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Phytotherapeutic Potential of Azadirachta indica: Modulating SARS-CoV-2 Viral Entry and the Endothelial Pro-inflammatory Cascade


Abstract
Azadirachta indica (neem) is a versatile medicinal plant with potent antiviral, anti-inflammatory, and immunomodulatory properties. This study evaluates its phytotherapeutic potential in modulating SARS-CoV-2 entry and the subsequent pro-inflammatory cascade. Bioactive constituents, including azadirachtin, nimbolide, and quercetin, interact with the viral spike protein and host receptors like ACE2 and Neuropilin-1 (NRP1) to block viral attachment. Furthermore, neem extracts significantly reduce viral replication in human lung cells. By inhibiting the NF-κB pathway and reducing pro-inflammatory cytokines such as TNF-α and IL-6, neem helps mitigate the "cytokine storm" and prevents multi-organ dysfunction associated with severe COVID-19. Its antioxidant capacity further protects the vascular endothelium from oxidative stress and tissue damage. While in vitro and in vivo results are promising, clinical trials are essential to confirm the safety and efficacy of neem as an affordable, sustainable adjuvant in evidence-based COVID-19 management.
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Introduction
Local to the Indian subcontinent, neem (Azadirachta indica) is a fast-growing evergreen tree that belongs to the Meliaceae family. Due to its numerous restorative benefits, it has long been utilised in Ayurvedic, Unani, and other restorative frameworks [1]. More than 130 physiologically dynamic substances, such as azadirachtin, nimbolinin, and quercetin, have been found in neem as of late. These compounds have antibacterial, anti-inflammatory, antioxidant, and anticancer properties [2,3]. Investigation demonstrates that neem extracts have the capacity to modify a number of cellular pathways, including p53(tumor protein p53), NF-κB (Nuclear Factor kappa-light-chain-enhancer of activated B cells) , and VEGF (Vascular Endothelial Growth Factor), suggesting that they may be used to treat conditions like prostate cancer. Items made from neem are moreover being explored for use as biopesticides in sustainable farming, in dentistry, and in food security [4]. Azadirachta indica (neem), the neem plant, is a medium- to large-sized, fundamentally particular evergreen tree. The leaves are pinnately complex, with 8–18 dim green, reflexive, lanceolate, serrated leaves. Youthful takes off have a ruddy tint. These clearings are prized for their restorative qualities and develop, instead, on branches. In the spring, pollinators like bees are drawn to the fragrant, little, white sprouts that develop in gigantic clusters called panicles. The neem tree can flourish in dry and drought-prone zones due to its profound and wide root framework, which makes a difference to uproot it immovably in the ground. The trunk is tough, upright, and coated in harsh, broken, dull, and dim bark. A profound, circular canopy that offers a bounty of shade is shaped by the tree's broadly scattered branches. These auxiliary components work together to deliver the neem plant, a versatile and beneficial tree that is well known for its environmental and restorative properties. The leaves, flowers, seeds, natural products, roots, and bark of neem (Azadirachta indica) are utilised to treat a variety of illnesses, making it a fundamental part of conventional medicine [5,6,7]. Neem has long been utilised to treat skin conditions, dental issues, fever, infections, and irritation. Anti-inflammatory, antihyperglycemic, antiulcer, antimalarial, antifungal, antibacterial, antiviral, antioxidant, antimutagenic, and anticarcinogenic qualities are all shown by its constituents. Intestinal helminthiasis, disease, and respiratory conditions have all been treated with neem oil.[8]

Table  1 : Scientific classification of Azadirachta indica
	Scientific classification

