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Abstract 
To feed the growing global population, agricultural production must continuously increase. The use 
of pesticides has been a major contributor to increased crop yields. However, their indiscriminate 
and widespread application has led to serious health concerns for non-target aquatic organisms, 
wild animals, and humans. Pesticides can enter the body through ingestion, inhalation, dermal 
absorption, or ocular exposure. Research findings indicate that, in addition to organochlorine, 
organophosphate, and carbamate pesticides, newly introduced pyrethroids also exert significant 
adverse effects on the nervous system of aquatic organisms, wildlife, and humans. Impairment of 
neurological functions can result in dizziness, headaches, developmental delays in children, short-
or long-term memory loss, and neurodegenerative disorders such as Alzheimer’s and Parkinson’s 
disease. Scientific studies have demonstrated that pesticide exposure triggers oxidative stress and 
disrupts neurotransmission in humans, animals, and aquatic organisms. These disruptions may 
cause neuronal damage, altered brain development, and neurodegenerative outcomes. In humans 
and animals, neurotoxicity is often associated with the inhibition of acetylcholinesterase (AChE), an 
enzyme essential for the breakdown of acetylcholine, a key neurotransmitter. Furthermore, certain 
pesticides inhibit mitochondrial complex I, leading to brain DNA damage. This review aims to 
present recent scientific evidence on the neurotoxic effects of pesticide exposure in aquatic 
organisms, animals, and humans. 
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Introduction 
The United Nations Food and Agriculture Organization (FAO) has defined a pesticide as any 
chemical compound or mixture of compounds (natural or synthetic) that can control, repel, prevent, 
or eradicate undesirable organisms such as insects, weeds, fungi, rodents, nematodes, and animal 
or human disease vectors (Pathak et al., 2022). Similarly, the United States Code of Federal 
Regulations defines pesticides as substances that act as plant regulators, desiccants, or defoliants 
(USEPA, 2023). After the Second World War, the use of synthetic pesticides significantly reduced 
agricultural losses and improved both the yield and quality of food at affordable levels (Khan et al., 
2023; Tudi et al., 2021). The introduction of these compounds has played a major role in advancing 
global agriculture, particularly over the past century (Singh, 2025; Sidhu and Singh, 2025; Das et al., 
2024; Bhatt et al., 2024; Mehra and Chadha, 2023; Kaushal and Singh, 2022; Tudi et al., 2021). 
Global pesticide production and usage increased from 0.2 million tons in the 1950s to 4.32 million 
tons in 2024 and is projected to reach 4.41 million tons by 2027.  
 
The global pesticide market was valued at 126.5 billion USD in 2024 and is expected to grow to 181.6 
billion USD by 2030, with an annual growth rate of 6.2%. Despite these agricultural benefits, 
pesticide exposure remains a major public health concern. Literature indicates that more than 40% 
of the global farming population, approximately 500 million people, experience pesticide poisoning 
annually (Garud et al., 2024). Alarmingly, only about 1% of the pesticides applied reach the intended 
target organisms, while the remaining 99% disperse into the environment, contaminating soil, air, 
water, and non-target organisms (Chen et al., 2025). This leads to environmental pollution, reduced 
crop quality, and harmful effects on aquatic organisms, terrestrial wildlife, and human health. 
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According to a joint WHO and UNEP report, pesticide exposure and the consumption of 
contaminated food contribute to around 200,000 deaths globally each year, with the majority 
occurring in developing countries (Ahmad et al., 2024).  
 
Historical evidence further highlights the risks. Friedman et al. (2022) reported that more than 
40,000 military personnel were affected by exposure to organophosphate and carbamate pesticides 
during the Gulf War. Mechanistically, pesticides in the human or animal body not only inhibit the 
activity of acetylcholinesterase but also generate reactive oxygen species (ROS). This oxidative 
stress disrupts antioxidant defenses, leading to cellular oxidative damage. Over the past 70 years, 
the misuse of pesticides has led to widespread accumulation of these toxicants in soil, water, air, 
and food.  
 
