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Abstract
Culex is a genus of mosquitos responsible for the transmission of various vector-borne diseases in
humans. They spread diseases like Japanese encephalitis, West Nile fever, St. Louis encephalitis,
Filariasis, etc. The present study focuses on the larvicidal activity of botanical products in the control of
these disease vectors. Azadirachta indica (Neem) and Curcuma longa (Turmeric) are used for the insilico analysis of their action as larvicides. The larvicidal activity of the test extracts are also studied
through larval toxicity tests. A comparative analysis of the results is prepared to understand the effect of
Neem and Turmeric in the biocontrol of the target species.
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Introduction
Mosquito-borne diseases are predominant in more than 100 nations across the world,
consistently contaminating north of 700,000,000 individuals universally and 40,000,000 of the
Indian populace [1]. Mosquitoes carry serious vector-borne diseases such as dengue, malaria,
Japanese encephalitis, hemorrhagic fever, filariasis, etc., responsible for killing millions of
people each year [2]. Broad utilization of insecticides or substance insect poisons for control of
vector-borne infections has led to issues such as physiological resistance of vectors,
antagonistic ecological impacts, and high functional expense etc [3]. Because of widespread
insecticide resistance in mosquitoes [4], consideration has been pulled together towards the preDDT period control apparatuses including larval control and environmental management [5, 6].
Considering this, the use of eco-accommodating options such as organic control of vectors has
turned into the focal point of the control program. Nonchemical larval control may include
botanical larvicides [7], natural predators [8, 9], pathogenic fungi [10]. But no matter which
method is used, it is important to determine whether mosquitoes will continue to oviposit in
treated larval habitats [11]. Plants produce numerous chemicals, many of which have medicinal
and insecticidal properties. More than 2000 plant species have been known to produce
chemical factors and metabolites of value in pest control [1]. Plant species belonging to families
such as Solanaceae, Asteraceae, Cladophoraceae, Labiatae, Miliaceae, Oocystaceae, and
Rutaceae have shown to have larvicidal, adult killing or repellent activities against different
species of mosquitoes [7]. Botanical larvicides derived from Azadirachta indica and Curcuma
longa (Turmeric) are known to show considerable success in the control of mosquito vectors
[12-14]
.
Based on available literature, the plant phytochemicals of Neem and Turmeric were thus used
for in silico analysis of their effect on the target species. In-silico analysis in drug design
allows a more precise and fast understanding of the interactions of the test molecules with the
target receptors. Similar computer-based methods are used to study the interactions of the
phytochemicals present in neem and turmeric with the receptors of the target species. A list of
plant phytochemicals was prepared from available literature [15-17]. The receptors were selected
based on their function in the biochemical processes of the target organism. For the current
study, Glutathione S Transferase and Alpha-Amylase were chosen as target receptors.
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Glutathione S Transferase is an enzyme that contributes to the
detoxification of xenobiotics in Insects [18]. Alpha-amylase on
the other hand is an enzyme that hydrolyses polysaccharides
such as starch and glycogen and helps the insect in the
digestion of food. Further, larval toxicity tests were performed
in the laboratory and the results were analyzed to prepare a
comprehensive comparison between Neem and Turmeric as
botanical larvicides in biocontrol of Culex mosquitos.

(Fig 1) are selected and their corresponding. pdb files are
downloaded
from
RCBS
PDB
Database19
(https://www.rcsb.org/). The database is a collection of 3D
structural data of different large biological molecules such as
proteins and nucleic acids20. The phytochemical constituents
of Azadirachta indica (Neem) and Curcuma longa (Turmeric)
were compiled through the study of previously available
literature. Accordingly, the ligands were selected and their
structures were downloaded from Zinc Database21
(https://zinc.docking.org/).

2. Materials and Methods
2.1 Preparation of Receptor and Ligand
The receptors, Glutathione S Transferase and Alpha amylase

Fig 1: Structure of Enzymes: (a) Glutathione S Transferase, (b) Alpha amylase

2.2 Molecular Docking
Molecular docking is a tool used in drug design to study
receptor-ligand interactions [22]. Docking was performed by
using the software, Molegro Virtual Docker (MVD 2010.4.0)
for Windows. MVD predicts receptor-ligand interactions by
using different ligand binding conformations and estimating
energy of their interactions [23].

