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Introduction

Azadirachta indica, commonly known as neem, is a tropical evergreen 
tree belonging to the Meliaceae family. Native to the Indian 
subcontinent, neem can grow up to 30 m tall and is characterized by 
its broad, rounded crown and thick, furrowed bark. The leaves are 
compound and toothed, while the small white flowers are fragrant and 
borne in clusters. The fruit is a smooth drupe, typically yellow-green 
when ripe, containing seeds that is rich in bioactive compounds.[1,2]

Neem has been utilized for thousands of years in traditional medicine 
across various cultures, particularly in Ayurveda. It is renowned for 
its diverse therapeutic properties, including antibacterial, antifungal, 
antiviral, anti-inflammatory, and antioxidant effects. Various parts 
of the plant – such as leaves, bark, seeds, and fruit – contain 
phytochemicals that contribute to its medicinal efficacy. The most 
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notable compound found in neem is azadirachtin, which serves as a 
potent insecticide and has shown promise in medical applications due 
to its ability to modulate biological processes.[3]

Importance of Antimicrobial Properties

The antimicrobial properties of neem are significant in combating 
various infections caused by bacteria, fungi, and viruses. Research 
has demonstrated that neem extracts exhibit inhibitory effects against 
numerous pathogens, including antibiotic-resistant strains, such as 
Staphylococcus aureus and Escherichia coli. These properties make neem 
a valuable candidate for developing new antimicrobial agents amid 
rising concerns over antibiotic resistance.[4]

Neem’s effectiveness against microbial growth can be attributed 
to its complex array of phytochemicals, which disrupt microbial 
cell walls and interfere with essential metabolic processes. 
This broad-spectrum antimicrobial activity positions neem as a 
critical resource in both traditional and modern medicine for 
treating infections that are difficult to manage with conventional 
antibiotics.[4]
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Role of Biotechnology in Exploring 
Plant-Based Antimicrobials [Table 1]

Biotechnology plays a pivotal role in harnessing the antimicrobial 
potential of neem through various innovative techniques. Advances in 
molecular biology allow researchers to isolate and characterize specific 
bioactive compounds from neem, facilitating the development of 
targeted therapies. Techniques such as high-throughput screening and 
genetic engineering enable the identification of novel antimicrobial 
agents derived from neem’s phytochemicals.[5,6]

Furthermore, biotechnological approaches can enhance the extraction 
processes of active compounds from neem, improving their efficacy 
and bioavailability. This includes optimizing solvent extraction 
methods and employing nanotechnology to create more effective 
formulations for clinical use.[2] As research continues to uncover the 
mechanisms behind neem’s antimicrobial properties, biotechnology 
will be instrumental in translating these findings into practical 
applications for human health.

This review underscores the importance of neem as a multifaceted 
plant with significant antimicrobial potential supported by both 
traditional knowledge and modern scientific inquiry.

Phytochemical Profile of A. indica

Active antimicrobial compounds

A. indica, commonly known as neem, is rich in various phytochemicals 
that exhibit significant antimicrobial properties. The primary active 
compounds identified include:

Azadirachtin
This is the most notable compound, known for its insecticidal 
properties and potential antimalarial activity. It disrupts cellular 
processes in pathogens, making it a critical component in neem’s 
antimicrobial efficacy.[7]

Nimbin
Another important bioactive, nimbin has shown anti-inflammatory 
and antimicrobial effects, contributing to neem’s traditional use in 
treating infections.

