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ABSTRACT

AIMS: Ethanol is a strong pro-oxidant that causes cellular oxidative stress and damage, and it
has a disruptive effect on cognitive abilities that can be caused by tissue damage. In this study,
the tissue effects of ethanol alone and along with probiotic consumption were investigated
on parts of the gray and white matter of the brain that are located in the vicinity of the lateral
ventricles.

MATERIALS AND METHODS: This experimental and case-control study was performed in the
Physiology Research Laboratory of Islamic Azad University of Arak, Iran. 32 male wistar large
rats (12 weeks) with an average weight of 250-300 grams were randomly divided into four
groups of eight: (I) Negative control group: Mice were nasogastric tubed with only one milli-
liter of phosphate buffer, (1I) Probiotic group: 10°cfu/ml lactobacillus casei were nasogastric
tubed for two months, (III) ethanol receiving group: ethanol at a concentration of 2g/kg, in-
jected intraperitoneally for 30 minutes daily, (IV): probiotic-ethanol group: initially probiotic
109cfu/ml lactobacilli casei was nasogastric tubed for two months and ethanol injection at
a concentration of 2g/kg was performed simultaneously in the last five days of the period.
Histopathological study and analysis were performed using the H&E staining technique after
sacrificing mice. Prism-GraphPad 9 software was used to analyze the data and charts. Groups
were compared by one-side ANOVA and Tukey test was used to determine the differences be-
tween each group.

FINDINGS: The microscopic study showed observable pathological changes in the ethanol
group (p<0.01). This group showed the highest injury due to vasogenic edema with Vir-
chow-Robin space tension, hydrostatic edema, central chromatolysis, ischemic neuronal in-
jury, and glial cell accumulation compared to the negative control group (p<0.0001). Tissue
injury in the ethanol-probiotic group was15 to 25% reduced compared to the ethanol group
(p<0.01). Healthy groups that receiving only probiotics had a healthy tissue pattern.
CONCLUSION: Probiotic supplement compensates for ethanol-induced tissue injury in the cor-
tical and subcortical regions adjacent to the brainstem.
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Introduction

Ethanol is a very strong pro-oxidant that causes
cellular oxidative damage, and most of its
dangerous effects are attributed to acetaldehyde
[1]. .. [2, 3]. Alcohol addiction is usually one of
the most challenging cases that traffic police
and police headquarter deal it. Many criminal
behaviors occur while intoxicated [4]. .. [5].
Evidence shows that ethanol exerts its effects on
the nervous system by direct or indirect effects
on various neurotransmitter systems, especially
acetylcholine, dopamine, Gabapentin, glutamate,
and amino acid neurotransmitters [6]. .. [7-9].
Probiotics are live microorganisms that prevent
several harmful effects of neurodegeneration
such as neurotransmitter depletion, chronic
inflammation, oxidative stress, and programmed
cell death [10]. Research findings show that the
effect of probiotics on improving memory in
behavioral tests and its prescription does not
affect synaptic activity [11]. Also, the significance
of the predictive power of probiotic consumption
to reduce depression does not apply to anxiety
[12].

Aim (s)

The present study was designed to investigate the
variant effect of probiotics as a food supplement,
which is effective in improving neural activities in
previous studies [10], on white and gray matter
damage caused by ethanol in the brain of male
rats.

Research Type
This is an experimental and case-control study.

Research Society & Place

Male Wistar rats were used in this study, which was
conducted in the Physiology Research Laboratory
of Arak, Iran Islamic Azad University.

Sampling Method & Number

The sample size was based on the formula for
determining the number of samples in case-
control experimental studies, and 32 adult mice
(12 weeks ) with an average weight of 250-300
grams were selected. The samples were randomly
divided into four groups of eight. 1) Negative
control group in which mice were gavaged with
only one milliliter of phosphate buffer for two
months. 2) Probiotic group in which Lactobacillus
casei with a concentration of 10°cfu/ml was gavage
for two months. 3) In The group receiving ethanol
that one milliliter of phosphate buffer was gavage
for two months and ethanol (2g/kg) was injected
intraperitoneally every day during the last five days
of the period. 4) Probiotic-ethanol group, which

was initially gavage with Lactobacillus casei with
a concentration of 109cfu/ml for two months, and
ethanol injection was performed simultaneously
on the last five days of the probiotic gavage period.

