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ABSTRACT 

Background and Objectives: Neem oil, Azadirachta indica is an 

effective antifungal agent; however, its hydrophobic nature is one of the 

limiting factors for conventional formulation. Nanoemulsion systems 

offer a promising approach to enhance its solubility, stability, and 

antifungal activity. This study was carried out to formulate neem oil 

nanoemulsions with optimal droplet size, investigate their stability, and 

assess their antifungal efficacy against Trichophyton rubrum. 

Methods: Nanoemulsions were prepared by high-energy emulsification at 

different oil-to-surfactant ratios (1:2, 1:3, 1:4) and two sonication times 

(10 and 15 minutes). The particle sizes were determined by DLS. 

Antifungal activity and minimum inhibitory concentration-MIC-by the 

broth microdilution method of the nanoemulsions were compared with 

neem oil macroemulsions and nystatin as a control.  

Results: The minimum droplet size was 11.95 nm with an oil-to-surfactant 

ratio of 1:4, which was subjected to a sonication time of 15 minutes. 

Further, the optimized nanoemulsion showed higher antifungal efficiency 

(MIC: 1562.5 μg/mL) than the corresponding macroemulsion (MIC value 

3125 μg/mL). The stability study exhibited only slight increase in droplet 

diameter within 60 days of evaluation, and thus it remained stable (<20 

nm). 

Conclusion: The neem oil nanoemulsion significantly enhanced 

antifungal efficacy and stability, which could be due to the enhancement 

in droplet’s  surface area and solubility. This study presents the potential 

of nanoemulsion technology in the development of efficient antifungal 

formulations and, therefore, is worthy of further clinical exploration. 

Keywords: Neem Oil, Nanoemulsions, Antifungal Activity, 

Trichophyton rubrum. 

INTRODUCTION 

Neem (Azadirachta indica) is a plant of great importance in traditional medicine, exhibiting a wide 

spectrum of therapeutic properties, including strong antifungal, antibacterial, and anti-inflammatory 

activities (1-3). Among its bioactive constituents, azadirachtin, nimbin, and limonoids are the major 

players in inhibiting microbial growth and enhancing immune responses (4, 5). However, neem oil 

suffers from hydrophobicity, low bioavailability, and instability in conventional formulations, which 

limits its clinical application. Addressing these challenges requires innovative drug delivery systems that 

optimize the neem oil therapeutic potential (5-8).  

Nanoemulsion technology represents a major breakthrough in drug delivery, especially for hydrophobic 

compounds such as neem oil. These systems, characterized by droplet sizes less than 100 nm, provide a 

greater surface area, better solubility, and enhanced bioavailability for the efficient delivery of drugs. 

Nanoemulsions also possess superior stability, less aggregation, and controlled release compared to 

macroemulsions (9-12). Despite growing interest, there is limited research on the formulation of neem 

oil nanoemulsions and their potential to enhance antifungal efficacy. 

This study was thus designed to bridge this gap by formulating and characterizing neem oil 

nanoemulsions using high-energy emulsification techniques. The research optimizes parameters like oil-

to-surfactant ratios and sonication times to develop a stable nanoemulsion with superior antifungal 

activity against Trichophyton rubrum, one of the most common fungal pathogens. The stability of the 

nanoemulsion upon storage and its minimum inhibitory concentration (MIC) against a macroemulsion 
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formulation and a standard antifungal agent were further explored in this study. The outcome of this 

study could lead to the furtherance of plant-based antifungal therapies by offering a more efficient and 

stable delivery system; it would address critical challenges in fungal infection treatment and contribute 

to the growing topic of nanotechnology-enabled pharmaceuticals.    

Materials and Methods 

Neem seeds were purchased from a local supplier in Iran, and neem oil was extracted using the cold-

press method. The extracted oil served as the primary ingredient for nanoemulsion preparation. Tween 

20 (Code: 822184) was used as the surfactant and sourced from Merck, Germany. Double-distilled water 

was prepared in the pharmaceutics laboratory of Baqiyatallah University, Iran. Nystatin (Sigma-Aldrich, 

USA) was used as the positive control for antifungal activity assays. The fungal strain Trichophyton 

rubrum (ATCC 28188) was procured from the Iran Biological Research Center (IBRC). The RPMI-1640 

medium (code:R8758) was used as culture media and sourced from Sigma-Aldrich,USA. 

Extraction of Neem Oil 

Neem oil was extracted from the seed kernels of the Azadirachta indica tree. The outer shells of the 

seeds were removed, and the kernels were subjected to cold-press extraction to obtain oil. This method 

preserves the bioactive compounds of neem oil by minimizing thermal degradation. 

Preparation of Neem Oil Nanoemulsion 

Nanoemulsions were formulated using the high-energy emulsification technique. Three formulations 

were prepared with different oil-to-surfactant ratios: 1:2, 1:3, and 1:4. For each formulation: 

- Neem oil and Tween 20 were mixed in the specified ratios. 

