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Abstract

Neem, scientifically known as Azadirachta indica, is a flowering plant indigenous to the subcontinent of
India and a common medicinal plant of the Meliaceae family. It has been recognized as a potential
biocidal product with maximum efficiency in plant pest and disease management. The bioactive
compound of neem is Azadirachtin. It influences insects' metabolic processes and acts as a larvicidal,
insecticidal agent. Excessive and indiscriminate amounts of chemical pesticides are used to mitigate pest-
related problems, leading to environmental pollution and the growth of resistant strains of pests.
Biopesticides are regarded as a synthetic pesticide substitute to reverse the negative trend. The active
components of neem extract possess increased regulatory activity and an exclusive mode of action
through ecdysone disruption. Neem-derived biopesticides can control major pest populations (leaf
miners, aphids, whiteflies, fungi, etc.). This review discusses various extraction processes of neem active
components and their mode of action.
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Introduction

In modern agroecological systems, excessive use of chemical or synthetic pesticides results in
an imbalance of ecological diversity and integrity, increasing the urge for plant-derived natural
pesticides. Consequently, we observe over the past few decades, the application of plant-based
insecticides has vividly increased. It is imperative to maintain the equilibrium of pest
population, natural enemies, pest resurgence, and pest resistance against pesticides .
Chemical pesticides are organic pollutants that persist in the environment for extended periods
and cause damage to no target organisms 2, such as natural predators and parasitoids.
Synthetic pesticides are most frequently used to replace labor and weeding. However,
extremely hazardous pesticide usage and unsafe application practices adversely affect farmers’
health. Pesticide residues are commonly detected in fish, snails, and frogs. Compounding the
problematic use of insecticides, the pest population evolved insecticide tolerate genetic strains.
Under the selective pressure of repeated application of chemical pesticides, resistance develops
most rapidly. Eventually, resistant strains pass on to many populations from generation to
generation. Finally, the efficiency of insecticides has vanished due to high levels of resistance
Bl As a plant-based pesticide, Neem gained much faith that insect resistance is improbable to
produce.

Neem is native to the Indian subcontinent. From a morphological perspective, its height is
around 50-100 m, and its expected growth requires around 130mm of rainfall per annum. It
can be easily propagated using seeds or seedlings. The entire neem tree can be used, such as
neem leaves, seeds, seed kernel, bark, neem oil, nee cake, etc. Neem tree yield can annually be
around 37-50 kg of fresh fruits, from there approximately 24 kg of dry fruits. Dry fruits
eventually turned into pulp, seedcoat, husk, and kernel. Lastly, it may give around two and a
half kilograms of neem oil and three kilograms of neem cake [,

In recent years, neem has acknowledged worldwide consideration for its pesticidal,
insecticidal, repellent, and antifeedant effects against various pest populations. A long time
ago, among Indian farmers, the insecticidal properties of neem got recognition. Over the wide
variety of biocides, neem has the most promising and prominent effectiveness on pests,
harmless to natural predators and parasitoids, and is eco-friendly 1.
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Various phytoconstituents of neem plants, such as glycosides,
flavonoids, alkaloids, and saponins, are antibiotics in nature.
Due to the presence of these antibiotic substances, plants have
their own defense mechanism against pathogens. So, the neem
extract can be used as a growth inhibitor against harmful
pathogens in agroecosystems [¢1. Azadirachtin is the major
ingredient of neem, exhibiting antifeedant and reproduction
disorders in many species of insects I,

In this review article, we discussed the several extraction
processes of neem and their mode of action.

Habitat and distribution of Neem tree

The neem tree is most commonly found in South Asia and is
native to these places. It is distributed throughout India,
especially in tropical, subtropical, and semi-arid to wet
tropical areas. It is also found in African countries, such as
Somalia, Nigeria, Mauritania, Togo, etc., and South and
Central America [,

Chemical compounds in neem []

Neem trees and their plant parts are extensively used for
insect control. Study for active constituents was commenced
many years back, midway through the 20th century. Nimbin
was the first bitter component that was extracted from neem
oil. It contains lactone, acetoxy, an ester, methoxy, and
aldehyde. About 135 components had been extracted and
separated from various body parts of the neem tree. They
were then divided into 2 significant catagories below:
Isoprenoids and others-Triterpenoids comprising
protomeliacins, diterpenoids, limonoids, azadirone, and its
byproducts, vilasinin kind of components, gedunin and its
derivatives, and Csecomeliacins such as azadirachtin, salanin,
and nimbin.

