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Abstract
Background: The use of poisonous agrochemicals is both necessary and menacing for a farmer. The 
long-term hazards of chemicals can even be life-threatening to many people. Recently, the adverse 
effects of such chemicals on the environment and human health received serious attention throughout 
the world. In an Indian context, the usage of the chemical sprays has costed many lives and influenced 
vital organs to the greatest extent. This serious situation advocates the search for ways to prevent the 
inhalation and absorption of these chemicals into the body. The present study was conducted to evaluate 
different types of chemical sprays, their impact, and explore remedial ways to neutralize their toxic 
effects. 
Methods: Alpha-cypermethrin, phorate, fenobucarb, buprofezin, and mancozeb were selected 
for binding based on the feedback of severity in actions reported by the respondents and statistical 
analysis of different physical and chemical parameters. Chemical similarity analysis of the 39 cidal 
chemicals was performed to predict the binding similarity with respect to the above-mentioned 5 seed 
molecules. These five chemicals were docked with three different proteins 121p GTPase HRas, Torpedo 
acetylcholinesterase, and trypanosoma phosphoglycerate kinase, selected based on the common target 
prediction.
Results: Common target prediction revealed that these chemicals have an affinity to bind these proteins 
with a higher binding interaction towards the aromatic amino acid residues and those capable of 
H-bonding, escorted by a predilection towards acetylcholinesterase. 
Conclusion: The in-silico findings are the basis to propose that acetylcholinesterase can be considered 
as a potential binding agent to trap fatal agrochemicals.
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Introduction
Agriculture is the foundation stone of the Indian economy. 
It accounts for 13.9% of the gross domestic product (GDP) 
and almost 54.6% of the population is employed in the 
croplands (1). Various chemical sprays are used to protect 

crop plants from attacks of pests such as insects, rodents, 
nematodes, fungi, and weeds. The rise in population has 
led to an increased food demand, which has enhanced 
dependence on the cidal sprays (2). Although these 
chemicals have a significant role in improving the crop 
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yield by controlling vector-borne diseases, their consistent 
long-term use results in inconsequential health effects, 
surpassing their beneficial effects (3,4). According to the 
World health Organization (WHO) report, about 3 million 
people in the world die due to pesticide poisoning every 
year. Amongst these 3 million, 2.2 million belong to the 
developing nations (5). Due to direct exposures, farmers 
become the principal victims of pesticide-imposed health 
risks.

According to the WHO recommended classification 
of pesticides by hazard and guidelines to classification in 
2019 (6), pesticides are categorized as class I-a (extremely 
hazardous), I-b (highly hazardous), II (moderately 
hazardous), III (slightly hazardous), and U (unlikely to 
present acute hazardous). The pesticides predominantly 
used in Eastern India cover all these categories with a 
biasedness towards the class I and II categories. These toxic 
chemicals sometimes escape from the body’s mechanism 
of toxin excretion, thereby are being absorbed in the 
circulatory system (7) and thus, lead to a wide range of 
human health hazards such as headache, nausea, vomiting, 
reproductive harm, endocrine disruption, nervous system 
disorders, and even cancer (8). Exposure to pesticides can 
occur via various exposures including oral, inhalation, 
dermal, and ocular (9). The pesticides with similar 
chemical structures or modes of toxic action undergo 
chemical ligand interaction with similar biomolecules 
of biochemical pathways. Based on their chemical 
composition, synthetic pesticides can be classified 
as organochlorines (DDT, BHC), organophosphates 
(dichlorvos), carbamates (carbaryl, fenobucarb), and 
pyrethroids (alpha-cypermethrin, lambda-cyhalothrin, 
permethrin). Organophosphates and organochlorines 
are potential acetylcholinesterase inhibitors, which 
cause a permanent overlay of acetylcholine across neural 
synapse leading to nerve impulse failure (10). Similarly, 
carbamates can bring about neurotoxicity in the affected 
subjects (11). Organochlorine insecticides also show 
evidence of producing adverse effects in different organs 
(12) by binding to thyroid hormone receptors (13).

Along with interaction with protein ligands, 
agrochemicals have also shown changes in the expression 
of mRNAs. For example, prevalent pesticides like 
monocrotophos and endosulfan decrease the expression 
of AAK-2 mRNA and A1CF mRNA, respectively (13). 
Apart from these mRNAs, non-coding RNAs like the 
miRNAs are also involved in cytotoxicity caused by the 
pesticides (14). The toxic effect of these cidal chemicals 
may be dependent on their three-dimensional (3D) 
structures. For example, chiral pesticides and insecticides 
can impose enantioselective toxicity on humans and other 
mammals (15).

