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1. Introduction

The developing countries of the world are facing a global challenge of feeding their explosively 
growing population. At the same time, the pests are becoming one of the major causes of pre- 
and post-harvest loses of crops. The different types of broad-spectrum, effective pesticides 
have been invented as a solution to this pest problem. However,  their indiscriminate excessive 
use has itself become a great problem. Among different pesticides, insecticides are one of the 
greatest polluters of aquatic bodies. Among these, the pyrethroid group of insecticides are 
commonly being used. This review describes only two pyrethroid insecticides namely, ë-
cyhalothrin and cypermethrin, which are extensively being used in different indoor and 
outdoor applications in order to kill the insects-pests. The recent reports  the  slow metabolism 
of these compounds in fishes aggravate their toxic effects. In this review, an updated account of 
the toxicological evaluation of both of these insecticides in terms of their environmental, 
physico-chemical, metabolic, biochemical and molecular aspects has been presented which 
may be useful in ecological risk assessment and human health management. 

The blind and selfish human activities have resulted in 
inexplicable grave global concern for present human civilization in 
the form of environmental pollutants. These pollutants come from 
many different sources and enter the air, water and land in a 
variety of ways. Some of the common pollutants include nitrates 
from fertilizers in surface runoff (agriculture); insecticides and 
herbicides (agriculture); bacteria from sewage (population); 
heavy metals (mining); plant debris (logging); silt (land clearing, 
logging); chemical waste (industry) and acids (industry). DDT, 
PCBs, dioxins and similar toxic and persistent organic pollutants 
tend to accumulate in living organisms and can reach harmful 
levels, particularly in species at the top of food chains [1]. Certain 
heavy metals are harmful to plants, animals and man, particularly 

mercury, cadmium, arsenic and lead. The pollutants get stored in 
living tissues and remain there for a very long time. 

Water is the basic building block of life.  Although, clean water is 
essential for human health, wildlife and a balanced environment, 
yet it is being polluted at unprecedented rates with chemicals, 
nutrients, metals, pesticides and other contaminants [2]. The U.S. 
Environmental Protection Agency (EPA) states that, “By their very 
nature, most pesticides create some risk or harm to humans, 
animals, or the environment because they are designed to kill or 
otherwise adversely affect living organisms”  [3]. 

The present review specifically concerns with the 
physicochemical nature of pyrethroids, their impact on molecular, 
biochemical and behavioral parameters of non-target organisms 
including humans and the management strategies to combat 
pyrethroids induced toxicity in different living systems with 
special reference to aquatic fish species. The updated information 
in this context may also be helpful in ecological risk evaluation and 
human health management. 
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2.Pesticides 

3.Pyrethroids

3.1. Physico-chemical and environmental properties of 
pyrethroids

In India, pesticides constitute an important component in 
agriculture development and protection of public health since the 
tropical climate is very conducive to pest breeding. The pattern of 
pesticide usage in India is different from that for the world in 
general. As can be seen from Figure 1, in India, 76% of the 
pesticide used is insecticide, as against 44% globally [11]. The use 
of herbicides and fungicides is correspondingly less in this 
country. The main use of pesticides in India is for cotton crops 
(45%), followed by paddy and wheat [11].

Among these, organochlorines (OC), used successfully in 
controlling a number of diseases, such as malaria and typhus, 
were banned or restricted after the 1960s in most of the 
technologically advanced countries. The introduction of other 
synthetic insecticides  such as  organophosphate (OP) 
insecticides in the 1960s, carbamates in 1970s and pyrethroids in 
1980s contributed greatly in pest control and agricultural output. 
However, the pattern of insecticide usage is gradually inclining at 
unprecedented rate towards newer fourth generation 
insecticides such as pyrethroids due to their comparative efficacy 
and relatively lesser environmental persistence [12]. 

Synthetic pyrethroid insecticides are derived from natural 
compounds (the pyrethrins) isolated from the Chrysanthemum 
genus of plants [13]. These compounds include tetramethrin, 
resmethrin, fenvalerate, permethrin, cypermethrin, ë-cyalothrin, 
and deltamethrin. All of these are used extensively in agriculture. 
They possess relatively low mammalian toxicity, potent 
insecticidal action and photostability with low volatility and 
persistence. They are broad-spectrum insecticides with 
tremendous potential to kill insect pests. They do not 
bioaccumulate and exert small effects on mammals but are very 
toxic to aquatic invertebrates and fish. 