	Kingdom:
	Plantae

	Clade:
	Tracheophytes

	Clade:
	Angiosperms

	Clade:
	Eudicots

	Clade:
	Rosids

	Order:
	Sapindales

	Family:
	Meliaceae

	Genus:
	Azadirachta

	Species:
	A. indica







[image: ]
Figure 1: Azadirachta indica

Introduction to Sars CoV 19
The Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) causes COVID-19. Like SARS-CoV and the Middle East respiratory syndrome (MERS) virus, this enveloped virus has a positive-sense, single-stranded RNA genome. A distinctive feature of COVID-19 is its potential to affect multiple organs in severe cases, resulting in multiple organ dysfunction syndrome (MODS) and, in the worst cases, significant morbidity and mortality. Additionally, comorbidities such as obesity, diabetes and its complications, cardiovascular disease, and advanced age raise the risk for severe COVID-19.[9,10] It has been shown that the key role of the vascular endothelium (VE) is the most direct and coherent explanation for this propensity toward MODS. This results from the VE's seamless integration with the body's vascular bed, linking all major organs and systems (heart, lungs, kidneys, liver, and brain).[11] Hyperinflammation caused by SARS-CoV-2 leads to the uncontrolled release of pro-inflammatory mediators, including cytokines, chemokines, reactive oxygen species, nitric oxide, oxidative stress, and acute phase proteins (for example, C-reactive protein). In the most severe cases, this produces a cytokine storm.[12] A potential approach to preventing COVID-19 is either displacing the virus bound to the VE or blocking its binding.[13]
Table 2 : Medicinal benefits of various parts of the neem tree 

	Parts 
	Medicinal Benefits 

	Gum 
	Effective against skin diseases like ringworm, scabies, wounds

	Root, Bark, Leaves
and fruit together 
	Skin Ulcer, Burning Sensation, Itching, Blood Morbidity, Biliary Affliction and Leprosy

	Twig 
	Relieves Asthma, Piles, Urinary Disorder, Eye Problems, Diabetes and

	Oil 
	Intestinal Worms and Leprosy

	Seed pulp 
	Intestinal Worms and Leprosy

	leaf 
	Anorexia, Intestinal Worm, Skin Ulcer

	Flower 
	Bile Suppression, Elimination of Intestinal Worm and
Phlegm



Ethnobotanical Use of Azadirachta indica (neem)
Because of its many antiseptic, antibacterial, and insect-repelling qualities, neem (Azadirachta indica) is a fundamental plant in Indian traditional medicine (Ayurveda) and folklore. Every component is utilized: twigs serve as natural toothbrushes, leaves cure fever and skin conditions, and oil has domestic, agricultural, and medical uses.[14]

Table   3 : Primary Ethnobotanical Uses of Plant Part
	Plant Part
	Primary Ethnobotanical Uses

	Leaves
	Used for skin disorders (eczema, psoriasis), chickenpox rashes, and as an anthelmintic (to expel worms). They are also used as a natural insect repellent in stored grains.

	Twigs (Datun)
	Traditionally used as "chew sticks" for oral hygiene to prevent gum disease and tooth decay due to their antimicrobial properties.

	Seeds & Oil
	Neem oil is applied topically for leprosy, skin infections, and rheumatism. It is also a potent traditional pesticide and spermicide.

	Bark
	Used as an analgesic and for treating fever (antipyretic), especially in cases of malaria.

	Flowers
	Consumed in traditional cuisine (like Vishu Kani in South India) for its digestive benefits and to eliminate intestinal bile.