HsC

Fig 1: Chemical structure of Azadirachtin, major component
of neem crude extract

Non-isoprenoids-These ~ comprised  of  carbohydrates
(Polysaccharides), proteins (Amino acids), sulphurous
components, polyphenols such as flavonoids and their
aliphatic compounds, coumarin, dihydrochalcone, glycosides,
etc.
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Active components of various plant parts of Azadirachta
indica

Leaves: It comprises constituents such as nimbanene,
nimbiol, nimbin, nimbolide, nimbandiol, 6-
desacetylnimbinene, amino acid, n-hexacosanol, ascorbic
acid, 7-desacetyl-7-benzoylgedunin, 7-desacetyl-7-
benzoylazadiradione, and 17-hy-droxyazadiradione I,

Neem fresh leaves: It contains quercetin, polyphenolic
flavonoids, and R-sitosterol, 1.

Seeds: It comprises meliacins in the seed kernels, which
include azadirachtin, gedunin, 7-desacetylgedunin, and
desace-tylnimbin. However, its oil mainly encompasses
nimbin, nimbidin, and nimbinin ©1,

Flower: It contains flavonoids. Nimbicetin is similar to
kaemferol [,

Bark: Margosine is found in the bark; again, it is a bitter
alkaloid. The volatile fatty acids occur in the bark. It
comprises a combination of stearic and oleic acids and a
minute quantity of lauric acid .

Morphology and systematic position of neem tree [0

Neem Azadirachta indica A. Juss is a medium to the type of
tree that generally ranges from 18-30m in height and with a
large canopy of around 10-20m. The leaves are simply
pinnate alternate and green. The flowers are tiny,
pentamerous, mildly sweet, bisexual, and white or pale yellow
in color. The fruits are ellipsoidal, very small, and greenish-
yellow, purple, or yellow in color. Insecticidal potentials are
found in neem leaves, seeds, bark, fruits, roots, and stems.

Systematic position [1%
Kingdom-Plantae
Phylum-Vascular plant
Class-Magnoliopsida
Order-Rutalae
Suborder-Rutinae
Tribe-Melieae
Family-Meliaceae
Subfamily-Melioideae
Genus-Azadirachta
Species-indica

Various extraction methods of active components of neem
The crude extract of neem tastes bitter and smells strongly
due to triglycerides and large amounts of triterpenoid
compounds, azadirachtin, salannin, meliantriol, nimbidin, and
nimbin. Several methods have been developed to obtain the
desired component from different neem plant parts, such as
maceration, cold extraction, mechanical pressing, supercritical
fluid extraction (SFE), microwave-assisted extraction (MAE),
Soxhlet extraction, solvent extraction, etc. Both the traditional
and modern extraction methods are listed below in Table 1.

Table 1: Extraction processes of neem

Sl. No.| Extraction procedure Solvents EXtt';?:;mn Yield Pros Ref
Sequential process of Hexane, ethanol, and ethyl - Extraction with different solvents provides |
1 . L . 60 min R Lo : .
pressurized liquid extraction| acetate extract with different antiproliferative potential
2 Response surface acetone, ethanol, methanol, 59.95 min TPC-4661.17 mg GAE/100 g | Comparatively better extraction of phenolic |1
methodology distilled water, and boiling ' dry weight antioxidants contents from neem leaves
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water
Hexane, ethanol, and Hexane-40.35%
3 Soxhlet extraction ' ' 1-3hr ethanol 42.65% Maximum neem oil yield obtained (3l
methanol
methanol 42.89%

4 Pressurlze_d Hot Solvent Methanol 100min 210.93mg azadirachtin (per | improved ex_tract yields in a shorter time and |4

Extraction (PHSE) 1009 of neem seed kernel) with less solvent usage.