All pyrethroids contain several common features such as 
presence of an acid moiety, a central ester bond, and an alcohol 
moiety (Figure 2). The acid moiety contains two chiral carbons; 
thus, pyrethroids typically exist as stereo-isomeric compounds. 
Furthermore, some compounds also contain a chiral carbon on 
the alcohol moiety, which allows for three chiral carbons and a 
total of eight different stereo-enantiomers. Pyrethroids´ toxicity 
is highly dependent on the stereochemistry, the three 
dimensional configuration of the molecule [14,15,16]. Each 
isomer (molecules consisting of the same atoms but with 
different stereochemistry) has its own toxicity. Some pyrethroids 
have as many as eight different isomers and there are several 
different types. For example, many pyrethroids have pairs of 
isomers with different geometries, referred to as cis and trans 
isomers. The cis isomer is generally more toxic than the trans

The Food and Agricultural Organisation (FAO) of United  
Nations had defined  the pesticide as any substance or mixture of 
substances intended for preventing, destroying or controlling any 
pest, including vectors of human or animal disease, unwanted 
species of plants or animals causing harm during or otherwise 
interfering with the production, processing, storage, transport or 
marketing of food, agricultural commodities, wood and wood 
products or animal feedstuffs, or substances which may be 
administered to animals for the control of insects, arachnids or 
other pests in or on their bodies. The term includes substances 
intended for use as a plant growth regulator, defoliant, desiccant 
or agent for thining fruit or preventing the premature fall of fruit, 
and substances applied to crops either before or after harvest to 
protect the commodity from deterioration during storage and 
transport [4]. 

Pesticides are used in every realm of the environment to 
control undesired pests, such as insects, weeds, fungi and rodents. 
Pesticides are one of the most potentially harmful chemicals 
introduced into the environment. Though they have contributed 
considerably to human welfare, their adverse impacts on non-
target organisms are significant [5, 6]. An estimated 85-90% of 
pesticides never even reach their target organisms [7]. The 
contamination of surface waters by pesticides used in agriculture 
has become a global problem [8]. Studies of major rivers and 
streams document that about 96% of all fish, 100% of all surface 
water samples and 33% of major aquifers contain one or more 
pesticides at detectable levels [9]. The widespread contamination 
of waterways with pesticides and their breakdown products is a 
serious threat to both public health and environmental integrity. 

Pesticides get into water via different routes. When 
pesticides are applied on fields, gardens, parks and other places, a 
remarkable amount of the chemicals end up as runoff. This runoff 
moves in streams, rivers and lakes. Similarly, when pesticides are 
applied on lawns in urban and suburban areas, rain washes some 
of the pesticides into streets gutters from where the pesticide-
contaminated water goes through drains and pipes and 
eventually flows into nearby creeks and rivers [2]. Some of the 
pesticides also end up in groundwater systems by leaching down 
through the soil. Small amounts also vaporize into the 
atmosphere and then later fall back to land as precipitation. As a 
result of all these pathways, pesticides are widely found in rivers, 
streams, lakes, and even in drinking water. 

The market shares of herbicides, insecticides and fungicides 
have changed slightly over the past 25 years. The most noticeable 
trend is the reduction in the share of pesticides having high 
mammalian toxicity (insecticides). However, no positive trend 
evolved in favor of the survival of aquatic organisms in general 
and fish in particular, in spite of their important role in food chain. 
Their application rates have been reported to decline, which is 
mainly due to products containing more potent and concentrated 
active ingredients. This in itself does not make them any safer, but 
advances have also been made to reduce toxicity and persistence. 
Persistence has been and still is, a major issue in pesticide usage. 
The prolonged biological activity increases the effectiveness of 
products but concomitantly also increases their (unwanted) side-
effects in the environment. Products (or their metabolites) 
banned in the sixties in the mid-western United States, for 
example, can still be found in soil and water today and some are 
still released in water or into the air [10].
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Figure 1. Consumption patterns of pesticides [11]
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isomer. The more highly halogenated pyrethroids (those 
containing chlorine, bromine, or fluorine), such as flucythrinate 
and tefluthrin, tend to be more toxic to mammals than those that 
are less halogenated, such as permethrin and cyfluthrin. Inert 
(secret) ingredients and contaminants can also affect the toxicity 
of a pyrethroid formulation, especially since the formulated 
product often contains more "inert" ingredients than active 
ingredients. Several inerts in pyrethroid formulations are known 
as suspected carcinogens (such as silica, trimethylbenzenes, and 
ethyl benzene) or the chemicals which depress the central 
nervous system (such as xylenes). Also, several other hazardous 
contaminants such as ethylene oxide, benzene and arsenic are 
used in pyrethroid formulations [17-20].

The acute mammalian neurotoxicity of pyrethroids has been 
well characterized and several comprehensive reviews of 
pyrethroid toxicity, metabolism and actions are available [21-24]. 
Based on toxic signs in the rat, pyrethroids have been divided into 
two types: (a) compounds that produce a syndrome consisting of 
aggressive sparring, increased sensitivity to external stimuli and 
fine tremor progressing to whole-body tremor and prostration 
(type I or T syndrome); and (b) compounds that produce a 
syndrome consisting of pawing and burrowing, profuse salivation 
and coarse tremor progressing to choreoathetosis and clonic 
seizures (type II or CS syndrome) [25]. Structurally, a key 
difference between type I and type II pyrethroids is the absence or 
presence, respectively, of a cyano group at the á carbon of the 3-
phenoxybenzyl alcohol moiety of the compound. 

The present review involves the detailed toxicological 
assessment of two chemically related pyrethroid insecticides, ë-
cyhalothrin and cypermethrin (Figure 3). 

