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 1 

                             SUMMARY 

In the present study Cypermethrin, [(R, S) α-cyano-3-phenoxybenzyl 

(1R, S)-cistrans-3-(2, 2- dimethylcyclopropane carboxylate) was tested for its 

capacity to induce pre and post implantational losses and teratological potentials. 

Albino laboratory mice (Mus musculus) were used as experimental animal model. 

After careful estimation of LD50 for pregnant mice (64mg/kg body weight) 5, 10 

and 20% (i.e. 3.2, 6.4 and 12.8mg/kg body weights of the pregnant dams) of 

this critical value were chosen as experimental doses.  An untreated group (of 20 

animals) was also maintained as control. Each of these experimental doses was 

applied in two different ways (i.e. single and triple exposures on gestation day 6 

(GD6) and GD6, 9 and 12 respectively to a faction of 20 animals each.  In this 

way each experimental dose group comprised on two sub-groups of 20 animals, 

named as single and triple exposure sub-groups. Fetuses were exteriorized on 

GD18, pre and post implantational losses were estimated for each mother 

sacrificed for the purpose and the data obtained was presented in the result section. 

The fetuses were further studied for fetal density / litter / faction of each 

experimental group, CRL and head circumference for the estimation of fetal 

growth retardation. All feto-morphic abnormalities appeared in control and 

experimental groups were recorded as terato-morphological manifestations of the 

insecticide. Furthermore body organs (liver, kidney, spinal cord and eye) of the 

selected fetuses were processed for anatomical histological and micrometric analysis 

of these structures in various groups.  

Results obtained indicate a dose and exposure dependent increase in pre 

and peri- gestational losses in various factions of the experimental groups. Fetal 

density showed maximum rise in 3.2mg/kg single exposure sub-group to that of 

the control, while higher than control but dose dependent decline was noted in the 

single exposure factions of the remaining two groups. A secondary decline in fetal 
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density was noted in all cypermethrin groups at triple exposure. The observed feto-

morphic defects include, Microcephaly, Hydrocephaly, Un-detached pinnae, 

Epinnate ears, Skewed neck, Meromelia, Extradactyly, Drooping wrist, Round 

back, Hemoregia, Torted hind limbs, Forked paws, Flipper limbs and Kinky 

tail. The frequency of occurrence of these morphological derangements was dose 

dependent. Fetal head circumference and CRL also showed a dose dependent 

decline. Various developmental defects in the eyes include, rudimentary eye lids, 

compressed vitreous chamber along with many critical changes in lens, cornea and 

iris. Lesser differentiation with enhanced apoptosis along with significant 

variations of size and abundance of glomeruli were seen in fetal kidneys in all 

cypermethrin groups. Similar histological variations were seen in fetal liver. 

Analyses of the Micrometric data of CS of fetal spinal cord have shown dose 

dependent decrease in relative sizes of the grey and white matters and the whole 

spinal cord. 

The results indicate that cypermethrin is a potent toxicant of reproduction 

inflicting significant per and peri-gestatgional losses. It brings about various 

morphological and micro-anatomical abnormalities along with significant changes 

in morphometric (CRL and Fetal head circumference) and micrometric (CS area 

of Spinal cord and the relative abundance and size of the glomeruli) data. These 

results require a further mechanistic deeper in sight at ultra-structural and 

molecular levels. However the findings suggest a more careful use of this insecticide 

especially for routine uses in the domestic sector and to ensure exposure avoidance 

especially in the first half of the pregnancy period.  

 

 



 3 

INTRODUCTION 

All apparent abnormalities present at the time of birth in an individual 

are treated as birth defects. Fetal development is a dynamic process that 

includes changes in morphology, anatomy, physiology, biochemistry and 

general growth (Roger and Kevlock, 2001). Exposure to various 

environmental chemicals (especially pesticides) during developmental period 

is liable to give rise congenital defects (Akhtar, et al. 2006). Evidences 

indicate the presence of certain critical periods (starting from conception until 

puberty) where reproductive, immune, nervous, and endocrine systems are 

more likely to be affected by such chemical exposures (Lemasters, et al. 

2000; Dietert, et al. 2000; Admas, et al. 2000; Sadler, 2000). Whereas a big 

fraction (up to 85- 90%) of the used pesticides fail to reach to their target 

organisms, rather they diffuse in the air, soil and water harming non-target 

animals, particularly humans, (Galassi, et al. 1994; Repectto and Baliga, 

1996). By now there are handsome number of evidences that indicate the 

susceptibility of developing embryos to such environmental toxicants 

especially insecticides (Gupta, 1990; Roy, et al. 1998; Tian, et al. 2005: 

Slotkin, et al. 2006). Frequently these environmental agents interfere with the 

developmental processes thus derailing them from producing desired end 

results (Uggini, et al. 2012). Various studies in fetuses (Whyatt and Barr, 

2001; Bradman, et al. 2003) children (Adgate, et al. 2001; Shalat, et al. 2003; 

Barr, et al. 2004), and pregnant mothers (Berkowitz, et al. 2003; Bradman, et 
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al. 2005), involving the analyses of amniotic fluid, blood urine and 

meconium samples have shown detectable amounts of pesticides. Adverse 

results of such exposures in pre or post implantation periods may appear 

immediately after birth or may become evident later at adult stage (Selevan, 

et al. 2000; Farag, et al. 2007). 

Organophosphates and pyrethroids are the two most commonly used 

groups of pesticides that are, unfortunately, also known to influence 

neurotransmission and embryonic development in non-target animals 

(Ahmad and Asmatullah, 2007, Uggini, et al. 2012, Slotkin, (2004) and 

Weiss, et al., (2004) have indicated that insecticides have been responsible 

for disruption of embryonic development at far lower concentrations than 

those that usually bring out systemic intoxications in adults. It is thus 

generally believed that fetal development can be altered at very low level of 

exposures.  

Experimental teratology deals with the appearance of congenial 

defects in relation to the prenatal exposure of the conceptus to the drugs and 

environmental noxious chemicals. Insecticides are the most prominent among 

these noxious agents. Dependency upon insecticides in agricultural, domestic 

and public places is increasing day by day. According to a report from EPA 

(2005) the global usage of insecticide was 1.355 billion pound (active 

ingredients) over a decade ago. In this scenario Schettler, et al., (1999) found 

an increase in birth defects by 1.4 times in children of male pesticide appliers 
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to that of the general population. Moreover these children had shown 1.7 time 

increase prevalence of circulatory, respiratory or urino-genital defects to that 

of the general population. 

Synthetic Pyrethroids, the common group of insecticides, were 

introduced in 1970s, as alternative to organophosphate group, in the 

agricultural market as a new generation of insecticides that can efficiently 

knock down insects at lower application ratio and little mammalian toxicity 

with longer stability and sustained activity in outdoor environment (Ansari, et 

al. 2010). Thus pyrethroid insecticides are being used in agriculture and 

home formulation for more than 40 years (Shafer, et al. 2005). According to 

Casida and Quistad, (1998) pyrethroids had been accounted for 

approximately 30% of the insecticides used worldwide.  

Cypermethrin is a type II pyrethroid insecticide that is currently being 

used in work places, agricultural and domestic sectors in developing 

countries in Asia (Abhilash and Singh, 2009). It is one of the most frequently 

used insecticides in Pakistan (Ahmad, et al. 2009). Cypermethrin is a 

lipophilic substance that is readily absorbed through GI mucosa and nasal 

/pulmonary epithelium. Once absorbed it accumulates in body fat, liver, 

kidneys ovaries and adrenals (WHO, 1989). Furthermore due to the 

hydrophobic nature it forms long term associations with integral membranous 

proteins (Michelangeli, et al. 1990), particularly the ATP dependent ion 

channels (Prashanth and David, 2010). In this way it enhances the 
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permeability of Na
+
 channels (Kumar, et al. 2009) and simultaneously 

altering the function of transient K
+
 channels thus inducing repetitive 

impulses in neurons (Smith and Soderlund, 2001; Gowland, et al. 2002) 

causing loss of coordination, muscular tremor, and convulsions (Desi, et al. 

1986). Cypermethrin has been found to induce DNA damage (Patel, et al. 

2006) and chromosomal aberrations (Kocaman and Topaktas, 2009), disturb 

the activities of sex steroids (Waters, et al. 2001; Chen, et al. 2002; 

McCarthy, et al. 2006) and cause hormonal disruptions (Xu, et al. 2008). 

Cypermethrin exposure has been linked with oxidative stress, DNA damage 

and apoptosis (Jin, et al. 2010). 

Along with its systemic and cellular toxicological implications 

(Muthuviveganandavel, et al. 2008; Ahmad, et al. 2009; Khan, et al. 2009, 

Sharaf, et al. 2010); there exist convincing number of evidences that 

exposure to cypermethrin in males have led to changes in reproductive 

organs and sperms leading to a decline in the reproductive success (Elbetieha, 

et al. 2001; Kumar, et al. 2004; Ahmad, et al. 2009; Rodriguez, et al. 2009; 

Wang, et al. 2009 and 2010; Al-Hamdani and Yajurvedi, 2010). 

According to Shukla and Taneja, (2002) cypermethrin brings about 

germ cell mutations and chromosomal aberrations that cause death and 

resorption of embryos in mice. There are relatively few studies on 

cypermethrin dealing directly with gestational exposure leading to various 

damages to the developing fetuses (Gupta, 1990, Ullah, et al. 2006, Farag, et 
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al. 2007, Uggini, et al. 2012). Gupta, (1990) have indicated an enlargement 

of renal pelvis and cerebral hypoplasia in embryo following pre-natal 

cypermethrin exposure. The prenatal cypermethrin exposure was also 

resulted in various permanent changes in the neural and physical 

development and behavior in pups (Gomes, et al. 1991; Malaviya, et al. 

1993; Biernacki, et al. 1995). Farag, et al., (2007) have shown significant 

delay in down appearance and eye opening in fetuses along with delayed 

development and detachment of pinna at 10mg/kg per-gestational exposure 

of cypermethrin for 4 weeks (5days per week) in virgin mice. Ullah et al., 

(2006) has found pre and post-implantation losses following (ip) 

cypermethrin exposure at 25, 50, and 75 mg/kg BW in rabbit on post-mating 

day5, 10, 15, and 20. In a recent study Uggini, et al., (2012) have reported 

alterations in fetal growth especially in the axial and appendicular skeletal 

development following cypermethrin and chlorpyrifos mixture (5 and 50% 

respectively) exposure in chick eggs, on incubation day0 at 0.5µL/egg. 

The above cited literature indicates that there a dearth of information 

dealing with embryonic disruptions of various body organs at 

histopathological and micrometric levels followed by gestational 

cypermethrin exposure; as these previous studies have mostly been confined 

to the neurobehavioral aspects (Gomes, et al. 1991; Malaviya, et al. 1993; 

Biernacki, et al. 1995), co-gestational losses (Ullah, et al. 2006) or at the 

maximum to fetal morphology (Farag, et al. 2007). Besides this fact the dose 



 8 

profile usually remain high that otherwise might have been toxic to the adults 

as well (Patel, et al. 2006; Muthuviveganandavel, et al. 2008; Wang, et al. 

2010). Thus a more detailed study pertaining to fetal morphology, anatomy 

and histology, along with reproductive indices and micrometric analysis of 

the fetal organs was planed. Furthermore the study was planed to be carried 

out at a comparatively low dose exposure levels (ranging between 3.2- 

12.8mg/kg of the dams body weights). The doses were applied in two ways 

that is once or thrice during gestation to have feto-toxicological data on a 

comparatively wider dose profile. 
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LITERATURE REVIEW 

3.1 Pesticides: Definition and Uses  

The chemical agents used to control pests are called pesticides. 

According to the definition proposed by FAO (2002) (Food and Agriculture 

Organization): pesticides are the substances used to avoid, kill or eradicate 

pests. The pesticides are involved in the control of vectors of human and 

animal diseases, plants and/ or animals that cause harm or interfere with the 

production, processing, storage along with the transport and marketing of 

food and agricultural produce, moreover pesticides are used to protect wood, 

wood products and animal feedstuffs; furthermore the substances 

administered to animals for the control of insects, arachnids and/ or other pest 

organisms in or on their bodies (FAO, 2002). Pesticides have been 

continuously used to reduce the damages to be inflicted by the pests, thus 

pesticides have a critical importance in the provision of global food demands 

(Meng, et al. 2000) and to control house-hold pests. In current scenario 

dependency upon pesticides is increasing day by day particularly in 

agriculture, animal husbandry, post-harvest preservation and public health 

sectors (Muthuviveganandavel, et al. 2008). 

