accelerated calculus 

deposition, and rare hypersensitivity reactions. Consequently, a direct, rigorous comparative evaluation between natural 

alternatives like Azadirachta indica extract and synthetic standards like Chlorhexidine is essential. This review details 

the structural mechanics, experimental methodologies, in vitro performance, and future perspectives of utilizing these 

two distinctive paradigms against Candida albicans. 

 

II. METHODOLOGY 

The systemic review and experimental assessment of the antifungal properties of Azadirachta indica extract and 

Chlorhexidine against Candida albicans are founded upon standardized, reproducible in vitro protocols designed to 

simulate clinical and physiological interaction parameters. To evaluate these agents accurately, standard methods 

require precise preparation of the respective test materials, cultivation of specific microbial strains, and deployment of 

rigorous quantitative and qualitative assays. The following detailed methodologies outline the operational frameworks 

used in current scientific literature and comparative laboratory evaluations: 

  

1. Preparation of Test Material and Plant Extractions 

The extraction of bioactive compounds from Azadirachta indica must be meticulously executed to ensure the maximum 

yield of active metabolites like nimbin and azadirachtin. Fresh, mature leaves or bark samples are ethically harvested, 

thoroughly washed under running distilled water to remove contaminants, and air-dried under controlled shade 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 6, June 2026 

 Copyright to IJARSCT      DOI: 10.48175/568   627 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
conditions at room temperature to prevent the thermal degradation of heat-sensitive phytochemicals. Once dehydrated, 

the plant matter is mechanically pulverized into a fine, homogeneous powder. Solvent extractions are performed using 

maceration or Soxhlet extraction methods, utilizing solvents of varying polarities such as aqueous media, absolute 

methanol, or ethanol. For methanolic extraction, the powder is dissolved in pure methanol for 72 hours under periodic 

agitation. The resulting fluid is filtered through Whatman No. 1 filter papers and concentrated using a rotary evaporator 

under reduced pressure, yielding a thick, dark green crude extract. This extract is subsequently diluted with sterile 

phosphate-buffered saline or dimethyl sulfoxide (DMSO) to achieve an array of standardized concentration gradients 

for subsequent testing. 

 

2. Cultivation and Standardization of Candida albicans Strains 

To ensure scientific reproducibility, pure, verified laboratory strains of Candida albicans are sourced from standard 

microbiological repositories (such as the American Type Culture Collection, ATCC) or derived from confirmed clinical 

samples, such as infected root canals. Fungal isolates are initially inoculated onto Sabouraud Dextrose Agar (SDA) 

plates and incubated at 37°C for 24 to 48 hours to obtain active, mature colonies characterized by their signature 

creamy white morphology. To prepare the experimental inoculums, multiple isolated colonies are suspended in sterile 

nutrient broth or normal saline solution. The turbidity of the resulting liquid suspension is measured using a UV-Visible 

spectrophotometer and calibrated to match the 0.5 McFarland turbidity standard, which corresponds to an approximate 

fungal density of 1×106 to 5×106 colony-forming units per milliliter (CFU/mL). This standardization ensures uniform 

microbial challenges across all treatment groups. 

 

3. Experimental Assays for Antifungal Susceptibility Testing 

The fundamental screening for antifungal action involves the Agar Disk Diffusion method. Standardized volumes of 

the adjusted Candida albicans suspension are evenly spread across the surfaces of sterile SDA plates using sterile swabs 

to create a uniform lawn. Sterile filter paper disks (typically 6 mm in diameter) are impregnated with controlled 

volumes of the varying test solutions: experimental neem extracts at different concentrations, 2% Chlorhexidine 

solution as the positive control group, and sterile normal saline solution as the negative control group. These discs are 

placed equidistant from one another onto the inoculated agar surfaces. The plates are left at room temperature for an 

hour to allow proper diffusion before being incubated at 37°C for 24 to 48 hours. Post-incubation, the physical zones of 

growth inhibition surrounding each disk are precisely quantified using digital calipers in millimeters. 

To pinpoint the exact potency thresholds, the Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal 

Concentration (MFC) are determined using macro- or micro-broth dilution techniques. Standardized concentrations of 

neem extract or Chlorhexidine are added into tubes containing nutrient broth and a uniform inoculum of Candida 

albicans. Following a 24-hour incubation window, the optical density of each container is measured via 

spectrophotometry to evaluate microbial growth. The lowest concentration that prevents visible turbidity is recorded as 

the MIC. Aliquots from tubes showing no visible growth are sub-cultured onto fresh, drug-free SDA plates. The lowest 

concentration that fails to produce any fungal colonies after 48 hours is defined as the MFC, indicating absolute 

fungicidal action rather than simple growth inhibition. 

