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Abstract
Alcohol is the most widely used and abused psychoactive drug globally. Ethanol is the
main ingredient n the three classes of alcoholic beverages. Children of alcoholic
pregnant women are prone to wide spectrum of disorder referred to as Foetal Alcoholic
Spectrum Disorder (FASD). The present study aimed at evaluating the teratologic
effects of ethanol on éhhistology neurobehaviour and trace elemesitserebellar and
cerebral cortices of the neonatal Wistar ratseiiity eight (28female Wistar ratsvere
mated with matured males in ratio 2:1. Pregnantdamre then grouped into Group
A served as the control group that received distilled w&eoups B, C and D were
administered 0.5ml 20% ethaniokr 7, 14 and 20 dayduring pregnancyespectively.
Groups E, F and G were givel5ml 30% ethanol in the above stated manner.
Following parturition,morphometric indices of the litters were taken at birth. Neuro
behavioural assessmemtgere done on postnatal days 5, 6 andCeérebral and
Cerebellar tissues were obtained qmndcessed for paraffin embeddifay histological
evaluation ging Haematoxylinand Eosin and histochemical study usin@resyl Fast
Violet Stains. Atomic Absorption Spectrophotometry was used to qudnify Zinc,
Copperand Manganesén the cerebrum and cerebelluifhe result showed effects on
the weight and crownump length of the pupBy exhibiting lowerweight and crown
rump lengthvalues inthe ethanol treated neonatéstrauterine ethanol exposure was
shown to affect the development of vestibular and postural reflexes, sensory and motor
coordinationwith sign i f i ¢ a n ¢ dlist@ogicalpevaluatiOnSof the cerebral cortex
revealed histopathologicglresentations such as pykngskaryorhexis, clumping of
cells and neural degeneratioHistology of the cerebellar cortex showed degeneration
and disorientatiorof purkinje cells Histochemical evaluation of the cerebral cortex

showed degradation of niss| sidnce Moreover, the histochemistry of the cerebellar

XV



cortex demonstrated chromatolysis of the purkinje déils.concentration ofron in
cerebrum was depleted when compared whid tontrol, there waso statistical
significanceat P 0.05 while the amount ofron in the cerebellum was significantly
elevatedin the treated groups® © 0 . 0 1 ,. The antbunOo@dpperin the cerebrum

was also depleted while significantly elevated in the cerebelu® * O..TOe )
concentration oManganesen the cerebrum and the cerebellum was elevated in some
of the treated groups and depleted in some of the treated groups ,ahevelwas no
statistia | s i gni f i cTaenameunt afinc ifPtheCerdbrbim was depleted with
high statistical Si gni f-treatedrgowps whéh c@mpdredl 1 )
with the control group. On the other hand, the concentratidinafin the cerebellum

was also depleted but there was no statistical significanee 0. THe 5indings from

this study revealed that, intrauterine ethanol exposure has potency of inducing
teratogenicity on themorphometry, neurdehaviour,histology, and alters the trace
element concentrations in the brain of the neonates irrespective of the trimester

equivalence.
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CHAPTER ONE
1.0 Introduction
1.1 Background
Alcohol is the most widely used and abused psychoactive drug in many regions of
Nigeria (WHO, 2004). Common slangs dsaclude booze, bubbly, firewater, joy juice,
sauce, liquid courage, and many others (NIAAZA®). Legal for hose aged 18years
and aboven Nigeria (WHO, 201%and the National legal Blood Alcohol Concentration
(BAC) while driving is 0.05% (WHO, 2014 While there are many types of alcohol
which is (an entire class of chemicals), the type that is found in drinks and medicines is
known as Oet hyl alcohol 6 or oO0ethanol. 6 A
are found in grapes, potatoes, or corm iethanoli the alcohol found in beer, malt
liquor, wine, liquors such as vodka and whiskey, wine coolers, and fgjlika Irish
cream (NIAAA, 2000. One of the ways ethanol is thought to effect its toxicity is by the
inhibition of folic acid uptake byhe intestinal bacteria, and its metabolism in the liver.
Folic acid is a welknown essential cfactor in the synthesis of purine and pyrimidine
components of DNA and RNA, which are important in the formation of protein for
normal development, growth, anepair of tissues (Adebisi, 2003a). Ethanol is the main
ingredient in the three classes of alcoholic beverages: distilled spirit, wine and beer.
Other forms such as methanol have immediate toxic effects that make them unsuitable

for drinking (Adebisi, 208).

The ethanol concentration for common types of alcoholic drinks is as follows:
Beer: 46%, Malt liquor: 58%, Wine: 715%, Wine coolers: 40%, Champagne:-8
14%, Hard liquor (Distilled spirits vodka, rum, whiskey, etc.): 486%, and Grain

Alcohol: 9597.5%. (NIAAA, 2000). A standard drink (wine and champagne) contains



18 grams of pre ethanol approximately the amount found in; Beer 12 Oz. (1 Can or

Bottle), Wine 5 Oz. (1 Glass), Hard Liqubis Oz. (1 Shot) (NIAAA, 2014

Alcohol is widely recognized as a neuroteratogétlan and Abdulhamid, 2013;
Moutard et al, 2012; Ohrtman,2006; Maier and West, 2003; Sandra and Michael,
2003; andThomaset al, 1998). Some women who drink heavily during pregnancy may
have their children affected with alcoh@lated deficits, such as neuroanatomical
malformations Alex and Feldmann, 201Zlarrenet al, 1978, cognitive dysfunction
(Coleset al, 1991), or other behavioral disordefBhé&nabhorn, 2006Coles et al,
1985; Ernharet al, 1985). Other reported observations include absence of skull vault,
underossification and asymmetry of theonstituent skull bones resulting in severe

reduction of the cranial volume in rats (Adebisi, 2002a; Adebisi 2002b).

Foetalalcohol syndrome (FAS) results from maternal consumption of alcohol during
pregnancy and represents the extreme end of a continfidoetal alcohol spectrum
disorders (FASD). A diagnosis of FAS is made on the basis of three defining
characteristics: central nervous system (CNS) damage or dysfunctioandrer post

natal growth retardation with height or weight at/or below theh J#rcentile, and
distinct dysmorphic facial anomalies including a smooth philtrum, thin upper lip and
small palpebral fissures (Jones and Smith, 1973). Growth impairment either antenatal,
postnatal or both is a feature of FAS and a common finding in thikeffiect called
foetalalcoholic effects (FAE). Severe growth retarded children do not show significant

accelerated growth following rehabilitation (Adebisi, 2002a; Adebisi 2002b).



The most severe end of the spectrurfoetal alcohol syndrome (FAS)Warrenet al.,

2001; Warren and Bast, 1988pel, 1984; Streissgutbt al, 1980, for which facial
abnormalities, growth deficits and central nervous system (CNS) abnormalities are the
defining diagnostic features. Despite efforts to educate the publiad &#&&D, the
prevalence of ethanol consumption in women of ehédring age has remained
esentially the sameQaetanoet al, 2006; CDC, 2004; NIAAA, 2000). Moreover,
diminution in cranial and limb bone dimensions, body emaciation, low skeletal weights
ard decrease in size of ethasicdated animals had been observédebisi, 2004;

Adebisi, 2003a; Adebisi, 2003b; Adebisi, 20@@tebisi, 1995).

Some of the common traditional alcoholic beverages in NigerieBarekutu which is

a popular alcoholic beverage of a vinetjke flavour prepared from sorghum grains

and fermented guinea corn and consumed in the Northern Guinea savannah region of
Nigeria (Haardet al, 1999). It is also typically consumed in the Ibadan region and
rarges in alcohol content froni 8% (Bennett al, 1998).Burukutuis the most popular
alcoholic beverage in the rural areas of northern Nigeria and in poor urban
neighbourhoods because it is more affordable than commercially brewed beer. It is
often consum@ as food because it is thick and heavy. The producebsirakutuare
overwhelmingly women (Obot2000). Palm wine is to Southern Nigerians what
burukutuis to the Northerners. Unlikeurukutu, it is not synthesised but obtained as a
natural whitish sapallected in vessels attached to the base of the tree from where some
leaves have been removed. Fresh wine from these sources is sweet and contains little
alcohol but, with fermentation, the alcohol content increases with time. Unbottled palm
wine has a lowr alcohol content of around 3% than bottled palm wine which has

around 4% (Stanley and Odejide, 2002). In general, palm wine, which has an alcohol



content of 86%, is also widely consumed in thebadan region of Nigeria

(Bennet1998).

The main alcoholidbeverages produced and consumed by the Tiv people of Central
Nigeria aretashi andityo, also known as palm wine. Both alcoholic beverages contain
nutrients rich in vitamins such as B and C foundtyn and complex carbohydrates in
tashi Akpetashj a naive gin to some Ghanians community, is distilled fr@shi(Gire

and Dimah, 2001)Pito is the traditional beverage of the Binis in the widstern part

of Nigeria. It is now very popularly consumed throughout Nigeria owing to its low
price. Prepared fromaereal grains mainly maize, sorghum or a combination of both,
pito is a dark brown liquid which varies in taste from sweet to bitter. It contains lactic
acid, sugars, amino acids and has alcohol content of 3% (Haard999). Emu
common among the Yorubas the Southwest part of Nigeria produced from sugary

palm saps. The most frequently tapped palms are raphia palms and the oil palm. It has
an alcoholic content of around 5% (SCTD, 20@gyogoro(also known aginkanaand

apetesj is a ginlike drink distilled from oil or raffia palm wine. In Nigeria, distillation
takes place in small sheds dotted along the coastal areas and in villages across the
South. The end product is a clear liquid with alcohol content often higher than 40%
(Obot, 2000).

In the wral town of IgbeOra, guinea corn is malted and fermented to prodtideaba

oro t i, &ith babaandka being local names for the corn. There is algadangidj a
fermented beverage made from mashed ripe plantain, fresh chili peppers and water

(Mammanet al., 2002).



1.2  Statement of Research Problem

Despite the fact that ethanol is known to have numerous toxic effects on humans, the
level of alcohol abuse and alcoholism remain a very pressing issue throughout the world
(WHO, 2014Db). There are evideratd on billions of Dollars being spent by developed
countries on Foetal Alcohol Spectrum Disorder (FASD). In Canada, the annual cost of
FASD amounts to 5.3billion Dollars (Stadeal, 2009). There are reports by numerous
researchers on the use and misasalcohol by women in different parts of Nigeria
(WHO, 2014b). Alcohol is also known to have toxic effects on nervous system and
ethanol is known to have potency in inducing teratogenicity (Allam and Abdulhamid,
2013). However, some proportion of pregnhamomen still take alcohol either in

moderate or in binge drinking pattern (Allam and Abdulhamid, 2013).

1.3  Significance of the Study

Children of alcoholic women are exposed to the potential risk of etiachated
disorders as a result of ethanol ingmstduring pregnancy, as such, this study will
create awareness on the risks associated with alcohol intake during pregnancy with
emphasis on the nervous system. The result of the study will provide scidatdion

the pattern of teratologic effects ethanol as a function of timing and dosage on

nervous tissues.

1.4  Justification
There are evidences that ethanol has toxic effects on the nervous system of adult mice
and rats, but little is known of its prenatal effects on the nervous system. The study

seeks to provide information on prenatally administered effects of ethanol on the



developing cerebrum and cerebellum. The study outcome could serve as the basis on

which further studies could be carried out.

