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ABSTRACT 
 

Exposure to chemicals during a sensitive period of physical 

development can cause functional disturbances in the CNS, 

resulting in behavioural, cognitive and/or motor defects. 

Bioallethrin and deltamethrin are two types of pyrethroids used in 

modern agriculture and forestry. Paraoxon, an organophosphate, is 

an active metabolite of the pesticide parathion. In earlier studies, 

these pesticides, when given separately,  caused disturbances in the 

spontaneous behaviour of mice exposed during a limited period of 

time when the brain is undergoing rapid growth. The purposes of 

the present study were to ascertain whether or not these substances 

are able to interact, to observe whether the effects on spontaneous 

behaviour worsened with time and to predict what effect they might 

have on muscarinic receptors.  

 

Ten-day-old Naval Medical Research Institute (NMRI) mice, divided 

into nine different treatment groups and one control group were 

exposed to different doses of the above-named pesticides. The doses 

of the various compounds, measured on body weight were: 

bioallethrin 0.21, 0.42 and 0.71 mg/kg; deltamethrin 0.71 mg/kg, 

combinations of bioallethrin (0.21, 0.42, 0.71 mg/kg) with 

deltamethrin (0.71 mg/kg); paraoxon 0.5 mg/kg and a combination 

with bioallethrin (0.71 mg/kg) with paraoxon (0.5 mg/kg). The 

pesticide doses were dissolved in a fat emulsion vehicle and 

administered orally to the mice via a metallic gastric tube.  
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Significant deviations, compared with the control group were 

observed in spontaneous behaviour tests in mice given bioallethrin 

and deltamethrin, alone or in combination, and a combination of 

bioallethrin with paraoxon when performed both at the age of 2 and 

3 months. The test measured the spontaneous behaviour variables; 

locomotion, rearing and total activity.  

 

The present study showed that bioallethrin and deltamethrin can, 

by interacting neonatally, cause disturbances in adult spontaneous 

behaviour. These effects appear at a time when the development of 

spontaneous behaviour and the cholinergic system is in its most 

intensive phase. This study also revealed that just a single dose of 

these chemicals sufficed to disturb spontaneous behaviour in 

adultmice. Furthermore, it was found that bioallethrin and 

deltamethrin had the most potent effect on the rearing variable, 

expressed as disturbed explorative behaviour. Behavioural changes 

worsened with time and became evident when comparing the 

results at the age of 2 months with those at 3 months. 
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SAMMANFATTNING 
 

Under en känslig utvecklingsperiod kan exponering för kemikalier 

orsaka funktionsstörningar i CNS vilket leder till beteendemässiga, 

kognitiva och motoriska störningar. Bioalletrin och deltametrin är 

två olika typer av pyretroider som används i dagens jord- och 

skogsbruk. Paraoxon är en aktiv metabolit från ett annat vanligt 

bekämpningsmedel av typen organisk fosforförening, nämligen 

parathion. Tidigare studier visar att dessa bekämpningsmedel har 

orsakat förändringar i det spontana beteendet hos möss när de 

exponerats enskilt under en begränsad tidsperiod av hjärnans 

snabba tillväxt. Vid den tiden sker utvecklingen av det spontana 

beteendet samt det kolinerga nervsystemet. Syftet med denna studie 

är att se om dessa substanser kan samverka med varandra eller ej, 

att se om effekterna förvärrades med tiden och slutligen vilken 

effekt de kan ha på muskarina receptorer.  

 

Tio dagar gamla Naval Medical Research Institute (NMRI) möss 

delades in i nio olika exponeringsgrupper samt en kontrollgrupp 

och exponerades för olika doser av de ovan nämnda 

bekämpningsmedlen. Doserna för de olika substanserna som gavs 

var: bioalletrin 0.21; 0.42; 0.71 mg/kg kroppsvikt, deltametrin 0.71 

mg/kg kroppsvikt, kombinationer mellan bioalletrin (0.21; 0.42; 0.71 

mg/kg kroppsvikt) och deltametrin (0.71 mg/kg kroppsvikt), 

paraoxon 0.5 mg/kg kroppsvikt och slutligen en kombination 

mellan bioalletrin 0.71 mg/kg kroppsvikt och paraoxon 0.5 mg/kg 
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kroppsvikt. Bekämpningsmedlen löstes i en fettemulsionslösning 

och gavs oralt till mössen via en sond av metall. 

 

Spontanbeteendetesten som utfördes vid två och tre månaders ålder 

visade på signifikanta skillnader i jämförelse mot kontrollgruppen 

hos möss som erhållit bioalletrin och deltametrin enskilt eller i 

kombination samt kombinationen mellan bioalletrin och paraoxon. 

Spontanbeteende testet mäter variablerna; horisontell rörelse, 

vertikal rörelse och total aktivitet.  

 

De beteendestörningar som i denna studie observerats hos vuxna 

möss som exponerats neonatalt visar att bioalletrin och deltametrin 

kan samverka och ge förstärkt effekt. Denna studie visar också att 

endast en dos av dessa kemikalier var tillräcklig för att inducera ett 

stört spontanbeteende. Vidare kan visas att effekten av bioalletrin 

tillsammans med deltametrin är tydligast i variabeln för vertikal 

rörelse vilket tyder på ett stört explorativt beteende. Vid en 

jämförelse mellan två och tre månaders ålder visar denna studie 

även att spontanbeteendet förvärras med tiden.  

 

 

 

 

 

 

 

 

7 



1. INTRODUCTION 

  
1.1. BACKGROUND 

Toxicological research has hitherto been focused mainly on 

exposure to single chemicals. Studies of this type have been and still 

are important for our understanding of the way different types of 

chemicals act in living organisms and what effects they have. 

However, in our environment, when numerous chemicals are being 

synthesized and put to use at the same time they may interact. 

Current research is therefore starting to place more emphasis on this 

aspect of the problem.  

 

Pesticides constitute a large group of substances which are of 

importance in modern food production and for the 

control/eradication of pests and weeds. Use of these chemicals has 

improved our life situation in many ways. Nevertheless some 

chemicals do interfere with our environment thus affecting animals 

and plants, directly or indirectly, at even lower concentrations than 

those known to be lethal. In 2004, totalling 9337 metric tonnes 

pesticides (active substances) were sold in Sweden, the bulk (84%) to 

the industrial sector and 12% to agriculture. Although this was a 

decrease in overall consumption, compared with earlier years, it can 

be explained by an increased effectiveness of the pesticides, which 

makes it possible to spray as often as before yet consume less 

(Swedish Chemicals Inspectorate homepage a). 
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Pesticides are divided into several groups: herbicides for weed 

control, insecticides for pest control, and fungicides to counteract 

fungal encroachment. In this thesis emphasis is placed on the 

insecticides, i.e. a category of substances manufactured specifically 

to prevent, hold in check or eradicate insects.  