The cidal chemicals like pesticides entering the body 
through the mouth (ingestion) or inhalation have been 
reported to cause serious illness, severe injury, damage 
to the nose, throat, lung tissues, or sometimes even death 

(16). Since chemicals are dispersed mainly by hydraulic 
sprayers, the most significant potential for poisoning 
via respiratory exposure has occurred due to vapors and 
extremely fine particles of spray solution. It has been 
found out that the chemical poisoning via inhalation route 
has more deleterious effects than the dermal route since 
the lung is the primary target of these toxicants (17).

The paucity of information and research regarding the 
chemical use pattern, updated knowledge on hazards 
created by these chemicals, is creating challenges in 
combating this scary situation. There are studies designed 
to eliminate pesticides from the environment (18) but not 
much efforts have been made to stop them before entering 
the human body through direct exposure, specially those 
which are affordable to farmers. The present study was 
designed to evaluate the current chemical usage pattern in 
Eastern India and find a way for preventing the perilous 
effect of the cidal chemicals used on croplands by farmers 
using the knowledge obtained from the evaluation. Here, 
in-silico binding studies of some pesticides with a few 
proteins pave the path towards finding a potential binding 
agent that can trap the cidal chemicals. The present 
research suggests a trapping agent against the cidal 
chemicals that is biodegradable with the potential of being 
reusable and advantageous over the currently used ones. 
This paper also acts as a reminder of the threats that these 
chemicals impose on the human life.

Materials and Methods
The present study was conducted to understand the 
prevalence of cidal usage and its effect on farmers 
across the eastern region of India. The most frequently 
used chemicals with potential hazards were shortlisted 
from the responses of the users. These chemicals were 
analyzed for physical and other properties. The selected 
chemicals were docked for a suitable protein to explore an 
opportunity to report the best candidate to trap hazardous 
chemicals before entering the human body.

Baseline survey
This baseline study was conducted in two major states 
of Eastern India, namely West Bengal and Odisha. The 
present study was focused over some districts of these 
two states, including Hooghly, Nadia, Birbhum, Purba 
Barddhaman, Paschim Barddhaman, South 24 Paragana, 
North 24 Paragana, Purulia, Bankura, East and West 
Medinipur from West Bengal and Bargarh, Sundargarh, 
Sambalpur from Odisha (Figure 1). From the above-
mentioned 14 districts of Eastern India, 600 respondents 
were interviewed for the survey. They were from various 
agriculture fields encompassing farmers, sellers of cidal 
chemicals, agriculture officers, agriculture business 
persons, and daily wage laborers. A questionnaire was 
prepared, which comprised of demographic information 
such as age, sex, types of chemical sprays used in fields, 
types of crops grown and menace by pests, farm size 
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(hectares) category of sample households, symptoms 
experienced, if any, after the use of agrochemicals, 
knowledge of the toxicity of agrochemicals, and preventive 
measures used while spraying chemicals.

Analysis of cidal chemicals
From the baseline survey, the agrochemicals reported 
were studied using the PubChem database (19). The 
physical and chemical properties, toxicity, bio-activity 
like mutagenic, tumorigenic, irritant properties, and 
reproductive effectiveness of the selected chemicals were 
checked using DataWarrior.

Tools used in computational approach
For the statistical analysis, Wessa online statistics tool was 
used in the present study. Chemical similarity analysis 
was done using ChemMine R and DataWarrior. Swiss 
TargetPrediction tool was used to identify the common 
protein targets for the selected chemicals. The docking 
studies were done using mcule Web tool. The docking 
interactions were further studied using Discovery Studio 
client 2020. The methods are further elucidated below.

Selection of chemicals for binding:
To conduct the docking studies, five most frequently 
used chemicals, as reported by the respondents in the 
present study, were selected. A correlation between all 
the agrochemicals and their physical characteristics 
was established by statistical treatment taking melting 
point and oral LD50 value as parameters. A statistical 
distribution curve of the melting points of the chemicals, 
generated by an online platform (Wessa Free Statistics 
tool) (20), was used to distribute all the agrochemicals 

into four quartiles, and five were selected from significant 
quartiles. The percentage distribution chart classifies 
agrochemicals into insecticides, herbicides, fungicides, 
and a univariate data plot.

Chemical similarity analysis
Chemical similarities amongst the 39 chemicals tracked 
from the survey were established concerning five seed 
molecules (alpha-cypermethrin, buprofezin, phorate, 
mancozeb, fenobucarb) using Jaccard’s Index (Tanimoto 
Coefficient and Dice’s Coefficient) (21). The chemical 
similarity analysis was performed using ChemmineR 
(21) and DataWarrior tool (22). The DataWarrior FragFp 
analysis was performed to generate a similarity score 
where the least similarity range was set to 80%.

Selection of target proteins
Protein targets were predicted with the help of the Swiss 
TargetPrediction Web tool. The SMILES notations for 
the selected compounds from PubChem were used to 
predict target proteins using Swiss TargetPrediction Web 
tool (23). The targets with the best probability values were 
selected, and the PDB IDs with the lowest resolution were 
selected for docking studies. The sequence identity and 
similarity analysis of the proteins were done using Smith-
Watermen sequence alignment (24) in the RCSB-PDB 
protein comparison tool.