Both insecticides belong to type II group of pyrethroids. 
These are neurotoxic agent most probably acting through the 
central nervous system to cause repetitive nerve activity. It is 
readily absorbed from the gastrointestinal tract, by inhalation of 
dust and fine spray mist and only minimally through intact skin.

ë-cyhalothrin is the active ingredient in several brand name 
products: Reeva, Warrior, Scimitar, Karate, Demand, Icon, and 
Matador.  ë-cyhalothrin is a 1:1 mixture of two stereoisomers, (S)-
á-cyano-3-phenoxybenzyl-(Z)-(1R,3R)-3-(2-chloro-3,3,3-
trifluoroprop-1-enyl)-2,2-dimethylcyclopropanecarboxylate 
(Figure 4a) and (R)-á-cyano-3-phenoxybenzyl-(Z)-(1S,3S)-3-(2-
c h l o r o - 3 , 3 , 3 - t r i f l u o r o p r o p - 1 - e n y l ) - 2 , 2 -
dimethylcyclopropanecarboxylate (Figure 4b). 

ë-cyhalothrin is a colorless solid at room temperature but 
may appear yellowish in solution. ë-cyhalothrin has a low vapor 
pressure and Henry's law constant, which suggests that it is not 
easily volatilized into the atmosphere. This insecticide also has a 
high octanolwater partition coefficient (K ), so it tends to ow

partition into lipids. Normally, a pesticide with a high K  would ow

signal a high potential to bioconcentrate. The mean watersoil 
organic carbon partition coefficient (K ) is high, which indicates oc

preferential affinity to organic matter and suggests that it is 
unlikely to contaminate groundwater because of a low potential to 
leach as dissolved residues in percolating water. The tendency to 
adsorb the suspended particulate materials in the water column, 
including clay particles and organic matter, provides the primary 
vector for transport through aquatic systems. Thus, the greatest 
risk to non-target aquatic organisms would be through exposure 
to ë-cyhalothrin-contaminated sediments. Adsorbed phases of 
chemical molecules generally show decreased degradation rates 
because residues are less accessible to breakdown by sunlight or 
microorganisms than when molecules are dissolved in the water 
column [26]. Sorption of ë-cyhalothrin to suspended solids or 
bottom sediments may provide a mechanism to mitigate its acute 
toxicity to aquatic organisms by reducing its short-term 
bioavailability in the water column.

Figure 2. Basic structure of pyrethroids

* = asymmetric carbon atom
R = alkyl group

a.    Cyhalothrinë -

b.  Cypermethrin

Figure 3. Chemical structures of ë-Cyhalothrin and 
Cypermethrin 

a. (S)-alcohol (Z) - (1R)-cis-acid

b. (S)-alcohol (Z) - (1S)-cis-acid

Figure-4. The chemical structures of two isomers of
ë - cyhalothrin
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Cypermethrin is active gradient in many formula grade insecticides named as Colt, Ammo, Avicide, Barricade, CCN 52, Cymbush, 
Folcord, Imperator, Kafil Super, Polytrin, Ripcord, Stockade. Cypermethrin [RS-a-cyano-3-phenoxybenzyl (1RS)-cis-, trans-3-(2,2,-
dichlorovinyl)-2,2-dimethylcyclopropane carboxylate] is the racemic mixture of all eight isomers (Figure 5).

Figure 5. Chemical structures of eight isomers of cypermethrin

These isomers are commonly grouped into four cis- and four trans-isomers, the cis-group being the more powerful insecticide. The 
ratio of cis- to trans-isomers varies from 50:50 to 40:60. Cypermethrin exists gradiently as a viscous yellow liquid to a semi-solid crystalline 
mass at ambient temperatures [27]. The solubility of cypermethrin in water at 20°C is 0.009 mg/l [27] while in organic solvents like hexane 

-1 -1is 103 g litre and xylene is greater than 450 g litre . The solubility in other organic solvents like cyclohexane, ethanol, acetone, and 
chloroform is also comparable [27]. Cypermethrin is adsorbed very strongly on soil particles [28]. The half-life (t ) in fertile soil is between 1/2

2 and 4 weeks. It degrades readily in natural waters with a typical t  of about two weeks [27]. The salient features of ë-cyhalothrin [29-34] 1/2

and cypermethrin [35-40, 29] are summarized in Table 1.
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Table 1. Physical, chemical and environmental properties of 
ë-cyhalothrin and cypermethrin

Source: ë-cyhalothrin [29-34]; Cypermethrin [31-36, 25]

ë-cyhalothrin                Cypermethrin

CAS number

66841-24-5

US EPA PC Code

CA DPR Chem Code 2297 2171

Molecular formula  

Molecular weight (g/mol)

-1Density (gml  at 25°C)

Melting point (°C)

Boiling point 
(°C at 0.2 mmHg)

Vapor pressure 
(mmHg at 20°C)

Henry's law constant
3 -1(mmHg-m mole )

Water solubility 
(mg/l at 20°C)

Solubility in other 

solvents (g/l)

Octanol-water partitioning 

(log K  at 20°C)ow

Hydrolysis half-life (days)

pH 7

pH 9

Photolysis half-life (days) 