The history of pesticides goes beyond 2500BC, where ancient 

Sumarians used sulphur dusting to control the pest insects and mites. Romans 

and Chinese used to apply hellebore, ant extracts and sulphur compounds to 

control various pests (Shepard, 1951; Donald, 1942). In the 14
th

 century 
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mineral oil, pyrethrums and heavy metals like arsenic, mercury and lead were 

used to minimize the pest infestations (Shepard, 1951; Emil, 1969). In 18
th

 

century petroleum, kerosene, creosote, tobacco, turpentine and turpentine 

emulsions were introduced as insecticides (Donald, 1942; Emil, 1969). In 

19
th

 century chemicals like nicotine (Emil, 1969), Paris-green (arsenical), 

Bordeaux mixture (copper sulfate), Lime-sulfur and lead-arsenate were 

applied to control pests (Shepard, 1951; Perkins, 1975; Emil, 1969). Initially 

in the 20
th

 century calcium-arsenate dust and sodium-chlorate were used as 

pesticides (Perkins, 1975; Harper, 1930). In 1942 the use of Dichloro-

diphenyl-trichloro-ethane (DDT) as pesticide opened a new area of pest 

control due to its high efficiency against pest insects (Perkins, 1975).  

Pesticides are classified on the following basis (1) chemical nature (2) 

group of target species and (3) the mode of application (EPA, 2012). The 

most prevalent way of pesticide classification is based upon the type of target 

organisms, e.g. insecticides (control insects), fungicides (control fungi), 

acaricide (control mites, ticks, spiders), antimicrobials (control bacteria, 

viruses, other microorganisms), herbicides (control wild plants) avicides 

(control birds), molluscicide (control snails and slugs etc), nematicide 

(control nematodes) and piscicide (control fish) (EPA, 2012).  

The most frequently used pesticides are herbicides, insecticides and 

fungicides. These correspondingly accounts for 57%, 14% and 8% of the 

total pesticides used (EPA, 1999). Nevertheless with 80% of the total 
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pesticides consumption, insecticides are the most prevalent type of pesticides 

used in many developing countries like Pakistan and India (Abhilash and 

Singh, 2009; Gupta, 2004). In China alone over 1.3 billion kg of pesticides 

were used in agriculture in 2002. Insecticides were the major shareholder 

with 51.8% of this pesticide consumption (MA-PRC, 2003; Cui, et al. 2006). 

According to Abhilash and Singh, (2009) the annual consumption of 

pesticides in Pakistan has exceeded 32500 tons (active ingredient). Hussain, 

(2002) has indicated that 88% of the total pesticides used in Pakistan were 

insecticides followed herbicides 11% and fungicides 01%. 

3.2 Insecticides:  

Insecticides (the chemicals used to control insect pest) are generally 

classified on the basis of their chemical nature (Brattstien, et al. 1986). These 

are being used in public health program with an annual consumption of 520 

tons organophosphates (active ingredients) for larviciding and 17,889 tons 

organophosphates and 875 tons of pyrethroids (active ingredients) for space 

spraying annually in vector control programs annually between 2003-05 in 

South-east Asia (Zaim and Jambulingman, 2007). The classification of 

insecticides being used since 1945 is based upon their chemical nature 

(Brattstien, et al. 1986) i.e. 

1: Chlorinated hydrocarbons 

2: Organophosphates 

3: Carbamate  
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4: Pyrethroid  

The Chlorinated hydrocarbons are also known as Chlorinated-

Organics (COs), these were first marketed in 1940 (Metcalf, 1981). Until 

very recently they served greatly to control insect pests and insect-

ectoparasites. Traditionally COs were classified as under  

• Dichloro-diphenyl-ethanes such as Dicofol and DDT  

• Chlorinated Cyclodienes such as Endosulfan, Aldrin, Dieldrin and Endrin 

etc.  

• Hexachlorocyclohexanes such as Lindane  

• Miscellaneous group comprises of kepone-solelychlorecone and Mirex 

(Shah, 2000).  

Chlorinated hydrocarbons are nonspecific stimulants of CNS thus are 

considered very potent neuro-poisons. Along with the effective control of 

insect pests they have rendered serious toxic effects on non-target organisms 

especially fish, birds and mammals (Hathway, 1965, Radakovic et al. 1980). 

The major disadvantage associated with them was that they were not 

biodegradable and thus showed bioaccumulation and biomagnification in 

non-target animals (Miranda, et al. 2008). Dichloro-diphenyl-trichloro-ethane 

(DDT) was the most famous chlorinated insecticide used world wide against 

harmful insects during 1940's and 1950's. Thus the two decades are 

considered as the beginning of synthetic pesticide era (Murphy, 2005). 

Excessive use of DDT in agriculture and domestic sector resulted in its 
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bioaccumulation and environmental contamination causing decline in fertility 

of the fish eating birds. Due to its non biodegradability and accumulative 

nature DDT was banned in 1971 in USA.  

Organophosphorus compounds (OPs) were introduced in 1944. These 

are second generation insecticides, examples include Malathion, Parathion 

and Sumithion (Metcalf, 1981). Since organochlorine insecticides like DDT 

were banned due to their high toxicity and risks of human exposure, 

organophosphate and pyrethroid insecticides gained prominence and 

gradually became the most popular groups world wide (Landrigan, et al. 

1999). Organophosphate pesticides accounted for 38% of all pesticides being 

use globally while in Europe they are 26% of the total pesticide consumption 

(Debate Issue Briefs, 2005). Despite that OPs are toxic to mammals; the 

major advantage of these compounds over COs is their biodegradability and 

non-accumulative nature (Kaushik and Kaushik, 2007). The OPs are highly 

neurotoxic compounds primarily acting through their association and 

inactivation of chlorinesterases and choline actyltransferases leading to hyper 

excitability of the post synaptic neurons and neuromuscular junctions. Thus 

the major disadvantage of OPs like that of COs is that they are highly toxic to 

non-target animals particularly mammals including humans (Shakoori, et al. 

1992; Moody, et al. 1994). Health hazards associated with OPs exposure 

include memory disorders, dermatological problems, endocrine disruptions, 
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neurotoxicology and cancer (Arcury, et al. 2003; O'Malley, 1997; Daniels, et 

al. 1997).  

Carbamates are the derivatives of carbamic acids. These were 

marketed in 1956. They are more closely related to OPs in their biological 

manifestations (Metcalf 1974). They block the activity of cholinesterases that 

are necessary for normal functioning of neuromuscular junctions (St. Omer 

and Rottinghaus, 1992). The major reasons for limited use of carbamates 

include their much lesser duration of action than OPs and extreme toxicity in 

birds and bees (Metcalf, 1981). Carbaryl and Aldicarb are common example 

of carbamates.  

Pyrethroids are derivatives of plant extracts called pyrethrins (having 

potent insecticidal activity). The pyrethrins are naturally derived poisons of 

the genus Chrysanthemum. Pyrethrins have been used as insecticides for 

hundreds of years (EPA, 2012). They include all structurally related esters 

containing a cyclopropane core (Anadon, et al. 2009). Fenvalerate and 

Permethrin were the first synthetic pyrethroids registered as insecticides in 

1979 (Metcalf, 1981).  

Although pyrethroids have been highly toxic to fish (Srivastava, et al. 

1997; Yilmaz, et al. 2004) they have gained popularity over COs and OPs 

due to their effectiveness against target species with relatively low 

mammalian toxicity (Elliot, et al. 1978; Parker, et al. 1984) and rapid 

biodegradability (Leahey, et al. 1985). Pyrethrins and pyrethroids are rapidly 
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metabolized in mammals, primarily through ester hydrolysis or cytochrome 

P450-mediated oxidation (Casida, et al. 1975-76; Miyamoto, 1976; Godin, et 

al. 2006; Leng, et al. 2006). Toxicokinetic studies of pyrethroids in rats and 

mice have revealed their complete elimination within 2–8 days of oral 

administration. Their half-lives in rat brains were ranged between 13–39h 

(Ruzo, et al. 1978; Ruzo et al. 1979; Anadón et al. 1996; Anadón et al. 

2006). 

Since long pyrethroids are considered the most effective group of 

insecticides mainly because of their high insecticidal activity, rapid 

degradation on exposure to sun light and biological agents and comparatively 

far lesser toxicity in mammals as compared to other insecticides (Aldridge, 

1990; Ray and Cremer, 1979). Further more because of the increased 

regulatory restrictions on OPs, pyrethroids have replaced organophosphate 

pesticides for many residential and agricultural uses. Urban consumption of 

pyrethroids has particularly increased among professional pest controlling 

agencies and retail sellers for domestic usage (Lydy, 2005). Thus the use of 

pyrethroids has been continuously increasing in the last two decades (CDPR, 

2007; Casida and Quistad, 1998; DEFRA, 2006). The day by day increased 

dependability upon pyrethroid insecticides has raised their consumption 

above 25% of the insecticides being used (Shafer, et al. 2005). In this context 

Zaim, and Jambulingam, (2007) have clamed that just in South-east Asia, the 
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annual use of pyrethroids (active ingredients) have raised up to 875 tons in 

vector control programs only.  

Pyrethroids are divided into two classes i.e. types I and II on the basis 

of their structure and toxicity syndromes (Stelzer and Michel, 1984; Desi et 

al. 1986; Tamag et al. 1988). The structural distinctions between type I and 

type II pyrethroids is the absence or presence of α-cyano group on the 3-

phenoxybenzyl alcohol moiety respectively (Narahashi, 1985; Vijverberg and 

Bercken, 1990). They are considered axon poisons as they primarily act upon 

sodium channels in motor neurons, keeping these channels to remain open 

leading to a continuous influx of sodium ions, thus inducing repeated action 

potential. The electrophysiological studies indicate that exposure to type II 

pyrethroids leads to the opening of sodium channels for much longer duration 

(i.e. for many seconds) than type I pyrethroids that have only a brief (only for 

milli-seconds) opening effect on sodium channels (Ecobicon, 2001). Thus 

type II pyrethroids are believed to be much potent insect killers than type I 

pyrethroids. The mode of action of type II pyrethroids involve both activation 

(opening) and inactivation (closing) of sodium ion channels. Thus the prompt 

opening and delayed closure of sodium channels prolongs the sodium influx 

leading to a complete depolarization and incapacitation of neurons to 

generate and conduct any more impulses (Soderlund, et al. 2002; Ray and 

Fry, 2006). However involvement with Na
+
 channels is not the only mode of 

action of pyrethroids (Ray and Forshaw, 2000). They also effect on CNS by: 
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antagonizing GABA mediated inhibition (Ramadan et al. 1988; Aldridge, 

1990), alterations in nicotinic cholinergic transmission (Aldridge, 1990), 

enhanced release of nor-adrenalin (Aldridge, 1990) and inhibition of 

monoamine oxidase enzyme (Rao and Rao, 1993). Moreover ATP-

hydrolyzing enzymes have also been targeted by pyrethroids (Dorman and 

Beasley, 1991). The neuronal membrane ATPase in rat synaptosomes (Rao, 

et al. 1984) and developing rat brain (Malaviya et al. 1993; Husain et al. 

1994) has been targeted by pyrethroids. Earlier studies also indicate a 

relationship between pyrethroids (cypermethrin) and the activity of 

acetylcholinesterase (Jebakumar, et al. 1990; Reddy and Philip, 1994). 

In general type I pyrethroids induce tremor hence called T-syndrome 

pyrethroids (Narahashi, 1992). The symptoms of this simple poisoning 

syndrome include whole-body tremor, startle responses, non-coordinated 

twitching of the dorsal muscles and hyper-excitability that may lead to death 

(Ray, 1991). The type II pyrethroids produce “choreoathetosis (writhing 

spasms) and salivation” responses thus named as CS-syndrome pyrethroids 

(Soderlund, et al. 2002). This is a more complex  poisoning syndrome, which 

result in progressive development of nosing and exaggerated jaw opening, 

profuse salivation, increasing extensor tone in the hind limbs causing a 

rolling gait, in-coordination progressing to a very coarse tremor, 

choreoathetosis, tonic seizures, apnea and eventually death (Ray, 1991).  
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There is an ample literature available on the toxicological effects and 

mode of action of pyrethroids. In general they are believed to be neurotoxic 

primarily affecting the permeability of neuronal cell membrane, keeping 

voltage-dependent sodium channels open for a longer than normal duration 

(Narahashi, et al. 1998; Narahashi, 2001). Thus they cause prolonged sodium 

influx, which results in recurring bursts of action potential and use-dependent 

nerve-blockage (Smith and Soderlund, 1998). This repetitive nerve action 

results in killing of target insects. It has been proposed that pyrethroids show 

a negative temperature correlation of action; thus the higher basal metabolic 

rate in mammals along with their rapid excretory ability and lesser genetic 

sensitivity of the target ionic channels than insects has led to a decline for 

sensitivity as compared to the insects (Song and Narahashi, 1996; Vais et al. 

