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Abstract

Neurodevelopmental disorders have been reported to be associated with infants exposed to ethanol in
utero. The study was aimed at evaluating the effects of intrauterine ethanol exposure on
neurobehaviour and the amount of iron and copper in the cerebrum and cerebellum of neonatal Wistar
rats at different periods of development. Fourteen (14) female Wistar rats were mated with matured
males in ratio 2:1 overnight following determination of oestrous phase. Pregnant dams were divided
into 7 groups. Group A served as the control that received distilled water. Groups B, C and D were
administered 0.5ml of 20% ethanol equivalent to 1st, 1st and 21 trimesters and whole gestation period
(i.e 1st, 2nd and 3 trimesters) respectively. Groups E, F and G were given 0.5ml of 30% ethanol
accordingly. Following parturition, neurobehavioural assessment on sensory and motor reflexes of the
litters were tested on postnatal days 5, 6 and 7. Brain tissues were later excised, homogenised and
analysed using Atomic Absorption Spectrophotometry. SPSS V20 was used to compare the mean
difference using analysis of variance (ANOVA). The ethanol treated neonates in Groups B, E, F and
G showed a statistically significant (p<0.05) increase in latency to respond to sensory and motor
reflexes when compared with Control Group. Interrelated elevation of both iron and copper was
observed in the cerebellum while both the amounts of iron and copper in the cerebrum were depleted.
It is concluded that intrauterine ethanol exposure has effect on the development of vestibular,
postural, sensory and motor coordination. The alterations in the amounts of iron and copper which
are important cofactors for certain neurotransmitters and enzymes in the brain could play role in the
neurobehavioural deficits observed. Intrauterine ethanol ingestion affects development of sensory and
motor reflexes as well as the amounts of iron and copper in both cerebrum and cerebellum in a
reciprocal manner.
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INTRODUCTION

There has been a long-standing role of alcohol consumption in culture and its role in social
connectedness and relaxation. However, overconsumption has been linked to multitude of
serious adverse health and societal problems including violence, unemployment and broken
relationships (Dejong et al., 2019). Alcohol has been reported to have potency in inducing
neuroteratogenicity (Sandra and Michael, 2003; Allam and Abdul-Hamid, 2013). Since 1973,
it has become clear that exposure of otherwise normal human foetuses to high levels of
alcohol damages a substantial number of the exposed neonates’ brains in a variety of ways
collectively referred to as the foetal alcohol spectrum disorders (FASDs). Often this damage
can be seen directly in brain images obtained much later in life (Fred, 2006). Stratton et al.,
(1996) reported Alcohol Related Neurodevelopmental Disorder (ARND), an evidence of
CNS abnormality (which include an abnormally small head, abnormal brain structures, and
ARND neurological signs), evidence of a behavioural or cognitive disorder inconsistent with
the expected developmental level, with hereditary factors, or with the environment, or 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. Animal and clinical scientific investigations have revealed that ethanol
diffuses through placenta and distributes rapidly into the foetal compartment, the ethanol
has slower elimination time which leads to its accumulation in the amniotic fluid (Gupta et
al., 2016).

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 behavioural dysfunctions (in both humans and animals). Distinct regions
and specific cell types appear to be affected by alcohol-induced 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 CAl
region (Livy et al., 2003).

Mammalian cortex is characterised by inside out cortical migration of new, late-produced
cortical neurons moving toward the surface post the layers of already migrated cells
(Rahimi-Balaei et al., 2018). The presence of the pyramidal cells and axons providing the
principal output of the cortex characterised the cerebral cortex (Hellwig, 2000). The
appearance and the maturation of a number of sensorimotor reflexes are components of the
mature motor repertoire of the animal, and the expression of these can be correlated with the
development and maturation of the nervous system (Cassidy et al., 1994).

The proper maintenance of the amounts of trace elements is very essential in health and
disease in an organism, they are vital in proper functioning of nervous system (Takeda,
2004). They are involved in physiological and biochemical processes such as serving as
cofactors for several enzymes and proteins. Many metals like iron (Fe), copper (Cu) or zinc
(Zn) fulfil various essential biological functions and are thus vital for all living organisms.
For instance, they play important roles in nervous system, participating in a wide range of
processes such as neurotransmitter synthesis, myelination or synaptic transmission (Bohic et
al., 2011). Copper and iron are transition elements essential for life. These metals are required
to maintain the brain's biochemistry such that deficiency or excess of either copper or iron
leads to diseases of the central nervous system. Alteration in copper and iron metabolism in
the brain has been implicated in many neurodegenerative diseases, for example, copper and
iron levels both show marked increase with age and may adversely interact with the A beta
peptide causing its accumulation as well as production of neurotoxic hydrogen peroxide
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(H20»), thus, contributing to the pathogenesis of dementia of Alzheimer-type (DAT)
(Swerdlow, 2007). Transferrin may be involved in the physiological transport and utilisation
of iron and manganese into the brain. It is reported that the brain transferrin concentration is
decreased in neurodegenerative diseases such as Alzheimer's disease and Parkinson's
disease and that brain iron metabolism is also altered (Takeda, 2004).