Water at pH 5 and 25°C

Soil

Bioconcentration factor

 (BCF) (fish)

3Soil adsorption K  (cm /g)oc

Soil degradation half-life

(days)Aerobic soil   

Aquatic degradation half-life

(days) Aerobic aquatic

91465-08-6

128897 

C H ClF NO23 19 3 3

449.9

1.33

49.2

187-190 220

-91.5×10

-41.35×10                                   

0.005

> 500 (acetone)

7.00

Stable

8.66

24.5 

53.7

2,240

4 424.7×10 -33×10

42.6

21.9

52315-07-8

109704

C H O NCl22 19 3 2

416.3

1.12 g/ml

up to 80

(depending on purity
and cis : trans ratio)  

-91.4×10

-41.9×10                    

0.009 

450 (xylene)

6.3

274

1.9

30

165

1000

46.1×10

28

7.4
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3.2.Breakdown mechanisms and products of pyrethroids
3.2.1.Photolysis

3.2.2.Hydrolysis

3.2.3.Microbial degradation

3.2.4.Environmental fate of pyrethroids

The naturally occurring pyrethrins are unstable in light while 
the photo-stability of recent synthetic pyrethroids has been 
improved. On soil surfaces and in aqueous solutions at pH 5, ë-
cyhalothrin degrades in sunlight with a t of approximately 30 1/2 

days [41]. Photochemical studies with ë-cyhalothrin were 
conducted under UV and sunlight irradiation to understand 
photo-degradation kinetics, pathways and products [42,43]. 
Exposure to UV light (18 W, 254 nm) for 20 min resulted in nearly 
complete degradation with losses greater than 95% of initial 
amounts applied [43]. Photo-degradation of ë-cyhalothrin 
followed first-order kinetic behavior where the apparent first-

order rate constant (k ) and t  were determined to be 0.163 ap 1/2
- 1min  and 4.26 min, respectively. With the recent development of 

highly efficient extraction methods and high resolution detection 
techniques, it is possible to identify multiple trace photoproducts 
and photo-degradation pathways for ë-cyhalothrin. Several 
pathways have been proposed for the photo-degradation of ë-
c yh a l o t h r i n ,  i n c l u d i n g  d e c a r b ox yl a t i o n ,  re d u c t ive  
dehalogenation, and ester or other bond cleavage [43]. 

Cypermethrin is relatively stable to sunlight and, though it is 
probable that photo-degradation plays a significant role in the 
degradation of the product on leaf surfaces and in surface waters, 
its effects in soils are limited. The most important 
photodegradation products, 2,2-dimethyl-3-(2,2-dichlorovinyl) 
cyclopropane-carboxylic acid (CPA), 3-phenoxybenzoic acid 
(PBA) and, to some extent, the amide of the intact ester, which do 
not differ greatly from those resulting from biological degradation 
[44]. 

ë-cyhalothrin is stable at pH below 8, whereas under alkaline 
conditions it hydrolyzes through nucleophilic attack of the 
hydroxyl ion into a cyanohydrin derivative, which degrades to 
yield HCN and the corresponding aldehyde [45].

Cypermethrin is readily degraded by ester cleavage to give 
CPA and PBA [46].  The alternative route of degradation, 
hydrolysis of the cyano group to amide, required a much higher 
energy of activation and could not be detected. Takahashi et al 
(1985) [47] demonstrated the effects of pH on the hydrolysis of 1R 
cis- or 1R trans-cypermethrin in abiotic buffered aqueous 
solutions.  At acidic pH values, the t  of the isomers was one or 1/2

more years but it was appreciably shorter at pH 7 and had further 
fallen to a matter of minutes at pH 11 (all at 25 °C).  In natural 
waters, sterilized by filtration and having a pH of about 8, the t1/2 

was about 3 weeks at 25 °C.  The trans-isomers were hydrolyzed 
more readily than the cis-isomers. 

In laboratory studies, the dissipation of ë-cyhalothrin in soil 
was mainly through biodegradation, as indicated by the rapid loss 
of ë-cyhalothrin in non-sterile soil compared to sterile soil. Only 
o n e  d e g r a d a t e ,  w h i c h  w a s  [ ( R S ) - á - c y a n o - 3 - ( 4  
hydroxyphenoxy)benzyl-(Z)-(1RS)-cis-3-(2-chloro-3, 3, 3 
trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate] was 
determined as a major breakdown product comprising 10% of the 
initial ë-cyhalothrin  concentration [49].

The biological degradation of cypermethrin is fairly rapid 
and residues do not accumulate in the environment [44]. 
Cypermethrin degrades relatively quickly in soils, primarily by 
biological processes involving cleavage of the ester linkages, to 
give the two main degradation products, CPA and PBA.  These 
products are themselves subsequently mineralized [49]. There is 
also evidence for the formation, as an intermediate, of the amide 
of the intact molecule and occasionally the 4-hydroxy phenoxy 
analogue. Neither of the latter products appear to persist in the 
soil [50, 51]. 

