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ABSTRACT

In various mammalian species the fetal and/or neonatal period is characterized by a 
rapid development of the brain. Several environmental toxicants have been shown to induce 
permanent disorders of brain functions when administered to neonates during a period of 
rapid brain development. A few of these disorders can’t be observed unless the subject is 
challenged with the substance later in life. It is also known that an altered adult susceptibility 
created at an early stage in life might also be a cause to why different mammals within the 
same species react different to the same chemical.

This present studies were conducted to explore if there are any differences in adult 
behavior in mice neonatally exposed to different doses of ethanol (experiment 1). 
Furthermore, to see if it was possible to induce a different behavioral pattern using an active 
substance from an Alzheimer’s medicine, which is an organophosphate-like substance, in 
mice neonatally treated with ethanol (experiment 2).

In experiment 1, neonatal mice at the age of 3, 10 or 19 days were exposed to ethanol 2 
g/kg bw s.c. twice with 6 hours apart. Spontaneous behavior was observed in 12 and 16 weeks
old mice. The spontaneous behavior revealed a difference between the saline treated and 
ethanol treated mice. A different spontaneous behavior was seen in mice treated neonatally
with ethanol day 3 or 10, but not day 19. The animals showed a lack of habituation and a 
hyperactive condition.

In experiment 2, neonatal mice at the age of 10 days were exposed to ethanol, either 0.6 
g/kg bw or 2 g/kg bw s.c. twice with 6 hours apart. At 12 weeks of age, mice were given 0.8 
mg donepezil/kg bw subcutaneously and the spontaneous behavior was observed directly after 
the injection and 4 weeks later.

In mice neonatally exposed for 2 g ethanol/kg bw in combination with donepezil 
showed a significantly lowered activity compared to the mice treated with the just saline. No 
difference was seen in mice given 0.6 mg ethanol/kg bw.
Furthermore, the altered susceptibility to donepezil was not seen to cause any permanent 
effect in mice, as seen 4 weeks later.

1. AIMS

This project has two aims. The first part of the work was to investigate if there is a 
critical window during the neonatal period when the animal is exposed to ethanol. The second 
part was conducted to investigate if the animals, neonatally treated with different 
concentrations of ethanol, had an altered susceptibility for AChE inhibiting agents, such as 
donepezil, later in adult life.
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2. INTRODUCTION

2.1. Exposure to toxic agents
During our life we are exposed to a large number of different toxic agents. Some of 

them are hazardous for the individual itself and some showed its effect via the mother and 
causes effects from the fertilization to the developing fetus/embryo. Developmental 
neurotoxicology is the study of adverse effects on the development or maturation of the 
nervous system, due to exposures from chemicals during the different developmental phases. 
Some of these exposures may result in alterations in behavior later in life, which may be 
observed spontaneously or remain dormant as an abnormal response to pharmaceutical drugs. 

During recent years a large proportion of birth defects have been observed, both when it 
comes to central nervous system (CNS) defects and low birth weights. It has also been 
reported that there is an increase in children with behavioral disturbances including defects in 
concentration, learning and memory. Furthermore, in the last years there have been reports 
showing clear evidence that a number of environmental chemicals and pharmaceutical agents 
have potential to cause neurological disturbances in animals when exposed during the 
perinatal period [1]. Exposure to alcohol is a risk in fetal and early post-natal life. Knowledge 
has been obtained due to the existence of fetal alcohol syndrome’, including dysmorphic 
features [2]. 

2.2 Brain development during different stages
In most species there are critical periods for normal maturation of the CNS. The 

different areas of the brain have its own critical periods, but the whole maturation can be 
divided into two major parts. The first is the early brain development that creates the general 
adult shape and precursor for glia and the multiplication of neurons. The second period 
include a period of rapid brain growth, known as “the brain growth spurt” [3]. 

2.2.1 Early development
Much of the information on development of the CNS and the different toxic effects 

comes from work on rodents and other laboratory animals. It’s therefore difficult to relate the 
particular periods of human development and compare it to the findings in other species.
Findings in humans are based on appearances of different cell populations and it allows an
estimation of the time of formation. Information about cell migrations is relatively easy to 
compare[1]. The migration in the cerebral cortex is complete at about six months after birth 
for humans and this correlates to around 15-25 days post conception for rats [4]. 

Transmitters seem to have a broader allocation in the fetus than in the adult. 
Consequently, the post-natal period is one in which the development of transmitters and 
receptors will be subject to interference from exogenous agent.

Exposure to xenobiotics during early development can induce injury of the brain at 
doses that will not affect the mature brain [1]. 

2.2.2 The Brain Growth Spurt
The second period of brain development is commonly known as “the brain growth 

spurt” (BGS). This occurs primarily before the body is fully developed. In humans, this period 
begins approximately six months into the pregnancy and continues during the first 2 years of 
life [3]. The first year is critical for synaptogenesis, proliferation, migration and forming of 
receptors, but after two years the growth activity is very low and is almost reduced to nothing
[1]. In mice and rats this period spans over the first 3-4 weeks of life (Figure 1). 
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Figure 1: Rate curves of brain growth in relation to body growth and birth in different species. From Davidson 
and Dobbing, 1968, and Eriksson (unpublished), with permission. Original illustration by Ylva Stenlund.

This characteristic attribute of this period is the rapid growth of the brain and its 
different feature, such as a massive axonal and dendritic outgrowth, synaptogenesis and 
establishment of neuronal connections. This period is also characteristic for the multiplication 
of glia and the myelinization of nerves and a rapid development of the cholinergic transmitter 
system [1, 3, 5]. 