Docking of the selected chemicals with proteins
The dockings were done using mcule 1-click Docking 
Web tool, which runs on AutoDock Vina Docking 
algorithm. The best docking poses were downloaded and 
visualized in the Discovery Studio 2020 client (DS). The 

Figure 1. Number of respondents taken part in the survey along with the districts of West Bengal and Odisha, the two states of Eastern 
India where the survey was conducted. The number of subjects from each district is presented in number inside the spheres with different 
colours for different districts.
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receptor-ligand interactions of the agrochemicals with 
the key amino acid residues on the target proteins were 
recorded with a special focus on non-covalent attractive 
interactions.

Results
The in-depth survey in the study area revealed life-
threatening evidences due to the naive usage of 
agrochemicals. All the chemicals prevalently practiced 
are adjudged toxic for human health by NCBI. Three 
different proteins including Torpedo acetylcholinesterase, 
trypanosome phosphoglycerate kinase, and 121p GTPase 
HRas, were carefully analyzed and are known as the potent 
protein molecules responsible for fastening the molecule 
through docking studies. These results are certainly 
promising remedy for blocking toxic agrochemicals before 
their entry into human systems.

Survey report analysis
In general, most of the respondents were male directly 
related to agriculture as the percentage of female 
respondents was merely about 4%. The respondents’ age-
wise distribution revealed that 23% were less than 30 
years, 46% were between 30 and 40 years of age, 20% were 
between 41 and 50 years, 6% were under the age group of 
51-60 years, and 5% were more than 60 years. 31% of them 
were uneducated, 35% had primary school degree, 32% 
had secondary school degree, and 2% have college degree. 
It was reported that 65% of the respondents were unaware 
of the hazardous effects of the pesticides, 14% were aware, 
and 21% were not interested. In addition, 52% were unable 
to read instructions on the container, 19% were able to read 
instructions, and 29% were ignorant. The most common 
symptoms experienced by 85% of the respondents were 
nausea, headache, tiredness, giddiness, skin, eye irritation, 
vomiting, and sweating. 60% experienced cough, fever, 
salivation, runny nose, wheezing, 28% experienced 
hypotension, hypertension, severe blisters, toenail 
damage, muscle cramp, and 17% experienced severe 
symptoms of seizures, anorexia, convulsions, involuntary 
urination and defecation. In addition to these low and 
moderate toxicity symptoms, many farmers were found 
to be suffering from serious illness like cancer, cardio-
vascular diseases, respiratory diseases, and renal disorders. 
The fact that farmers were oblivious of the toxic nature 
of the compounds was quite evident as only 1% used 
complete partial protective equipment while 70% of the 
respondent used towels or cloths to cover their nose and 
mouth, 20% partially covered themselves using gloves or 
headgear, and 2% of the subjects also mentioned washing 
of hands and taking a bath after spraying chemicals as 
protective measures. Certain unethical practices of mixing 
pesticides with kerosene and other pesticides, re-entering 
into the field sprayed with pesticides, were reported. Less 
knowledge about the amount of concentration of cidal 
spray to be used and crop specificity was reported. People 

prefer getting checked by doctors if severe health issues 
occur. Some suppressed their physical discomfort using 
home remedies such as tamarind water, saltwater, etc. The 
study also revealed that the farmers stored pesticides in 
places such as storeroom (32.4%), kitchen (8.2%), and 
bathrooms (14.8%) where they become easily accessible 
to family members, including children.

Comparison of the pesticides by responses, oral toxicity, 
and melting point
Interview with 600 volunteers (farmers, agricultural 
officers, and others related to agriculture) showed that 
39 different chemicals are extensively used as pesticides, 
insecticides, fungicides or herbicides (Table 1) in Eastern 
India. 60% of these chemicals are insecticides, whereas 
20% are herbicides, and the other 20% are fungicides 
(Figure 2a). The five chemicals used by most of the 
farmers are alpha-cypermethrin (18.66%) followed by 
mancozeb (16.16%), fenobucarb (16%), buprofezin (16%), 
and phorate (15.5%). The pesticide use pattern among the 
farmers is graphically represented in Figure 2e. Alpha 
cypermethrin, fenobucarb, phorate, and buprofezin are 
insecticides, whereas mancozeb is used as a fungicide.

According to their oral LD50 values (Table 1), these 
chemicals can be categorized into four different classes 
according to the WHO guidelines, including Class I-a 
(LD50 ≤ 5 mg/kg; extremely hazardous), Class I-b (LD50: 
5-50 mg/kg; highly hazardous), Class II (LD50: 50-2000 
mg/kg; moderately hazardous), and Class III (LD50 ≥ 
2000 mg/kg; slightly hazardous). Out of the 39 chemicals 
surveyed in this study, 11 belong to Class III, 23 to Class 
II, 3 to Class I-b, and the rest 2 belong to Class I-a (Figure 
2d). Among the 5 chemicals that are most commonly 
used in Eastern India, phorate belongs to Class I-a, alpha-
cypermethrin and fenobucarb belong to Class II whereas, 
mancozeb and buprofezin belong to Class III.