 

Insects have a well developed central nervous system (CNS) which 

resembles that of mammals in many ways, wheras the peripheral 

nervous system (PNS) is different and not as complex as the 

mammalian. Insecticides affect both the CNS and the PNS of target 

organisms. As the mammalian nervous system in part resembles 

that of insects, it is conceivable that substances synthesized to 

destroy insects might affect mammals too. Studies designed to 

investigate the modus operandi of insecticides in mammals have 

therefore been of particular interest (Klaassen 2001). 

 

1.1.1. Exposure to environmental toxicants and mutual interaction  

There are numerous of ways in which toxicants are released to the 

surrounding environment. Some of these substances are persistent 

and can be stored in fatty tissue whereas others are short-lived but 

can nevertheless give rise to irreversible damage in organisms if 

present during a vulnerable period of their development. Several 

different studies have shown that low-dose exposure to 

environmental pollutants such as DDT, pyrethroids, nicotine, 

organophosphates, paraquat and polychlorinated biphenyls (PCBs) 

led to irreversible changes in the adult brain of individuals exposed 

during the brain growth spurtBGS (Ahlbom et al. 1994; Eriksson 
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1997; Eriksson et al. 2000; Eriksson et al. 2001; Eriksson and 

Fredriksson 1991; Fredriksson A. et al. 1993; Johansson et al. 1996; 

Talts et al. 1998).  

The threshold values set today consider only exposure to single 

chemicals. Often the amounts of chemicals present in the 

environment are below the values that could constitute a health 

hazard to humans. These values should however not be ignored, as 

many different chemicals are present concurrently and may interact 

with each other.  

 

1.2. PESTICIDES               

1.2.1. Pyrethroids  

Today’s pyrethroid insecticides are derived from natural pyrethrum 

extract, which consists of six active compounds called pyrethrins. 

The extract, obtained from the cultivated flower Chrysanthemum 

cinerariaefolium, has long been known for its insecticidal effects. It 

has been used widely for domestic purposes, including the 

protection of stored food (Wouters and van den Bercken 1978). 

These natural products are however unstable in both air and light, 

which restricts their use (Elliot et al. 1973).  

 

Pyrethroids are synthetic chemical analogues to the natural product. 

The first pyrethroid to be manufactured was allethrin in 1949 (Cage 

et al. 1998a). It is one of the least persistent and can endure in the 

environment for only 1-2 days without degrading (U.S. Department 

of Health and Human Services homepage). The pyrethroids more 

commonly used nowadays were developed to retain or potentiate 

10 



their insecticidal properties while reducing their extreme 

photolability, thus making them less degradable in the environment 

(Cage et al. 1998a). Pyrethrins and pyrethroids are often used in 

combination with compounds that have synergistic properties, e.g. 

methylenedioxyphenyl, to potentiate toxicity by preventing insect 

enzymes from breaking down the pesticides. If pyrethrins were 

used alone, insects might recover from neurological damage (Casida 

1970). 

 

Pyrethroids may escape into the environment during the production 

process, or be released by aerial crop spraying, ground-spraying 

from tractors or hand-held appliances, or from domestic use. When 

entering the environment many pyrethroids degrade rapidly, but 

some recently developed pyrethroids can persist in the environment 

for several months before becoming degraded, e.g. deltamethrin 

(Swedish Chemical Inspectorate homepage b). Their increased 

stability and effectiveness derives from substitution of a 

dihalovinyl-containing acid moiety and with esters of α-

cyanophenoxybenzyl. Deltamethrin is an example of a pyrethroid 

which is less susceptible to metabolic attack in insects and in some 

cases also in mammals. (Casida et al. 1983)  

 

Even though pyrethroids are generally considered to be non-

persistent in the environment, they are soluble in fat and can be 

transferred in milk from mother to offspring (Gaughan et al. 1978; 

Hunt and Gilbert 1977). Pyrethroids bind strongly to dirt and are 
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usually not very mobile in soil (Kauffman et al. 1981). Consequently 

they are not easily taken up by the roots of plants (Lee 1985).  

 

Pyrethroids are divided into two different classes based on the 

symptoms produced in animals exposed to acute toxic doses. Type I 

compounds do not include an α-cyano substituent; their effects in 

rodents include aggressive behaviour, increased sensitivity to 

external stimuli, enhanced startle response and whole-body tremor. 

The term T-syndrome refers to the tremor symptom. Bioallethrin is a 

type I compound. (Dorman and Beasley 1991) 

 

Type II compounds do contain an α-cyano substituent, which 

increases their insecticidal toxicity but also makes the pesticide more 

toxic to mammals (Casida et al. 1983). These compounds elicit 

burrowing behaviour, gross tremors, clonic seizures, 

choreoathetosis and profuse salivation. The term CS-syndrome 

refers to choreoathetosis and the salivation symptom. An example of 

such pyrethroids is deltamethrin. (Dorman and Beasley 1991) 

 

Ion channels, which are membrane-bound proteins, play an 

important role in normal physiological functions such as the 

generation of action potentials and triggering release of transmitters. 

Normally, nerve cells and fibres contain a high concentration of 

potassium and relatively little sodium, whereas in the external fluid 

the ratio is the converse. At rest all the ion channels are closed 

whereas nerve membrane is permeable to potassium but scarcely at 

all to sodium and chloride. (Narahashi 1971) The opening and 

12 



closing of the channels is dependent on changes in the membrane 

potential caused by a stimulus which triggers an action potential. 

When chemicals, for example pesticides such as pyrethroids and 

DDT, come in contact with the ion channels they cause changes that 

might result in dysfunction. By binding to the activation gate of the 

sodium channel pyrethroids delay closure while the inactivation 

gate is unaffected. This leads to inhibited inactivation (closing) of 

the sodium channels, allowing a prolonged sodium ion current to 

flow. (Toshio Narahashi 1992) The channels reach a hyper-excitable 

state as a consequence of a prolonged negative after-potential that 

rises to the threshold membrane potential, producing repetitive 

discharges. The difference in toxic action between the two types of 

pyrethroids consists in the period of time during which they can 

keep the sodium channels open. Type I compounds hold the 

channels open for only a short time (ms), while the type II 

compounds do so for an extended time period (up to seconds). 

(Klaassen 2001) 

           

 

               

 
 

Figure 1. The chemical structures of bioallethrin and deltamethrin. 

 

More modern pyrethroids are less susceptible to metabolic attack in 

insects and in some cases in mammals (Casida et al. 1983). The 

pyrethroid compounds are metabolized via an esterase attack at the 

central ester bond or cytochrome P450-dependent mono-oxygenases 
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at one or more sites in the acid or alcohol moieties (Soderlund et al. 

2002).  

