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ABSTRACT

Consumption of alcohol during pregnancy causes a wide range of neurophysiological,
morphological, and neuropsychological disorders on the central nervous system, especially on
the cerebellum of children. Lycopene pigment has neuroprotective effects and antioxidant properties.
According to importance of lycopene, this study is aimed to investigate the effect of this pigment
on cerebellum histomorphometric alteration of rat pups born to alcohol consuming mother rats.
This experimental study was performed on the total number of 32 adult female Wistar rats.
According to the purpose of the research the rats were divided into 4 groups of control, lycopene,
alcohol, and lycopene and alcohol groups. Each group got pregnant naturally and followed by
parturition, the samples were taken from cerebellum of 15- and 30-day-old rat pups after the birth.
Various parameters such as thickness of gray/white matter and the number of available cells in
the gray and white matters were studied after preparing tissue slides and using Olympus BX51
microscope and Olysia software. The thickness of gray and white matters and the number of
available cells of both zones per unit area, in rat pups which their mother just received alcohol
(alcohol group) significantly decreased compared with the control group (p>0.05). Compared with
alcohol group, the process of decreased thickness of gray and white matter and the number of
available cells of both zones per unit area in the group of rat pups which their mother received
lycopene and alcohol (lycopene and alcohol group) is less than the control group. Lycopene is
able to improve damaging effects of ethanol on the number of cells and thickness of white and gray
matter in the cerebellum of rat pups born to alcohol consuming mother rats.
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INTRODUCTION

Both in rodents and in primates, it is proved
that alcohol can be passed from mother to fetus
through placenta. Adverse effects of alcohol on
intrauterine growth create a wide range of
behavioral disorders and neuro-cognitive
abnormalities, which are totally called fetal alcohol
syndrome (FAS)," 2.

The central nervous system is considered
as the main target organ for alcohol. The impacts of
alcohol on a developing brain is more that an adult
brain. Brain different areas including neocortex
(particularly frontal lobes), limbic system and

cerebellum are very sensitive to the impacts of
alcohol®. Results of studies show that alcohol
reduces proliferation and the number of neurons in
the mentioned areas*. Alcohol cause neuronal
death through increased oxidative reactions and
increased expression of inflammatory factors®.

On the other hand, studies indicate that
the range of alcoholic disorders in fetal is
associated with defects in motor and balanced
coordination which is likely due to created
alterations in the natural pathway of cerebellum
development®. It has been determined in histological
studies performed by Ghimire et al. in 2009 on the
cerebellum of rat pups born to alcohol consuming
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mother rats that the diameter of molecular and
granular purkinje layers of cerebellum gray matter
is intensively reduced’.

Lycopene is structurally a red carotenoid
that mainly is available in tomatoes, watermelon,
grapefruit, and apricot®. Results of research show
that Ithough lycopene does not have the activity of
provitamin A, but it can act as an antioxidant and
can absorb oxygen radicals. Its antioxidant
properties along with reduced oxidative damage
to DNA have been proved, in vitro®. Among other
lycopene properties can mention to
neuroprotective’® and antioxidant properties'. It
also causes increased cognitive functions'.

It is known that cerebellum high sensitivity
to teratogenic effects of alcohol in germinal period
is associated with low levels of endogenous
antioxidants in this area of the brain'* '°. Therefore,
given to neuroprotective and antioxidant effects of
lycopene, this study is performed by the purpose of
lycopene impacts on the amount of cell population
and gray and white matter cerebellum thickness of
rat pups born to alcohol consuming mother rats.

METHODS

A number of 32 healthy adult female rats
with an average weight of 250120 g and with
approximate age of 3-3.5 months were prepared in
this study. To deal with environmental conditions,
the cycle of 12 hours of light and 12 hours of
darkness and temperature at 23 UC, the rats were
kept for a week in the Animal House of Anatomy
and Histology Department of Shiraz University of
Veterinary Medicine. The rats were then distributed
randomly into following groups:
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Control group
This group contained 8 conceived rats
without any prescription.

Alcohol group

This group contained 8 conceived rats.
They received ethanol 20% (diluted with saline
0.9%) by intraperitoneal injection, from two weeks
before mating until the sampling date".

Lycopene group

This group contained 8 healthy conceived
rats. These rats orally received 0.5 ml solution of
lycopene with sodium carboxy-methyl-cellulose
0.5% per 100 g of body weight until the sampling
date.

Lycopene and alcohol group

This group contained 8 conceived rats.
During two weeks before mating, these rats
received lycopene and alcohol just like alcohol and
lycopene groups with a same dosage and until the
sampling date.

Followed by division of rats into different
groups, the animals of each group in estrous phase
of their sexual cycle were placed in a cage with a
male rat for mating and fertilization. Matting was
admitted by observation of vaginal plug. After
pregnancy and vaginal delivery, all pups born to
alcoholic and healthy mothers were kept in the
same condition in Animal House. On 15 and 30
days after birth, a number of 6 rat pups of each
group were euthanized; their cerebellum removed,
and kept in formalin solution (5%, buffered). After
passing the process of tissue preparation, paraffin
blocks were prepared from the samples using
autotechnicon device, and then sections with 5

Table 1: Comparison of the size and the number of cells in the
cerebellum of 15-day-old rat pups in the studied groups

