
Received: 1 February 2021; Revised: 27 May 2021; Accepted: 25 June 2021

© The Author(s) 2021. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com

835

Toxicology Research, 2021, 10, 835–849

https://doi.org/10.1093/toxres/tfab067
Advance Access Publication Date: 24 July 2021
Paper

PA P E R

Caffeine consumption attenuates ethanol-induced
inflammation through the regulation of adenosinergic
receptors in the UChB rats cerebellum
Isabela Maria Urra Rossetto,1,∗ Valéria Helena Alves Cagnon,1

Larissa Akemi Kido,2 Fermino Sanches Lizarte Neto,3

Luís Fernando Tirapelli,3 Daniela Pretti da Cunha Tirapelli,3

Luiz Gustavo de Almeida Chuffa,4 Francisco Eduardo Martinez4

and Marcelo Martinez5

1Department of Structural and Functional Biology, University of Campinas (UNICAMP), 255 Monteiro Lobato St,
Campinas, SP 13083-862, Brazil, 2Department of Food and Nutrition, University of Campinas (UNICAMP), 80
Monteiro Lobato St, Campinas, SP 13083-862, Brazil, 3Department of Surgery and Anatomy, University of São
Paulo (USP), 3900 Bandeirantes Ave, Ribeirão Preto, SP 14049-900, Brazil, 4Department of Structural and
Functional Biology, State University of São Paulo (UNESP), 250 Prof. Dr. Antônio Celso Wagner Zanin St,
Botucatu, SP 18618-689, Brazil and 5Department of Morphology and Pathology, Federal University of São Carlos
(UFSCar), 13571 Biblioteca Comunitária Ave, São Carlos, SP 13565-905, Brazil
∗Correspondence address. Department of Structural and Functional Biology, Biology Institute (IB), UNICAMP – University of Campinas, Cidade
Universitária Zeferino Vaz, Campinas, SP, Brazil. Tel: +55(19)35216103; Fax: +55(14)38153744; E-mail: isabela.urra.rossetto@gmail.com

Abstract

Caffeine consumption is able to interfere in cellular processes related to inflammatory mechanisms by acting through the
adenosinergic system. This study aimed to recognize alterations related to adenosinergic system and inflammatory process
in the cerebellum of University of Chile Bibulous (UChB) rats after the consumption of ethanol and caffeine. UChB and Wistar
rats, males at 5 months old, were divided into the groups (n = 15/group): (i) Control (Wistar rats receiving water); (ii) Ethanol
group (UChB rats receiving ethanol solution at 10%) and (iii) Ethanol+caffeine group (UChB rats receiving ethanol solution at
10% added of 3 g/L of caffeine). The cerebellar tissue was collected and processed for immunohistochemistry, Reverse
transcription polymerase chain reaction (RT-PCR) and western blotting techniques for the adenosinergic receptors A1 and
A2a and inflammatory markers, including Nuclear factor kappa B (NFkB), TLR4, TLR2, MyD88, TNF-α, COX-2, iNOS and
microglial marker Iba-1. Results showed ethanol and caffeine consumption differentially altering the immunolocalization of
adenosinergic receptors and inflammatory markers in the cerebellar tissue. The A2a receptor was overexpressed in the
Ethanol group and was evident in the glial cells. The Ethanol group had increased protein levels for NFκB and TLR4,
expressively in Bergmann glia and Purkinje cells. Caffeine reduced the expression of these markers to levels similar to those
found in the Control group. The A1 gene was upregulated the Ethanol group, but not its protein levels, suggesting
post-transcriptional interference. In conclusion, caffeine seems to attenuate ethanol-induced inflammation in the
cerebellum of UChB rats through the A1 and A2a modulation, playing a neuroprotective role in the chronic context of ethanol
consumption.
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Introduction
Caffeine is one of the most consumed psychostimulant agents
around the world due its cognitive enhancement properties [1,
2]. It is a methylxanthine alkaloid, considered a nonselective and
competitive antagonist of adenosinergic receptors that coun-
teracts the tonic action of endogenous adenosine on central
adenosinergic system, increasing the arousal and alertness [3,
4]. Pharmacological studies indicate that the central nervous
system (CNS) effects of caffeine are mediated primarily by its
antagonistic actions at the A1 and A2A subtypes of adenosine
receptors [5], which belongs to the super-family of G-coupled
receptors and are distributed within the brain at variable den-
sities [6, 7].

One of the highest densities of A1 receptors are present within
the cerebellar layers [6]. According to studies, brain adenosin-
ergic modulation of ethanol-induced motor incoodination is a
receptor mediated response and the adenosine receptor subtype
involved in the modulation appeared to be A1 [8, 9]. The A2A sub-
type is densely distributed in the striatal and olfactory tubercle
and sparsely in other brain regions [7]. However, in the literature,
the A2A is recognized as the receptor, and one of the pathways,
that links the inflammatory process to the adenosinergic system.
The A2a receptor can be found in the surface of immune cells,
evidencing its role in the immune response [10].

In this way, a broad literature has shown that caffeine
consumption is able to interfere in cellular processes inherent
to the inflammatory mechanisms by acting through the
adenosinergic system, especially when related to the A1 and
A2a receptors, attenuating the neuroinflammation [11–13].
Confirming this hypothesis, epidemiological studies suggest
that caffeine consumption is inversely related to the onset of
neurological dysfunctions whose axis of pathogenesis includes
the chronic neuroinflammation such as Alzheimer’s and
Parkinson’s diseases [14, 15].