Exposure to pesticide-contaminated environments or consumption of contaminated food and 
water has been strongly associated with chronic diseases including multiple cancers (brain, breast, 
prostate, bladder, and colon) (Gerken et al., 2024; Kim et al., 2022; Matich et al., 2021), neurological 
toxicity, Alzheimer’s disease (AD) (Flores-Gutierrez et al., 2023; Frisoni et al., 2022), Parkinson’s 
disease (Perrin et al., 2021), infertility (Somé et al., 2022; Fucic et al., 2021), leukemia (Nguyen et 
al., 2023; Rafeeinia et al., 2022; Foucault et al., 2021), and diabetes (Hern´andez-Mariano et al., 
2022). Growing concerns over neurological disorders, manifesting as headaches, weakness or 
numbness in limbs, vision loss, reproductive issues, depression, cardiovascular problems, and 
influenza-like symptoms have stimulated extensive research over the past 15 years (Hirano et al., 
2021). These nervous system impairments are often linked to oxidative stress, neuroinflammation, 
and neurodegeneration (Bartholomew et al., 2024; Song et al., 2023; Sidthilaw et al., 2022). Recent 
experimental studies (Ocmen et al., 2023; Pandey et al., 2023; Nuryati et al., 2022) have 
demonstrated that pesticide-induced neurotoxicity in both animals and humans may be mediated 
through mitochondrial dysfunction and oxidative stress across various cell types. Collectively, the 
evidence indicates that mitochondrial impairment and ROS generation represent central 
mechanisms underlying pesticide-induced toxicity and its associated health impacts. 
 
This review provides a detailed classification of pesticides, their routes of entry into aquatic 
organisms, terrestrial animals, and humans, as well as the neurotoxic effects they induce across 
these groups. The findings of this review may assist healthcare professionals in developing 
strategies to minimize the neurotoxic impacts of pesticides in these populations. 
 
Classification of the Pesticides 
Pesticides are classified in several ways, viz., on the basis of source, chemical composition, on the 
basis of their modes of entry, on the basis of target pests and on the basis of toxicity.  
Pesticides, on the basis of their source, are classified into natural and synthetic. 
 
Natural pesticides 
These are either plant-derived or mineral oil-based (also called biopesticides). The common 
examples of plant-based pesticides are Pyrethrins I and II, Ryania, Nicotine, Pyrethrum, Eugenol, 
Rotenone, etc. Pyrethrins are extracted from the plant Chrysanthemum cineraria folium. Pyrethrins, 
the esters of 3-phenoxy phenyl alcohol, are water-insoluble and fat-soluble. These compounds are 
less toxic to mammals and exist in Cis and Trans forms. These pesticides affect the muscular system 
of the pest and affect the sodium channel in the target.  
 
Synthetic Pesticides 
These are pesticides that are synthesized in the laboratory. These pesticides may be (i) Inorganic 
(Copper sulphate, Copper lime, sulphur, ferrous sulphate) and (ii) organic. Most commonly used 
pesticides are mostly organic.  
 
Based on their chemical composition 
Organochlorines, organophosphates, carbamates, Pyrethroids, and neonicotinoids are the main 
classes of pesticides based on their chemical composition.  
 
Organochlorine pesticides (OCs) 
Organochlorine pesticides or Chlorohydrocarbon pesticides belong to the first synthetic pesticide 
group. These pesticides have a cyclodiene ring with five or more chlorine atoms. These pesticides 
are widely used to control insects in the agriculture sector and for public health purposes to control 
vector-borne diseases like malaria, dengue, etc. DDT, DDD, DDE, BHC, aldrin, dieldrin, endosulfan, 
heptachlor, dicofol, chlordane, and methoxychlor are some of the most commonly used  
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organochlorine pesticides. Due to their persistence in the environment and toxicity to non-target 
organisms, most of the pesticides of this class are banned. DDT is most commonly used as an OC 
because it is stored in the fat of humans/animals and is still found in the body of every living 
organism on Earth. 
 