 

1.2.2. Organophosphorous compounds 

Organophosphorous compounds, the most commonly used group 

of insecticides, are represented by a wide variety of chemical 

structures having various chemical and physical properties (Fukoto 

1990). The first organophosphorous ester insecticide was produced 

in 1937 in Germany just prior to World War II. Research had been 

undertaken to find substitutes for nicotine which was used as an 

insecticide at the time but was in short supply. During this process, 

researchers also found that many of the compounds are highly toxic 

to mammals. Wartime exigencies demanded that some of these 

compounds be converted into nerve gases, e.g. sarin, tabun and 

soman. (Ware and Whitacre 2004) 

  

As a class the organophosphates (OPs) are non-persistent, very 

acutely toxic to mammals (including humans) where they 

concentrate in fatty tissue (Baird 1999). The use of these pesticides 

increased steeply when DDT was banned in many countries in the 

early 1970s (Ahlbom et al. 1994) .  

 

For vertebrates OPs constitute the most toxic class of pesticides. 

They exert their toxicity by binding selectively and irreversibly to 

acetylcholinesterase (AChE), an enzyme responsible for the rapid 

hydrolytic degradation of the neurotransmitter acetylcholine (ACh) 

into the inactive products choline and acetic acid  (Fukoto 1990). The 
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inhibition of AChE proceeds via a chemical reaction in which the 

serine hydroxyl moiety in the enzyme active site is phosphorylated. 

The blocked serine hydroxyl group can no longer participate in the 

hydrolysis of ACh. A relatively stable phosphorylated enzyme is 

formed (Aldridge and Johnson 1971), resulting in an accumulation 

of ACh in the synaptic clefts of all nerve endings in the cholinergic 

nerves. The impulses between nerve cells, and between nerve cells 

and muscle cells, remain active for a longer time which leads to 

hyper stimulation of both nerves and muscles (Fukoto 1990). 

 

Neurotoxic effects of exposure to organophosphates are: stimulation 

of muscarinic and nicotinic receptors of the parasympathetic 

autonomic nervous system, leading to e.g. increased secretion, 

bronchoconstriction, gastrointestinal cramp, tachycardia tremors 

and paralysis. Neurotoxicity of OPs also affects the CNS, leading to 

ataxia, loss of memory and coma. (Abou-Donia and Lapadula 1990) 

 

Paraoxon 

The first organophosphorous compound to be used commercially, 

tetra-ethylpyrophosphate (TEPP), was extremely toxic to all forms 

of life. It is readily hydrolysed in the presence of moisture. With 

further research and development, more stable compounds with 

moderate environmental persistence were synthesized. The first of 

these was parathion, which has probably caused more deaths 

among agricultural field workers than any other pesticide. This 

agent is non-specific to insects and can unintentionally kill for 

example bees, birds and other non-target organisms. (Baird 1999) In 
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water and air, parathion is degenerated by sunlight to form an even 

more toxic metabolite called paraoxon (p-nitrophenyl phosphate). 

Paraoxon is more readily adsorbed and up to fifty times more toxic 

than parathion. (U.S. Environmental Protection Agency homepage)  

Oxidative desulphuration (cleavage of P=S bond to form P=O bond) 

is responsible for the conversion of parathion to paraoxon. This 

reaction is catalysed by a group of enzymes present in microsomes 

in both mammals and insects, known as mixed function oxidases 

(MFO´s). (Ahlbom 1995) 

 

 

 
Figure 2. The chemical structures of parathion and paraoxon and the reaction 
that converts parathion to paraoxon under the influence of 
aryldialkylphosphatase and water.  
 

 

1.3. BRAIN DEVELOPMENT AND VULNERABLE PERIODS  

The development of the brain and nervous system from embryo to 

adult follows a complex but predetermined course. During 

physiological development, neurons interact with a variety of 

molecular signals in order to determine where to direct their axons, 

whether to live or die, which cells should form synapses and how 

many, etc. (Purves et al. 2001). The development of the mammalian 
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CNS can be divided into two major stages. The first is 

organogenesis, when the shape of the brain is decided, which for 

humans occurs during the embryonic period. Exposure to 

xenobiotics during this period can cause malformation of the brain. 

The second stage is often called brain growth spurt (BGS) due to the 

rapid growth of the brain. The BGS is characterized by axonal and 

dendritic growth, synaptogenesis, biochemical changes, acquired 

motor and sensory properties and synthesis of brain lipids. It is also 

associated with various biochemical changes that transform the 

brain into that of an adult. In humans the BGS starts during the 

third trimester, peaks in connection with birth and continues till 

about 2 years of age. In rodents the BGS begins at birth, continues 

for 3-4 weeks and peaks on neonatal day 10. Several different 

studies have shown that exposure to certain chemicals during the 

peak of BGS can lead to irreversible damage, whereas exposure to 

the same chemicals and doses before and after the peak can lead to 

reversible damages (Eriksson 1997; Eriksson et al. 1992; Eriksson et 

al. 2000) .  
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Figure 3. Rate curves of brain growth in relation to birth in different species. 
Values are calculated at different time intervals for each species. (Davidson and 
Dobbing 1968; illustrations by Ylva Stenlund) 
 

1.4. CHOLINERGIC SYSTEM 

The cholinergic system is involved in different behavioural 

phenomena such as memory, learning, vision, hearing and 

neurological syndromes (Karczmar 1975). This neurotransmitter 

system is one example that undergoes rapid development in rodents 

during the BGS. The most important cholinergic systems are located 

in the spinal marrow, where motor neurons control muscle 

contraction, and in the basal part of the forebrain where they play an 

important part in the learning process. All major regions of the brain 

are in contact with cholinergic neurons which mediate a number of 
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functions, e.g. neuroendocrine regulation in hypothalamus, 

modulation of movement in the caudate-putamen, and thought 

processing in the cerebral cortex (Coyle and Yamamura 1976). 

Receptors in the synapses of the cholinergic system which are 

involved in transferring signals consist of two main types, 

muscarinic and nicotinic. The muscarinic receptors mediate signals 

in smooth muscles in the parasympathetic autonomic nervous 

system, while nicotinic receptors mediate signals in skeletal muscles. 

Symptoms of poisoning with e.g. OPs on muscarinic and nicotinic 

receptors in the CNS include mental confusion, loss of memory, 

convulsions and coma (Ecobichon 2001). Both types of receptors are 

membrane-bound proteins where acetylcholine works as a 

neurotransmitter.  

 

Acetylcholine (ACh), one of the most common neurotransmitters, 

exemplifies how one chemical signal can trigger different responses, 

depending on the target cells. ACh is synthesized in mitochondria in 

nerve terminals from acetyl coenzyme A, from glucose, and from 

choline provided through the diet. This reaction is catalysed by 

choline acetyltransferase. (Purves et al. 2001) ACh can have 

inhibitory or excitatory effects depending on the type of receptor. 

For example it governs the contraction of muscle cells, where its 

effect is excitatory; the relaxation of heart muscle cells, where its 

effect is inhibitory; and secretion by endocrine cells. (Campbell et al. 