2001).  

3.3 Cypermethrin:  

 

Cypermethrin, [(R, S) α-cyano-3-phenoxybenzyl (1R, S)-cistrans-3-

(2, 2- dimethylcyclopropane carboxylate], is used against a vast variety of 
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insects especially against the members of order Lepidoptera (Yousef, et al. 

2003; Ramadan, et al. 1988). 

It has been the most frequently used type II pyrethroid. World Health 

Organization has placed it in moderately harmful group of Pyrethroid (WHO, 

1995). It is being used effectively against insect pest in stores and ware 

houses, domestic and work places, agriculture and transports, public places 

and even in food processing industries (Eshleman and Murray, 1991). In spite 

of its relatively safer nature, cypermethrin is not completely safe for 

mammals particularly humans. It induces tingling or numbness on direct 

contact to the facial area (Sandhu and Abrar, 2002).  

Cypermethrin is highly hydrophobic and thus shows a minimal 

absorption through intact skin however it is absorbed readily through GI 

tract, and the nasal and pulmonary mucosa. Because of its lipophilic nature it 

accumulates in liver, skin, body fat, kidneys, adrenals and ovaries (WHO, 

1989). 

Due to its highly hydrophobic nature, it acts on the biological 

membranes by associating with integral proteins especially with important 

ion channels (Michelangeli, et al. 1990). In this connection Prashanth and 

David, (2010) have found that cypermethrin exposure in fish (Cirrhinus 

mrigala) led to a decline in the functions of sodium-potassium, magnesium 

and calcium- ATPases, in various body tissues like muscles, liver and gills. 

Thus, primarily due to these associations, cypermethrin can alter the synaptic 
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membrane potential (Eells, et al. 1992 and 1993). It may also cause 

excitability and convulsions by inhibiting aminobutyric acid receptors 

(Ramadan, et al. 1988). Unlike organophosphates there are only few 

indications about cypermethrin interaction with actylcholine (an excitatory 

neurotransmitter). One of the most common mode of action suggested for 

cypermethrin is that it interacts with the excitatory receptors on the post 

synaptic membrane to enhance the permeability of the sodium channels 

(Kumar, et al. 2009) With a simultaneous alteration in the function of 

transient K
+
 channels (Tian, et al. 2009) eliciting abnormal electrical 

discharges leading to the production of repeated action potentials. It also 

partly affects the nerves by inhibiting the uptake of calcium (Ramadan, et al. 

1988) and inhabiting the activity of monoamine oxidase- an enzyme used to 

breakdown neurotransmitters (Rao and Rao, 1993). These effects lead to a 

delayed closure of sodium channels in neurons causing repetitive bursts of 

impulses (Smith and Soderlund, 2001; Gowland, et al. 2002). These 

repetitive impulses may lead to a lack of coordination, muscle tremor, 

convulsions, and profuse salivation (Desi, et al. 1986). Thus these multiple 

neurotoxic effects of cypermethrin may lead to death of the target organisms. 

In Pakistan cypermethrin is extensively used for general pest control. 

While it is not being manufactured locally thus all formulation of 

cypermethrin, in Pakistan pesticide market, are imported (Ahmad, et al.  

2009). 



 21 

3.3a. Endocrine Disruption:  

 With the beginning of the blooming period of chemical industry since 

1950s, hundreds of thousands of chemicals have been produced and used in 

different ways. The release of most of them in the environment has brought 

many unforeseeable consequences. Use of pesticides (organophosphates and 

pyrethroids) in particular has led to upset the hormonal balance in animals 

(particularly mammals) leading to disturb the regulatory body functions (Xu, 

et al. 2008). As pesticides are a group of variety of different environmental 

chemical substances thus it should not be surprising for their involvement of 

varied mode of action for endocrine disruption. One of the most common 

mechanisms is to imitate or block the actions of sex steroids by direct binding 

on the hormone receptors to act as hormone agonists or antagonists (Waters, 

et al. 2001). Pyrethroids have been linked to endocrine disruptions (Xu, et al. 

2008). Studies have shown that pyrethroid and their metabolites exert 

estrogenic activities as they interact with the human estrogen receptors 

(Chen, et al. 2002; McCarthy, et al. 2006). In this context Elbetieha, et al., 

(2001) have shown that cypermethrin exposure led to a significant decrease 

in the serum concentrations of testosterone along with follicle-stimulating 

hormone (FSH), and luteinizing hormone (LH). Moreover the females bred 

with cypermethrin treated males have shown lesser number of implantation 

sites (Elbetieha et al. 2001) indicating a decline in male reproductive success 

followed to cypermethrin treatment. Endocrine disruption is the major cause 
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of declining populations of various wildlife species and male impotency in 

men, as endocrine disruptors are a potent cause of decrease in sperm count 

and quality as well as enhanced reproductive problems such as hypospadias 

and cryptorchidism (Xu, et al. 2008). Cypermethrin exposure has also been 

found to induce an abrupt release of adrenalin and noradrenalin (Ray and 

Cremer, 1979; Cremer and Seville, 1982; Bradburry et al. 1983; Ray, 1991). 

3.3b. Immuno-suppression:  

In mammals a general high dose exposure of cypermethrin induces 

immunosuppressive effect on humoral and cell mediated immune responses 

(Varshnaya, et al. 1992; Queiroz, 1993; Siroki, et al. 1994; Tulinska, et al. 

1995). Weight of thymus was found to show inverse correlation to 

cypermethrin exposure in adult mice (Queiroz, 1993). In Sprague Dawley 

rats, the promising immuno-hematological indicators- TLC (total leukocyte 

count) have shown a dose dependent (20, 40 and 80mg/kg) dwindling effect 

of cypermethrin on oral exposure for 21 days; and DLC (differential 

leukocyte count) indicated lymphocytosis and neutropenia (Nair, et al. 2010). 

A significant decline in TLC, DLC, lymphocyte stimulation and delayed 

sensitivity reaction were observed in cypermethrin (100ppm in feed) fed 

birds (Khurana, et al. 2000). In an in vitro study involving chick lymphocyte 

cell culture cypermethrin exposure caused a significant decline in B and T 

cell blastogenesis. Moreover significant down regulation of “Interleukin I and 

II” was also noted (Sonu et al. 2006).  
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Interleukins are considered good indicators of immunotoxic potential 

of xenobiotics like cypermethrin. On its exposure at 0.24µg/L (under static 

conditions) cypermethrin caused up-regulation “of heat shock protein 70” 

and “interleukin1β” in Xenopus larvae. Based upon the involvement of 

interleukin1β in immune responses, the up-regulation of its expression has 

been considered as warning indicators of potential immunotoxic effects of 

cypermethrin on Xenopus (Martini, et al. 2010). In Zebrafish, embryonic 

exposure to 3 and 10 µg/L cypermethrin media, the significant up-regulation 

of P53, Puma, Bax, Apaf1, Cas9 and Cas3 genes (all involved in the 

mitochondrial pathway of cell apoptosis) indicate that it has the potential to 

induce cell apoptosis and disrupt innate immune system (Jin, et al. 2011). 

3.3c. Oxidative Stress:  

Increased Reactive Oxygen Species (ROS) are considered the main 

cause of oxidative stress that may lead to DNA damage and apoptosis in 

various tissues. It is generally believed that oxidative stress occurs only when 

there is an imbalance in the oxidant-to-antioxidant ratio in living cells that 

can result in oxidative damage to lipids, proteins, carbohydrates, and nucleic 

acids. Thus abnormal production of ROS has resulted in a significant damage 

to sub-cellular structures (Jin, et al. 2010). In normal physiological state ROS 

are rapidly removed in vertebrate system by antioxidant enzymes such as 

superoxidate dismutase, catalase, and glutathione peroxidase (Valavanidis, et 

al. 2006; Zhang, et al. 2009). Superoxide dismutase convert highly reactive 
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form of intracellular ROS (i.e. atomic oxygen) into H2O2, which is in turn 

converted to produce oxygen and water by catalase, gutathione peroxidase 

and peroxiredoxin (Pi, et al. 2010). Thus estimation of these enzymes in 

blood and tissue homogenates, under natural/occupational or experimental 

exposure state of environmental toxicants, provides convincing indications 

about the extant of oxidative stress. So it can be concluded that exposure to 

environmental pollutants and toxic chemicals can produce an imbalance 

between ROS production and its endogenous neutralization due to a decrease 

in antioxidant defense system ultimately causing oxidative damage 

(Valavanidis, et al. 2006). Studies have indicated that oxidative stress 

directly induces cellular and DNA damage; for example, Zhao, et al., (2009) 

have reported the production of intracellular ROS and a resultant damage to 

the DNA molecule on acetofenate exposure in mouse macrophages. In the 

same context, Deng, et al., (2009) have indicated that exposure to hexa-

bromo-cyclododecane (0, 0.05, 0.1, 0.5, and 1.0µg/L) has produced oxidative 

stress and apoptosis in zebrafish embryos. Recently cypermethrin has been 

reported to possess the potentials of inducing oxidative stress leading to DNA 

damage and apoptosis in zebrafish hepatocytes (Jin, et al. 2010). 

3.3d Cellular and tissue damage:  

Cypermethrin shows lipophilic nature and accumulates in body 

adipose tissue, skin, liver, kidneys, adrenal glands, ovaries, and brain where it 

causes free radical-mediated tissue damage (Giray, et al. 2001). Treatment of 
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rats with cypermethrin induced deformation areas due to ischemia and 

pyknosis of the cytoplasm of neurons in brain tissue (Sayim, et al. 2005). 

Heart, kidneys, lungs and liver are found to show morphological and ultra-

structural changes in animals treated with cypermethrin (Latuszynska, et al. 

1999). In this context Muthuviveganandavel, et al., (2008) have found that 

cypermethrin i.p exposure of 5-50 mM in male rats led to many 

histopathological changes like hepatocytic nuclear distortions, vacuolations 

in brain, rupturing of blood vessels in cardiac tissues, tubular derangements 

in nephrons and disruptions in the arrangement of spermatogonial cell layers 

in seminiferous tubules. A recent study on dwarf goats treated with 

cypermethrin has shown congestion of renal parenchyma and condensation of 

tubular epithelial cells along with deposition of casts in the tubules. 

Glomerular capillaries were atrophied leading to the dilation of urinary 

spaces. Pulmonary fibrosis and thickening of alveolar walls leading to a 

general collapse in alveoli were also seen (Ahmad, et al. 2009). Decrease in 

erythrocyte count and simultaneous increase in total leukocyte count along 

with a general necrosis of hepatocytes showing cytoplasmic vacuolations and 

a simultaneous fibroblasts proliferation were seen at 1.6% cypermethrin 

exposure (Khan, et al. 2009). In a study on broiler chicken treated with 

cypermethrin, macrocytic hypochromic anemia with an initial leukocytosis 

followed by leucopenia was seen (Sharaf, et al. 2010).  
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3.3e. Enzyme concentrations:  

Cypermethrin exposure has been found to alter the levels of various 

vital enzymes such as malondialdehyde, Alanine transaminase, alkaline 

phosphatase and gamma glutamyl transferase in serum, brain, liver, heart, 

kidney and testis in rats (Muthuviveganandavel, et al. 2008). In a similar 

recent study on male dwarf goats the serum concentrations of alanine 

aminotransferase and aspartate aminotransferase were significantly increased 

after dip exposures twice with an interval of 15 days in water containing 

1/1000 cypermethrin (Khan, et al. 2009).  

3.3f. Mutagenesis and Carcinogenesis:  

US Environmental Protection Agency has identified cypermethrin as a 

possible carcinogen (EPA, 1989). It has been found to be mutagenic causing 

DNA damage in liver, kidney (Kale et al. 1999) and brain (Giray et al. 2001). 

Its may bring about germ cell mutations and chromosomal aberrations further 

more causing death and resorption of embryos in mice (Shukla and Taneja, 

2002). Patel et al., (2006) have shown a dose dependent increase in DNA 

damage in brain, spleen, kidney, bone marrow, liver and lymphocytes as 

indicated by comet-assay parameters such as olive tail moment, percentage of 

tail DNA and tail lengths etc. following intraperitoneal exposure of 

cypermethrin for five consecutive days in mice at dose levels ranging  

between 12.5- 200mg/kg. Kocaman and Topaktas, (2009) claimed that 

cypermethrin exposure has led to an increase in the incidence of sister 
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chromatid exchange, chromosomal aberrations and formatioikiin of 

micronuclei in human lymphocytes. 

