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Abstract 
Molluscs are significant species in aquatic ecology. Molluscs are crucial for maintaining ecological balance as secondary 
consumers and serving as bioindicator species in biomonitoring systems. Molluscs are threatened by pesticides such as 
commonly used pyrethroid insecticides. Pyrethroids are typical insecticides used to control insects in agriculture and gardening. 
Pyrethroids are increasingly being utilized in both agricultural and human activities. Pyrethroids enter aquatic bodies through 
rainfall and drainage systems. The use of pyrethroids is becoming a significant concern for aquatic creatures, particularly 
molluscs. The discussion will focus on the increasing issue of pyrethroids becoming a nightmare for molluscs. Pyrethroids, 
due to their lipophilic nature, pose a significant risk to molluscs by affecting their metabolites, producing reactive oxygen 
species, and influencing neurotransmitter actions. Molluscs are crucial organisms in aquatic ecosystems, and their threats 
warrant significant discussion and attention. This review will delve into the behaviour of pyrethroids on molluscs. 
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Fig. i: The abstract is graphically represented. 

 

Fig. ii: Some of the commonly used pyrethroid insecticides on the market (Stereochemistry not shown). 

Figure 1: The Abstract is Graphically Represented
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1. Introduction
Molluscs are extensively distributed around the world. Molluscs 
operate as secondary consumers, which means they devour 
primary consumers such as planktons before becoming food 
for higher consumers, hence preserving ecological equilibrium 
in the aquatic ecosystem. Bellamya bengalensis is a valuable 
bioresource for the freshwater environment [1]. This edible 
mollusc is a filter feeder that lives on the diets of humans, 
fowl, and fish [2]. Pyrethroids enter water bodies and are 
introduced to molluscs, which are not tolerable to them. They 
try to maintain their body activities using their toxic-resistant 
mechanisms, but an excess of pyrethroids increases stress by 
altering body metabolites, antioxidants, neurotransmitters, 
and so on. Pesticides are subsequently transferred to higher 
creatures by ingesting stressed molluscs, and this material may 
have a harmful influence on higher organisms. Molluscs serve 
as biofilters during eating. Pyrethroids are a type of synthetic 
insecticide linked to the natural pyrethrum, which is produced 
by chrysanthemum flowers (Chrysanthemum cinerariaefolium 
and Chrysanthemum coccineum). Pyrethrum, derived from the 
Chrysanthemum flower's granulated heads, has been used as an 
insecticide for centuries, possibly dating back to the first century 
AD [3]. Permethrin, a light-stable compound for outdoor usage, 
was first marketed internationally in the late 1970s to combat 
insect pests on crops. In the decade afterward, the number of 
photo-stable insecticides has grown dramatically [3]. Synthetic 
pyrethroid insecticides are often employed in agriculture, 
mosquito control, as well as the treatment of ectoparasitic 
diseases [4]. Every year, farmers use over one million metric 
tonnes of fertiliser and insecticides, compromising surface 
water as well as groundwater [5,6]. Pesticide concentrations in 
the environment are continually increasing. Before World War 
II, only 30 pesticides were recognised. Pesticide consumption 
peaked globally at over 1.8 billion metric tonnes per year 
between 1960 and 1980 [7]. The Ministry of Environmental 
Protection forecasts that Poland might have up to 60,000 metric 
tonnes of insecticide waste [8]. The most popular pesticide 
class is pyrethroids. Their excessive use raises the risk of water 
pollution. The farmers in Madurai, Tamil Nadu, India, frequently 
use this herbicide to improve their agricultural and aquaculture 
practices. China is the world's largest producer and user of 
pesticides, and synthetic pyrethroids have been identified by way 
of a widespread Environmental pollutant utilised in agriculture 
and animal production [9]. These toxic substances are employed 
by way of insecticides popular soy-growing zones in Brazil 
[10]. These synthetic insecticides, specifically cypermethrin 
insecticides, are employed by way of an agricultural pesticide 
in paddy farming in the Philippines massively [11]. According 
to the report of Food and Agriculture Organisation of the United 
Nations (FAO), Asia and Europe have the most synthetic 
insecticide use. India, Pakistan, Ukraine, and Turkey each have 

greater consumption value than further nations [12]. Although 
pyrethroids are utilised worldwide, thorough information on 
their use then detection is absent in various nations in addition 
areas, particularly popular nations with developing economies 
that are doubtful to have environmental restrictions and 
monitoring programmes. Quite a few synthetic pyrethroids 
currently have extensive aquatic toxicity data available in the 
scientific literature. Readers are encouraged to thoroughly 
research the literature in order to completely appreciate the 
effects of pyrethroids on aquatic molluscs. The goal of this 
study is to explore the issues associated with pyrethroid usage 
in molluscs. In this study, we will also look at the behavioural, 
physiological, and histological alterations that occur in molluscs 
following pyrethroid exposure. We shall attempt to determine 
the mechanism of action of pyrethroids and the function of 
antioxidants against these kinds of pyrethroids in molluscs.