The aim of this study is to determine the effects of intrauterine ethanol exposure on the
levels of iron and copper in the cerebrum and cerebellum in neonatal Wistar rats and
correlate with how the ethanol affects development of neurobehaviour in the study animals.
This will help in elucidating many ways in which ethanol exerts its feototoxicity.

MATERIALS AND METHOD

Experimental Animals

Twenty one (21) Wistar rats were used for the experiment, comprising of 14 females and 7
males. The males weighed (200g-220g) while the females weighed 120g-140g. Animals were
housed in wire mesh cages under standard conditions and were maintained on standard
rodent pellets (Hybrid Feeds Itd.) and water ad libitum. The animals were allowed to
acclimatize for 2 weeks prior to commencement of the experiment. The study protocol was
conducted in accordance with "Guide for the Care and Use of Laboratory Animals"
(National Research Council, 1996).

Cycling of the Animals

Oestrous cycle in Wistar rats last 4-5 days and consists of four main oestrous phases namely:
pro-oestrous, oestrous, metoestrous and dioestrous. These phases are characterised by the
morphology of cells found in the vaginal smear. The pro-oestrous phase is predominantly
composed of nucleated epithelial cells, the oestrous precedes the pro-oestrous and it is
predominated by irregular anucleated cornified cells, whereas the metoestous preceding the
oestrous is composed of three different types of cells, these are: nucleated epithelial cells,
irregular anucleated cornified cells, and leucocytes, then the last phase which is di-oestrous
is predominated by leucocytes (Adebisi, 2009). The Oestrous phase determination was
conducted according to Marcondes et al., (2002)

Ethanol Administration

Absolute ethanol was obtained from Tricura GmbH and Co., Germany (CAS no. 17-7), it was
diluted with distilled water to make 20% and 30% v/v. the dosage administered were 0.5ml
of 20% v/v and 30% v/v via gavage following the method of Adebisi, (2009) and Allam &
Abdulhamid (2013).

Experimental Design

Following confirmation of mating and pregnancy, the dams were randomly divided into
seven (7) groups, each group comprising of two (2) female rats. Group A served as the
control which received only distilled water throughout the gestation period, Groups B, C
and D received 0.5ml of 20% ethanol for 7, 14 and 20 days during pregnancy respectively,
while Groups E, F and G received 0.5ml of 30% ethanol for 7, 14 and 20 days during
pregnancy accordingly.

Neurobehavioural Tests
Surface Righting Reflex
This test was conducted to measure the development of the vestibular reflex and motor co-
ordination. It assesses the ability of the pups to co-ordinate the necessary movement to roll
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over from its back onto its paws. The rats were placed in supine position and the time taken
in 30seconds to turn over to the prone position and place all four paws in contact with the
surface was recorded. Each animal was tested in 2 trials on post-natal day five (PND 5). The
maximum time allowed per trial was 30secs (Kihara et al., 2001).

Cliff Avoidance

On PND 6, the pup’s ability to avert a cliff was assessed. Pups were placed on the end of a 5-
cm-high platform with their noses and fore-digits 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 (Kihara et al., 2001).

Negative Geotaxis

This test was conducted on PND 7 to assess motor co-ordination 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 hindlimbs 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 60seconds (Kihara et al., 2001).

Atomic Absorption Spectrophotometry (AAS) of trace elements

Varian Fast Sequential Atomic Absorption Spectrophotometry (model number AA240FS)
was used to quantify the levels of iron and copper in both the cerebrum and cerebellum of
the neonatal Wistar rats. The tissues were homogenised in phosphate buffer saline (PBS)
prior to the meta-analysis. The homogenate was analysed using standard AAS protocol
(EHD, 1995).

Statistical Analysis

The data was analysed using SPSS software version 20. The data were expressed as mean +
SEM (Standard Error of Mean). One-Way Analysis of Variance (ANOVA) was used to
compare the mean difference between and within the groups and a p-value of <0.05 was
considered to be statistically significant. Bonferroni corrected post-hoc test was used to
determine where the level of significance lies.

RESULT

Pre-weaning Neurobehavioural tests

Surface Righting Reflex

The control group A showed a quick reflex latency of 5.9secs when compared with the
ethanol-treated groups especially groups B (12.2secs), F (14.3secs) and G (33.7secs) although
the difference was not statistically significant. Groups C (6.0secs), D (5.3secs) and E (3.3secs)
showed relatively close timing response compared to the control group, this also however
was not statistically significant (Fig. 1)

Cliff Avoidance

The Control Group A, showed a quick latency of 9.9secs in avoiding the cliff compared to
ethanol-treated Groups B (60secs), E (42.7secs), F (38.1secs), and G (29.9secs), though only
Groups B and E were statistically significant (p<0.001 and p <0.05 respectively) as shown in
Fig. 1.
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Negative Geotaxis

Following the negative geotaxis test, Group A showed significant difference in the timing
response compared to the ethanol-treated Groups E [51.5 secs (p<0.05)], F [57.5secs
(p<0.001)] and G [52.3secs (<0.01)] as shown in fig. 1. The control group A also showed a
quick reflex latency of 14.9secs when compared with treated Groups B (23secs), C (26.9secs)
and D (37.7secs), although not to statistical levels.