Research has shown that low-dose exposure to different environmental agents during 
this rapidly growing phase might lead to irreversible changes in adult mouse brain functions
[6, 7]. The induction of these disturbances occurs at doses that have no permanent effect when 
administered to the adult animal. The studies indicate that there is a critical period during the 
neonatal development when these irreversible effects are induced [6, 8]. Another observation 
is an increased susceptibility to different toxic agents at adult age in animals exposed during 
neonatal life. This indicates that neonatal exposure to some toxic compounds can enhance 
and/or aggravate reactions of adult exposure to xenobiotics [9]. The immature mammalian 
nervous system is much more susceptible to certain toxic agents than the mature system. In 
the neonate this susceptibility is associated with crucial stages in the synaptic formation and 
selective elimination [1].

In studies done by Olney, J. W. (2002) and Wozniak (2004) they showed that mice 
administered ethanol at postnatal day 7 induces extensive apoptotic neurodegeneration in the 
developing brain, and subsequent spatial learning and memory impairments that are very 
severe later in life.

Neuronal degradation was observed in specific brain regions that comprise the extended 
hippocampal circuit that are believed to be important for spatial learning and memory [10].

2.2.3 Trimming
Not much is known about trimming of the CNS or the mechanisms behind it, 

nevertheless it’s assumed to serve a useful purpose and therefore any interference with this 
process might cause damage to brain functions. It’s thought that trimming eliminates weak 
and insignificant synapses, while preserving the most advantageous ones. The potential for 
injury is enormous because the process of trimming is active so long, like synaptogenesis 
itself [1].
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2.3 Neurochemistry of early brain development
The nervous system of the immature mammal is vulnerable to certain toxic agents, 

including excitotoxins, which overexcites neurons to the point of cell damage and eventually, 
cell death, and other receptor ligands, such as nicotine and ethanol [1, 11].

Studies done recently show that two transmitter systems, glutamate and acetylcholine, 
maturate different in human brain areas and changing the receptor modulation during 
development [12-16]. 

Ethanol has also been shown to affect a variety of different neurotransmitter system. 
These include adenosine, glycine as well as monoamines and neuropeptides [17].

2.3.1 The cholinergic system
In the cholinergic system the nerve signals are transmitted via acetylcholine (ACh). It is 

synthesized in the terminal ending of the nerve fiber through a reaction between acetyl-
coenzyme-A and choline. The whole reaction is catalyzed by cholineacetyltransferase 
(ChAT). The synthesis occurs in the body of the nerve ending and the ACh is then stored in 
vesicles before it’s released into the synaptic cleft, as a response to a nerve signal. In the 
synaptic cleft the ACh binds to post- and presynaptic receptors and the signal is transmitted to 
the next nerve. However, large quantities of ACh are broken down to choline and acetate via
hydrolysis by an enzyme called acetylcholine esterase (AChE). The choline is then returned to 
the presynaps via a sodium-dependent and a sodium-independent system for re-use in the 
synthesis of ACh. The acetate is metabolized in the process [18].

In rats and mice, development of the cholinergic system takes place during the first 3-4 
weeks after birth. This period is also when they acquire many of their motor and sensory 
functions [19].

2.3.2 The glutamatergic system
Glutamate is generally accepted to be the most important neurotransmitter for normal 

brain functions. Almost all excitatory neurons in the central nervous system are glutamatergic. 
Glutamate is an amino acid that can’t cross the blood-brain barrier and therefore it must 

be synthesized in the neuron by a precursor. The most common precursor is glutamine. 
Glutamine is released by glia cells and once it’s been transported into the nerve end body it 
will metabolize to glutamate via the mitochondrial enzyme called glutaminase. Another way 
of synthesize glutamate is by transamination of 2-oxoglutarate, an intermediate in the 
tricarboxylic acid cycle.
The glutamate is released from the synaptic vesicles, which they are stored in, and are taken 
up by glutamate receptors on the postsynaptic terminal. Glutamate is removed from the 
synaptic cleft and glutamate receptors by several high-affinity glutamate transporters that are 
present on both the surface of the glial cell and the presynaptic terminal. This whole event is 
usually referred to as the glutamate-glutamine cycle [20]. 

2.3.3 GABA and glycine
Almost all inhibitory neurons in the CNS use either γ-aminobutyric acid (GABA) or 

glycine as neurotransmitter. It’s shown that GABA inhibits the mammalian neurons to fire 
action potentials. 

The most common precursor for GABA is glucose which is metabolized to glutamate 
by tricarboxylic acid cycle enzymes. The enzyme glutamic acid decarboxylase (GAD) 
catalyzes the conversion of glutamate to GABA.
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The removal of GABA is very similar to glutamate. Almost everything is eventually 
converted to succinate, which is metabolized further in the tricarboxylic acid cycle that 
mediates cellular ATP synthesis[20, 21]. 

The neural amino acid glycine distribution in the CNS is more localized than that of 
GABA. About half of the inhibitory synapses in the spinal cord use glycine. Glycine is 
synthesized from serine. Once it’s released into the synaptic cleft it’s rapidly removed by 
specific membrane transports [20]. 

2.3.4 Monoamine neurotransmitter
There are five classically established amine neurotransmitters, three of them are 

catecholamines and they include dopamine, norepinephrine and epinephrine. The last two are 
histamine and serotonin and they are not part of the catecholamine group. 

All monoamine neurotransmitters contain one amino group that is connected to an 
aromatic ring by a two-carbon chain. They are all derived from aromatic amino acids. 

Dopamine is present in several brain regions, but mostly in corpus striatum, which plays 
an essential role in coordination and body movement. 

Norepinephrine is created from dopamine and the most prominent neuronal class that 
synthesizes it is sympathetic ganglion cells. Norepinephrine plays an important role in the 
visceral motor system. It’s also used by locus coeruleus to induce attention, wakefulness and 
feeding behavior. 