1.5 Scope of the Study

The study was on the Madogical and histochemical changes in the developing
cerebrum and cerebellum as a result of prenatal ethanol exposure. Haematoxylin and
Eosin (H and E) and Cresyl Fast Violet stains were employed in the study of the tissues.
Atomic Absorption Spectrophoteery was also conducted to quantify mielEements in

the tissues of the experimental animals.

1.6  Aim and Objectives of the Study

1.6.1 Aim of the sudy

The aim of the study is to evaluate the histology, histochemistry, {elvaviour and
guantify theamount of trace elements on the cerebellar and cerebral cortices of noenatal

Wistar rats followingntrauterine ethanol exposure.

1.6.2 The objectives of the tudy are to:

i- Determine the morphometric variables of the pups by measuring the
crown rump lengtland weight of the pups.

ii- Assess the neurobehavioral effects of ethanol on the pups prior to
weaning by using cliff avoidance, surface righting and negative geotaxis
reflexes methods.

ii - Study the teratologic effects of ethanol on the histology of cerebdal an
cerebellar cortices of the pups using the routine Haematoxylin and Eosin

stain.



Investigate the histochemical changes in the cerebral and cerebellar
cortices of the pups using Cresyl Fast Viotet demonstrate nissl
substance

Study the effects of intraterine ethanol exposure on the concentration
of trace elements (Zn, Cu, Fe and Mn) present in the noenatal brain

tissue using Atomic Absorption Spectrophotometry.



CHAPTER TWO
2.0 Literature Review
2.1 Review of Related Liteature
Since 1973, it has become clear that exposure of otherwise normal human fetuses to
high levels of alcohol damages a substantial number of the exposed brains in a wide
variety of ways nowadays referred to collectively as tbetal alcohol spectrum
disorders (FASDs). Often this damage can be seen directly in brain images obtained
much later in life (Fred, 2009). Strattogt al, (1996) reported Alcohol Related
Neurodevelopmental Disorder (ARND) which is an evidence of CNS abnormality (such
as an abnanally neurodevelopmental small head, abnormal brain structures, and
disorder (ARND) neurological signs); evidence of a behavioral or cognitive disorder
inconsistent with the expected developmental level, with hereditary factors, or with the

environmentor both.

One of the most devastating and extreme consequences of developmental alcohol
exposure is the loss of neurons, and the data documenting neuronal loss are derived
mostly from animal studies. Although selective programmed neuronal death is a normal
aspect of CNS development, excessive neuronal death disrupts the development of
normal neural networks and may lead to cognitive and behavioral dysfunctions (in both
humans and animals). Distinct regions and specific cell types appear to be affected by
alcoholinduced neuronal loss. Studies in rats have clearly demonstrated that alcohol
causes a reduction of cerebellar Purkinje cells, cells of the olfactory bulb, and pyramidal
cells in a part of the hippocampus known as the CA1 redimy €t al, 2003;Chen et

al.,, 199%, 1998. In other neuronal populations, however, such as those in the



ventrolateral nucleus of the thalamus (an area important for voluntary movement) and
the locus coeruleus (a group of nerve cells involved in arousal and vigilance),lalcoho
does not cause cell losksiy et al, 2001;Chenet al, 199%).This pattern of alcohel
induced loss of neurons is important for two reasons: (1) it establishes a correlation
between the severity of neuronal loss of a specific neuronal populationexdddgtree

of behaviourabeficits associated with such a cell population, and (2) it provides insight
into the specific characteristics of neuronal populations that are most vulnerable or most
resistant to alcohahduced neuronal loss. Proper CNS commuiocadepends on an
adequate number of dendritic spines and dendritic branching, because dendrites are the

sites of contact for neurons.

Animal studies, both in vivo and in vitro, have demonstrated that developmental
alcohol exposure negatively affectsetistructural integrity of the dendrites and the
number of dendritic spines in neurons located in the substantia nigra (a group of nerve
cells involved in movement), the cortex, and the hippocampus (FAcelpa et al,

2000; Yanni and Lindsley2000; Shett et al, 1993; Fabreguest al, 1985). For
example, TarelAcuna and colleagues (2000) showed that prenatal and postnatal
alcohol exposure alters the proportions of different spine shapes in the long (apical)

dendrites of hippocampal CA1 pyramidal cells.

Allam and Abdulhamid reported that postnatal day 21, the outer molecular layer of
ethanol treated pups was defined. The apical dendrites were perpendicular to the pial
surface in both normal and treated groups. At postnatal day 21, the normal and treated
pups showed no obvious lamination in the cortical plate except the outer molecular

layer which was sharply defined. The normal cells of the cerebral cortex had spherical



or pyramidal perikaryons whose nuclei were large, also the neurons arranged in a
reguar pattern. Generally the cerebral neurons appeared more developed toward the
white matter.Allam and Abdulhamid reported alteration in the intensity of nissl
granules in ethanol treated pups. The nissl substance in the treated groups was either

faintly or moderately stained when compared with the control.

2.2  Foetal Alcohol Spectrum Disorders (FASD)

2.21 Clinical background on FASD

The maternal consumption of alcohol during pregnancy may lead to
neurodevelopmental abnormalities in exposed children k@@eand Randall 1989;
Guerriet al, 2009). Children exposed to ethanol prenatally may acquire a continuum of
permanent birth defects known as Foetal Alcohol Spectrum Disor(léASD)

(Bertrandet al.,2005; Abel and Sokol, 1987

FASD affects approximately one in 100 live births (Statlal, 2009). FASDrelated
abnormalities may include physical, behavioural, and cognitive dysfunctions of varying
degreesGuerriet al., 2009; Kodituwakku, 2007; Kalberet al., 2006; Chudleyet al,

2005; Steinhauseret al, 1993. Growth deficiency, low birth weight, spatial learning
delays, neuromuscular coordination deficits, central nervous system damage, and
craniofacial malformations are key features of FASBEndle and Kerns, 2011;
Hellemanset al.,2010; Hermaret al.,2008; Kodituwakku, 2007; Coloradx al.,2006;
Bhataraet al., 2006; Guerri 1998 Children and adults who have been exposed to
alcoholin uteromay experience problems in attention span, judgment, communication,
executive fuationing, memory, and social adaptatid@réenet al., 2009; Jirikowicet

al., 2008; Mattsoret al, 1998. Once affected by alcohol, a child is affected for life,
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and there is no cure. Even with behavioural interventions, individuals with FASD may

live with lifelong learning disabilities and poor social skills (Kodituwakku, 2007).

The spectrum of disabilities resulting from prenatal alcohol exposure ranges from mild
defects, defined as Foetal Alcohol Effects (FAE), to more severe and diagnosable cases
of Foetal Alcohol Syndrome (FAS). FAE are characterized by the occurrence of
minimal abnormalities; meanwhile, FAS is the most severe form on the FASD spectrum
(Manning et al., 2007; Steinhauseret al, 2003. FAS is characterized by all, or a
combination of the following: severe mental illness, craniofacial abnormalities,
intrauterine growth retardation, depression or psychosis, and antisocial behaviour
(Steinhauseret al., 2003; lkonomidou, 2000Steinhauseret al, 1993. Unlike any

other forms of FASD, FAS an official International Classification of Diseases (ICD)

diagnosis (Kvigneet al., 2004).

Other conditions resulting fronm utero alcohol exposure include Alcoh&elated
Neurodevelopmental Disorder (ARND) and Alcofidlated Birth Defects (ARBD)
(Chudley et al, 2005). Hyperactivity, anxiety, emotional problems, and learning
disabilities are common across the FASD spectideii¢manset al.,2010; Chudleyet

al., 2005;Steinhauseeet al, 2003). Due to the behavioural heterogeneity in individuals
with FASD, it is difficult to diagnose children with different types of FASD. To
overcome this limitation, a quantitative behaviour checklist is used to categorize
abnormalities observed in children who have been exposed to alcohol prenatally
(Steinhauseret al., 2003). In this way, cases can be distinguished based on child
specific behavioural manifestations of FASD disabilities. Specific classifications across

the FASD spectrum allow for more thorough insight into how an individual was
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developmentally infienced by alcohol, both physically and mentally (Katarzyna,
2013).

2.22 Foetal Alcoholic Spectrum Disorder (FASD) is a widespread and costly
disorder

The prevalence of FASD in Canada and the United States is approximately 9.1 in 1000
live births, as reported by the Public Health Agency of Canada ($taale 2009). In

the |l ate 19806s, this number was 1.e9 per
number of individuals affected with FASD has been steadily increasing. One possibility
for the increasing rate of FASD is an increasing rate of disregard for proper lifestyle
habits during pregnancy. Also, pregnant women may be unaware of their pregnanci
and may continue to consume alcohol throughout early pregnancy. Other possibilities
for the increasing numbers of FASD could be due to increased awareness and self
reporting, resulting in more diagnoses. FASD is the most common, preventable cause of
mertal retardation in Canada and the United States (Clarke and Gibbard, 2003). In

Canada, the annual cost of FASD amounts to 5.3 billion dollars (8tadie2009).

2.23 Current treatments for FASD excludingbiological mechanisms

There is no treatment awure for physical defects and central nervous system (CNS)
damage resulting from foetal alcohol exposure. However, the severity of learning
disabilities can be diminished. Parents and teachers can help children who have been

characterized with FASD (Katama, 2013).

A multi-disciplinary approach is needed to characterize deficits in children with FASD
(Greenet al.,2009;Peadoret al, 2008 Chudleyet al, 2005. In the same way, a multi

disciplinary approach is also needed to help a child with FASBhrég or her full
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potential. Other than parents and teachers, individuals who may be involved include
psychologists, social workers, and health counsellors. Techniques used by clinicians to
evaluate children with FASD mahyrateiamd/ ol v e
examining hs or her facial features (Mooret al., 2007). Psychologists, speech
language pathologists, and occupational therapists may assess CNS damage to help
characterize the severity of defects resulting from prenatal alcohol exposurg étenr

al., 2007). Across a population, children with FASD have highly variable 1Q scores

(Kodituwakkuet al.,2001;Mattsonet al, 1999; Mattson and Riley, 1998

Individual learning profiles of each child must be developed and implemented.
However, manychildren with FASD are ineligible for special services because their
intellectual abilities often fall within the average range of intelligence (Kalberg and
Buckley2007). These children ' who were e:
average intéli gences ' benefit from I Q and achi e
Buckley2007). Functional classroom assessments, family information, and school
assessment processes allow educators and counsellors to work together to assess the
impact ofenvironmemalc ondi ti ons on a childdés abilit:i
conditions may disrupt effective functioning and learning. The efficacy of Child
Friendship Training has been reported upon; this type of training improves knowledge

of appropriate social befmur in children with FASD (O'Connagt al,, 2006). Another

method, Cognitive Control Therapy, is often used to teach 4 progressivbuskilhg

t hat focusses on the childés ability to

challenges (Kalberg arBuckley2007).
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2.24 Difficulty in diagnosing FASD based on phenotypes

Prenatal alcohol exposure is the most common preventable cause of cognitive
disabilities in the western world (Clarke and Gibbard, 2003). However, FASD is
difficult to properly diagnose, particularly because it shares traits with other complex
disorders such as Attention Deficit Hyperactive Disorder (ADHD) (Peadon and Elliott,
2010). ADHD is diagnosed in up to 94% of individuals who have experienced heavy
inutero alcohol exposuréPeadon and Elliott, 2010). Often, children with FASD have
co-morbid ADHD, and can be diagnosed improperly. FAStRcted children may
receive incorrect or insufficient treatment. Rasmussen and colleagues analyzed 52
children with FASD, and found that 63%&ceived a comorbid diagnosis of ADHD
(Rasmussergt al, 2009). The authors also found that children with FASD and ADHD
performed worse than children with FASD but without ADHD on sensory/motor,
cognitive, communication, memory, executive functioningerdgton, and adaptive
behaviour tasks (Rasmussenal, 2009.