The statistical treatment was employed using the 
melting points of the chemicals (Table 1, Figure 2b and 
2c) for selecting the best five chemicals for docking. 
The range of melting points is -15 to 420°C. The average 
melting point is 144.7°C. The results showed that 25% 
of the chemicals come under the melting point ≤ 76°C 
category, 50% of all the chemicals have a melting point ≤ 
141°C, and 75% have a melting point up to 207.8°C. Two 
insecticides from the first quartile, one fungicide and one 
herbicide from the second quartile not in the first quartile, 
and one fungicide from the third quartile were selected 
for docking studies. Therefore, these five chemicals had 
different melting points. The study clarified that the most 
effective chemicals are in the second quartile, and also, 
the most frequently used pesticides belong to this region. 
From the statistical distribution (fitted normal density), 
the most hazardous chemical should be in the range of 
the third quartile. The sample size was 39 and the sample 
variance was 99.71128 and there is no reason to reject the 
null hypothesis H0 142.5), where type I error is taken as 
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0.05 and the obtained P-value is 0.07918.

Chemical similarity analysis
The chemical similarity analysis using the five chemicals, 
namely alpha-cypermethrin, buprofezin, fenobucarb, 
phorate, and mancozeb (Figure 3) as seed molecules 

revealed that all the other pesticides except paraquat, 
chlorothalonil, and DDT show good structural similarity. 
Alpha-cypermethrin and buprofezin are closely related 
to the maximum number of molecules. Data analysis 
also showed that aromatic rings and similar types of 
electronegative atoms in most compounds account for the 

Table 1. List of chemicals extensively used in Eastern India with their type, oral and dermal LD50 values, melting point, and corresponding number of 
respondents

Chemical Agrochemical information Oral LD50 (mg/kg) Dermal LD50 (mg/kg) Melting Point (°C) No. of respondents

Profenofos Insecticide 358 277 - 23

Pymetrozine Insecticide 5000 2000 217 40

Buprofezin Insecticide 5000 2000 105 96

Diflubenzuron Insecticide 4640 10000 239 27

Butachlor Herbicides 5010 13000 -2.8 52

Cyhalofop-butyl Herbicides 2000 35000 >270 37

Emamectin benzoate Insecticide 2950 2000 141-146 22

Deltamethrin Insecticide 129 2000 1000 61

Carbofuran Insecticide, nematicide, 
acaricide 14 25 151 27

Atrazine Herbicides 1780 173-175 41

Carbendazim Fungicides 1720 2000 302-307 42

DDT Insecticide 113 2510 108.5 33

Endosulfan Insecticide 160 359 210 28

Endrin 20E Insecticide 3 18 19

Monocrotophos Insecticide 135 1028 55 26

Difenoconazole Fungicide 1453 2010 76.0 27

Hexaconazole Fungicide 612 2189 111.0 15

Glyphosate Herbicide 5000 5000 189.5 41

Malathion Insecticides 2800 4100 2.8 45

Chlorantraniliprole Insecticide 5000 208-210 22

Propiconazole Fungicide 1517 4000 24

Chlorothalonil Fungicide 10000 250.0 38

Mancozeb Fungicide 11200 15000 172 97

Alpha cypermethrin Insecticides 250 2000 78-81 112

Phorate Insecticides 4 6 <-15 93

Zinc phosphide rodenticide 45.7 70 420 61

Parathion methyl insecticide 25 25 35.8 56

Paraquat Herbicide 150 >400 54

Coumaphos insecticide 140 860 91 29

Lambda cyhalothrin insecticide 79 632 49.2 42

Sulphur Fungicide 2000 2000 120 34

Bifenthrin Insecticide, Acaricide 375 2000 69 37

Ammonium salt of glyphosate Herbicide 750 2000 - 14

Imidacloprid Insecticide 450 5000 144.0 55

Acetamiprid Insecticide 866 2000 51

Metasulfuron methyl Herbicide 2000 4592 162.0 30

Chlorimuron ethyl Herbicide 4000 2000 181.0 32

Fenobucarb Insecticide 140 420 31.5 96

Thiram fungicide 1000 5000 155.6 41
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pharmacophoric similarity.