Terpenoids
These compounds, including nimbidiol and gedunin, are known for 
their antibacterial and antifungal activities. They play a crucial role in 
the overall medicinal properties of neem.[8]

Flavonoids
Present in significant amounts, flavonoids have antioxidant and 
antimicrobial properties, enhancing the therapeutic potential of 
neem extracts.[9]

Saponins
These compounds exhibit surfactant properties that can disrupt 
microbial membranes, leading to cell lysis and death.[10]

Extraction Techniques for Bioactive 
Components

The extraction of bioactive components from neem is essential for 
utilizing its medicinal properties effectively. Various techniques are 
employed to isolate these compounds:

Maceration

This method involves soaking plant material in a solvent (such as 
ethanol or water) to extract phytochemicals. It is simple and effective 
for obtaining a wide range of bioactive compounds.[11]

Decoction

In this technique, plant materials are boiled in water to extract soluble 
compounds. This method is particularly useful for extracting tannins 
and phenolics.[11]

Filtration

Following extraction methods, such as maceration or decoction, 
filtration is used to separate solid residues from liquid extracts, 
ensuring a clear solution of bioactive compounds.[11]

Soxhlet extraction

This advanced method allows for continuous extraction of 
phytochemicals using a solvent, providing higher yields and purity of 
extracts compared to simpler methods.[12]

Phytochemical Diversity and Its Functional 
Implications

The phytochemical diversity of A. indica underlines its broad-spectrum 
therapeutic applications [Table 2].

The presence of diverse phytochemicals suggests that neem can be 
utilized in various therapeutic contexts, including:

Table 1: Antimicrobial activity of neem extracts against various 
pathogens

Pathogen Type of extract Minimum inhibitory concentration

Staphylococcus aureus Ethanol 0.5 mg/mL

Escherichia coli Aqueous 1.0 mg/mL

Candida albicans Ethyl acetate 0.25 mg/mL

Aspergillus niger Methanol 0.75 mg/mL

Microsporum gypseum Hexane 1.5 mg/mL

Table 2: Different parts of the plant (leaves, seeds, bark) contain 
varying concentrations of these bioactive compounds

Phytochemical component Leaves (%) Stem‑bark (%) Seeds (%)

Alkaloids 10.67 12.8 10.73

Flavonoids 13.8 12.8 13.1

Saponins 2.53 2.50 2.53

Terpenoids 13.13 13.13 12.77

Tannins Present Present Absent
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Antimicrobial treatments

The broad spectrum of activity against bacteria and fungi makes neem 
extracts suitable for developing natural antimicrobial agents.

Anti-inflammatory applications

Compounds, such as nimbin and azadirachtin can be harnessed to 
formulate treatments for inflammatory conditions.

Pest control

Neem’s insecticidal properties can be applied in agricultural practices 
as a natural pesticide, reducing reliance on synthetic chemicals.

Mechanisms of Antimicrobial Action of 
A. indica (Neem) [Table 3 and Figure 1]

This review focuses on the mechanisms through which neem exerts 
its antimicrobial actions, including its effects on bacterial cell walls 
and membranes, antifungal and antiviral mechanisms, and its role in 
biofilm inhibition and quorum sensing.

Effects on Bacterial Cell Walls and 
Membranes

Neem exhibits significant antibacterial activity primarily by targeting 
bacterial cell walls and membranes. The following mechanisms are 
critical.

Cell wall disruption

Neem extracts, particularly those derived from leaves and seeds, 
contain bioactive compounds such as azadirachtin and nimbidin 
that inhibit the synthesis of peptidoglycan, a crucial component of 
bacterial cell walls. This disruption leads to increased permeability 
and eventual lysis of bacterial cells. Studies have shown that 
ethanolic extracts of neem leaves demonstrate potent antibacterial 
activity against various pathogens, including S. aureus and E. coli, 
with minimum inhibitory concentrations (MICs) ranging from 
6.25  mg/mL to 125  mg/mL depending on the extract type and 
concentration used.[13]

Membrane integrity alteration

The active compounds in neem can also disrupt the lipid bilayer 
of bacterial membranes, resulting in leakage of cellular contents. 
This effect is particularly significant in Gram-negative bacteria, 
which are more susceptible to membrane disruption due to their 
thinner peptidoglycan layer compared to Gram-positive bacteria. 
Research indicates that neem oil and its extracts can induce significant 
membrane damage, contributing to the overall antibacterial efficacy.[14]