• Pyrethroid Profile
Since the 1980s, these insecticides have been widely used 
because of their high efficacy and limited toxicity in comparison 
to further compounds such for example organophosphorus 
and carbamic esters [13]. Pyrethroid pesticides are currently 
among the top three categories of pesticides [14]. Pyrethroids 
are classified as agricultural (alpha-, medium-toxic) or urban 
(non-alpha-, low-toxic) based on their molecular structure. 
They are generally used for pest control in both agriculture 
and non-agriculture. Pyrethroids are often used in household 
goods, including shampoo and insect repellents [15]. Pyrethroid 
insecticides are less environmentally harmful than typical 
pesticides, although they can still enter the food chain. They 
are very poisonous to aquatic creatures and may have long-term 
negative consequences for aquatic ecosystems [16]. Pyrethroids, 
due to their lipophilicity, are difficult to remove from an 
organism. Prolonged, low-dose exposure towards pyrethroids 
can encourage chronic disorders and harm the neurological, 
immunological, cardiovascular, and genetic systems, leading to 
teratogenicity, carcinogenicity, and mutagenicity investigated 
the worldwide presence of pyrethroid pesticides in sediments 
and their harmful effects on aquatic invertebrates [17,18]. 
Pyrethroids are utilised for monitoring public health to reduce 
pests, including roaches, mosquitoes, ticks, and flies, that can 
spread diseases [19]. The current pyrethroid formulations are oil-
based emulsifiable concentrations. The emulsifiable composition 
retains pyrethroids in liquid longer than technical chemicals. 
Piperonyl butoxide is widely used in pyrethroid preparations to 
increase the adverse impact of the active component. Piperonyl 
butoxide inhibits enzymes that detoxify pyrethroids [20]. 
Permethrin, cypermethrin, fenvalerate, and deltamethrin were 
previously thoroughly investigated, but there is less information 
on more contemporary products such as flucythrinate, bifenthrin, 
cyfluthrin, and lambda-cyhalothrin (Table-I). 
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Table 652 

Pyrethroids Structure Molecular 

formula 

Molecul
ar 

weight 

Commercial 
Brand name 

Uses Reference 

Permethrin 

 

C21Cl2H20O3 391.3 g/
mol 

Nix, Elimite, and 
Acticin. 

Permethrin is a 
medicine used to 
control and treat 
scabies and 
pediculosis. It 
belongs to the 
synthetic neurotoxic 
pyrethroid family of 
medicines. It kills 
eggs, lice, and mites 
by inhibiting 
sodium transport 
across arthropod 
neural membranes, 
resulting in 
depolarisation.  

 

Ncbi.nlm.nih.go
v 

PubChem 

Cypermethrin  C22H19Cl2NO3 416.3 g/
mol 

Rallis Alpha 10 
EC, Ralothrin 5 
EC, Rallis Cyper 
10 EC, Ralothrin 
10 EC 

Cypermethrin is 
utilised for 
agricultural 
purposes to manage 
ectoparasites that 
infect cattle, sheep, 
and poultry. 

 

Ncbi.nlm.nih.go
v 

PubChem 

Fenvalerate 

 

C25H22ClNO3 419.9 g/
mol 

Sumicidin, 
Pydrin, Tatafen 

Fenvalerate is a 
powerful pesticide 
that works against a 
wide range of pests, 
including those that 
are resistant to 
organochlorine, 
organophosphorus, 
and carbamate 
pesticides. 

 

Ncbi.nlm.nih.go
v 

PubChem 

Deltamethrin 

 

C22H19Br2NO3 505.2 g/
mol 

Butox, Butoflin, 
Cislin, 
Crackdown, Decis 
and K-Othrine. 

Deltamethrin 
(Butox®, MSD) has 
been effectively 
used to protect 
agricultural animals 
in control 
programmes against 
a variety of 
arthropods with 
significant vector-
borne or nuisance 
potential, including 
midges, ticks, flies, 
and fleas.  

 

Ncbi.nlm.nih.go
v 

PubChem 

Table I: About Some Commonly Used Pyrethroids and their Uses
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Flucythrinate 

 

C26H23F2NO4 451.5 g/
mol 

Aastar(TM), 
CyBolt(TM), 
Cythrin(TM), 
Funchiong 
jujr(TM), Pay-
Off(TM) 

It is used to 
eradicate insects in 
apples, cabbage, 
field corn, head 
lettuce, pears, along 
with cotton. 
Flucythrinate is a 
dark-colored liquid 
with a thick 
consistency. 

 

Ncbi.nlm.nih.go
v 

PubChem 

Bifenthrin 

 

C23H22ClF3O2 422.9 g/
mol 

Talster, 
Marker (Bifenthri
n 10% EC),  

On a wide scale, 
bifenthrin is 
frequently 
employed to combat 
invasive red fire 
ants.  

 

Ncbi.nlm.nih.go
v 

PubChem 

Cyfluthrin 

 

C22H18Cl2FN
O3 

434.3 g/
mol 

Solomon® Beta-
Cyfluthrin + 
Imidacloprid 300 
OD. 

Cyfluthrin is used 
to treat pests such 
as ants, silverfish, 
cockroaches, 
termites, weevils, 
fleas, mosquitoes, 
and flies. 

 

Ncbi.nlm.nih.go
v 

PubChem 

Lamda-
cyhalothrin 

 

C23H19ClF3N
O3 

449.8 g/
mol 

Reeva 2.5 EC, 
Reeva 5 EC, 
Trekker, Sentry 

Lambda-cyhalothrin 
is an artificial 
pyrethroid pesticide 
that is widely used 
in agricultural, 
household pest 
management, food 
safety, and disease 
vector control. 