The ethanol consumption is a common habit in society and
one of the main risk factors to health, accounting for 5.9% of
the world’s total deaths [16]. The alcoholism is a condition that
leads to the increase of molecules known to be involved with
the immune response, evidencing the installation of neuroin-
flammatory process [17, 18]. The microglia, responsible cell for
immune response within the CNS and the neurons, responds by
signaling through the stimulation of toll-like receptors (TLRs),
which directly or indirectly activates the NFkB signaling pathway,
proinflammatory miRNAs and cytokines [19, 20, 21]. It is also
known that the cerebellum is one of the most affected central
organs by the ethanol consumption [22, 23]. The susceptibility
of the cerebellar neurons to acute and chronic variations of the
ethanol blood levels is well documented and differs according
to the cellular type [24, 25, 26]. Modifications in the cellular
structure were observed after chronic consumption of ethanol
by experimental models of alcoholism, such as dilation of the
smooth endoplasmic reticulum in Purkinje neurons accompa-
nied by neuronal death [27], granular neurons with apoptotic
nuclei, cytoplasm with accumulation of lipid droplets and dete-
rioration of the myelin [28, 29].

In the hall of altered parameters under the alcoholic con-
dition, the adenosinergic tone and the adenosinergic receptors
are also modified by the ethanol consumption [30]. There is a
belief, particularly among adolescents and young adults, that
mixing caffeinated drinks with alcohol may counter the cognitive
and motor impairments related to acute alcohol intoxication
[31]. However, this antagonism between alcohol and caffeinated
drinks shows no consistent pattern in acute conditions [32] and
the literature supports the association between alcohol mixed
with energy drinks with increased risk for injuries or alcohol self-
administration [33].

Nevertheless, the chronic intake of caffeine and its associ-
ation with alcoholism are still poorly understood. Considering
that, the aim of the study herein was to identify if caffeine is
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able to interfere in the chronic ethanol-induced neuroinflam-
mation and its relation with adenosinergic receptors A1 and
A2a in the cerebellum of an experimental ad libitum and chronic
ethanol feeding model, the UChB rats. The UChB rat is a well-
established experimental model for ethanol voluntary consump-
tion [34], original from the University of Chile (UCh). The UChB
rats present high levels of voluntary ethanol consumption (5–7 g
of ethanol per kilogram of bodyweight per day) that refers to the
human context of alcoholism in a variety of aspects [34, 35]. In
this study, we also aimed to evaluate the differential response
for the inflammatory markers and adenosinergic receptors on
cerebellar subpopulation of neurons and glial cells, considering
the potential ethanol and caffeine interference in the cerebellar
microenvironment.

Material and Methods
UChB standardization and experimental procedures

The selection of ethanol-drinking rats and standardization of the
UChB variety was performed according to the protocol by Mar-
dones and Segovia-Riquelme [36] and the experimental group
procedures was also described by Rossetto et al. [12].

The experimentation period started at 80th day of age, when
30 male UChB rats were housed in individual boxes, with solid
floor and shavings, under controlled conditions of luminosity
(12 h of darkness and 12 h of lightness) and temperature (20–
25◦C). During this period, the animals received chow (Purina),
water ad libitum and ethanol solution (1:10). At 95th day, 15
male rats standardized as UChB were randomly selected to
the Ethanol+caffeine group. In the Ethanol+caffeine group, the
bottle of ethanol solution was replaced by a bottle containing
the ethanol solution (1:10) added by caffeine in a concentration
of 3 g/l. For the preparation of the solutions, the ethanol used
was ethanol P.A. (CAS-6417-5, Neon) and the caffeine (1,3,7-
trimethylxanthine, 98.5–101.0%, Fisher Chemicals, Fair Lawn,
USA). The dose of 3 g/l of caffeine was based on previous studies
from our group [12, 26, 37]. From the end of the selection period
to euthanasia (80–150 days old), the ethanol consumption was
measured every week for the UChB rats (7 days).

As the UChB strain are derived from Wistar rats (Rattus norver-
gicus) and the lineage pass through a selection process when
is necessary to consume ethanol for being standardized, one-
third group was proposed as control for the UChB model, the
Wistar group. The Control group did not intake alcohol during any
period of experimentation: it was composed by 15 male Wistar
rats consuming water ad libitum, being euthanized at 150th day.

Thus, we constitute the following groups:
Control group (CT): 15 Wistar male rats that consumed water

ad libitum until 150th day,
Ethanol group (EtOH): 15 UChB rats that consumed ethanol

solution (1:10) and water ad libitum from the 80th to 150th day.
Excluding the days for standardization, this group consumed
ethanol during 70 consecutive days. During this time, the rats
had free choice for water or ethanol, being the bottles alternately
positioned inside the box each 7 days.

Ethanol + caffeine group (EtOH+caf ): 15 UChB rats that con-
sumed ethanol solution (1:10) and water ad libitum from the 80th
to 95th day. At the 95th day, caffeine at a dose of 3 g/l was
added to the ethanol solution. This group consumed ethanol
solution isolated during 15 days, excluding the days for stan-
dardization, and the solution of ethanol with caffeine for 55
consecutive days. During this time, the rats had free choice for
water or ethanol+caffeine solution, being the bottles alternately
positioned inside the box each 7 days.

The experimental protocol followed the ethical principles
according to National Council for the Control of Animal Exper-
imentation (Brazil) and the Committee on Ethics in the Use
of Animals (CEUA) from UNICAMP (protocol 4651-1/2017) and
UFSCar (protocol 9 895 280 815) previously approved it. After the
experimental period, the rats were perfused with saline solution
(NaCl 0.09%) by the left ventricle and euthanized by overdose
of anesthesia (Xylazine 300 mg/kg and Ketamine 40 mg/kg, via
intramuscular injection). Cerebellar tissue samples were col-
lected and processed for the techniques. They were fixed in
paraformaldehyde (4%) or stored in a freezer at −80◦C.