Antifungal and Antiviral Mechanisms

Neem’s antifungal properties are 
well-documented and involve several key actions

Inhibition of fungal growth
Neem extracts have demonstrated efficacy against various fungi by 
inhibiting spore germination and hyphal growth. Compounds, such 
as azadirachtin interfere with ergosterol biosynthesis, an essential 
component of fungal cell membranes. Studies indicate that ethanolic 
extracts exhibit higher antifungal activity compared to aqueous extracts 
against pathogens such as Candida albicans and Aspergillus niger, with MIC 
values showing significant inhibition at increasing concentrations.[3]

Antiviral activity
Neem has shown potential antiviral effects against viruses such as 
herpes simplex virus (HSV) and human immunodeficiency virus. 
Research indicates that neem extracts can inhibit viral replication by 
interfering with viral entry into host cells or disrupting viral assembly 
processes. For instance, neem bark extract has been reported to block 
HSV-1 entry into cells at concentrations ranging from 50 µg/mL to 
100 µg/mL.[15,16]

Role in Biofilm Inhibition and Quorum 
Sensing

Biofilms pose a significant challenge in treating infections due to their 
resistance to antibiotics. Neem demonstrates notable capabilities in 
combating biofilm formation through.

Disruption of biofilm formation

Neem extracts can significantly reduce biofilm formation by 
pathogenic bacteria. The active compounds inhibit the production of 
exopolysaccharides, which are crucial for biofilm stability. Studies have 
shown that neem leaf extracts effectively diminish biofilm biomass in 
pathogens such as Pseudomonas aeruginosa, enhancing the susceptibility 
of these bacterial communities to antimicrobial agents.[13]

Quorum sensing interference

Quorum sensing is a communication mechanism used by bacteria 
to coordinate group behaviors based on population density. Neem 
extracts have been found to disrupt these signaling pathways, thereby 
inhibiting the expression of virulence factors associated with biofilm 
development. This action not only reduces biofilm formation but also 
enhances the effectiveness of conventional antibiotics.

Table 3: Mechanisms of antimicrobial action of 
Azadirachta indica (Neem)

Mechanism Description Key compounds

Cell wall 
disruption

Inhibits peptidoglycan synthesis leading 
to lysis

Azadirachtin, 
Nimbidin

Membrane 
integrity

Alters lipid bilayer causing leakage Azadirachtin

Antifungal 
activity

Disrupts ergosterol biosynthesis; inhibits 
spore germination

Azadirachtin

Biofilm 
inhibition

Reduces exopolysaccharide production; 
disrupts biofilm structure

Neem leaf extract

Quorum sensing 
interference

Disrupts bacterial communication 
systems

Neem leaf extract
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Biotechnological Approaches in Studying 
A. indica (Neem)

Recent advancements in biotechnology have opened new avenues for 
studying neem at the molecular level, enhancing our understanding 
of its therapeutic potential. This review focuses on three key 
biotechnological approaches: Genomic and transcriptomic studies, 
metabolomics for identifying bioactive compounds, and advances in 
molecular cloning for compound production.

Genomic and Transcriptomic Studies

Genomic and transcriptomic studies are essential for understanding 
the genetic basis of neem’s medicinal properties. These studies involve:

Genome sequencing

The sequencing of the neem genome provides insights into its genetic 
makeup, enabling researchers to identify genes associated with 
the biosynthesis of bioactive compounds such as azadirachtin. This 
knowledge can facilitate targeted breeding or genetic engineering to 
enhance the production of these compounds.[17]

Transcriptomic analysis

By analyzing gene expression patterns under various conditions, 
researchers can identify key regulatory pathways involved in the 
production of secondary metabolites. For example, transcriptomic 
studies can reveal how neem responds to environmental stressors or 
pathogen attacks, which is crucial for optimizing cultivation practices 
and improving therapeutic compound yields.[18]

Functional genomics

This approach aims to elucidate the functions of specific genes 
identified through genomic studies. Techniques such as clustered 
regularly interspaced short palindromic repeats/Cas9 gene editing can 
be employed to modify genes related to bioactive compound synthesis, 
potentially leading to enhanced medicinal properties.