Adsorption is one of the key processes controlling the fate of 
pyrethroids, which, as indicated by their high Koc values, results 
in rapid and strong adsorption to soils and sediments [52]. Ali and 
Baugh (2003) [53] investigated the adsorption of ë-cyhalothrin to 
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silica, which is the major mineral component in soil. They 
discovered much reduced sorption to the mineral component, 
implying that discharge of pyrethroids to water bodies is mainly 
in the sorbed soil organic phase. Oudou and Hansen (2002) [54] 
observed ë-cyhalothrin to have more sorption affinity with 
different types of minerals in soil. The dissipation of ë-cyhalothrin 
in laboratory-controlled soils  was mainly through 
biodegradation, as indicated by the rapid loss of ë-cyhalothrin  in 
non-sterile soil when compared to a sterile soil [48]. Degradation 
of ë-cyhalothrin in soil occurs primarily by hydroxylation 
followed by cleavage of the ester linkage to give two main 
degradation products, which are further degraded to carbon 
dioxide.  The initial half-lives are in the range of 22 to 82 days. ë-
cyhalothrin is adsorbed on soil particles and is non-mobile in the 
environment [41]. In a study to evaluate the leaching potential of 
eight pesticides in a Brazilian Oxisol, ë-cyhalothrin was applied 
onto a Typic Haplustox that contained about 50% clay and 26.3 g 
kg-1 organic carbon in the top 10 cm soil layer [55]. Mobility 
within the soil profile and subsequent leaching were studied for a 
period of 28 days after application. The bulk of ë-cyhalothrin 
residues were recovered within the top 15 cm of the soil. ë-
cyhalothrin has also been detected in the deeper 10-30 cm soil 
layer, resulting from preferential flow [56, 57]. In water, ë-
cyhalothrin dissipates rapidly [58, 59].

Cypermethrin is adsorbed very strongly on soil particles, 
especially in soils containing large amounts of clay or organic 
matter.  Movement in the soil is, therefore, extremely limited and 
downward leaching of the parent molecule through the soil does 
not occur to an appreciable extent under normal conditions of 
use.  The two principal degradation products show, on the scale of 
Helling, "intermediate mobility". Cypermethrin is also relatively 
immobile in surface waters and, when applied to the surface of a 
body of water at rates typical of those used in agriculture 
applications, it is largely confined to the surface film and does not 
reach deeper levels or the sediment in appreciable 
concentrations. Cypermethrin also degrades readily in natural 
waters with a typical t  of about 2 weeks. It is probable that both 1/2

photochemical and biological processes play a part.  It has been 
shown that spray drift reaching surface waters adjacent to 
sprayed fields does not result in long-term residues in such 
waters [44]. 

Pyrethroids are axonic poisons that affect the nerve fiber by 
binding to a protein that regulates the voltage-gated sodium 
channel. Normally, this gate opens to cause stimulation of the 
nerve and closes to terminate the nerve signal. The channels are 
pathways through which ions are permitted to enter the axon and 
cause excitation. When the channels are left open, nerve cells 
produce repetitive discharges and eventually cause paralysis [60, 
61]. Pyrethroids bind to this gate and prevent it from closing 
normally, which results in continuous nerve stimulation and 
tremors in poisoned insects. Poisoned organisms lose control of 
their nervous system and are unable to produce coordinated 
movement. There are two groups of pyrethroids with distinctive 
poisoning symptoms, denoted as Type I and Type II. Chemically, 
Type II pyrethroids are distinguished from Type I pyrethroids by 
the presence of an á-cyano group in their structure. In 
comparison to Type I pyrethroids (e.g. permethrin), which exert 
their neurotoxicity primarily through interference with sodium 
channel function in the central nervous system, Type II 
pyrethroids (e.g. ë-cyhalothrin) can also affect chloride and 

3.2.5.Mode of action 

3.2.6.Metabolism of pyrethroids in fish

calcium channels that are important for proper nerve function 
[62]. Because of the lipophilic nature of pyrethroids, biological 
membranes and tissues readily absorb them. Specifically, ë-
cyhalothrin penetrates the insect cuticle, disrupting nerve 
conduction within minutes; this leads to cessation of feeding, loss 
of muscular control, paralysis, and eventual death. Additional 
protection of the crop is provided by the insecticide's strong 
repellent effect toward insects. The major target site of 
cypermethrin is the sodium channel of the nerve membrane. A 
sodium channel exposed to cypermethrin can remain open much 
longer, even up to several   seconds [63].

Pyrethroids are metabolized and eliminated significantly 
more slowly by fish than by mammals or birds [60], which may 
explain this compound's higher toxicity in fish than in other 
organisms. The half-lives for elimination of several pyrethroids by 
fish are all greater than 48 h, while elimination half-lives for birds 
and mammals range from 6 to 12 h [60]. Generally, the lethality of 
pyrethroids to fish increases with increasing octanol/water 
partition coefficients [64]. Metabolites can also have an effect on 
the toxicity of a pyrethroid.