Thickness of Thickness of The Number of The Number of
Parameter Gray Matter White Matter Cells in Gray Cells in White
Groups (im) (im) Matter (n/mm?) Matter (n/mm?)
Control 645.36+13.4 69.23+8.7  13562.69+6530.2 3957.05+153.7
Lycopene 648.21+12.6 70.47+8.1  13581.73+6497.9 4031.85+149.6
Alcohol 533.21+8.1* 61.52+4.2* 12303.08+3547.6*  3528.38+93.2*
Lycopene and Alcohol 582.35+9.7* 63.37+7.3* 12781.94+4012.6 3792.63+125.3
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microns thick were prepared using microtome
device and then they were placed on glass slides.
The obtained slides were stained green by
Hematoxylin and eosin (H&E) and Masson’s
Trichrome (MT) staining and covered by lamella at
the end. For histomorphometric studies, the
obtained sections were examined by optical
microscope. The following parameters in
cerebellum were measured in all four groups:
thickness of gray matter (%), thickness of white
matter (%), the number of cells available in gray
matter (mm?), the number of cells available in white
matter (mm?) and the ratio of gray matter to white
matter. All above parameters were taken using an
Olympus BX51 microscope (made in Japan) and
Olysia Software. At least 8 districts in the gray and
white matter of each slide were examined and their
mean recorded separately, in this assessment. The
Student T test and SPSS software were used for
data analysis and comparison between
experimental and control groups. The significant
level was determined at p<0.05.

Findings

According to the results listed in Table 1,
the thickness of gray and white matter, and the
number of cells per unit area of both regions of the
alcohol group of 15-day-old rat pups is significantly
reduced compared with the control group (p<0.05).
In comparison to alcohol group containing 15-day-
old rat pups, reduced process of thickness in gray
and white matter and reduced number of cells per
unit area of both regions is less in lycopene and
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alcohol group containing 15-day-old rat pups than
the control group.

According to the results listed in Table 2,
the thickness of gray and white matter and the
number of cells per unit area of both regions in the
group of 30-day-old rat pups in alcohol group is
reduced compared with the control group, but the
decrease is not significant (p<0.05). In comparison
to alcohol group containing 30-day-old rat pups,
reduced process of thickness in gray and white
matter and reduced number of cells per unit area of
both regions is less in lycopene and alcohol group
containing 30-day-old rat pups than the control

group.

Ethanol, in this study, caused a significant
reduction in the thickness and the number of
neurons of gray and white matter in the alcohol
groups containing 15-day-old and 30-day-old rat
pups. However, reduction in the above parameters
in 30-day-old rat pups was not significant compared
with the control group. Given to performed studies,
alcohol consumption during pregnancy with a time-
, age-, and consuming dose-dependent manners
will affect on development of fetal brain'. In fact,
total events and stages of neuronal developments
including proliferation, migration, differentiation,
synapse formation and myelination can be affected
by ethanol consumption?. Although neuronal
development of all regions of the brain is affected
by alcohol, but the cortex and cerebellum neurons
are more susceptible to the damaging impacts of

Table 2: Comparison of the size and the number of cells
in the cerebellum of 30-day-old rat pups in the studied groups

Thickness of Thickness of The Number of The Number of
Parameter Gray Matter White Matter Cells in Gray Cells in White
Groups (im) (im) Matter (n/mm?) Matter (n/mm?)
Control 691.36+40.01 80.03+7.9 12475.69+702.6 3216.95+226.4
Lycopene 702.31+£39.24 82.39+8.3 12490.10+725.9 3201.95+209.7
Alcohol 631.47+25.08 75.59+4.1 11887.62+671.3 3012.48+195.3
Lycopene and Alcohol  659.97+36.12 77.82+6.9 12051.92+684.3 3105.26+215.1

- Data means are presented as Mean+SEM.

- The level of p<0.05 is considered statistically significant.
- The sign * represents significant difference compared with the control group.
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ethanol. Detrimental effects of ethanol can be
mentioned as follows, neurons death, reduced
number of neurons, and impairment in neuronal
differentiation?'. Studies’ results in this regard
showed increased oxidative stress and increased
induction of cell death by ethanol consumption.
Several studies both in vitro and in vivo conditions
showed that alcohol consumption during
pregnancy increases the level of oxidative stress
through an increase in production of free radicals
and/or through a creation of impairment in
antioxidant defense system and as a result will
induce apoptosis and cerebellum neurons death
in the rodents brain?> 2324,

The obtained results from this study show
that lycopene is able to improve detrimental effects
of ethanol on the thickness and the number of
neurons in the white and gray matter of the
cerebellum in 15- and 30-day-old rat pups born to
alcohol consuming mother rats. The antioxidant
activity of lycopene in cell culture and animal
models has been widely studied and showed that
lycopene is able to neutralize free radicals®. It is
found that lycopene ability to absorb free radicals
is two times more than beta-carotene and ten times
higher than alpha-tocopherol. There are also
experimental evidences regarding the ability of
lycopene for turning off oxygen radicals, nitrogen
dioxide, thiol, and sulfonyl?®.
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Studies indicate that lycopene has
neuroprotective effect and is able to prevent
nervous system disease caused by destruction and
degeneration of neurons, including Alzheimer and
Parkinson diseases. A conducted study on cultured
rat cortical neurons by Qu et al in 2011 revealed
that lycopene has protective effect against
neurotoxicity of a-amyloid®”. a-amyloid is a main
pathogenic factors of Alzheimer’s disease. Lebda
et al in a study performed in 2011 indicated that
lycopene creates protection against environmental
neurotoxins and against excessive levels of certain
elements such as manganese, through
employment of its extremely potent antioxidant
properties?®.

Wei et al in 2010 showed that lycopene
can prevent the inflammatory response to acute
stroke and can reduce domain of damaged area in
the brain 2.

CONCLUSION

It seems that Iycopene through
inhabitation of oxidative stress and inflammatory
responses induced by ethanol can improve toxic
and destructive effects of ethanol on cerebellum
neurons of rat pups born to alcohol consuming
mother rats.
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