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Abstract

The combination of ethanol and caffeine, through the consumption
of “energy” drinks, is becoming increasingly popular, especially among
young people, as it is believed that caffeine can antagonize or at least
decrease the intensity of the cognitive and motor deficits caused by
ethanol intoxication. However, studies have shown that the combination
of ethanol + caffeine only decreases the subjective perception of ethanol
intoxication without, however, decreasing its intensity. This change in the
subjective perception of ethanol intoxication can lead to an increase in the
consumption of alcoholic beverages, potentiating the effects of ethanol on
the central nervous system. In addition to the known neurodegenerative
effects of ethanol, its excessive consumption also has an important
suppressive effect on neurogenesis. The dentate gyrus of the hippocampus
is one of the only structures where there is neurogenesis, the formation
of new neurons, throughout adult life. As the hippocampus is involved
in important processes such as learning, memory, and mood regulation,
studies suggest that the decrease in neurogenesis in this structure may
be directly related to the cognitive and behavioral problems presented
in patients with alcoholism. The present study analyzed the effects
of the simultaneous use of ethanol and caffeine on cell proliferation,
neurogenesis, and apoptosis in the dentate gyrus of the hippocampus of
UCHB rats. Chronic ethanol ingestion triggered significant changes in
the hippocampus of the UChB rats with decreased cell proliferation and
neurogenesis, a more significant number of apoptotic cells, and reduced
volume of the hippocampus. The simultaneous ingestion of ethanol and
caffeine partially reversed the damage of ethanol, acting caffeine with a
possible neuroprotective effect.
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Introduction

Alcoholism is a multifactorial syndrome compromising the individual's
physical, mental, and social aspects [1]. Ethanol is the most consumed drug in
the world, with widespread dissemination in all social classes and age groups.
The increase in its consumption among young people and adolescents is
alarming [2,3]. Understanding the potential effects of ethanol consumption,
whether beneficial or harmful, is extremely important in preventing the
damage associated with its use. The moderate consumption of alcoholic
beverages is often considered a protective factor against cardiovascular
diseases and the possible decrease in cognitive losses due to age [4,5] in
addition to promoting stress reduction and anxiety, contributing to well-being
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[6]. However, the use of ethanol can also bring harm to health
as an increase in the risk of developing some types of cancer
[7] and cardiac diseases [8]. The combination of alcoholic
drinks with juices or soft drinks masks the taste of ethanol,
making the drink more palatable. The consumption of “energy
drinks” containing varying amounts of caffeine and taurine
combined with alcoholic drinks has become very popular
with adolescents and young adults [9,10]. Since alcohol is
a central nervous system (CNS) depressant while caffeine is
a stimulant, many believe that caffeine can antagonize or at
least decrease the intensity of cognitive and motor deficits
caused by alcohol intoxication. Also, the primary motivations
for combining energy drinks with alcohol are to mask their
flavor, raise arousal levels, and quicken drunkenness [11].
Increased consumption of energy drinks may negatively
influence neurodevelopment during childhood and
adolescence, reducing immature oligodendrocyte survival
and their differentiation capacity, which is accompanied by
direct effects on neuronal integrity [12]. The consumption of
energy drinks is also increasing among pregnant women with
unaware of the potential effects on unborn offspring and even
into puberty [13]. According to Speroni et al [14] consuming
alcohol mixed with energy drinks (AmED) is a significant
risk factor for both victimization and perpetration of violent
acts. Given the same consumption frequency in the past year,
AmED consumers typically reported higher associations
with risk-taking behaviors compared to exclusive alcohol
drinkers [15]. The subventricular zone and dentate gyrus
of the hippocampus are the only brain structures where
there is a proliferation of new neurons during adult life in
several species, including man [16,17]. Neurogenesis is a
complex process divided into cell proliferation, survival, and
differentiation. Cell proliferation occurs through precursor
cells present in the sub granular layer of the hippocampus or
in the subventricular zone of the lateral ventricles. Some of
these new cells degrade and die, while the survivors enter a
process of differentiation into glial cells or neurons [18]. Most
studies focus on neurons formed in the dentate gyrus of the
hippocampus, as they may be involved in several cognitive
and physiological processes [19,20]. However, the functional
role of adult hippocampal neurogenesis is poorly understood.