Metabolomics in Identifying Bioactive 
Compounds

Metabolomics is a powerful tool for identifying and quantifying the 
diverse array of metabolites produced by neem. This approach includes:

Profile analysis

Utilizing techniques such as gas chromatography-mass spectrometry 
and high-performance liquid chromatography, researchers can create 
comprehensive profiles of neem’s metabolites. This analysis aids in 
identifying bioactive compounds, including flavonoids, terpenoids, 
and alkaloids, which contribute to its medicinal properties.[19]

Biomarker discovery

Metabolomics can help identify specific biomarkers associated with 
neem’s therapeutic effects. Certain metabolites may correlate with 
anti-inflammatory or antioxidant activities, providing insights into 
their mechanisms of action.

Comparative metabolomics

By comparing metabolite profiles from different neem cultivars 
or extracts prepared using various methods (e.g., cold extraction 
versus heat extraction), researchers can determine which methods 
yield higher concentrations of desired bioactive compounds. This 
information is essential for optimizing extraction techniques in 
pharmaceutical applications.

Advances in Molecular Cloning for 
Compound Production

Molecular cloning techniques have advanced significantly, allowing 
for the efficient production of bioactive compounds derived from 
neem.

Gene cloning

Cloning genes responsible for synthesizing key bioactive compounds 
enables their expression in model organisms or cell cultures. For 
example, genes involved in azadirachtin biosynthesis can be cloned 
into microbial systems to produce this compound at scale.[20]

Synthetic biology

Advances in synthetic biology allow researchers to engineer 
metabolic pathways in microorganisms to produce neem-derived 
compounds. By introducing multiple genes involved in a biosynthetic 
pathway into a single host organism, it is possible to create strains 
capable of producing complex natural products, such as nimbolide 
or gedunin.[21]

Figure 1:  Processing of Neem Leaves into Powder and Ethanol Extract
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Cell suspension cultures

Plant cell cultures provide an alternative method for producing 
bioactive compounds without relying on whole plants. By establishing 
cell suspension cultures from neem tissues and optimizing growth 
conditions, researchers can induce the production of secondary 
metabolites in a controlled environment.[20]

Applications in Modern Medicine and 
Industry

Role in pharmaceutical formulations

A. indica (neem) has gained significant attention in modern medicine 
due to its diverse pharmacological properties. Its extracts and active 
compounds, such as azadirachtin, nimbidin, and nimbolide, are 
incorporated into various pharmaceutical formulations for their 
antimicrobial, anti-inflammatory, and antioxidant effects. Neem is 
utilized in the treatment of conditions such as.

Infectious diseases

Neem extracts have demonstrated efficacy against a range of 
pathogens, including bacteria, fungi, and viruses. They are being 
explored as alternatives to conventional antibiotics in treating 
infections caused by drug-resistant strains.[22]

Dermatological applications

Neem is widely used in topical formulations for treating skin 
conditions, such as acne, eczema, and psoriasis due to its anti-
inflammatory and antiseptic properties. Products containing 
Neem oil or extract are common in dermatological creams and 
ointments.

Oral health products

Neem is increasingly incorporated into oral hygiene products such 
as toothpaste and mouthwash due to its antibacterial properties that 
help combat plaque formation and gingivitis.

Potential in Agricultural Biopesticides

Neem has established itself as a potent biopesticide in agriculture. Its 
active compound azadirachtin disrupts the growth and reproduction 
of various insect pests while being non-toxic to beneficial insects and 
the environment.