Chemical constituents and properties of Azadirachta indica (neem) 
Azadirachtin
The adequacy of azadirachtin, a substance delivered from neem, in controlling bothers has been illustrated by later studies. Investigation has shown that it is exceptionally noxious to bothers such as the ruddy imported fire ant (Solenopsis invicta), with median lethal doses (LD₅₀) as low as 0.200 ng per insect.[14] Moreover, there is an eminent exchange of azadirachtin among these ants, which results in tall auxiliary and tertiary mortality rates. These findings highlight the potential of azadirachtin as a biopesticide for controlling attacking creepy crawly species.[15]
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Fig. 2 : Azadirachtin
Quercetin 
Quercetin is a polyphenolic flavonoid featuring a flavone core and two benzene rings joined by a heterocyclic pyrone ring. It exhibits a wide range of biological activities. Its structure is the basis for the drug flavopiridol, currently in clinical trials. Phenolic compounds in food plants include flavonoids. These include condensed tannins, procyanidins (catechin dimers with 4,8 linkages), and flavonoids such as flavan-3-ols (catechins) and flavan-3,4-diols (quercetin, myricetin, and kaempferol). Benzoic and cinnamic acids are precursors to phenolic acids.[16,17] A common flavonoid form is a glycoside. For example, as the 3-O-glycoside, the aglycone quercetin is linked to either rutinose (rutin) or rhamnose (quercetrin).[18] The identification and separation of over 4,000 naturally occurring plant phenolics was first described by Szent-Gyorgyi in 1936. Quercetin is one of these. Flavonoids are common dietary components.[19] Flavonoids have been associated with clinically important roles, such as antihypertensive, antiarrhythmic, anti-inflammatory, antiallergenic, hypocholesterolemic, platelet and mast cell stabilisation, antihepatotoxic, antifertility, and antitumor activities. In plant physiology, flavonoids have a long evolutionary history.[20] They respond to light and regulate auxin levels, which control plant growth and differentiation. Neem plants also exhibit antibacterial and antifungal properties.[21]
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Fig.3 : Quercetin                                                                      Fig. 4: Rutin
Gallic Acid 
Gallic corrosive (3, 4, 5-trihydroxicbenzoic corrosive), a well-known polyphenol, was found by Carl Wilhelm Scheele. It is a sour-tasting, grey powder that turns litmus ruddy, effervesces in calcium carbonate arrangement, and breaks down effortlessly in ethanol.[22] The truth that an immaculate GA is a crystalline, colourless powder is presently by and large recognised in numerous plants. It can be broken down by glycerol, ether, and liquor in addition to being soluble in water. It is, for all intents and purposes, insoluble in petroleum ether, chloroform, and benzene. Against an assortment of tumour cells, it shows particular cytotoxicity. Gallic acid is an endogenous polyphenol plant that is copious in wine, tea, grapes, berries, and other natural products.[23,24] Solid anti-inflammatory, anti-cancer, antimutagenic, and antioxidant properties are shown by gallic acid. Gallic acid's preventive impact against chemically initiated carcinogenesis has moreover been affirmed by studies. [25]
Fig.5 :  Gallic Acid [image: ]
Catechin
The word "catechu" comes from the catechu extract of Acacia catechu L. Catechin is a 3, 3', 4', 5, 7-pentahydroxyflavan that contains two steric shapes of catechin and its enantiomer. Besides, the chemical family title of the compounds inferred from catechin is alluded to as "catechin" in common.[26] Tea, which is made from the leaves and buds of the Camellia sinensis plant, is one of the best sources of catechins. Its essential catechin, epigallocatechin-3-gallate (EGCG), gives various health benefits for individuals, such as anti-inflammatory, hepatoprotective, neuroprotective, anti-cancer, anti-obesity, and antidiabetic properties.[27] Various human epidemiological and clinical considerations on tea have given proof for its anticancer qualities, in spite of reports of investigations with clashing comes about. Creature and cell-based tests have also affirmed these results.[28]
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Fig. 6: Catechin
Mechanism of SARS-CoV-2 infection (COV-19) 
One of a wide assortment of enveloped, non-segmented, positive-sense single-stranded RNA infections, the coronavirus is displayed in a wide range of creatures, counting mutts, cats, bats, and camels. These infections are called coronaviruses due to their structure, which is very similar to a crown. Human and creature infections are caused by coronaviruses. Four human coronavirus strains—OC43, NL63, HKU1, and 229E—have been recognised as able to contaminate the upper respiratory tract and cause mild side effects.[29,30]