100, 500, and 1000 ppm) were prepared through a single
dilution method and stored in labeled specimen bottles for
larvicidal bioassay. The larvicidal activity was done as per
guidelines of WHO [25] and Khanra et al., 2015 [24]. The
mosquito larvae were treated with different concentrations of
plant extract. After 24 h and 48 h count, the number of dead
larvae (mortality) was calculated against an untreated control
by the following formula [26]

2.3 Visualizing the Receptor Ligand Interactions
The receptor-ligand interactions are visualized using BIOVIA
Discovery Studio Visualizer developed by Dassault Systems
BIOVIA 2021. This is a free software used for visualizing and
analysis of protein and small molecular data. The software
allowed us to study the interactions of the ligand molecules
with the amino acid residues of the target proteins. Only the
top 3 interacting molecules were used for further study. The
interactions are displayed using both 3D and 2D models.

% of Mortality = (Mortality in treatment/ Mortality in control)
X 100
3. Results
The larvicidal efficiency of both Neem and Turmeric were
studied using in-silico techniques and then verified through
toxicity tests. The mean re-rank scores of all the interactions
were then combined to prepare a graphical representation of
the effect of different plant phytochemicals against the
selected enzymes. The re-ranking coefficients uses different
energy parameters such as E-Inter total, E-Inter (proteinligand), Steric, Van der Waal’s, H-Bond energy, etc. A
negative re-rank score signifies a good interaction between
the phytochemicals and the active site of ligand (Enzyme) of
interest. The blocking of the active sites of these ligands with
phytochemicals taken for study can be helpful in disrupting
the normal functioning of enzymes ultimately affecting the
normal functioning of the insect physiology. From the Neem
plant, 8 phytochemicals viz. 1, 2-benzendicarboxylic acid,
Quercetin, Gedulin, Phytol, Sitosterol, Azadirachtin, Salanin
and Nimbin were taken for in silico study. Among all the
phytochemicals, Phytol shows minimum re-rank score of -

2.4. Toxicity Tests (Wet Lab analysis)
Neem leaves were collected and air dried under shade for 6-7
days. After which it was subjected to treatment in an
incubator at 60 °C for 48 hours. Fully dried leaves were then
ground in a grinder to obtain neem powder. Raw turmeric was
allowed to dry at room temperature for 1-2 months and
crushed by an electrical blender to produce a powder. The
ethanolic extracts of plant material was prepared in a 1:100
(w/v) ratio. The extracts were filtered through a Buchner
funnel with Whatman number 1 filter paper and the filtrate
was dried in air [24]. These metabolite extracts were then
dissolved in ethanol to obtain a final concentration of 1000
mg/l as a stock plant extract. Four test concentrations (50,
33
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77.73 signifying highest binding potential against enzyme αamylase. 1, 2-benzenedicarboxylic acid shows minimum rerank score of -68.68 against enzyme Glutathione S
Transferase. From the Turmeric plant, 8 phytochemicals, viz.
Ar-Turmerone,
Bisdemethoxycurcumin,
Curcumin,
Curcuphenol, Curlone, Demethoxycurcumin, Turmerone and
Zingiberene were taken for in silico study. Among all the

phytochemicals Curcumin shows minimum re-rank score of 91.47 & -82.09 against enzymes α-amylase and Glutathione S
Transferase respectively (Fig.2 & 3). The interactions of the
phytochemicals with the selected enzymes were analyzed and
several interactions like H-Bond, C-H bond, Van der Waals,
alkyl bond, pi- alkyl bond etc. were found ' (Fig. 4 & 5).

Fig 2: Graph showing rerank score of plant phytochemicals against Glutathione S Transferase: (a) Neem, (b) Turmeric

Fig 3: Graph showing Rerank score of plant phytochemicals against Alpha amylase: (a) Neem, (b) Turmeric

Fig 4: The Best Interaction observed with Glutathione S Transferase w.r.t. (a) Neem & (b) Turmeric
34
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Fig 5: The best interaction observed with Alpha amylase w.r.t. (a) Neem & (b) Turmeric