- Double-distilled water was added dropwise while stirring to form a preliminary emulsion. 

- The emulsion was vortexed for 5 minutes at room temperature to ensure homogenization. 

- The emulsions were then subjected to probe sonication (UW 200, Bandelin, Germany) in a 

conical centrifuge tube. The depth of the sonicator probe was maintained at 1 cm from the 

bottom of the tube. Sonication was performed at two amplitudes (25% and 50%) and two 

durations: 

5 minutes at 25% amplitude, followed by 5 minutes at 50% amplitude. 

5 minutes at 25% amplitude, followed by 10 minutes at 50% amplitude. 

To prevent overheating during sonication, the tube was placed in an ice bath. 

Particle Size Analysis 

The droplet size of the nanoemulsions was measured using dynamic light scattering (DLS) (SZ-100, 

Horiba, Japan). Each sample was diluted 1:100 with double-distilled water prior to analysis. 

Measurements were performed in triplicate for each formulation to ensure accuracy. 

Stability Testing 

The optimized nanoemulsion (1:4 oil-to-surfactant ratio, sonicated for 15 minutes) was stored at room 

temperature (25°C) for 60 days. Particle size was measured at 0, 30, and 60 days using DLS to assess 

physical stability. 

Antifungal Activity and Minimum Inhibitory Concentration (MIC) 

The antifungal activity of neem oil nanoemulsions was evaluated using the M38-A2 broth microdilution 

method, as outlined by the Clinical and Laboratory Standards Institute (CLSI, 2008). 

Preparation of Test Solutions: 

Eight two-fold serial dilutions (100–0.781 μL/mL) of the nanoemulsion and macroemulsion (neem oil 

with methanol:DMSO 1:1) were prepared in RPMI-1640 medium. 

Nystatin (positive control) was prepared at concentrations of 1–5 μg/mL. 

Negative controls included the solvent with inoculum and solvent alone. 

Fungal Inoculum Preparation: 

T. rubrum was cultured on potato dextrose agar at 25°C for 24 hours to form colonies. 

A fungal suspension was prepared in RPMI-1640 medium and adjusted to 2.5 × 10³ CFU/mL using a 

Neubauer chamber. 

Microdilution Assay: 

A sterile 96-well microplate was used for testing. 

Each well was initially filled with 100 μL of RPMI-1640. 

Test substances were added to the first well of each column and serially diluted across the plate. 

Fungal inoculum (100 μL) was added to each well. 

Plates were incubated at 25°C for 48 hours. 

The MIC was determined as the lowest concentration of the test substance that visually inhibited fungal 

growth. Experiments were performed in triplicate for each test substance. 

Statistical Analysis 

All experiments were performed in triplicate, and results were expressed as mean ± standard deviation 

(SD).  
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Results 

 

Particle Size Analysis 

The particle size distribution of the prepared neem oil nanoemulsions was determined using dynamic 

light scattering (DLS). Three different oil-to-surfactant ratios (1:2, 1:3, and 1:4) and two sonication 

conditions (5 minutes at 25% amplitude + 5 minutes at 50% amplitude, and 5 minutes at 25% amplitude 

+ 10 minutes at 50% amplitude) were evaluated (Fig 1 A). The particle size of Formulation A (1:2 oil-

to-surfactant ratio)  was measured as 153.22 nm (SD:13.052) for the 5-minute sonication at 25% + 5 

minutes at 50% amplitude. With an increased sonication time to 15 minutes, the particle size increased 

to 177.92 nm (SD:4.5047). On the other hand,  The initial particle size of Formulation B (1:3 oil-to-

surfactant ratio) was 129.77 nm (SD:10.094) with the shorter sonication time, which increased to 172.24 

nm (SD:7.5713) with the longer sonication time. Moreover, for the Formulation C (1:4 oil-to-surfactant 

ratio) the smallest initial particle size was observed at 16.64 nm (SD:5.4778) with 5 minutes at 25% + 5 

minutes at 50% amplitude, and a significant reduction in size to 11.95 nm (SD:0.7228) was noted with 

the 15-minute sonication. 

 
Figure 1: (A) Particle size distribution of neem oil nanoemulsions with different oil-to-surfactant 

ratios and sonication times; (B) Stability of neem oil nanoemulsion over 60 days (particle size over 

time). 

Stability Analysis 

The stability of the optimized neem oil nanoemulsion (Formulation C) was assessed over 60 days at 

room temperature (25°C). Particle size measurements were taken at 0, 30, and 60 days to evaluate 

changes in size over time (Fig 1 B). The particle size at the initial measurement (Day 0)  was 11.95 nm 

(SD:0.7228).The average particle size at 30-day increased to 14.71 nm (SD:1.213), indicating slight 

aggregation. Whilte at 60-day the particle size further increased to 19.48 nm (SD:0.914), but remained 

below the critical threshold of 20 nm, suggesting that the nanoemulsion maintained physical stability 

over the storage period. 

