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Abstract: At present, multidrug-resistant (MDR) fungal species have become 

widespread worldwide, which leads to high morbidity and mortality. As of now, 

only a few antifungal agents are coming up in the pharmaceutical industry. This 

may lead to a threat to humanity for their survival. In this study, we explored the 

possible antifungal action of ethanolic extract of Azadirachta indica, seeds 

against MDR and ATCC strains of Candida species. The extract showed 

antifungal activities with MIC varied between 0.76 and 1.56 mg/mL in both 

MDR and ATCC fungal species. Thus, Azadirachta indica ethanolic seed extract 

is an effective antifungal agent on MDR fungal species and may help save the 

lives of many critically ill patients.  

Keywords: Azadirachta indica, Azadirachtin, MDR Candida sp., MIC value, 

Antifungal property. 
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INTRODUCTION 
Azadiracta indica (neem) is a member of 

Meliaceae family (Table 1). It is commonly found in arid 

subtropical and tropical areas of Southeast Asia, Africa 

and other continents. According to the IUCN red list data 

book, it belongs to the least concerned group. Studies 

have revealed that A. indica seed contains various active 

compounds like azadirachtin, nimbin, salannin, 

meliantriol etc. Dihydroazadirachtin is a reduced form of 

naturally occurring azadirachtin from the seed kernels of 

the plant. It is mainly used as a pesticide with anti-

feedant and insect growth regulator (IGR) properties. It 

exhibits low toxicity to mammals, and it is eco-friendly. 

Ubiquitous microorganisms in soil and aquatic 

environments rapidly metabolize it [1]. In general the 

plant has antibacterial [2], anti-cancer [3], antimalarial 

[4], antiviral [5], anti-oxidant [6], and anti-diabetic 

properties [9]. 

 

The genus Candida includes about 200 different 

fungal species, but only a few species are human 

pathogens. Candida albicans is the most important 

pathogenic species, which may also reside as a 

commensal in the gastrointestinal and genito-urinary 

tract [8]. Other important pathogenic Candida species 

include C. parapsilosis, C. tropicalis, C. glabrata [9]. 

Candida infections can be superficial (affect the skin or 

mucous membranes) or invasive. Though superficial 

infections are easily managed, invasive fungal infections 

are often life-threatening [10]. The National Nosocomial 

Infections Surveillance System (NNIS) of USA has 

declared Candida species (9%) as the fourth most 

common nosocomial bloodstream pathogen after 

coagulase-negative staphylococcus (CoNS) (31%), 

Staphylococcus aureus (20%) and Enterococcus 

species(10%) [11]. Mortality rates are estimated to be as 

high as 42.3% [12]. 

 

Table 1: Taxonomy of Azadirachta indica 

Kingdom : Plantae 

Division: Magnoliophyta 

Class: Magnoliopsida 

Order : Sapindales 

Family : Meliaceae 

Genus : Azadirachta 

Species : A. indica 

Scientific Name : Azadirachta indica 

 

MATERIALS AND METHODS 
1. Collection of sample- The seeds (Fig 1) were 

collected from a standard shop having experience on 

plant based medicines of 150 years (Adi Ambika 

https://www.easpublisher.com/
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Ausadhalaya; 2-B, Shyamaprasad Mukherjee road, Jatin 

Das Park, Kolkata-700025).  

 

 
Fig 1: A. indica seeds 

 

2. Preparation of seed extract stock solution- Seeds 

were powdered using mortar and pestle. Then 500 mg of 

the powder was taken in a Falcon tube, 10 ml of 70% 

ethanol was poured in it and vortexed, then incubated at 

room temperature for 48 hours (Fig.2). 

 

 
Fig 2: Stock extract of A. indica seed in ethanol 

 

3. Preparation of Mueller-Hinton broth- 100 ml of 

MH broth was prepared by dissolving 2.1 gm of MH 

powder (HiMedia, India) with distilled water. Then the 

broth was sterilized by autoclaving. 

4. Fungal species- International strains of Candida – C. 

albicans (ATCC 10231) and C. parapsilosis (ATCC 

22019) were used in this study. C. tropicalis (MDR) and 

C. albicans (MDR) strains were isolated from a 46 year 

old female patient and a 59 year old male patient 

respectively, both admitted at Peerless hospital. 