Another study found that out of 2,231 FASIfected youth, 41% were diagnosed with
ADHD, 17% were diagnosed with learning disorders, and 16% were diagnosed with

oppositional defiant/ condudisorder (Bhatarat al., 2006).

Although researchers make efforts to identify behavioural characteristics differentiating
children with FASD and ADHD, the psychological services are not always available
(Bhataraet al, 2006; Nastet al, 2006). Maternbself-reported drinking as a means of
predicting behavi eruirsaklo dcyhsifludnrcetni ocnasn ibne fAnai
et al, 2009). Other difficulties in the characterization of FASD include absence of
craniofacial malformations in children who leaundergonén utero alcohol exposure,

coupled with the unavailability of maternal drinking data (Neshl, 2006). Also, an
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increase in binge drinking among women of clioEbring age, coupled with the
unawareness of pregnancy early in the first trieesicould contribute to the
pervasiveness and eventual mischaracterization of FA®RDy(Weeder, 2008Barr et

al., 2006; Caetanet al, 2006.

A further complication resulting in difficulty in characterization of FASD includes the
inconsistency of synipms dueto dosagepeci fi c effects of alco
researchers have reported on the relevance of a multitude of factors in determining the
severity of FASD abnormalities; factors include: quantity, frequency, and timing of
alcohol (Mulford ad Miller, 1960). For instance, facial dysmophology is caused by
alcohol exposure during early gestation (gastrulation) (Sedikal, 1981). Heavy

drinking increases the likelihood of FASD in offspring; children prenatally exposed to

high amounts of alcali perform worse on measures important for reading and
arithmetic skills than children exposed to low amounts of alcohol (Streisstjuh

1994).

Dosage and timing specificity may be attributable to disruption of specific
neurodevelopmental pattertigat occur during foetal development. Though the timing
and dosagspecificity underlying FASD is not wedistablished, women have been
advised that no amount of alcohol is safe to consume during pregnancy\(¥eslyer,
2008). Researchers suggest that,addition to genetic background, the timing and
dosage of prenatal alcohol exposure is an important factor in determining the variation
in behavioural manifestations related to FASRadeet al., 2009; Kelly et al., 2009;

Abel and Sokol, 198)/
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2.3  Ethanol Exposure Can Lead to Adverse Effects in the Foetus

231 Et hanol 6s mechanism of action

Prenatal alcohol exposure leads to alterations in foetal brain structures that give rise to
developmental and behavioural abnormalities in children (Steinhatus¢n2003). The
metabolism of alcohol in the maternal liver involves the oxidation of ethanol into
acetaldehyde by an enzyme called alcohol dehydrogenase (ADH); ADH is further
oxidized into acetate by another enzyme, acetaldeByaiEhydrogenase (ALDH)
(Gemmaet al, 2007). The intermediary compound, acetaldehyde, is harmful to the

foetus (Gemmat al, 2007).

Acetaldehyde leads to increased accumulation of oxygen radicals, which have harsh
implications on the developing brain. For instance, DNA repticaand DNA repair
enzymes can be impaired (Li and Wang, 2004; Brocatdal, 2011). Tissue damage

may be a direct result of the accumulation of reactive oxygen species (ROS) through the
process of ethanol oxidation. Accumulation of acetaldehyde cart resm ADH
conversion; the ADH complex is used to convert ethanol to acetaldehyde 90% of the
time (Gemmeaet al, 2007). Acetaldehyde can result in protein adducts, which lead to

cellular damage, and subsequent oxidative stress.

2.3.2 Ethanol toxicity in the developing foetus

In a developing foetus, morphological changes occur in multiple areas of the brain due
to ethanol toxicity. It is welkstablished that prenatal alcohol exposure can alter brain
development, leading to neurodegeneration in humisiaset al., 2005; Sowellet al.,
2002;Bhataraet al.,, 2002;Jones and Smith, 19y5and in mice lamiltonet al.,2009;

Young and Olney, 2006; Dikraniagt al., 2005; Olney, 2004; Wozniakt al., 2004;
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Ikonomidou et al, 2000; Olneyet al, 2000. Ethanol can lead to reductions in
cerebellar volume and surface area, reductions in basal ganglia, decreases in dendritic
complexity, abnormalities in grey and white matter distribution and density, and
apoptosis in sensitive brain regions (Guetral, 2009; Hamiltoret al, 2009 Wozniak

et al.,2004).

The affected brain areas are necessary for hormone regulation, sensory information
processing, learning, and memory. Ethanol (or its metabolites) can pass through the
blood-brain barrier and disturthe developing foetal brain. The basis for the observed
behavioural heterogeneity in FASD is unknown. Certain time points during pregnancy
are critical stages of neurodevelopment, and are particularly sensigveitonmenal

toxins (eg. alcohol) (Guerret al, 2009). Alcohol exposure at critical stages during

pregnancy may lead to the spectrum of abnormalities observed in children with FASD.

2.3.3 Binge drinking and its adverse effects on offspring

Binge drinking is defined as a pattern of alcoholstonption that raises blood alcohol
concentration (BAC) to 0.08 gram percent or above, which is equivalent to the
consumption of five or more drinks within a couple of hours of each drink (SAMHSA,
2006). This definition has been revised to three or morkslper occasion; this level

of drinking highly correlates with child dysmorphology and behavioural alterations
(May et al, 2008). Binge drinking has been identified as the most damaging form of
alcohol consumption because it produces a high BAC in thaenowhich can have
adverse effects on ¢hdeveloping foetus (Livyet al., 2003; Abel, 1988 Peak BACs

are higher in binge models of alcohol exposure than more moderate, continuous
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drinking paradigms; these data correlate with increased atherosclgriatgie

development in binge versus continuous models of FASD in miceeflau, 2011).

Alcoholinduced neuronal loss in developing rats leads to increased brain damage
following maternal binge drinking (Bonthius and West1990). Binge drinking is
particdarly harmful to the developing foetus because alcohol takes longer to metabolize
at higher BACs, particularly in women (Frezea al, 1990). Also, the specific
gestational time of binge drinking may correlate with key stages of brain development,
which may lead to more severe deficits in offspring. On another note, there is a strong
association between binge drinking and unplanned pregnancy (Rarakr1994). In

cases of unplanned pregnancy, women may consume alcohol without knowledge of
pregnancy. Tese women may continue to drink heavily into their pregnancies, having

exposed their foetuses to the teratogenic effects of alcohol (Katarzyna, 2013).

2.34 Timing and dosedependent effects of alcohol on neurodevelopment

The neurodevelopmental effects of alcohol are specific to the timing of exposure and
the developmental processes that occur during specific times. One of the critical points
during8 neurodevelopment occurs during the embryonic stage of gestation (first
trimester) (Guerriet al, 2009). Exposure to alcohol during gastrulation negatively
impacts formation of germ layers and reduces neural progenitors (FRutzért2006).

These reductions lead to lotgrm effects on the forebrain and bra@m (Mooney and
Miller, 2007; Ashwell and Zhang, 1996Maternal binge drinking during the early stage

of embryogenesis is also associated with a high incidence of craniofacial malformations

and mental disabilitiesAstley et al.,1999;Ernhartet al, 1987).
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Another criical stage during foetal development occurs in humans fr@® weeks of
gestation (second trimester). At this stage, the foetal brain undergoes neuroepithelial
cell proliferation and migration (Suzuki, 2007). Most of the areas of the nervous system
(except cerebellum) begin to differentiat&gerri et al., 2009; Rubert et al, 2006;

Miller, 1995). Prenatal ethanol exposure can alter neuronal migration and lead to
reductions in the numbers of neurons and glial cells in the neocortex, hippocampus, and
sensoy nucleus in the foetal braifR(ibertet al.,2006;Miller, 1995). Such disturbances

to brain development can lead to letggm abnormalities in brain size and likely
contribute to cognitive deficits in individuals with FASD (Sowtlal, 2002). Dosage

is also an important factor that influences the severity of neurodevelopmental deficits
associated with prenatal alcohol exposure. Alcohol may affect the developing foetus in
a dosedependent manner. Binge alcohol consumption produces more severe tteficits
offspring development and behaviour than daily moderate consumptione( al.,
2011;Livy, et al, 2003. Exposure to heavy drinking (>4 grams ethanol/day) may
cause FAS, whereas moderate drinking (betwee#®grams ethanol/day) can result in
Aaecohol effectso (Ornoy and Er g&drinksg010) .
ethanol per sitting (> 90 grams ethanol/day), can result in greater peak BACs than other
forms of alcohol consumption (Pierce and West, 1986). It is difficult to defive
characterize developmental risks associated with binge drinking in human subjects due

to inconsistencies in dosage and timing (Katarzyna, 2013).

2.4  Cerebellum
2.4.1 Morphologyof the cerebellum
The cerebellum is the largest part of the hindbrain. It is dorsal to the pons and medulla,

and its median region is separated from them by the fourth ventricle (Gray, 2000). It is
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joined to the brain stem by three pairs of cerebellar peduncles, whichncaffeent

and efferent fibres. The cerebellum occupies the posterior cranial fossa, where it is

covered by the tentorium cerebelli. It is roughly spherical, but somewhat constricted in

its median region, and flattenedts greatest diameter is transverlerke, 1996). In

other words, the cerebellum is located at the bottom of the brain, with the large mass of

the cerebral cortex above and the portion of the brainstem called the pons in front of it

(Clerke, 1996). It is separated from the overlying lbere by a layer of leathery dura

matter. All of its connections with the other parts of the brain travel through the pons

(Clerke, 1996).

2.4.2 Cellular layers of the eerebellum

The cerebellar cortex of adults is divided into three layers. The layerdhmlower to

the upper include the followings as shown in Figure 2.1.

I.  The thick granular layer which is densely packed with granule cells, along
with interneurons, mainly Golgi cells and unipolar brush cells (Ghez, 1985;
Bell, 2008). Their cell bodies are packed into a thick layer at the lower part of
the cerebellar cortex. A granule cell emitsyofdur to five dendrites, each of
which ends in an enlargement calledeandritic claw(Linaset al., 2004). These
enlargements are sites of excitatory input from mossy fibers and inhibitory
input from Golgi cells (Linagt al, 2004).
ii.  The Purkinje layer lies in the middle, forming a narrow zone that contains

only the cell bodies of Purkinje cells (Linasal,2004). They are distinguished
by the shape of the dendritic tree. The dendrites branch very profusely, but are
severely flattened in a plane perpendhr to the cerebellar folds. Thus, the
dendrites of a Purkinje cell form a dense planar net, through which parallel

fibers pass at right angle8€ll, 2008; Linas et al,2004. The dendrites are
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covered with dendritic spines, each of which receives @manput from a
parallel fiber. Purkinje cells receive more synaptic inputs than any other type of
cell in the brain. The large, spherical cell bodies of Purkinje cells are packed
into a narrow layer, one cell thick of the cerebellar cortex, calledPuhienije

layer (Linasget al., 2004).

iii.  The molecular laye is thick. It contains a sparse population of neurones,
dendritic arborizations, nemyelinated axons and radial fibres of the neuroglial
cells. (Gray, 2000; Clerke, 1996Purkinje cell dendritic treeextend towards
the surface and spread out in a plane perpendicular to the long axis of the
cerebellar folia. Purkinje cell dendrites are flattened. This outermost layer of
the cerebellar cortex also contains two types of inhibitory interneurons, stellate

cells, and basket cells (Linas al.,, 2004).