Used Devices & Materials

The tool used in this research was a histological
and tissue staining set. The probiotics used in this
study were prepared by a biotechnology company
(Takgene- group) and were guaranteed to contain
at least 1 CFU/ml x10° Lactobacillus casei.

Methods

All groups were intervened at the same time (at
eight o’clock in the morning every day) on all
days for two months so that groups (I) and (III)
received phosphate buffer and groups (1I) and (IV)
received probiotics. In addition, in groups (I1I) and
(IV), ethanol was injected every day on the same
day in the last five days of this period. In all groups,
at 20:00 on the last day of the intervention, the
animals were anesthetized and sacrificed, and
subjected to histopathological study. To perform
histological studies in the target areas, cardiac
perfusion was performed after half of the animals
in each group were anesthetized with a mixture of
ketamine hydrochloride (50mg/kg) and xylazine
(5mg/kg). After the completion of perfusion,
the brain was carefully removed from the skull,
and after removing the brain, it was placed in
containers containing 10% formalin to fix the
sample. Then the sample was cut and the prepared
cut was placed inside the cassette or basket and
the lid was closed and placed inside the special
basket of the PROCESSOR device. The time was set
to be 18 hours in the machine to fix the sample,
dehydrate and clarify. This device included 12
containers, two formalin, six alcohol 50-100, and
two xylol containers, and finally, two containers
containing 60-degree paraffin (because paraffin
hardens the sample at a temperature above 65
degrees and a temperature lower than 60 not melt
grade). After the PROCESSOR finished working, the
samples were removed from the machine and the
blocking process started. At first, the containers
intended for pouring paraffin were placed on the
HOT PLATE device to heat the containers and bring
them to the same temperature as the sample. Then,
using a DISPENSER device, paraffin was poured
into metal containers. The lid of the cassettes was
opened and with the help of tweezers we put the
sample in the container containing paraffin and
the lid was closed. In this way, the blocks were
prepared and ready to be cut. Sectioning of brain
tissues containing black and white brain matter
around the lateral ventricles was done according
to the Paxinos and Watson atlas. The samples
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were cut using a microtome. After preparing
the main cut, we put it in a hot water bath and
removed it from the surface of the water using a
slide. Then, the slide containing the section of the
desired sample was placed in a special basket for
staining. In the next step, we first put the slides in
a 100-degree oven for 15 to 20 minutes to melt
the excess paraffin and remove it from the sample.
In the next step, we placed the samples in Xylenol
to completely remove the excess paraffin from
the samples (deparaffinization step). Then the
samples were dried and placed in 70% alcohol
for six minutes. In the next step, washing with
distilled water was done, then they were placed in
hematoxylin dye for 6 minutes. Then washing was
done and in the next step, it was placed in eosin dye
for 6 minutes. Then washing was done and then it
was placed in 70% alcohol and then 90% alcohol
thus the slides were prepared and microscopic
images were taken with an optical microscope
(Japan Olympus-BH2) and pathological markers
were observed under the optical microscope.

Ethical Permissions

The method of this research was approved by
the Medical Ethics Committee of Arak, Iran Azad
University with code IRIAU.ARAK.REC.1399.009.

Statistical Analysis

The analysis of the results was done based on the
qualitative changes in the brain matters and the
comparison of the sections of the experimental
groups in terms of cell ischemia, vasogenic
and hydrostatic parameters, and the typical
microscopic slides were qualitatively compared.

Soleimani et al.