1999) An enzyme called acetylcholineesterase (AChE) is responsible 

for the breakdown of ACh. This enzyme controls the level of ACh in 

the synaptic clefts where ACh is concentrated. AChE ensures 
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attenuation of ACh concentration after the latter has been released 

from presynaptic nerve endings. It is AChE that is affected when, 

for example, an organism is exposed to organophosphates. (Purves 

et al. 2001) 

 

1.5. AIMS 

Earlier studies have shown that pyrethroids, both type I and type II, 

and organophosphorous compounds separately cause different 

effects in mammals. In today’s environment, many different 

pesticides are present at the same time. The general aim of this 

study was to find out what selected pesticides and interaction of 

selected pesticides would do to the developing brain when exposed 

on postnatal day 10 and what consequences this would have on the 

adult behaviour.  

 

The aims of this study were: 

 

- to ascertain what effect an interaction between a type I pyrethroid 

(bioallethrin) with a type II pyrethroid (deltamethrin), and 

bioallethrin together with an organophosphorous compound 

(paraoxon) might have on the spontaneous behaviour of young 

adult NMRI mice when exposed on postnatal day 10.  

 

- to learn whether observed behavioural effects worsen with age, by 

observing spontaneous behaviour in NMRI mice at the adult ages of 

2 and 3 months. 
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- to ascertain what possible effects a combination of the different 

types of pesticides mentioned above might have on muscarinic 

receptors in the young adult NMRI mouse brain when exposed on 

neonatal day 10. 
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2. MATERIAL AND METHODS 
 

2.1. ANIMALS, CHEMICALS AND TREATMENT 

The 10-day-old NMRI mice used were offspring of pregnant mice 

purchased from B & K, Sollentuna, Sweden. Each litter, adjusted 

within 48 h to 9-13 mice by sacrificing excess pups, was kept 

together with its respective mother in a plastic cage in a room at an 

ambient temperature of 22°C and a 12/12-h light/dark cycle. The 

litters contained pups of both sexes, all treated the same during the 

neonatal period. At the age of 4 weeks the pups were weaned, the 

males were placed in plastic cages, in groups of 3 to 7 littermates, in 

a room for male mice only. The animals were supplied with a 

standardized pellet diet (Lactamine, Stockholm) and tap water ad 

libitum. The neurotoxicological recordings were carried out in male 

mice only.  

 

Bioallethrin 

(2-allyl-4-hydroxy-3-methyl-2-cyclopentene-1-one-(1R,3R,4S)-2,2-

dimethylcyclopropanecarboxylate) (MW302) and deltamethrin 

(S-α-cyano-3-phenoxybenzyl-(1R)-cis-3(2,2-dibromovinyl)-2,2-

dimethylcyclopropanecarboxylate) (MW505) generously donated by 

Roussel Uclaf, France, and paraoxon (p-nitrophenyl phosphate) 

(Sigma Chemical Co. St. Louis, MO, USA) were used. The 

substances were dissolved in a mixture of egg lecithin (BDH 

Laboratory Supplies, England) and peanut oil (Oleum arachidis, 

Apoteksbolaget, Sweden) (1:10 w:w) and then sonicated together 

with water to yield a 20% fat emulsion vehicle. The choice of making 
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a 20% fat emulsion was of a certain physiological importance, as 

mouse milk contains 14% fat (Eriksson et al. 1984). The fat emulsion 

contained bioallethrin at concentrations of 0.021, 0.042, 0.071 

mg/ml; deltamethrin at 0.071 mg/ml; paraoxon at 0.05 mg/ml; 

combinations of bioallethrin (0.021, 0.042, 0.071 mg/ml) and 

deltamethrin (0.071 mg/ml) and finally a combination of 

bioallethrin and paraoxon at 0.071 and 0.05 mg/ml respectively. The 

substances were administered orally via a metallic gastric tube 

(diameter 1.0 mm) as one single dose on neonatal day 10 to both 

male and female mice. The amounts of pyrethroids and paraoxon 

given were as follows: bioallethrin 0.21, 0.42, 0.71 mg/kg body wt; 

deltamethrin 0.71 mg/kg; paraoxon 0.5 mg/kg. The combination 

doses given were bioallethrin plus deltamethrin 0.21 and 0.71; 0.42 

and 0.71; 0.71 and 0.71 mg/kg body wt, respectively, and 

bioallethrin and paraoxon 0.71 and 0.5 mg/kg, respectively. Mice 

serving as controls received 10 ml/kg body wt of the 20% fat 

emulsion vehicle in the same manner. Each treatment group 

consisted of mice from three different litters. The animals were 

monitored for clinical symptoms throughout the experiment. 
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Table 1. Different treatments and their group designations (A-J) 
Group Treatment     

 (mg/kg body wt)     
 A Control 
 B Bioallethrin 0.21 
 C Bioallethrin  0.42 
 D Bioallethrin  0.71 
 E Deltamethrin  0.71 
 F Bioallethrin  0.21 and Deltamethrin 0.71 
 G Bioallethrin  0.42 and Deltamethrin 0.71 
 H Bioallethrin   0.71 and Deltamethrin 0.71 
 I Paraoxon  0.5 
 J Bioallethrin   0.71 and Paraoxon 0.5  
 
 
2.2. SPONTANEOUS BEHAVIOUR 

Spontaneous behaviour was tested in male mice at 2 and 3 months 

of age. The tests were performed between 8 and 12 a.m. in a separate 

room but under the same light and temperature conditions as the 

normal housing. 3-4 mice were randomly picked from the three 

different litters within each respective treatment group and placed 

separately in the test cage. Motor activity was measured over 3 × 20 

min in an automated device consisting of cages measuring 40 × 25 × 

15 cm (Rat-O-Matic, ADEA Elektronik AB, Uppsala, Sweden). The 

test cages were placed within two series of infrared beams at two 

different heights (see Fig. 4), one low-level grid beamed 2 cm above 

the bottom in a grid pattern with a distance of 73 mm lengthwise 

and 58 mm crosswise and high-level beams 8 cm above the bottom 

with beams, only lengthwise, 28 mm apart. Each test cage was 

placed in a 12 cm thick sound-proof wooden box, with separate air 

ventilation, to eliminate disturbances in the measurements. The test 
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cages were filled with bedding material as in the normal housing 

(Fredriksson 1994).  

 

 
 

1. Base support for cages and sensors 
2. Transparent plastic cage 
3. Perforated aluminium lid 
4. Elastic rubber support. 
5. Pick-up mounted on lever with counterweight 
6. Infrared (IR) detector 
 

Figure 4. Set-up for measuring motor activity in rodents. Locomotion: registered 
by the low grid of infrared beams when the animal moved horizontally. 
Rearing: registered by one of the upper infrared beams being interrupted when 
the animal moved vertically. Total activity: all types of vibration registered by a 
pick-up mounted on a lever with a counterweight (Fredriksson 1994). 
 