2.4.3 Functions of the @rebellum
The cerebellum performs the following function:
Coordination of Movement; the cerebellum controls the timing and pattern of
muscle activation during movement.
Maintenance oEquilibrium in conjunction with the vestibular system.
Regulation of Muscle Tone and modulation of spinal cord and brain stem

mechanisms involved in posturalcontrol (Liresal, 2004).
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Figure 2.1: Cellular layers of the cerebellum showingthe outesletular layer
(brown), the purikinje cell laye(yellow) and the granule cell layégreen) (Linas et
al.,2004).

2.5 The Cerebrum

2.5.1 The morphology of the @rebrum

The cerebrum comprises a large portion of the brain. It lies in front or on top of the
brainstem and in humans is the largest and-deatloped of the five major divisions of

the brain. The cerebral cortex is the largest part of the brain; it is formed by grey matter
and cerebral hemisphere on the surface as shown in Figure 2.2. Thasooxoluted

with projections called sulci and gyri. The cerebral cortex is about4ntim thick, and
contains nerve cells, fibers, neuroglia and blood vessels. The cerebral hemisphere is

supplied by cerebral branches of polygon of Willis i.e. the amtemiddle and posterior

cerebral arteries (Kandet al.,2000).
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Figure 2.2: The structure of the brain showing the cerebrum (Kaedal, 2000)

2.5.2 Cellular layers of the erebral cortex

The neurons of the cerebral cortex vary in size, shapes, lengths, branching patterns and
orientation of their processes. These neuronal cells are named based on their specific
characteristics features which demarcates them from each other. The neunastes incl
the following:

The pyramidal cells: They are most abundant cervical neurons in the cortex. All others
are referred to as ngpyramidal neurons. About 2/3 (two third) of the cerebral cortex
cells are pyramidal cells. Their cell bodies are triangulashape; apex is directed
towards the cortex. Large dendrites arise from the apex while others arise from basal
angles. The axis arises from the base of the pyramidal cells. (Ketndel2000). The
process of pyramidal cells extends vertically throughehtire thickness of the cortex

and established numerous synapses. The axons of pyramidal cells may terminate in
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different ways. They may travel to the other region like the basal ganglia, the brain stem
or the spinal cord. Also they may give collateibkfs that terminate within the cortex

and may be short and terminate within the same area in the cortex. (Kaatle2000).

The stellate cells:They are small and multipolar and form 1/3 (one third) of the total
population of neurons of the cortexdem low magnification. They look like granular
cells. They are therefore been termed granular neurons (cells) by earlier workers.
Stellates cell are of various types depending on their bodies and on the pattern of their
ramification processes. Their axoase short and end within the cortex and their
processes extend chiefly in radical direction within the cortex in some case horizontally.
Some Stellates cells may be uniform rather than Stellates, with one process arising at
either end. Stellates neuron® &lassified as spiny and ngpiny neuron. The spiny
Stellates cells use glutamate as neurotransmitter, while in mosipion Stellates cells

it is Gamma amino Butyric Acid (GABA).The neurons of the cerebral cortex are
grouped into six main layers, frooutside to inside namely as shown in Figure 2.3,

according tdSaladin, (2010); Shipp, (200Kandeekt al, (2000).

Layer I: the Molecular layer, which contains few scattered neurons and consists mainly

of extensions of apical dendritic tufts of pyramlicdheurons and horizontailyriented

axons, as well as glial cells. Some Ca&gattzius and spiny stellate cells can be found in

the molecular layer. Inputs to the apical tufts are thought to be crucial for the
0600feedbackdd i1 nt er aex tnvolvad sh associativehlearnimgeande b r a |
attention (Saladin, 2010). While it was once thought that the input to layer | came from

the cortex itself,it is now realized that layer | across the cerebral cortex mantle receives
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substantial i nopM-t ypge otmhalbarad s i x@Bl s- i n

type that go to layer IV.

Layer Il, the External granular layer, contains small pyramidal neurons and numerous

stellate neurons (Kandet al.,2000).

Layer Il , the External Pyramidal layer, contapr@edominantly small and mediugize
pyramidal neurons, as well as npwamidal neurons with verticalgriented
intracortical axons. Layers | through Il are the main target of interhemispheric
corticocortical afferents, and layer 1l is the principal m@uof corticocortical efferents

Shipp, 2007).

Layer IV, the Internal Granular layer, contains different types of stellate and pyramidal
neurons, and is the main target of thalamocortical afferents from thalamus type C

neurons as well as intlEemisphericorticocortical afferents (Kandet al.,2000).

Layer V, the Internal Pyramidal layer, contains large pyramidal neurons such as the
Betz cells in the primary motor cortex. It is the principal source of subcortical efferents,
as such there are large pynidai cells which give rise to axons leaving the cortex and
running down through the basal ganglia, the brain stem and the spinal cord (Kandel

al.,2000).

Layer VI, the Polymorphic or Multiform layer contains few large pyramidal neurons
and many small spdle-like pyramidal and multiform neurons. Layer VI sends efferent

fibers to the thalamus, establishing a very precise reciprocal interconnection between
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the cortex and the thalamus. These connections are both excitatory and inhibitory.
Neurons send exaitory fibers to neurons in the thalamus and also from collateral to
other ones via the thalamic reticular nucleus that inhibit these thalamus neurons or ones
adjacent to them (Kandedt al,2000). Since the inhibitory output is reduced by
cholinergic inputto the cerebral cortex, this provides the brainstem with adjustable
"gain control for the relay of lemnsical inputs (Kandeél., 2000).

Layer 1

Layer 2

Layer 3

Layer 4

Layer S -

Layer &

Figure 2.3: The cellular layers of cerebral cortex (kandeét al., 2000).

2.5.3 Variations of cortical structure
The structure of the cerebral cortex shows considerable variations in the region, both in
terms of thickness and in prominence of the various laminae. These variations are as
follows:
l. In the agranular cortex, the external and internal granular Laminae ar
inconspicuous. This type of cortex is refered to as precentral gyrus (area 4) and

is therefore to be of typical area.
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[I. In the granular cortex, the granular cortex is highly developed while the
pyramidal and ganglion layer are poorly developed or abséi# type of cortex
IS mostly present in sensory area including the-pestral gyrus (Kandeét

al.,2000).

2.54 Functions associated with erebrum

The cerebrum is the most highly developed part of the human brain and is responsible
for determining intelligence motor function,planning and organizatjortouch
sensation,thinking, perceiving, producing and understanding language. Most
information processing occurs in the cerebral cortex. The cerebral cortex is divided into

lobes of which each has a spie function (Kandelet al, 2000).

Motor Function: The cerebrum directs the conscious or volitional motor functions of
the body. These functions originate within the primary motor cortex and other frontal
lobe motor areas where actions are planned. Upper motor neurons in the primary motor
cortex send theiaxons to the brainstem and spinal cord to synapse on the lower motor
neurons, which innervate the muscles. Damage to motor areas of cortex can lead to
certain types of motor neuron disease (Shipp, 2007). This kind of damage results in loss
of muscular pwer and precision rather than total paralysis. The motor area of classical
description is located in the precentral gyrus on the superior lateral surface of the
hemisphere and in the anterior part of the precentral lobule; the medial surface. This
correspmds to area 4 of Broman and possibly part of area 6, which lies in the pre
central gyrus, the specific region in the area responsible for movement of specific part

of the body (Kandeét al,, 2000).
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Sensory processing The primary sensory areas of the eteal cortex receive and
process visual, auditory, somatensory, gustatory, and olfactory information. Together
with association cortical areas, these brain regions synthesize sensory information into

our perceptions of the world around (H&ndelet al, 2000)

Olfaction: The olfactory bulb in most vertebrates is the most anterior portion of the
cerebrum, and makes up a relatively large proportion of the telencephalon. However, in
humans, this part of the brain is much smaller, and lies underneatbnted fobe. The
olfactory sensory system is unique in the sense that neurons in the olfactory bulb send
their axons directly to the olfactory cortex, rather than to the thalamus first. Damage to

the olfactory bulb results in the loss of the sense of qikatdekt al, 2000).

2.6  Development of the Central Nervous System

2.6.1 Pre-differentiation stage

The predifferentiation stage is characterised by germ cells with no distinct
morphological differentiation (Suzuki, 1980). For rats, this stage iso(thd | or noth
period) covers the time from conception to poshception day 5. Damage during this

period normally has two consequences: Either all the cells are killed and no embryo is
formed (severe damage) or there are enough surviving cells to esatpefor the

assault and a normal embryo is formed (minimal damage) (Suzuki, 1980).

2.6.2 Embryonic stage
This stage is characterised by the mobilisation and organisation of cell and tissues to
form individual organ systems (Suzuki, 1980). The periodsomgfanogenesis are

different from one mammalian specie to another. In rats, an organogenesis from
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gestational day (GD)-&5, in humans it proceeds from GD-28, in monkey it is from

GD 2045, and in mie from GD 716 (Slikker, 1994; Schardein, 19388

2.6.3 Development of the neural tibe

Nerve and glial cells of the nervous system are derived from a specialised region of the
ectoderm called the neural plate (Martin, 1985). The excitation and differentiation of the
cells of the ectoderm is induced by theawothord and paraxial mesoderm (Moore and
Persaud, 1998). The induction is due to an embryonic protein called noggin, which has
been identified as a neural inducing agent in amphibians and rodent embryosetLamb

al., 1993).

The neural plate indents andriaes the neural groove from which the lateral lips close to
create the neural tube. In rats, the neural tube is formed around GD 11 (Martin, 1985).
Damage during this early period results in either anencephaly (closure of the neural tube

at the rostral leMg or spina bifida (caudal portion of the neural tube fails to close).

2.6.4 Start of neurogenesis

The epithelial cells lining the neural tube are called napmithelium. The neuro
epithelium is the source of all neurons and glial cells of the centmadune system. The
nerve cells of the peripheral nervous system (dorsal nerve root ganglion cells and post
ganglionic neurons of the autonomic nervous system) originate from the neural crest
cells, a population of cells whose cell bodies lie outside theah¢ube (Bayer and

Altman, 1995).
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The precursors of nerve cells, the neuroblast, divide repeatedly but do not proliferate
uniformly along the length of the neural tube. The nezpithelium appears to be
O6sp-aempor al mosai c6 whreto ée conimitted rtce gememte | a s t
specific neuron populations according to strict timetables (Moore and Persaud, 1998). In
strictly time-dependent sequence, programmed cell proliferation occurs at specific sites

in the neureepithelium which gives rise to theccurrence of three primary brain

vesicles called the rostral prosencephalon (primitive forebrain), the mesencephalon
(primitive midbrain) and the caudal rhombencephalon (primitive hindbrain). This is
known as the threeesicle stage (Singh, 2003; MooredaRersaud, 1998; Bayer and

Altman, 1995). More programmed cell proliferation leads to an enormous expansion of

the primary brain vesicles with a further sdilwision.