Trace Element meta-analysis using Atomic Absorption Spectrophotometry (AAS)

The result of the trace element analysis using AAS in both the cerebrum and cerebellum of
the neonatal rats showed the presence of copper (Cu) and iron (Fe), with the concentration of
iron being the highest (210mg/kg) in both the tissues. The depletion in the amount of iron in
the cerebrum of the treated groups was not statistically significant. On the other hand, the
elevation in concentration of iron observed in the cerebellum of the treated groups was
statistically significant with Groups C (P<0.001), D (P<0.01) and E (P<0.01) in comparison
with the Group A (fig. 3).

Moreover, the observgg* depletion in the amount of Copper in the cerebrum of the treated
groups only met statistical significance with Ggoup B (0.5ml 20% ethanol 7days).
Interestingly, there was statistical significant elevation in the amount of copper in the
cerebellum of Groups D (P <0.01), E (P<0.05) and F (P <0.001) when compared to the Control
Group (fig. 3).
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Figure 1: Comparison of the effects of intrauterine ethanol exposure on neuro-behaviour of the pups. * P <
0.05; ** P < 0.01; *** P < 0.001
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Figure 2. Comparison of the mean concentration of some trace elements in Cerebrum of neonatal Wistar
rats. *P<0.05
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Figure 3: Comparison of the mean concentration of some trace elements in Cerebellum of neonatal Wistar
rats. *P<0.05, **P<0.01, ***P<0.001

DISCUSSION
The present study shows that intrauterine ethanol exposure has effect on the development of

vestibular and postural reflexes, sensory and motor coordination of the neonates. The
control group demonstrated quick latency in responding to developmental milestones
assessing the sensory and motor reflexes, thus maternal ethanol ingestion affects the
development of the reflexes. This agrees with the work of Allam and Abdulhamid (2013)
who reported that ethanol ingestion during pregnancy leads to deficit in development of
sensory and motor reflexes in the affected neonates.
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Iron and copper play vital role in the synthesis of numerous neurotransmitters as well as
serving as co-factors for several enzymes and proteins. In the brain, iron and copper are
important cofactors for enzymes involved in the neurotransmitter synthesis and myelin
formation (Gaggeli, 2006 and Lutsenko, 2010). The uptake mechanism of the two metals
interact, resulting to an interplay between the two metals (Tina et al., 2012), in essence, this
could be the possible reason for the simultaneous reciprocal relationship of Iron and Copper
elevation and depletion in cerebellum and cerebrum of the ethanol treated neonates
respectively. Consequently, the effects observed in the trace elements could lead to deficit in
neurotransmitter synthesis, thus affecting nervous coordination and activity of certain
enzymes such as superoxide dismutase which play role in preventing the generation of free
radicals in the brain tissue which could ultimately lead to the generation of reactive oxygen
species (ROS) in the brain leading to neurodegeneration (Tina et al., 2012).

Both shortage and excess of iron and/or copper can affect the brain by affecting either
neurotransmitter and/or protein synthesis (Tina et al., 2012). When in excess, they both
participate in the fenton reaction which is a series of chemical reactions initiated by
transition metals and hydrogen peroxide that leads to the formation of unstable free radicals
that significantly affect DNA, proteins, and lipids, thereby causing deleterious damage to
the cells (RiveraMancia et al., 2010). Therefore a strict regulation of these metals is vital for
normal cellular function and survival. Copper is essential for normal CNS function, it is
required as a cofactor for dopamine beta monooxygenase, peptidylglycine alpha amidating
monooxygenase, superoxide dismutase, and a large number of other enzymes. Furthermore,
it is required for mitochondrial respiration and oxidation of Iron, leaving the brain
vulnerable in case it gets deprived of copper. Elevated copper observed in this study is toxic
to the brain and thus it can cause accumulation that could result to symptoms such as
dystonia and dysarthria as reported by Tina et al., (2012), who reported that copper
accumulation was observed in Wilson disease resulting to Parkinsonian symptoms.

Excess copper in the brain is also reported to have excitotoxicity to dopaminergic neurons
(Tina et al., 2012). Therefore, the spike in copper levels observed in the cerebellum of the
ethanol treated neonates can lead to excitotoxicity of dopamine system in the cerebellum
resulting in interference with the neuromodulatory effect of copper in the dopaminergic
neurons which are important in motor function activity can be said to be compromised
leading to effect on motor coordination as observed in the neurodevelopmental milestones
in this study. Furthermore, the interplay between iron and copper metabolism in the brain
as reported by Tina et al., (2012) could be inferred to be the possible reason for the effect on
motor activity of the pups observed in the study.

CONCLUSION

The mechanism through which ethanol exerts its foeto-toxicity resulting to a reciprocal
elevation and depletion in iron and copper in cerebellum and cerebrum respectively is
poorly understood. It can be concluded that intrauterine ethanol ingestion at different
phases of embryonic life affects the development of sensory, motor, vestibular and postural
reflexes. It also affects the amount of iron and copper in both the cerebrum and cerebellum,
thus playing role in the development of ethanol foeto-toxicity.
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