Organophosphate pesticides (OPs) 
Organophosphorus pesticides are the esters, amides, or thiol derivatives of phosphoric acid, were 
first synthesized in 1937 as an alternative to OCs, as these broad-spectrum pesticides can be easily 
biodegraded. Based on the organic moiety present OPs are divided into three (i) Aliphatic: i.e. with 
phosphoric acid aliphatic chain/group is attached widely used are Malathion, Dichlorvos, Phorate (ii) 
aromatic: contains benzene ring with phosphoric acid, Carbofuran, Fenthion, Parathion are 
commonly used pesticides of this group, and (iii) heterocyclics: Heterocyclic ring (s) are attached 
with phosphoric acid moiety, Diazinon, Phosalone are members of this group. The 
organophosphate pesticides, excluding aromatic and sulphur-containing ones, can be easily 
degraded in the environment. Trichlorfan, Ronnel, Parathion, Malathion, Diazinon, dimethoate, 
carbofuran, chlorpyrifos, dichlorvos, fenthion, and glyphosphate are the most widely applied 
organophosphate pesticides. Organophosphate pesticides exert their toxic effects primarily by 
inhibiting acetylcholinesterase activity. These pesticides in humans and other terrestrial animals 
cause neurotoxic effects.  Exposure for a long period enhances the probability of Parkinson’s disease 
in humans (Garud et al., 2024).   
 
Carbamate and Dithiocarbamate pesticides 
Carbamate pesticides are broad-spectrum, easily degradable, fat-soluble pesticides, derivatives of 
carbamic acid (NH2COOH) with a general molecular formula R2N−C (=O)−OR' (where R is alcohol, 
oxime, or phenol and R' is ether, H, or alkyl group). These pesticides are toxic to those pests that 
have attained immunity against organochlorine and organophosphorus pesticides (Moreira et al., 
2022). Pesticides of this class inhibit the secretion of nerve signal transmission enzyme 
acetylcholinesterase in pests as well as non-target organisms. Dimetan was the first synthetic 
pesticide of the carbamate class. Pesticides of this class are water-soluble and cannot be easily 
vaporized. Widely used carbamate pesticides are aldicarb, aminocarb, carbaryl, carbofuran, 
methomyl, oxamyl, and propoxur.  
 
Dithiocarbamate pesticides, which were first synthesized after the Second World War, are broad-
spectrum organosulfur compounds with chemical structure (R, R')N-(C=S)-SX, where R, R' can be an 
alkyl, alkenyl, aryl, or similar other groups, and X a metal ion. The review of data denotes that 21 
compounds of this class are used as agro pesticides. These compounds are prepared by the reaction 
of carbon disulfide with a primary or secondary amine in a basic medium. Pesticides of this class 
bind thiol group(s) in enzymes and hinder the normal essential metabolic activities. Based on the 
carbon skeleton, the dithiocarbamates are classified into: (I) Methyl-dithiocarbamates (MDTCs), 
e.g., metam sodium; (II) Dimethyl-dithiocarbamates (DMDTCs), examples are ziram, thiram, and 
ferbam; (III) Ethylene-bis-dithiocarbamates (EBDTCs), widely used are mancozeb, maneb, zineb, 
and metiram; and (IV) Propylene-bis-dithiocarbamates (PBDTCs), i.e., propineb. 
 
Pyrethroid pesticides 
The pyrethroid pesticides that are synthetic water-insoluble and fat-soluble chemical compounds 
exist in Cis and Trans forms are the esters of 3-phenoxy phenyl alcohol. These compounds which are 
mainly used as insecticides are more toxic to insects, but toxicity to humans is very low. In 1949, the 
first pyrethroid pesticide, allethrin, was synthesized. The pesticides of this class affect the sodium 
channel of the pest, which results in nerve impulses and paralysis. The pyrethroids are divided into 
two groups: i) containing cyano radical, widely used are Cyphenothrin, Cypermethrin, Deltamethrin, 
fenvalerate, and ii) without cyano radical, viz., permethrin, tetramethrin. 
 
Neonicotinoids  
In 1990, the imidacloprid (IMI), a pesticide of the neonicotinoid class that is chemically related to 
nicotine, also known as neuro-active insecticides, was first marketed by Bayer Crop-Science. After 
1995, due to their mode of selection and higher efficacy, neonicotinoid pesticides are the most 
widely used insecticides worldwide (Ferrari and Speltini, 2023; Casillas et al., 2022). These pesticides 
in insects bind to nicotinic acetylcholine receptors and adversely impact the nervous system of the 
insect.  These pesticides are less toxic to non-target organisms (Chen et al., 2025). 
 