To compare the matter sections in terms of the
amount and type of lesions, the scoring method
was used by including zero (no damage) to four
(maximum damage) and calculating the average
damage in each group. Prism-GraphPad 9 software
was used to analyze data and draw graphs. The
comparison of groups was done with a one-
way analysis of variance. Tukey’s post-test was
also used to determine the difference between
each group. p value<0.05 was considered as the
criterion of the significance level of difference
between groups.

Finding By Text

Microscopic examinations in the group receiving
pure ethanol showed numerous pathological
changes. Vasogenic edema, which could be seen
with the strong expansion of the Virchow-Robin
spaces as shown in Figure 1, this pathological
change was caused by the effects of ethanol in
the blood/brain barrier, and by increasing the
intracranial pressureand reducingtheblood supply
to the neuronal cells, which are very sensitive to
lack of oxygen and it leads to Cell damage changes.
The difference between experimental groups
in terms of vasogenic edema was significant
(Figure 1); So the ethanol group showed the most
damage compared to the negative control group
(p<0.0001), while probiotic consumption reduced
this damage compared to the ethanol group
(p<0.01). Hydrostatic edema, which occurred
due to the inflammation of nerve tissue and the
blockage of the flow of cerebrospinal fluid in the
cerebral ventricles, was visible as edema in the
periphery of the cerebral ventricles (Figure 1).

Score

Negative Control

Probitic

Ethanol —

Ethanol + Probitic

Chart 1) Comparison between experimental groups in terms of vasogenic with each other.
The ethanol group showed the highest damage compared to the negative control group (P<0.0001),
probiotic consumption did not reduce this difference but reduced this damage compared to
the ethanol group (P<0.01). Score shows the amount of waste observed in each sample.
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Figure 1) Brain tissue of the healthy control group in which
the cells of the nerve tissue have a healthy pattern.

Also, the statistical comparison showed a
significant difference between the ethanol

blood supply disruption and caused a significant
difference in this respect between the ethanol

group and the negative control group in terms
of this injury (p<0.0001). Probiotic was able to
reduce the significant difference in the damage
caused by ethanol with the negative control
group (p<0.0001). The results of this statistical
comparison are shown in chart 2. Central
chromatolysis in brain neurons was visible in the
form of cell swelling, moving the nucleus to the cell
periphery, and scattering of Nissl bodies (Figure
1). Neuronal ischemic damage was caused by
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Chart 2)- Statistical comparison of hydrostatic
edema between experimental groups. The
ethanol group showed a significant difference in
terms of this damage compared to the negative
control group (P<0.0001). Probiotics were able
to reduce this significant difference in ethanol-
induced damage with some negative control
group (P<0.001). Score shows the amount of
waste observed in each sample.

group and the negative control group (p<0.0001),
although the use of probiotics along with ethanol
could not compensate for this damage compared
to the negative control group. But it caused a
significant decrease in this regard compared to the
ethanol group (p<0.01) (Chart 3).

In these pathological changes, the neuronal cells
were shriveled in a triangular shape with pyknosis
nuclei that lost their central polarity in the cell
cytoplasm (Figures 1 and 2).
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Chart 3) Comparison of cellular ischemia between
different experimental groups. Ethanol use
caused a significant difference in terms of this
damage between the ethanol and negative control
groups (P<0.0001). But ethanol group had a
significant decrease in this regard (P<0.01). The
score indicates the amount of waste observed in

each sample.
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Figure 2) Ischemic cells undergo necrosis. Vasogenic edema
is evident and indicated by the arrow (magnification 40%).
Severe hydrostatic swelling is visible at the margins of the
brain ventricles (magnification 20%).

Following the spread of nerve tissue damage,
the accumulation of glial cells was another
pathological finding that indicated the extreme
damage of nerve tissue under the influence of pure
ethanol (Figure 3). In the group receiving ethanol
along with probiotics, the changes were reduced
by 15-25% compared to the group receiving
pure ethanol, and the healthy groups and only
probiotics had a healthy tissue pattern (Figure 4).