Epinephrine is not present in the same amount as the others and its function as a 
neurotransmitter is still generally unknown, but it seems that it has a role in feeding and 
satiety [20, 22].

Histamine is found in the hypothalamus and its main purpose is arousal and attention. 
It’s similar to the projections caused by ACh and norepinephrine.

Serotonin is located in groups of neurons in the raphe region of the pons and upper 
brainstem and its functions are mainly regulating sleep and wakefulness. 

All of the biogenic amines are implicated in a wide range of behaviors [20].

2.3.5 Peptide neurotransmitter
Many peptides known to be hormones can also act as neurotransmitters and these are 

often co-released with small-molecule neurotransmitters. The biological activity of these 
peptides depends on their amino acid sequence.

Since the group of peptide neurotransmitters is large it’s been loosely grouped into five 
different categories: the brain/gut peptides, opioid peptides, pituitary peptides, hypothalamic 
releasing hormones and a last category containing all the not easily classified peptides. 

One of the most important categories is the opioid family. They are named so because 
they bind to the same post-synaptic receptor as opium. The opioid peptides are widely 
distributed in the brain and are often co-localized with other small-molecule neurotransmitters 
such as GABA and serotonin [20].

The concentrations of different opioid binding sites increase during postnatal 
development and particularly during the first weeks after birth [23]. 
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2.4 Different receptors

Neurotransmitters evoke postsynaptic electrical responses by binding to members of a 
diverse group of proteins called neurotransmitter receptor. These receptors then give a rise in 
electrical signals by opening or closing different ion channels in the pre- or postsynaptic 
membrane. Different actions are determined by the class of ion channel affected by the 
transmitter and by the concentration of permanent ions inside and outside the cell. 

Two major classes of receptors are present: those in which the receptor molecule is also 
an ion channel and those which the receptor and the ion channel are two separate molecules
[20].

The cholinergic receptors can be divided into two different classes: muscarinic and 
nicotinic. They both belong to different gene families, but both are activated by the same 
neurotransmitter, namely acetylcholine [24, 25]. In rodents the ontogenesis of most 
components in the cholinergic system takes place during the first 4 weeks of life. This is also 
the period when they acquire many of their motor and sensory functions [19].

The N-methyl-D-aspartate (NMDA) is a receptor that is both voltage- and ligand-gated 
which is coupled to a cation channel that allows a flux of cations, including Ca2+ [26]. 
Furthermore, Ca2+ entry through NMDA channels seems to be crucially involved in long-term 
potentiation and memory storage. 

In humans the ionotropic NMDA receptor dominate in the immature brain when 
synaptic transmission is weak and extremely plastic. During maturation the AMPA and kainic 
ionotropic receptors dominate and are responsible for most of the fast neuronal traffic in the 
brain [27]. 

2.4.1 Nicotinic receptors
One of the receptors in the cholinergic system is the nicotinic. It was a mystery for a 

very long time, but during the late 20th century a lot of information was acquired. This was 
done using two different snake toxins, Naja siamensis and α-bungarotoxin (αBgtx), which 
bind specifically to nicotinic cholinergic receptors. Monoclonal antibodies and cDNA has also 
helped to gather information about these receptors. 

Seven different functional receptors have been identified and can be categorized as 
CNS, ganglionic, muscular as well as by their pre- or postsynaptic location in the CNS. The 
receptors from muscles and electrical organs contain four different subunits named α, β, γ and 
δ. The organization is two α-subunits and one each of the other three.

The neuronal nicotinic receptor is a bit different to that of the muscle. It consists of only 
two subunits, α and β, and the α-unit occurring in at least nine different forms and the β-unit 
in three. [28, 29]. These different receptor subtypes, which have characteristic 
pharmacological and biophysical properties, have a pentameric structure consisting of the 
homomeric and heteromeric combination of twelve different subunits (α2-α10, β2-β4) [29].

Twelve genes coding for neuronal nicotinic acetylcholine receptors (nAChR) have been 
cloned and they encode for peptides, like all other members of the ligand-gated ion channel 
superfamily. They all have a relatively hydrophilic extracellular amino terminal portion, 
followed by three hydrophobic transmembrane domains, a large intracellular loop, and then a 
fourth hydrophobic transmembrane domain. These genes are highly conserved during 
evolution and the same subunit has more than 80% amino acid identity across vertebrate 
species.

On the basis of the different phylogenetic, functional and pharmacological properties, 
the NAChR subtypes have been divided into two main classes: the αBgtx-nAChRs, which 
may be homomeric (α7-α9 homo-pentamer) or heteromeric (α7, α8, α9 or α10 hetero-
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pentamer), and the nAChRs, which contain the α2-α6 and β2-β4 subunits, and only form 
heteromeric receptors that bind agonists with high affinity. 

When the α7-α9 subunits is expressed alone it produces a homomeric receptor channel 
that’s activated by ACh and blocked by αBgtx with high Ca2+ permeability and a rapid 
desensitization rate. The α7-containing subtypes are responsible for most of the high affinity 
αBgtx binding sites in both CNS and peripheral nervous system (PNS). Reports have shown 
that the α7-containing receptors have been found in many brain regions and especially in the 
hippocampus, where they facilitate a presynaptical release of different neurotransmitters such 
as glutamate or GABA [29-31].

The distribution of nicotinic receptors in the rodent brain has been known for 
sometimes. It seems that the receptor subtype α4β2 are the most diffused one. The α7 subtype 
is most common in hippocampus, hypothalamus, cortex and the motor nucleus of the vagus 
nerve [29]. 