 

Ncbi.nlm.nih.go
v 

PubChem 

Table-I: About some commonly used pyrethroids and their uses. 653 

654 Laboratory investigations with aquatic creatures in freshwater 
have revealed that certain invertebrates and fish are very 
vulnerable to this category of toxins [3]. Pyrethroids are highly 
hazardous to aquatic creatures, including molluscs, amphibian 
tadpoles, and fish, as they are highly active insecticides with 
LC values over 1,000 micrograms per litre [21]. Synthetic 
pyrethroids, used at the lowest rates, are most harmful to 
aquatic animals, with similar effects on species in field aquatic 
ecosystems after agricultural usage. Synthetic pyrethroids 
have high lipophilicity and poor water solubility, making them 
highly adsorbent to particulate matter. Pyrethroids are often 
a combination of stereoisomers, with varying toxicity levels 
[22]. The synthetic pyrethroids are categorized into two distinct 
categories: type I and type II, resulting in distinct poisoning 
symptoms. Type II pyrethroids contain an alpha-cyano group, 
which can disrupt ion channels, including chloride and calcium 
channels, particularly sodium channels [23]. They are more 
susceptible to biochemical and biological breakdowns due to 
modifications at many locations in the molecule. Such as a) the 
pentenone ring is usually replaced with a phenoxy-benzyl group; 

b) the isobutene group is replaced with a halogenated group 
composed of vinyl or a halogenated ring composed of phenyl; 
and c) a cyano group is replaced with the benzylic carbon. Both 
the first and second structural modifications boost the molecule's 
photostability while decreasing its vulnerability to oxidation. 
The third modification supports the ester bond's escape from 
hydrolysis. Photostable synthetic pyrethroids have water 
solubilities ranging from 1 to 10 pg/L and octanol/water partition 
coefficients of 104 to 107 [24]. They are very harmful to several 
aquatic and marine species, especially fish [24]. The activity of 
pyrethroids depends on their chemical configuration and steric 
conformation. Structural modifications can affect the activity 
of the pyrethroid by affecting detoxifying rates and the three-
dimensional connection with receptors. High-activity compounds 
often have a (R) configuration at the cyclopentane ring's C-1 
position. The toxicity of 16 cis isomers is greater than that of 
trans [25]. Pyrethroids are typically composed of Cyclopropane 
carboxylic acid groups are linked to aromatic alcohols by a 
central ester (or ether) linkage. Changes in pyrethroid structure 
can enhance insecticidal efficacy and photostability, but may also 
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affect non-target species [26]. Pyrethroids are synergistically 
combined with organic chemicals like piperonyl butoxide, 
piperonyl sulfoxide, and sesamex to improve insecticide 
activity. These chemical compounds boost pesticide efficacy 
of pyrethroids. According to the Agency for Substances and 
Disease Registry (2003), commercial pyrethroids often include 
extremely hazardous inactive chemicals. Pyrethroid insecticides 
are more effective at targeting certain species compared to others. 
Organophosphates, organochlorines, and carbamates have an 
LD50 ratio in rat and insect is less than 100, but pyrethroids 
have an LD50 ratio of more than 2000 [27]. Pyrethroids can 
affect normal insect neuronal activity by altering the kinetics 
of voltage-sensitive sodium channels. This causes temporary 
influx in sodium ion permeability of the neuronal membrane, 
which is responsible for nerve activity [28]. Casida discovered 
mechanisms for pyrethroid and metabolite degradation in the 
1960s. The parent molecule undergoes biotransformation via 
esterase at its core ester link monooxygenases that are reliant 
on cytochrome P450 [29]. The effect of the initial hydrolytic or 
oxidative attack varies by pyrethroid component and isomer. 
Following ester cleavage, primary alcohol molecules, such as 
3-phenoxybenzyl alcohol, are further oxidised to carboxylic 
acids via the aldehyde reaction. Cyano-substituted alcohols lose 
cyanide non-enzymatically to produce aldehyde [26]. Certain 
ester fragmentation byproducts can become hydroxylated, and 

around of the hydroxylated ester intermediates may hydrolyze, 
resulting in hydroxylated ester fragmented byproducts. The 
early outcomes of hydrolytic assault undergo pairing with amino 
acids, sugars, or sulphates before excretion [30]. Pyrethroids 
have estrogenic and anti-progestogenic properties, as evidenced 
by epidemiological, clinical, and laboratory research. Thus, they 
are classed as endocrine-disrupting substances [31]. The primary 
structure of Class I pyrethroids is cyclopropane carboxyl esters. 
These consist of allethrin, bifenthrin, permethrin, resmethrin, 
and tetramethrin. Choreoathetosis and salivation are produced 
by class II pyrethroids, which include the cyano group. 
Pyrethroid effectiveness and selectivity for mollusc species 
depend on characteristics such as form and essential structural 
traits, particularly the chirality with cis/trans stereochemical 
composition throughout the cyclopropane circle, an ester, along 
with additional physical aspects [32]. Pyrethroids are toxic to 
aquatic animals, particularly molluscs and fish. Pyrethroids are 
excitotoxic to axons because they impede the voltage-gated 
sodium pathways in axonal membranes are closed, prohibiting 
neurons since repolarizing and depolarizing the membrane, 
thereby paralysing the organism. Pyrethroids can be improved by 
combining them by synergist piperonyl butoxide, an established 
inhibitor of microsomal P450 enzymes involved in pyrethroid 
metabolism (Fig. ii).
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Fig. i: The abstract is graphically represented. 

 

Fig. ii: Some of the commonly used pyrethroid insecticides on the market (Stereochemistry not shown). 