Selection of proteins for docking
In this study, Swiss TargetPrediction was used to find the 
best possible targets for the selected five chemicals. Three 
different proteins including 1e66 acetylcholinesterase, 
13pk phosphoglycerate kinase, and 121p GTPase HRas 
were predicted as the common targets of these chemicals. 
The best resolutions of these proteins were selected for 
docking purpose where 1e66 TcAChE, 13pk TbPGK, and 
121p GTPase HRas have resolutions of 2.100, 2.500, and 
1.540 respectively. To ensure the minimum structural 
similarity among the selected proteins, for better 
understanding of the binding interactions, sequence 
alignment studies were done. Between 1e66 TcAChE and 
13pk TbPGK, identities were found to be 1.84% and 2.41%, 
respectively, whereas similarities were seen to be 2.39% 
and 3.13%, respectively. In the case of 1e66 TcAChE and 
121p GTPase HRas, the similarities and identities were 
evaluated as 2.39% (1e66 TcAChE), 7.83% (121p GTPase 
HRas), 1.66% (1e66 TcAChE), and 5.42% (121p GTPase 
HRas). When the sequences of 121p GTPase HRas and 
13pk TbPGK were compared, they showed 14.46% (121p 
GTPase HRas) and 5.78% (13pk TbPGK) similarities and 
identity scores of 8.43% (121p GTPase HRas) and 3.37% 
(13pk TbPGK).

Analysis of docking studies
For the docking study, the five chemicals reported as 
frequently used in the survey, were selected (Figure 2e). 
These chemicals (structure and IUPAC nomenclature 
are given in Figure 4 were docked with three different 

proteins including 121p GTPase HRas, Torpedo 
acetylcholinesterase, trypanosome phosphoglycerate 
kinase. It is worth mentioning that only the best docking 
chemical pose were studied to analyze the most stable 
protein-ligand interactions.

In Torpedo acetylcholinesterase, all the five chemicals 
were docked within the polypeptide sequence, starting 
from glutamine 66 and ending at tyrosine 439 (Table 2, 
Figure 5). Alpha cypermethrin shows the highest binding 
affinity towards AChE with a docking score of -11.2, 
followed by buprofezin (-8.9) and fenobucarb (-8.3). 
The most significant fact is that the binding site of AChE 
contains many aromatic amino acid residues that interact 
with the aromatic rings present in alpha-cypermethrin, 
buprofezin, fenobucarb, and also take part in other 
attractive interactions that contribute to protein-ligand 
binding (Figure 5). However, phorate and mancozeb show 
a slightly weaker binding affinity towards the active site of 
AChE, and that maybe because of the absence of aromatic 
rings. Moreover, it is also evident that conventional 
H-bonds do not contribute predominantly to the case of 
AChE-selected chemical interactions.

Docking trypanosome phosphoglycerate kinase with all 
the subjects of interest (Figure 6) reveals that this protein 
shows propinquity towards alpha cypermethrin (-8.9) 
and buprofezin (-8.7). Whilst fenobucarb, phorate, and 
mancozeb bind to PGK proficiently with binding scores 
of -6.7, -4.8, and -4.0, respectively. The active peptide 
sequence of PGK is outstretched from glycine 213 to 
glutamic acid 341. Ala 238, Tyr 241, Gly 338, and Glu 341 
are the residues that interact with the chemicals by forming 
H-bonds whereas, Phe 290 is involved in pi-stacking 

Figure 2. Analysis of different parameters of the 39 chemicals used in Eastern India. 1a) Percentage of chemicals classified in different 
categories; 1b) Melting point analysis of the different chemicals, the melting points ranges from -15 to 420°C; 1c) Statistical distribution 
(fitted normal density) obtained from the melting point analysis creates three quartiles; 1d) Comparison of oral LD50 values of 39 
chemicals, red means extremely hazardous and blue means non-hazardous; 1e) Plot of chemicals against number of respondents show 
five chemicals are mostly used and they are presented in the diagram as A (alpha-cypermethrin), M (mancozeb), F (fenobucarb), B 
(Buprofezin) and P (phorate).
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Figure 3. Chemical similarity analysis of the cidal chemicals used in Eastern India with respect to the five seed molecules. 2A) Similarity 
analysis with respect to alpha-cypermethrin (shown in red box); 2B) Similarity analysis with respect to buprofezin (shown in red box); 2C) 
Similarity analysis with respect to fenobucarb (shown in red box); 2D) Similarity analysis with respect to mancozeb; 2E) Similarity analysis 
with respect to phorate (shown in red box); structural similarity [FragFp] of 0 to 1 represents poor to best similarities.
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Figure 4. Structure and IUPAC nomenclature of the chemicals selected for docking purpose.

Figure 5. Docking of the five selected chemicals with acetylcholinesterase. The images on the left side are the screenshots of the docking 
results obtained from mcule. The images on the right side show the 2D view of the interactions between the ligand and binding site of the 
protein.
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interaction; however, only with alpha-cypermethrin.
121p GTPase HRas is a short 166 residue protein that 

can bind to all the studied five chemicals (Figure 7). A 
similar order of binding capacity among the chemicals can 
be seen here as alpha cypermethrin (-8.4) > buprofezin 
(-7.6) > fenobucarb (-6.2) > phorate (-4.2) > mancozeb 
(-3.9). In contrast to AChE or PGK, GTPase HRas active 
site shows a higher number of conventional H-bonding 
interactions with the ligands. Despite three hydrogen 
bonding interactions with the protein in each case, both 
phorate and mancozeb showed poor binding affinity.