3.3g. Cypermethrin reproductive toxicity:        

People are facing a common challenge of decreased human fertility 

problem world wide (Skakkebaek, et al. 2006). Communal and scientific 

organizations have related this decreased fertility to the environmental 

contaminants (Swan, 2006). In this context it has been reported that people 

handling with agro-pesticides face problems in reproductive capabilities such 

as a general decrease in the fertilization potential, increased fetal death, and 

congenital abnormalities (Greenlee, et al. 2004). In the same scenario 

cypermethrin has been reported to cause reproductive disorders in men and 

increased death rate of newly born animals (Elbetieha, et al. 2001). In 

females, exposure to cypermethrin reduces the cytoplasmic granulation 

(stored hormone) and size of gonadotrophic cells and enhances the 

occurrence of immature oocytes and atretic follicles in ovaries.  

It has recently been shown that cypermethrin exposure (at 1.38 mg/kg 

BW) in mice adversely affects spermatogenesis as indicated by a decline in 

epididymal sperm count and a concurrent increase in proportions of abnormal 

sperms (Al-Hamdani and Yajurvedi, 2010). In the same context Rodriguez, et 

al., (2009) has reported an increasing effect on seminal epithelial cell height 

and proliferation along with a gradual and continuous increase in mast cells, 

in adult male mice exposed to cypermethrin. Wang, et al., (2009) found that 
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oral administration of Beta cypermethrin in mice at 10 and 20 mg/kg has led 

to a decline in whole body weight and the weights of testes, epididymides, 

seminal vesicles and prostate. Furthermore damages in seminiferous tubules 

and development of spermatozoa along with reduction in serum testosterone 

concentration were also observed. The analysis of semen revealed a general 

decline in normal sperm count and motility. Electron-microscopic studies 

indicated the appearance of swellings and degenerations in mitochondria and 

smooth endoplasmic reticulum in the interstitial cells of Leydig (Wang, et al. 

2009). Oral administration of cypermethrin (25mg/kg) in young male mice 

from postnatal day 35 to 70 has resulted into an obvious decreased in 

testosterone levels. Whereas the number of Leydig cells in testes was fount to 

remain unaffected, a significant decrease in the number of sperms in cauda 

epididymides was noted; the weights of testes and epididymides remained 

unaffected (Wang, 2010). 

In a study Singh and Singh, (2008) has described the impact of 

cypermethrin on reproductive physiology in catfish (Heteropneustes fossilis) 

during pre-spawning phase following cypermethrin exposure at sublethal 

dose levels. Their results indicate a general decrease in the size and 

granulation of gonadotrophic cells, pycnosis of the liver and appearance of 

immature oocytes along with atretic follicles in the ovaries and shrinkage of 

the spermatocytes in testes. Further more a decrease in gonado-somatic index 

(percentile mass ratio of the gonads to that of the body weight), plasma levels 
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of estradiol-17beta and 11- keto-testosterone was also observed. Based upon 

their findings Singh and Singh, (2008) concluded that cypermethrin inhibits 

reproduction by acting at the hypothalamo-hypophyseal and gonadal axis as 

indicated by the histological observations of shrinkage of gonadotrophs, 

disruption of follicular wall and spermatogonial cells. Obviously these histo-

pathological changes were named to be responsible for decline in the steroid 

hormone levels. Cypermethrin has also been found responsible for the 

reduction in sperm motility, in vitro, in a concentration- and time dependent 

manner (Song, et al. 2008). The number of layers of cells in the seminiferous 

tubules, the sperm count in epididymus and testis and sperm production per-

day were found to decrease significantly following cypermethrin exposure in 

rats (Elbetieha, et al. 2001). Kumar, et al., (2004) have shown that 

cypermethrin induces abnormalities in sperm head shape in mice. Ahmad, et 

al., (2009) claimed significant decrease in semen volume and an increase in 

semen pH along with change of color from creamy to milky white and finally 

straw color in male dwarf bucks following cypermethrin dip exposure on 0 

and 15 days at 0.1- 1.6% cypermethrin aqueous solutions. The percentage of 

abnormal (tailless, bent or coiled tail) spermatozoa was increased along with 

an increase in the number of dead spermatozoa in a dose dependent manner. 

Gross abnormalities included cyanotic (bluish appearance) epididymids and 

decline in gonado-somatic index, while histopathological abnormalities 

included loss of spermatogonia, spermatocytes, Sertoli cells and spermatids. 
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All these changes were well pronounced between days 45-75 following first 

exposure of cypermethrin in this case. On the other hand, Rodriguez, et al., 

(2009) has claimed an exposure related increase in seminal epithelial cell 

height and proliferation with a gradual and continuous increase in mastocytes 

in adult male mice to cypermethrin. 

3.3h. Mammalian Neurotoxicity: 

Cypermethrin has been identified as a fast-acting neurotoxin (Sonu et 

al. 2006). Thus in spite of its benefits in pest control cypermethrin is 

potentially harmful to human health. On reaching the nervous system it 

induces neurotoxic effects in mammals (Eriksson and Fredricksson, 1991). In 

small rodents cypermethrin weaken out schedule-controlled operant response 

and grip strength. Also it produces lack of coordination on the Rota rod 

activity (Wolansky and Harrill 2008). 

It crosses the blood-brain barrier easily to induce neurotoxicity 

causing hyper-excitation of the central nervous system. The motor 

hyperactivity is induced due to its action on the Na
+
 voltage sensitive 

channels keeping them open for longer than normal time period; moreover it 

modulates Cl
-
, K

+
 and Ca

++
 voltage-gated channels (Anand et al. 2012). It 

also inhibits GABA receptors (Bloomquist, 1996); alters the function of 

glutamate and acetylcholine receptors and adenosine triphosphatases in the 

neuronal membranes (Anand et al. 2012). In rat hippocampal neurons 

cypermethrin was found to alter the function of transient outward K
+
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channels in a voltage-dependent manner (Tian, et al. 2008). Cypermethrin is 

also found to modulate the levels of various neurotransmitters like GABA 

and dopamine (Anand et al. 2012). A dose-dependent decline in the activities 

of acetyl cholinesterase and butyryl cholinesterase enzymes along with 

histological deformities like congestion of neurofibrillar network in various 

parts of the brain in Wister rats has also been claimed (Sukanya and Doss 

2007). Thin histological sections of sciatic nerve have shown axonal damage 

in the myelinated nerve fibers following 75mg/kg cypermethrin exposure for 

5days in albino rats. In general swellings and Wallerian degenerations were 

obvious in myelinated nerve fibers. Ultra thin sections indicated 

vacuolations, and hyalinization of the neurons along with fragmentation of 

the myelin sheaths. The axoplasm was shrunken and vacuolated with wide 

intra-axonal spaces and swollen Schwann cells (Kamel 2011). Collectively 

all these findings indicate that cypermethrin inflicts neuronal damage (Eells, 

et al. 1992 and 1993).  

3.3i. Neuro-Behavioral effects:  

Exposure to cypermethrin in adult rats has led to an increase in 

aggressiveness and confrontation along with a prompt reaction towards touch 

and capturing attempts (McDaniel and Moser, 1993). Rats Exposed to 

cypermethrin at 120 mg/kg/day have led to an increase in aggressive 

behavior, resistance of being captured, agitation and quick response to a click 

stimulus. This high dose exposure may lead to shaking of head and 
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forelimbs; decrease in muscular tone, splayed legs. The landing foot spread 

and flattened posture may also increase (McDaniel and Moser, 1993). 

Exposure to cypermethrin has been found to produce a significant decrease in 

grip strength of forelimbs, abnormalities of gait and mobility (McDaniel and 

Moser, 1993). Cypermethrin was also found to influence upon locomotor 

activity in figure 8 mazes (Crofen and Reiter, 1988). Over all cypermethrin 

has led to reduce the rates of scheduled control behaviors (Bloom, et al. 

1983; Glowa, 1986). 

Generally pyrethroids have neuro-toxicological effects via 

dopaminergic pathways. The studies of developmental neurotoxicity involve 

alterations in behavior, neuro-microanatomy and histology, neuro-

histochemistry and neuro-biochemistry, and morphological abnormalities of 

the central nervous system, as a result of neonatal exposure to pyrethroids. 

The information available pertaining the developmental neuro-toxicology of 

pyrethroids is limited (Nasuti, et al. 2007). However indications have been 

made about the developmental neurotoxicity of neonatal exposure to 

cypermethrin. Nasuti, et al. (2007) have shown that permethrin and 

cypermethrin induce persistent alterations in neurobehavioral patterns in 

open-field behaviors, striatal monoamine level along with an increase in 

oxidative stress following developmental exposure. 

Fore cited literature shows that the pyrethroids in general and 

especially cypermethrin (previously considered least toxic to mammals) has 
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been proved to inflict toxic effects in a variety of ways in mammals. Most of 

the reproductive toxicological studies on this insecticide have been confined 

to males. Pregnancy in mammals is a unique phenomenon which involves 

neuro-endocrine interplay, immunosuppression (Fessler, 2001; Crocker, et al. 

1999; Calder, et al. 2006) and specific neuro-behavioral patterns, where as 

developing fetuses have to pass through all the changes from molecular to 

morphological levels. Little is known about the teratological effects of 

cypermethrin (Farag, et al. 2007; Uggini, et al. 2012). The present research 

work thus has been planned to assess the co-gestational exposure related 

toxicological effects of cypermethrin in mothers along with a detailed 

exploration of its feto-toxicological implications, at a wide range of exposure 

dose profile. 
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MATERIALS AND METHODS 

4a. Maintenance of experimental animals: 

Young laboratory albino mice (Mus musculus) of the Swiss Webster 

strain were used in the present study. These were maintained, for breeding 

and experimental purpose, in the animal house Department of Biology 

Government College for Women Farooq colony, Sargodha. Young virgin 

females aging between 3 to 4 months weighing 30±3grams were used for 

experimental purpose. Animals were kept under standard protocol of 12-hr 

dark -light cycles, in 12” × 12” × 18” steel cages covered, on all sides, with 

steel wire-gauze of 0.5cm
2
 pore sizes. Fine cuttings of 40g brand new 

infection free white paper were provided for bedding. The bedding was 

replaced twice a week. Ambient temperature remained 23 ± 2
o
C and 

humidity 35-40%. Pellets of specially prepared rodent food and water were 

provided ad labitum. 

4b. Rearing colony of animals for research: 

Breeding and rearing is a persistent feature of this type of research that 

continues to provide animals for experimental purpose. Three females of 

reproductive age were usually encaged with a young healthy male for mating. 

In each such case male was separated from the pregnant females after 5 days, 

while the females remained together to give birth and nurture the neonates 

together in the same cage. 
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The young animals were weaned after staying with mothers for 

18days. The pups were also sexed at the time of weaning and the males and 

females were placed in separate cages. The young animals usually become 

fully grown and sexually mature at the age of 12 weeks and thus ready for 

experimental use.  

4c. Chemicals used: 

Commercial formulation of Cypermethrin (10EC) imported and 

marketed by Warble private limited (Batch: 33080712-A) was used in the 

present study. Adequate dilutions (based upon the concentration of active 

ingredient in commercial formulation) were made in corn oil to prepare test 

concentrations, rest of all the chemicals used (that include stains, alcohol, 

xyline, Canada Balsam etc.) were of analytical grade. 

4d. Determination of estrous and mating: 

Although the procedure for the estimation of “estrous period” involves 

the observation of vaginal smears under the microscope, where 

predominance of cornified cells in the vaginal smear signifies estrus stage, 

the same was abstained to all the possible extent because penetrations of 

dropper to obtain vaginal fluid for smear preparations may result in pseudo-

pregnancies. Thus in most cases alternate criteria for the determination of 

“estrus stage” was applied. These alternate sources of information about 

estrus period included; 1) the specific estrus behavioral changes such as 

restlessness, breathlessness, lordosis and 2) the shape and color changes in 
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the vaginal lips that appear slightly swollen and pinkish to reddish in color 

during estrus.  

Familiar healthy male mice were caged with the experimental dams 

for mating during estrus period. The dams were parted from the males after 

successful coitus. Presence of vaginal plug was used as an additional 

indication of successful coitus. In each case the particular date on which 

mating occurred was designated as day0 of gestation. 

4e. Determination of LD50: 

As no information about LD50 values for pregnant mice appeared in 

available literature, it was decided to estimate it carefully. The range of 

exposure doses (i.e. 25, 50, 75, 100 and 125mg/kg) were selected and tested 

for the estimation of the LD50 values for the pregnant females in this study. 

To determine mortality (number of animals died within 48hours of exposure) 

at these exposure doses; each dose was tested on a group of 10 pregnant 

females (all such exposures were provided on GD6). Inline with the probit 

analysis procedure enumerated by Finney, (1971) the data obtained were 

subjected to “regression curve analysis” for statistical estimation of the LD50 

values (Fig 2). 