2.6.5 Foetal gage

This stage is characterised by a significant increase in brainrgizalso by enhanced
cellular proliferation and differentiation. The prosencephalon divides into (from rostral
to caudal) the telencephalon with the cerebral cortex and the basal ganglia and the
diencephalon with the thalamus and hypothalamus. The meseatweptemains
undivided, with the tectum and tegmentum (Singh, 2003; Bayer and Altman, 1995). The
rhombencephalon divides into the metencephalon with the cerebellum and pons and the
myelencephalon with the medulla oblongata. This is known as thevsdsiee stage
(Singh, 2003; Bayer and Altman, 1995). In the caudal part of the neural tube,
programmed cell proliferation forms the spinal cord, which contains sensory and motor
neurons and many intereurons (Singh, 2003; Moore and Persaud, 1998; Bayer and

Altman, 1995).
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2.6.6 Pre and poshatal Stage

This stage is characterised by extensive growth of the brain. In rats, neuronal cell
populations are produced up to postnatal day 21; in the rat cerebellum, around half of all
cell population is produced is produced in the postnatal period (Krinke ambEssdt,

1994). According to Bayer and Altman (1995), central nervous system proliferation and

differentiation continues after birth in many species.

2.7  Teratogenicity

2.7.1 Background on teratology

Teratology from the Greek wortgras meani ngrimamowmelter o0 i s
dealing with the causes, mechanisms, and manifestations of developmental deviations
of either structural or functional nature otherwise known as congenital anomalies or
malformations. These structural or functional abnormalérespresent at birth although
they may not be diagnosed until later in life. They may be visible on the surface of the
body or internal to the viscera. Congenital malformations account for approximately
20% of deaths in the perinatal periddepus and Wd¢ 2010; Shepard and Miller,
1976. Hence, this necessitates interest in the knowledge about the effect of maternal
environmeral factors on the conceptus during development, as one or combination of
these factors may act to derail the normal course,rigati aberrations. Such factors

responsible for this deviation are known as teratogens (Adebisi, 2011).

A teratogen therefore, is a drug, chemical, virus, infectious agent, physical condition,

excess or deficiency that, on foetal exposure, can altaal foetrphology or subsequent

function in postnatal life. However, teratogenicity depends upon the ability of the agent
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to cross the placenta; for instance, certain medications such as heparin Banhaty(

et al.,2005; Czeizel, 1993;zeizel and Dudas,9B?2).

However, some exposures when tested could be categorized as potent (proven)
teratogensAdebisi, 2009;TSPAC, 194); or probable (possible) teratogens (Beasley,

2010; Chung, 2010), based on the following criteria:

A A recognizableg pattern of anomal.

A statistically higher prevalence of a particular anomaly in patients exposed to an agent

than in appropriate controls

A Presence of the agent during the stage ¢
A Decreased i nci de napelatiompriorttchtlee ingoductiomdf the i n  t
agent

A Production of the anomaly in experiment

critical period of organogenesis.

2.7.2 Principle of teratogenicity

According to Wilson (1959 the following six pringples normally apply to
teratogenesis:

A Susceptibility to teratogenesis depends
manner in which this interacts with adveesevironmenal factors

A Susceptibility to teratogaeaeatshedimewhr i es
exposure to an adverse influence. There are critical periods of susceptibility to agents

and organ systems affected by these agents.

A Teratogenic agents act i n specific way:¢

sequences of abnoal developmental events
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A The access of adverse influences to dev
influence. Several factors affect the ability of a teratogen to contact a developing
conceptus, such as the nature of the agent itself, rodtdeggree of maternal exposure,

rate of placental transfer and systemic absorption, and composition of the maternal and
embryonic/foetal genotypes.

A There are four manifestations of devian
retardation and functi@ defect).

A Manifestations of deviant devel opment i
increases from the no observable adverse effect level (NOAEL) to a dose producing

100% lethality (LD100).

2.7.3 Mechanisms of eratogenicity

Medical science cannot always predict how exposure to a teratogenic drug will affect a
foetus. The potential to harm depends on a range of factors as stated by Adebisi, (2011).
Other factors, such as maternal diet, maternal age, Rh factor, and physatitiboon

such as stress or distress, illnésall these could singly or jointly play a role. Some
teratogens are associated with recognizable patterns of malformations: for example,
thalidomide produces limb phocomelia, while valproic acid and carbamazapidece

neural tube defects, alcohol with foetal alcohol syndrome, phenytoin with foetal
hydantoin syndrome and coumarin anticoagulants with foetal warfarin syndrome

(Czeizel, 2004Rockenbaueet al, 2001).

In any case, some of the pathways by which teratogens could possibly potentiate their
toxic effects have been well examined and succinctly highlighted as being through any

of the following: folate antagonism such as aminopterin; enzymeediated
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teratogemsis; oxidative stress such as nutritional deficiencies, hypoxia or
environmendl chemicals; functional disruptions in the neural crest cells; disruption in
the vascular system or disturbed endocrine systersach as cortisone, progestin.
Teratogens cdd also trigger off the disruption of carbohydrate metabolism in maternal

diabetes Adebisi, 2011Van Gelderet al, 2010.

2.7.4 Transfer of teratogens across the lpacenta

On the ability and rate of transfer of teratogens across the placenta, earbgrsre
include those of Mirkin and Singh (1976) and Waddell and Marlowe (1976). These
authors reported the differences in transfer as a combined function of route of
administration of the materials and the animal models in use, since rapidity and extent
of crossing the placenta into the foetus by drugs and chemicals are by no means
measures of the toxic action on the foetus or the persistence of the compound in the
foetal tissues (Miller, 1977). The rate of transfer of a chemical across the placenta
dependson the net sum of many factors: molecular size, lipid solubility, protein
binding, pH gradientgtc. Small molecules, less than 600 molecular weight and low
ionic charge cross by simple diffusion, active transport, pinocytosis or perhaps also by

leakage (Aebisi, 2011).

Lipophilic chemicals are known to cross the placenta and other membranes more
readily than other compounds (Wilson, 1979). It now seems that the rate as determined
by size, charge, lipid solubility, affinity to complex with other chemi@add so on, all

play a significant role in placenta permeability. For instance, ethanol with a molecular
weight of 46.07 has been shown to pass across the placental barrier and that its

concentration in the foetus is almost as high as in the mother @athé&mith, 1973).
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2.7.5 Site of action of eratogens

Unfortunately, knowledge of the certainty of the specific site of action of the teratogenic
agents within the maternplacentafoetal unit is yet obscure. All too frequently, the
naive assumption is rda that the administered agents find their way to the foetus and
directly interfere with the growth and differentiation of these cells (Adebisi, 2011). Not
only is such evidence not available, but a large number of clues actually indicated that
these chengials do not act directly on foetal cell. For instance, it had been pointed out
that the concentration of the teratogen, cortisone was not higher at its site of
teratogenicity in the foetus than it was in any other foetal tissues and its site of action,
and that its concentration in all the tissues was lower than in the maternal tissues
(Waddell and Marlowe, 1976). Comparison of maternal foetal concentration ratios of
variety of chemicals with low or high teratogenic potential revealed that the tendency
was considered to be that, the potent teratogens have high foetal maternal ratios

(Waddell and Marlowe, 1976).

Hence, clearly the earlier naive assumpti:
chemical reaching the foetus, the more likely the prodnaif foetal anomalies. In light

of this puzzle, the problem has now become a search for the sites within the entire
maternalplacenta unit (Adebisi, 2011). Lately, the predominant direction of reports are

on the action that produces anomalies by thegot$fon the placenta, and that the direct

effects of the agents on the mother may be as frequent as those acting directly on the
foetus. However, the total dose of a chemical reaching the conceptus is a product of
interaction of many variables, some realgtito the maternal functional capacity, others

undoubtedly reflecting the complex characteristics of the placenta. The possible
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interruption of utereplacental blood flow by the chemical has also been suggested

(Danielssoret al.,1990;Jones and Curings,1978.

2.7.6 Nutritional role in t eratogenesis

The role of maternal nutrition in the potentiation of the toxicity or teratogenicity of an

agent cannot be undermined. For a long period of time, the association of malnutrition

of the mother with malformains of the foetus was subjected to debate. This brings us

to consider and justify the proponent of the foetal origin hypothesis, which opined that

the postnatal health may be influenced by prenatal fadttivi(, 2006;Barker, 1995).

This hypothesis arguethat the environmente x per i enced during th
prenat al |l ife 6dprogramsdé the functional ca

subsequent effect on the individual s heal

For instance, when the foetus experiere@®or nutritionaknvironment it develops its
body functions to cope with this, with the idea that #wvironmentexperienced
prenatally is the one that it expects to continue experiencing, and thus, its body develops
to cope with it- a predictive addpve response mechanismdebisi, 2011;Barker,

1995).

Moreover, some workers have argued against nutritional deficiency as a possible
mediator or potentiator of teratogenicity. According to these investigators, there was no
evidence that the nutrition efomen giving birth to infants with foetal alcohol effect

(FAE) or foetal alcohol syndrome (FAS) is any worse than those women whose infants
do not have these problems even though their mothers drank equally heavily (Adebisi,

2011). However, it appears thanough evidence is available to establish the fact that
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maternal nutritional deficiency is a possible teratogenic potentiator and this has been
amply demonstrated in the ratddgbisi, 2011;Preedyet al, 1990) and in humans

(Barker, 1995).

2.7.7 Geneic role in teratogenesis

The genetic makep of the developing organism is the setting in which induced
teratogenesis occurs. Differences in the reaction to the same potentially harmful agents
by individuals, strains and species are presumed to dependar@tions in their
biochemical or morphological make, which are in turn determined by genes (Collins,
2010). The fact that the mouse embryos are usually susceptible to cleft palate induction
by glucocorticoids whereas most other mammalian embryos sistard to these agents

can be interpreted to mean that mice possess inborn chemical or anatomical features
which make them more vulnerable (less resistant) to these agents than are other animals

and these are at least to some extent genetically deter(@debisi, 2011).

Thus, the same sort of determinants that gives rise to individuals, strains and species
their distinctive similarities and dissimilarities in normal structure and function
probably give them varying degree of susceptibility to advemfiaeinces (Wilson,

1977). To this end, it has been suggested that the occurrence of anomalies is in part a
measure of the inability of genetic and other regulatory mechanisms to overcome the
adverse localized sensitivity of the embryo to an external iomusrhis could be
explained from the fact that chromosomal aberrations induced in somatic cells are the

cause of malformation following exposure to teratogens (Adebisi, 2011).
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In the light of this knowledge, differences between model systems and maasnep

some of the reasons for the perceived low level of predictability of animal tests for man.
Therefore, the level of confidence in the ability of these animal studies to be predictive
for man remains far from high. Only when the mechanism of tera¢sgeand the
factors affecting species differences in teratogenic response are understood will we have

confidence in the predictive accuracy of animal studies (Adebisi, 2011).

Although major new teratogenic drugs in humans have been predicted from animal
studies, there are problems in extrapolating animal data to humans, and this has since,
been a matter controversBrémer, 2007; Baileyet al., 2005; Brent, 2004 For

i nstance, ani mal s have a different Afgest
interspecies variability in susceptibility to teratogens and no experimental animal is
metabolically and physiologically identical to humans (Wilson, 1977). In any case,
animal studies are important because, in some instances, they have shed light on
mechanism®f teratogenicity and moreover, when an agent causes similar patterns of
anomalies in several species, human teratogenesis should also be suspected (Adebisi,

2011).