Main Comparison To The Similar Studies

The healing effects of the probiotic on brain tissue
are likely due to its ability to protect against
ethanol-induced cellular damage and oxidative
stress [13]. The difference between the ethanol
and probiotic-ethanol groups may be due to the
changes that ethanol has made in the brain tissue,
especially around the lateral ventricles. Ethanol
has led to cell damage by increasing intracranial
pressure and reducing blood flow to hypoxia-
sensitive nerve cells. Ischemic neuron damage is
caused by blood flow disorder. The formation of

Figure 3) In the ethanol-probiotic group, the changes
decreased by about 20% compared to the ethanol group

significant amounts of brain acetaldehyde in vivo
after ethanol consumption and its mechanism is
notclearly defined, although catalase is a promising
candidate [14]. Dendritic and synaptic changes
have been documented in alcoholics, which
receptor and transmitter changes, may explain
the functional changes and cognitive deficits that
result from more strong structural changes [15].
Based on the review of valid databases, this is
probably the first study that investigated the effect
of probiotics on the above tissue parameters in the
acute ethanol administration model and based on
the authors’ review, there was no similar research
to compare the results. But it is possible to analyze
the effect of probiotics on the side effects of
ethanol that indirectly lead to tissue changes in the
brain. ... [16]. Probiotics reduce oxidative stress in
alcohol-fed rodents. There is a possibility that this
may be due in part to reduced CYP2E1 expression,
another study showed that this finding may be the
result of the healing of intestinal dysbiosis caused
by alcohol (and oxidative stress), as it has been
shown the case for probiotics and LactobacillusGG
[17].... [18-24].

Figure 4) Microscopic view of brain tissue of ethanol-probiotic
group. Hematoxylin/eosin staining and 40% magnification.

2202 ‘L @nss| ‘LLIOA  ANIOIAIIN 301104 40 TVNINOr o


http://dx.doi.org/10.30505/11.1.23
http://jpmed.ir/article-1-1076-fa.html

[ Downloaded from jpmed.ir on 2025-08-02 ]

[ DOI: 10.30505/11.1.23]

iy o) Hbor ) S | o

6% 1 @ 1 egl

ISSN: 2383-3483; Journal of Police Medicine. 2022;11(1):e23

The Effect of Probiotic Dietary Supplementation on Ethanol-Induced White and Grey Matter Damage to the Brain in Male Wistar Rats

Suggestions

[tis suggested toinvestigate the effect of nutritional
supplements of other valuable probiotic strains on
brain damage caused by ethanol. Also, the effect of
the probiotic and prebiotic combination on brain
poisoning caused by ethanol and other models of
brain poisoning are studied.

Limitations

The limitations of the current research were
mainly related to the unavailability of the studied
probiotics. Also, due to the time limitation in the
use of laboratory facilities, only the model of acute
poisoning caused by ethanol was investigated.

Conclusions

Acute ethanol injection can cause visible
pathological changes in the brain tissue, including
vasogenic edema with strong expansion of the
Virchow-Robin space, hydrostatic edema caused
by (swelling or inflammation?) of nerve tissue, and
(obstruction or blockage?) of cerebrospinal fluid
flow in cerebral ventricles, central chromatolysis
and ischemic neuronal damage. It follows
disruption in blood supply and the accumulation of
glial cells. A probiotic supplement can compensate
for the tissue damage caused by ethanol in
cortical and subcortical areas adjacent to cerebral
ventricles. It appears that probiotics can exert
their preventive pathways against alcohol toxicity
through biochemical and microflora changes that
improve brain tissue.

Clinical & Practical Tips in Police Medicine
The use of ethanol causes damage to the white
and gray matter of the brain and it is necessary to
apply controls against its abuse. The consumption
of probiotic food supplements in people under
observation or control who suffered from ethanol
abuse for any reason can have a compensatory and
reducing effect on the damage of white and gray
matter in the brain caused by it.
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