• Permethrin
Permethrin is an ester that belongs to the cyclopropane 
carboxylate family. Cyclopropane-carboxylate ester is generated 
by esterifying alcohol groups in the form of phenoxybenzyl 
alcohol and replacing the cyclopropane ring using 2,2-dichloro 
vinyl as well as gem-dimethyl groups. Permethrin is functionally 
comparable to 3-(2,2-dichloro vinyl)-2 and 2-dimethyl 

cyclopropane carboxylic acids.

• Cypermethrin
Cypermethrin is a carboxylic compound produced through 
the chemical combination of 3-(2,2-dichloro vinyl)-2,2-
dimethyl cyclopropane carboxylic acid using the hydroxy 
(3-phenoxyphenyl) acetonitrile as an alcoholic hydroxy 

Figure 2: Some of the Commonly used Pyrethroid Insecticides on the Market (Stereochemistry not shown).
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group. It is classed as a pyrethroid derivative insect repellant, 
agrochemical, along molluscicide. It contains a chlorinated 
hydrocarbon molecule, thus a propenonitrile, an aromatic 
ether, among others, as well as a cyclopropane carboxylate 
ester compound. It is functionally equivalent to 3-(2,2-dichloro 
vinyl)-2,2-dimethyl cyclopropane carboxylic acid.

• Fenvalerate
Fenvalerate is a carboxylic derivative derived from the proper 
condensation of 2-(4-chlorophenyl)-3-methylbutyric acid 
in cyano(3-phenoxyphenyl) methanol. This insecticide and 
molluscicide contain pyrethroid esters. The compound consists 
of an aromatic carboxylic ester and a monochlorobenzene 
derivative. It is functionally identical to 2-(4-chlorophenyl)-3-
methylbutyric acid. Pyrethroids inhibit the sodium channel's 
closure, causing the sodium tail impulse with a delayed sodium 
inflow at the conclusion of hypolarization. Evidently, the 
pyrethroid particle maintains the activation gate accessible. 
Pyrethroids having an alpha-cyano group (such as fenvalerate) 
produce longer sodium tail flows than other pyrethroids.

• Deltamethrin
Deltamethrin is a cyclopropane-carboxylate ester formed via 
proper condensation of 3-(2,2-dibromo vinyl)-2,2-dimethyl 
cyclopropane carboxylic acid with cyano (3-phenoxy phenyl) 
methanol. It is the active ingredient in the insecticide tralomethrin. 
This compound acts as a pyrethroid ester insecticide, pesticide, 
phosphoprotein phosphatase inhibitor, calcium channel agonist, 
and antifeedant. It contains an aromatic ether, an organobromine 
molecule, a nitrile, and a cyclopropane-carboxylate ester. 
It acts similarly to cis-3-(2,2-dibromo vinyl)-2,2-dimethyl 
cyclopropane carboxylic acid.

• Flucythrinate
Flucythrinate is one type of insecticide that has a wide spectrum. 
The IUPAC name of flucythrinate is [cyano-(3-phenoxyphenyl) 
methyl]2-[4-(difluoromethoxy) phenyl]-3-methylbutanoateis. 
It is a new synthetic pyrethroid with potent insecticidal effects. 
This herbicide has a non-systemic action and affects the skin and 
gastrointestinal regions. It is efficient at controlling Lepidoptera, 
Homoptera, and Coleoptera in a variety of crops, fruits, 
vegetables, ornamentals, and flowers.

• Bifenthrin
Bifenthrin is a carboxylic ester formed by the formal synthesis 
of cis-3-(2-chloro-3,3,3-trifluoroprop-1-enyl)-2,2-dimethyl cy-
clopropane carboxylic acid with [(2-methyl-1,1'-biphenyl)-3-yl] 
methanol. It serves as both a pyrethroid derivative and an acari-
cide. It contains organochlorine, organofluorides, and cyclopro-
pane-carboxylate esters. It is functionally similar to cis-chrysan-
themic acid.

• Cyfluthrin 
Cyfluthrin is a carboxylic ester formed by the chemical conden-
sation of 3-(2,2-dichloroethenyl)-2,2-dimethyl cyclopropane 
carboxylic acid with (4-fluoro-3-phenoxyphenyl)(hydroxy)
acetonitrile. The composition contains organochlorine, organo-
fluorine, nitrile, aromatic ether, and cyclopropanecarboxylate 

ester. It serves as both a pyrethroid-derived insecticide and an 
agrochemical. It functions similarly to a 3-(2,2-dichloro vi-
nyl)-2,2-dimethyl cyclopropane carboxylic acid. Its primary ag-
ricultural use has been to control chewing and sucking insects 
in cotton, turf, ornamentals, hops, cereal, corn, deciduous fruit, 
peanuts, potatoes, and vegetables. Cyfluthrin is also used to pre-
serve public health and control structural pests.

• Lambda-Cyhalothrin
Lambda-cyhalothrin is a 1:1 combination of two stereoisomers 
(S). -α-cyano-3-phenoxybenzyl-(Z)-(1R, 3R). -3-(2-chloro-3,3,3-
trifluoroprop-1-enyl)-2,2-dimethyl cyclopropanecarboxylate, 
(R) -α-cyano-3-phenoxybenzyl-(Z)-(1S, 3S). -3-(2-chloro-3, 
3-trifluoroprop-1-enyl) -2,2-dimethylcyclopropanecarboxylate. 
It was first discovered by Robson and Crosby in 1984. It was 
introduced into the market by ICI Chemicals (now Syngenta) 
in Central America and the Far East in 1985. Warrior, Scimitar, 
Karate, Demand, Icon, and Matador all use lambda-cyhalothrin 
as an active component. According to CDPR 2006, agricultural 
usage of lambda-cyhalothrin was around 30,000 lbs per year 
from 2000 to 2003 but climbed to over 40,000 lbs per year 
between 2004 and 2006 in California. Karate, one type of 
lambda-cyhalothrin, serves as an insecticide that acts both on 
the skin and in the gastrointestinal system, providing repellent 
characteristics. It is a new pyrethroid insecticide that is now 
known as Syngenta. These neurotoxic agents damage nerves by 
targeting the central nervous system. It is mostly absorbed via 
the gastrointestinal system by the absorption of dust and finely 
sprayed mist, and slightly through unaffected skin.