SARS-CoV-2 is a beta coronavirus that offers 79% of its genetic sequence with SARS-CoV and 98% with the RaTG13 coronaviruses found in chrysanthemum bats. In differentiation, SARS-CoV and MERS are three human coronavirus strains that have been known to contaminate the lower respiratory tract and cause pneumonia, which can be lethal. Moreover, the immunopathogenesis of SARS-CoV and SARS-CoV-2 is indistinguishable, leading to aviation route damage. The essential cause of passing is found to be the respiratory disappointment caused by the ARDS condition, which shows up in a constrained rate of SARS-CoV-2 infections.[31,32]
Furthermore, the intrinsic resistant framework produces more fiery cytokines when immunological reactions to viral infections increase, driving to the improvement of "Cytokine Storm Disorder" (CSS). This malady causes wild irritation, which compounds different organ disappointment and eventually leads to death. From these discoveries, we may in this way draw the conclusion that viral contaminations are not exclusively responsible for the devastation of aviation routes and that the have resistant reaction plays a critical part in the advancement of sickness. It has moreover been found that the seriousness of the infection is related to advanced age and comorbidities. The pathogenesis of COVID-19 starts when the infection attaches itself to cells in the lungs, including alveolar macrophages, endothelial cells, airway epithelial cells, and alveolar epithelial cells.[33,34] Since each of these cells produces the target receptor Angiotensin Changing over Chemical (ACE2), they are all vulnerable to coronaviruses. Aspiratory ACE2 expression diminishes after contamination, and this loss of ACE2 may be the cause of the disease's declining symptoms. It is broadly recognised that ACE2 controls the Renin-Angiotensin System (RAS), which directs blood pressure, fluid and electrolyte levels, and more. Individuals contaminated with SARS-CoV-2 have illustrated RAS framework impedance. Four proteins—spike-S, envelop-E, membrane-M, and nucleocapsid-N—as well as a 29,900-nucleotide single-stranded RNA genome make up the crown virion.[35]
Target cells that express ACE2 on their surface are less difficult for the infection to connect with, much obliged to the SARS-CoV-2 spike (S) protein. In expansion to ACE2, the serine protease TMPRSS2 is known to serve as a preparation stage for the S protein, which encourages SARS-CoV-2 section into the have cell. The cause of the far-reaching transmission of SARS-CoV-2 is, however, obscure.[36] The protease Furin cleaves the full-length S glycoprotein into the polybasic S1 and S2 polypeptides, uncovering the CendR theme (Arg-ArgAla-Arg) in the S1 polypeptide, which makes a difference in the infection to enter cells through the Neuropilin-1 (NRP1) receptor. Various human tissues, such as blood vessels, neurons, and the respiratory framework, express NRP-1.[37]
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[bookmark: _GoBack]Figure 7: Mechanism of SARS-CoV-2 infection
Thus, NRP is the moment most imperative to have receptor ensnared in SARS-CoV-2 disease and seems to be a target for COVID-19 treatment. Maleinanhydride and other compounds determined from neem leaves may have COVID-19 hindering properties, according to the latest studies. Neem clears out to avoid the COVID-19 infection from entering the human cell by blocking ACE2 receptors and bringing down blood sugar levels.[38] Vitamins C, E, and K, which are found in neem, have immunomodulatory properties. Agreeing to an in silico docking consideration, Nimbolin A has the most extreme official free energy to the film (M) and envelope (E) proteins on the COVID-19 infection, which are fundamental for the virus's generation.[39]
As a result, we can conclude that neem is a potential source of antiviral drugs in the future. Neem (Azadirachta Indica) may offer assistance in treating a few illnesses, including alveolar harm, pneumonia, and intense lung damage. Azadirachtin, nimbolinin, nimbolide, quercetin, and betasitosterol are among the bioactive compounds found in neem.[40,41] They are known to have anti-inflammatory, antioxidant, and antiviral properties. Another ponder utilizing a mouse model of cigarette smoke (CS)-induced lipopolysaccharide (LPS)-induced pneumonic aggravation appears that Neem leaf extract (NLE) treatment prevented intense lung damage and altogether diminished neutrophil and macrophage penetration into BAL fluid.[42]
Use of Azadirachta indica in COVID-19 Management 
Antiviral effect: Neem (Azadirachta indica) contains bioactive compounds such as azadirachtin, nimbolide, and quercetin, which have shown antiviral effects against SARS-CoV-2 and other viruses in laboratory studies.[43]
Inhibition of Viral Entry: Neem bark extract has been found to bind to multiple regions of the SARS-CoV-2 spike protein, potentially blocking the virus's ability to enter host cells. 