  

Three different variables were measured during spontaneous 

behaviour.  

Locomotion counting occurred when a mouse moved horizontally 

through the low-level grid of infrared beams (one count per beam 

interrution).  
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Rearing was registered as vertical movement at a rate of four counts 

per second, as long as a single high-level beam was interrupted, i.e. 

the number of counts was proportional to time spent rearing. 

Total activity was registered by a gramophone pick-up, mounted on 

a counter balanced lever, with which the test cage was in contact. 

The pick-up registered all types of vibration within the test cage, e.g. 

vibration caused by mouse movements, shaking (tremors) and 

grooming. 

 

2.3. RECEPTOR ANALYSIS 

The mice were killed by decapitation after the last behavioural test 

at an adult age of 3 months. Brains were dissected on an ice-cold 

glass plate and the cerebral cortexes were frozen at – 80°C until 

assayed. Each cortex was placed in ice-cold sucrose 0.32 M 24-fold 

its own weight and homogenized with a Potter-Elvehjem 

homogenizer (Eriksson and Nordberg 1989).  

 

The homogenates were centrifuged for 10 min at 1, 000 g and the 

supernatants were further centrifuged for 30 min at 17, 000 g. The 

pellets were then suspended and homogenized in the original 

volume of ice-cold NaKPO4 buffer (0.05 M, pH 7.4) to yield a crude 

synaptosomal P2 fraction (Gray and Whittaker 1962) with a protein 

content of about 1.5-2.5 mg determined with folin reagent according 

to Lowry et al. 
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Measurement of muscarine-like binding sites was performed using 

tritium-labelled quinuclidinyl benzylate (QNB), (specific activity 

1.57 TBq/mmol, obtained from Amersham, Bucks, England). 

 

Specific binding was measured following the method of  Nordberg 

and Winblad (1981) described by Eriksson and Nordberg (1989). 

Aliquots of the P2 fraction (100 µl, protein content between 0.15 and 

0.25 mg) were incubated with 20 µl [3H]QNB (0.2 nM in 99% 

ethanol) for 90 min at 25°C in NaKPO4 buffer (pH 7.4) in a total 

volume of 1020 µl. To measure non-specific binding, parallel 

samples were incubated with atropine (20 µl, 50 µM). Each binding 

was determined in duplicate. After the incubation the samples were 

centrifuged for 5 min at 20, 000 g. The remaining pellet was washed 

with 1 ml ice-cold NaKPO4 buffer and then placed in a scintillation 

vial and left overnight to dissolve. 5 ml of Aquasafe 300+ 

scintillation liquid (Zinsser Analytic, Ltd., U.K.) was added to each 

vial and the radioactivity was determined in a liquid scintillation 

analyser (Packard Tri-Carb 1900 CA) after the samples had been 

kept in the dark for 8 h. Specific binding was determined by 

calculating the differences in the amount of QNB bound in the 

presence (or absence) of atropine.  

 

2.4. STATISTICAL ANALYSIS 

Bodyweight: data from each treatment group were subjected to 

Kruskal-Wallis and pairwise testing using Tukey, comparing each 

treatment group with all the others. 
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Spontaneous behaviour: data were subjected to a split-plot ANOVA 

and pairwise testing between treatment groups and their 

corresponding control groups was performed with Tukey HSD test 

(Kirk 1968). 

Receptor analysis: data were subjected to a one-way ANOVA and 

pairwise testing using Duncan’s test. 
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3. RESULTS 

During the experimental period no clinical symptoms were detected 

in the insecticide treated animals.  

 

3.1. WEIGHT GAIN AND ADULT WEIGHT 

The weights of the mice were first checked on the day of treatment, 

i.e. postnatal day 10, then at the age of 2 months (just after the first 

behaviour test) and finally at the age of 3 months, just before the 

sacrifice.  

 

When comparing the weights of the different treatment groups vs. 

the control animals, no significant differences were detected on any 

of the given occasions (Table 2). 
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Table 2. Results of weight gain after neonatal exposure to a single oral dose of 
the fat emulsion vehicle or  bioallethrin, deltamethrin and paraoxon, alone or in 
combination, for the treatment groups A-J*. The mice were weighed on three 
occasions, the first time on neonatal day 10 (w1) i.e. the day of administration, 
secondly at the age of 2 months (w2) i.e. the time for the first spontaneous 
behaviour test and the third time at 3 months (w3) prior to sacrifice.  
Treatment (n) w1 w2 w3 

group  (g) (g) (g)  
 A 21 6.08 ± 0.97 36.98 ± 2.76 42.33 ± 3.36 
  
 B 14 5.88 ± 0.65 37.12 ± 2.48 42.15 ± 2.16 
 C 15 6.16 ± 0.47 40.62 ± 2.88 45.04 ± 3.12 
 D 13 5.73 ± 1.23 38.36 ± 3.88 42.04 ± 3.19 
 
 E 10 5.83 ± 0.35 37.69 ± 1.95 42.03 ± 2.42 
  
 F 20 5.51 ± 0.51  34.48 ± 2.24 40.13 ± 2.93 
 G 16 5.59 ± 0.55 36.19 ± 1.41 41.55 ± 2.04 
 H 12 6.29 ± 0.41 37.56 ± 1.81 44.46 ± 4.58 
 
 I 18 5.57 ± 0.97 36.81 ± 2.73 41.50 ± 2.81 
 J 15 5.25 ± 0.86 35.75 ± 3.86 40.37 ± 5.81  
* A, control; B, bioallethrin 0.21 mg/kg body wt; C, bioallethrin 0.42 mg; D, 
bioallethrin 0.71 mg; E, deltamethrin 0.71 mg; F, bioallethrin 0.21 mg and 
deltamethrin 0.71 mg; G, bioallethrin 0.41 mg and deltamethrin 0.71 mg; H, 
bioallethrin 0.71 mg and deltamethrin 0.71 mg; I, paraoxon 0.5 mg; J, 
bioallethrin 0.71 mg and paraoxon 0.5 mg/kg body wt. 
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3.2. EFFECTS ON SPONTANEOUS BEHAVIOUR IN ADULT 

MICE 

The results from spontaneous behaviour test variables, locomotion, 

rearing and total activity, in both 2-month-old and 3-month-old 

male NMRI mice exposed to a single oral dose of bioallethrin, 

deltamethrin, paraoxon, alone or in combination, at the neonatal age 

of 10 days are shown in Figs. 5 and 6. Activity was registered during 

a 60 min period, divided into three 20 min spells.  