Immunostaining for adenosinergic receptors and
inflammatory markers

The cerebellar samples fixed in paraformaldehyde (4%) were
embedded Paraplast (Sigma-Aldrich, P3558). Cuts into 5-μm
thick were obtained on the microtome (Biocut—Model 1130) and
collected on silanized slides. Antigen retrieval was performed
by incubating the cuts in citrate buffer (pH 6.0) at 100◦C in
microwave or treatment with proteinase K, depending on the
characteristics of the antibody. Endogenous peroxidase blockade
was done with H2O2 (0.3% diluted in methanol) and posterior
incubation in BSA solution (3%) diluted in TBS-T buffer during
1 h. The tissue sections were then localized with antibodies for
A1 (1:35), A2a (1:35), NFkB (1:100), TLR4 (1:200), TLR2 (1:50) and
MyD88 (1:50; references for antibodies described in item 2.6)
diluted in BSA 1% and stored overnight at 4◦C. The Envision HRP
kit (Dako Cytomation Inc., EUA) was used for antigen detection,
according to the manufacturer’s instructions. The staining was
revealed with diaminobenzidine (DAB), counter-colored with
Harris’ Hematoxylin.

Quantification method for immunohistochemistry

The following cell types were considered for counting: Bergmann
glia, Purkinje cells, Granular neurons, Golgi cells and White mat-
ter cells (in the medullary body of the cerebellum, the cells of the
glia were counted indifferently and neurons from the nuclei were
not included; Supplemental material).

For Purkinje cells and Bergmann glia counting, 10 random
fields, without overlapping, were analyzed by animal, using
the 40X objective (Nikon Eclipse E-400 light microscope; Nikon,
Tokyo, Japan) and was captured by the NIS-Elements/Image and
Image Pro-Plus software. In these photomicrographs, the layer of
Purkinje cells and Bergmann glia (surrounding the Purkinje cells)
was diagonally photographed in order to capture the greatest
possible extension of this layer, as demonstrated in Fig. 3A. The
linear extension analyzed per photomicrography for these cell
types was ∼390 μm per image. For Granule neurons and White
Matter cells, an area equivalent to 0.072 mm2, containing only the
granular layer or White matter, as shown in Figs 1C, D and 2A, B,
respectively, was photographed. The Golgi cells were observed
in the same photomicrographs analyzed for Granule neurons.
The number of reactive cells was measured and the frequency of
staining was calculated for each cellular type.

For the NFkB analyses, we also measured the percentage of
nuclear staining for this inflammatory marker for the Purkinje
cell and Bergmann Glia.

Specifically, TLR2 appeared in a predominant cytoplasmic
localization. The immunostaining of this molecule was qualita-
tively considered, by observing 10 random fields photographed
by the 40X objective. The more intense and frequent the DAB
staining, the greater the marking was considered.
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Figure 1: Immunostaining for adenosinergic receptor A1 in cerebellar tissue

of the analyzed groups. (A) Evident immunostaining of the antigen in Purkinje

cells and Bergmann glia (arrow) in the Ethanol+caffeine group (×100) and low

reactivity for the granule neurons (×100). (B) Low reactivity for the Purkinje cells

and Bergmann glia in the Ethanol group (×100). (C) Low reactivity for the granule

neurons in the Control group (×100). (D) Evident immunostaining for the granule

neurons in the Ethanol group (×100).

The immunohistochemistry results were synthetized at the
Table 1, which reports the percentages of relative frequency of
staining among the groups.

Gene expressions for inflammatory markers and
adenosinergic receptors in the cerebellum

Five cerebellar samples per group were homogenized using
Politron®, after added to PBS and Tryzol®. After the RNA
extraction, the material was aliquoted and stored at –80◦C. The
samples were submitted to electrophoresis in agarose gel at 1%
for the RNA integrity verification.

For the cDNA synthesis, the reverse transcription was
performed using the commercial kit, High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems), according to the
manufacturer’s instructions. For each 1 μg of RNA was added
2.5 μl of Reverse Trasncriptase Buffer, followed of 1 μl of dNTP’s,
2.5 μl of Random Primers and 1.25 μl of the MultiScribeTM
enzyme, completing the volume with DEPC water to 20 μl. The
differential expression of genes was quantified NFKB (Assay ID
Rn00595794_m1), TLR4 (Assay ID Rn00569848_m1), A1 (Assay
ID Rn00567668_m1), A2a (Assay ID Rn00583935_m1), MYD88
(Assay ID Rn01640049_m1) e TLR2 (Assay ID Rn02133647_s1).
The β-actin gene was used as endogenous control (Assay ID
Rn00667869_m1).

With the cDNA obtained from the samples, an amplification
was performed through quantitative polymerase chain reaction
(PCR-RT) in real time using TaqMan Master Mix (Applied Biosys-
tems). For the quantitative analysis of the gene expressions
were used the commercially available systems TaqMan Assay-
on-demand, composed of oligonucleotides and probes (Applied

Table 1: Immunohistochemistry frequency of staining among the
groups, according to cerebellar cell types

In the columns, the analyzed markers are specified for each cerebellar cell type.
According to frequency of staining, a color was attributed to the marker and
correspondent group, following the legend. In short, the darker the color, the
greater the marking.
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Figure 2: Immunostaining for the A2a adenosinergic receptor in the cerebellar tissue of the analyzed groups. (A) Immunostaining for A2a suggests the presence of

immune cells in the cerebellar medullar body of Ethanol group (×40). In detail, the cytoplasmic labeling of the receptor and the form taken by the cell suggest probable

microglia in activated state (×100). (B) Cytoplasmic marking in the white matter cell of the Ethanol+caffeine group. Note the less intense positivity (×40). (C) Cytoplasmic

marking in the white matter cell of the Control group (×40). (D) Photomicrograph of the molecular, Purkinje and granular cerebellar layers of the Ethanol group, showing

immunopositivity restricted to glial cells of the medullary body (×40). (E) Rarely, probable immune cells marked (arrow) were also found in the granular layer (×40). In

detail, the A2a-positive immune cell in the cerebellar granular layer of the Ethanol group (×100).