Alcohol consumption is known to cause several brain
anomalies. The pathophysiological changes associated with
alcohol intoxication are mediated by various factors, the
most notable being inflammation [21]. Ethanol consumption
can affect neurogenesis in all phases (proliferation, survival,
differentiation, and migration). The acute treatment showed a
reduction in cell proliferation [22,23] and an increase in the
number of apoptotic cells [24] in the dentate gyrus. The effects
of chronic ethanol treatment are not yet fully understood and
have conflicting results. While studies have shown a reduction
in cell proliferation [25,26] others found no significant
differences after 10 days [27] or 6 weeks [28] of exposure
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to ethanol, suggesting tolerance to its inhibitory effects. On
the other hand, light alcohol consumption (LAC) may protect
the brain against ischemic stroke by promoting neurogenesis
[29]. The extent of affected adult neurogenesis by alcohol
intoxication may depend on multiple factors like age, ethanol
dose, and exposure pattern [26]. UChA (University of Chile
Abstainer) and UChB (University of Chile bibulous) rat strains
were developed through selective breeding for more than 70
generations and voluntarily drink 10% ethanol [30]. They
are rare models for studies related to genetic, biochemical,
physiological, nutritional, and pharmacological factors of the
effects of alcohol, as well as appetite and tolerance, which
are important characteristics of human alcoholism. The strain
chosen is close to the reality of chronic human dependence on
ethanol since animals consume ethanol voluntarily.

Objective

The study aimed to analyze the effects of simultaneous
consumption of ethanol and caffeine on cell proliferation and
neurogenesis in the dentate gyrus of the hippocampus of the
UChB rat strain.

Material and Methods
Animals

28 adults male UChB rats from the vivarium of the
Department of Structural and Functional Biology of IBB /
UNESP / Botucatu / SP and 14 Wistar rats from the vivarium
of the Federal University of Sdo Carlos / SP were used.
The animals were kept in polyethylene boxes measuring
40x30x15cm, with solid bottoms, lined with shavings
substrate, under controlled conditions of light (12h of light
and 12h of dark) and temperature (from 20° to 25 °C), being
provided filtered water and chow (Nuvital) ad libitum. The
experimental protocol followed the ethical principles in
animal research adopted by the Brazilian College of Animal
Experimentation (COBEA).

UChB standardization

The UChB strain was chosen for consuming ethanol
voluntarily and Figure 1 outlines the selection of animals
used. The day of birth of the litter was stipulated as day
zero. Weaning was performed at 21 days of age, where male
puppies were housed in boxes with a minimum of two and
a maximum of four animals, avoiding stress due to social
isolation. The animals were transferred to individual cages at
50 days. At 65 days of age, the animals received, in addition
to water, another bottle containing 10 % ethanol solution, and
both bottles were alternated in the cage weekly. After 15 days
of evaluation of the ingestion of 10 % ecthanol solution, the
selection and standardization of the UChB strain occurred.
The rats that presented an average consumption greater than
7.0 g / kg per day of ethanol were selected for the UChB
strain.
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Figure 1: Experimental design for the study of the effects of the
simultaneous use of ethanol and caffeine, showing the selection of
UChB rats and the experimental period.

Experimental procedures

The animals were divided into three experimental groups
with 14 rats per group. The groups UChB + caffeine (10%
ethanol solution plus 300 mg / 1 caffeine) and UChB (10%
ethanol solution) were formed by UChB strain rats. The
control group was formed by Wistar rats maintained under
normal conditions, without receiving ethanol or caffeine.
Throughout the 40-day consecutive experimental period,
the rats of the UChB group had access to a bottle containing
water and another of 10% ethanol solution, and the UChB
+ caffeine group to a water bottle and another bottle with
10% ethanol plus caffeine (300 mg / 1) (Figure 1). As in the
selection period, the bottles were alternated weekly. During
this period, the animals were weighed, and the consumption
of the solutions was measured every 7 days. Collection
procedures of all animals’ groups were carried out in the
morning and on the same day.