  

The control animals, exposed on neonatal day 10 to the 20% 

fat-emulsion vehicle, registered reduced activity during the 60 min 

observation period in all of the test variables, in both 2-month-old 

and 3-month-old animals. This is normal behaviour and has been 

observed in earlier studies dealing with developmental toxicity of 

bioallethrin, deltamethrin and paraoxon (Ahlbom et al. 1994; 

Eriksson and Fredriksson 1991). There were significant group x 

period interactions [F18, 160 = 8.91; F18, 160 = 27.73; F18, 160 = 5.41] for 

locomotion, rearing, and total activity variables respectively in mice 

tested at the age of 2 months. There were also significant group x 

period interactions [F18, 160 = 17.27; F18, 160 = 35.40; F18, 160 = 12.81] in 

locomotion, rearing and total activity variables respectively in mice 

tested at the age of 3 months. 

3.2.1. Neonatal exposure to bioallethrin  

Mice given single doses of bioallethrin (0.21 and 0.42 mg/kg body 

wt) registered reduced activity over time, behaviour similar to the 

controls, when tested at the age of both 2 and 3 months. The highest 

dose of bioallethrin (0.71 mg/kg body wt) caused a significantly 
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altered behaviour compared with the controls. These mice were 

significantly more active (P ≤ 0.01) in both the 20-40 min and the 40-

60 min test period for all test variables (locomotion, rearing and total 

activity) when tested at the age of both 2 and 3 months.  

 

3.2.2. Neonatal exposure to deltamethrin  

Mice given deltamethrin 0.71 mg/kg body wt showed a 

significantly altered behaviour compared with controls. 

Significantly increased activity (P ≤ 0.01) was observed during the 

20-40 min and the 40-60 min test period in all test variables 

(locomotion, rearing and total activity) when tested at the age of 

both two and three months. 

 

3.2.3. Neonatal exposure to paraoxon 

Mice given paraoxon 0.5 mg/kg body wt showed no significant 

change in spontaneous behaviour, in any of the test variables, 

compared with controls, i.e. they became less active over time. This 

was evident in mice tested at the age of both 2 and 3 months. 
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Figure 5. Spontaneous behaviour in 2-month-old NMRI male mice exposed at the 
neonatal age of 10 days to single oral doses of bioallethrin; deltamethrin; paraoxon; 
combinations between bioallethrin and deltamethrin; combination between bioallethrin 
and paraoxon and control groups receiving 20% fat emulsion vehicle. Statistical 
analyses of the data were submitted to ANOVA using a split-plot design (Kirk, 1968). 
Pairwise testing between the treated groups and the control group was performed with 
Tukey HSD test. Statistical differences are indicated by capital letters (A-J) for P ≤ 0.01 
and lower case letters (a-j) for P ≤ 0.05. The height of the bars represents the mean 
value ± standard deviation. 
 
The treatment groups are indicated by letters (doses are given in mg/kg body wt):  
A, control; B, bioallethrin 0.21; C, bioallethrin 0.42; D, bioallethrin 0.71; E, 
deltamethrin 0.71; F, bioallethrin 0.21 and deltamethrin 0.71; G, bioallethrin 0.41 
and deltamethrin 0.71; H, bioallethrin 0.71 and deltamethrin 0.71; I, paraoxon 
0.5; J, bioallethrin 0.71 and paraoxon 0.5. 
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Figure 6. Spontaneous behaviour in 3-month-old NMRI male mice exposed at the 
neonatal day 10 to single oral doses of  bioallethrin; deltamethrin; paraoxon; 
combinations between bioallethrin and deltamethrin; combination between bioallethrin  
and paraoxon and control groups receiving the 20 % fat emulsion vehicle. Statistical 
analyses of the data were submitted to ANOVA using a split-plot design (Kirk, 1968). 
Pairwise testing between the treated groups and the control group was performed with 
Tukey HSD test. Statistical differences are indicated by capital letters (A-J) for P ≤ 0.01 
and lower case letters (a-j) for P ≤ 0.05. The height of the bars represents the mean 
value ± standard deviation. 
 
The treatment groups are indicated by letters (doses are given in mg/kg body wt):  
A, control; B, bioallethrin 0.21; C, bioallethrin 0.42; D, bioallethrin 0.71; E, 
deltamethrin 0.71; F, bioallethrin 0.21 and deltamethrin 0.71; G, bioallethrin 0.41 
and deltamethrin 0.71; H, bioallethrin 0.71 and deltamethrin 0.71; I, paraoxon 
0.5; J, bioallethrin 0.71 and paraoxon 0.5. 
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3.2.4. Neonatal exposure to combinations of bioallethrin and 

deltamethrin 

Bioallethrin 0.21 and deltamethrin, 0.71 mg/kg body wt  

Mice given this dose became significantly more active (P ≤ 0.01) in 

all test variables, compared with controls, for the 20-40 min and 40-

60 min test periods when tested at the age of both 2 and 3 months. 

This group showed a significant difference in behaviour compared 

with mice exposed to the single doses of bioallethrin 0.21 and 0.42 

mg/kg body wt but not to the single deltamethrin dose 0.71 mg/kg 

body wt.  

 

Bioallethrin 0.42 and deltamethrin, 0.71 mg/kg body wt  

Mice given this combination dose showed a significantly altered 

behaviour compared with controls, for all test variables when tested 

at the age of both 2 and 3 months.  

2-month-old mice: The locomotion variable showed a significantly 

increased activity (P ≤ 0.01) in the 20-40 and 40-60 min test periods 

than the controls. The rearing variable for this combination was 

significantly lower (P ≤ 0.01) than in the control group, and also for 

the corresponding individual doses of bioallethrin and deltamethrin 

and the combination dose of bioallethrin 0.21 mg/kg body wt with 

deltamethrin 0.71 mg/kg body wt in the 0-20 min test period. In the 

20-40 min test period, activity was significantly reduced (P ≤ 0.01) 

vis-à-vis deltamethrin 0.71 mg/kg body wt but did not differ from 

controls or from bioallethrin treated mice 0.42 mg/kg body wt. The 

total activity variable was significantly higher (P ≤ 0.01) during all 
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test periods than in the controls when the mice were tested at the 

age of 2 months. 

3-month-old mice: Locomotion variable was significantly higher (P ≤ 

0.05) throughout the 60 min test period vis-à-vis the control group, 

vs. the individual bioallethrin dose 0.42 mg/kg body wt, vs. 

deltamethrin 0.71 mg/kg body wt and vs. the combination of 

bioallethrin 0.21 mg/kg body wt with deltamethrin 0.71 mg/kg 

body wt.  

 

Rearing variable was significantly reduced compared with controls 

(P ≤ 0.01), the corresponding individual doses of bioallethrin (0.42 

mg/kg body wt) and of deltamethrin (0.71 mg/kg body wt) and the 

combination dose of bioallethrin 0.21 mg/kg body wt with 

deltamethrin 0.71 mg/kg body wt observed for the 0-20 min test 

period. During the 40-60 min observation, these animals were 

significantly more active than the controls but still significantly less 

than those given the corresponding single doses of bioallethrin and 

deltamethrin and the combination dose of bioallethrin 0.21 mg/kg 

body wt and deltamethrin 0.71 mg/kg body wt (P ≤ 0.01). For the 

total activity variable, the animals were a significantly more active 

than the controls, during both the 20-40 min and the 40-60 min test 

period (P ≤ 0.01).  