Above all, for obvious ethical considerations no studies of teratogenicity are conducted
during embryogenesis in humans (Wilsetral, 1979). On the other hand, reports have
shown that in some cases, genetic vulnerability is related to the sex of thepdeye
organism. Male embryos and foetuses are at a greater risk than female in that more male
embryos are more often aborted spontaneously:bww boys have more birth defects,

and older boys have more learning disabilities and other problems caused by
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behavioural teratogensvéllance, 1996; Schardein, 1985; Hill, 1983raun et al,

1982).

In any case, whether it is the maternal or foetal component of genetics that is more
important in determining the extent of the effect of teratogens is not yet well
understood. It appears, for instance, that the rate of maternal alcohol metabolism could
modify the effects of alcohol on the foetus (Mirkin and Singh, 1976), although it has
been reported that not all the offsprings of alcoholic women manifest the tehestac
features of FAS and hence, the rate of maternal alcohol metabolism could not have

modified the effects of alcohol metabolism on the foetus (Adebisi, 2011).

2.7.8 Effective dosage oferatogens

Considering the dosage of an agent, not all dosagéslef known teratogens are potent

enough to triggeoff any response. There are lower (sub threshold) dosages, which
apparently do not affect the normal development of an embryo and even the mother, and
lethal dosages, which will cause death of bothfoletus and even the mother. Between
these two extremes is a narrow Oteratogen
interfere with specific development without destroying the whole embryo (Adebisi,
2011). In addition, the frequency of administratiminteratogens determines more or

less the extent of its action (Adebisi, 2011).

It could therefore be concluded that an appropriate dosage of a known teratogen
administered at the appropriate time of development in a given species will cause
developmentiadisturbances. Low doses of cytotoxic agents may produce levels of cell

death that can be replaced through restorative hyperplasia of surviving cells, resulting in
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the formation of small but morphologically normal foetuses. High doses that cause
damage t@oo many cells and organ systems to be compatible with life result in embryo

lethality (Adebisi, 2011).

2.7.9 Effects of teratogens on DNA gnthesis

Some cytotoxic agents at lower dosage suppress DNA synthesis and cell division
without causing cell death. Depressed proliferative activity in itself may contribute to
teratogenesis by reducing the number of cells available for the formation of tissues
during the organogenesis. Many agents that depress DNA synthesis are known to be
teratogenic. Yet it is not clear that depression of DNA synthesis alone can lead to birth
defects. The cell deaths that accompany inhibition of DNA synthesis are believed to be
more important correlates to dysmorphogenesis. The relationship between depression in
DNA synthesis and teratogenesis has been examined in a study of cysteine arabinoside
(Arai C) induced birth defects. Further study suggested that the teratogen action was
not inhibition of DNA synthesis alone but rather the cytotoxicity that accompanied it. In

a similar study with hydroxyurea (HU), A@ and aminothiadiazole (ATD), the same
relationship between the depression of DNA synthesis and cell death was observed

(Hill, 1983).

So far as the depression in DNA synthesis and cell death is concerned in embryonic as
well as adult tissues treated with teratogenic agents, cytotoxicity can be assumed to be a
common biological property of these agents. Whether or not bafdcts results from

the cytotoxic response of the embryos, teratogenesis depends upon gestational time of
treatment (proliferative and differentiative state of the target organ), and the extent of

cell death (Adebisi, 2011).

40



CHAPTER THREE
3.0 Materials and Methods
3.1 Materials
Light Microscope, Absolute ethanol (99.9 % purity), Distilled water, Amscope,
Computer, Bouinds fluid, Beaker s, Speci me

syringes and injecting needles, Dissecting traypfoform and Dissecting Kit.

3.2  Experimental Animals

Wistar rats were purchased from Faculty of Medicine, Department of Human Anatomy,
Ahmadu Bello University, Zaria, housed in wire mesh cages under controlled
environmendl conditions at temperature 22and 12 hour reversed dajght cycle and
maintained on standard rodent pellets and watdibadm. The animals were allowed

to acclimatize for 2 weeks prior to commencement of the experiment.Forty two (42) rats
were used, comprising of 28 females addrales. The males weighed (262209)
indicative of their maturity. Young virgin females weighing 128%g were used in the

experiment.

3.3  Experimental Design

Pregnandams were randomly divided into seven (7) groups, each group comprising of

four (4)females. The dose and the duration is summarised using the table below:
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Table 3.1 showing the groupings, dosages, timing and the frequency of ethanol
administration

SN GROUPS AMOUNT AND % FREQUENCY DURATION

OF ETHANOL
1 A Control (distilled water) Once daily 20 days
2 B 0.5ml of 20% Once daily 7 days (i trimester)
3 C 0.5ml of 20% Once daily 14 days (Tand 2°trimesters)
4 D 0.5ml of 20% Once daily 20 days (T, 2"%and 3 trimesters)
5 E 0.5ml of 30% Once daily 7 days (i trimester)
6 F 0.5ml of 30% Once daily 14 days (T and 2%trimesters)
7 G 0.5ml of 30% Once daily 20 days (T, 2"%and 3 trimesters)

The route of administration was oral.

3.3.1 Route of ethanol administration and basis for the choice of the
concentration

30% v/v as adopted by Adebisi (2003) was used in addition to lower dose of 20% v/v.
0.5ml as used by Allam and Abdulham{@013) of the respective doses of the ethanol
was administered via oral intubation using insulin syringe with the needle covered with
a galp vein set tube to prevent harming the animals. The percentage and the duration is
homology of binge drinking pattern. These doses are low if compared to the doses used
by Maier and West (2001), which were 2.5, 4.5 & 3.6 g/kg/day, or to the dose (6.6
g/kg/day) used by Thomaet al (1998). However, it is relatively close to the dose used

by Allam and Abdulhamid(2013), 33% ethyl alcohol, which is equivalent to 700

mg/kg.
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3.3.2 Cycling of the animals

Oestrous cycle in Wistar rats lastb4days and consists of four main oestrous phases
namely: preoestrous, oestrous, metoestrous and diestrous as shown on plate 3.1. These
phases are characterised by the morphology of the cells found in the vaginalldmear.
pro-oestrous phase is predominantly composed of nucleated epithelial cells, the oestrous
precedes the proestrous and it is predominated by irregular anucleated cornified cells,
whereas the metoestous preceding the oestrous is composed of threatdijfges of

cells, these are: nucleated epithelial cells, irregular anucleated cornified cells, and
leucocytes, then the last phase which e@Btrous is predominated by leucocytes
(Adebisi, 2009; Hubscheet al, 2005; Marcondest al, 2002; Long and&vans, 192p

(plate 3.1).

The oestrous phases were determined by collecting the vaginal smear using a soaked
cotton bud in distilled water, the soaked
vagina and the posterior vaginal wall was gently sbetcto remove some of its
contents. The content was then smeared on a clean glass slide and allowed to dry for 1
minute, the dried smear was then stained for the period1®f Binutes using 10%

giemsa stain that was diluted in exactly 9 parts of water.

The stained slides were then washed with Distilled Water and allowed to dry and
viewed under light microscope. Following determination of the oestrous phases on each
day, preoestrous females were mated with matured males overnighttion T2
depending upon the number of gvestrous females on that day. The next morning,

vaginal smear was taken and the presence of protein coagulate confirmed mating and
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day zero of pregnancy was designated on each Aldgbisi, 2009;Long and Evans,

1922).
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Plate 3.1:Vaginal smear demonstrating oestrous phases of WistarRatsestrous (A), Oestrous (B), Metoestrous (C) and Dioestrous (D);
showing nucleated cells (N), Cornified cells (© and Leucocytes (LXGiemsa Stain  X100).
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3.3.3 Giemsa stain peparation

50mls of giemsa stain was prepared in the histology labordd@pyartment of Human
Anatomy, A.B.U, Zaria by making a solution in the following proportions: Giemsa
powder: 0.38g, Glycerol: 25mls , Methanol: 25mls. The stain was prepared to stain the
vaginal smear fothe study of the cytology othe smear. The stain waliluted in
distilled water in ratio of 1:9, i,e 10% giemsa stain before staining the smear to enhance
stain absorption and permit more light penetration through the smear from the

microscope light sourgehis was done according to modifidiga technique 2008).

3.3.4 Confirmation of pregnancy

Daily examination of increase in weight of the animals was observed using digital
weighing machine to asses for remarkable weight. daiaddition, towards the end of
the first trimester, vaginal smear was takemsecutively for three days to observe if
there was persistent-destrous phase, which is the undisputed indication of cessation of

ovulation, hence, confirming pregnancy (lliya, 2008).

3.3.4 Ethanol Preparation

100mis of both 20% and 30% ethanol w@repared by diluting 20mls of absolute
ethanol in 80mis of distilled water and 30mls of absolute ethanol in 70mls of distilled
water respectively. This was prepared based on the calculated amount of the respective

percentages needed throughout the wheft@d of the administration.
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3.3.5 Animal sacrifice

On the expected day of delivery (GD 21), some of the litters of treated and control
groups were randomly selected and sacrificed using chloroform inhalation by placing
the pups into a closed containesntaining a soaked chloroform cotton wool and
humanely sacrificed, while some of the pups were randomly selected and allowed to
lactate for preveaning neurdbehavioural tests (Allam and Abdulhamid, 2013). The
morphometric indices of the foetuses were tageior to the sacrifice. The brain was

then dissected out and fBanceiland Gam#edZ20EB8t el v i

3.3.6 Tissue pocessing
The tissues were allowed to stay in the fixing fluid for 48hrs to enable efficient fixation.
The tissuesvere then processed routinely and stained using Haematoxylin and Eosin

(Hand E) and Cresyl Fast Violet Stain.

3.3.7 Routine paraffin sectioning

The fixed tissues were removed from the b
grades of alcohol. This @thod involved dehydration of tissues in 2 changes of 70%
alcohol and 2 changes in 90% alcohol, 3 changes of 95 % alcohol and finally 3 changes

of absolute alcohol, each of the stages lasted for 30mins. The dehydrated tissues were
then cleared in 2 changes$ chloroform for 2hrs. The clearing helped in removing the
opacity from the dehydrated tissues thereby making them transp&amtr¢ft and

Gamble, 2008

The cleared tissues were infiltrated by immersion into molten paraffin wax and allowed

to solidify. The embedded tissues were blocked in rectangular block and then tissue
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sections were cut using rotary microtome at 5um per secBancfoft and Gamble,
2008). The tissue sections were allowed to float in water bath at 30°C to help in
spreading the paffin ribbons. Clean slides were then used to pick the tissues from the
warm water bathRancroft and Gamble, 20D8The slides were left to dry and later

stained using H and E and Cresyl Fast violet.

3.4  Staining Methods

3.4.1 Haematoxylin and Eosin (H & E) staining methods

The method of H and E staining technique involved hydrating the tissue sections in
descending grades of alcohol from 100%, 95%, 90% and finally 70%. Each of these
steps lasted for 15 minutes and the tissues were then washed in riapnvagter. The
tissue was then stained with haematoxylin for 25 minutes, washed with water and then
differentiated in acid alcohol. The tissue was then counter stained with eosin and blued
in Scott water. The tissues were then hydrated in ascending gshadsohol and
cleared in xylene for three changes in 5 minutes each. The tissues were subsequently
mounted with cover slips using a mougtimedia (Bancroft and Gamble, 2008 he
tissues were finally viewed under light microscope and the photomicrogvegtes

taken using digital amscope with model number (MD 900).