4f. Experimental groups and dose regimen: 

A total of 140 pregnant mice were assigned randomly either to control 

or cypermethrin exposed groups. The control group comprised on 20 

untreated animals while the three cypermethrin exposed groups (40 animals 
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each) were identified as 3.2mg/kg, 6.4mg/kg and 12.8mg/kg groups each 

correspondingly representing the 1/20, 1/10 and 1/5 of the estimated LD50 

values for the pregnant mice. Each cypermethrin exposed group was divided 

into 2 sub groups namely “single exposure” and “triple exposure” 

correspondingly representing the times of exposure to the respective dose 

level during pregnancy (Fig 1). 

4g. Dose preparation:  

Liquid formulation of Cypermethrin 10EC (imported, packed and 

marketed by Warble private limited; Batch: 33080712-A) was used in the 

present study. Each animal was carefully weighed, just before dosing, to 

calculate the amount of required active ingredient (cypermethrin). The stock 

formulation was appropriately diluted by adding corn oil in such a way that 

0.1ml of the dilution should contain the required concentration. The 

calculations were made using the following formula  

C1V1 = C2V2 

4h. Administration of sub-toxic doses: 

To study the embryo-toxic and teratogenic potentials dams in three 

experimental groups were given 12.8, 6.4 and 3.2mg/kg cypermethrin that 

respectively correspond to 1/5, 1/10 and 1/20 of the estimated LD50 values. 

Each of these exposure doses were applied in two ways i.e. as single (on 

gestation day 6) and multiple (on gestation day 6, 9 and 12) exposures. A 
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group of 20 animals was also maintained as untreated control (Fig 1). All 

doses to the experimental animals were applied through gavages. 

In mice, implantation is a gradual process that is completed within 

GD4.5 to GD6 (Kaufman and Bard, 1999). It was thus decided that the drug 

exposure will be given to the pregnant females in between GD6-12. Because 

implantation has to be followed by organogenesis- thus the time period 

between GD6-12 seems to be the most critical from the stand point of 

developmental disruptions (Mufti and Nazir, 1988).  

4i. Procedure of insecticide treatment:  

The required doses were applied, through micro-applicators (gavages), 

directly in gullets of the dams. This procedure involve insertion of the micro-

applicator deep enough to reach into the gullet of the animal by one hand 

while holding it gently with the help of loose skin in the dorsal neck region 

between the thumb and index finger of the other hand. The drug 

(Cypermethrin) delivered in this way was completely swallowed by the dams 

with minimal chance of wastage. By this arrangement the required volume of 

the drug reach into the stomach of the animal in each case.  
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4j. Recoveries: 

All females were weighed just before the fetal recovery. Fetuses were 

exteriorized from euthanazed dams (using anesthetic ether) on GD18, by 

means of a medial abdominal incision. Both horns of the gravid uterus, in 

each case, were fully exposed to count implantations and resorptions in situ 

and finally removed intact. Ovaries were also removed from the dams and 

examined under a dissecting research binocular microscope at 20× to count 

corpora lutea. Finally with the help of fine scissors the graved uteri were 

opened and all fetuses (live, dead and resorbed) were exteriorized. Data 

obtained, at this stage, were presented in the result section on the following 

basis  

1. Total number of implantation sites/ animal/ group 

2. Total number of corpus lutea in both ovaries/ animal/ group  

3. Number of live fetuses/ litter/ group 

4. Number of dead fetuses/ litter/ group 

5. Number of resorbed fetuses/ litter/ group 

6. Mean fetal weight/ litter/ group 

7. Pre- and Post- implantation losses/ litter/ group 

8. Pregnancy indices in each group  
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4k. Determination of pregnancy index: 

The pregnancy index was calculated by means of the following 

equations as reported by Kar, et al. (1984) and Shukla and Taneja, (2002). 

Pregnancy Index (%) = 100 – % Co-gestational losses 

Where as  

Total No of Corpora lutea / Female – Total No of implants /female x 100 

% Co-gestational losses = 
Total No of corpora lutea / female 

 

4l. Fetal handling: 

The two horns of each gravid uterus obtained from the pregnant 

experimental animals, as mentioned above, were opened along the inner 

curvature using scissors and fine forceps. Great care was observed in the 

application of this seemingly simple procedure to obtain fetuses with intact 

amniotic membranes and placentae. In the second phase of this activity the 

amniotic membranes were torn out using fine tipped forceps under a glass 

magnifier so as to recover fetuses intact. The fetuses obtained in this way 

were weighed and placed in Bouins fixative for 48hrs (at 25±2°C) and finally 

placed in 70 % ethanol for storage and further study. 

4m. Fetal morphology: 

The morphological study involved a careful observation of each fetus 

under a binocular dissecting research microscope (Labomed CXM2) to 

record various morphological abnormalities at 10 and 20× magnifications. 
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Photomicrographs of the selected fetuses were obtained with the help of 

digital camera (Kiocera 410) on super macro-mode, fitted on a mechanically 

adjustable stage.  

4n. Morphometric studies:  

The morphometric studies involved statistical analyses of the data 

regarding values of fetal density, Crown-rump (CR) length and head 

circumference. All fetuses in each litter were subjected individually for the 

measurements of CR length with the help of a vernier caliper. Similarly the 

occipito-frontal length and bi-parietal distance for each fetus were obtained to 

calculate fetal head circumference with the help of the following formula, 

usually used for the calculation of circumference of an ellipsoid. 

                                                                                                                               _____ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ _____ 

P =2 π √ (a2+b2) / 2 

Where     a = (occipito-frontal length)/2    and     b = (bi-parietal distance)/2 

  

4o. Fetal density: 

As ossified bones are the most dense and compact tissue containing 

calcium phosphate [{Ca3 (PO4)2} - a molecule possessing three heaviest 

elements of the living system], the fetal density thus can provide an indirect 

indication of the effect of gestational cypermethrin exposure on the extant of 

fetal bone ossification. Each fetus was separately subjected for measurements 

of- 1) weight using 0.001mg precision digital balance (Sartorius TF 214S); 

and 2) volume using 3ml measuring glass syringe (needle and piston 

removed) affixed vertically in wax block (after sealing the needle affixing jet 
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end) with piston insertion end facing upward. Each fetus was immersed in 

one ml 70% ethanol (all ready contained in the syringe) and the increase in 

the volume was noted. Finally density was calculated using following 

formula.  

Fetal weight 
 Fetal Density = 

Fetal volume 
 

  Mean values of fetal density for each litter were finally obtained and 

used as unit values for the calculation of mean ± SD for each cypermethrin 

treated sub-group and the control group as shown in Table 3.  

4p. Fetal micro-dissections hepato-somatic and 
nephro-somatic indices:  

  

For percent hepato-somatic and nephron-somatic indices 20 

(morphologically normal) fetuses were randomly selected from control and 

each experimental sub-group. Whole liver and kidneys of each fetus were 

removed through micro-dissection under a dissecting research binocular 

microscope (Labomed CSM2) at 10×. Each fetus was given a shallow 

transverse incision on the belly (below the umbilical attachment) using 

specially designed tiny curved tipped scalpel while holding it laterally across 

the chest within a blunt straight armed forceps. The incision was held wide 

open by placing a curve-armed blunt edged forceps into it and intact liver 

along with the other visceral organs was removed first and finally both 

kidneys were picked out with the help of another curve-armed blunt tipped 
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forceps. All extra tissues were carefully separated from the freshly obtained 

fetal liver and kidneys with the help of fine forceps and scissors in immersed 

state in 70% ethanol. The tissues were placed on a fine blotting paper for the 

removal of the extra immersing fluid and the wet weights were obtained 

separately for kidneys and liver on a 0.001mg precision digital balance 

(Sartorius TF 214S). The indices were calculated by applying the following 

formula.  

Organ weight (mg) x 100 
Organ weight index = 

fetal weight (mg) 

4q. Histology: 
Ten seemingly normal fetuses from control and each cypermethrin 

exposed sub-groups were processed for wax embedding and serial sectioning 

for the micro anatomical and histopathological abnormalities of the head and 

visceral regions. All sections obtained were of 8µ thickness. Plain 

albumenized glass slides were used to stretch-affix these serial sections. 

Finally these slides were stained with hematoxylin and eosin in a routine 

way. Digital images were obtained as explained below for micrometric 

studies and presentation of the micro-photographic data. 

4r. Histological observations and photography:  

For micro-antomical and histopathological outcomes and the 

micrometric data digital photomicrographs of selected sections of the fetuses 

of various groups were obtained on 100 and 400× magnifications using 

Labomid CXR2 trinocular research microscope mechanically fitted with Sony 
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(DSC-W35) 7.2 mega pixel digital camera. The digital photographs were 

further processed in CorelDRAW11 for final presentation of the histological 

abnormalities. 

4s. Micrometery: 

Micrometric data of mean glomerular size, relative abundance of the 

glomeruli per unit area of the fetal kidney in each group were obtained using 

digital photographs (direct camera shots) copy pasted in corelDRAW11 

under superimposition of a calibrated digital grid by mean of a digital image 

of the stage micrometer on 100×. In similar way, from across the upper 

lumber region (1 and 2 lumber vertebrae), micrometry of the cross-sectional 

area (CSA) of the fetal spinal cord along with the relative CSAs of the white 

and grey matter areas were also measured.  

4t. Data analysis and statistical applications: 

Regression curve analysis, Chi square test, ANOVA (two-way) and 

Duncan’s multiple range test’ were applied for various statistical estimations 

etc.  
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RESULTS 

5a. Calculation of LD50: 

Various doses of Cypermethrin (25, 50, 75, 100 and125mg/kg BW) 

were given to a group of 10 pregnant mice each. Mortality at each of these 

doses was plotted against a linier regression trend line; for the statistical 

estimation of the lethal dose for 50% mortality. The calculated LD50 of 

cypermethrin for the pregnant mice was 64mg/kg BW (Fig 2).  
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 Fig2: Graph showing the LD50 of cypermethrin for the pregnant mice 

 

5b. Pregnancy index, per and post implantational 
losses: 

The litter size (live fetuses/ litter) followed the dose regimen in the 

inverse proportionality. The percent values of pre-implantation losses 
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remained 6.38–14.58% in cypermethrin exposure sub-groups to that of 3.33% 

for the control. Similarly the post-implantation losses remained between 

2.27- 7.32% in cypermethrin treated sub-groups to that of the 1.72% for the 

control group (Table1). The pregnancy index showed a decline from 96.67% 

of control value to 93.62, 89.41 and 87.75% for single and 90.70, 88.64 and 

85.42% for triple exposures on 3.2, 6.4 and 12.8mg/kg respectively (Table 1). 

Chi square test analysis of the data has shown highly significant 

variation to the control of all the cypermethrin sub-groups (p<0.0001) except 

3.2mg single exposure sub-group; which, showed an approaching significant 

variation (p<0.08) (Table 2). 
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Control 8.55 (20) 8.7± 0.22 9±0.29
 
 8.7± 0.22 8.55 (20) 0.3 0.15 3.33% 1.72% 96.67% 

Single 3.2mg 8.6 (20) 8.8±0.35 9.4±0.50 8.8±0.35 8.6 (20) 0.6 0.2 6.38% 2.27% 93.62% 

Triple 3.2mg 7.55 (20) 7.8±0.29 8.6±0.23 7.8±0.29 7.55 (20) 0.8 0.3 9.30% 3.85% 90.7% 

Single 6.4mg 7.35 (20) 7.6±0.24 8.5±0.17 7.6±0.24 7.35 (20) 0.9 0.25 10.58% 3.29% 89.41% 

Triple 6.4mg 7.5 (20) 7.8±0.31 8.8±0.26 7.8±0.31 7.5 (20) 1 0.35 11.36% 4.49% 88.64% 

Single 12.8mg 8.1 (20) 8.6±0.26 9.8±0.48 8.6±0.26 8.1 (20) 1.2 0.3 12.24% 3.49% 87.75% 

Triple 12.8mg 7.6 (20) 8.2± 0.28 9.6±0.41 8.2± 0.28 7.6 (20) 1.4 0.6 14.58% 7.32% 85.42% 

Table1: Pregnancy index (expressed in percentage), Pre and Post 
implantation Losses in F1 mice in control and cypermethrin treated 
groups. 

 

5c. Fetal density: 

Fetal density was taken as an indirect measure of the extent of 

ossification in the fetal skeleton. Mean control value for the fetal density was 
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1.099. Surprisingly it was noted that among all the cypermethrin sub-groups 

the fetal density remained higher than control except 12.8mg/kg triple 

exposure sub-group. The highest values (1.1463, 1.148) were recorded in 

3.2mg/kg single and triple exposure sub-groups. However it showed a dose 

and exposure dependent decline in 6.4 and 12.8mg/kg sub-groups (Table 3). 

Statistical analysis of the data have shown significant variation (p<0.01). Post 

hoc comparative analysis of the means did not show significant variation 

between any two mean litter values.    