- 0, -| -| i i i i i
5 Solvent extraction n-hexane and ethanol 3hrs Ethanol-41.11% and n-hexane Max neem oil yield with increasing [15]
44.29% temperature
outstanding mass transport characteristics and
6 |Supercritical CO; extraction| CO,, CO, + methanol 15 mins 85% simplicity in controlling with modifiers, |1
pressure, or temperature
Mlcrovv_ave-a55|sted When using MAE on leaves and leaf stems,
extraction (MAE), . : ] -
Methanol, dichloromethane, . the production of azadirachtin related to |7
7 Room Temperature 20 mins 2.55% . . . )
- and petroleum ether limonoids was more than twice as high as
Extraction (RTE), and when using the RFX method
Reflux (RFX) Methods 9 )

8 Successive extraction Ethanol 36hrs Experiment at roon:etrenr[r;p.; no need for high | g

Soxhlet extraction

Septiyani and Wibowo [9 reported Soxhlet extraction of
neem leaves using different solvent systems. Ethanol, ethanol-
water, water, ethyl acetate, and ethyl acetate-ethanol were
used as solvents, and the extraction was conducted at 90 °C.
Among all the used solvents, water-ethanol extract gave the
highest yield at 1.39%. Siswomihaedjo et al. 2% described
another report on soxhlet extraction. Neem leaves or stick
powder was extracted for 10 hrs with 96% ethanol. Kumar et
al. 211, Shewale and Rathod 22, Gupta et al. [2%], Subramanian
et al. 4, Benisheikh et al. 12, Mohapatra et al. ?°1, Awolu et
al. 71, Babatunde et al. 281 showed in their study the neem
plant parts extraction process using the same Soxhlet method.

Microwave-assisted extraction

Ezeonu et al., m? reported aqueous and ethanolic extract
using a microwave extraction. In this method, neem leaves,
stems, bark, and seeds are grounded and placed in a
microwave oven at 400-680 watts for 3 min. The cumulative
extraction duration was 45 min. Extracts have fungitoxic
activity. Nde et al., ¥ and Suttiarporn and Choommongko B4
reported a similar method of extraction process with hexane
and methanol, ethyl acetate, ethanol, dichloromethane, and
hexane, respectively. Compared with the conventional
Soxhlet process for 10 hrs, it only takes 22-24 min. This
method is a simple and potentially decent extraction process
for bioactive components.

Supercritical CO2 extraction

Ismadji et al. 2 described the mining of neem oil and
numerous triterpenoid components (Azadirachtin, salannin,
and nimbin) from its seed kernels by the supercritical CO,
extraction process. Mongkholkhajornsilp et al. %1, Pater et al.

1341 and Ajchariyapagorn et al. B3 reported the same method
for extracting nimbin from neem seeds by means of CO; as a
solvent system. The extraction parameters, such as optimum
pressure, reaction temperature, and particle size of the solutes,
were directly related to the yield rate.

Repercolation

Lee et al., 1 showed in their study the neem leaf extraction
process using the repercolation method at room temperature.
In this process, 52 g of dried leaves powder was added to
methanol. The extract was filtered, and an access amount of
solvent was evaporated to get the dry neem extract.

Solvent extraction

It is one of the most prevalent extraction procedures.
Subapriya et al. ['81 Sitasiwi et al. B, and Kim et al.l*
described the neem leaf extraction process using ethanol and
methanol as a solvent system at room temperature, with no
need for a higher temperature during extraction.

Pesticidal effect of neem

Neem extract is highly effective against insects. The chief
active component is azadirachtin, it exhibits agro-medicinal
properties. It disrupts the feeding ability of insects, acts as a
deterrent, is repugnant, is responsible for insect sterility, acts
as an oviposition deterrent, and reduces sperm production in
male insects. Overall, it has larvicidal B, insecticidal [“0-5%,
and acaricidal effects. Bioactive components of neem,
nimbidin, and nimbin are present in neem leaf and are the
main reason for the bitter taste of neem. In Table 2 below, we
discussed the neem plant part, its active components, and its
mode of action.