Based on their target pests  
Pesticides on the basis of target pests are classified as: 



Environmental Science Archives   (2025) Vol. IV Issue 2                    DOI: 10.5281/zenodo.17990638 

 

 941 

www.envsciarch.com 

 
Insecticides 
Insecticides are the chemical compounds that are used to control insect pests that damage crops in 
the field and storage facilities, and to control insect vectors that cause public health diseases like 
malaria, dengue, and Lyme. Worldwide, about one million insect species are known, of which 
approximately 10,000 are crop-harming insects. Literature survey has denoted that out of 10,000 
species, 700 are responsible for major damages to crops in the field and storage facilities and to 
spread public health diseases like malaria, dengue, and Lyme (Garud et al., 2024; Hashimi et al., 
2020). Insecticides either disturb the growth and development of pests or directly kill them.  Most 
of the insecticides are neurotoxic and impact the nervous system of target and non-target 
organisms (Wan et al., 2025). Depending on the exposure time and dosage, insecticides affect the 
central nervous system, cardiovascular system, skeletal system, respiratory system, reproductive 
system, endocrine system, and skin in humans and wildlife animals (Shekhar et al., 2024; Rani et al., 
2021). Organochlorine compounds, organophosphates, Carbamates, pyrethroids, and 
neonicotinoids are globally applied insecticides.  
 
Herbicides or weedicides 
These are chemicals that are used to control the growth of unwanted plants. The potential loss 
caused by herbicides in India is more than one-third of the total annual agricultural loss. These 
compounds kill weed plants either by contact or by retarding the metabolic activities of herbs 
(retards photosynthesis, amino acid production, pheromone production, and cell division) after 
sorption (Clabo et al., 2021). Selective herbicides target only weeds, leaving desired crops, while 
non-selective herbicides destroy all the plants of the applied field (Mohd-Ghazi et al., 2023; Montull 
and Torra, 2023). Most commonly used herbicides are Acetochlor, atrazine, Dicamba, 2, 4-D, 
Metolachlor, mecoprop, propanil, Urea derivatives, etc.  
 
Fungicides 
These pesticides are used against fungi and spores; they either eliminate or retard the growth of 
fungi and spores. These compounds damage the cell membrane; inactivate proteins, retards 
respiration and other metabolic activities in the fungi and spores (Sharma et al, 2022). In the early 
days, inorganic fungicides such as sulfur, copper, cadmium, tin, and mercury compounds were used 
as fungicides. Later on, the inorganic fungicides were replaced with efficient organic pesticides such 
as Difenoconazole, Mancozeb, Dithiocarmate, Diazines, Triazoles, Diazoles, etc. Those fungicides 
that inhibit only a specific site of fungal metabolic activities are called single-site fungicides, while 
those that disrupt several metabolic activities in the host body are called multi-site fungicides. 
(Garud et al., 2024). 
 
Nematicides 
Nematicides are those chemical compounds that are used to control the growth of non-segmented, 
microscopic crop-damaging worms called nematodes. The nematodes attack the root system of 
crops by reducing water and nutrient absorption capacity of the roots (Makhubu et al., 2021). The 
nematicides either kill the nematodes or reduce egg hatching or interfere with the root-finding 
ability of nematodes (Subedi et al., 2020). The nematicides used are of two types: i) Those 
nematicides that move through soil in the form of gas are known as fumigant Nematicides, such as 
Telone, chloropicrin, and methyl bromide; ii) while those which are in liquid or granular form (lower 
volatility), water soluble are called non-fumigant nematicides (Oxamyl, carbofuran, aldicarb, 
terbufos, fenamiphos, etc.). 
 
Acaricides 
These are those pesticides that kill ticks and mites that are vectors of several pathogens, bacteria, 
protozoa, and viruses causing/spreading diseases such as Lyme disease, anaplasmosis, and tick-
borne encephalitis (Madison-Antenucci et al., 2020). These compounds in the agriculture sector are 
used to control those mites and ticks that feed on plants.  Dichlorodiphenyltrichloroethane (DDT), 
organophosphates, carbamates, pyrethroids, and avermectins are commonly used as acaricides.   
 