2. Introduction of Pyrethroids into the Water Bodies
Pesticides may flow into streams and rivers via rainfall and soil, 
eventually contaminating groundwater or aquatic ecosystems. 
Pyrethroids' hydrophobicity renders them susceptible to 
adsorption in soils, suspended particles, and sediments, making 
them important in aquatic environments. Chemicals delivered 
into aquatic environments via spray drift become absorbed by 
sediments, algae, plants, and other biologically active substrates. 
Pyrethroids in agricultural field sediments adhere to soil surfaces, 
and those that reach aquatic ecosystems via runoff are strongly 
bound to suspended material in the water. Pesticides in water can 
disrupt ecosystems and lead to higher death rates among native 
species [33,34].

2.1 Impacts of Pyrethroids on Molluscs
The reaction that occurs in the sodium channel is not the sole 
mode of action postulated for pyrethroids. Their impact on the 
central nervous system has prompted several researchers to 
propose activities such as antagonising gamma-aminobutyric 
acid (GABA)-mediated suppression, modulating nicotinic 
cholinergic transmission, increasing noradrenaline release, 
or acting on calcium ions. Because neurotransmitter-specific 
pharmacological treatments provide only little or no protection 
against poisoning, it is doubtful that one of these consequences is 
the predominant mode of action of pyrethroids, and most of the 
discharge of neurotransmitters is a result of increased salt entry. 
Pyrethroids are axonic poisons that target nerve fibres by binding 
to a protein that modulates the voltage-gated sodium channel. 
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In general, this gate opens to stimulate the nerve and shuts to 
end the communication. Channels are passageways that allow 
ions to enter the axon and produce stimulation. When nerve cells 
possess accessible channels, they discharge repeatedly, leading 
to paralysis. Pyrethroids bind to this gate and prevent it from 
closing. Which results in stimulation and convulsions of the 
nervous system in infected molluscs (Figure- iv). Contaminated 
molluscs lose control over their neurological system, resulting 
in uncoordinated movement. Pyrethroids are divided into Type 
I and Type II, depending on their poisoning symptoms. Type 

II pyrethroids differ from Type I by having an α-cyano group 
in their chemical structure. Unlike Type I pyrethroids, which 
primarily disrupt sodium channel activity in the central nervous 
system, Type II pyrethroids may interfere with chloride and 
calcium channels, both of which are essential for nerve function 
[23]. Pyrethroids are easily absorbed by cellular membranes and 
tissues due to their lipophilicity. Lambda-cyhalothrin enters the 
mollusc muscle, interrupting nerve transmission within minutes. 
This causes discontinuation of feeding, loss of muscle control, 
paralysis, and death.
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Figure iv: Mode of action of pyrethroid insecticides on sodium gated channel. 

 

Fig. iii: Drifting of pyrethroids in aquatic environments shows negative impacts on nontargeted 
molluscs.  

2.2 Behavioural Changes
Environmental stress can have a significant impact on behaviour 
and survival [35]. Behaviour offers a unique perspective that 
connects the relationship between an organism's physiology, 
ecology, and environment [36]. Ecotoxicology research 
indicates that observing behaviour can provide a sensitive way 
for monitoring sub-lethal toxicity. Behaviour helps organisms 
adapt to changing environments by responding to both internal 
and external stimuli. Behavioural changes are a holistic reaction. 
Alterations in reactions can lead to decreased wellness and 
survival, leading to negative repercussions for populations.

Cypermethrin exposure causes mussels to reduce valve opening, 
display intermittent adductions, and respond to rapid and 
repetitive adductions, short and prolonged closures, and full 
and continuous closures for 400 and 800 lg/l Cypermethrin 
[37]. Cypermethrin decreased the closure of valves in a time-
dependent way. Exposure to Cypermethrin increased over time, 
leading to a faster onset of substantial effects. Cypermethrin 
concentrations increase valve closure times, comparable with 
how the pyrethroid deltamethrin decreases filtering function in 
Anodonta cygnea [38].