Biosystems). A gadget of PCR detection in real time 7500 Real
Time PCR System (Applied Biosystems) was used with the soft-
ware Sequence Detection System for obtaining the CT values.
The reactions of Real-Time PCR were performed in duplicates
using TaqMan Master Mix (Applied Biosystems, EUA). The ampli-
fication was performed in a final volume of 10 μl, using 5 μl of
the specific reagent TaqMan Master Mix, 0.5 μl of each specific
probe and 4.5 μl of cDNA diluted in 1:10. The data were exported
to Excel spreadsheets to calculate �CT. The standard conditions
for the amplification were 50◦C during 2 min, 95◦C during 10 min,
followed by 40 cycles of 95◦C during 15 s and 60◦C during 1 min
(simultaneous annealing and extension).

The variation in expression among samples was calcu-
lated by the 2-�� Ct method with the mean �Ct value for
a group of five samples from Control rats being used as
a calibrator.

Extraction of proteins and western blotting

Five cerebellar samples of each group were homogenized
through Polytron ® during 1 min in 50 μl/mg of RIPA extraction
buffer containing 10% (v/v) Triton X-100 and 10 μl/ml of cocktail
protease inhibitor (Sigma-Aldrich, St. Louis, Mo., USA). Tissue
extracts were obtained by centrifugation for 20 min at 14 000 rpm
at 4◦C. Aliquot of each sample was used to determine the protein

concentration using Bradford’s reagent (Bio-Rad Laboratories,
Hercules, CA, USA). Samples were mixed (1:1) with 3X sample
buffer (100 mM Tris–HCl pH 6.8, 10% β-mercaptoetanol, 4%
SDS and 20% glycerol), incubated in dry bath at 95◦C during
5 min. Fifty micrograms of proteins were loaded onto the
SDS-polyacrylamide gel. After electrophoresis, the material
was electrically transferred (Hoefer System) to nitrocellulose
membranes (Amersham) at 120 V during 90 min. Membranes
was blocked in BSA 3% diluted in TBS-T during 1 h and
then incubated with NFkB (sc-8008, monoclonal anti-mouse,
Santa Cruz Biotechnology, 1:350), TLR4 (sc-53 462, monoclonal
anti-mouse, Santa Cruz Biotechnology, 1:250), TLR2 (b2-1019R,
polyclonal anti-rabbit, Bioss, 1:500), MyD88 (bs-1047R, polyclonal
anti-rabbit, Bioss, 1:350), A1 (bs-4235R, polyclonal anti-rabbit,
Bioss, 1:500), A2a (sc-32 261, monoclonal anti-mouse, Santa
Cruz Biotechnology, 1:200), TNF-α (ab8348, monoclonal anti-
mouse, 1:250), COX-2 (sc376861, monoclonal anti-mouse, 1:500),
iNOS (ab178945, monoclonal anti-rabbit, 1:500) and Iba-1 (Wako
019–19 741, anti-rabbit, 1:500) antibodies. After washing with
TBS-T buffer, the membranes were incubated for 2 h with the
conjugated HRP anti-rabbit or anti-mouse secondary antibodies
at 1: 2000 dilution in 1% BSA. After a further series of TBS-T
washes, 10 ml of chemiluminescent solution (Super Signal West
Pico Chemiluminescent/Thermo Scientific/34080) was added
and the peroxidase activity was revealed by a luminescent signal
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Figure 3: Immunohistochemistry graphs for adenosinergic receptors A1 and A2a for the analyzed cerebellar cell types. Note that the A2a staining was quantitatively

measured only for White matter cells. Letters in the top of the column indicate statistical differences: “a” indicates significant statistical difference from the Control

group; “b” indicates significant statistical difference from the Ethanol group. ∗P < 0.05, ∗∗P < 0.01 and ∗∗∗P < 0.001.

from the western blotting bands, which were captured by the
G-BOX and chemicamera equipment (Syngene, Cambridge, UK).
Antibody for β-actin was used as an endogenous control (sc-
47 778, monoclonal anti-mouse, 1:500).

The software UN-SCAN-IT 5.1 Graph Digitizer Software (Silk
Scientific, Orem, UT, USA) was used to quantify the protein
levels. The total pixel value of each band was calculated by the
software, converting graph images to (x, y) data. The obtained
values from the chosen markers were divided by the correspon-
dent total pixel value from β-actin bands of the membrane.
Data were exported to Excel and processed at GraphPad Prism
7.0 (GraphPad Prism, Inc., San Diego, CA, USA), as described
in item 2.7.

Statistical analyses

All data were exported to Excel and transferred to GraphPad
Prism 7.0 (GraphPad Prism, Inc., San Diego, CA, USA). All values
obtained for each technique were considered parametric within
the group analyzed using the Shapiro–Wilk normal distribution
test. Statistical significance was calculated by One-way ANOVA,
with Tukey post-test (P < 0.05).