Reduction in Viral Replication: Studies have demonstrated that Neem bark extract decreases viral replication in human lung cells, suggesting its potential as both a preventive and therapeutic agent.[44]
Broad-Spectrum Activity: Due to its ability to target different viral proteins, Neem shows promise against emerging coronavirus variants with spike mutations.[45]
Immune Modulation: Neem is known to boost the immune system by stimulating the production of cytokines, enhancing the body's ability to fight viral infections.[46]
Anti-inflammatory Effects: Neem compounds reduce inflammation by inhibiting pro-inflammatory cytokines, which play a role in the severe symptoms of COVID-19.[47]
Antioxidant Support: Neem’s antioxidant properties help mitigate oxidative stress caused by viral infections, which can damage cells and tissues.[48]
Preventive Potential: Neem-based formulations have been proposed as preventive medications to reduce the risk of severe illness from COVID19, like penicillin’s role in bacterial infections.[49]
Natural and Sustainable: As a plant-based remedy, Neem offers an affordable and accessible option for antiviral therapy, particularly in low-resource settings.
Neem leaf acetone-water extract as a potential mitigation strategy against COVID-19.
An acetone-water extract of Azadirachta indica (neem) freed the imprisoned pRBCs from the VE. This made it possible for them to be sent to the spleen for immunological destruction and systemic removal. In vitro and vivo, the same Neem extract has also been demonstrated to stop HIV from invading human lymphocytes.[50] Consequently, the Neem acetone-water extract exhibited a broad-spectrum effect by inhibiting the adhesion of cancer cells, the invasion of HIV into human lymphocytes, and the infection of pRBCs by malaria.[51]
It is logical to assume that the same acetone-water neem leaf extract would be useful in preventing SARS-CoV-2, the agent that causes COVID19, from attaching to the cells, considering these findings, particularly the fact that the RBCs bind to the VE similarly to the SARS-CoV-2 virus. Given that the VE underlies the different pathologies, multi-organ involvements, and disease severities, this would be a game-changer in the fight against COVID-19.[52] One benefit is that, if the extract works as planned, it would be possible to deliver it in a straightforward way, such as food or a nutritional supplement or as an adjuvant to another medication, such as remdesivir.[53]
Since the beginning of time, nature has always given people the tools they need to get better from sickness and disease. Azadirachta indica has been known for a long time as a trustworthy and reliable source of herbal medicine for many different diseases and conditions. When taken as an isolated extract, this acetone-water mixture is one of the many ways that Neem phytochemicals (either alone or in conjunction with other ingredients) protect people from a variety of different infections.[54]
Binding to SARS-CoV-2 Spike Protein 
Neem bark extract interacts with multiple regions of the virus's spike protein, potentially blocking its entry into human cells.[55]
Reduction of Viral Replication: Experiments in human lung cells have demonstrated that Neem significantly reduces viral replication and spreads post-infection.[56]
Preventive and Therapeutic Role 
Neem, as a preventive treatment, akin to antibiotics for bacterial infections, can reduce hospitalisation and mortality in COVID-19 patients.[57]
Other pharmacological action of neem: Antiviral Activity
A broad-spectrum antiviral pharmaceutical is neem. It works well against both bovine and human infections. In Indian conventional therapeutic frameworks like Ayurveda, neem leaves, bark, and seeds have been utilised to treat regular viral fevers. Analysts from all around the world have found that it works well against an assortment of infections.[58] It has appeared in various studies to be successful against different infections. 
· HIV: Neem has been shown to lower viral load and raise CD4 numbers in HIV. 
· Herpes Simplex Infection (HSV): It was found that neem bark extract restrains the infection. A glycolipid gotten from Azadirachta indica has antiherbicide properties. After utilising Neem, it was found that the generation of IL-12, TNF-α, IL-1β, and IL-6 had diminished.
· Dengue: Investigate has appeared that it works well against the Dengue sort 2 infection, chickenpox, and smallpox.
· The Coxsackie B infections that cause HFMD (hand, foot, and mouth disease)
· It is moreover useful in avoiding hepatitis B and C. 
· Influenza Infection: Neem compounds may one day be utilised as an all-inclusive medicine to treat flu strains. 
· Studies have illustrated that neem extract can be utilised to prevent herpes infections from tainting sound cells.[59]