2.4.2 Muscarinic receptors
The second class of ACh receptors is called muscarine. The name is derived from a 

poisonous mushroom alkaloid. Muscarinic acetylcholine (mACh) receptors are metabotropic 
and mediate most of the effects of ACh in the brain. Since it’s a metabotropic receptor it do 
not form an ion channel pore, rather they are indirectly linked with ion channels on the plasma 
membrane of the cell through a signal transduction mechanism. Muscarinic ACh receptors are 
highly expressed in the striatum and other forebrain regions. They here exert inhibitory 
control on different dopamine-mediated motor effects. A second function for the receptor is to 
mediate peripheral cholinergic responses on autonomic organs, such as the heart, smooth-
muscle and exocrine glands (sweat-, salivary- and mammary glands) [20].

Some studies suggest to that both muscarinic and nicotinic receptors are responsible for 
memory learning and spontaneous behavior effects [32].

Maturation of mAChR in mouse cerebral cortex occurs late in cortical development. A 
low density of receptors, however, is present in cortex before the appearance of any other 
cholinergic markers [33]. 

2.4.3 Glutamate receptors (NMDA, AMPA and kainate)
There are several types of glutamate receptors. Three of these are ligand-gated ion 

channels called NMDA receptor and α-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate 
(AMPA) receptor and kainate receptor. They are named after their respective agonist. The 
receptors are formed by association of several protein subunits that can be combined in many 
different ways to produce a large number of receptor isoforms [20]. 

The NMDA receptor allow the entry of Ca2+ ions which can result in a postsynaptic 
increase which may later act as a second messenger to activate intracellular signaling 
cascades. The co-agonist glycine is also required to open the channel and the Mg2+blocks the 
channels when hyperpolarized. To this date five forms of NMDA receptor subunits have been 
identified and all mediate different postsynaptic responses [20, 34].

The AMPA receptor mediates most of the fast excitatory synaptic transmission and it’s 
been suggested that it plays an important role in synaptic plasticity. The kainate receptor 
contribute to the postsynaptic responses at excitatory synapses and can also modulate 
presynaptic neurotransmitter release [35].

2.4.4. GABA and glycine receptors
Inhibitory synapses employing GABA as their transmitter utilize three types of 

receptors, GABAA, GABAB and GABAC. The A and C receptor are ligand-gated ion 
channels, while B is metabotropic. The ionotropic GABA receptors are usually inhibitory 
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because their channels are permeable to Cl-, which will put the synapse under the neuronal 
firing threshold [20].

Like the other ionotropic receptors the structure is pentameric and consists of five 
different types of subunits ( α, β, γ, δ and ρ). The glycine receptor is also ligand-gated Cl-

channels and the general structure is a mirror of the GABAA receptors. A lot of drugs of 
clinical importance, different barbiturates, benzodiazepines, steroids but also alcohol) bind 
specifically to ionotropic GABA receptors and alter the activity of GABA-mediated inhibitory 
system [20, 27].

Metabotorphic GABA receptors, such as GABAB, are widely distributed in the brain 
and they also have an inhibitory function. The distinct mechanism is different to the
ionotrophic. Instead of activating CL- selective channels, the inhibition is due to activation of 
K+ channels and the blocking of Ca2+ channels [20, 36]. This tends to hypopolarize the 
postsynaptic cells instead of hyperpolarize it [20]. 

2.5 Toxic agents

2.5.1 Ethanol
The importance of ethanol as a pharmaceutical drug is limited to its disinfectant and 

antiseptic properties. Ethanol is also the cause for one of our times biggest social problems
[37].

While alcohol is known to bring about many adverse effects, some patterns of intake 
have been observed to improve health. It’s well known that a moderate intake of alcohol 
protects from coronary heart disease, but it seems that it also increases protection from some 
infectious diseases and to help avoid obesity [38].

Ethanol is easily solved in water and other organic solvents, but it’s solubility in lipids 
are relatively low. However, it’s absorbed very efficiently in the gut via diffusion and is 
distributed in the organism. Since it’s a small molecule it can easily pass through biological 
membranes and it’s found both in CNS and in mother’s milk. It’s also been shown that milk 
production is decreased in dams after alcohol was administered [37, 39]. 

It’s been shown that low doses of ethanol affects the behavior and very high acts as 
depressants. The effect is reminiscent of anesthetics. The acute oral LD50 for ethanol in mice 
are 8300 mg/kg bw [40].

Ethanol is eliminated up to 98% by metabolism, but some are also excreted through 
urine and exhalation. In the liver ethanol is oxidized to acetaldehyde and the whole reaction is
catalyzed by alcohol dehydrogenases (ADH). Acetaldehyde isn’t stored, but is metabolized 
further to acetate with help by aldehyde dehydrogenases (ALDH). 

Small amounts of ethanol seem to stimulate psychic functions while larger amounts tend
to work in a depressant way. The way it works is reminiscent of anesthetics or local anesthetic
and is probably due to membrane destabilization of some sort [37]. It’s been said that ethanol 
has both NMDA antagonistic and GABAmimetic properties that triggers widespread 
neurodegeneration in the developing brain of rat, mouse and guinea pig [5]. 

2.5.2 Donepezil
Donepezil hydrochloride, often just called Donepezil is a reversible inhibitor of 

acetylcholine esterase. It’s a organophosphate-like substance and its main function is the 
prevention of hydrolysis of acetylcholine through the inhibition of acetylcholine esterase 
(AChE) [41]. It’s been proved that 10 mg of donepezil given once a day is an effective 
symptomatic treatment for Alzheimer’s disease (AD) in the long term. The effect decreases 
with time, but still after three years the effect can be detected in Alzheimer’s disease
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Assessment Scale-cognitive subscale (ADAS-cog) and Clinical Dementia Rating-Sum of the 
Boxes scale (CDR-SB). Donepezil is also used as the active substance in widely used AD 
medicine Aricept® [42].