 

Bioallethrin 0.71 and deltamethrin 0.71 mg/kg body wt  

Mice given this combination dose showed a significantly altered 

behaviour, compared with the controls.  
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2-month-old mice: Locomotion was significantly increased 

throughout the 60 min test period, compared with the controls (P ≤ 

0.01). Rearing was significantly reduced during the 0-20 min test 

period (P ≤ 0.01) but significantly more marked during the 40-60 

min test period (P ≤ 0.01) than in the controls. Compared with the 

combination dose of bioallethrin (0.21mg/kg body wt) plus 

deltamethrin (0.71 mg/kg body wt), the highest dose of bioallethrin 

(0.71 mg/kg) and the deltamethrin dose (0.71 mg/kg body wt) this 

group were significantly less active in both the 20-40 min period and 

the 40-60 min test period (P ≤ 0.01). For the total activity variable 

mice were significantly more active than the controls and the 

combination dose bioallethrin 0.21 plus deltamethrin 0.71 mg/kg 

body wt for the 20-40 and 40-60 min test periods (P ≤ 0.01). 

3-month-old mice: Locomotion variable was significantly increased in 

all test periods, compared with the control animals (P ≤ 0.01). For 

the 0-20 min period, activity was also higher than following the 

corresponding individual bioallethrin dose (0.71 mg/kg body wt) 

and deltamethrin dose (0.71 mg/kg body wt). Rearing variable was 

significantly reduced compared with the control group and 

following the corresponding single doses of bioallethrin 0.71 mg/kg 

body wt and deltamethrin 0.71 mg/kg body wt and also the 

combination dose of bioallethrin (0.21 mg/kg body wt) plus 

deltamethrin (0.71 mg/kg body wt) for the 0-20 min test period (P ≤ 

0.01). By the 20-40 min test period this treatment group had 

significantly lower rearing values than following the corresponding 

single doses (bioallethrin 0.71 and deltamethrin 0.71 mg/kg body 

wt) and also the combination dose of bioallethrin 0.21 plus 
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deltamethrin 0.71 mg/kg body wt, but did not differ from controls. 

During the 40-60 min test period, mice in this treatment group were 

significantly more active than the controls but still less active than 

after the corresponding individual doses of bioallethrin (0.71 mg/kg 

body wt) and deltamethrin (0.71 mg/kg body wt) and also the 

combination dose bioallethrin (0.21 mg/kg body wt) and 

deltamethrin (0.71 mg/kg body wt) (P ≤ 0.01). Total activity variable 

was significantly increased for the 20-40 and 40-60 min test periods, 

compared with the controls (P ≤ 0.01). During the 40-60 min test 

period, total activity was significantly reduced following this 

combination dose compared with the highest bioallethrin dose (0.71 

mg/kg body wt). 

3.2.5. Neonatal exposure to a combination of bioallethrin and 

paraoxon 

Mice given a combination dose of bioallethrin (0.71 mg/kg body wt) 

plus paraoxon (0.5 mg/kg body wt) showed significantly altered 

behaviour, compared with the controls. The locomotion variable 

showed a significantly greater activity in mice during the 40-60 min 

test period compared with the control animals and animals given 

only paraoxon. Compared with the highest dose of bioallethrin (0.71 

mg/kg body wt) activity was significantly lower. For both rearing 

and total activity variables mice were significantly less active during 

the 0-20 min test period compared to the control animals, and mice 

given the highest dose of bioallethrin (0.71 mg/kg body wt) and the 

individual paraoxon dose (0.5 mg/kg body wt).  
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3.3. EFFECTS ON MUSCARINIC RECEPTORS IN CEREBRAL 

CORTEX 

The densities of muscarinic receptors in the cortex of 3-month-old 

male  

NMRI mice treated with the different doses of bioallethrin, 

deltamethrin and paraoxon, alone or in combination, or the fat 

emulsion vehicle on neonatal day 10 are presented in Table 3. No 

significant differences in receptor density were observed between 

the treatment groups. However, the densities of QNB binding were 

about 40 – 50% of earlier reported densities in adult mice neonatally 

exposed to vehicle. A higher QNB binding rate in adult mice was 

also reported for mice neonatally exposed to the pyrethroids and to 

paraoxon (Ahlbom 1995; Eriksson and Nordberg 1989). 
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Table 3. Effects on density of QNB-binding sites (pmol/g protein), after 
exposure of male NMRI mice on neonatal day 10 to single oral doses of 
bioallethrin, deltamethrin and paraoxon, alone or in combination, or the vehicle 
for treatment groups A-J*.  
 Treatment 

group  
(n) Density 

(pmol/g protein) 
 

 A 20 653.87 ± 68.48 
 B 13 598.56 ± 89.16 
 C 14 654.11 ± 61.54 
 D 12 685.36 ± 71.64 
 E 10 677.05 ± 83.05 
 F 19 651.25 ± 70.00 
 G 16 679.92 ± 42.70 
 H 12 678.39 ± 84.46 
 I 16 686.66 ± 73.64 
 J 13 641.61 ± 49.78 
* A, control; B, bioallethrin 0.21 mg/kg body wt; C, bioallethrin 0.42; D, 
bioallethrin 0.71; E, deltamethrin 0.71; F, bioallethrin 0.21 and deltamethrin 0.71; 
G, bioallethrin 0.41 and deltamethrin 0.71; H, bioallethrin 0.71 and deltamethrin 
0.71; I, paraoxon 0.5; J, bioallethrin 0.71 and paraoxon 0.5 mg/kg body wt.  
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4. DISCUSSION 

Most toxicological studies have been performed in such a way that 

toxicants were tested separately in animals. In today’s environment, 

by contrast, many different substances are present at the same time 

and it is therefore of importance to find out if and how different 

chemicals interact with each other.  

 

The present study shows that male NMRI mice exposed to single 

low oral doses of bioallethrin or deltamethrin, alone or in 

combination, and a combination of bioallethrin with paraoxon 

displayed disturbances in spontaneous behaviour at the age of both 

2 and 3 months. The disturbances showed that bioallethrin and 

deltamethrin can interact to potentiate developmental neurotoxic 

effects. There was also an indication of an interaction between 

bioallethrin and paraoxon. These effects are also time dependent, i.e. 

they become more severe with time, as can be seen when comparing 

the results from spontaneous behaviour in 2-month-old vs. 3-month-

old mice. 

 

Spontaneous behaviour tests measure non-associative learning, i.e. 

habituation. Mice exposed to the 20% fat emulsion vehicle showed 

normal habituation in these tests at the age of both 2 and 3 months. 