Groups 

No. 

Corpora 

lutea 

No. Fetuses 

Recovered 

No. Pre-

implantational   

losses 

No. Resorptions 

χ
2
 values

 

compared 

to control 

P value 

Control 180 174 6 3   

3.2mg S 188 176 12 4 6.711877 <0.08 

3.2mg T 172 156 16 6 21.88429 <.0001 

6.4mg S 170 152 18 5 28.6705 <.0001 

6.4mg T 176 156 20 7 39.95096 <.0001 

12.8mg S 196 172 24 6 58.44521 <.0001 

12.8mg T 192 164 28 12 109.0414 <.0001 

Table2: Chi square test (χ2) analysis of the data for No. of carpora lutea, 
live fetuses recovered and Pre and Post Implantation Losses in F1 
mice of cypermethrin sub-groups to that of the Control group.   

 

Exposure 

groups 

Fetal Density (mg/ml) ± SD (No. of 

fetuses) 

ANOVA  

Control 1.099±0.192mg/ml (171) 20
a
 

Single 3.2mg 1.1463±0.077mg/ml (172) 20 

Triple 3.2mg 1.148±.237mg/ml (150) 20 

Single 6.4mg 1.138±0.159mg/ml (147) 20 

Triple 6.4mg 1.084±.202mg/ml (149) 20 

Single 12.8mg 1.029±0.135mg/ml (166) 20 

Triple 12.8mg 1.004±0.072mg/ml (152) 20 

P<0.01 

Table3: Average density of F1 fetuses following gestational exposure 
to various doses of cypermethrin 

a: Mean litter values ±±±± SD.(total number of fetuses) Number of litters 
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5d. Fetal morphology:   

Various morphological abnormalities observed in different 

cypermethrin exposed sub-groups are: 1) microcephaly, 2) hydrocephaly, 3) 

un-detached pinnae, 4) epinnate ears, 5) skewed cervical region of spine, 6) 

meromelia, 7) fore limb extradactyly, 8)  drooping wrists, 9) round back, 10) 

abdominal hemoregia, 11) torted hind limbs, 12) forked paws, 13) flipper 

shaped limbs and 14) kinky tail (Table 4 and Fig 3.1- 3.6). 
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Microcephaly 0(171)
a
 1(172) 3(150) 2(147) 4(149) 3(166) 3(152) 

Hydrocephaly 0(171) 2(172) 3(150) 3(147) 3(149) 3(166) 4(152) 

Un-detached pinnae 0(171) 5(172) 7(150) 4(147) 5(149) 5(166) 8(152) 

Epinnate ears 0(171) 0(172) 0(150) 0(147) 1(149) 2(166) 3(152) 

Skewed neck 0(171) 0(172) 1(150) 0(147) 2(149) 2(166) 3(152) 

Meromelia 0(171) 0(172) 1(150) 2(147) 3(149) 3(166) 4(152) 

Extradactyly 0(171) 0(172) 0(150) 1(147) 4(149) 6(166) 7(152) 

Drooping wrist 1(171) 2(172) 2(150) 3(147) 4(149) 5(166) 5(152) 

Round back 1(171) 2(172) 3(150) 4(147) 4(149) 5(166) 6(152) 

Hemoregia 1(171) 3(172) 2(150) 5(147) 5(149) 4(166) 6(152) 

Torted hid limb 0(171) 1(172) 2(150) 2(147) 4(149) 5(166) 7(152) 

Forked paws 0(171) 0(172) 0(150) 0(147) 3(149) 4(166) 6(152) 

Flipper limbs 0(171) 0(172) 0(150) 0(147) 3(149) 4(166) 5(152) 

Kinky tail 0(171) 0(172) 0(150) 0(147) 2(149) 3(166) 5(152) 

Table4: Actual number of F1 fetuses in each particular abnormality 
recovered from various experimental groups  
a: Number of abnormal fetuses (Total number of fetuses examined) 
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Fig: 3.1 and 3.2: Fetuses from Control (A); and 3.2 mg/kg triple exposure sub 
groups group (B) 

a: hydrocephaly, b: meromelia c: drooping wrists, d: abdominal hemoregia,  e: round back, f: kinky 

tail, g: torted hind limbs 
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Fig: 3.3 and 3.4: Fetuses from Control (A); and 12.8mg/kg triple exposure 
sub-group (B and D); C: a closer view of selected area from B, E: 
a closer view of selected area from D 
a: extradactyly, b: forked paw c: flipper limbs, d: epinnate ear 
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Fig: 3.5: Fetuses from Control (A); and 6.4 mg/kg triple exposure sub-group 
(B and C) and 3.6: closer views of cranial area from A and B of fig. 3.5  

a: microcephaly , b: hydrocephaly c: skewed cervical region of spine , d: normal ear pinna, 

e: un-detached pinna 

 

5e. Fetal crown rump length: 

Crown rump length is an indication of fetal growth rate. Intra uterine 

growth retardation is shown as a comparison of means of crown rump length 

in cypermethrin exposure sub-groups to that of the control group (Fig4). 
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Analysis of variance (Two way) of the single and triple exposure sub-groups 

separately with that of the control group indicate a significant variation 

among the data points (p<0.01). Post hoc analysis of the means indicated no 

significant variation within the single and/or triple exposure sub-groups of 

cypermethrin treated groups (i.e. 3.2, 6.4 and 12.8mg/kg). On the other hand 

the three cypermethrin exposed groups were significantly different (P<0.05) 

from control at both levels of exposures (i.e. single, and triple) as indicated 

by means of asterisks in Fig4. 
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Fig4: Average crown-rump length of F1 fetuses in various cypermethrin 
treated sub groups to that of the control  

 
+bars: SEM; *: mean values differing significantly from control; S: Single exposure; T: 

Triple Exposure; 3.2, 6.4 and 12.8: respective mg/kg dose groups 

5f. Head circumference: 

A similar trend, as seen in fetal crown rump length, was observed in 

fetal head circumference analyses. Analysis of variance (Two way) of the 
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single and triple exposure sub-groups separately with that of the control 

group indicate a significant variation among the data points (p<0.05). Post 

hoc analyses of the means have shown significant variations between control 

and 12.8mg/kg single exposure sub-group; while 6.4 and 12.8mg/kg sub-

groups differed significantly with that of the control in triple exposure 

category (Fig5). 
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Fig5: Average head circumference in F1 fetuses from various cypermethrin 
treated sub-groups and the control group 

 
+bars: SEM; *: mean values differing significantly from control; S: Single exposure; T: 

Triple Exposure; 3.2, 6.4 and 12.8: respective mg/kg dose groups 

5g. Fetal histology - eye ball defects: 

In the control group the formation of eyes appeared normal with well 

placed eye balls in properly formed sockets. Formation of the retina was up 

to the mark with well developed vitreous chambers. Eye lenses appeared 
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rounded in shape with well placed crystalline texture. Outer margins of the 

eye lenses appeared smooth and attached with the differentiating flattened 

and transparent corneal membrane. Differentiation of the iris musculature has 

started in all cases (10 fetuses). Outer skin covering that has to form the 

eyelids appeared healthy and completely covering the outer opening of the 

eyes (Fig 6A1 and A2).        

Various defects in the development of eyes include exterior-interiorly 

compressed eye balls with diminishing vitreous humor, lenses were poorly 

formed having ellipsoidal morphology and crimped outer margins (2 and 4 

out of 10 fetuses processed each for 6.4 and 12.8mg/kg triple exposure sub-

groups respectively). The crystalline texture of the eye lens was bitterly 

affected in all sub-groups except 3.2mg/kg single exposure sub-group. Below 

the outer marginal membrane necroting mass of the crystalline substance was 

evident in all these cases. Differentiation of cornea was grossly affected (in 

all sub-groups), it appeared opaque, crumpled and loosely positioned on the 

wrinkly outer margins of the lens (in 1 and 3; 3 and 4; 3 and 6 out of the 10 

fetuses processed for the purpose in 3.2; 6.4 and 12.8mg/kg single and triple 

exposure sub-groups respectively). Differentiation of the iris musculature 

was either delayed, leading to the appearance of undifferentiated mass of 

myoblasts (as seen in 4 and 6; 6 and 2; and 2 and 1 out of 10 fetuses for 3.2; 

6.4; and 12.8mg/kg single and triple exposure sub-groups respectively), or 

completely abandoned (as seen in 0 and 1; 2 and 7; and 8 and 9 for 3.2; 6.4; 
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and 12.8mg/kg single and triple exposure sub-groups respectively). Bony 

sockets of the eyeballs were poorly formed appearing shallow in depth and 

flattened from the base (in 4 and 7 out of 10 fetuses each for 6.4 and 

12.8mg/kg triple exposure sub-groups). The eyes thus appeared bulging. Eye 

lids were rudimentary leading to a premature opening of the eyes (in 2 and 3 

out of 10 fetuses for 6.4 and 12.8mg/kg triple exposure sub-group) (Fig 6B1 

and B2). 

5h. Fetal histology - liver: 

  Histological sections from the control group fetal livers indicate a 

higher degree of differentiation of the hepatoblasts than the cypermethrin 

exposed groups. The appearance of lobular structures has started showing 

central veins around which the hepatocytes have started to arrange in linear 

fashion to form the rudimentry hepatic cords. The fetal hepato-heamopoietic 

activity, as indicated by the presence pools of blood in the liver sections, was 

observed in control and all single exposure sub-groups (Fig7A). 

Differentiation of hepatoblasts has been found to be at a very preliminary 

stage in the cypermethrin treated sub-groups. Heamopoiesis has been clearly 

seen in both sub-groups of 3.2 and single exposure sub-groups in 6.4 and 

12.8mg/kg groups. In 6.4 and 12.8 mg/kg triple exposure sub-groups signs of 

necrosis of the differentiating hepatoblasts were clearly seen. Impairments in 

heamopoiesis has been indicated by the appearance of empty spaces with 

deposited debris at scattered places in the hepatic mass (Fig 7D). No lobular 
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development was seen in 6.4 and 12.8mg/kg triple exposure sub-groups. 

However the basic pattern of the formation of lobular structures was found to 

be present in single exposure sub-groups of 3.2 and 6.4mg/kg groups (Fig 

7B, C and D). 

 
Fig6A: Section through the eye of an F1 fetus from control (A1=100X, A2= 400X) 

and B: from 6.4 Triple exposure sub-group (B1=100X, B2= 400X) 
 

a= Lower Eye lid, b= Cornea, c= outer margin of the eye lens, d= retina, e= apoptosis, 

= eye lens 
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Fig7:  liver histology of F1 fetuses: A: Control; and B, C and D: 3.2, 6.4 and 
12.8mg/kg, triple exposure sub-groups respectively    

 
a: central vein. b: haematopoietic sites c: differentiating hepatic cords 

(hepatoblasts). d: hepatoblastic necrosis. 
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5i. Histology and micrometry of the fetal kidneys:  

On the whole the fetal kidneys in the control group appeared to have 

achieved higher level of differentiation. Thus the micro-anatomy of the fetal 

kidneys apparently seems to be comparable to that of the adult histology. It 

shows well developed and closely packed excretory units (nephrons). 

Glomeruli are evenly distributed in the cortical region, small rounded hollow 

structures around the glomeruli represent the convolutions of the kidney 

tubules and the collecting ducts are clearly identifiable. Heamopoiesis is a 

constant feature of the developing liver and kidney in humans.  However the 

same was not seen well pronounced in control mice fetal kidneys. There was 

only a-little space in the middle of the kidneys representing pelvis formation. 

No undifferentiated nephro-stromal or loose undifferentiated tissue was 

found in the middle of the developing kidneys in this group (Fig 8A).  

Heamopoiesis was well pronounced in 6.4 and 12.8 mg/kg single 

exposure cypermethrin exposed sub-groups, however a secondary atrophy of 

the heamopoitic sites was observed in 6.4 and 12.8mg/kg triple exposure sub-

groups. A dose (3.2, 6.4 and 12.8mg/kg) and exposure (single and triple) 

dependent decrease in the compactness of microanatomy of the kidney was 

also noted. Glomeruli were more superficially placed in the cortical regions 

with lesser number of rounded tubular sections in their surroundings- 

indicating both a general decline in nephronal proliferation and lesser tubular 
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length in all cypermethrin treated sub-groups to that of the control group 

(Fig8 B, C and D).  

5j. Micrometry of the fetal kidney: 

Dose dependent wide empty spaces in the medullary region of the 

fetal kidney sections of cypermethrin groups indicate a dose dependent 

widening of the renal pelvis (Fig8: B, C and D). Number of glomeruli / unit 

area was counted (100µ 
2
) as per detail given in the “Materials and Methods” 

section. Data obtained indicate a dose dependent decrease in the mean 

number of glomeruli in all the cypermethrin treated groups (Fig9). 