Immunomodulatory Effects 
Both innate and adaptive immunity are strengthened by neem. It addresses the cytokine storm in severe COVID-19 by modifying immune responses by lowering pro-inflammatory cytokines and raising interferons.[60]
Anti-inflammatory Properties 
TNF-α and IL-6, two inflammatory indicators, are decreased by neem extracts and reduce systemic inflammation, a major contributor to COVID-19 problems, by modifying the NF-κB pathway.
According to the comparison between Neem and Dexamethasone, Neem leaves do have anti-inflammatory qualities that are like those of Dexamethasone.[61]
Anti-Diabetic properties of neem 
Studies have also demonstrated that neem leaves and seeds have antidiabetic qualities by successfully reducing blood glucose levels with negligible or no adverse effects. They are known to have hepatoprotective, immunostimulant, hypolipidemic, and hypoglycemic effects.[62]
Antioxidant Activity 
The antioxidant qualities of the neem help fight against oxidative stress brought on by SARS-CoV-2 infection. By scavenging free radicals, it stops cellular damage.[63]
Symptomatic Relief 
Neem helps COVID-19 patients manage their fever and bodily pain because of its analgesic and antipyretic qualities. It has been suggested that neem mouthwash and gargles can lessen the number of viruses in the oropharyngeal area.[64]
Hepatoprotective action of Azadirachta indica leaves. 
Studies on rats' liver damage caused by CCl4 have also demonstrated that neem leaves can repair damaged hepatocytes. It works well as a hepatoprotective.[65]
Neem leaf extract has schizonticide and gametocytocidal activities. 
Neem is an effective antimalarial drug. Both the asexual and sexual forms of Plasmodium falciparum were successfully combatted with an extract of neem leaves.[66]
Case Study for Neem Capsule in Covid 19 Management
They have studied assessed neem capsules for the prophylaxis of COVID-19 in high-risk individuals. Those who took 50 mg of neem extract twice a day had a 55% lower risk of getting sick than those who took a placebo. The intervention was determined to be safe, exhibiting minimal adverse events.[66]
The research assessed the safety and biological effects of a proprietary neem-leaf extract (50 mg) administered bi-daily for 28 days.
Safety and Tolerability 
· Adverse Events: There were very few treatment-emergent adverse events (TEAEs), affecting only 5.3% of the intervention group.Severity: All of the side effects that were reported were mild (Grade 1 or 2) and went away on their own without any extra medicine.
· Common Side Effects: The neem group had the most problems with their stomachs, like not wanting to eat and pain in their stomachs.
· Clinical Stability: No major changes were seen in vital signs, blood tests, biochemistry tests, or ECG readings.
Changes in Biomarkers
· Immune Response: The intervention group had a statistically significant rise in Immunoglobulin G (IgG) levels (P=.02) from baseline to day 29.
· Inflammatory Markers: Interleukin-6 (IL-6) and C-reactive protein (CRP) levels stayed clinically stable and did not show any big differences between the neem and placebo groups.
· Interpretation: Researchers observed that although the increase in IgG was statistically significant, the considerable variability in the data indicates that these changes were clinically insignificant for this pilot study.[67]