The metabolism of cyhalothrin in carp was studied by Leahey 
and Parker (1985) [65], who maintained carp in a flow-through 
water system containing 14C-cyclopropyl-labelled cyhalothrin 
(at a level of 20 ng/g) for 28 days.  The results showed that 
radioactive residues in muscle, head and viscera were 0.035, 
0.050, and 0.115 mg/kg, respectively.  The major part of the 14C-
residue (50-65%) was characterized as unchanged cyhalothrin, a 
further 10-19% consisting of the compound a (Figure 6).

The metabolic transformation of cypermethrin has been 
similar in the different animals studied, including man.  
Differences that occur have been related to the rate of formation 
rather than to the nature of the metabolites formed and to 
conjugation reactions. Cypermethrin (both the cis- and trans-
isomers) is metabolized via the cleavage of the ester bond to 
phenoxybenzoic acid and cyclopropane carbolic acid.  The fact 
that thiocyanate has been identified in in vivo studies, indicates 
that the cyanide moiety is further metabolized. The 3-
phenoxybenzoic acid is mainly excreted as a conjugate.  The type 
of conjugate differs in a number of animal species.  
Phenoxybenzoic acid is further metabolized to a hydroxy 
derivative and conjugated with glucuronic acid or sulfate. The 
cyclopropyl moiety is mainly excreted as a glucuronide conjugate; 
hydroxylation of the methyl group only occurring to a limited 
extent. Ester cleavage is much slower in certain fish species than 
in other animal species, the main metabolic pathway being 
hydroxylation of the phenoxybenzoic and the cyclopropyl 
moieties [44]. 

 

Figure 6. The chemical structures of the metabolic products
 of ë-cyhalothrin in fishes
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The metabolism of cis-cypermethrin (14C-labelled in either 
the acid or the alcohol moiety) in trout was studied by Edwards 
and Millburn (1985a) [66].  In contrast with that in other animals 
(frogs, mice, and quail), ester cleavage of cypermethrin was very 
slow and the main metabolic pathway was hydroxylation to give 
the 4-hydroxyphenoxy derivative, which was excreted in the bile 

The pyrethroid insecticides are extremely toxic to fish with 
96 h LC  values generally below 10 µg/l. The corresponding LD  50 50

values in mammals and birds are in the range of several hundred 
to several thousand mg/kg. The acute toxicity of the pyrethroid 
insecticides, cypermethrin and ë-cyhalothrin for 96 h period 
using Channa punctatus showed LC  values of these insecticides 50

as 0.4 mg/l and 7.92 µg/l, respectively. Both of these insecticides 
were also found to cause significant alterations in

different morpho-behavioral patterns of C. punctatus even at sub-
acute doses [68]. The freshwater catfish, Clarias batrachus was 
observed to be sensitive to pyrethroids even at lower doses [69]. 
The ë-cyhalothrin was found to be about 50 times more toxic to 
the fish than cypermethrin. Aydýn et al (2005) [70] determined 48 
h and 96 h LC  values (with 95% confidence limits) of 50

cypermethrin for common carp embryos as 0.909 (0.2565.074) 
ìg/l and 0.809 (0.5301.308) ìg/l. Ural and Saðlam (2005) [71] 

as the glucuronide. Edwards and Millburn (1985b) [67] identified 
the glucuronide of CPA and the ether glucuronide and sulfate of 4-
hydroxy PBA but only as minor metabolites. The chemical 
structures of various metabolic products of cypermethrin are 
shown in Figure 7. 

3.2.7. Acute toxicity of pyrethroids in fishes

Figure 7. The chemical structures of different metabolic products of cypermethrin in fishes
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estimated 1, 12, 24, 48, 72, and 96 h LC  values (95% confidence 50

limit) of a pyrethroid, deltamethrin for fry rainbow trout as 
15.8708 (10.855024.2067), 7.0014 (4.385411.5177), 3.1856 
(1.84385.1897), 1.6568 (0.72873.1600), 0.9800 (0.30601.8760), 
and 0.6961 (0.31841.6575), respectively. The 96 h LC  values of 50

ã-cyhalothrin and ë-cyhalothrin were determined as 1.93 ìg a.i/l 
and 1.94 ìg a.i/l, respectively, in zebra fish (Brachydanio rerio 
H.B.) [59]. In single-species laboratory tests and outdoor multi-
species ecosystem tests, Giddings et al (2009) [72] studied 
species sensitivity distribution curves for ã-cyhalothrin and ë-
cyhalothrin and found median HC5 values as 23.7 ng/l and 40.9 
ng/l, respectively, for fish. Saha (2003) [73] reported 72 h LC  of 50

aqueous and acetone solubilized cypermethrin to Heteropneustes 
fossilis as 0.67 and 1.27 ìg/l, respectively

Usually the fish exposure to the pyrethroid insecticides 
interferes with the process of neural transmission, blocking, in 
open position, the ionic channels and induces histo-pathological 
[74, 45], enzymatic activity and hormonal changes [76, 77]. Some 
of the pyrethroids have been reported to cause oxidative stress in 
different freshwater fishes. In a recent study, the bifenthrin, a 
pyrethroid insecticide showed very minor alterations in oxidative 
stress parameters in grass shrimp (Palaemonetes pugio) and 
sheepshead minnow (Cyprinodon variegates) [78].  However, 
deltamethrin was reported to cause significant changes in 
different parameters of oxidative stress in Channa punctatus [79, 
80]. The expression of cellular stress protein hsp60, hsp70 and 
hsp90 as well as fertilization and hatching success of a fish 
medaka (Oryzias laptipes) was reported to be significantly altered 
in response to esfenvalerate [81]. 