Processing of biological material

BrdU (Sigma Aldrich Chemical Co.) was dissolved in
sterile saline (containing 0.007 N NaOH) at a concentration
of20 mg/ ml, 30 minutes before administration. Eight animals
from each group received a single intraperitoneal injection of
BrdU (200 mg/kg) and were perfused 28 days later, a period
necessary for the newly formed cells to go through the process
of cell survival and differentiation. For the infusion, the
animals were anesthetized with an intraperitoneal injection of
pentobarbital (20 mg/kg) and transcardiac infused with 0.9%
saline solution, followed by paraformaldehyde 4 % in sodium
phosphate buffer (PBS), 0.1M and pH 7, 4, at 40 °C. The
brains were removed, post-fixed in 4 % paraformaldehyde
in PBS at 4 'C for 24 h, cryoprotected in a 30% sucrose
solution in PBS, and cryosectioned in coronal sections of
40 micrometers thick, collected in 12 series. The cuts were
stored in an antifreeze solution in the -20 °C freezer.

Ki-67, BrdU and Nissl

Series 6 sections were processed with
immunohistochemistry technique against Ki-67 for the
study of cell proliferation, while series 7 was processed
with immunohistochemistry against BrdU for the study of
neurogenesis. Series 8 was stained with cresyl violet, Nissl
technique for volumetric analysis of the dentate gyrus. To
process the material with immunohistochemistry techniques
against BrdU and Ki-67, initially, the cuts were mounted
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sequentially on special slides (Superfrost plus Gold, Fisher
Scientific, USA) and dried in an oven at 370 °C for 8 h. To
unmask the antigen, the slides were boiled in citric acid (0.01
M, pH 6.0) for 6 minutes and cooled to room temperature for
20 minutes. After this period, the cuts were quickly dipped
in distilled water and then washed in PBS. In this step, slides
processed against Ki-67 were incubated in primary antibody
against Ki-67 (made in mice, 1: 200, Novocastra Laboratories
Ltd., Newcastle, United Kingdom) in PBS containing 0.5%
Tween-20 (Sigma-Aldrich Chemical Co., St. Louis, MO,
USA) for 48 h at 4 °C. The blades processed against BrdU
went through the additional steps described below. The tissue
was digested in trypsin solution (0.1% in 0.1 M tris buffer, pH
7.5, containing 0.1% CaCl2) for 8 minutes. After new washes
in PBS, the cuts were denatured in an acid solution (2.4N HCl
in PBS) for 30 minutes. After further washing, the sections
were incubated in primary antibody against BrdU (made
in mice, 1: 200, Novocastra Laboratories Ltd., Newcastle,
United Kingdom) in PBS containing 0.5 % Tween-20 (Sigma-
Aldrich Chemical Co., St. Louis, MO, USA) for 48 h at 4 °C.
After this period, the cuts processed against Ki-67 and BrdU
were again washed in PBS and incubated in the biotinylated
secondary antibody (horse against mouse, 1: 200, Vector
Laboratories, Burlingame, CA, USA) in PBS for 120 minutes
at room temperature. After fresh washes in PBS, the cuts
were incubated in the avidin-biotin complex (Vectastain Elite
ABC kit, Vector Laboratories, Burlingame, CA, USA) for
90 minutes at room temperature. After new washes in PBS,
the cuts were reacted using 3,3-diaminobenzidine (DAB,
Sigma-Aldrich, St. Louis, MO, USA) as a chromogen. The
reaction was stopped with new washes in PBS. The slides
were counter-stained with cresyl violet and mounted with
coverslips using DPX (BDH, Gallard-Schlesinger Industries
Inc., Carle Place, NY, USA) as a mounting medium.