The Use of Azadirachta indica in the Food Industry 
In later a long time, neem has picked up acknowledgement as a secure and viable broad-spectrum antimicrobial with applications in the food industry extending from food production and storage to packaging and human consumption. [68] Neem was, to begin with, presented as an all-inclusive, capable pesticide and fertiliser for use in agriculture. A few bacterial species, such as Campylobacter, Lactobacillus, and Carnobacterium spp., might affect the product's quality and security during the meat preparing handle.[69] All these possibly hurtful species are helpless to the antibacterial properties of neem cake extract, a byproduct of the fabrication of neem seed oil.[70]
Besides,they have found that neem leaf and bark supplements successfully killed Escherichia coli O157:H7 from refined bovine fertiliser; since this strain of E. coli was disconnected from an O157:H7 flare-up in apple juice, these discoveries may have wide-ranging suggestions on ranches where crops and plantations are commonly found close cattle. Antibiotic-resistant Vibrio parahaemolyticus poses a risk to human and shrimp wellbeing when it comes to the aquaculture of shrimp, which is another source of protein for human utilisation. [71,72]
In vitro and in vivo tests conducted as part of a comprehensive examination into the conceivable applications of neem in this division uncovered that watery neem extract significantly expanded shrimp survival by 76% when compared to the untreated control and had a MIC against V. parahaemolyticus of 62.5 mg/ml. Capacity and/or pressing is one of the final stages in the production of human food free of pathogens.[73] In later a long time, a few studies have shown that neem leaf extracts, neem oil, and other plant-based compounds (such as turmeric and curcumin) may be incorporated into nourishment conservation movies made from polyethene or sustainable materials like ocean growth.[74]

