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I. INTRODUCTION 
 
Several species of mosquito are the causative agents for 
many diseases like dengue, malaria fever, filariasis, etc. It 
was known that the Culex mosquito-transmitted several 
diseases worldwide also in many parts of India. Sometimes 
the larvae are threatening the human life. There are several 
synthetic larvicides in use to prevent the extra burden of 
larvae. These diseases occur sometimes epidemiological 
impact in the globe. Among these species, Culex epidesmus 
is one of the vector that transmit disease to human. 
Till date, different chemical and biological agents have been 
discovered from synthetic or natural origin to destroy the 
larvae of different mosquito species [1-2]. The chemicals are 
well-known larvicides such as organochlorine, 
organophosphate, carbamate and pyrethroids [1; 3-4], but 
these synthetic chemicals show toxicity to other aquatic 
species along with food chains and also develop genes for a 
species-resistant [3-4; 5-6]. On the other hand, several 
larvicides from plant extracts have potent larvicidal effect to 
the larvae without hampering others biota and unable to 
develop resistance like synthetic insecticides [7-9].  
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In the development of bio-larvicides, among other plant 
species, different parts of neem plant (A. indica) have 
already been well-established in the field of mosquito-borne 
disease prevention without damaging the environment [8-9; 
10-14]. Generally, the growth inhibition of larvae by using 
insecticides, a mechanism to inhibit the acetylcholinesterase 
enzyme (AChE), a neurotransmitter found in insects, fish, 
birds, mammals. In other word, AChE is an insect-specific 
cysteine residue, which opens at acetylcholinesterase active 

site. This is basically a promising target site for creating new 
insecticides with reduced off-target toxic response and low 
propensity for insect resistance [15-21].  
There have several reports emphasized that A. indica leaf 
contained various phytochemicals, which prevents different 
diseases [22-25].  Few researches are investigating to 
develop larvicide from neem leaf extract through toxicity 
study [8-9] and work is lacking to detect exact 
phytocompound is having a potent larvicidal activity to 
inhibit AChE of mosquito protein through molecular 
docking and toxicokinetics study by using software. 
The present study was aimed to detect percentage mortality 
of larvae of Culex epidesmus (Theobald, 1910) by aqueous 
extract of neem leaf and the inhibitory potential and toxicity 
of established the phytoconstituent present in the leaf of 
Azadirachta indica A. Juss. against the protein of mosquito 
(acetylcholinesterase) through molecular docking and 
toxicokinetics. 
 
II. MATERIALS AND METHODS 
 
Neem leaf sample collection and preparation of extract 
The neem leaf sample was collected from the college 
campus, Serampore, West Bengal, India. The aqueous neem 
(A. indica) leaf extract was prepared by using fresh leaves. 
The extraction was done by the method of Rashid and 
Ahmad, [8] with some modifications. All the leaves were 
cleaned by keeping with the running tap water, followed by 
distilled water, then kept on the blotting paper to soak the 
excess water. The leaves of 20 nos. were kept in mortar and 
macerated by pastel along with dechlorinated tap water. The 
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solution was filtered and taken in a clean glass bottle as a 
stock solution (100%). The organic solvents were not used. 
 
Toxicity test for larvae of Culex epidesmus 
From this stock solution, different dilutions were prepared 
as 70%, 40%, 20% and 10%. The supplied larvae (Culex 
epidesmus) were kept in the aerated water prior to toxicity 
test and 10 nos. were used in each petri dish as per higher to 
lower dilutions (100% - 10%). The test was performed twice 
as replicate. The percentage mortality was recorded in each 
dilution for 0hr, 24hr and 48hr.  
Protein selection 
The crystal structure of mosquito protein 
acetylcholinesterase (PDB ID: 2AZG) was selected (Figure 
1) and retrieved from protein data bank 
(http://www.rcsb.org/) because this protein shows response 
in the larvae of mosquito due to inhibition by chemical(s). 
The crystal structure has been refined, finally the model 

deposited in the form of PDB on 10th September 2005 (PDB 
ID: 2AZG) and released on 19th September 2006 as PDB 
[26].  
 
