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Abstract: Long- lasting alterations in brain gene expression in alcohol addiction have been determined although no clear mechanism has yet been elucidated. 
There exist many factors regulating the mechanism of gene expression. We aimed in this study to detect miRNA (microRNA) and mRNA expression profile at the 
specific brain regions regarding ethanol exposure and withdrawal. Rats were exposed to liquid alcohol consumption for 21 days. Oligonucleotides microarrays and 
bioinformatics analyses were used to identify gene expression, miRNA expression and their functions in the Prefrontal cortex, Hippocampus and Corpus striatum 
of wistar rats.  A bioinformatics strategy with microarray analysis, quantitative real time PCR, bioinformatics and mRNA (messenger RNA) miRNA- miRNA 
integrative analyses revealed that expression models interact with neuroplasticity and synaptic processes. Those significantly changed after ethanol exposure and 
withdrawal processes included 160 mRNAs and 29 rat-miRNAs at prefrontal cortex, 142 mRNAs and 26 rat-miRNAs at hippocampus, and 143 mRNAs and 30 
rat-miRNAs at corpus striatum. Gene ontology and ingenuity pathway analyses revealed that most of the altered genes were responsible for synaptic plasticity, 
neuron differentiation, chromatin organization and some certain important signaling pathways. In conclusion, consistent and integrated variations in miRNA ex-
pression and in their focus mRNAs in rat brain were noted after alcohol exposure and withdrawal. Besides, understanding the molecular mechanisms of alcohol 
abuse will no doubt guide to development of significant cure methods for addiction. We are of the opinion that our findings may shed light on classification of 
novel biomarkers.
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Introduction

Alcoholism is a chronic and complicated disease ef-
fected by genetic, epigenetic and environmental factors 
(1). Alcohol addiction has now been known to cause 
aberrances in synaptic plasticity and neuronal func-
tions. The neuroadaptation of brain is associated with 
long-lasting deregulation of gene transcription, protein 
expression and signaling systems in the central nervous 
system. miRNAs mediate the formation of various gene 
variation in brain if stimulated by alcohol. miRNAs are 
little, definitely preserved, noncoding RNA molecules 
that regulate gene expression at the post-transcriptional 
level. Also they are overexpressed in the brain and have 
significant roles in terms of biological functions, includ-
ing neuronal distinction, synapse arrangement, homeo-
static synaptic plasticity, neuronal degeneration, behav-
ior and addiction. Evidence for miRNA-mediated regu-
lation of gene expression by ethanol was first provided 
by ex-vivo studies. In neurosphere cultures derived 
from fetal mouse cortex, ethanol was found to cause 
up-regulation of JAG1, a notch receptor ligand along 
with suppression of miR-335, miR-21 and miR-153. 
Each miRNA can control hundreds of mRNAs and each 
mRNA can be targeted by multiple miRNAs. Moreover, 
multiple miRNAs can either collaborate or compete for 
the regulation of common mRNA targets (2-4). System-

atic investigation of genome-wide effects of ethanol on 
miRNA expression in adult brain has recently provided 
novel insights to the regulation of protein-coding gene 
expression in the context of chronic ethanol exposure 
in the frontal cortex of alcoholics (2, 5). A total of 35 
miRNAs were up-regulated in alcoholics and used for 
target prediction. Interestingly, predicted miRNA tar-
gets were considerably over-represented in the set of 
217 genes which were previously recognized as down-
regulated in the same postmortem samples, and most 
putative targets were adjusted by multiple miRNAs (2, 
6). Conversely, there were 27 miRNAs whose predicted 
targets were over-represented among down-regulated 
transcripts. Many of the down-regulated transcripts 
were akin to lipid biosynthesis and metabolism along 
with cytoskeleton and cell cycle control. Interestingly, 
the down-regulated transcript targeted by the highest 
number of up-regulated miRNAs encodes Dicer, a key 
enzyme in the generation of mature miRNAs. In this 
study, our aim was to detect miRNA and mRNA expres-
sion profile in the setting of ethanol addiction and with-
drawal. Addicted rats were exposed to ethanol in order 
to understand effects of alcohol addiction on brain in 
molecular basis. A total of 18 rats were used in three 
groups. After 21 days rats became addicted, and hippo-
campus, cortex and striatum were extracted and used for 
gene expression analysis. After isolation of RNA’s from 
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brain tissues, samples were used for miRNA and mRNA 
microarray profile analyses. A bioinformatics strategy 
with microarray analysis together with quantitative real 
time PCR, bioinformatics analysis and messenger RNA 
miRNA- miRNA combinative analyses revealed dis-
ruption in neuroplasticity and synaptic processes. The 
results elucidated differentiated mRNA and miRNA 
expression profile in this alcohol dependence and with-
drawal rat model. Some of the mRNAs and miRNAs 
were affirmed by qPCR. The study is the latest and the 
most comprehensive work in recent times. Gene ontol-
ogy classes of differential expression indicated useful 
steps generally corresponding to neuroadaptation syn-
aptic plasticity and neurotransmission. Further data as 
to molecular mechanism of alcohol addiction will guide 
improvement of possible treatment methods for this 
syndrome.