Rodenticides  
These are those pesticides that are used to eliminate rodents (mice, rats, squirrels, woodchucks, 
bats) that damage the crop (Govindarajan et al., 2021). Rodenticides interfere with the functioning 
of the nervous system and disrupt normal blood clotting in the rodent, resulting in the death of the 
rodent. Widely used rodenticides are alpha-naphthyl thiourea, warfarin, bromadiolone, zinc 
phosphide, etc.   
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Based on toxicity 
The World Health Organization (WHO) has classified pesticides on the basis of their LD50 (dose 
required to kill 50% of the test population) for rats as:  
 

Class Toxicity Level LD50 for the rats (mg/kg body weight 

Oral Dermal 

I Extremely hazardous < 5 < 50 

II  Highly Hazardous 5-50 >50 

III Moderately Hazardous 50-200 200-500 

IV Slightly Hazardous 200-2000 500-2000 

 
Based on mode of formulation 
 Based on formulation, the pesticides are classified as:  
 
Solids 
Solid formulation may be in the form of i) dust- applied directly without water after dilution with 
inert diluents, ii) Granules- active ingredient is mixed with clay, iii) Wettable Powders-  In water 
suspension forming powder, require constant agitation before application, and iv) Baits: Active 
ingredient is mixed with food used for insects, rodents, or birds. 
 
Liquids 
Liquid Formulations are i) Emulsifiable Concentrates (EC): Active ingredients that are oil-soluble 
forms emulsion with water and are used in the form of an emulsion, ii) Solutions (SL): Ingredients 
that are water-soluble are used as a solution.  
 
Gases/aerosols 
Gas/Aerosol Formulations are I) Fumigants: The active ingredient in the environment becomes in 
gaseous form, generally applied in soil, ii)  Aerosol Dispensers: Liquids are sprayed in the form of 
aerosol by a pressurized dispenser. 
 
The main sources of pesticides in the environment 
Agricultural Practices 
The pesticides are mainly used in agricultural fields to increase crop growth by protecting plants 
from pests. The various modes of pesticide entering the environment are i) spray drifting and losses 
during application; ii) runoff from treated fields; iii) leaching from soil to groundwater; iv) 
volatilization from plant leaves and soil, and v) evaporation from surface water. 
 
Domestic and Industrial sources 
 Domestic wastewater also contains pesticides (pesticides are used in building materials, in pet 
shampoos, and in lice removal shampoos). Leaks and spills from storage sites, improper disposal of 
containers, and residual waste also contribute pesticides to the environment. 
 
Landfill and waste sites 
Pesticides contaminate soil and groundwater via leaching from landfills and improper waste 
management.   
 
Atmospheric Transport 
Wind erosion causes the entry of volatile pesticides into the air.  
 
Route of Pesticide Exposure 
Humans are directly exposed to pesticides in the workplace and through agricultural and household 
activities, and indirectly exposed via contaminated air, water, soil, and food chain (Asefa et al., 
2024).  Pesticides enter the human body mainly via Dermal (skin), inhalation (lungs), ingestion 
(mouth), and ocular (eyes) (Simas et al., 2021; Yan et al., 2021).  
 
Ingestion 
Ingestion refers to consuming pesticide-contaminated food, vegetables, fruits, meat, milk, seafood 
(including fish), and/or drinking water, or beverages. The gastrointestinal route serves as a primary 
pathway for the entry of these substances into the body. 
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Dermal 
Dermal uptake involves absorption through skin/gills. Aquatic animals bioaccumulate pesticides 
through this route from contaminated water. In humans, dermal absorption can occur during 
washing or bathing with contaminated water, using shampoos or cosmetic products containing 
pesticides, and/or during pesticide application and handling. 
 
Inhalation 
Inhalation uptake occurs when animals/humans breathe in pesticide vapors, dusts, or mists, 
especially during application, mixing, or in poorly ventilated areas. 
 
Ocular (Eyes) 
Ocular exposure occurs when pesticides enter the eyes, either from rubbing the eyes with 
contaminated hands or through splashes during pesticide mixing or application.  
 