Phytoligands selection 
Established 12 phytocompounds from A. indica were 
selected from the literature reported by Subapriya and 
Nagini [23]. The three-dimensional (3-D) structure of twelve 
ligands were retrieved from the NCBI PubChem database 
(http://www.ncbi.nlm.nih.gov/ pccompound/), all the ligand 
molecules were converted into 3-D structure using the 3-D 
converter module, CORINA online software 
(http://www.mol-net.de) after incorporating the Canonical 
SMILES string for each chemical that taken from the 
PubChem database (https://pubchem.ncbi.nlm.nih. 
gov/compound) and the structures of the ligands are 
depicted in Figure 2. 

 

 
Figure 1. Ribbon representation of crystal structure of acetylcholinestarase protein 
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Gallic acid    Nimbolide    Rutin 

     
Nimbinin    Azadiradione    Nimocinolide 

Figure 2. Structural representation of phytocompounds found in the leaf of A. indica 
 

Molecular docking 
The molecular docking was done through PyRx software 
(Version 0.8) developed by Trott and Olson [27]. The 
molecular docking result for each compound was visualized 
through pdbqt output by using this tool. The docking site on 
this target was expressed by forming a grid box with the 
dimensions of X: 63.3502 Y: 74.6010 Z: 72.2942 Å, with a 
grid spacing of 0.375 Å, centered on X: 116.14 Y: 103.95 Z: 
-142.83 Å. The PyRx software is a docking program that 
basically predicts receptor-ligand binding along with 
providing energy value for each test compound. 
Toxicokinetics study 
ADMET-SAR (absorption, distribution, metabolism, 
excretion, toxicity – structure activity relationship) to check 
whether the compound has fulfilled the conditions as a 
candidate for biopesticide or larvicide [28]. 
 
III. RESULTS AND DISCUSSION 
 
Toxicity test for larvae of Culex epidesmus 
The 24hr recorded percentage mortality i.e. 20%, 40%, 50%, 
70% and 100% in extract having 10%, 20%, 40%, 70% and 

100% dilution while the 48hr recorded percentage mortality 
i.e. 40%, 60%, 80%, 100% and 100% in extract having 
percentage of 10, 20, 40, 70 and 100 dilutions (Table I).  
The present acute toxicity results indicated highest 
percentage mortality (100%) of the larvae of Culex 
epidesmus within 24hr duration 100% extract was obtained 
100% mortality while 48hr duration 70% - 100% dilution of 
leaf extract of A. indica showed 100% mortality. The neem 
leaf extracts of different dilutions caused mortality to the 
larvae of different species of mosquito, which is supporting 
the present results of larvicidal activity [8-14].  The R2

 

 
values were observed 97% and 85% for 24hr and 48h 
duration respectively. The dose-response curve is depicted 
in Figure. 3. Synthetic chemicals are used to eradicate the 
larval population of mosquito to prevent human from 
mosquito-borne diseases [1]. In general, several synthetic 
pyrethroids are well-known toxins to enhance mortality of 
larvae in their aquatic habitat, but these chemicals may also 
hamper other aquatic life.  The phytochemicals of A. indica 
leaf have the potent ability to destroy mosquito larvae of 
Culex epidesmus as biological agents or can be used as 
larvicide for mosquito control.  

Table I. Percentage dilutions of neem leaf extract versus percentage mortality of larvae 
Extract 

concentrations  
(% dilution) 

Species used       
(in nos.) 