Discussion
Toxicity imposed by different kinds of pesticides can be 
either acute or chronic (25). The harmful effects caused 
by a single exposure through any route of entry are 
termed acute effects. Any harmful effects caused by small 
doses repeated over a while are termed chronic effects. 
Recently, several studies have established a link between 
pesticides exposure and the incidences of human chronic 
diseases like cancer (childhood and adult brain cancer, 
renal cancer, lymphocytic leukemia, prostrate cancer in 
childhood and adults) (26-31), neurodegenerative diseases 
including Parkinson’s disease (32) and Alzheimer’s 
disease (33), cardio-vascular disease including coronary 
artery disease (34), type 2 diabetes (35), reproductive 
disorders (36,37), birth defects (38,39), hormonal 
imbalances (40), respiratory diseases (asthma, chronic 
obstructive pulmonary disease) (41,42), etc. Conversely, 
some biochemical alterations may not necessarily lead 
to clinically recognizable symptoms, although all the 
biochemical responses can be used as markers of exposure 

or effect (43). 
Consistent with these reports, the present study also 

revealed a considerable number of subjects suffering from 
these deadly diseases. The most disturbing part of the 
survey reveals that almost 12% of the respondents aged 
above 40 years had cancer. Additionally, 11% and 7% 
of farmers suffer from neurodegenerative diseases and 
cardiovascular diseases, respectively. 10 farmer families in 
Bankura district had girls who assisted in field, reported 
to have hormonal imbalance and irregular menstruation. 
However, the fact that the diseases are caused only by 
the atrocious effects of the pesticides up in the air; there 
remains a high possibility of being so. the pesticides is 
uncertain, but there is a high possibility that this might 
be the cause.

The chemicals that are spreading their nocuous effects 
on the farmers of Eastern India can be categorized into 
different toxicity levels, where 28 of them can leave their 
conspicuous rough marks on human life. Almost 54% of 
the chemicals are irritant, 41% are tumorigenic, 46% are 
mutagenic, and 51% can affect the victims’ reproductive 
health (Figure 8). Fifteen chemicals are known to cause 
only mild symptoms and are not involved in any nasty 
functions (Figure 8). 

Among all these chemicals, five chemicals predominantly 
used in Eastern India were selected for further studies. 
Melting point data analysis supports the selection as 
these chemicals have different melting points allowing 
to study a wide range of chemicals since the melting 
point of chemicals depends on various structural aspects. 
Cidal chemicals can be classified according to their 
structural bases as organochlorines, organophosphates, 

Table 2. Docking parameters of the docked complexes obtained from the docking of the selected proteins with the selected chemicals along with the number 
of different types of binding interactions

Docked complex
Best

docking
score

No. of
conventional

H-bond

Van der
waals int Pi-stacked int Pi-alkyl int Attractive charge 

int

Alpha-Hras -8.4 0 19 1 4 0

Bupro-Hras -7.6 1 16 1 2 0

Phorate-Hras -4.2 3 14 0 2 0

Feno-Hras -6.2 1 9 1 3 0

Manco-Hras -3.9 3 10 0 0 1

Alpha-AChE -11.2 0 13 2 4 0

Bupro-AChE -8.9 0 19 3 1 0

Phorate-AChE -5.3 0 6 0 4 0

Feno-Ache -8.3 1 10 2 4 0

Manco-AChE -4.2 0 7 0 0 5

Alpha-PGK -8.9 2 13 1 2 0

Bupro-PGK -8.7 1 9 1 4 0

Phorate-PGK -4.8 0 13 0 4 1

Feno-PGK -6.7 1 10 1 3 0

Manco-PGK -4 2 11 0 0 2

Alpha, alpha-cypermethrin; bupro, buprofezin; Feno, fenobucarb; Manco, mancozeb; HRas, 121p GTPase HRas; AChE, 1e66 Torpedo californica 
acetylcholinesterase; PGK, 13pk trypanosoma brucei phosphoglycerate kinase; Int, interactions.
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carbamates, and pyrethroids (44). Among the selected 
chemicals, alpha-cypermethrin is a pyrethroid, phorate 
is an organophosphate, buprofezin is a thiadiazinane, and 
the rest two are carbamates. Fenobucarb is a carbamate, 
whereas mancozeb is a dithiocarbamate (carbamate 
analog having both oxygens replaced by sulphur atom). 
The selection of this wide range of chemical structure 
enabled us to do further research with only five chemicals 
instead of all the 39 chemicals. Theoretically, all the 
pyrethroids should have some chemical similarities 
among themselves. The case would be the same with all 
the carbamates or the organophosphates. The presence 
of analogous groups or atoms in a particular class of 

chemicals may enable them to show similar interactions 
with a particular binding molecule. To validate this 
supposition, a chemical similarity analysis was performed 
with five seed molecules only to find out that all the 
chemicals except three of them (chlorothalonil, paraquat, 
and DDT), are structurally related to these five molecules 
of preference. Thus, it can be expected that the binding 
property shown by the other molecules will be somewhat 
similar to these five molecules.