3.4.2 Cresyl fast violet gaining (Nissl Stain)

Cresyl Violet stain was used to stain Nissl substance in the cytoplasm of the neurons.
This technique employs basic aniline dye to stain RNA bhat was used to highlight
important structural features of the neurons. The nissl substance (rough endoplasmic

reticulum) appeared dark blue due to the staining of the ribosomal RNA, giving the
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cytoplasm a mottled appearance. DNA present in the nucldubeastained a similar

colour(Bancroft and Gamble, 20n8

3.5 Atomic Absorption Spectrophotometry

Varian Fast Sequential Atomic Absorption Spectrophotometry with model number
AA240FS was used to quantify the amountroh, Copper Zinc andManganesén the
cerebrum and cerebellum of the neonatal Wistar rats. This was done atuséulti
Science Research laboratory, Chemistry Department, Ahmadu Bello University Zaria.
The tissues were homogenised with Phosphate Buffer Solution (PBS) prior to the meta
anaysis. It was then digested with nitric acid, heated and allowed to cool, this was done

to remove organic matrix from the tissue homogenate (EHD, 1995).

Subsequent to digestion, the samples were diluted with deionised water and aqueous
sample containinghe metal analyte was aspirated into araagtylene flame, causing
evaporation of the solvent and vaporization of the free metal atoms (EPA, 2007). This
process is called atomization. A line source (hollow cathode lamp) operating in the UV
visible spectrhregion was used to cause electronic excitation of the metal atoms, and
the absorbance is measured with a conventionalvidMle dispersive spectrometer

with photomultiplier detector (EPA, 2007). The narrow spectral lines of atomic samples
necessitate thuse of a line source as well as a kigéolution monochromator. This

helps to prevent interference from adjacent spectral lines of other atomic species present
in the sample matrix (EPA, 2007). In this experiment, AAS in conjunction with flame
atomizaton was used to determine specific metals (Fe, Zn, Cu, Mn) in aqueous sample.

The availability of a spectrometer equipped with a lamp turret (allowing several line
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sources to be used in sequential fashion) facilitated the measurement of multiple metals

in the sample (EPA, 2007).

3.6  Morphometric Analysis

The crown rump length, and the weight of the pups were taken and the average for each
group was recorded using digital vernier caliper. The crown rump length was measured

in centimetre (cm) as a distanceaweeen the peak of the skull to the tip of the tail. The

weight of the pups and their heads was measured in grams (g) using electronic digital
weighing machine.

3.7  Photomicrography

The photomicrographs were snapped using an instrument called amscop®saopie
digital camera with a model number MD90O.
by the amscopeds eyepiece. The amscope has:s
laptop through a USB port. The tissue was viewed through the computer, andahe ar

that best reveals the tissue and what is targeted was captured, and the photomicrograph

captured was printed out using colour printer.

3.8  Neuro-Behavioural Studies

The neurebehaviour of both the ethantrbated and control pups were assessed for the
achievement of developmental milestones. Achievement was based on the ability of a
pup to display a positive response within the stipulated time. For each milestone, the
time in seconds to reach the milestone was recorded. Testing commenced at 10:00 am

each day, with the dam placed in a separate cage throughout the testing procedure.
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3.8.1 Surface righting reflex on postnatal cday 5 (PND 5)

This test was conducted to measure the development of the vestibular reflex and motor
coordination. It assesses takility of the pups to cordinate the necessary movement

to roll over from its back onto its paws. The rats were placed in supine position and the
time taken in 30seconds to turn over to prone position and place all four paws in contact
with the surface as recorded. Each animal was tested in 2 trials onrzatat day five

(PND 5). Positive responses were noted when pups were able to complete the task. The
maximum time allowed per trial was 30seksh@raet al, 2001; Kihara, 1991; Vorhees

et al., 1979ab; Fox, 1965 The number of litters with successful responses under 2

trials were recorded (figure 3.1).
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Figure 3.1: Surface Rightingshowing the pup placed in supine position
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3.8.2 Cliff avoidance (PND 6)

OnPND 6t he pupb6s ability to avert a cliff w
of a 5cm-high platform with their noses and fedgits suspended over the edge of the
simulated cliff. The latency to back away from the edge of the cliff, turn, and crawl

away was measured. This test is considered an evaluation of sensory and motor
coordination development. Positive responses were noted when pups completed the task

in < 30 seconds. Each pup was tested in 1 trial. The maximum time allowed per trial

was 60secsKiharaet al, 2001; Kihara, 1991; Vorhees al., 1979a,b; Fox, 1965

(figure 3.2).
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Figure 3.2: Cliff Avoidance, showing the pup on the cliff
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3.8.3 Negative geotaxis (PND 7)

This test was conducted to assess movasrdination of the pups when challenged on a
sloped surface. Latency to rotate the body is considered a measurement of vestibular
and postural reflexes. The animals were placed with their nose pointed downward on an
inclined grid (45°) of 30cm. The hindibs of the pups were placed in the middle of the
grid. The time taken to complete a 180° turn was measured. Each animal was given one
trial at a maximum of 60secondKiljara et al, 2001; Kihara, 1991; Vorhees al.,

1979a,b; Fox, 196%figure 3.3).
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Figure 3.3 Negative Geotaxisshowing the pup turning 180° against the slope
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3.9  Statistical Analysis

The data was analysed using SPSS software version 20. Thevelataexpressed as

Mean + SEM Gtandard Error of Mean). OfWay Analysis of Variance (ANOVA) was

used to compare the mean difference between and within the groups araua Bf
"0.05 was considered to be stati-lmottestal |y
was used where the was significant difference between and within the groups to find

where the significant lies. Charts were produced using Microsoft Excel 2013.
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CHAPTER FOUR
4.0 Results
4.1  Physical Observation
There was no physical deformity @sed in both the control and the ethatrehted
pups. However, the pups of the ethatrtehted dams that were exposed to 30% ethanol
in utero throughout the gestation period were smaller in size when compared to the
Control and other groups. It was atsieserved that Group G showed delayed parturition

extending to 2% day of gestation.

4.2  Morphometric Analysis

The result showed a high birth weight in the Control Group when compared to the other
treated groupsvhich is not statistical significard t OFO5(Figure 4.1 Following
examination of weight of the pups on postnatal day 7, ethagated Groups B, C, D

and E that were exposed prenatally to 0.5ml 20% ethanol for 7, 14, 20 days and 0.5ml
30% ethanol for 7days respectively showed a recuperatiuedse in body weight

higher than the Control Group, but statistical significance was only met with Group D

(0. 5ml 20% et hanol 20days) at P 0.001 (Fi
0.5ml 30% ethanol for 7 and 14 days respectively exhibitedstabiatically significant

low increase in weight on comparison with the Control Group (Figure 4.1).

On the other hand, the crowamp length of the Control Group at birth was higher than

that of the ethanekeated Groups but it was not ttically significant with the
exception of Group E that met statistical
Moreover, the crowamump length at postnatal day 7 of the Control Group A is slightly

higher than that of ethantileated Groups C, Fnd G which was not statistically
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significant (Figure 4.2). The crowrmump length on postnatal day 7 was slightly higher
in ethanoftreated Groups B, D and E when compared to Control Group A, but does not

meet statistical significance (Figure 4.2).
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4.3  Pre-weaning NeureBehavioural Battery Tests

The results of the preveaning battery tests as described below and illustrated in figure
4.3 revealed a newfoehavioural effects on thethanoltreated neonates. However, the

effect did not show a dos#ependent pattern of effects.

4.3.1 Surface righting reflex

The control group A showed a quick reflex latency when compared with the ethanol
treated groups especially groups B, C, F andtf@agh the difference does not meet
statistical significance at P 0. 05. Gr ou |
response compared to the control group, this also however was not statistically

significant at P "0.05 (figure 4.3).

4.3.2 Negative gotaxis

The control group A showed a statistically significant difference in the timing response
compared to the etharblr e at ed Groups E at P 0. 05, F
significance) and G at P 0.01 asosmwedwn i n
a quick reflex latency when compared with treated Groups B, C and D, although this

does not meet statistical significance at

4.3.3 Cliff avoidance (Visual diff)
The Control Group A, showed a quick latemeyavoiding the cliff compared to ethanol
treated Groups B, E, F, and G but only Groups B and E met statistical significance at P

"0.001 and P 0. 05 respectively as
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4.5 Histologic Findings

The result from histological observations showed varying degrees of histopathological
presentations in the treated groups. The cytutecture of the cerebral and cerebellar
cortices were explored using Haematoxylin and Eosin (H&E) and Cresyl Fast Violet
staining techniques to enable andepth histopathological evaluation of the intra
uterine ethanol exposure on the tissues at mgrypercentages and periods of

development.

4.5.1 Histology of the eerebral cortex

Platel showed a photomicrograph of the cerebral cortex of neonatal Wistar rats of the
Control Group A on postnatal day using Hand E stainit was shown to have the
normal cellular architectuneevealing different types of neural cells including Pyramidal
Cells, Fusiform cells, cells of martinoti and stellate cells.Plate 2 shows a section of the
cerebral cortex of neonatsVistar rat on postnatal gla7 for Group B that received
0.5ml 20% ethanol for 7 ¢a showing karyorhexic cell$?yknoticcells, Degenerated

cells and clumped cellsPlate 3 showed a section of the cerebral cortex of neonatal
Wistar rat on postnatal day 7 for Group C that received020% ethanol for 14 days
showing clumped cells and numerous pyknotic cells. Moreover, Plate 4 showed a
section of the cerebral cortex of neonatal Wistar rat on postnatal day 7 for Group D that
received 0.5ml 20% ethanol for 14 days showing Pyknotis,dekegenerated cells and
clumped cells.Plate 5 is a section of the cerebral cortex of neonatal Wistar rat on
postnatal day 7 for Group E that received 0.5ml 30% ethanol for 7 days showing
karyorhexic cells, Pyknotic cells and clumped cdflmte 6 is shwing a section of the
cerebral cortex of neonatal Wistar rat on postnatal day 7 for Group F that received

0.5ml 30% ethanol for 14 days showing karyorhexic cells, Pyknotic cells and clumped
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cells.Plate 7 is aection of the cerebral cortex of neonatal dafigsat on postnatal day 7

for Group G that received 0.5ml 30% ethanol for 20 days showing Vacoulations,
Pyknoatic cells and clumped cells. The ethanol treated neonates exhibited different forms
of histopathological appearanaden compared to the Controt@p. The effects seen

did not follow a doselependent pattern but rather a time of exposure dependence, this
was shown in the 14 days exposed neonaids a characteristic feature of numerous

clumped cells.

4.5.2 Histology of cerebellar cortex

On the other hand, H and E stain as shown in plates 8 to 14 of the cerebellar cortices
showed a unique presentation of neonatal cerebellum which shows distinction from the
adult cerebellum. The distinction is as a result of dense granulation of the outer
molecular layer of the neonatal Wistar rat cerebellum as opposed to the adult rat
cerebellum that is devoid of granular ceRdate 8 is a section of the cerebellar cortex of
neonatal Wistar rat on postnatal day 7 for Control Group A that received nalnal s
showing the foetal arrangement demonstrating Purkinje cells, Granular Cells, Purkinje

cell layer, Outer Molecular Layer and Precursor Granular cells.