The function of an organophosphate can be found in Ecobichon (2001). Acetylcholine 
esterase has an active site with a serine hydroxyl group that reacts with an organophosphate 
and replaces one of the side chains. Without intervention, this inhibition persists until enough 
quantities of new AChE have been synthesized.

Different studies In vitro have shown that the P450 isoenzymes 3A4 and 2D6 are 
responsible for the metabolism of donepezil. The effect of the AChE inhibitor can be affected 
by intake of other substances, such as ketokonazol and kinidin. They are inhibitors of P450 
enzymes and may therefore slow down the metabolism of Donepezil. When ketokonazol is 
administered the concentration of donepezil can be as high as 30% more compared to normal.
Other substances that can reduce the level of donepezil are rifampicin, fenytoin, 
karnamezepin and alcohol because they have enzymatic inducing effects [43]. 

2.5.2.1 Pharmacokinetics
The plasma concentration and area under curve rise in proportion to the dose and the 

maximum concentration is reached three to four hours after oral administration. The terminal 
half-life for elimination is approximately 70 hours which means that daily dosage for about 
three weeks will lead to a steady-state. When steady-state occurred the AChE inhibition for 
the different therapeutic dose is 63.6% and 77.3% respectively.

Donepezil is to 95% bound to plasma proteins. In one study with 14C-labelled donepezil 
approximately 28% wasn’t found in the body after 240 hours, which suggests that traces of 
metabolites can stay in the body for over 10 days.

According to FASS 2007, donepezil as molecule is mostly secreted via the urine. 
Experiments with 14C have shown that that 57% is secreted via urine followed by a 14.5% via 
feces. A 17% of unmetabolized donepezil was also seen excreted via the urine. This suggests 
that secretion via the urine and biotransformation are the two major ways of elimination [43].

2.5.2.2 Aricept®
Donezepil, marketed under the name Aricept®, is a centrally acting reversible acetyl 

cholinesterase inhibitor. The main therapeutic use is in treatment of Alzheimer’s disease 
where it’s used to increase the amount of cortical acetylcholine. Its oral bioavailability is 
almost 100% and it can easily cross the blood-brain barrier. It was approved for treatment of 
moderate to severe Alzheimer’s in 2006.

The medicine comes in two strengths, 5mg and 10mg, as pills. It also comes in two 
different forms, as tablets and orally disintegrating tablets (ODT’s) [44]. The normal dosage 
for Alzheimer’s patients is one tablet of Aricept once a day [43].

3. MATERIAL AND METHODS

3.1. Chemicals
99.5% ethanol was used. Donepezil hydrochloride was obtained from TRC, Toronto, 

Canada and the NaCl that was used in all the experiments were obtained by Apoteket 
Linnéan, Uppsala, Sweden.
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3.2. Animals

Pregnant NMRI mice were obtained from B&K, Sollentuna, Sweden. At a maximum of 
48 hours after they had given birth, each litter were adjusted so that they contained 8-14 pups 
together with the dam. They were kept in a plastic cage in a room with a consistent 
temperature of 22oC and a 12 h light /12 h dark cycle.

In experiment 1, male NMRI mice at the age of 3, 10 and 19 days received 2 injections 
of ethanol, 2 g/kg body weight, subcutaneously (s.c.), with six hours in between the 
injections. The injected ethanol had a pH of 7.0. The animals’ were observed for toxic 
symptoms 30 minutes after administration and any irregularities were noted.

In experiment 2, male NMRI mice at the age of 10 days received ethanol in one of the 
following amounts: 0.6 g/kg or 2 g/kg body weight, s.c, twice in one day with six hours in 
between. At the age of 8 weeks the male mice received 0.8 mg/kg bw of donepezil 
hydrochloride every second day for eight consecutive days.

In both experiments the control animals received 10 ml/kg body weight, s.c. of 0.9% 
NaCl vehicle in the same manner as the ethanol and donepezil exposed mice.

At the age of 4 weeks the pups were weaned and the males were placed and raised in 
groups of 4-7 siblings in one cage. The littermates were randomized into control and different 
treatment groups. They were placed in a room for male mice only and were supplied with 
standardized pellet food and tap water ad libitum.

3.4 Behavioral test

3.4.1 Spontaneous behavior
Spontaneous behavior was tested on male NMRI mice when they reached an age of 8

weeks as described by Eriksson et al, 1990. The animals were tested only once at each test 
occasions and the tests were conducted between 8 a.m. and 12 p.m. under the same light and 
temperature condition as the housing.

Motor activity was measured for three consecutive  20 minute periods in an automated 
device consisting of cages (40 x 25 x 15 cm) placed within two series of infrared beams 
mounted at a low and high level (Rat-O-Matic, ADEA Elektronik AB, Uppsala, Sweden)[45].
This equipment measures three different types of variables; locomotion, rearing and total 
activity.

Locomotion is registered when the mouse moves horizontally through the low-level grid 
of infrared beams. 

Rearing is measured when the mouse moves vertically through the high-level grid. It’s 
registered at a rate of four counts per second, whenever and as long as a beam is interrupted. 
This means that the number of counts is proportional to the time spent rearing up.

Total activity is registers all types of vibrations within the cage, i.e. those caused by 
movements, shaking (tremors) and grooming. This is done using a pick-up that was mounted 
on a lever connected to a counter-weight which was in contact with the cage. This variable 
was not shown in this thesis.
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3.4.3 Swim maze

The behavioral test was performed on mice at an age of 16 weeks. A total of 45 mice, 
randomly selected, divided into three treatment groups of 15 animals were used. The animals 
were chosen from four different litters.