biopesticide. α-Amylases constitute a family of endoamylases that catalyze the hydrolysis of α-D-(1,4)-glucan
linkages in starch components, glycogen and other
carbohydrates [30]. The enzyme plays a key role in the
carbohydrate metabolism of insects [31] and insects depend on
their α-amylases for survival. Recent research has shown that
α-amylase inhibitors from Phaseolus vulgaris seeds are
detrimental to the development of insects [32, 33]. An earlier in
silico study by Nascimanto et al. [34] on the inhibiting
properties of Ric C1 & Ric C3 from Ricinus communis seeds
revealed them to be potent alpha-amylase inhibitors. In the
present study, Phytol from Azadirachta indica shows a
minimum re-rank score of -77.73 signifying the highest
binding potential against enzyme α-amylase and Curcumin
from Curcuma longa shows a minimum re-rank score of 91.47 against enzyme α-amylase. Thus, the active compounds
derived from both Azadirachta indica and Curcuma
longa exhibit good binding properties with Glutathione
transferase (GSTs) and α-amylase and thereby can act as a
potent deterrent in insect development. The results obtained in
silico are also corroborated by the results obtained from the
wet lab, where after 48 h and at a concentration of 1000 ppm
all leaf crude extracts showed 90% to 100% mortality of
larvae. Similar in silico works by Yadav et al. [35] Mejia et al.
[36]
Mishra et al. [37] found phytochemicals such as nonazadirachtin neem limonoids, phenylethanoid glycosides,
biosynthesized AgNPs can block the enzymatic activities of
acetylcholinesterase, prophenoloxidase, ecdysone receptor,
and digestive enzymes of various insects, thereby acting as a
good alternative to chemical pesticides. Works of Srinivasan
et al. [38] and Shitu et al. [39] demonstrated in silico, the
capability of compounds isolated from Citrus sinensis and
Elaeagnus indica having the potential to be applied as a
controlling agent of Anopheles mosquito.
All these results and the present in silico study signifies that
both Azadirachta indica (Neem) and Curcuma longa
(Turmeric) have larvicidal effect against larvae of Culex
mosquito and can be used as alternatives to chemicals in
controlling the larvae of Culex mosquito.

The in silico study has also been tested in wet lab
experiments. Wet lab analysis on the effect of Neem and
Turmeric on larvae of Culex shows that the mortality rate of
larvae is dose dependent and increases with the increase in
concentration of plant extract. The larvicidal activity of
different concentrations of leaf extracts are shown. After 48 h
and concentration of 1000 ppm all leaf crude extracts showed
90% to 100% mortality of larvae. Ethanol extracts of
Azadirachta indica (Neem) could produce 100% mortality at
the concentration of 500 ppm upon 48 h of exposure (Table 1
& 2).
Table 1: Larval mortality % of Neem Extract
Concentration (PPM)
50
100
500
1000

24 hrs
2
5
15
16

48 hrs
13
14
20
20

mortality %
10%
65%
25%
72%
75% 100%
80% 100%

Table 2: Larvae mortality % of Turmeric Extract
Concentration (PPM)
50
100
500
1000

24 hrs
2
5
12
13

48 hrs
5
7
15
18

mortality %
10%
25%
25%
35%
50%
75%
65%
90%

4. Discussion
Glutathione transferases (GSTs) are a diverse family of
enzymes found in insects. They play a key role in removing
toxic xenobiotic compounds [27], oxygen-free radical species
produced through the action of pesticide [28], and are also
involved in intracellular transport, production of hormones
and protection against oxidative stress [29]. GSTs can
metabolize
insecticides
by
facilitating
their
dehydrochlorination or by coupling with reduced glutathione,
to produce readily excretable water-soluble metabolites. Thus,
for a pesticide to be successful, it must be able to inhibit or
overpower the working of Glutathione transferase (GSTs).
The present investigation reveals that 1,2-benzene
dicarboxylic acid from Azadirachta indica and Curcumin
from Curcuma longa show a minimum re-rank score of 68.68 and -82.09 against enzyme Glutathione S Transferase
respectively, thereby indicating their potential role as a

5. Conclusion
India, being a tropical country is wealthy in its biodiversity of
plants species. Wet lab experiments for screening each and
35
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every plant extract against the test subject is not viable and
time
consuming.
In
silico
identification
approach slender down the search of the potential lead
compounds
from an
enormous range of
compound
databases to pick potential hits by using molecular docking
techniques and simplifying the interaction of potential
hits that helps in optimization of bioactivity of the
phytochemicals of the plant. In silico study is a recent
development in the field of entomology where we can develop
various effective biopesticides in a short span of time. Recent
advancement in in silico analysis can be helpful in finding the
best plant extract to be tested in web lab experiments and will
also increase the chance to find most effective plant extracts
to control the test subject within a short span of time and thus
reducing the uncertainty on the outcomes, resulting in a faster
and more efficient development of the pesticide. The study
also points to this fact as the result obtained in the in
silico analysis could be corroborated to the results obtained in
wet-lab experiments.
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