According to a study on the effects of deltamethrin and malathion 
on Helisoma duryi snails, these pesticides reduced the egg-
laying capacity of the treated snails as compared to the control 
snails. The treated snails reduced their egg-laying capacity by 
up to 92.83% as compared to the control snails [39]. The study 
found that deltamethrin and malathion significantly kill H. duryi 
snails, with LC50 values of 1.76 and 4.82 ppm, respectively 
[39]. Pyrethroid insecticides appear to be potentially harmful 
to non-target aquatic invertebrates as well as having a negative 
impact on their survival and reproductive success [1]. Molluscs 
have strong calcareous shells or valves that provide major 
protection against infections and toxic substances. In the case 
of shell-less molluscs, the thick exterior cuticle covering known 
as the mantle or pollium is thought to serve a key physiological 
function in preventing toxin and disease entry. On the other hand, 
molluscs have soft body walls made up of cuticles, epidermis, 
and muscle, each of which is assumed to play an active role 
in innate immunological protection against environmental 
infections and poisons. The valves of mussels are kept closed 
to prevent unwanted agents from entering contaminated aquatic 
environments. In addition to providing outward protection, the 
mucus generated by the interior viscera adds another layer of 

Figure 4: Model of Action of Pyrethroid Insecticides on Sodium Gated Channel
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protection against infections and toxic substances. The mucus 
functions as a protective barrier, prohibiting toxins from directly 
contacting epithelia. Mucus release is a key detoxification and 
evasion strategy in invertebrates. Toxic substances become caught 
within their mucus, resulting in their removal. The production 
of mucus is regarded as an exterior physiochemical barrier in 
mollusca. It is essential for aquatic organisms' immunological 
defence. Pollution of aquatic environments by these pyrethroids 
frequently causes breakdowns in the physicochemical barriers 
of the exterior body surface, allowing poisonous chemicals to 
enter the viscera of nontarget molluscs. Physiochemical barriers 
prevent the introduction of exogenous, harmful chemicals.

Koprucu and Seker (2008) found that the synthetic pyrethroid 
deltamethrin was extremely harmful to Unio elongatulus 
eucirrus at concentrations of 8.99, 8.09, 7.30, and 6.60 mg/L 
over 24, 48, 72, and 96 hours, correspondingly [40]. Koprucu 
et al. (2010) found that the LC50 values of cypermethrin on 

Unio eucirrus were 96.50, 77.96, and 59.20 µg/l after 48 hours, 
72 hours, and 96 hours, respectively [41]. An investigation 
suggested that evaluated cypermethrin cytotoxicity within the 
snail, Chilina parchappii, reported about 96-hour LC50 as 44.59 
mg/L [42]. Once Lymnaea acuminata was treated with sublethal 
doses of cypermethrin such as 4.0 mg/L, 8.0 mg/L, and 12.0 
mg/L, individuals demonstrated improved oviposition, resulting 
in higher egg production [43]. According to Joana et al. (2019), 
the toxic effects of these insecticides on mussels differ in terms 
of their effect on normal behaviour, such as shell opening, 
activity, and movement, in addition to the early beginning of 
mortality. This study presents scientific information regarding 
the effects of pesticides on indigenous freshwater bivalves in 
Poland. According to Renault (2011), pollution may harm whole 
trophic chains in aquatic habitats, making it a severe issue. This 
suggests that pyrethroids have become more harmful to aquatic 
invertebrates (Figure- iii) [7,8].
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Figure iv: Mode of action of pyrethroid insecticides on sodium gated channel. 

 

Fig. iii: Drifting of pyrethroids in aquatic environments shows negative impacts on nontargeted 
molluscs.  

2.3 Physiological Changes
According to a study on the effects of deltamethrin and 
malathion on Helisoma duryi snails by Bakry et al. (2011), 
the results revealed considerable decreases in the albumin 
level of the hemolymph [39]. A decrease in albumin level may 
indicate injury to the hepatic parenchyma, which is where 
albumin originates [44]. Researchers observed that deltamethrin 
and malathion significantly increased glucose levels in snail 
hemolymph, which led to a considerable reduction in oxygen 
consumption during anaerobic respiration. Glycogen is the main 
source of serum glucose. Which is the most significant anaerobic 
energy source among anoxic-tolerant molluscs [44]. Pesticides 

can cause hypoxic or anoxic conditions, leading to enhanced 
glycogenolysis and elevated blood glucose levels. To replenish 
energy, the snail increases glycolysis, reducing glycogen content 
and increasing glucose levels in the hemolymph. They also 
reported that being exposed to deltamethrin and malathion in 
snail tissues decreased glycolytic enzyme activity, including 
lactate dehydrogenase, succinate dehydrogenase, ornithine 
aminotransferase, and arginase. According to Aboul-Zahab 
and El-Ansary (1992), succinate dehydrogenase had the lowest 
activity, perhaps because of inflated and damaged mitochondrial 
membranes and decreased Cristal levels, resulting in enzyme 
leakage [45]. Snails exposed to pesticides have considerably 

Figure 3: Drifting of Pyrethroids in Aquatic Environments Shows Negative Impacts on Nontargeted
Molluscs.
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decreased arginase and ornithine aminotransferase enzyme 
activity. Decreased enzyme activity may impact cells' capacity 
to eliminate endogenous toxic substances like ammonia, which 
is transformed into urea [39]. Scientists observed the dangerous 
consequences of pyrethroids, cypermethrin, and fenvalerate 
in freshwater molluscan invertebrates and classified them as 
immunotoxins due to their negative impact on host animal 
immunological parameters [1]. ROS induces lipid peroxidation 
(LPO) and elevates calcium levels (Ca++), which leads to both 
genotoxicity and cell death in affected species [46]. Cypermethrin 
administration boosted antioxidant enzyme activity in the gills 
and digestive glands of U. gibbus, a freshwater mussel [47]. 
According to Idris et al. (2012, synthetic pyrethroid insectisides 
are harmful because they block the enzyme acetylcholinesterase, 
resulting in acetylcholine buildup in neuronal synaptic gaps. It 
also engages with sodium channels and depolarizes neurons 
[48].