Results
Ethanol and caffeine differentially altered the
immunolocalization of adenosinergic receptors in the
cerebellar tissue

For the A1 receptor, the labeling in the cerebellar layers was
more evident than for A2a (Figs 1 and 2). For Bergmann glia,
Purkinje cells and Golgi neurons A1 immunostaining decreased
in the Ethanol group when compared with Ethanol+caffeine
or Control group (Fig. 1A and B). For Granule neurons, tissue
response was totally different to that observed in Bergmann
glia and Purkinje cells, showing frequent A1 staining in the
Ethanol group rather than less reactivity in the Ethanol+caffeine
and Control groups (Fig. 1C and D). For White matter cells,
diminished A1 staining was identified after the caffeine
consumption in the Ethanol+caffeine group. The immunopos-
itivity for this antigen was the same in the Ethanol and
Control groups.

For the A2a adenosine receptor, low immunoreactivity
was noted in all layers of the cerebellar cortex, in exception
to cerebellar White matter cells. Thus, the higher number
of positive cells was observed in the Ethanol group and
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Figure 4: Immunohistochemistry graphs for NFkB for the analyzed cerebellar cell

types. Note that specific NFkB nuclear staining considered for Bergmann Glia and

Purkinje cells. Letters in the top of the column indicate statistical differences: “a”

indicates significant statistical difference from the Control group; “b” indicates

significant statistical difference from the Ethanol group. ∗P < 0.05, ∗∗P < 0.01

and ∗∗∗P < 0.001.

lower immunolabeling was observed for the animals of the
Ethanol+caffeine group. Eventually, A2a positive cells were
observed in the granular layer (Fig. 2). The graphs of the immuno-
histochemistry analysis for A1 and A2a are represented at Fig. 3.
The percentage of staining among the groups is demonstrated
at Table 1.

Ethanol and caffeine differentially altered the
immunolocalization of inflammatory mediators in the
cerebellar tissue

The NFkB marker showed high frequency of labeled Bergmann
glia cells in the Ethanol group. For Purkinje cells, the ethanol
consumption led to higher immunostaining for the Ethanol and
Ethanol+caffeine groups when compared with the Control group.
Increase of nuclear NFkB staining was found in the Ethanol group
for Bergmann glia and Purkinje cells (Fig. 4). The granule neurons
presented high immunostaining in the Control group and low
immunostaining in the Ethanol group. For Golgi neurons, it was
observed that ethanol consumption increased immunostaining
in the Ethanol and Ethanol+caffeine groups. For the White mat-
ter cells, significant decrease in labeling was observed for the
Ethanol+caffeine group (Fig. 4).

The results showed reduced immunostaining for TLR4
marker in the Ethanol+caffeine group in all cell groups
analyzed (Fig. 5). In Bergmann glia, the immunostaining between
the Ethanol and the Control group was similar, but in the
Ethanol+caffeine group, this molecule had significantly reduced
in relation to the other groups. When the Purkinje cells were
labeled, the most frequently positivity was identified for the
antigen in the Ethanol group when compared with the Control
and Ethanol+caffeine groups. The Golgi neurons presented a
tissue response similar to Bergmann glia The White matter cells
presented high TLR4 immunostaining for the Control group in
relation to the other groups (Fig. 5).

The MyD88 marker presented a trend of high expression
in the Ethanol and Control groups. For the Bergmann glia,
the immunolabeling between the Ethanol and Control groups
were statistically equivalent and the Ethanol+caffeine group
presented lower frequency for this marker. The tissue response
was similar for Granule and Golgi neurons, occurring elevated
frequency for MyD88 for the Ethanol group when compared with
Control and Ethanol+caffeine group. For the White matter cells,
increased staining was identified for the Ethanol group when
compared with Ethanol+caffeine and Control group (Fig. 5).

The Fig. 6 shows representative images of immunohisto-
chemistry analysis for NFkB, TLR4 and MyD88. The percentage
of staining among the groups is demonstrated at Table 1.

The TLR2 presented high qualitative immunoreactivity for
the Ethanol and Control groups. The Ethanol+caffeine group
presented decreased immunoreactivity for this antigen (Fig. 7).

Caffeine consumption attenuated adenosinergic and
inflammatory signaling by transcriptional and
post-transcriptional mechanisms

Ethanol exposure resulted in a significant increase of A1
and A2 gene expression, whereas caffeine was responsible
by reduction of both receptors, being similar to the control
group (Fig. 8A and C). Unlike gene expression results, caffeine
induced a significant increase of A1 protein levels, suggesting
a possible participation of this substance in transcriptional and
posttranscriptional mechanisms related more specifically to A1
receptor (Fig. 8B). Regarding A2a, the protein levels confirmed
the downregulation of this receptor, being similar to the Control
group (Fig. 8D).

Regarding inflammatory markers, both experimental condi-
tions did not change NFkB and TLR4 gene expression; how-
ever, western blotting analysis showed a significant increase of
both markers resulting from ethanol consumption alone and a
reduction when associated with caffeine (Fig. 9A–D). TLR2 gene
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Figure 5: Immunohistochemistry graphs for TLR4 and MyD88 for the analyzed cerebellar cell types. Letters in the top of the column indicate statistical differences:

“a” indicates significant statistical difference from the Control group; “b” indicates significant statistical difference from the Ethanol group. ∗P < 0.05, ∗∗P < 0.01 and
∗∗∗P < 0.001.

expression decreased after consumption of ethanol alone or
with caffeine, but the protein levels increased because ethanol
exposure (Fig. 9E). Interestingly, the increase of TLR2 protein was
attenuated in the presence of caffeine (Fig. 9F). Similarly, the
presence of caffeine induced a downregulation of MyD88 gene
when compared with ethanol alone (Fig. 9G). The level of MyD88
protein also confirmed the downregulation by caffeine pres-
ence, whereas ethanol alone did not cause any change (Fig. 9H).
Together, these results indicated that caffeine attenuated the
activation of TLRs/NFkB pathway caused by ethanol.