The different pyrethroids have been reported earlier to cause 
significant effects on various physiological and biochemical 
activities of freshwater fishes.  The exposure of deltamethrin has 
been reported to increase the fish enzymes activity for 
detoxification process in the liver, kidney and blood serum [76, 
77]. The biochemical effects of one of the synthetic pyrethroid 
derivative, bifenthrin, were studied by Velisek et al (2009a) [82] 
in rainbow trout (Oncorhynchus mykiss) which revealed 
significant decline in plasma ammonia, mean erythrocyte volume, 
erythrocyte haemoglobin and band neutrophil granulocyte along 
with remarkable enhancement in glucose, creatine kinase, 
alkaline phosphatase and LDH as well as histological 
degeneration of hepatocytes. The exposure of pyrethroid 
insecticide, fenvalerate for 24 h, was found to cause marked 
decrease in hepatosomatic index, liver glycogen, alkaline 
phosphatase of liver, ascorbic acid of blood, liver and kidney and 
at the same time significant increase in haemoglobin percent, 
plasma glucose level and acid phosphatase level of liver in 
freshwater catfish, Clarias gariepinus [83]. The freshwater fish, 
Cyprinus carpio, registered remarkable increase in the levels of 
plasma glucose, ammonia, AAT, creatine kinase, relative and 
absolute monocyte count in response to bifenthrin, a pyrethroid 
insecticide [84]. Jee et al (2005) [85] found an increase in levels of 
serum GOT, GPT and alkaline phosphatase along with a decrease 
in the concentration of plasma total protein, albumin, cholesterol 
and lysozyme in Korean rockfish (Sebastes schlegeli)  exposed to 
cypermethrin. The sub-lethal concentrations of deltamethrin 
(0.25 and 0.50 ìg/l) for 10, 20 and 30 days were reported to 

cause determined histopathological changes in gills 
(desquamation, necrosis, epithelial hypertrophy, lifting of the 
lamellar epithelium, oedema, dilatation of the capillaries primary 
lamellae, aneurysm, epithelial hyperplasia and fusion of the 
secondary lamellae), liver (hypertrophy of hepatocytes, 
significant increase of Kupffer cells, circulatory disturbances, 
focal necrosis, fatty degeneration, nuclear pycnosis and 
narrowing of sinusoids) and gut (infiltration of mononuclear 
leucocyte and eosinophils towards lamina propria and necrotic 
tissues) of the mosquitofish, Gambusia affinis [86]. The synthetic 
pyrethroid, permethrin, was observed by Singh and Srivastava 
(1999) [87] to cause significant reduction in the activity of LDH 
and cytochrome oxidase along with simultaneous elevation in the 
level of succinate dehydrogenase (SDH) in Channa striatus. 
Pimpão et al (2007) [88] reported deltamethrin to be highly 
effective in elevating the number of leukocytes, RBC, haemoglobin 
and inhibiting the activity of Glutathione S-transferase (GST) in a 
teleost fish, Ancistrus multispinis. Sepici-Dinçel et al (2009) [86] 
reported cyfluthrin to cause remarkable oxidative stress and 
significant decline in chloride level along with simultaneous 
elevation in the levels of sodium and phosphorus in Cyprinus 
carpio. Kamlaveni et al (2001) [90] studied effects of different 
type II pyrethroids (deltamethrin, cypermethrin, fenvalerate and 
fluvalinate) on the activities of succinate dehydrogenase (SDH) 
and glucose-6-phosphate dehydrogenase (G6PD) in Cyprinus 
cario var communis and found a steady inhibition in SDH activity 
with concomitant elevation in G6PD which indicated the 
activation of an alternative pathway of carbohydrate metabolism, 
viz the hexose monophosphate shunt (HMP) or pentose 
phosphate pathway as a biochemical adaptation to overcome the 
toxic stress.

The chosen pyrethroids for the present analysis, ë-
cyhalothrin and cypermethrin have been reported to have 
significant alterations on different biomolecules, haematological 
parameters, histo-pathology as well as enzymes related with 
various metabolic activities of fishes. Both of these pyrethroids 
have been reported to cause significant alterations in the 
physiologically indispensable biomolecules i.e. nucleic acids and 
protein contents of freshwater fishes C. punctatus and C. 
batrachus [91, 92] which could thus disturb the basic 
physiological processes of fish.  Ogueji and Auta (2007) [93] 
found ë-cyhalothrin to exert profound effects on serum glucose, 
protein, cholesterol, triglycerides, alkaline phosphatase, glutamic 
pyruvic acid transaminase and glutamic oxaloacetic acid 
transaminase in African catfish, Clarias gariepinus. The same 
insecticide ë-cyhalothrin was also observed to cause marked 
inhibition in protein contents and total lipids in liver and muscle 
of Channa punctatus [94]. The pyrethroid insecticides, 
cypermethrin and ë-cyhalothrin has been reported to cause 
significant inhibition in the activity of AChE in freshwater fishes, 
C. punctatus and C. batarchus which indicated both insecticides to 
be potent neurotoxicant [95]. 