Normal habituation is defined here as decreasing activity over time 

for the test variables locomotion, rearing and total activity in 

response to the diminishing novelty of a new environment. In this 

case a test chamber constituted the new environment, in which the 

mice were placed separately for a 60 min period. The normal 
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habituation seen in this study was also observed in several other 

experiments (Ahlbom et al. 1994; Eriksson and Fredriksson 1991; 

Eriksson et al. 1993; Talts et al. 1998).  

 

Neonatal exposure to bioallethrin (0.71 mg/kg body wt) and 

deltamethrin (0.71 mg/kg body wt) separately elicited diminished 

habituation and/or lack of it to the novel environment, resulting in 

hyperactive behaviour at the age of both 2 and 3 months. These 

results are consistent with those of earlier studies (Ahlbom et al. 

1994; Eriksson and Fredriksson 1991; Talts et al. 1998). However, in 

the present study a single oral dose of both bioallethrin and 

deltamethrin sufficed to induce the persistent behavioural defects, 

compared with earlier studies when mice were exposed to repeated 

daily doses for 7 days. This demonstrates a sensitive peak around 

neonatal day 10 for mice. In the earlier studies an effect bioallethrin 

on spontaneous behaviour was seen already at 0.42 mg/kg body wt. 

This difference might be attributable to a time-response effect 

observed in the present study, as the earlier study revealed changes 

in 4-month-old mice.  

 

The present study shows that bioallethrin and deltamethrin, by 

interacting, can cause developmental neurotoxic defects. Mice 

exposed to the combination of bioallethrin 0.71 and deltamethrin 

0.71 mg/kg body wt showed a reduced habituation behaviour or 

lack of it. This was clearly seen in the rearing variable which showed 

a decrease in activity throughout the behavioural test period, 

compared with the corresponding individual doses of bioallethrin 
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(0.71 mg/kg body wt) and deltamethrin (0.71 mg/kg body wt) for 

mice tested at the age of both 2 and 3 months. The rearing variable 

expresses the animals urge to explore its environment and can be 

associated with the learning processes. The interaction of 

bioallethrin with deltamethrin was also seen in the locomotion 

variable, in mice tested at the age of 3 months. Initially the 

spontaneous behaviour test showed significantly greater activity for 

this combination, compared with the corresponding single doses of 

bioallethrin and deltamethrin. This effect also indicates a time 

difference as this behaviour was not evident in animals tested at the 

age of 2 months. A time dependent response was also seen in mice 

exposed to the combination of bioallethrin 0.42 and deltamethrin 

0.71 mg/kg body wt. The greater activity in the locomotion variable 

became more evident at the age of 3 months where it differed 

significantly from more groups than seen in the behavioural test at 

the age of 2 months. The activity expressed in the rearing variable 

with this combination dose was significantly lower than with the 

corresponding individual doses of bioallethrin and deltamethrin.   

 

Mice exposed to the combination of paraoxon (0.5 mg/kg body wt) 

and bioallethrin (0.71 mg/kg body wt) showed disturbed 

habituation. This treatment group was less active than mice given 

the corresponding individual doses of bioallethrin and paraoxon at 

the beginning of the test period for the rearing variable, when tested 

at the age of both 2 and 3 months. A change could be seen toward 

the end of the behavioural test period for the locomotion variable in 

45 



mice tested at the age of both 2 and 3 months, where paraoxon 

appeared to reduce the effectivity of bioallethrin. 

 

Mice exposed to bioallethrin (0.21 and 0.42 mg/kg body wt) or 

paraoxon (0.5 mg/kg body wt) did not differ from the 

vehicle-treated mice in the spontaneous behaviour test, whether 

performed at 2 months or 3 months of age. In earlier studies a 

difference was seen in animals exposed to these concentrations, 

compared with the controls (Ahlbom et al. 1994). In those studies, 

however, the animals were not tested until 4 months old and the 

difference in time for the behaviour testing might explain why 

disturbed behaviour was not evident in this study. Possible receptor 

plasticity in the neonatal brain to maintain homeostasis (Eriksson 

1997; Eriksson and Fredriksson 1991), a plasticity which decreases 

with age, was observed previously following neonatal exposure to 

bioallethrin (Eriksson and Talts 2000). Functional and (probably) 

structural brain plasticity may play a part in an animal’s ability to 

adapt its behaviour to different environmental situations (Cayre et 

al. 2002). 

 

Mice exposed on neonatal day 10 have not passed the critical period 

in brain development and are still sensitive to disturbances of action 

potentials. The expression of transmitters and receptor subtypes is 

essential for the development of synapses and formation of neuronal 

networks. These processes are fundamental for normal behaviour in 

the growing and adult animal. In the absence of neurotransmitters 

and synaptic activity, the synaptic contacts cannot survive, leading 
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to apoptosis of neurons (Herlenius and Lagercrantz 2004). Type I 

pyrethroids, such as bioallethrin, stimulate large depolarizing after 

potentials which produce repetitive firing of nerves. Type II 

pyrethroids, such as deltamethrin, can elicit membrane 

depolarization which leads to conduction block (Cage et al. 1998b).  

Traits such as these can interrupt the normal signalling between 

neurons. The behavioural changes in the adult mice in this study 

may have been the consequence of early interruption of synaptic 

transmission in cholinergic nerve cells.  

 

The receptor analysis did not reveal any significant differences 

between the treatment groups regarding receptor density. An earlier 

study showed that bioallethrin (0.7 mg/kg body wt) and 

deltamethrin (0.7 mg/kg body wt) significantly reduced the number 

of specific 3H-QNB binding sites in cerebral cortex, compared with 

controls (Eriksson and Fredriksson 1991). In that study, mice were 

exposed to a single daily dose for 7 days and not sacrificed until the 

adult age of 4 months, compared with the present study where mice 

were exposed only once, on neonatal day 10 and sacrificed at the 

adult age of 3 months. Earlier studies also showed a change in the 

subpopulations but not in receptor density when assayed in 

neonatal mice. In assays at 4 and 6 months of age MAChR density 

was reduced, but no change in subpopulations was evident. In the 

present study the receptor density in cerebral cortex was much 

lower than in earlier studies; consequently no conclusions can be 

drawn regarding changes in MAChR (see Results). 
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Concluding remarks 

 

The present study was conducted in accordance with the earlier 

used neonatal animal model. This model uses a defined critical 

period during neonatal brain development when the presence of 

environmental toxicants is known to cause persistent neurotoxic 

damage (Ahlbom et al. 1994; Eriksson 1997; Eriksson et al. 2000; 

Eriksson and Nordberg 1989). This study found that, by interactin 

the pyrethroids bioallethrin and deltamethrin exacerbated 

developmental neurotoxic effects. The changes in spontaneous 

behaviour also seemed to become more serious with ageing. 

Furthermore, the study shows that a single exposure is sufficient to 

elicit changes in spontaneous behaviour, whereas in the earlier 

studies mice were exposed repeatedly for 7 days. 
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