For the quantitative analysis of immunoreactive neurons
to BrdU or Ki-67, only cells with well-established limits and
evident marking were considered bilaterally in all cuts along
the entire dentate hippocampus extension. The quantification
results correspond to the average of the sum of neurons
found in each of the multiple cuts of an animal. For statistical
analysis, ANOVA was used and the Newman-Keul multiple
comparison test with statistical value p < 0.05 considered
significant. For the bilateral volumetric analysis of the dentate
gyrus, the images were captured through a digital camera
coupled to the microscope and analyzed by the program
Image J 1.38b. The analyzed areas were added, multiplied
by the thickness of the cut (40 pm) and the distance between
the cuts to calculate the estimate of the total volume of the
structure. The quantification results correspond to the average
of the sum of the results found in each of the multiple cuts of
an animal. For the statistical analysis, ANOVA was used and
the Newman-Keuls multiple comparison test with a statistical
value of p< 0.05 was considered significant.
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Doublecortin (DCX)

Aseriesofcuts were processed withimmunohistochemistry
techniques against doublecortin (DCX), a protein associated
with microtubules and expressed in precursor cells and
immature neurons. The reaction was carried out by the free-
floating method. The cuts were initially washed in PBS and
incubated in 0.6% H,O, for 10 minutes to remove endogenous
peroxidase. After fresh washes, the cuts were incubated in
normal 2% goat serum (Vector Laboratories, Burlingame,
CA, USA) for 1 h to minimize the binding of antibodies
at non-specific sites. Then, the sections were immediately
incubated in primary anti-DCX antibody (Abcam, made in
rabbit, 1: 1000) for 48 h. The cuts were washed and incubated
in a biotylated secondary antibody (Vector Laboratories,
Burlingame, CA, USA, made in goat against rabbit, 1: 200)
for 90 minutes. After this period, the cuts were washed again
and incubated in an avidin-biotin complex (ABC Kit Elite,
Vector Laboratories, Burlingame, CA, USA) for 90 minutes.
After new washes, the sections were stained using DAB
(Sigma-Aldrich, St. Louis, MO, USA) as a chromogen. The
reaction was stopped with new washes and cuts mounted
sequentially on slides and dried at room temperature for 8 h.

Caspase-3 and Xiap

Five rats from each group were anesthetized and perfused
with paraformaldehyde fixative solution through the left
ventricle of the heart. The brains were dissected and fixed in a
paraformaldehyde solution. The embedded samples were cut
to three pm thick in a Reichert Jung 2040 microtome and the
prepared slides were first stained with Hematoxylin & Eosin
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(H&E) for prior analysis. Immunohistochemical reactions
were obtained using the monoclonal lyophilized Caspase-3
- (CPP32) antibodies - Novocastra and XIAP (X-linked
Apoptosis Inhibitor Protein - SC - 11426 polyclonal -
Santa Cruz. And the avidin-biotin-immunoperoxidase with
antigenic recovery (Taylor ef al., 1994), for the Caspase-3
and XIAP antibodies. Dilutions used for the Caspase-3 and
XIAP antibodies were 1: 200. The tissue samples used as
positive controls were human palatine tonsils. The slides
were analyzed and photographed in a Zeiss Axiostar Plus
photomicroscope from the Anatomy Laboratory of DMP /
UFSCar.

Results
Cell proliferation - Ki 67 immunoreactive cells

It showed a statistically significant difference between
the study groups. The UChB group had a lower number of
proliferation cells compared to the Control group. UChB +
caffeine group was intermediate (Figure 2 and 3).

Neurogenesis - BrdU immunoreactive cells

It showed a difference between the analyzed groups. The
UChB + caffeine group had a lower number of immunoreactive
cells compared to the Control and UChB groups (Figure 4
and 5).