  

III. LITERATURE REVIEW 

An examination of peer-reviewed scientific literature highlights a rich history of investigating both natural bioactives 

and synthetic antiseptics for managing Candida albicans. Research fields spanning oral medicine, clinical 

microbiology, and structural biochemistry have attempted to chart the mechanical properties and efficacy of these 

treatments. The literature outlines the definitive biological modes of action, comparative efficacy metrics, and the 

practical pros and cons of both therapeutic approaches. 
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1. Comprehensive Biology and Pathogenicity of Candida albicans 

Understanding the efficacy of any antimicrobial agent requires a close examination of the structural and functional 

biology of the target organism. Candida albicans is a remarkably adaptive organism whose pathogenic capability is tied 

to its structural flexibility. The cell wall of C. albicans is a highly dynamic structure composed primarily of inner layers 

of chitin and beta-glucans, which provide structural stability, and an outer layer rich in mannan-proteins 

(mannoproteins). This outer layer controls adherence to host tissues and regulates host immune recognition. One of the 

primary virulence factors of C. albicans is its morphogenic plasticity—the ability to transition rapidly between a round 

blastospore (yeast) form and an elongated hyphal form. The hyphal form produces specialized structures called 

appressoria that exert mechanical pressure, allowing the fungus to penetrate epithelial and endothelial barriers. 

Furthermore, pathogenic Candida strains secrete extracellular hydrolytic enzymes, most notably Secreted Aspartyl 

Proteinases (SAPs) and Phospholipases. These enzymes degrade host cell structures, facilitate tissue invasion, and 

break down immune molecules, complicating clinical treatment. 

Antimicrobial Agent Type Primary Biochemical Active 

Compounds 

Main Mechanism of Action 

against Fungal Cells 

Documented In Vitro % 

Growth Inhibition 

Azadirachta indica (Neem 

Extract) 

Nimbin, Nimbidin, 

Azadirachtin, Gedunin, 

Limonoids 

Cell membrane disruption, 

enzyme inhibition (chitinase/ 

proteinase), biofilm reduction 

81.88% 

2% Chlorhexidine Solution Chlorhexidine Digluconate 

(synthetic bisbiguanide) 

Electrostatic binding, membrane

permeability alteration, cellular 

leakage 

92.63% 

Normal Saline Solution 

(Control) 

Sodium Chloride (0.9% 

aqueous solution) 

No active antimicrobial properties 

(osmotic baseline maintainer) 

0.80% 

Table 1: Comparative biochemical characteristics, target mechanisms, and measured antifungal inhibition percentages 

of Neem extract versus Chlorhexidine and Normal Saline against Candida albicans. 

  

2. Advanced Biochemical Antifungal Mechanisms of Azadirachta indica 

The multi-targeted antifungal activity of Azadirachta indica is driven by the synergistic action of its diverse secondary 

metabolites. Literature demonstrates that neem extracts destroy fungal cells via several distinct biochemical pathways. 

The hydrophobic limonoids and terpenoids within neem, such as nimbin and nimbidin, interact directly with the lipid 

bilayers of the fungal cell membrane. This interaction modifies the lipid profile, increases membrane permeability, and 

disrupts structural integrity, causing the leakage of vital cellular contents like potassium ions and intracellular proteins, 

which ultimately triggers cell death. 

Simultaneously, neem extracts exert powerful inhibitory control over crucial fungal enzyme systems. Studies have 

shown that neem compounds effectively block chitinase activity, an enzyme necessary for synthesizing and remodeling 

cell walls during replication. This inhibition causes structural weakening of the cell wall, making the fungus vulnerable 

to osmotic pressure changes. Furthermore, neem downregulates the expression of Secreted Aspartyl Proteinases 

(SAPs), reducing the organism's ability to invade host tissues. In terms of colonization resistance, neem extracts 

prevent the initial adhesion of Candida albicans to epithelial surfaces and synthetic biomaterials, effectively 

neutralizing its ability to establish a protective biofilm matrix. This anti-biofilm property is highly significant, as 

biofilms typically guard the fungus against conventional antifungal drugs and immune clearance. 