Key Applications Include

Insect control

Neem-based formulations are effective against a variety of agricultural 
pests, including aphids, whiteflies, and caterpillars. They work by 
interfering with insect hormone systems, preventing growth and 
reproduction.[14]

Fungal disease management

Neem extracts also exhibit antifungal properties, making them useful 
for managing fungal diseases in crops without the adverse effects 
associated with synthetic fungicides.

Sustainable agriculture

The use of neem as a biopesticide supports sustainable agricultural 
practices by reducing reliance on chemical pesticides, promoting 
biodiversity, and minimizing environmental impact.

Uses in food preservation

Neem’’s antimicrobial properties extend to food preservation, where 
it is employed to enhance food safety and shelf life.

Natural preservative

Neem extracts can inhibit the growth of spoilage microorganisms and 
pathogens in food products. Their application can help extend the shelf 
life of perishable items while maintaining food quality.

Edible coatings

Research is exploring neem-based edible coatings for fruits and 
vegetables that can provide a barrier against microbial contamination 
while being safe for consumption.[20]

Challenges and Future Prospects

Challenges in large-scale production

Despite its numerous applications, several challenges hinder the large-
scale production of neem-derived products.

Cultivation issues

The variability in neem’s phytochemical composition based on 
geographical location and environmental conditions can affect the 
consistency of active compounds.

Processing techniques

Efficient extraction methods that preserve bioactivity while 
maximizing yield are needed for commercial viability.

Overcoming Resistance in Microbial Strains

As resistance to conventional antibiotics continues to rise, neem offers 
potential solutions but also faces challenges.

Resistance development

Continuous use of neem extracts may lead to the development of 
resistance among microbial populations. Research into combination 
therapies that integrate neem with other antimicrobial agents could 
mitigate this risk.
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Biotechnology-Driven Innovations for 
Enhanced Efficacy

Future research should focus on biotechnological innovations that 
enhance the efficacy of neem-derived products.

Genetic engineering

Advances in genetic engineering can be employed to optimize neem 
plants for higher yields of bioactive compounds or improved resistance 
to pests and diseases.

Nanotechnology

Incorporating neem extracts into nanocarriers could enhance their 
bioavailability and targeted delivery, improving therapeutic outcomes 
in medical applications.[22]

Conclusion

The phytochemical profile of A. indica (neem) reveals diverse 
bioactive compounds with significant antimicrobial and therapeutic 
potential. Its ability to combat microbial infections and applications 
in pharmaceuticals, agriculture, and food preservation highlights its 
importance in sustainable practices.

Future directions for research

Future studies should focus on scalable production, tackling microbial 
resistance, and leveraging biotechnology to enhance neem-derived 
products. Advancing our understanding of its mechanisms of action 
will solidify its role in healthcare and agriculture.

References

1.	 Wylie MR, Merrell DS. The antimicrobial potential of the Neem tree 
Azadirachta indica. Front Pharmacol 2022;13:891535.

2.	 Subapriya R, Nagini S. Medicinal properties of Neem leaves: A review. Curr 
Med Chem Anti Cancer Agents 2005;5:149-56.

3.	 Herrera-Calderon O, Ejaz K, Wajid M, Shehzad M, Tinco-Jayo JA, Enciso-
Roca E, et al. Azadirachta indica: Antibacterial activity of neem against different 
strains of bacteria and their active constituents as preventive in various diseases. 
Pharmacogn J 2019;11:1597-604.

4.	 Mohideen M, Izzati Zainal Abidin NS, Idris MI, Kamaruzaman NA. An 
overview of antibacterial and antifungal effects of Azadirachta indica crude 
extract: A narrative review. 2022;15:505-514.

5.	 National Research Council, Board on Science, and Technology for International 

Development. Neem: A Tree for Solving Global Problems. United States: 
National Academies Press; 1992.

6.	 Alzohairy MA. Therapeutics role of Azadirachta indica (Neem) and their active 
constituents in diseases prevention and treatment. Evid Based Complement 
Alternat Med 2016;2016:7382506.