Caffeine consumption decreased proinflammatory
markers and downregulates microglial activation

We observed an increased protein level of TNF-α and iNOS associ-
ated with increased levels of Iba-1 in the Ethanol group. Caffeine
consumption was able to reduce Iba-1 protein level, a marker
directly associated with downregulation of microglial activation
with concomitant reduction of TNF-α and iNOS levels, rele-
vant proinflammatory markers in the Ethanol+caffeine group.
However, Ethanol or caffeine did not alter COX-2 protein levels
(Fig. 10).

Discussion
The present study identify that the components of the cerebellar
circuitry had differential response in the cerebellar tissue when
stimulated by ethanol or ethanol and caffeine in front of the
inflammatory markers and the adenosinergic receptors. The
NFkB immunolabeling was more often localized in the Bergmann
Glia, Purkinje cells and Granule neurons in the Ethanol group.
The same tissue response was found for the TLR4, suggesting
the hypotheses of an inflammatory process mediated by TLR4-
MyD88-NFkB pathway in these cellular types.

Functionally, the Bergmann glia is an integral part of the adult
cerebellar circuit, where they play an important role in extra-
cellular ion homeostasis [38], synapse stability [39, 40], plasticity

[41], metabolic function and neuroprotection [42]. The cell bodies
of Bergmann glia are contained within the Purkinje layer, but
their vertically oriented processes extend through the depth of
the molecular layer to the pial surface, unsheathing Purkinje cells
dendrites and dendritic spines along their paths [43, 44]. In the
alcoholism context, it was already reported the impairment in
the Bergmann glia front the ethanol exposure, mainly during
the cerebellum development [44]. Yang et al. [45] demonstrated
a reduction of Bergmann glia ramification after chronic ethanol
consumption. The NFkB and TLR4 increase in this cellular type
can indicate degeneration process, once the neuroinflammation
is one axis of neurodegeneration [46]. Studies indicated that the
maintenance of these astrocytes’ morphology is essential for the
Purkinje cells surveillance in adult cerebellum [47, 48]. Consid-
ering the recurrent presence of NFkB and TLR4 immunolabeling
in the Purkinje cells in the Ethanol group, we can suggest a
possible relation between the inflammation process established
in the Bergmann glia and the Purkinje cells. In this way, the
ethanol exposure possibly affects the Purkinje cells directly and
indirectly, through the Bergmann Glia impairment.

According to Martinez et al. [26] the inflammatory response
leads to neuronal deaths through apoptosis, increasing the
Caspase-3 expression after the ethanol consumption in UChB
rats. The same authors evaluated the concomitant intake of
ethanol and caffeine and verified a diminished Caspase-3
expression, with consequently attenuation of neuronal deaths in
the group that ingested caffeine. In the present study, NFkB and
TLR4 protein levels were found decreased after simultaneously
expose to ethanol and caffeine, when compared with ethanol
alone or control group, pointing out the action of caffeine on the
neuroinflammation signaling.

In relation to cerebellar granule cells, caffeine administration
associated with the ethanol consumption attenuated the NFkB
and TLR4 immunolocalization reaching levels lower than the
Ethanol and Control groups. Oliveira et al. [28] reported increased
Caspase-3 and XIAP expression for granule neurons of UChA rats
submitted to ethanol consumption. The action of ethanol around
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Figure 6: Immunohistochemistry plate for inflammatory markers TLR4, NFkB and MyD88 in the cerebellum of Ethanol, Ethanol+caffeine and Control group. (A)

Immunostaining for TLR4 in the Ethanol group. Frequent labeling was noted for Bergmann’s glia and Purkinje cells (×40). (B) Immunostaining for TLR4 in the

Ethanol+caffeine. Less frequent labeling was noted for Bergmann glia and Purkinje cells (×40). (C). Immunolabeling for NFkB in the granule neurons in the Control group

(×40). (D) Immunostaining for TLR4 in the granule neurons in the Ethanol group. The positive Golgi neuron for this antigen is pointed (arrow). (E) Immunostaining for

MyD88 in the cerebellum of Control group. Frequent positivity was observed for Purkinje cells (×40). (F) Immunostaining for MyD88 in the cerebellum of Ethanol+caffeine

group (×40). (G) Immunostaining for NFkB in the White matter cells of the Ethanol group. Great immunoreactivity was noted for this antigen (×40). (H) Immunostaining

for NFkB in the White matter cells of the Ethanol+caffeine group. Low reactivity was noted for the NFkB antingen (×40).

Figure 7: Immunostaining for TLR2 in cerebellar tissue. (A) Immunostaining for molecular, granular and Purkinje layers of the Ethanol group. Moderate and dispersed

labeling was noted around Bergmann’s glia and the molecular layer (×100). (B) Immunostaining for Purkinje cell in the Ethanol+caffeine group (arrow). Less marked

labeling was noticed when compared with the Ethanol group (×100). T. Immunostaining for Control group was similar to that found in the Ethanol group. It was dispersed

around the Bergmann glia (arrow).
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Figure 8: Gene expression and protein level analyses for A1 and A2a markers

in the cerebellum. Data are expressed as the mean ± standard deviation. Letters

in the top of the column indicate statistical differences: “a” indicates significant

statistical difference from the Control group; “b” indicates significant statistical

difference from the Ethanol group. ∗P < 0.05, ∗∗P < 0.01 and ∗∗∗P < 0.001.

granule neurons is admittedly harmful leading to apoptosis of
this cellular type through the activation of pathways as the
NFkB [49].