Neurogenesis - DCX immunoreactive cells

It showed a statistical difference between the studied
groups. A smaller number of immunoreactive cells was
observed in the UChB and UChB + caffeine groups compared
to the Control group (Figs. 6 and 7).
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Figure 2: Effect of ethanol and caffeine consumption on cell proliferation in the hippocampus of UChB rats assessed by the number of Ki-67
positive cells in different hippocampal regions. Data are expressed as mean + standard error of the mean (SEM). Statistical analysis: two-way
Anova and Bonferroni’s multiple comparison test.*p<0.05 vs control, ** p<0.01 vs control, *** p<(0.001 vs control, ## p<0.01 vs UChB, ###

p<0.001 vs UChB
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Figure 3: Immunohistochemistry images for Ki 67 in the hippocampus of the control rat (A), UChB (B) and UChB
+ caffeine (C). Note greater expression in the rats of the Control and UChB + caffeine groups (arrows) compared

to UChB. 40X.
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Figure 4: Effect of ethanol and caffeine consumption on BrdU immunoreactive cells in the hippocampus of UChB rats assessed by the number
of Ki-67 positive cells in different hippocampal regions. Data are expressed as mean =+ standard error of the mean (SEM). Statistical analysis:
two-way Anova and Bonferroni’s multiple comparison test. *p<0.05 vs control

Apoptotic cells - Immunoreactive cells to cresyl violet

It showed a difference between analyzed groups. The UChB
rats showed a higher number of pycnotic cells compared to
the Control and UChB + caffeine group (Figs. 8 and 9).

Volumetric analysis

It showed a statistical difference between analyzed groups.
The UChB groups showed a lower total volume of the dentate
hippocampal gyrus compared to Control group (Figure 10).

Apoptotic cells - Immunoreactive cells to Caspase 3

It showed a difference between studied groups. UChB
groups exhibited a greater number of apoptotic cells compared
to the Control group (Figure 11 and 12).

Immunoreactive cells to Xiap.

Neuronal cells in the hippocampus showed no reaction to
Xiap (Figure 13).
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Figure 5: Immunohistochemistry images for BrdU in the hippocampus of the control rat (A), UChB (B) and UChB
+ caffeine (C). Note less expression in the rats of the UChB + caffeine group (arrow) compared to the Control and

UChB. 40X.
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Figure 6: DCX immunoreactive cells. Values are means = SEM. Statistical analysis: two-way Anova and
Bonferroni’s multiple comparison test. *** p<(0.001 vs control, ## p<0.01 vs UChB.
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Figure 7: Inmunohistochemistry images for DCX in the hippocampus of the control rat (A), UChB (B) and UChB
+ caffeine (C). Note less expression in the rats of the UChB (arrow) and UChB + caffeine groups compared to the

Control. 40X.
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Figure 8: Immunoreactive cells to cresyl violet. Values are means + SEM. Statistical analysis: two-way Anova and
Bonferroni’s multiple comparison test. * p<0.05 vs control.
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Figure 9: Immunohistochemistry images for cresyl violet in the hippocampus of the control rat (A), UChB (B)
and UChB + caffeine (C). Note greater expression in the rats of the UChB and UChB + caffeine groups (arrow)
compared to the control. 40X.
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Figure 10: Volumetric analysis. Values are means + SEM. Statistical analysis: two-way Anova and Bonferroni’s
multiple comparison test. * p<0.05 vs control, ** p<0.01 vs control, *** p<0.001 vs control.
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Figure 11: Immunoreactive cells to Caspase 3. Values are means = SEM. Statistical analysis: two-way Anova and
Bonferroni’s multiple comparison test. * p<0.05 vs control, *** p<0.001 vs control, # p<0.05 vs UChB.
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Figure 12: Immunohistochemistry images for Caspase 3 in the hippocampus of the control rat (A), UChB (B) and
UChB + caffeine (C). Note greater expression in the rats of the UChB and UChB + caffeine group (arrow) compared

to the control. 40X.
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Figure 13: Immunohistochemistry images for Xiap in the hippocampus of the control rat (A),
UChB (B) and UChB + caffeine (C). Note the absence of expression in the neurons of the hilum and

granular layer regions. 40X.