7.	 Srivastava SK, Agrawal B, Kumar A, Pandey A. Phytochemicals of Azadirachta 
indica source of active medicinal constituent used for cure of various diseases: 
A review. J Sci Res 2020;64:385-90.

8.	 Saleem S, Muhammad G, Hussain MA, Bukhari SN. A comprehensive review 
of phytochemical profile, bioactives for pharmaceuticals, and pharmacological 
attributes of Azadirachta indica. Phytother Res 2018;32:1241-72.

9.	 Khanal S. Qualitative and quantitative phytochemical screening of Azadirachta 
indica Juss. plant parts. Int J Appl Sci Biotechnol 2021;9:122-7.

10.	 Ujah II, Nsude CA, Ani ON, Alozieuwa UB, Okpako IO, Okwor AE. 
Phytochemicals of neem plant (Azadirachta indica) explains its use in traditional 
medicine and pest control. GSC Biol Pharm Sci 2021;14:165-71.

11.	 Virshette SJ, Patil MK, Deshmukh AA, Shaikh JR. Phytochemical analysis 
of different extract of Azadirachta Indica leaves. Int J Pharm Sci Rev Res 
2019;59:161-5.

12.	 Hikaambo CN, Kaacha L, Mudenda S, Nyambe MN, Chabalenge B, Phiri M, 
et al. Phytochemical analysis and antibacterial activity of Azadirachta indica leaf 
extracts against Escherichia coli. Pharmacol Pharmacy 2022;13:1-10.

13.	 Francine U, Jeannette U, Pierre RJ. Assessment of antibacterial activity of 
neem plant (Azadirachta indica) on Staphylococcus aureus and Escherichia coli. 
J Med Plants Stud 2015;3:85-91.

14.	 Chibuzo UC. Antimicrobial activity of Azadirachta indica (neem) leaf extract on 
some bacteria. Int J Curr Microbiol App Sci 2019;8:431-7.

15.	 Gupta A, Ansari S, Gupta S, Narwani M, Gupta M, Singh M. Therapeutics role 
of neem and its bioactive constituents in disease prevention and treatment. 
J Pharmacogn Phytochem 2019;8:680-91.

16.	 Akhter R, Sarker MW. Antimicrobial activity in leaf extract of neem in broiler. 
Res Agric Livestock Fish 2019;6:337-43.

17.	 Sarkar S, Singh RP, Bhattacharya G. Exploring the role of Azadirachta indica 
(neem) and its active compounds in the regulation of biological pathways: An 
update on molecular approach. 3 Biotech 2021;11:178.

18.	 Baby AR, Freire TB, Marques GD, Rijo P, Lima FV, Carvalho JC, et al. 
Azadirachta indica (Neem) as a potential natural active for dermocosmetic and 
topical products: A narrative review. Cosmetics 2022;9:58.

19.	 Santos KS, Costa C, Bessa MJ, Teixeira JP, Muniz AV, Padilha FF, et al. Azadirachta 
indica A. Juss (neem) phenolic extract inhibits human B-lymphoblastoid cells 
growth via cell cycle arrest, apoptosis induction, and DNA damage. Explor 
Foods Foodomics 2023;1:130-42.

20.	 Ferreira AP, De Mendonça DE, Dos Santos Oliveira JA, Conte H. Neem 
(Azadirachta indica A. Juss) as a biotechnological tool: A  short review. 
LUMINÁRIA 2020;22:28-35

21.	 Saiqali MA, Nakuluri K, Reddy AV, Ghori SS, Sudhani HP. In silico approaches 
of Azadirachta indica polypeptides exhibiting antimicrobial and anticancer 
potential. 2024;15: 73-86.

22.	 Eid A, Jaradat N, Elmarzugi N. A review of chemical constituents and traditional 
usage of neem plant (Azadirachta Indica). Palest Med Pharm J 2017;2:3.