The swim maze was of the Morris water maze type [47]. It was a grey circular tube, 73 
cm in diameter, 35 cm deep and it was filled with 22 ± 1°C water to a depth of a 15 cm from 
the top edge. The circular area was then divided into 4 quadrants of equal size and in the 
center of one quadrant, numbered 1, a platform was submerged so that the platform was 1 cm 
below the surface. The platform itself was a black metal mesh and had a diameter of 12 cm.

The mouse ability to locate the submerged platform was observed for five days and 
every day each separate animal was given five trials. The time of the trial was exactly the 
same every day for each mouse. 

Before the first trial each day the mouse was placed on the platform for 30 seconds. It 
was then placed in the quadrant, numbered 3, that was furthest away from the platform facing 
the wall of the tube. It then had 30 seconds to locate the platform. If the mouse failed to locate 
the platform it was placed upon it for 30 seconds before the next trial started. The mice 
received the same treatment of five trials for four consecutive days. On the fifth day the 
platform was moved and was located in quadrant 4. This was done to as a reversal trial, 
otherwise the experimental procedure was the same.

Latency to locate the platform consisted in the total search time of the five trials, 
maximum 150 seconds for each day. Trials 1-20 (days 1-4) measure the mouse spatial 
learning ability and the trials 21-25 (day 5) its relearning ability. 

3.5 Statistical analysis
Spontaneous behavior: The data was analyzed using a split-plot ANOVA (analysis of 

variance) and pair-wise testing between treated groups and their corresponding control groups 
was performed with Turkey HSD (honestly significant difference) test [48]. 

3.3 Pre-experiment, establishing AChE inhibition of Donepezil
To determine what dose that gives the wanted inhibition of AChE, experiment was

carried out. Untreated female NMRI mice at the age of 16 weeks were given an s.c. dose of 
donepezil with saline as vehicle or only saline as control. After 30 minutes the mice were 
euthanized by cervical dislocation and the brain was dissected out. Everything except the 
medulla oblongata was removed and the brain was put in ice cold pH8 K+ - buffer. The levels 
of AChE inhibition were determined as described by Ellman, Courtney et al (1961). Every 
group consisted of 6 animals.
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4. RESULTS

4.1 Experiment 1

4.1.1 Effects of neonatal exposure to 2 g ethanol/kg bw at postnatal day 3, 10 
or 19 on spontaneous behavior in adult mice

The mice showed symptoms of intoxication directly after administration in all the three 
ages that were investigated.

The results from spontaneous behavior in mice treated with 2 g ethanol/kg bw at 
postnatal day 3, 10 or 19 s.c. or to 10 ml 0.9% NaCl/kg bw s.c. as control are shown in figure 
2 and 2. During 60 minutes the mice were observed for spontaneous motor activity, such as 
locomotion and rearing. In the saline-treated mice the activity was observed to decrease over
the three different periods (0-20 min, 20-40 min, 40-60 min), as a response to the diminished 
novelty of the test chambers. For the saline-treated and ethanol-treated mice there was a 
difference in spontaneous motor behavior over time. There was a significant group x period 
interaction for locomotion [F10,108 = 77.64] and rearing [F10,108 = 71.69] variables.

The pairwise testing between the ethanol- and saline-treated mice showed a significance 
decrease in activity during the first 20 minute period and a significantly increase in activity 
during the last 20 minute period for the ethanol-treated animals that was administered their 
dose at postnatal day 3 or 10. The mice that was given ethanol on postnatal day 19 did not 
show any significant difference compared to the saline-treated animals
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Figure 2: Spontaneous behavior for experiment 1. Locomotion and rearing variables in 12 week old male mice 
after neonatal exposure to 2 g ethanol/kg bw s.c or to 10 ml 0.9% NaCl/kg bw s.c as control, twice at either 
postnatal day 3, 10 or 19. For statistical evaluation, an ANOVA with split-plot design was used. Pairwise 
testing between ethanol- and saline-injected mice was performed with Turkey HSD test. A = significantly 
different from the control and B = significantly different from previous treatment. Significance level: p ≤ 0.01. 
The height of the bar represent the mean value ± SD.
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4.2 Experiment 2

4.2.1 Effects of donepezil in adult mice neonatally exposed, on postnatal day 
10, to ethanol

The results from spontaneous behavior variables in 12-week-old male mice after 
exposure to either 0.6 or 2 g ethanol/kg bw s.c. twice for one day or to 10 ml 0.9% NaCl/kg 
bw s.c. as control at postnatal day 10. This is shown in figure 3A and 3B. During the first 60 
minutes the mice were observed for different spontaneous activity (figure 3).

In the saline-treated mice a decrease in activity was observed over time which is a 
response to the diminished novelty of the test chambers. This was also true for the mice that 
received the lower dose of 0.6 g ethanol/kg bw.

There was a significant group x period interaction for locomotion [F4,144 = 191.99] and 
rearing [F4,144 = 135.67] variables. The pairwise testing between the different ethanol- and 
saline-treated mice showed a significantly difference between the high dose (2 g/kg bw) and 
the saline-treated animals.

The response to donepezil in mice treated neonatally with saline or ethanol are shown in 
figure 4. After the first 60 minutes the mice were given a single injection of 0.8 mg 
donepezil/kg bw s.c. or 10 ml 0.9% NaCl/kg bw s.c., and was observed for another 60 minute 
period (figure 4). There was a significant group x period interactions for locomotion [F10,108 = 
21.86] and rearing [F10,108 = 53,33] variables. The pairwise testing between the ethanol- and 
saline-treated mice received donepezil showed a significant difference for the higher dose (2 g 
ethanol/kg bw. It was a significantly decreased activity for the mice that received the 
donepezil. In mice that was neonatally exposed to 2 g ethanol/kg bw, an expected hypoactive 
condition was observed in both locomotion and rearing during the whole 60 minutes.