2.4 Histological Changes
Antioxidant defences fail to detoxify reactive oxygen species 
(ROS), leading to damage to biomolecules. Estimating the 
oxidative state of aquatic species involves monitoring protein 
and lipid oxidation levels and also assessing the activity of 
antioxidant enzymes [49]. According to Mahmoud et al. (2012), 
permethrin increased CAT activity in the digestive gland of the 
sea gastropod Hexaplex trunculus at varying doses but lowered it 
at higher concentrations [50]. The authors suggest that this trend 
may be connected to the organism's energy level after pyrethroid 
exposure. The pyrethroid elicited comparable reactions in P. 
canaliculata, but there was no concentration- or time-dependent 
linear responses in lipid peroxidation. Cypermethrin had a short- 
and long-term influence on lipid oxidation in P. canaliculata 
gills, resulting in significantly elevated TBAR levels. However, 
in clams R. decussatus and V. decussate, the digestive gland 
was shown to be more vulnerable to phyretroid toxicity than the 
gills [51,52]. The digestive gland, which detoxifies pesticides 
and produces large levels of ROS, may be responsible for 
these tissue-specific reactions [52]. The gill acts as a location 
for gas exchange and ion control, including catabolic waste 
elimination. subsequently also serves as a primary point of 
entry for dissolved toxicants from the surrounding water 
[53]. This organ is sensitive to ROS damage, as seen in P. 
canaliculata. Cypermethrin and other xenobiotics can cause lipid 
peroxidation, which affects membrane fluidity and biomolecule 
integrity [53]. Lipid peroxidation products, such as aldehydes 
and ketones, may accelerate the oxidation of proteins. Amino 
acid oxidation through glycation and glycoxidation processes 
can also produce these moieties [54]. According to Ahirrao and 
Phand (2015), cytomethrin exposure in Bellamya bengalensis 
causes a significant decrease in the concentration of ascorbic 
acid in reproductive phases [55].

The molluscan defence mechanism relies on circulating 
hemocytes in the bloodstream. Hemocytes migrate throughout 
tissues in reaction to external substances, including infections. 
The major defensive mechanism involves phagocytosis, 
encapsulation, and the release of numerous cytotoxic chemicals 
[56]. Multicellular organisms often feature mobile phagocytic 

cells capable of recognising and eliminating externally harmful 
compounds. Phagocytosis is a recognised immune response and 
a diagnostic of water pollution [57]. Fenvalerate administration 
dramatically reduced phagocytic indices in B. bengalensis, 
with a dose-dependent response. In molluscs, phenoloxidase is 
regarded as a vital defence enzyme. It plays a crucial role in 
the intracellular antibacterial defence system of oysters [58]. To 
produce active phenoloxidase, a prophenoloxidase activating 
system is activated by PAMPs such as lipopolysaccharide, 
peptidoglycan, laminarin, and β-1,3-glucan [59]. Exposing B. 
bengalensis to fenvalerate affected its phenoloxidase activity. 
Fenvalerate therapy dramatically lowered hemocyte phagocytic 
indices in a dose-dependent manner. Male B. bengalensis showed 
a 56.6 ± 3.73 reduction in their phagocytic response as compared 
to the control sample when exposed to 3 ppm fenvalerate after 
15 days of in vivo exposure [60]. 

The lysosome is an essential subcellular organelle that is involved 
in the destruction of foreign particles that have been absorbed. 
Following phagocytosis, the phagocytic vesicle containing 
ingested foreign particles fused with the lysosome to produce 
the phagolysosome. Since the lysosome plays a vital role in the 
production of numerous digesting enzymes, sustaining lysosome 
integrity in the membrane has received considerable scientific 
interest from an immunological perspective. Ray et al. (2013) 
investigated the effects of cypermethrin and fenvalerate on the 
lysosomal membrane integrity of hemocytes from Bellamya 
bengalensis and Lamellidens marginalis [1]. The authors found 
pyrethroid-induced lysosomal membrane vulnerability in 
hemocytes, indicating significant damage and destabilisation of 
the lysosomal membrane.