Time of exposure (in hr) 
0 24 48 

% mortality % mortality % mortality 
Control (0) 10 0 0 0 

10 10 0 20 40 
20 10 0 40 60 
40 10 0 50 80 
70 10 0 70 100 

100 10 0 100 100 
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Figure 3. Dose-response curve for larvae of C. epidesmus 

Virtual screening 
It was observed from Table II that the high binding energy 
value (kcal/mol) was obtained in quercetin (-9.4) followed 
by margolone (-9.0), rutin (-8.7), Azadiradione (-8.6), 
margolonone and nimbolide (-8.2), isomargolonone (-8.1), 
nimbinin (-7.9), azadirachtinA (-6.9) and gallic acid (-6.1). 
3-D ribbon structure for binding position for all above 
phytoligands was obtained through PyRx software and the 
3-D structure of binding interaction procured. The ligand 
quercetin showed two numbers of hydrogen bonding 
between hydrogen atom of Tyr130 and Tyr328 (Figure 4 A 
and B). Among other phytoligands, only gallic acid was 
observed similarity with quercetin having bonding between 
a hydrogen atom of Tyr130.  This prediction results along 
with the toxicity of aqueous extract revealed that quercetin 
is more suitable phytoligand present in A. indica that may 
have inhibitory activity of acetylcholinesterase protein found 
in insects. The researchers have studied reversible and 
irreversible inhibition in the acetylcholinesterase protein 
[18-21; 26] and there have been previously found 
compounds that developed resistance in the genes of AChE. 
The isolation of this particular phytochemical can be 

developed from neem leaves for mosquito larvae especially 
C. epidesmus control as bio-larvicide.    
These parameters are well-known high throughput 
predictions of absorption, metabolism, distribution, 
excretion and toxicity that helps in the detection of active 
lead compounds at early chemical formulation. According to 
Tsaioun et al. [30] (2009), previously ADME study 
benefitted in relation to the development of effective lead 
compounds in drug discovery. In this context, researchers 
have stated that ADMET properties prediction with special 
reference to Blood-Brain barrier (BBB) penetration, P-
glycoprotein substrate, renal organic cation transporter, 
human intestinal absorption and Caco2 permeability of 
docked compounds are suitable pharmacological parameters 
for drug designing [29; 31-33]. Herein, it is an endeavour to 
develop larvicide for mosquito larvae eradication from water 
without hampering the other biota in waterbodies. In case of 
metabolism, other important parameters are cytochrome 
P450 (CYP) of different types, which belongs to isozymes 
group and it participates in the metabolism of drugs, fatty 
acids, steroids, bile acids and carcinogens [33]. 

 
Table II. Molecular docking for leaf phytochemicals of A. indica against acetylcholinesterase protein of mosquito 

Sl. No. Ligands Binding affinity 
(Kcal/mol) 

H-bond residues 

1. Quercetin -9.4 Tyr130 & Tyr328 
2. Margolone -9.0 Arg 339 
3. Rutin -8.7 Asp71 & Val72 
4. Azadiradione -8.6 His132 
5. Margolonone -8.2 Asn98 
6. Nimbolide -8.2 --- 
7. Isomargolonone -8.1 Asn98 
8. Nimbinin -7.9 --- 
9. Nimocinolide -7.7 Leu234 
10. Nimbin -7.2 Asn87 & Arg133 
11. AzadirachtinA -6.9 --- 
12. Gallic acid -6.1 Tyr130 
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Figure 4. Pictorial representation of receptor-ligand binding interaction. A = Ribbon structure of protein and line structure of ligand; B = Hydrogen bond 

interactions between quercetin and the active site residues of acetylcholinesterase. Blue dotted lines represent the hydrogen bonds interactions between hydrogen 
atom of Tyr130 and Tyr328 

 
IV. CONCLUSION 
 
It is concluded that quercetin compound was observed a 
suitable for inhibitory effect on acetylcholinesterase protein 
(PDB ID: 2AZG) through in silico study with special 
reference to molecular docking and toxicokinetic evaluation. 
It is well-established that the crude aqueous extract of neem 
leaf is having larvicidal activity for the larvae of mosquito 
[8-14].  However, earlier several synthetic larvicides have 

been used to control mosquito larvae, but these have 
developed compound resistance to AChE genes [3]. To 
prevent gene resistant by the compound, the development of 
bio-larvicide can be a good effort. On the other hand, these 
phytochemicals do not have much toxicity, mutagenicity 
and/or carcinogenicity to the mammals especially human. It 
is suggested in vitro and in vivo study, excluding to remove 
resistance genes of AChE prior to developing larvicide.