In addition to being UV light-blocking and shelf-stable, the resultant composite movies show improved antifungal and antibacterial properties against Candida albicans and an assortment of Gram-positive and Gram-negative microbes, such as S. aureus, E. coli, Pseudomonas aeruginosa, and Bacillus subtilis.[75] Besides, numerous later distributions that detail the following illustrate A. Indica's capacity to hinder the activities of food-spoiling organisms: 
1) Neem oil's capacity to halt the development of Aspergillus Carbonari us, an organism that ruins grape items, and to halt a few strains of this organism from creating mycotoxin 
2) Neem leaves' capacity to halt Aspergillus parasiticus from creating aflatoxins when rice, wheat, and maize are stored for an extended period 
3) The 10% restraint of Aspergillus flavus and A. parasitic us by neem seed methanol and ethanol extracts in the setting of maize capacity 
4) The capacity of certain neem seed, bark, and leaf extricates to avoid 72–100% of the development of the three fundamental organisms that cause potato ruining: Aspergillus Niger, Fusarium oxylobium, and Pythium spp. 
5) The capacity of watery neem leaf extract to detoxify aflatoxin B1 and ochratoxin A in vivo, as well as to stifle the development of A. Niger and A. parasiticus.[76]
Neem is used in HIV 
HIV and Neem HIV, regularly known as the human immunodeficiency virus, is without a doubt one of the most perilous infections affecting individuals nowadays. More than a million new cases of HIV contamination have been reported yearly since the virus's discovery in the early 1980s. Hundreds of thousands of people lose their lives to HIV infection each year. Antiretroviral treatment (AVT) is a demonstrated strategy of decreasing viral load and ceasing the progression of the disease, but it is expensive, requires deep-rooted upkeep, and has negative impacts.[77,78] To this conclusion, common items, such as those gotten from A. indica, that are customarily utilized for HIV-associated diseases, have been investigated for their capacities to protect the CD4+ T cell populace that is helpless amid HIV contamination, to diminish determined safe actuation amid Craftsmanship, and to diminish the harmfulness of Craftsmanship drugs. Neem leaf extract, for example, has been found in constrained trials to be both safe and compelling in increasing CD4+ T cell counts in HIV patients when taken daily.[79,80] Moreover, compared to the group accepting Craftsmanship, this HIV quiet bunch had superior T cell counts and fewer markers of hepatic and renal damage when A. indica and Senna leaf extricates were administered in addition to Craftsmanship. An in-vitro ponder utilizing fringe blood cells determined from contaminated and uninfected individuals was conducted to examine the potential for T cell consumption in HIV-infected patients.[81] The lymphocytic reaction after enterotoxin presentation appeared that A. indica extricates, but not extricates from two other plants, may diminish CD4+ T cell activation in a concentration-dependent way without impacting the capacities of common T cells. In general, these discoveries lend trustworthiness to the idea that neem has immunomodulatory properties that can be utilised to boost the viability of particular treatments and upgrade the well-being of individuals with persistent infections, including HIV.[82]
Neem is used as a fumigant and pesticide.
Neem trees have been utilised to battle bugs in homes, offices, and agriculture. Neem bug fumigant in a vaporous frame serves as a disinfectant and a pesticide. In a few nations, it is utilised commercially by agriculturists and agriculturalists. Since it is non-toxic and safe for the environment, this all-natural item is being traded.[83] Neem-derived fumigant is becoming more noteworthy in developing countries, where coincidental utilisation of synthetic fumigants is said to be the cause of numerous fatalities every year. Since they are more effective at controlling bothers, bug sprays are broadly utilised in agriculture. The negative impacts that engineered pesticides have on plants, soil, and other living things are by and large getting to be more widely known.[84] Thus, there has been a recognisable worldwide move away from manufactured pesticides and toward non-synthetic ones. Neem bug spray producers have an awesome chance to make cash due to the growing demand for natural or organic pesticides.[85]
Neem is utilised as a biodiesel. 
Neem trees begin yielding harvestable seeds in three to five years, accomplish their greatest production in ten years, and keep on creating seeds until they are 150 to 200 years old. A developed neem tree can deliver 30 to 50 kg of natural product a year. It is estimated that there are nearly 20 million neem trees in India. Expecting a 10% bit abdicate, Indian neem trees can yield 1 million tons of natural products and 0.1 million tons of parts every year. Oil makes up between 40–60% of neem seeds. [86,87] Utilising a preservationist gauge of 30% oil substance, India's neem oil production might reach 30,000 tons every year. Neem oil regularly has an impactful scent, a severe taste, and a tone that ranges from light to dark brown. Terpenoids, which provide nourishment to its biting flavour, make up a noteworthy portion of the food's essential nutrients along with triglycerides.[88] Neem (Azadirachta Indica) oil is one of the oils most suited for utilisation as biodiesel among the greasy corrosive profiles of seed oils of 75 plant species that have at slightest 30% settled oil in their seeds or parts.[89]
Neem is used in environmental protection.
Neem is accepted to expel hurtful substances from the environment and discuss. The shadow of the neem tree is thought to keep things cool and halt the development of a few perilous maladies. The temperature underneath the neem tree is approximately 10 degrees Celsius cooler than the surrounding area amid the strong heat. In locales where dryness is an issue, it is one of the few trees that can give shade.[90]
Conclusion 
Owing to the truth of Azadirachta indica, its antiviral, immunomodulatory, anti-inflammatory, and antioxidant qualities, Azadirachta indica, now and then known as neem, has picked up consideration as a potential adjuvant in the treatment of COVID-19. Bioactive substances counting azadirachtin, nimbin, and nimbolide, may decrease cytokine storms by altering resistant reactions and preventing an increase. Neem's antioxidant qualities, moreover, reduce irritation and oxidative stress, whereas its antibacterial and antifungal qualities help in avoiding secondary diseases. In addition to COVID-19, neem is broadly utilised in conventional medicine to treat diabetes, gastrointestinal issues, skin conditions, respiratory conditions, and dental health issues. It can moreover be utilised in individual cleanliness, agribusiness, and natural filtration. In spite of its guarantee, more clinical research is vital to confirm its safety and efficacy and ensure its joining into evidence-based treatment plans.
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