Concerning to the adenosinergic receptors, particularly the
immunopositivity for the A1 antigen was observed in the
Bergmann glia, Purkinje and Golgi neurons for the Ethanol+caffeine
group, when compared with the Ethanol group. The same biolog-
ical response was found for the Control group, characterizing the
tendency to return to normality found in the Ethanol+caffeine
group. The granular neuron was the only cell type that had an
increase in A1 receptor for the Ethanol group.

The present study demonstrated significant increase in the
genic expression and protein levels of A2a for the cerebellum of
Ethanol group. Thus, it is inferred that there was induction of
greater microglial reactivity for this group due to ethanol con-
sumption, consistent with the apparent increase in neuroinflam-
mation. Specific immunostaining of this antigen was found in
glial cells of cerebellar medullary body suggesting its localization
in immune cells such as the microglia. The Ethanol+caffeine
group showed reduced levels of this receptor, comparable with
the Control group. It suggests that caffeine may attenuate the
microglial reactivity, suppressing inflammation and promoting
neuroprotection [50]. Besides this, microglial morphology in the
cerebellum of Ethanol group resembles to reactive microglia
phenotypes, being branched or activated. In the Control and
Ethanol+caffeine groups, its aspect is apparently amoeboid [51].

It is known that A1 receptor plays a neuroprotective role, once
its activation leads to lower glutamate release and consequent
neuron hyperpolarization [52]. In fact, under acute ethanol inges-
tion conditions, A1 activation attenuates brain damage and its
blocking seems to exacerbate damage in adult rats [53]. Under
chronic toxic condition, such as chronic alcoholism, which leads
to increased adenosine release, the desensitization of this recep-
tor occurs due to a long-term potentiation process [54]. Through
this process, decreased expression of A1 receptors is found in
CNS [54]. In the present study, we observed a significant decrease
in the A1 receptor for the Ethanol group probably due to the
chronic situation of alcoholism to which these animals were
submitted. Concomitantly, a considerable increase in protein
expression of inflammatory markers was evidenced for TLR4,
NFkB and MyD88. Caffeine administration was able to restore A1
expression in the Ethanol+caffeine group cerebellum.

In contrast, A2a receptors increased in the brain under toxic
chronic conditions and their blockade provides effective neuro-
protection in adult rats [52]. In the present study, the increase in
A2a is also correlated with the increase in inflammatory mark-
ers, once observed the immune role of this receptor. Caffeine
was able to decrease A2a expression, contributing to neuro-
protection. Thus, it is inferred that adenosinergic receptors are
associated with the activation of the inflammatory process in
the cerebellum of UChB animals and that caffeine administra-
tion was able to articulate the attenuation of the cerebellum
inflammation process through modulation of A1 and A2a in the
Ethanol+caffeine group.

The chronic ethanol exposure leads to the neuroinflamma-
tion establishment process [55, 56] and it commonly involves
microglia activation through the TLR4-MyD88-NFkB pathway [57,
58]. In the cerebellum of UChB rats, the exposure to ethanol
alone induced an inflammatory microenvironment, which was
confirmed by TLR4, NFkB and MyD88 protein levels increase.
According to Flores-Bastías and Karahanian [59] this process
seems to be initiated at the molecular level, with the overexpres-
sion of inflammatory genes. However, molecular alterations were
not identified for TLR4 and NFKB in any of the other groups. In
fact, there is a strong hypothesis of ethanol-induced tolerance in
some molecular aspects when the UChB is used as experimental
model [60] and it was indicated by levels maintenance of the gene
expression between the alcoholic groups and the control group,
composed by Wistar rats. Similarly, caffeine also did not alter the
gene expression of these inflammatory markers.

Considering that, previous studies of our research group have
already reported the capability of the ethanol and caffeine in
altering miRNAs levels in the cerebellum and blood of the UChB
model, suggesting an explanation to the observed changes in the
immunohistochemical and protein levels results for the NFkB
and TLR4 markers among the groups. Rossetto et al. [12] showed
an elevated expression of the miR-155-5p in the cerebellum after
the ethanol intake, one of the proinflammatory miRNAs linked
to microglial activation [61]. The same authors reported that
caffeine ingestion mitigated the level of this miRNA, suggesting
a recovery of the inflammatory process previously established
in the group that only consumed ethanol [12]. The miRNA-155
expression is stimulated by binders of receptors as the TLRs and
by cytokines as the interferon-γ (IFN-γ ) [62, 63].

Taken together, our results highlighted an inflammatory
microenvironment in the Ethanol group with the augment of
NFkB, TLR4, TLR2 and MyD88 in molecular or protein levels.
According to Baoning et al. [64] the ethanol consumption elevates
the levels of NFkB through the TLR2/MyD88 activation. The TLR2
receptor has an extracellular domain, a trans-membrane region
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Figure 9: Gene expression and protein level analyses for NFkB, TLR4, TLR2 and MyD88 markers in the cerebellum. Data are expressed as the mean ± standard deviation.

Letters in the top of the column indicate statistical differences: “a” indicates significant statistical difference from the Control group; “b” indicates significant statistical

difference from the Ethanol group. ∗P < 0.05, ∗∗P < 0.01 and ∗∗∗P < 0.001.

and an intracellular domain. In brief, the extracellular domain
recognizes a variety of antigens. The intracellular domain, with
the help of other intracellular proteins and adaptors, such
as MyD88, signals the activation of transcription factor NF-
κB and ultimately produces inflammatory cytokines that are
responsible for mounting a more effective innate response
and initiating adaptive immunity [65, 66]. The intracellular
domain is usually referred as toll/IL-1R (TIR) domains [67].
As an essential adaptor for the TLR4 and TLR2 intracellular
domains and activation [68], the increase of MyD88 in the Ethanol
group suggests major recruitment of this signaling due to more
activation of the TLR4-MyD88-NFkB pathway.