 

3. Pharmacological Dynamics and Substantivity of Chlorhexidine 

Chlorhexidine is a strongly cationic bisbiguanide compound whose antimicrobial efficacy depends on its positive 

electrical charge. At physiological pH levels, Chlorhexidine molecules dissociate to release positively charged species 

that bind electrostatically to the negatively charged phosphate groups on the outer cell wall and membrane surfaces of 

Candida albicans. This rapid binding alters the outer cell structures, overriding the cell's natural osmotic controls. At 
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low clinical concentrations, this interaction has a fungistatic effect, causing small molecular leaks. At higher 

operational concentrations, the cell membrane is completely compromised, resulting in significant leakage of vital 

components like adenosine triphosphate (ATP) and nucleic acids, accompanied by widespread coagulation of 

cytoplasmic proteins, ensuring rapid cell death. 

In clinical dental medicine, Chlorhexidine's value is enhanced by its property of substantivity. Upon delivery into the 

oral cavity, Chlorhexidine binds efficiently to hydroxyapatite crystals in tooth enamel, salivary pellicles, and oral 

mucosal glycoproteins. It is then slowly released back into oral fluids in an active state over an extended timeframe, 

often exceeding 12 hours. This prolonged presence provides continuous antimicrobial pressure, suppressing 

opportunistic fungal colonization. However, Chlorhexidine lacks chemical selectivity, meaning it destroys beneficial 

microflora along with pathogens, which can lead to dysbiosis and opportunistic infections over extended usage periods. 

 

IV. FUTURE PERSPECTIVES 

The comparative analysis of Azadirachta indica and Chlorhexidine underscores an evolving paradigm shift toward 

integrating natural, bio-sustainable options into mainstream clinical medicine and dentistry. As multi-drug resistant 

fungal pathogens continue to increase globally, the future development of these therapies must focus on addressing 

current pharmaceutical limitations and maximizing therapeutic delivery methods. The next generation of research 

should prioritize translating raw laboratory data into scalable, clinically validated therapies through several advanced 

approaches: 

A primary research focus involves utilizing advanced nanotechnology to improve the delivery of neem's active 

constituents. Many of neem's potent bioactive molecules, such as azadirachtin and various limonoids, are hydrophobic 

and exhibit poor structural stability when exposed to environmental oxygen, light, or gastric fluids. Encapsulating raw 

neem extracts within biodegradable polymeric nanoparticles, liposomes, or solid lipid nanoparticles can address these 

formulation challenges. These nano-emulsions protect delicate phytochemicals from premature breakdown, improve 

their solubility in aqueous media, and facilitate deep penetration into dense fungal biofilm matrices. Furthermore, nano-

formulations can be engineered for targeted, controlled release, ensuring steady delivery of therapeutic doses directly to 

infected tissues while minimizing risks of host cellular toxicity. 

Another promising approach involves exploring synergism through combined formulations. Rather than deploying 

natural extracts and synthetic chemicals as isolated, competing treatments, future therapies can pair them to leverage 

complementary mechanisms. Research indicates that using sub-inhibitory concentrations of neem extract alongside 

conventional azoles or reduced amounts of Chlorhexidine can produce powerful synergistic effects. Neem's ability to 

disrupt cell membranes and weaken cell walls can facilitate the entry of low-dose synthetic antimicrobials, lowering the 

required effective dose of chemicals like Chlorhexidine. This strategy drastically reduces systemic side effects, such as 

cosmetic tooth staining or mucosal irritation, while preventing the development of mutant fungal resistance pathways. 

 

V. CONCLUSION 

This comprehensive review confirms that both natural Azadirachta indica (Neem) extract and synthetic Chlorhexidine 

possess powerful, distinct antifungal properties against the opportunistic pathogen Candida albicans. Quantitative in 

vitro data establishes that while synthetic 2% Chlorhexidine retains the highest absolute growth inhibition rate at 

92.63%, natural Azadirachta indica extracts perform remarkably well, achieving an 81.88% inhibition rate. 

Chlorhexidine operates through broad-spectrum electrostatic membrane disruption, but its long-term clinical utility is 

frequently limited by adverse effects, including tooth discoloration, mucosal irritation, and alterations in taste 

perception. 

In contrast, Azadirachta indica offers a safer, more sustainable alternative that operates via a multi-targeted biochemical 

mechanism. Neem extracts not only disrupt fungal cell membranes but also inhibit key pathogenicity enzymes like 

chitinase and proteinase, prevent adherence to host tissues, reduce biofilm formation, and stimulate host immune 

responses. These diverse, concurrent mechanism pathways make it exceptionally difficult for Candida albicans to 
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develop drug resistance. This review concludes that Azadirachta indica holds immense potential as a primary or adjunct 

clinical treatment for candidiasis, offering a viable path forward for integrating green pharmacology into modern 

infection control protocols. 
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