Antifungal Activity and Minimum Inhibitory Concentration (MIC) 

The antifungal activity of the neem oil nanoemulsion was assessed using the M38-A2 broth 
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microdilution method, and the MIC was determined for both nanoemulsion and macroemulsion 

formulations against Trichophyton rubrum 

The MIC for Formulation C was found to be 1562.5 μg/mL, demonstrating significant antifungal activity 

against Trichophyton rubrum. On the other hand, the macroemulsion showed a higher MIC of 3125 

μg/mL, indicating lower efficacy compared to the nanoemulsion. Meanwile the MIC for nystatin was 2 

μg/mL, confirming its potent antifungal properties. 

 

Table 1: MIC values of neem oil nanoemulsion, macroemulsion, and nystatin. 

Sample MIC (μg/mL) 

Neem oil nanoemulsion 1562.5 

Neem oil macroemulsion 3125 

Nystatin (positive control) 2 

 

Discussion 

The present study reports the successful formulation of neem oil nanoemulsion by high-energy 

emulsification techniques and its increased antifungal efficacy against Trichophyton rubrum. These 

results point out the potential of nanoemulsion technology to solve delivery challenges of hydrophobic 

plant-based bioactives. Moreover, optimization of oil-to-surfactant ratio and sonication time has shown 

that droplet size decreases with an increase in the concentration of surfactant and sonication time. The 

minimum droplet size of 11.95 nm was obtained by using a 1:4 oil-to-surfactant ratio with 15-minute 

sonication, which clearly indicates that effective emulsification is responsible for the nanoscale particle 

size. The main role of the surfactant Tween 20 in this regard was to decrease interfacial tension and 

prevent coalescence, maintaining droplet stability (13, 14). These results are in agreement with other 

studies related to nanoemulsion systems, where increased surfactant concentration and optimization of 

sonication led to smaller particle sizes and better homogeneity (15-17). 

There was no considerable instability in the nanoemulsion after 60 days of storage at 25°C, with only a 

slight increase in droplet size from 11.95 nm to 19.48 nm. Such an increase probably indicates minor 

physical coalescence or minor chemical interactions. However, the droplet size was maintained below 

20 nm, which indicated good physical and chemical stability. Further enhancement of the antioxidant 

content in the formulation or optimization of the storage conditions may improve stability. Similar trends 

of moderate size increases without significant losses of stability have been reported in other plant-based 

nanoemulsion studies (18-20). 

The neem oil nanoemulsion presented a MIC value of 1562.5 μg/mL, which was better than that of the 

macroemulsion (MIC value of 3125 μg/mL). The enhancement might be attributed to improved 

solubility, increased surface area, and better bioavailability of nanoemulsion formulations. Smaller 

droplet size improves interaction with the fungal cell membrane, hence increasing permeability and 

further disturbing cellular functions (21-24). More importantly, the encapsulation of neem oil bioactives 

into nanoemulsion systems increases their transport across hydrophilic barriers and amplifies their 

antifungal action. Bioactive compounds in neem oil, such as azadirachtin and nimbin, are known to 

interfere with fungal cell wall synthesis and membrane integrity, inhibit spore germination, and induce 

oxidative stress in fungal cells (25, 26). 

Encapsulation within the nanoemulsion likely augmented these effects by ensuring efficient delivery 

and sustained release. Other recent studies also indicated increased antifungal effectiveness of 

nanoemulsions loaded with plant-based oils, such as clove and tea tree oil, which may be attributed to 

mechanisms involving improved membrane disruption and ergosterol inhibition (27, 28). While nystatin 

showed the lowest MIC value, as low as 2 μg/mL, the performance of the neem oil nanoemulsion was 

an indication that it could serve as an alternative agent. Considering its botanical origin and less 

possibility of resistance development, neem oil nanoemulsion might serve as a natural, renewable choice 

for the treatment of fungal infections, particularly in developing countries where synthetic drugs may be 

inaccessible. The results indicate that the neem oil nanoemulsions may be useful in fields other than 

antifungal applications, targeting bacterial pathogens and parasitic infections; they can also be an 

ingredient in agrochemical and cosmetic preparations. 

Further research is recommended to be done on cytotoxicity studies of the formulations against 

mammalian cells to establish their toxicity profile and their efficacy in vivo. 

Optimization of formulation variables such as the addition of co-surfactant or antioxidants may further 

improve stability and bioactivity. Moreover, the translation clinically and commercially will importantly 

need exploration of scalable production techniques. 

Conclusion  

This study demonstrates the effectiveness of nanoemulsion technology in enhancing the antifungal 

efficacy and stability of neem oil. The results underscore the potential of plant-based nanoformulations 
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as sustainable, effective therapeutic agents. By addressing challenges in the delivery of hydrophobic 

compounds, this research contributes to advancing nanotechnology applications in pharmaceutical and 

healthcare fields. 
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