 
Table III. ADMET-Prediction profiles for phytochemicals of A. indica leaf 

Absorption Distribution 
Sl. 
No. 

Phytoligands Blood-
brain 

barrier 

Caco-2 
permeability 

Human 
intestinal 

absorption 

P-glycoprotein 
inhibitor 

P- 
glycoprotein 

substrate 

Subcellular 
localization 

1. Quercetin BBB- Caco2- HIA+ NI S & NI Mitochondria 
2. Margolone BBB+ Caco2+ HIA+ NI S & NI Mitochondria 
3. Rutin BBB- Caco2- HIA+ NI S & NI Mitochondria 
4. Azadiradione BBB+ Caco2+ HIA+ I SI Mitochondria 
5. Margolonone BBB+ Caco2+ HIA+ NI S & NI Mitochondria 
6. Nimbolide BBB+ Caco2+ HIA+ I SI Mitochondria 
7. Isomargolonone BBB+ Caco2+ HIA+ NI S & NI Mitochondria 
8. Nimbinin BBB+ Caco2- HIA+ I SI Mitochondria 
9. Nimocinolide BBB+ Caco2- HIA+ I SI Mitochondria 
10. Nimbin BBB+ Caco2+ HIA+ I SI Mitochondria 
11. AzadirachtinA BBB- Caco2- HIA+ NI SI Mitochondria 
12. Gallic acid BBB- Caco2- HIA+ NI NS & NI Mitochondria 
Metabolism Excretion 
Sl. 
No. 

Phytoligands CYP450 
2C9 

inhibitor 

CYP450  
2C9 

substrate 

CYP450 
2D6 

inhibitor 

CYP450 
2D6 

substrate 

CYP450 
3A4 

inhibitor 

CYP450  
3A4 

substrate 

ROCT 

1. Quercetin NI NS NI NS I NS NI 
2. Margolone NI NS NI NS NI S NI 
3. Rutin NI NS NI NS NI NS NI 
4. Azadiradione NI NS NI NS I S NI 
5. Margolonone NI NS NI NS NI S NI 
6. Nimbolide NI NS NI NS I S NI 
7. Isomargolonone NI NS NI NS NI S NI 
8. Nimbinin NI NS NI NS I S NI 
9. Nimocinolide NI NS NI NS NI S NI 
10. Nimbin NI NS NI NS I S NI 
11. AzadirachtinA NI NS NI NS NI S NI 
12. Gallic acid NI NS NI NS NI NS NI 

A
 

 

B 
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Toxicity 
Sl. 
No. 

Phytoligands Acute 
oral 

toxicity 

Fish toxicity Honey bee 
toxicity 

AMES toxicity Carcinogens 

1. Quercetin II HFMHT HHBT NT NC 
2. Margolone III HFMHT HHBT NT NC 
3. Rutin III HFMHT HHBT NT NC 
4. Azadiradione III HFMHT HHBT NT NC 
5. Margolonone III HFMHT HHBT NT NC 
6. Nimbolide III HFMHT HHBT NT NC 
7. Isomargolonone III HFMHT HHBT NT NC 
8. Nimbinin III HFMHT HHBT NT NC 
9. Nimocinolide III HFMHT HHBT NT NC 
10. Nimbin III HFMHT HHBT NT NC 
11. AzadirachtinA I HFMHT HHBT NT NC 
12. Gallic acid III HFMHT HHBT NT NC 

NI = Non-inhibitor; I = Inhibitor; NS = Non-substrate; S = Substrate; SI = Substrate inhibitor; ROCT = Renal Organic Cation Transporter; I = Category I (LD50 
values less than or equal to 50mg/kg); II = Category II (LD50 values greater than 50mg/kg but less than 500mg/kg); III = Category III (LD50 values greater than 

500mg/kg but less than 5000mg/kg) and IV = Category IV (LD50

 

 values greater than 5000mg/kg); H = High; L = Low; FHMT = Fathead minnow toxicity; HBT = 
Honey bee toxicity; NT = Non-toxic; NC = Non-carcinogen 
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