Ethanol exposure is shown to affect the purkinje cellular density and arrang@haéat.

9 is showng a section of the cerebellar cortex of neonatal Wistar rat on postnatal day 7
for Group B that received 0.5ml 20% ethanol for 7 days showing some Degenerated
Purkinje Cells, Karyorhexic Cells and Pyknotic Cells. Plate 10 showed a section of the
cerebella cortex of neonatal Wistar rat on postnatal day 7 for Group C that received

0.5ml 20% ethanol for 14 days showing some Karyorhexic Cells, Pyknotic Cells and

clumping of the purkinje cell®?late 11 is a section of the cerebellar cortex of neonatal
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Wistar rat on postnatal day 7 for Group D that received 0.5ml 20% ethanol for 14 days
showing some Karyorhexic purkinje Cells and Pyknotic purkinje Cells. Plate 12 showed
a section of the cerebellar cortex of neonatal Wistar rat on postnatal day 7 for Group E
that received 0.5ml 30% ethanol for 7 days showing some Karyorhexic purkinje Cells
and Pyknotic purkinje Cells.Plate 13 is showing a section of the cerebellar cortex of
neonatal Wistar rat on postnatal day 7 for Group F that received 0.5ml 30% ethanol for
14 days showing some Degenerated PurkinjelsCallumped pyramidal celland
Pyknotic Cells Plate 14 showed section of the cerebellar cortex of neonatal Wistar rat
on postnatal day 7 for Group G that received 0.5ml 30% ethanol for 20 days showing
some Degeerated Purkinje Cells and Ferruginatid®lumping of purkinje cells was

also observed only in 14 days treated neonates revealing the much significance of time

of exposure more than the percentage of ethanol as a function of its teratogenicity.

4.5.3 Histochemistry of cerebral ortex

Plates 15demonstrated the cerebral corte#ithe Control Groupsing cresyl fast violet,

the Control Groupvas shown to have high density of Nissl substance while the treated
groups exhibited a varyinlevels of Nissl substae degrdation a featire referred to as
neurocyte chromatolysi®late 16 showed a section of the cerebral cortex of neonatal
Wistar rat on postnatal day 7 for Group B that received 0.5ml 20% ethanol for 7 days
showing moderately stained nissl substandth Wentral Chromatolysis. Plate 17: A
section of the cerebral cortex of neonatal Wistar rat on postnatal day 7 for Group C that
received 0.5ml 20% ethanol for 14 days also showing moderately stained nissl
substance with Central Chromatolysis. Plate 18 msection of the cerebral cortex of
neonatal Wistar rat on postnatal day 7 for Group D that received 0.5ml 20% ethanol for

20 days showing faintly stained nissl substance with Central Chromat®lietis.19 is
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a section of the cerebral cortex of neonatal Wistar rat on postnatal day 7 for Group E
that received 0.5ml 30% ethanol for 7 dayso showing faintly stained nissl substance
with Central ChromatolysisPlate 20 also showed a section of the cerebral coftex
neonatal Wistar rat on postnatal day 7 for Group F that received 0.5ml 30% ethanol for
14 days showing moderately stained nissl substance with Central Chromatolysis. Plate
21: A section of the cerebral cortex of neonatal Wistar rat on postnatal daysvoiop

G that received 0.5ml 30% ethanol for 20 days showing faintly stained nissl substance
with severe neurocyte chromatolysias also observed with reduced apical dendrite in
the treated groups, distortion in the nuclear outline and neural degemeratibe

treated groups was observed when compared to the control.

4.5.4 Histochemistry of the erebelar cortex

Plates 22 to 28 demonstrated the cerebellum using credtyvitdet. Plate 22 is the
Control Groupshowing nissl substan@nd finely arranged purkinje cellshile the
treated groups exhibited a varying levels of Nisglstance degradation (chromatolysis)
and distortion in the nuclear outline of the purkinje celite 23 is asection of the
cerebellar cortex of neonatal Was rat on postnatal day 7 for Group B that received
0.5ml 20% ethanol for 7 days showing degenerated purkinje cells with distorted nuclear
outline. Plate 24 is also gection of the cerebellar cortex of neonatal Wistar rat on
postnatal dy 7 for Group Cthat received 0.5ml 20% ethanol for Xdhys showing
Degenerated Purkinje cellPlate 25 is showing a section of the cerebellar cortex of
neonatal Wistar rat on postnatal day 7 for Group D that received 0.5ml 20% ethanol for
14 days showing purkinje cellsitiv distorted nuclear outline as a result of nissl
substance degradation. Plate 26 is a section of the cerebellar cortex of neonatal Wistar

rat on postnatal day 7 for Group E that received 0.5ml 30% ethanol for 7 days showing
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Degenerated Purkinje Cells a@@ntral Chromatolysis. Plate 27 represents a section of
the cerebellar cortex of neonatal Wistar rat on postnatal day 7 for Group F that received
0.5ml 30% ethanol for 14 days showing Degenerated Purkinje. Gdiise 28 is a
section of the cerebellar ¢ex of neonatal Wistar rat on postnatal day 7 for Group G
that received 0.5ml 30% ethanol for 20 days showing Degenerated Purkinje Cells and

degradation of nissl substance.
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Plate 1: A crosssection of the cerebral cortex méonatal Wistar rat on postnatal day 7
for the Control Group that received normal saline showing normal architecture with
Pyramidal cells (P), Martinotti cells (M), Fusiform cells (F) and Stellate cells (S) (H and
E X250)
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Plate 2: A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group B that received 0.5ml 20% ethanol for 7 days showing karyorhexic cells (K),
Pyknotic cells (P), Degenerated cells (D) and a featur@atéllitosis(SC) (H and E
stain X250)
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Plate 3: A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group C that received 0.5ml 20% ethanol for 14 days showing a feature of
Satellitosis(SC) and numerous pyknotic cells (P) (H and E stain X250)
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Plate 4: A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group D that received 0.5ml 20% ethanol for 14 days showing Pyknotic cells (P),
Degenerated cells (D) and a featurésatellitosis(SC) (H and E stain X250)

2’y ¢
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Plate 5: A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group E that received 0.5ml 30% ethanol for 7 days showing karyorhexic cells (K),
Pyknotic cells (P), and a featureS¥itellitosi(SC) (H and E stain X250)
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Plate 6: A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group F that received 0.5ml 30% ethanol for 14 days showing karyorhexic cells (K),
Pyknotic cells (P), and a featureS¥itellitosi(SC) (H and E stain X250)
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Plate 7: A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group G that received 0.5ml 30% ethanol for 20 days showing Vacoulations (V),
Pyknotic cells (P), and a feature®dtellitosis(SC) (H and E stai X250)
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Plate 8: A crosssection of the cerebellar cortex of neonatal Wistar rat on postnatal day
7 for Control Group A that received normal saline showing the foetal arrangement
demonstrating Purkinje cells (PC), Granular Cells (GC), Purkinje cell layer (PCL),
Outer Molecular Lagr (OML) and Precursor Granular cells (PGC) (H and E stain
X250).
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Plate 9: A crosssection of the cerebellar cortex of neonatal Wistar rat on postnatal day
7 for Group B that received 0.5ml 20% ethanol for 7 days showing Begenerated
Purkinje Cells (DPC), Karyorhexic Cells (K) and Pyknotic Cells (P) (H and E stain
X250)
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Plate 10: A crosssection of the cerebellar cortex of neonatal Wistar rat on postnatal day
7 for Group C that received 0.5ml 20% ethanol for 14 daygsving someKaryorhexic

Cells (K), Pyknotic Cells (P) and a featureSHtellitosisof the purkinje cells (SC) (H

and E stan X250)
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Plate 11: A crosssection of the cerebellar cortex of neonatal Wistar rat on postnatal day
7 for Group D that received 0.5ml 20% ethanol for 14 days showing some Karyorhexic
Cells (K) and Pyknotic Cells (RH and E stain X250).
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Plate 12: A crosssection of the cerebellar cortex of neonatal Wistar rat on postnatal day
7 for Group E that received 0.5ml 30% ethanol for 7 days showing some Karyorhexic
Cells (K) and Pyknotic Cells (FH and E stain X250)
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Plate 13: A crosssection of the cerebellar cortex of neonatal Wistar rat on postnatal day
7 for Group F that received 0.5ml 30% ethanol for 14 days showing some Degenerated
Purkinje Cells (DPC)satellitosis(SC) and Pyknotic Cells (P) (H and E stain X250)
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Plate 14:A crosssection of the cerebellar cortex of neonatal Wistar rat on postnatal day
7 for Group G that received 0.5ml 30% ethanol for 20 days showing some Degenerated
Purkinje Cells (DPC), and Ferrugination (F) (H and E stain X250).

82



Plate 15:A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Control Group A that received normal saline showing pyramidal cells (P) and Apical
dendrite (A) ( Cresyl Fast Violet stain X250)
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Plate 16:A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group B that received 0.5ml 20% ethanol for 7 days showing moderately stained
nissl substance with Central Chromatolysis (CC) and Degeneration of cells (Dyl(Cres
Fast Violet stain X250)
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Plate 17:A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group C that received 0.5ml 20% ethanol for 14 days showing moderately stained
nissl substance with Central Chromatolysis (CC) and Degeneration of cells (D) (Cresyl
Fast Violet sain X250)
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Plate 18:A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group D that eceived 0.5ml 20% ethanol for 2fays showing faintly stained nissl
substance with Central Chromatolysis (CC) and pyknotic cells (P) (Cresyl Fast Violet
stain X250)
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Plate 19:A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group E that received 0.5ml 30% ethanol for 7 days showing faintly stained nissl
substance with Central Chromatolysis (CC) and pyknotic cells (P) (Cresyl Fast Violet
stain X250)
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Plate 20:A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group F that received 0.5ml 30% ethanol for 14 days showing moderately stained
nissl substance with Central Chromatolysis (Q@knotic cells (P) and Degeneration

of cells (D) (Cresyl Fast Violet stain X250)
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Plate 21:A crosssection of the cerebral cortex of neonatal Wistar rat on postnatal day 7
for Group G that received 0.5ml 30% ethanol for 20 days shofaingy stained nissl
substance with Central highly Degenerated cells (D) (Cresyl Fast Violet stain X250)
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Plate 22: A crosssection of the cerebellar cortex of neonatal Wistar rat on postnatal day
7 for Control Group A that received normal saline showing the foetal arrangement
demonstrating Purkinje cells (PC), Granular Cells (GC) and Precursor Granular cells

(PGC) (Cresyl Fastiolet stain X250).
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Plate 23: A crosssection of the cerebellar cortex of neonatal Wistar rat on postnatal day
7 for Group B that received 0.5ml 20% ethanol for 7 days showing Degenerated
Purkinje cells (DPC) and Centr@hromatolysis (CC) (Cresyl Fast Violet Stain X250)
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Plate 24 A crosssection of the cerebellar cortex of neonatal Wistar rat on postnatal day
7 for Group C thatreceived 0.5ml 20% ethanol for ldays showing Degenerated
Purkinje cells (DPC) and Central Chromatolysis (CC) (Cresyl Fast Violet $2&0).
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