This study aimed not only to evaluate the effect of 
pesticide poisoning in farmers of Eastern India but also 
to catch on a plausible solution. As it is evident that 
inhalation of pesticides causes paramount damage to a 

Figure 6. Docking of the five selected chemicals with phosphoglycerate kinase. The images on the left side are the screenshots of the 
docking results obtained from mcule. The images on the right side show the 2D view of the interactions between the ligand and binding 
site of the protein.
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Figure 7. Docking of the five selected chemicals with GTPase HRas. The images on the left side are the screenshots of the docking results 
obtained from mcule. The images on the right side show the 2D view of interactions between the ligand and binding site of the protein.

farmer’s health, the first priority was finding a suitable 
binding agent that can trap these foul chemicals. Despite 
the fact that many such technologies are present, a 
peptide-based agent is still a better way for this purpose. 
The adsorption techniques have been frequently used 
for removing organic and inorganic pollutants since its 
discovery in 1940. Out of the natural materials, proteins 
are prospective materials that are used as adsorbents 
owing to many different types of functional groups that 
reside on the side chains of amino acid residues. They are 
also advantageous due to their biodegradability. Peptides 
trap different organo-chemicals and metal ions by virtue 
of their physisorption and chemisorption abilities (45). 

Physisorption directs the chemicals to be trapped in a 
porous network on the proteins surface while the peptide 
bonds and the functional groups on the side chains 
offer active sites for chemisorption of the approaching 
chemicals (46).

Based on the target prediction using selected chemicals, 
three proteins including acetylcholinesterase, GTPase 
HRas, and phosphoglycerate kinase came up as the typical 
targets for all the chemicals. In this study, Torpedo 1e66 
acetylcholinesterase, trypanosoma 13pk phosphoglycerate 
kinase, and 121p GTPase HRas were selected considering 
their resolution. Comparison of protein sequence 
confirmed a little similarity and identity among the 
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selected peptide sequences. All the selected proteins were 
evaluated based on their specific docking features obtained 
after docking with the selected chemicals. The following 
aspects were found from the docking results (Figure 9), 
and these aspects can be useful for the proposed purpose:
1.	 The affinity of all the chemicals towards the different 

proteins follows the order: 1e66 TcAChE > 13pk 
TbPGK > 121p GTPHR.

2.	 The binding affinity of the chemicals follows 
the order: alpha-cypermethrin > buprofezin > 
fenobucarb > phorate > mancozeb and this is true for 
all the selected proteins.

To find out the reason behind these results, a comparative 
analysis of the protein structures and different types of 

interactions was carried out. TcAChE is a protein with 
more than 500 amino acid residues having 12 mixed 
β-sheet surrounded by 14 α-helices (47). This protein’s 
active site is fringed by 14 aromatic amino acid residues 
that contribute to the greatest extent of adsorbing the 
chemicals within it. 13pk TbPGK is a 415-residue protein 
having two equal-sized domains, each made of 6-stranded 
parallel β-sheet and linked by two α-helices (48). It uses 
hydrogen bonding ability as well as its aromatic amino acid 
residues to bind the chemicals. 121p GTPHR comprises 
six β-sheet structures along with five α-helices (49). The 
G-domain of its two domains contains 166 amino acid 
residues, and it participates in binding with the chemicals 
using H-bonding ability of its amino acid residues, as is 
shown in the study. 

1e66 TcAChE as well as its substructure can be used as 
the adsorbent protein. The presence of many aromatic 
amino acid residues and the remarkable electrostatic 
characteristic of AChE makes it a great candidate for 
this purpose. The hydrophobicity of the aromatic gorge 
present in AChE can result in low dielectric constant in 
the gorge region that can help inceptive adsorption of 
the chemicals and further diffusion of the chemicals 
to the high-affinity sites (50). TcAChE has a very high 
dipole moment that acts nearly along the axis of the 
aromatic gorge. This dipole moment may help to induce 
the positively charged or electron-deficient substances to 
bind (51). Along the aromatic gorge, a potential gradient 
is active, which may further help the chemicals deep into 
the gorge the chemicals to glide deep into the gorge (52). 

Figure 9. Comparison of the binding affinity (from docking score) 
of the five chemicals when bound to three different proteins used 
in this study. (Only the magnitudes are taken, i.e. the -ve sign of 
energy is not used in data plotting).