Table 2: Mode of action and doses of neem-derived biopesticide:

Sl. Mod_e of Major Target pests Dosage LC50 EXP OSET |Ref,
No. action components time
. . |Phenolic and Foodborne and
1 | Antibacterial flavonoids Contaminated Bacteria 50mg/ml. 18-24 hrs | B
2 |nci;1r|(l;\|/¥:1rlly KISe?aS;I)?]I):?(’)(:ScJa(:I(r:Tgn:JIrZ‘u?d Klebsiella (12.5 mg/ml) and Salmonella (6.2 mg/ml) respectively 24hrs | 7
Neem leaf
B. Pfeifferi (0.0319%-adults, 0.0196%-neonates, and 0.0064%-egg-masses
Snail intermediate hosts of | B. Truncatus. -(0.0203%-adults, 0.0103%-neonates, and 0.0025%-egg-masses
3 | Molluscicides schistosomiasis and selected Neem seed 24hrs | B8
non-target aquatic animals B. Pfeifferi (0.0285%-adults, 0.0133%-neonates, and 0.0043%-egg-masses
Stored seed extract 0.0321%-adults, 0.0185%-neonates, and 0.0044%-egg-
masses
4 | Insecticidal Ceratitis capitata 888ppm 159
5 | Aphicide Grain Aphid (Sitobion 0.34t0 1.10% 3days |0
avenae)
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Brassica pod midge 61
(Dasineura brassicae Winn.) 20g/ha “
7 | Insecticide Oxya chinensis 14.93 to 55.66mg/mL. 72hrs | 162

NeemAzal (0.014%), Nimkol (0.225%), and aqueous extract were (0.611%) 10days |
respectively.

Azadiron (0.1359) > Bioneem (0.1531)> NLE (0.1833)> Neemarin (0.3207) >

Neemgold (0.3208) > Econeem (0.6397) > DNSKP (0.6868) > Azadirachtin 4hrs |64

6 Insecticide

8 Insecticide Mahanarva fimbriolata

9. | Insecticide | Azadiractin Sawfly, Athalia lugens

proxima Klug. (0.7124)> Neemazal (0.7421) > Nimbicidine (0.9025) > NSKE (0.9554)
10 | Insecticide Trichogramma chilonis 2 ml/liter 24hrs |19
11 | Insecticide Spodoptera litura 5 ml/l 3-7days | [
Syllepte derogata
12 | Insecticide (Fabricius), a cotton 4.03 10* ml/I-for leaf dipping method and 51.13 ml/I-for larval immersion. 24hrs | 167

phyllophagous pest.
Corcyra cephalonica

ici % (ai (6]
13| Insecticide (Staint.) 0.16% (a.i) v/iw 15days
14 | Insecticide The leafminer (Liriomyza 10 g/100 mL 24hrs | ©
sativae)
15|  Aphicide Grain Aphid (Sitobion 0.34 t0 1.10%. 3days |0
avenae)
16 | Insecticide cotton mealybug, 1.5 and 2.0% 72hrs |4

Phenacoccus solenopsis

17 | Insecticide Cotton-sucking pests aphid, Neem oil and Neem powder -1% and 2% respectively 3014
whitefly, jassid, and thrips days
18 | Insecticide Myzus persicae 1,5 and 10% 2days | ™
19 | Insecticide Nilaparvata lugens, brown 40% 72hrs |4
planthopper
20 | Insecticide | Azadiractin | Plutella xylostella (Linn.) 15 and 20 ppm 24hrs [

Neuroendocrine activity

-Inhibition of PTTH
-Eeduction of JH

-Blocking of Ca- channels
-Interference with IIS pathway

Anti-feeding activity { \ Effects on reproduction

-Feeding inhibition Azadirachtin | -Reduction in fertility and fecundity
-Interference in chemoreceptors rate