3. Mechanism of Action of Pyrethroids and the Role of 
Antioxidants 
Cypermethrin catabolism produces cyanohydrins, which are 
degraded into cyanide and aldehyde. These chemicals, along with 
other lipophilic conjugates, can cause ROS formation, resulting 
in DNA damage, lipid peroxidation, and protein carbonylation, 
altering normal cellular processes [61]. Organisms have both 
enzymatic and non-enzymatic antioxidant defence mechanisms 
to neutralise ROS, including H2O2, superoxide (O2-), and 
hydroxyl radical (OH-), produced during aerobic metabolism. 
Enzymatic defences such as superoxide dismutase (SOD) and 
catalase (CAT) breakdown O2- and H2O2 to create less harmful 
metabolites [63]. Organisms can respond to increased ROS 
generation from xenobiotic exposure by increasing antioxidant 
enzyme activity in their cells. Enzyme activity is increased 
by transcriptional and post-translational control, promoting a 
defensive strategy [49]. SOD and CAT activity are widely used 
as indicators of pollution contamination in aquatic systems 
[63]. Glutathione peroxidases and peroxiredoxins are part of 
the antioxidant mechanism and serve the same function as CAT. 
Scientists have increasingly focused on antioxidant enzymes 
and studied their expression in response to environmental stress 
[64]. Cypermethrin exposure increased SOD and CAT activity 
in the digestive gland of the freshwater mussel Unio gibbus 
[47]. According to Regoli and Giuliani (2014), increased ROS 
levels may inhibit the alternating tendency of CAT activity 
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[49]. Superoxide radicals are thought to be the primary cause 
of CAT inhibition, resulting in high levels of H2O2 and reduced 
SOD activity [53].  According to scientists, ROS can interfere 
with protein synthesis while impacting the functioning of 
enzymes. While SOD and CAT represent the first defence walls 
versus ROS, many researchers indicate that their responses 
differ significantly. Glutathion-S-Tranferase (GST), the 
biotransformation enzyme responsible for phase II metabolism 
in aquatic species, is extensively investigated. Its primary 
function is to detoxify electrophiles. This contains pesticide 
metabolites that combine with reduced glutathione to promote 
their excretion [63]. Xenobiotics can trigger GST activity 
through transcription or stress-activated signalling pathways 
[65]. Some data indicate that GST has a role in cytomethrin 
conversion in aquatic organisms [66]. The digestive gland is the 
primary location of phase I and II detoxification in molluscs. 
When enzymes in phase I fail to protect cells, GST increases its 
activity [52]. Pyrethroids can be the reason for serious damage 
to cells, which is caused by free oxidative radicals. These 
particles easily move into the membranes, which are made up 
of lipids. That induces permeability rates in lipid membranes in 
aquatic organisms. Even these excessive oxidative radicals can 
form reactive oxygen species (ROS) in aquatic organisms. These 
ROS can act as molecular cutters, which means they can damage 
DNA and proteins. Aquatic organisms, such as molluscs, have 
the ability to reduce the action of ROS. But when these particles 
produce more ROS in the body, the antioxidants fail or cannot 
control the normal cellular functions in aquatic organisms. These 
insecticides have several structural modifications and contain 
different moieties such as acid, alcohol, and esters. Several 

isomers are present in these insecticides that are stereospecific, 
which means they have different binding sites that are specific 
[26]. In aquatic animals, exposure to pyrethroids can cause an 
increase in the overall quantity of cytochrome P-450 and related 
proteins, especially in the liver, within a few hours or days. In 
order for freshwater species to detoxify pesticide compounds, 
oxidative degradation mechanisms must include cytochrome 
P-450 proteins. They are the ones who bind and oxidise pesticide 
molecules directly. The inducer phenomenon is not limited to 
cytochrome P-450s; it also affects a wide range of other systems, 
including those linked to mixed-function oxidases, glutathione-
S-transferases, and glucuronyl transferases. Furthermore, 
the increased concentration of antioxidant enzymes in 
hepatopancreatic tissue, such as glutathione (GSH), superoxide 
dismutase (SOD), and catalase, which break down H2O2, is 
likely an early adaptive response to elevated oxidative stress 
in freshwater creatures intoxicated with pyrethroids. Redox 
(reduction/oxidation) cycle features, mitochondrial respiration, 
as well as reactive oxygen species (ROS), considered to be 
byproducts of detoxifying metabolism, are among the established 
mechanisms by which pesticides cause oxidative stress. In the 
redox cycle, the parent chemical is frequently enzymatically 
reduced first to form the pesticide radical by a reducer that 
depends on NADPH; it comprises cytochrome P450 reductase 
NADPH. The radical (O2-) and parent chemical are created by 
giving up the unshared electron of the O2 radical. The latter is 
susceptible to further cycles. Consequently, at each cycle turn, 
two potentially dangerous events have occurred: the creation of 
an oxyradical and the oxidation of a reductant (Figure- iv).
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Fig. v: Mode of action of pyrethroids and the role of antioxidants in aquatic molluscs. Figure 5: Model of Action of Pyrethroids and the Role of Antioxidants in Aquatic Molluscs
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4. Conclusion
With rising population and food demand, pesticides and 
insecticides are increasingly used to protect plants and enhance 
productivity. The widespread utilisation of these pyrethroids is 
projected to continue globally. According to research findings, 
pyrethroids pose a significant environmental threat to aquatic 
molluscs worldwide [16]. Researchers are mostly focused on 
larger water bodies, such as rivers, to evaluate the impacts of 
pyrethroids on aquatic life, whereas smaller ponds and streams 
are being overlooked. Pest management strategies should focus 
on preventing pyrethroid contamination of discharge and drift in 
waterbodies. The negative impacts of pyrethroids on nontargeted 
molluscs become a significant issue to be concerned about. 
Snail physiological changes cause reduced egg production and 
increased death rates in pyrethroid-affected snails [39]. Several 
behavioural alterations may indicate stress due to the hazardous 
environment [1]. Behavioural alterations of molluscs reveal a 
distinct reaction to water contamination by various pyrethroids. 
More research is needed to use bioindicative signals from 
bivalves under contamination stress to better understand the 
interaction of pyrethroids in freshwater environments. To 
further assess the environmental impact of pyrethroids, it may 
be beneficial to analyse other biomarkers beyond oxidative 
stress. Previous findings provided by researchers clearly reveal 
that long-term exposure to pyrethroids can interfere with 
physiological functioning in molluscs [44]. More molecular 
research and understanding of molluscs are needed to efficiently 
implement the effects of pyrethroid insecticides. The impacts of 
various stressors on organisms, including prolonged toxic effects 
and interspecies interactions, are not widely recognised. More 
study is needed to determine the influence of pyrethroids on 
aquatic organisms. To evaluate the risks and biological threats, 
bioavailability-based stress evaluation and safety assessment are 
necessary measures. Establishing toxicity standards can aid in 
assessing the biological threats of pyrethroids to aquatic life.
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