Cypermethrin, one of the highly used recent pyrethroids, was 
reported by Prashanth (2007) [96] to cause significant 
alterations in the levels of ammonia, urea and glutamine in effect 
to cypermethrin treatment in the freshwater fish, Cirrhinus 
mrigala. Atamanalp et al (2002) [97] studied effect of 
cypermethrin on some biochemical parameters of rainbow trout 
(Oncorhynchus mykiss) and found marked decline in the levels of 
calcium and phosphorus with concomitant irregular alteration in 
the levels of sodium and total protein. Cypermethrin exposure in 
fish, Labeo rohita, was observed to cause increase in the level of 
phosphorylase in response to cypermethrin intoxication [98]. 

3.2.8.Sub-acute toxicity of pyrethroids in fishes

3.2.9.Pyrethroids induced physiological and biochemical
changes
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b l o o d  g l u c o s e  c o n c o m i t a n t  w i t h  t h e  d e c re a s e  i n  
acetylcholinesterase activity [99]. The freshwater fish, Clarias 
batrachus, has been reported to exhibit significant decrease in the 

+ +activity of Na -K  ATPase and the level of glycogen content along 
with simultaneous elevation in the level of glycogen Saha and 
Kaviraj (2009) [100] studied effects of cypermethrin on various 
biochemical parameters of Heteropneustes fossilis and observed 
increase in glucose level with simultaneous decline in the level of 
glycogen as well as the activity of acid and alkaline phosphatase 
and reversible effects in fishes already fed with a diet 
supplemented with ascorbic acid for 60 days. 

Çakmak and Gýrgýn (2003) [101] reported cypermethrin to 
have paramount effects on different haematological parameters 
(Levels of haematocrit, haemoglobin, leukocyte, R.B.C. and mean 
corpuscular haemoglobin concentration etc.) of rainbow trout 
(Oncorhynchus mykiss, Walbaum). The study of the effects of 
cypermethrin on a freshwater teleost, Labeo rohita, revealed 
remarkable decline in the level of RBC, haemoglobin content and 
haematocrit along with significant elevation in total leukocyte 
count (TLC), mean cell volume (MCV) and mean cell haemoglobin 
(MCH) [102]. 

Korkmaz et al (2009) [103] reported severe histo-
pathological lesions and marked decline in protein level and 
glycogen level in different organs of Nile tilapia (Oreochromis 
niloticus) in response to the treatment of cypermethrin for 10 
days and very good capability of recuperation after their exposure 
to ascorbic acid. Cypermethrin was observed to affect growth and 
survival of a teleostean fish, Odontesthes bonariensis, but had no 
in-vivo effects on sex ratio, gonadal development or germ cell 
production [104]. The same pyrethroid exposed to Japanese 
Medaka (Oryzias latipes) was reported to exert deformities in fish 
larvae [105]. Sarkar et al (2005) [106] found significant changes 
such as hyperplasia, disintegration of hepatic mass and focal 
coagulative necrosis in rohu (Labeo rohita) in effect to 
cypermethrin. 

Prashanth and David (2006) [107] observed significant 
elevation in the levels of free amino acids and protease activity in 
the Indian major carp (Cirrhinus mrigala) in response to 
cypermethrin. The exposure to cypermethrin for 10 days was 
demonstrated to cause marked increase in the activities of 
transaminase and GDH in different organs of Clarias batrachus 
[108]. Reddy and Yellama (1991) [109] reported cypermethrin to 
cause decline in the level of protein while resulted in an increase 
in free amino acids, protease, AlAT, AAT, GDH, AMP deaminase, 
adenosine deaminase, ammonia, urea and glutamine in Tilapia 
mossambica. The freshwater fish, Cirrhinus mrigala was also 
reported to exhibit remarkable increase in the activity of AAT, 
AlAT and GDH in effect to cypermethrin [110]. 

of these chemicals for confirmatory validation of their 
toxicological potential in the environment, which may help design 
relatively more potential insecticides, which could prove to be 
safe to the environmental and human health.  

The retrospection of environmental, physico-chemical and 
biochemical properties of type II pyrethroids, cypermethrin and 
ë-cyhalothrin indicates that though both insecticides are 
chemically related, yet they show quite different properties in 
multifaceted aspects. The various earlier reports of the 
sensitivities of these insecticides even at micro-molar range 
necessitate a detailed toxicological assessment of these 
pyrethroids. The toxicological data available so far could be used 
in getting a clearcut indication  of the potential of these 
insecticides in causing environmental health hazards. However, 
more studies are required to be conducted in terms of different 
environmental, toxicological, biochemical and molecular aspects 
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