Subcultures of Candida species were maintained on MH 

plates and stored in a refrigerator for experiment. 

5. 0.5 MacFarland standard preparation- Suspensions 

were prepared in sterile normal saline. Then this 

suspension was standardized at 0.5 McFarland standard 

with the help of DensiCHEK Plus instrument.  

6. Antifungal activity test- Minimum inhibitory 

concentration (MIC) was determined by broth 

microdilution test. The 96 well sterile microtiter plate 

was used to determine the MIC. 100 μL of MH broth was 

pipetted in each of the wells. Then 100µl of seed extract 

was added in the first well. Then serial dilution (double 

dilution) was performed in the horizontal wells. After 

that, 10 μL of 0.5 McFarland fungal suspension was 

pipetted in each well. 100µl of ethanol as vehicle control 

was also added in the first well in separate rows and 

tested similarly. The optical density (OD value) readings 

were taken with a Thermo MULTISKAN EX microplate 
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reader immediately at 620nm which was considered as 

‘zero hour reading'. The microtiter plate was then 

incubated overnight at 37°C for 24 h. A second reading 

was taken of each well and this was considered as ‘24 

hour reading’. Subtractions of the ‘0 hr reading’ 

absorbance from the ’24 hour reading’ were made for 

analysis. The MIC value was determined as the lowest 

concentration of the seed extract that inhibits the growth 

of the test fungus compared to the vehicle control. 

RESULTS 
The MIC values of the A.indica seed extract 

against Candida albicans ATCC (Fig 3) was 1.56 mg/ml 

and that against Candida albicans MDR (Fig 4) was 3.12 

mg/ml. Candida parasilopsis ATCC (Fig 5) and Candida 

tropicalis (Fig 6) gave MIC values of 0.78 mg/ml and 

3.12 mg/ml respectively. 

 

 
Fig 3: Antifungal activity of the Neem seed extract against Candida albicans ATCC. The x-axis represents the 

concentration of Plant extract in mg/ml 

 

 
Fig 4: Antifungal activity of the Neem seed extract against Candida albicans MDR. The x-axis represents the 

concentration of Plant extract in mg/ml 
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Fig 5: Antifungal activity of the Neem seed extract against Candida parasilopsis ATCC. The x-axis represents the 

concentration of Plant extract in mg/ml 

 

 
Fig 6: Antifungal activity of the Neem seed extract against Candida tropicalis. The x-axis represents the 

concentration of Plant extract in mg/ml 

 

DISCUSSION 
In this study, we investigated the antifungal 

properties of the ethanolic extract of Azadirachta indica 

seeds against multidrug-resistant (MDR) and American 

Type Culture Collection (ATCC) strains of Candida 

species. The increasing prevalence of multidrug-resistant 

fungal species poses a significant threat to public health, 

as conventional antifungal agents are becoming less 

effective. Our results demonstrate the antifungal 

activities of the Azadirachta indica seed extract, 

revealing its potential as an alternative or adjunctive 

treatment for combating drug-resistant fungal infections. 

 

The MIC values obtained in our study suggest 

that the ethanolic seed extract of Azadirachta indica 

effectively inhibits the growth of Candida species, with 

MIC values ranging between 0.76 and 3.12 mg/mL. 

Notably, the extract exhibited inhibitory activity against 

both MDR and ATCC strains, indicating its important 

antifungal potential. These findings align with previous 

studies highlighting the diverse pharmacological 

properties of Azadirachta indica. 

 

CONCLUSION 
Our findings highlight the promising antifungal 

properties of the ethanolic extract of Azadirachta indica 

seeds against multidrug-resistant Candida species. The 

presence of active components, notably azadirachtin, in 

the extract is believed to contribute to its antifungal 

activity. Further research is warranted to explore the 

mechanisms of action, isolate and characterize the active 

compounds, and assess the safety and efficacy of the 
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extract in clinical settings. The potential of Azadirachta 

indica seed extract as a natural antifungal agent holds 

promise in the fight against drug-resistant fungal 

infections. 
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