Neurotoxicity to aquatic organisms  
Pesticides in aquatic environments, even at very low concentrations, exert profound toxic effects on 
aquatic organisms, particularly by impairing the central nervous system (CNS) of fish and other 
species. Grisotto et al. (2025) reported that rotenone (ROT) and deltamethrin (DM) induce extensive 
cell death in sensory, motor, and cognitive regions of the fish brain. Deltamethrin, in particular, 
damages neural areas associated with learning, memory, and decision-making. Supporting this, 
Badruzzaman et al. (2021) showed that rotenone contamination in the Ganga River caused 
significant neurobehavioral changes in Mystus cavasius fish due to neuronal loss. Zhang et al. (2025) 
demonstrated that abamectin, an insecticide, miticide, and nematicide, induces severe 
neurotoxicity in zebrafish embryos by impairing brain development. Abamectin exposure 
suppresses antioxidant enzyme activity, enhances reactive oxidative stress, and triggers 
neuroapoptosis in the embryonic brain (Formicki et al., 2025). Witeska (2024), in studies on Cyprinus 
carpio, observed that the herbicide dithiopyridine decreases neurotransmitter catecholamine levels 
while elevating acetylcholine (ACh), thereby disrupting sensory, cognitive, and motor functions. 
The study further concluded that organophosphorus pesticides exhibit the strongest neurotoxic 
effects, followed by carbamates, organochlorines, and pyrethroids. Atama et al. (2020) reported 
that pesticide exposure in catfish results in permanent and irreversible neurodegeneration, 
neuronal loss, and neurological dysfunctions. Mishra et al. (2022) similarly found that chlorpyrifos 
and indoxacarb adversely affect the neuronal physiology of catfish. Fitzgerald et al. (2021) 
documented that insecticides impair neuronal signaling, sensory processing, and motor outputs in 
fish, while Chew et al. (2020) observed pesticide-induced neurodegeneration in fish analogous to 
that seen in mammals. Additionally, Kar and Senthilkumaran (2024) documented significant 
neuroendocrine disruption in pesticide-exposed catfish. 
 
Neurotoxicity to terrestrial animals  
 The nervous system is one of the most complex systems in organisms and includes the central 
nervous system (CNS) and the peripheral nervous system (PNS). The CNS, comprising the brain, 
spinal cord, and/or nerves, is responsible for various neurological functions such as sensation, motor 
control, learning, memory, emotion, and sleep. The central nervous system also regulates the 
visceral physiological functions (Thau et al., 2025). In any organism, the cerebral and spinal nerves 
that constitute the peripheral nervous system collect and transmit information to organs through 
neurons (Murtazina and Adameyko, 2023). As per the report of GBD 2021 Nervous System Disorders 
Collaborators (2021) publication in Lancet Neurology, since 1990, the major global cause of 
disability in animals is neurological disorders. Grezenko et al. (2023) and Peedicayil (2023), during 
their studies, reported that environmental factors play a key role in the neurological and psychiatric 
disorders in both animals and humans. A survey of literature denotes that one of the major causes 
of neurotoxicity in animals is improper use of and environmental exposure to pesticides. 
Bartholomew et al. (2024) reported that herbicides glyphosate (most widely used) and glufosinate–
ammonium phosphate induce cognitive and motor dysfunction, symptoms of neurotoxicity, in 
animals, particularly in rats. Leng et al. (2025) and Kang et al. (2021) have shown that the pesticides 
tebuconazole and azoxystrobin negatively impact the neurodevelopment of non-target organisms 
and increase the risk of neurotoxicity, leading to neurodegenerative diseases and motor dysfunction 
(Altun et al., 2025; Dong et al., 2024). Several health science researchers (Mudyanselage et al. 2023; 
Lucero and Muñoz-Quezada, 2021) have found that organophosphate, methylcarbamate, and 
pyrethroid insecticides cause synaptic dysfunction in both animals and humans, resulting in 
neurodevelopmental disorders, sensory conduction abnormalities, and emotional disturbances.  
Exposure of animals to plant growth regulators, such as gibberellic acid and indole-3-butyric acid, 
even at very small concentrations, adversely impacts neurologically relevant enzymes, resulting in 
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neurological dysfunction (Kućko et al., 2025).  Several researchers have reported memory loss and 
impaired recognition in rats exposed to different pesticides (Hou et al., 2023; Kaikai et al., 2023; 
More-Gutierrez et al., 2021). The literature further indicates that bees, mice, rats, bats, and 
mosquitoes exposed to organophosphates, carbamates, pyrethroids, and neonicotinoids exhibit 
memory and learning deficits (Honatel et al., 2024). 
 