-Alteration of digestive enzymes -Disruption in mating

-Affecting food conversion -Sterilization

-Alteration in digestibility -Oviposition deterrence

MNeem Tree

Molecular effects/ Cellular
effects

-apoptosis

-Dizturbance in protein synthesis
-Metabolic protein genes —
upregulated or downregulated

Fig 2: Mode of action of Azadirachtin (The major component of neem) on pests
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Table 3: The complete mechanism of Azadirachtin’s role against insects:

Sl. No Effects Target Mechanism of its role Example Ref.
It activates specific 'deterrent’ cells in
The primary | Mouthpart and cherr]oreceptors and prevents the flrlng_ of Schistocerca gregaria, Spodoptera littoralis, S.
sugar' receptor cells, which normally trigger - AT . 187.95]
1 or gustatory other - : 2 frugiperda, Heliothis virescens, and Helicoverpa '
A feeding. Feeding deterrents inhibit the -
antifeedant |chemoreceptors : - - armigera
consumption ability and results malnutrition
and ultimately death of these animals.
Secondary Inhibition O.f peristalsis Aphids of tobacco seedlings treated with azadirachtin -|g; g,
2 : Gut Reduced production of an enzyme - S '
antifeedant : feeding activity suppressed and delayed.
Midgut not replaced
Direct effect-interference with juvenile
Growth and . . 87
- Cuticle hormone and moulting hormone levels [87]
3 moulting - S Insects [79]
structure  |Indirect effect-modification of haemolymph
(IGR) ¢
ecdysteroid levels
Enlarged amount of yolk resorption and
Reproductive degenerate ovaries.
4 Sterility P It prevents the fat body from synthesising Effect of azadiractin on locust (7]
organ - - U
vitellogenin and the eggs from absorbing it.
decreased fecundity and sterility in the end.
. interferes with peptide hormone transport
5 N?\:r:egg(rf” Neu;oztsgrrstory and release mechanisms (PTTH, [87]
Y Y allotoinhibins, and allatostatins)
6 Cell growth | Cell line Cell toxicity and the suppression of in vitro Sf9 cells, Aedes albopictus cells 871
cell growth.
s After azadirachtin therapy, the Mexican bean beetle,
Cell division in Epilachna varivestis, showed severe tissue degradation
7 |Cytotoxicity | differentiated | Both direct cell death and mitotic blockage |~} O o grac (7]
tissues in the areas where active cell division was taking
place.
suppression of the production of trypsin by the midgut
Inhibition of Impacts the transcriptional level, where the |  and fat body cells, the production of detoxifying
8 Protein Transcription | machinery involved in protein synthesis is | enzymes by the midgut and fat body cells, and the | [s7]
synthesis activated for a critical purpose. production of 20-mono-oxygenases for the catabolism
of ecdysone in insecticide-resistant insects.
Chromosomal a rapid rise in the mitotic index
9 Antimitotic - accompanied by the emergence of several cultured insect cells (Sf9) [89]
aberration AN
abnormal mitotic figures

Mode of action

Acaricide

Venzon et al. "8l reported neem-based pesticides as an
acaricide. The research assessed the potential of these
insecticides to affect the two-spotted spider mite pest
population (T. urticae Koch) in leafy minor crops over time
and the onset of phytotoxicity symptoms.

Larvicide

Hernandez-Trejo et al. BY reported larvicidal activity of
phenolic constituents present in neem extract on the second-
stage larvae of Spdoptera frugiperda. It showed a 60%
mortality rate. Solvent extractions are less pollutant for the
environment as they are not residual. Nicoletti et al. [7]
described another study about the larvicidal effect of neem
cake extract against Aedes albopictus larvae. The larvicidal
efficiency of the phytocomplex together was significantly
higher than the isolated compounds of extract.

Adverse effects on insect growth regulation (IGR) and
development

Azadirachtin has a growth-regulating effect on larval insects
(78], It causes malfunction at different stages of larval growth,
development [, and eventually death of the insects
depending on the concentration of it. The successive
concentration of azadirachtin may cause reduced fecundity &%
81 nutritional indices 4, deformed wings and body
pigmentation [ incomplete moulting, other deformities,
overage larvae, etc.