Interestingly no drastic change in mean values of the number of glomeruli in 

multiple cypermathrin exposures sub-groups corresponding to their 

respective single exposure sub-groups was observed (Fig9). Statistical 

analysis of the data (separately for single and triple exposure sub-groups with 

that of the control group) indicate an overall highly significant difference 

(p<0.001). Post hoc analysis of the means show significant difference of the 

control group values to all of the cypermethrin exposed groups on single as 

well as multiple exposures (Table5).        
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Fig8: Kidney histology of F1 fetuses: A: Control; and B, C and D: 3.2, 6.4 

and 12.8mg/kg, triple exposure sub-groups respectively    
 

a= Glomerulus; b= nephronal tubing; c= blood pooling; = connective tissue 100X 
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Fig9: Histogram showing means number of glomeruli / 100µ2 (+ bars 
indicate mean standers error) in F1 fetuses from Control and 
cypermethrin sub-groups.  

 

+bars: SEM; *: mean values differing significantly from control; S: Single exposure; T: 

Triple Exposure; 3.2, 6.4 and 12.8: respective mg/kg dose groups 

 

Control and Single exposure sub-groups  
 

Control and Triple exposure sub-groups            Groups 

 

 

 

 

 Values  

Control 
3.2mg 

Single  

6.4 mg 

Single  

12.8 mg 

Single 
 Control 

3.2 mg 

Triple 

6.4 mg 

Triple 

12.8mg 

Triple 

M± SEM 13.84±0.52 6.56±0.23 6.04±0.27 5.72±0.3  13.84±0.52 5.32±0.3 4.36±0.23 5±0.34 

FKS 
20 20 20 20  20 20 20 20 

ANOVA  
P< 0.001     P< 0.001    

DMRT 
A B B B  A B B B 

Table5: Showing Number of glomeruli / 100µ 2 in F1 fetuses from Control 
and cypermethrin treated groups  

 

M±SEM: Average number of glomerui / 100µ
2 ± Standard error of the means; FKS: Fetal 

kidneys used for histological sectioning and micro-morphometry; ANOVA: Two way analysis 

of variance; DMRT: Duncan’s Multiple Range Test (any two columns not sharing a common 

upper case letter differs significantly) 
 

Mean glomerular size of fetal kidneys in all cypermethrin exposure 

sub-groups, except 12.8 mg/kg triple exposure sub-group, remained higher 

than that the control value. The maximum and minimum values of mean 
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glomeruler size were observed with the 12.8mg/kg single and triple exposure 

sub-groups respectively. Mean glomerular size in single exposure sub-groups 

indicate a dose dependent hypertrophy. Statistical analysis have shown 

significant variation among the data points (p<0.05). Post hoc analyses have 

shown significant (p<0.05) enlargement in 12.8mg/kg group to that of the 

control. With an over all significant variation (p<0.05) among the data points 

a secondary dose dependent atrophy is evident in all triple cypermethrin 

exposure sub-groups to that of the control (Fig 10, Table 6). Thus Post hoc 

analyses have shown significant (p<0.05) decline in mean golmerular size in 

12.8mg/kg sub-group to that of 3.2 and 6.4mg/kg sub-groups (Table 6).   
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Fig10: Histogram showing means of glomerular size (+ bars indicate 

standard error of the means) of F1 fetuses in control and 
cypermethrin sub-groups.  
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Control and Single exposure sub-groups  
 

Control and Triple exposure sub-groups       Groups 

 

 

Values  

Control 
3.2mg 

Single  

6.4 mg 

Single  

12.8 mg 

Single 
 Control 

3.2 mg 

Triple 

6.4 mg 

Triple 

12.8mg 

Triple 

M±SEM 

13.11± 1.14 16.59± 0.66 14.83± 1.19 19.71± 2.12  13.11±1.14 15.15± 1.07 15.26± 1.21 11.54±0.88 

GC 
284  256 263 261  284 251 249 234 

FK 
40 40 40 40  40 40 40 40 

ANOVA  
P< 0.05     P< 0.05    

DMRT 
A AB A B  AB A A B 

    Table6: Showing means of glomerular size in F1 fetuses from Control and 
cypermethrin treated groups 

M±SEM: Mean glomerular size ± Standard error of the means; GC: Number of glomeruli 

counted for micro-morphometry; FKS: Fetal kidneys used for histological sectioning and 

micro-morphometry; ANOVA: Two way analysis of variance; DMRT: Duncan’s Multiple 

Range Test (any two columns not sharing a common alphabet differs significantly) 
 

 

5k. Cross-sectional area of the fetal spinal cord, 
grey matter and white matter: 
 

Whereas no gross microscopic structural abnormality was seen in the 

histological sections of the cypermethrin exposed fetuses to that of the 

control fetuses, in relation to the control group a dose and exposure 

dependent reduction in the average cross-sectional (CS) area of the spinal 

cord was observed in all cypermethrin groups (Fig 11 and 12). Statistical 

analysis (two way ANOVA) of the data indicate an overall highly significant 

difference (p<0.001). Post hoc analysis of the means (based on Duncan’s 

multiple range test) indicate significant difference (p<0.05) among all the 

cypermethrin treated sub-groups in both single and triple exposure 

categories. A similar difference was noted for all cypermethrin sub-groups to 

that of the control group (Table 7). 
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Fig11: Histogram showing average Spinal cord cross-sectional area (µ2) in 
F1 fetuses of control and cypermethrin treated sub-groups. 

 
+bars: SEM; *: mean values differing significantly from control; S: Single exposure; T: 

Triple Exposure; 3.2, 6.4 and 12.8: respective mg/kg dose groups 

 

Control and Single exposure sub-groups  
 

Control and Triple exposure sub-groups             Groups 

 

 

 

  Values  

Control 
3.2mg 

Single  

6.4 mg 

Single  

12.8 mg 

Single 
 Control 

3.2 mg 

Triple 

6.4 mg 

Triple 

12.8mg 

Triple 

M±SEM 
5959.96± 

 47.93 

5581.05± 
22.66 

4599.61± 

127.48 

3755.86± 

71.82 
 

5959.96± 

47.93 

4830.08± 

29.56 

4472.66± 

96.71 

2718.75± 

50.68 

FSS 20 20 20 20  20 20 20 20 

ANOVA P< 0.001     P< 0.001    

DMRT A B C D  A B C D 

Table7: Average cross-sectional area (µ 2) of spinal cord of F1 fetuses in 
control and various cypermethrin treated sub-groups   

 

M±SEM: Mean Cross-sectional area of the spinal cord ± Standard error of the means; 

FSS: Fetal Serial sections used for histological sectioning and micrometry; ANOVA: 

Two way analysis of variance: DMRT: Duncan’s Multiple Range Test (any two columns 

not sharing a common upper case letter differs significantly) 
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Fig12: Photomicrographs of F1 fetuses through the spinal cord from Control 

and cypermethrin treated groups; A: Control; and B, C and D: 3.2, 
6.4 and 12.8mg/kg, triple exposure sub-groups respectively  

 

a= White matter, B= Neurocoele , = grey matter  100X 
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As mentioned above, a similar dose dependent decline in the CS area of 

the spinal grey matter among the experimental sub-groups to that of the control 

in both single and triple exposure categories was noted (Fig13). Statistical 

analysis indicate a highly significant (p< 0.001) variation in the data. Post hoc 

analysis of the means has shown significant difference among all the sub-

groups of single cypermethrin exposure. A similar significant difference was 

present among all the triple exposure sub-group of cypermethrin. Where as the 

means of all sub-groups of single and triple exposures remained significantly 

lower than that of the control group except 3.2mg/kg single exposure sub-

group that did not differ significantly with the control group (Table 8). 

Control and Single exposure sub-groups  
 

Control and Triple exposure sub-groups             Groups 

 

 

 

  Values  

Control 
3.2mg 

Single  

6.4 mg 

Single  

12.8 mg 

Single 
 Control 

3.2 mg 

Triple 

6.4 mg 

Triple 

12.8mg 

Triple 

M±SEM 
4491.21± 

25.48 

4431.64± 

16.71 

3530.27± 

102.9 

2991.21± 

78.91 
 

4491.21± 

25.48 

3750± 

29.04 

3456.05± 

87.68 

1983.4± 

66.16 

FSS 
20 20 20 20  20 20 20 20 

ANOVA  
P< 0.001     P< 0.001    

DMRT 
A A B C  A B C D 

Table8: Average cross-sectional area (µ 2) of grey matter of spinal cord of F1 
fetuses in control and various cypermethrin treated sub-groups   

 

M±SEM: Mean Cross-sectional area of the grey matter of spinal cord ± Standard error 

of the means; FSS: Fetal Serial sections used for histological sectioning and 

micrometry; ANOVA: Two way analysis of variance: DMRT: Duncan’s Multiple Range 

Test (any two columns not sharing a common upper case letter differs significantly) 
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Fig13: Average cross-sectional area (µ 2) Spinal cord Grey matter of F1 fetuses 
in various cypermethrin treated sub-groups compared with the 
control 

 
+bars: SEM; *: mean values differing significantly from control; S: Single exposure; T: 

Triple Exposure; 3.2, 6.4 and 12.8: respective mg/kg dose groups 
 

Cross-sectional area of the white matter in the control group remained 

higher in comparison with that of the single and triple exposure sub-groups of 

cypermethrin treated groups. While the CS area of white matter showed dose and 

exposure dependent decline among the experimental sub-groups of single and 

triple exposure respectively (Fig14). Statistical analysis indicate a highly 

significant (p< 0.001) variation in the over all data. Post hoc analysis of the 

means has shown significant difference (P<0.05) of all the sub-groups of single 

and triple cypermethrin exposure with control group (Table 9). 
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Fig14: Average cross-sectional area (µ2) of Spinal cord white matter of F1 
fetuses in various cypermethrin treated sub-groups compared with 
the control 

 

+bars: SEM; *: mean values differing significantly from control; S: Single exposure; T: 

Triple Exposure; 3.2, 6.4 and 12.8: respective mg/kg dose groups 

 

Control and Single exposure sub-groups  
 

Control and Triple exposure sub-groups             Groups 

 

 

 

  Values  

Control 
3.2mg 

Single  

6.4 mg 

Single  

12.8 mg 

Single 
 Control 

3.2 mg 

Triple 

6.4 mg 

Triple 

12.8mg 

Triple 

M±SEM 
1468.75± 

27.78 
1149.41± 

9.55 
1069.34± 

44.57 
764.65± 

21.69 
 

1468.75± 

27.78 
1080.08± 

24.02 
1016.6± 

36.9 
735.35± 

18.53 

FSS 
20 20 20 20  20 20 20 20 

ANOVA  
P< 0.001     P< 0.001    

DMRT 
A B B C  A B C D 

Table9: Average cross-sectional area (µ2) of white matter of spinal cord in F1 
fetuses in control and cypermethrin treated sub-groups   

M±SEM: Mean Cross-sectional area of the grey matter of spinal cord ± Standard error of 

the means; FSS: Fetal Serial sections used for histological sectioning and micrometry; 

ANOVA: Two way analysis of variance: DMRT: Duncan’s Multiple Range Test (any two 

columns not sharing a common upper case letter differs significantly) 
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DISCUSSION 

Pyrethroids that were once believed to be the safest insecticide from 

the stand point of mammalian toxicology (Elliot, et al. 1978; Parker, et al. 

1984), are now have been fairly reported to be neurotoxic (Eriksson, et al. 

1991; Bloomquist, 1996; Sayim, et al. 2005), behavioral modulators 

(McDaniel and Moser, 1993), toxic to various aspects of endocrinology (Ray 

and Cremer, 1979; Cremer and Seville, 1982; Bradburry et al. 1983; Ray, 

1991), reproduction (Greenlee, et al. 2004; Elbetieha et al. 2001), along with 

there effects as aging enhancing substances, carcinogenic, (WHO, 1989), 

mutagenic (Meng, et al. 2000; Shukla and Taneja, 2002) and genotoxic 

(Kale, et al. 1999; Giray, et al. 2001, Patel, et al. 2006). The present study 

was aimed to discover the toxicological effects of cypermethrin in relation 

with pregnancy, pre and post-implantational losses and to report all sorts of 

developmental abnormalities at morphological and morphometric levels 

along with fetal hepatotoxicology, nephrotoxicology and neurotoxicology 

along with the developmental defects of eye by means of histological 

preparations of fetal organs. Unfortunately data obtained and reported in this 

study is not directly comparable with others because there is only a few 

studies dealing directly with fetal derangements in relation to cypermethrin 

(Gupta, 1990; Farag, et al. 2007; Uggini, et al. 2012). However our results 

are well inline with a study on cyfluthrin a commonly used pyrethroid 

insecticide in India. In Swiss albino mice oral administration of cyfluthrin at 
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16 mg/kg and 32 mg/kg body weight has caused decrease in pregnancy 

related weight gain in dams while the higher dose caused decline in litter 

size, number of live fetuses per litter and mean fetal weight. On the other 

hand fetal resorptions were increased. Fetal skeleton showed reduced 

ossification in phalanges and skull bones with widened cranial sutures (Syed, 

et al. 2009). Moreover the feto-toxicological work reported on other 

insecticides ( Slotkin, 2004; Ahmad and Asmatullah, 2007) and adult organ 

toxicology reported on cypermethrin (Latuszynska, et al. 1999; 

Muthuviveganandavel, et al. 2008) can provide good source of information 

for the comparison of the finding of this research work. 