Figure 8. The bio-activity comparison of the cidal chemicals found to be extensively used in Eastern India. This image shows mutagenic 
(upper left), tumorigenic (upper right), irritant (lower left), and effective reproductive (lower right) characteristics of the chemicals.
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It is also evident that a weakly hydrated environment 
favors π- cation or π-stacking interactions between the 
enzyme and its substrate acetylcholine (53). This is an 
important point to be noted since the cidal chemicals are 
generally sprayed as an aqueous solution that will create 
the hydrated environs suitable for binding with protein. 
Another add-on to the astonishing structural facet of 
TcAChE is its prodigious inflexibility (54). That means 
binding of a ligand will not change its binding efficiency 
towards the next approaching ligand. This feature is very 
much crucial for the spatiotemporal effectiveness of the 
trapping agent.

The random coil structure is more effective in absorption 
than its native structure because of a relatively looser 
structure and hence more surface area that opens up more 
sites for absorption (55,56). Chaotropic agents can be used 
for obtaining a random coil structure by disrupting the 
bonding network acting in the 3D-structure of the protein 
(57).

Regeneration of sorbents should be a pertinent feature 
for a potential adsorbent of commercial importance. 
Typically, mesh-shaped fabrics are ideal for uniform 
and reproducible properties compared to loose fibrous 
or particulate sorbents, which enable them to be 
cleaned and reused. AChE contains a large number 
of ionizable groups, and its isoelectric point is 5.6.  
This characteristic of AChE influences the absorption and 
desorption characteristics of the absorbent systems.

This study shows that not a particular type of 
interaction plays a role in binding (Figure 10). However, 
it is also evident that high docking scores in the study are 
accompanied by pi-stacking interactions between aromatic 
rings of the aromatic amino acid residues and the binding 
molecules. The best docking score for acetylcholinesterase 
can be correlated with the contribution of a large number 

of interacting phenyl rings of aromatic amino acid 
residues. This stability can be validated by considering 
the Pi-stacking interactions between ligand and peptide 
phenyl rings, increasing pi-donor hydrogen bonds, and pi-
electronegative atom interactions. Alpha-cypermethrin, 
buprofezin, and fenobucarb contain aromatic rings in 
their structure and as seen in phorate, carbamate part 
of mancozeb contains no phenyl ring, as a result, they 
show the least docking score. The presence of H-bonding 
interaction always does not guarantee a high docking 
score (58) as it happened in this study also, but it certainly 
plays a significant role in a close-grained binding (59). 
The presence of H-bond donors and acceptors in large 
numbers can increase the binding affinity significantly. 
So, the attentive substitution of electron-donating and/
or electron-withdrawing groups in amino acid side 
chains can be a useful aspect for modification while using 
AChE as a binding agent without the deliberation of the 
structural stability.

However, certain conditions are modulated to amplify 
the stability of the protein while it is used as a binding 
agent. For example, proteins maintain a denaturation 
temperature above which their 3D structure is 
disintegrated, and the same happens with altering pH 
values. This can thwart the long-term use of the protein 
as a binding agent in commercial purpose. To increase the 
thermostability or the stability in slightly acidic or basic 
conditions, various structural and sequence factors should 
be taken into accounts, such as helical content, H-bonding, 
salt-bridges, polar surface area, and other factors which 
contribute to the thermophilicity of some proteins (60,61). 
The efficiency of chemical removal, which indicates if 
the adsorbent is reusable or not, depends on the specific 
surface area, the activity of absorbents, solution pH, 
contact time, temperature, presence of other chemicals 
and their concentrations, and the chemical nature of the 
cidal chemicals (62). Therefore, further in-silico and in-
vitro studies are required for an accurate understanding of 
the physical and chemical properties.

Conclusion
The most undervalued professionals who are the main 
reason for humankind’s thriving, the farmers of our land, 
have been long-suffering in silence by the exposure to the 
high levels of dangerous agrochemicals. The inexorably 
agonizing consequences of such negligence towards 
agrochemical abuse have destroyed millions of innocent 
people. This baseline survey explored the patterns of 
usage and impact of the most frequently used pesticides, 
insecticides, herbicides, etc., in the Eastern parts of 
India and assessed the type of threats they induct. Alpha 
cypermethrin, buprofezin, fenobucarb, phorate, and 
mancozeb were found to be the most frequently used 
perilous agrochemicals.

These chemicals were used to formulate and hypothesize 
a preventive measure employing an in-silico methodology. 

Figure 10. Scattered plot of different types of interactions 
against the docking scores. In this study, number of conventional 
H-bonds (upper left), number of Van der Waals interactions 
(upper right), number of pi-stacking interactions (lower left) and 
number of pi-alkyl interactions (lower right) are plotted against the 
corresponding docking score.
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Due to the abundant presence of aromatic amino acids 
at the docking sites, the docking studies have revealed 
that acetylcholinesterase has the promising potential of 
becoming a commercially successful absorbent that can 
find its application as a trapping agent for cidal chemicals. 
However, the results are preliminary and certainly need 
experimental justifications to concretize the validity of the 
claims presented in this research.
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