~o)~

Antifeedant effect of azadirachtin

Ramesh Babu P.B and Lalan Gupta 4 and Mir S. Mulla and
Tianyun Su ®1 reported in their study the insecticidal effect of
azadirachtin derived from neem extract. It directly affects the
chemoreceptor (Primary consequence) organs of the insects
and deterrent from food consumption (secondary
consequence), thus resulting in antifeedant among them and
also ultimately reducing the fitness of the insects & €1,

Discussion

The traditional Soxhlet technique has numerous benefits over
other extraction processes. Most notably, it can extract
components at a consistent pace and does not require many
solvents.

Both polar and semi-polar components are present in neem
leaves. The choice of solvent system is a significant
breakthrough. The use of solvents with various polarity levels
helps to obtain all active constituents during extraction
processes. Various organic compounds of different parts of
plants have diverse attractions to the polarity of the solvents.
The vyield rate of extractions is directly associated with the
appropriateness of the polarity array of the obtained
components from extraction and their solvents.

Neem leaves active component is azadirachtin, and the stick is
tannin. Both the components have antibacterial effects using
Soxhlet extraction.

It had been reported that the binary solvent system had a
sophisticated attraction for azadirachtin from neem leaves and
neem oil at a specific solvent ratio and extraction time.
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Among modern extraction methods, the supercritical fluid
extraction process is emphasized as a fast, effective, and
competent method for extracting bioactive components. It is
extensively used in large industrial production houses. CO; is
the most widely utilized solvent system since it is
inexpensive, safe, and has low to medium critical qualities.
Neem-derived beneficial phytocomponents are basically
secondary metabolites. These play a pivotal role in plant
defense mechanisms. The same strategy was applied to
extract these metabolites using various extraction processes to
formulate biopesticide for agroecosystems.

The neem-derived extract contains numerous bioactive
components of the limonoids group. Among this group,
azadirachtin is the utmost effective and also regulates the
insect growth mechanism. It also has an insecticidal effect on
pest juvenile stages.

The efficacy of various neem-derived insecticides varies
according to the pest's developmental stage. Early instar
larvae are more susceptible than adult forms.

Neem-treated crops become unattractive or unpalatable to
insects because of their bitter taste and smell, which affects
pests’ growth, feeding, survival, and, most importantly,
reproduction.

Azadiractin, the main bioactive component of neem
biopesticides, is photo and thermo-labile. Under high solar
radiation and temperature, it easily deteriorates. Subsequently,
there is a need for the stabilization of formulations.
Azadirachtin affects the insect’s growth and development in
many ways. Primarily, it interrupts cell division by preventing
or altering the development of new accumulations of
organelles or cytoskeletons. Furthermore, it stops
spermatozoa from developing and hinders the transport and
release of neurosecretory peptides. Secondarily, metabolically
active and large amounts of protein-producing cells are
inhibited, such as insect cell lines with maximum
proliferation, midgut cells for digestion, and midgut and fat
body cells for detoxication.

The future aspect of neem as biopesticides

Neem is the greatest option for a natural, non-synthetic
substitute for plant pesticides. Over the years, extensive
research has demonstrated its pesticidal effectiveness. It is a
more affordable and environmentally responsive insecticide
than commercially produced by chemical synthesis.

Conclusion

Collaborative and advanced pharmacological research should
be done to use the phytoconstituents of crude neem extract as
a source of possible bioactive components for enhanced
human and environmental health in the future. The advanced
study must investigate the neem extracts derived major
repellence-causing biochemical constituents and their specific
biochemical pathways of action on test pest organisms. At a
particular cell cycle stage, azadirachtin may inhibit protein
synthesis by preventing or altering transcription or translation
at the molecular level. Azadirachtin has a novel mode of
action with the most minor toxicity to humans and the
environment. Supplementary studies should be done on
classifying and documenting binding sites using microarray,
proteomics, and other techniques.
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