Neurotoxicity to humans  
Environmental pollutants, particularly pesticides, enhance the environmental stress-induced 
neurotoxicity and contribute to the progression of neurodegenerative disorders, especially in the 
ageing population. These environmental stressors cause a variety of adverse effects, such as cell 
death, enhanced oxidative stress, β-oxidation of fatty acids, mitochondrial dysfunction, etc. Such 
alteration disrupts neurotransmission mechanisms, resulting in the aggravation of 
neurodegenerative diseases. Literature surveys indicate that prolonged exposure even to very low 
concentrations of pesticides has adverse effects on the central nervous system (comprising of brain, 
spinal cord, neurons, and nerves) (Costa-Ferreira et al., 2022), leading to neurodegenerative 
disorders such as Alzheimer’s disease (AD), Parkinson’s disease (PD),  and multiple sclerosis (Moura 
et al, 2023).  
 
Studies (Sparks et al. 2021; Rezende-Teixeira et al., 2022; Seralini et al., 2021) reveal that neurotoxic 
effects in humans by carbamate and organophosphate pesticides exert neurotoxic effects in 
humans primarily by inhibiting the enzyme acetylcholinesterase (AChE), thereby hindering the 
breakdown of acetylcholine, a key neurotransmitter. The organochlorine pesticides modulate 
GABA receptor activity, disrupting the neurotransmission. Disturbance in GABAergic signaling has 
also been associated with DNA damage in brain tissues, neurol hyperexictability and seizures 
(Seralini et al., 2021). It is also reported that pyrethroids and organophosphate pesticides induce 
oxidative stress (Alizadeh et al., 2022), leading to neuronal damage, altered cellular function, and 
increased susceptibility to neurodegenerative diseases. Amaral et al. (2025) reported that the 
pesticide rotenone inhibits mitochondrial complex I, causing a significant neuroinflammatory 
response.  
 
Research studies (Zheng et al., 2023; Dara et al., 2023) have further demonstrated that neurotoxicity 
plays a major role in the etiology of both Parkinson’s and Alzheimer’s diseases. Alzheimer’s disease 
(AD) is rapidly becoming a widespread neurotoxic disorder among the elderly population around 
the world (Liu et al. 2023).  Patients with AD exhibit cognitive, behavioral, and functional 
impairments. Pesticides in the brain promote hyperphosphorylation of amyloid-β (Aβ) plaques and 
tau protein, leading to neurofibrillary tangles and neurotrophic neurites, thereby increasing the risk 
of AD. Pesticide exposure also enhances AChE activity, which reduces acetylcholine levels and 
contributes to AD progression. Parkinson’s disease (PD), the fastest-growing neurodenerative 
disorder worldwide with no effective cure, is primarily characterized by the degeneration of 
dopaminergic (DA) neurons in the basal ganglia. Pesticides-induced disruptions of mitochondrial 
function and altered xenobiotic metabolism have been implicated as contributing factors in PD 
development (Rajawat et al. 2023; Martinez-Chacon et al., 2021). Research studies have shown that 
the risk of developing PD is influenced not only by environmental factors but also by age, and sex 
and genetic predisposition. Studies (See et al. 2022; Alizadeh et al., 2022; Colle, 2021) highlight 
mitochondrial dysfunction, oxidative injury, endoplasmic reticulum stress, inactivation of tyrosine 
hydroxylase, alteration in dopamine catabolism, and reduced brain-derived neurotrophic factor as 
major pathways involved in PD pathology.  
 
Neurotoxicity of Pesticides in Humans, Animals, and Aquatic Organisms 
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Conclusion 
Pesticides play a vital role in enhancing agricultural productivity and in controlling vector-borne 
diseases in public health; however, their indiscriminate use over the past five decades has raised 
significant concerns. Evidence indicates that even low-dose exposure to pesticides can produce 
neurological effects in aquatic organisms, animals, and humans. Research demonstrates that such 
exposure can alter both the structure and function of the nervous system across species. 
Mechanistically, pesticides induce oxidative stress, trigger inflammatory responses, and disrupt 
neurotransmission pathways, all of which contribute to neurodegeneration. In humans, pesticide 
exposure has been associated with Alzheimer’s disease, Parkinson’s disease, cognitive decline, 
memory impairment, and behavioral disturbances, with similar outcomes observed in animals and 
aquatic organisms. Furthermore, exposure during early developmental stages can adversely affect 
neurodevelopment, leading to long-term functional deficits. 
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