Discussion

UChB rat strains have been adopted in different research
related to alcoholism due to their characteristics of voluntary
ethanol consumption [31]. This phenotype, selected from the
Wistar lineage for decades, presents well-established
consumption profiles and brings the experiment closer to the
reality of chronic human alcoholism. The literature presents
several experimental methodologies against chronic
alcoholism, differing in terms of the species used, exposure
time, ethanol concentration, types of diets, and groups
[32,33,34]. Many of these methodologies are invasive,
triggering stressful factors that increase glucocorticoid levels
and stimulate the production of glutamate in the hippocampus.
These responses can inhibit and alter hippocampal cell
proliferation processes [35]. The present research showed
that chronic ethanol intake triggered significant changes in
the hippocampus of UChB animals with a decrease in cell
proliferation and neurogenesis, a greater number of apoptotic
cells, and a reduction in hippocampal volume. Ethanol
consumption can potentially affect neurogenesis in all its
stages. Acute treatment showed a 40 % reduction in cell
proliferation [24,22] and a 134 % increase in the number of
cells undergoing apoptosis [24] in the dentate gyrus of rats
when compared with the control group. The effects of chronic
treatment are not yet clear and show conflicting results in
literature. While some studies demonstrated a reduction in
cell proliferation after chronic treatment with ethanol, others