Interestingly, the Ethanol+caffeine group had the most part
of the inflammatory markers reduced to levels comparable to
the Control group. Concomitantly, the ethanol isolated or added
of caffeine altered the gene expression of A1 and A2a in the
analyzed groups.

Caffeine immunomodulator action is not well understood
[69] but it is established that caffeine acts through the ligation
to these purine analogues, the adenosinergic receptors [70, 71].
The A1 receptor is the most abundant in the encephalon and,
after binding the A1 receptor, the adenosine induces the ade-
nililciclase decrease leading to consequent AMPc decrease and
cellular hyperpolarization through K+ efflux and inhibition of
circulating calcium. Thus, the actions arising from A1 activation
are summarily inhibitory [72].

According to Fang et al. [30], the ethanol consumption
presents effects around the A1 receptor, once it increases the
adenosine endogenous levels [73]. After acute ethanol intake,
an increased expression of A1 receptor is observed and a
consequently diminution in the cAMP occurs [74]. However,
in the chronic consumption, the decrease of adenylyl cyclase
and cAMP occurs by desensitization of A1 receptors [75]. In the
present study, the gene expression of A1 increased in the Ethanol
group. In contrast, the A1 protein level decreased for the same
group, indicating a decrease of the adenosinergic tone for the A1
receptor after the ethanol consumption. According to Kovacs and
Toldy [75], the A1 diminution is expected after de chronic ethanol
consumption. Based on that, it could suggest the increase in
A1 gene expression, found in the Ethanol group, as an attempt
to answer the low protein levels. In this way, the ethanol can
possibly be exerting a post-transcriptional action towards the
A1 gene transcription. Interestingly, the presence of caffeine
led to recovery of A1 receptor levels in the cerebellum, despite
the ethanol consumption, inhibiting this observed action of the
ethanol. It is reported that the chronic consumption of caffeine
increases the levels of A1 in the CNS [76].

Beyond the A1 receptor, caffeine also presents high affinity
to bind the A2a receptors which expression is mainly circum-
scribed to striatum, olfactory tubercle and accumbens nuclei [10].
However, the A2a is recognized as the receptor that links the
inflammatory process to the adenosinergic system because it
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Figure 10: Protein level analyses for TNF-α, iNOS, COX-2 and Iba-1 markers in

the cerebellum. Data are expressed as the mean ± standard deviation. Letters

in the top of the column indicate statistical differences: “a” indicates significant

statistical difference from the Control group; “b” indicates significant statistical

difference from the Ethanol group. ∗P < 0.05, ∗∗P < 0.01 and ∗∗∗P < 0.001.

can be found in the surface of immune cells evidencing its role
in the immune response [10]. The A2a receptor activation plays
an excitatory role and increases the adenylylcyclase and cAMP
concentration. Once caffeine binds the A2a receptor, it activates
the adenylylcyclase and converts the ATP in cAMP. This condition
induces to intracellular cascade mediated by increased cAMP
via phosphodiesterase inhibition. Thus, the extracellular caffeine
binding amplifies cAMP actions in intracellular compartment,
inhibiting the phosphodiesterase. High concentrations of cAMP
activates the PKA (protein kinase A), which in change, blocks the
release of proinflammatory citokynes [77]. In the CNS, the A2a
activation exacerbates the inflammatory response, mostly under
chronic conditions [78]. The mechanisms by which blockade
of A2a confers neuroprotection remain unclear; however, one
of the central hypotheses is based in the control of microglia-
mediated neuroinflammation [58, 79]. Studies have suggested
that A2a receptor activation results in reactive microglia phe-
notypes, leading to the increase of neurotoxic factors and non-
cellular elements culminating in the establishment of neuroin-
flammation [79, 80].

The present study showed caffeine consumption attenuating
Iba-1 protein levels in the Ethanol+caffeine group. In activated
microglia, the Ionized binding protein 1 (Iba-1), participates in
actin-bundling, membrane ruffling, cell migration and phago-
cytosis [81, 82, 83]. The upregulation of Iba-1 is associated with
microglia activated phenotype [80]. When presented with a ter-
atogen such as alcohol, microglia release cytokines that can pro-
mote inflammation and ultimately lead to neurodegeneration

[84]. In association with increased Iba-1 for the Ethanol group,
upregulation of TNF-α and iNOS protein levels was found for
the same group. High TNF-α is implicated in the induction of
other pro-inflammatory cytokines that play an important role in
neuroinflammation and neurodegenerative disorders [85].

Conclusion
The present study concluded that the ethanol consumption
interferes in the inflammatory process and adenosinergic
signaling of the cerebellum, increasing inflammatory mediators
NFkB, TLR4, MyD88, TLR2 and proinflammatory markers such
as TNF-α and iNOS. Caffeine added to the ethanol solution
evidently contributed to the reestablishment of cerebellar tissue,
considering the response of the markers presented by the
Control group as standard parameter for normality, interfering
in the inflammatory markers through the modulation of the
adenosinergic receptors A1 and A2a, also reducing microglial
activation state.

Important differential sensitivity of the cellular components
in the cerebellum was detected, referring to the reactivity of the
cells facing the organ impairment when it is submitted to the
chronic consumption of ethanol and, subsequently, treated with
caffeine.

Future studies focusing on microglial modifications related
to the ethanol and caffeine consumption and its relation with
the adenosinergic receptors A1 and A2a can perform a valuable
perspective for the understanding of the cerebellar microen-
vironment under the chronic use of these substances and its
toxicological conditions.
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