Six weeks after the donepezil was injected another spontaneous behavioral test was 
performed and is show in figure 5. There was a significant group x period interaction for both 
the locomotion [F10,108 = 97,37] and rearing [F10,108 = 133.82] variables. The pairwise testing 
between the different treated mice showed a significant difference for the animals that 
received the neonatal exposure to the higher dose of ethanol (2 g/kg bw). There was no 
significant difference between the animals that previously received donepezil and the saline 
treated ones (figure 5). 
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Figure 3: Spontaneous behavior for experiment 2. Locomotion and rearing variables in 12 week old male mice 
after neonatal exposure to either 2 or 0.6 g ethanol/kg bw s.c or to 10 ml 0.9% NaCl/kg bw s.c as control, twice 
at postnatal day 10. For statistical evaluation, an ANOVA with split-plot design was used. Pairwise testing 
between ethanol- and saline-injected mice was performed with Turkey HSD test. A = significantly different 
from the control and B = significantly different from previous treatment. Significance level: p ≤ 0.01. The 
height of the bar represent the mean value ± SD.
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Figure 4:Donepezil-induced behavior. Locomotion and rearing variables in 12 week old male mice after 
neonatal exposure to either 2 or 0.6 g ethanol/kg bw s.c or to 10 ml 0.9% NaCl/kg bw s.c as control, twice at 
postnatal day 10. At week 12 the mice were challenged with either saline or 0.8 mg donepezil/kg bw. For 
statistical evaluation, an ANOVA with split-plot design was used. Pairwise testing between ethanol- and saline-
injected mice was performed with Turkey HSD test. A = significantly different from the control and B = 
significantly different from previous treatment. Significance level: Capital letters refers to; p ≤ 0.01 and small 
letters refers to p ≤ 0.05). The height of the bar represent the mean value ± SD.
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Figure 5: Spontaneous behavior and donepezil-induced behavior for experiment 2. Locomotion and rearing 
variables in 16 week old male mice after neonatal exposure to either 2 or 0.6 g ethanol/kg bw s.c or to 10 ml 
0.9% NaCl/kg bw s.c as control, twice at postnatal day 10. At week 12 the mice were challenged with either 
saline or 0.8 mg donepezil/kg bw. For statistical evaluation, an ANOVA with split-plot design was used. 
Pairwise testing between ethanol- and saline-injected mice was performed with Turkey HSD test. Significance 
level: p ≤ 0.01. The height of the bar represent the mean value ± SD.
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4.2.2 Effects of neonatal ethanol exposure on performance in Swim maze
Swim maze performance of 16 weeks old male mice, neonatally exposed to 2 g 

ethanol/kg bw s.c twice for one day or 10 ml 0.9% NaCl/kg bw and later exposed as adults for 
either NaCl, as control, or 0,8 mg donepezil/kg bw, as illustrated in figure 6. All mice showed 
an improved ability to locate the platform during the acquisition period from day 1 to day 4.
On day 5, when the platform was relocated to measure the relearning, there was no obvious 
change in latency when the first the first trial on day 5 was compared to the last trial on day 4. 
The normal behavior when the mice relearn is that the latency is prolonged because it 
searches the area where the previous platform was located [49]. However, the controls in this 
setup did not show a normal learning behavior as their latency to find the platform didn’t 
decrease as rapidly as it should. This data should not be used due to a few complications. A 
normal mouse will lower its latency to find the platform to only a few seconds in two days 
[49], but this did not occur for us. Since we can’t trust the control animals we can’t speculate 
about the latency for the donepezil or neonatally ethanol exposed animals.

Figure 6: Swim maze performance of 16 weeks old male mice, neonatally exposed to 2 g ethanol/kg bw s.c 
twice for one day or 10 ml 0.9% NaCl/kg bw and later challenged with either NaCl, as control, or 0,8 mg 
donepezil/kg bw.

4.2.3 Level of acetyl cholinesterase inhibition after exposure to a single dose 
of donepezil

The results from the acetyl cholinesterase inhibition test are shown in figure 7, the dose 
of 0.8 mg donepezil/kg bw is equivalent to almost a 45% inhibition of acetylcholine esterase
in the, previously untreated mice, compared to ones treated only with saline. The lower dose, 
0.4 mg donepezil/kg bw, showed a 2% inhibition of the amount acetylcholine esterase
compared to the saline treated ones. The mice were euthanized 30 minutes after injection.



21

Figure 7: Inhibition levels of acetylcholine esterase in mice treated with either two different concentration of 
donepezil (0.4 mg/kg bw or 0.8 mg/kg bw) or saline. The height of the bar represent the mean value ± SD.

5. DISCUSSION

In the present study the critical period for the development of the neurotoxic effects of 
ethanol exposure was investigated. It’s become evident that when mice is exposed to a single 
injection of 2 g etanol/kg bw, twice one day at postnatal day 3 or 10, have a different 
habituation pattern compared to the naive mice, when they are tested for spontaneous 
behavior 12 or 16 weeks later. The mice showed both a lack of habituation as well as 
hyperactive condition in adult life.