found no significant differences after 10 days [27] or 6 weeks
[28] of chronic exposure to alcohol, suggesting tolerance to
its inhibitory effects. Moderate ethanol consumption
decreased neurogenesis in the hippocampus of rats by 40 %,
that is, even daily doses of ethanol considered low and
socially accepted and legal had serious consequences for the
structural integrity of the brain and mental health. The data
presented reinforces the fine line between “harmless” drinking
or “supposedly healthy” drinking associated with neuronal
damage and dysfunction. Social and/or daily drinking may be
more harmful to brain health than commonly recognized by
the public [36]. Loss of hippocampal neurogenesis and loss
of basal forebrain cholinergic neurons provide examples of
how adolescent intermittent ethanol (AIE) ingestion-induced
epigenetic and neuroimmune signaling provide novel
therapeutic targets for adult alcohol use disorder [37]. The
mechanisms underlying the persistent AIE-induced loss of
adult hippocampal neurogenesis could contribute to broader
neurodegeneration, loss of hippocampal neuroplasticity, and
cognitive dysfunction [38,34] found less neurogenesis in the
hippocampus of adolescent rats after intermittent inhalation
of ethanol vapor for 35-36 days through analysis by Ki 67,
BrdU and DCX. Caspase 3 immunoreactive cells were higher
in these alcoholic animals. These results corroborate the
behavioral data that alcoholic animals exhibited less anxious
and disinhibited. Ethanol consumption results not only in
behavioral changes but also in the plasticity of the nervous
system. Regarding the decrease in hippocampal volume, our
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data are in agreement with those described in the literature.
Through image analysis techniques in alcoholic individuals, a
reduction in brain volume specifically in the hippocampus
was observed [39] and in models of chronic alcoholism, adult
mice treated with ethanol only on the 8th day of life showed
decreased brain volume when compared to control animals
[40]. The vitality of stem cells is essential for the growth of
the developing brain. Growth factors can define the survival
of neural stem cells and ethanol can affect the mediated
activities of these growth factors. Ethanol alters the capacity
of neuroblasts to become neurons in the adult neurogenic
niche during neurodevelopment. These results suggest that
pathways implicated in cell determination are affected by
perinatal ethanol exposure and remain affected in adulthood
[41]. Thus, ethanol induces brain stem cell death through two
distinct molecular mechanisms, one is initiated by TGFp1-
FasL and the other (through TNF) which is independent of
TGFB1. Both ethanol and TGFB1 cause upregulation of
transcription of proteins involved in the extrinsic apoptotic
pathway Hicks et al [42]. identified a specific set of p53-
related genes in cells of the central nervous system that are
altered by exposure to ethanol in both humans and animal
models. Changes in the expression of these genes are
important in understanding the mechanisms related to the
toxic effects of alcohol on the central nervous system. Alcohol
abuse triggers neuroinflammation, leading to neuronal
damage and further memory and cognitive impairment [43].
Neuroinflammation, driven by different immune components
such as activated glia, cytokines, chemokines, and reactive
oxygen species, can regulate every step of adult neurogenesis,
including cell proliferation, differentiation, migration,
survival of newborn neurons, maturation, synaptogenesis,
and neurogenesis [44]. The present study showed that the
simultaneous ingestion of ethanol and caffeine partially
reversed the damage caused by ethanol, with caffeine having
a possible neuroprotective effect. Research involving
hippocampal neurogenesis and caffeine reports conflicting
results. Animals that received low doses of caffeine for a
period of 7 days (10 mg/kg per day) did not show changes in
cell proliferation rates in the hippocampus; animals that
received moderate or high doses (20-30 mg/kg per day,
respectively) showed suppression; and animals that received
extreme doses of caffeine (60 mg/kg per day) had increased
proliferation [45]. Acute administration of 60 mg/kg per day
showed areduction of approximately 44 % in cell proliferation
in the dentate gyrus of rats [23,46] reported the effects of
chronic consumption of low doses of caffeine on neurogenesis
in the hippocampus of rats. The results showed fewer BrdU
immunoreactive cells in the treated rats compared to those in
the control group. Humans report feeling less intoxicated
when caffeine and alcohol are co-administered [47] caffeine
antagonizes alcohol impairment in a laboratory test of
inhibitory control [48]. These data corroborate an interaction
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between the central nervous system, ethanol, and the
adenosinergic system. With emphasis on intracellular
mechanisms, adenosine receptors were shown to be regulated
by caffeine. Activation of the adenosine A2a receptor is an
antagonist of the dopamine D2 receptor that is related to
increased neurogenesis [49]. The toxicity produced by
caffeine in the hippocampus is probably mediated by the
antagonism of A1 receptors and the subsequent decrease in
inhibition of NMDA receptors. A similar conclusion for the
importance of the Al receptor is based on the relationship
with the effects of caffeine on motor behavior. It is well-
accepted that acute caffeine produces dose-dependent
biphasic effects in terms of motor stimulation in rodents [50].
The modulation of cell proliferation by caffeine may be
correlated to P53-dependent or -independent mechanisms
[51]. Adenosine receptors have neuroprotective properties
during periods of neuronal hyperexcitability and, therefore,
have the potential to improve neuronal and behavioral
excitability, contributing to less cognitive impairment. The
increase in the simultaneous use of caffeine and alcohol and
the importance of understanding the interaction of ethanol
with the adenosine receptor system in this joint use of these
substances is essential [52]. According to [53] caffeine can
antagonize cognitive and psychomotor deficits induced by
ethanol consumption. Chronic caffeine ingestion causes a
marked and special effect on the neurochemical profile of the
hippocampus, selectively affecting the level of osmolytes
with an increase in taurine levels, leading to the hypothesis
that the neuroprotection of caffeine may also be related to this
ability to impact the osmotic adaptation of brain tissue. This
effect of caffeine on taurine homeostasis in the hippocampus
of diabetic rats may be related to the ability of adenosine
receptors to control osmotic swelling and release taurine from
both neurons and glial cells [54]. A precise understanding of
the effects of simultaneous chronic ingestion of ethanol and
caffeine still provides broad directions along the lines of
research in this area.

Conclusions

Chronic ethanol consumption significantly altered cell
proliferation and death mechanisms, decreasing hippocampal
neurogenesis. The simultaneous ingestion of ethanol and
caffeine partially reversed the damage caused by ethanol,
with caffeine having a possible neuroprotective effect on the
process of neurogenesis in the hippocampus of UChB rats.
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