The estimation of LD50 was a laborious job. But it was done due to the 

following reason.  

1. Although the values of LD50 for mice are available in literature. However 

there exist a wide disparity in these reported values for example; 50mg/kg 

Body weight (Luty, et al. 2000) and 25mg/kg body weight (Varshneya, et 

al. 1995). 

2. All such available values were confined to the males or non-pregnant 

females. In many cases the available literature does not specify the value of 

LD50 in relation to sex.  

3. Most importantly there appears no such values in the available literature 

dealing particularly with the pregnant mice. 

Keeping in view of these constrains it was decided that a careful 

estimation of LD50 in pregnant mice should be conducted for exact decision 
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of the experimental doses. Results indicate that the value of LD50 for 

cypermethrin in pregnant mice remained 64mg/kg body weight. This is 

considerably higher than the already reported value that is 50mg/kg for non-

pregnant mice (Luty, et al. 2000). Implanted embryo in mammals is kept as 

an allo-graft in mammals and natural defense mechanisms have to be 

suppressed to avoid any damage to them by maternal immunological 

responses. Due to this partial suppression of the immune system pregnant 

female mice might have tolerated higher toxic doses of cypermethrin than the 

males and non-pregnant females. In present study this pregnancy related 

natural phenomenon of suppression of immunological and humoral responses 

was thus considered responsible to enhance the toleration limit and thus 

caused the increase in estimated LD50 value of this insecticide (Fessler, 2001; 

Calder, et al. 2006).  

Dose and exposure (single or triple) related increased pre-implantation 

losses that have led to a decline in pregnancy index in cypermethrin treated 

mothers to that of the control group was considered as a direct toxicological 

impact of this insecticide. As the results show (Table1) that this increase in 

pre-implantational losses was clearly dose dependent, it seems partly because 

of an increased embryonic death (before or just after implantation - leading to 

complete resorptions in such cases) in a dose dependant manner and partly 

because of an interference in the process of implantation as cypermethrin has 

already been accepted as a strong endocrine disruptor of the sex steroids 
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(Waters, et al. 2001; Chen, et al. 2002; McCarthy, et al. 2006) and hormones 

of gestation particularly LH (Elbetieha, et al. 2001). 

Fetal resorptions were considerably increased with the increase in 

exposure dose strength. Results clearly indicate that higher dose {i.e. 

12.8mg/kg (20% of the LD50)} with multiple exposures is far more embryo 

lethal than the lower doses {3.2 and 6.4mg/kg (10 and 5% of LD50)} in the 

similar exposure conditions (Table 2). On the whole the pregnancy index and 

fetal resorption data is clearly indicating that cypermethrin is highly embryo 

lethal that interferes with process of embryonic implantation and intrauterine 

fetal development. In this context Rutledge, (1997) had argued that 

environmental chemicals may adversely affect the early conceptus causing 

in-utero mortality and developmental abnormalities. Further more 

susceptibility of the post-fertilization period differs from exposures of sperms 

(Elbetieha, et al. 2001) or eggs as the later usually have more embryocidal 

and lesser teratogenic effects than the former thus leading to produce massive 

pre- and peri-implantational deaths with only a few fetal anomalies. In 

contrast, similar exposure at pre-gastrulational stage induces peri-

implantational and pan-gestational death along with various fetal anomalies 

including aberrations of eyes (Rutledge, 1997). The period of exposure 

(GD6-12) of this study begins at the end of the critical time of implantation 

(i.e. GD4.5-6) (Kaufman and Bard, 1999) that has logically been followed by 
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gastrulation thus the results obtained in terms of co-gestational losses and 

developmental abnormalities seems justifiable. 

Fetal density was regarded an indirect measure of the extent of 

ossification mainly because of the fact that bones are compact deposition of 

calcium phosphate {Ca2 (PO4)3}- the heaviest material of the living tissues. 

Surprisingly highest fetal density (1.148mg/kg) was noted in 3.2mg/kg triple 

exposure sub-group while lowest (1.004mg/kg) in 12.8mg/kg triple exposure 

sub-group. Results indicate that multiple low dose (3.2mg/kg) exposures 

might have led to an enhanced Ca
++

 deposition whereas the multiple high 

dose (12.8mg/kg) left an inverse impact upon Ca
++ 

deposition. Previous 

studies have shown that cypermethrin is an estrogen agonist (Chen, et al. 

2002; McCarthy, et al. 2006) and one of the potential roles of estrogens is 

calcium deposition in the bones. Although no direct estimations of estrogens 

concentrations were carried out in the dams however taking into 

consideration the estrogenic properties of this insecticide it is presumed that 

at low dose multiple exposures it might have led to an enhanced osteocytic 

differentiation in fetuses leading to an above normal Ca
++

 deposition. The 

inverse trend in high dose groups is clearly due to osteoblastic necrosis and 

lesser retention of Ca
++

 in the fetal bones (Table 3). A separate detailed study 

on these issues can clearly resolve this issue.   

Crown Rump (CR) Length comparison is an important parameter that 

indicate intrauterine growth retardation in response to the fetal exposure to a 
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noxious environmental chemical substance (like insecticides). Results 

obtained in present study indicate a dose dependent decline in fetal growth 

rate as compared with the control group (Fig 4). Multiple exposures even at 

3.2mg/kg produced big decline in CR length indicating that the repeat 

exposures are much more dangerous for in utero fetal growth (Fig4). The 

results are comparable with similar previous studies (Ahmad and Asmatullah, 

2007). 

Measurement of fetal head circumference is another parameter that 

along with the general retardation in fetal growth does also indicate the 

extant of fetal brain growth retardation (Ahmad and Asmatullah, 2007). The 

results obtained in this regard have also shown the comparable trend as 

obtained for CR length (Fig5). 

The available literature on the fetomorphic derangements attributable 

to cypermethrin exposure is relatively skimpy (Gupta, 1990; Farag, et al. 

2007; Uggini, et al. 2012). However various feto-morphological 

abnormalities were observed in this study that include Microcephaly, 

Hydrocephaly, Un-detached pinnae, Epinnate ears, Skewed neck, Meromelia, 

Extradactly, Drooping wrist, Round back, Hemoregic spots, Torted hid limb, 

Forked paws, Flipper limbs and Kinky tail (Fig 3 and Table 4).  

Histological sections of the fetal eyes have shown various microscopic 

modifications in the cypermethrin exposed fetuses. Unfortunately these 

findings are not comparable due to the scarcity of the literature upon this 
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matter (Rutledge, 1997). However oxidative stress related damage to the 

general fetal development and interference of cypermethrin and its active 

metabolites on the intricate process of differentiation were presumably the 

most logical causes of these micro-anatomical derangements of the fetal eyes. 

Histological examination of the fetal kidney clearly indicates lesser 

differentiation of the parenchyma reflected by the presence of large areas of 

undifferentiated cellular mass and large hollow spaces in the middle (Fig 8). 

This piece of findings indicates that cypermethrin not only inflicts a negative 

impact on differentiation in developing kidney but also it does enhance the 

process of necrosis in undifferentiated nephroblasts leading to an apparent 

impact of on increase in the size of pelvis (Gupta, 1990). Crowded small 

hollow spaces around the fetal glomeruli indicate the extent of convolutions 

of the renal tubules that in turn reflects the extent of tubular length of the 

developing nephrons. The comparative observations of the fetal renal 

sections give an impact of dose dependent decrease in length of developing 

kidney tubules. Renal heamopoiesis has been found to increase with an 

increase of dose and extent of exposures of cypermethrin. This again seems 

to be another indication towards delayed and lesser extent of differentiation 

of the renal stroma in these cases.    

Cypermethrin has already been reported to bring about various 

histological changes in the adult kidney (Latuszynska, et al. 1999; Ahmad et 

al. 2009). Average glomerular size in all cypermethrin treated sub-groups 



 77 

except 12.8mg/kg remained higher than the control (Fig10) while the relative 

abundance of glomeruli per unit area of the fetal kidneys indicates an abrupt 

sheer decline in various cypermethrin exposed groups to that of the control 

(Fig9). Taken together these two findings indicate lesser degree of 

proliferation of the excretory units than the control. Whereas, the 

cypermethrin treated groups show only slight variations among them, 

indicating that it is highly toxic to the developing kidneys and effects in a 

dose independent manner. This finding strengthen the general preview that 

cypermethrin is highly toxic for the differentiating kidneys (Gupta, 1990). As 

it has also been discussed latter in this section, the production of ROS by the 

maternal body organs (Jin, et al. 2010) and their possible subsequent 

availability along with cypermethrin molecules and its active metabolites in 

the fetal circulation (there by potentially causing de-novo production of ROS 

by the fetal organs as well) might have inflicted a strong oxidative stress 

leading to apoptotic changes in fetal kidneys and liver. 

Study of the histological sections of fetal liver from control group has 

shown the beginning of the process of differentiation as indicated by 

initiation of the formation of the hepatic cords and lobular arrangement by 

the hepatoblasts (Fig7A). Process of differentiation of the hepatoblasts seems 

to be delayed as no indications of the beginning of the formation of hepatic 

cords has been seen in any of the cypermethrin treated group (Fig7B-D). 

Moreover hepatoblastic necrosis was evident in the triple exposure of 6.4 and 
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12.8mg/kg cypermethrin. As it has already been reported that oxidative stress 

may damage the vital organs in adult mammals (Yavasoglu, et al. 2006; 

Hussain, et al. 2009), the possible production of huge oxidative stress in the 

fetal tissues due to their partial inability to detoxify cypermethrin and its 

metabolites that potentially have crossed the placental barrier provides the 

most logical explanation of delayed differentiation and increased necrosis of 

the hepatoblasts in fetal liver. Thus owing to the lesser capability of the fetal 

tissues and organs to tackle with oxidative stress, cypermethrin and its active 

metabolites the process of differentiation is delayed and necrosis is induced 

in fetal kidneys and liver.  

Micro-anatomical layout of the TS of spinal cord depicts no alterations 

in cypermethrin treated fetuses to that of the control. However, the cross-

sectional area of spinal cord in the cypermethrin treated fetuses’ decreased 

dose dependently to that of the control group fetuses. A similar decline was 

noted in the spinal grey and white matters. However white matter (that 

mainly consists upon the axono-dendronal extensions and synaptic 

associations of the neurons) component of the spinal cord have shown greater 

sensitivity to the insecticide than that of the grey matter (mainly contain the 

main bodies of the neurons and glial cells) as the size of the former dwindled 

more sharply with low dose (3.2mg/kg) exposure than latter (Fig 13 and 14). 

Earlier studies on the mode of action of this insecticide have shown that it 

mainly affects by enhancing permeability of Na
+
 channel proteins (Kumar et 
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al. 2009). It also causes a decline in the functions of sodium, potassium, 

magnesium and calcium- ATPases (Prashanth and David, 2010) and inhibits 

the activity of monoamine oxidase needed for destruction of 

neurotransmitters by the post synaptic membrane (Rao and Rao, 1993) there 

by altering the permeability of the membrane and secretions of the 

neurotransmitter by the axonal membranes. Being highly hydrophobic 

(Michelangeli, et al. 1990) this insecticide may associate permanently with 

the membranes of developing axonal and dendronal extensions of the 

neurons. In this way the growth of these neuronal extensions and resultant 

establishment of the synaptic connections in the fetuses gestationally exposed 

to cypermethrin are affected. This situation may possibly lead to a sharp 

decline in the white matter area in the cypermethrin treated fetuses.     

Conclusively cypermethrin was found to be highly toxic to the 

developing fetuses on dose levels as low as 5% of the LD50 for the mothers. 

Along with general in utero growth retardation it has also led to a significant 

increase in pre and post-impantational losses. In additions to various feto-

morphological abnormalities it also damages the vital organs like liver 

kidneys, eyes and nervous system. Further studies involving sophisticated 

genetic analysis, molecular biology and Biochemistry may resolve the 

mechanism oriented conceptual gaps of exposure dependent effects of 

cypermethrin on the fetal tissues and organs. 
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