The consequence of exposure to ethanol on either postnatal day 3, 10 or 19.
In the study where the mice were injected with ethanol on either postnatal day 3, 10 or 

19, both a hypoactive and a hyperactive behavior were observed. The mice treated on 
postnatal day 19 did neither diverge from its control in the whole experiment. The behavior of 
normal mice is that it habituates over time and therefore the animals’ locomotion and rearing, 
is lowered. This can clearly be seen in the controls. This was however not the case of the mice 
treated on postnatal day 3 or 10. Both these animal groups showed a significantly difference 
from their controls respectively. The mice showed a hypoactive tendency during the first 20 
minute period and then its activity was increased over time during the whole experiment to a 
more hyperactive state the last 20 min period. There was a pronounced difference in both 
locomotion and rearing activity during the last 20 minute period between these two groups.

In mice administered with NaCl 0,9%/kg bw, 0.6 g/kg or 2 g/kg bw ethanol on postnatal 
day 10. There was a clear difference in the mice that received the higher ethanol dose 
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compared to the control. The mice displayed a hypoactive behavior that changes to a 
hyperactive state over time. This is the opposite behavior of normal mice. The lower dose of 
ethanol had no sign of effect, which suggests that, the effect of ethanol is dose-response 
related.

Taken together, these data suggests a critical window for ethanol exposure during day 3 
and day 10, but not as far as day 19 after birth when dose related effects of ethanol can be 
induced. This period has been identified by Eriksson et al. as a critical growth period for the 
cholinergic system. Similar results have been shown in works by Eriksson et al. (1992, 1997 
and 2000) as well as in works by Olney (2002) and Wozniak (2004) where they show similar 
results in rats exposed at postnatal day 7.

Acute effect and response of donepezil in adult mice neonatally exposed to ethanol
In experiment 2 adult mice were challenged with 0.8 mg/kg bw donepezil as adult after 

neonatally exposed to either saline or 0.6 or 2 g ethanol/kg bw on postnatal day 10. The mice 
behavior for the first 60 minutes is presented earlier in the report. The second 60 minute 
interval starts when the mice received the injection of donepezil. There is no statistical 
difference between the once that received the NaCl or donepezil. There is also no difference 
between the animals that neonatally received NaCl or 0.6 g ethanol/kg bw and later received 
donepezil. There is however a significant difference between the animals that neonatally 
received the high dose of ethanol (2 g/kg bw) and later challenged with donepezil. As 
observed in animals receiving 2 g ethanol/kg bw and later donepezil were significantly less 
hyperactive than the once that received NaCl. This can be seen in both the locomotion and 
rearing variable. The explanation for this is most probably the ethanol affecting the 
cholinergic system and that donepezil is a reversible inhibitor of acetylcholine esterase and 
it’s an organophosphate-like substance and its main function is the prevention of hydrolysis of 
acetylcholine through the inhibition of acetylcholine esterase. By inhibit the acetylcholine 
esterase it increases the amount of acetylcholine in the brain and that lowers the hyperactive
behavior.

The results suggest that ethanol alters the susceptibility of donepezil. This has been seen 
for other agents affecting AChE activity [7, 50]. 

The consequence of repeated exposure to donepezil
The second part of experiment 2 was to investigate what the consequence were when 

the animals received a repeated dose of donepezil. This is true for both the locomotion and the 
rearing variable. The animals that received 2 g ethanol/kg bw behaved as they did on previous 
tests, first with hypoactivity and then hyperactivity. The same similarity applied to the 
animals that received NaCl or 0.6 g ethanol/kg bw neonatally, but they habituated normally. 

One effect that was observed during the repeated dosing of donepezil was the tendency 
to become inactive after the donepezil was administered. During the four occasions the 
activity in the mice were visibly lowered and their activity decreased and were more 
pronounced by day.

This effect might be persistent if the animal should be treated more often and during a 
longer period of time since a steady-state hasn’t been reached. It’s known in humans that the 
terminal half-life for elimination is approximately 70 hours which means that daily dosage for 
about three weeks will lead to a steady-state. When steady-state occurred the AChE inhibition 
for the different therapeutic doses is 63.6% and 77.3% respectively.
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The inhibition level of acetyl cholinesterase of donepezil.
In our study, two different concentrations of 0.4 and 0.8 mg donepezil/kg bw was used. 

The lower concentration gave a 2% inhibition of total acetylcholine and the high 
concentration gave a 45% inhibition. This was to be expected from a single injection, but as 
described one need to administer the donepezil several times to reach a steady state of 60-80% 
acetyl cholinesterase inhibition. However, this gave us a clue to what concentration to use in 
our donepezil-inducing experiments. Whether persistent effects can occur after neonatal 
exposure to ethanol and adult exposure to the AChE inhibitor donepezil, as seen in agents 
affecting the cholinergic system might be due to differences in degree of AChE inhibition and 
for how long the decrease of AChE is present

Summary and thoughts on how to continue with this study
In the recent experiments using mice I found that there is a defined period during 

development of the neonatal brain when a single dose of ethanol, given twice with 6 hours 
apart, can induce permanent changes in behavior at adult age. This period has been identified 
by Eriksson et al. and Olney as a critical period for the development of the cholinergic 
system. It is also a period where the mice acquire their motor and sensory functions as well as 
memory and learning. The effects were seen in mice that had been exposed to 2 g ethanol/kg 
bw on either postnatal day 3 or 10 and was first a hypoactive and later a hyperactive behavior.
When the mice were challenged with donepezil 12 weeks after birth it showed an acute effect 
with lowered hyperactivity. This only occurred in mice neonatally treated with 2 g ethanol/kg 
bw. The effect was no longer present 16 weeks after birth.

It is important to note that the selected administration period in the animal takes place 
during a phase of the “brain growth spurt”, a period which in humans starts during the third 
trimester and continues several months after birth. 

To continue with this study one should aim to discover how the receptors and what type
were changed as well as analyzing the ethanol metabolism in neonatal mice. In my opinion, 
further studies should be done.
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