Materials and Methods

Animal subjects
All procedures in this work were in conformity with 

the Guide for the Care and Use of Laboratory Animals as 
followed by the National Institutes of Health (USA) and 
were accepted by the Local Ethics Committee for Ani-
mal Experimentation of Istanbul University (2013/104). 
12 mature masculine Wistar rats (365-500g) were the 
subjects in this study. They each were encased in dif-
ferent heat & humidity monitored rooms (22+-3°C and 
60+-5%, respectively) where a 12 h light/dark cycle 
was provided (7:00-19:00 h light). The subjects were 
divided into three groups (n=6 each): Alcohol addicted, 
withdrawal and control groups.

Chronic ethanol administration
The rats were given ethyl alcohol through a liquid 

diet (composition : cow milk 925 ml, 25–75 ml ethanol 
(96.5% ethyl alcohol), vitamin A 5000 IU, and sucrose 
17g) for 21 days with respect to the protocol (7). At the 
beginning of the study, all rats (n=18) were fed with liq-
uid diet without ethanol for a week. Then, they were 
divided in three groups (n=6 each). For alcoholic groups 
(n=6), a liquid diet of 2.4% (v/v) ethanol was applied 
for 3 days. The ethanol concentration was increased to 
4.8% (v/v) for the next 4 days and eventually to 7.2% 
(v/v) for the next 14 days. For withdrawal group (n=6), 
everthing was same with alcoholic group except last day 
fed with normal diet without alcohol. Control group was 
fed with ethanol free liquid diet during whole proce-
dure. At 22nd day, all rats were sacrificed by deprivation 
of O2 followed by cervical dislocation and decapitation, 
and brain parts were removed. Each brain tissue sample 
was put into DNase–RNase free tubes placed into liquid 
nitrogen. Finally, all sample tubes were collected from 
liquid nitrogen and they were stored in −80°C until next 
experiment. 

Determination of blood ethanol levels 
Blood alcohol levels were determined in three dif-

ferent groups of the ethanol exposed rats (n = 6 for 
each group) at 7., 14. and 21. days of ethanol intake 
and at 12th and 24th hour of ethanol withdrawal. Blood 
samples were taken below the ether anesthesia. Serum 
alcohol levels were determined spectrophotometrically 

at 340 nm by use of an enzymatic kit (Sigma Chemical, 
USA).

RNA-miRNA isolation and preparation for microar-
ray analysis

Total RNA was extracted from brain sample with 
Trizol reagent (Invitrogen Life Technologies, USA) and 
was purified by RNAeasy mini kit (Qiagen, Germany) 
according to the manufacturer’s instructions. miRNAs 
were isolated using the miRNeasy Mini Kit (Qiagen, 
Germany) according to the manufacturer’s instructions. 
Total RNA concentration was measured on the Nano-
Drop (ThermoScientific, USA). 

mRNA and miRNA expression profiling
In this study, Affymetrix microarray system was 

used. Rat Genome 230 2.0 Array was used for mRNA 
expression profiling and GeneChip® miRNA Affyme-
trix 902018 was used for miRNA expression profiling. 
Samples were hybridized to an individual microarray 
chip for each brain regions. Posthybridization wash-
ing, staining and scanning of chips were performed 
with manufacturer’s technical manual (Affymetrix, 
USA). After scanning, the data were log2 transformed 
and normalized. Statistical differences between groups 
were calculated using Partek Genomic Suite (Partek 
Inc, USA). RNA expression standards were provided 
and applied for different gene expressions utilizing two-
sample t-test presuming irregular variations, with the  p 
< 0.05 being the cut-off.

Validation of mRNA microarray expression data 
with qRT- PCR 

From the each brain samples, a total of 100 ng iso-
lated RNA was reverse transcribed to use “RevertAid™ 
First Strand cDNA Synthesis” kit (Thermo scientific, 
USA) according to manufacturer’s instructions. Primers 
for every target were laid out according to National Cen-
ter for Biotechnology Information (NCBI) reference se-
quence database and primer design program. Primer se-
quence in this study is shown in Table 1. Samples were 
analyzed in triplicate in a total volume of 15 ml utilizing 
SYBR Green based All-in-One™ qPCR Mix (Geneco-
poeia, USA) on Bio-Rad CFX 96 RT-PCR system (40 
cycle of 95 C for 10 minutes  for initial denaturation, 95 
C for 10 seconds for denaturation, 58 C for 20 seconds 
for annealing and 72 C for 20 sec for extension steps). 
Gene expression level determination was done accord-
ing to 2–ΔΔ CT method (8). Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was chosen as inner control. 
Each sample was normalized according to GAPDH ex-
pression. For visual explanation, the ΔΔCt values were 
converted (-x), therefore down regulated genes demon-
strated ΔΔCt < 0 and up regulated genes ΔΔCt > 0 val-
ues.  The ΔΔCt values were contrasted by student t-test 
for each gene (P<0.05 significance; P<0.07 trend).
          
Validation of miRNA microarray expression data 
with qRT-PCR 

QuantaMir TM miRNome miRNA profiler’s kit (Sys-
tem bioscience, USA) was used for miRNA expression 
and qPCR according to their protocols. A total of 160 
ng isolated RNA from each brain sample was used for 
miRNA qPCR. Experiments were stabilized to the U6 
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150-300 mg/ dl. In the withdrawal period, both 12th  
and 24th hours levels decreased significantly as com-
pared to the levels that measured before withdrawal. 
Also post- dependent animals showed increase in BAC 
levels compared to 7 days animals significantly.

mRNA and miRNA expression profiling
Affymetrix microarray system was used in this study. 

Rat Genome 230 2.0 ST Array was used for mRNA ex-
pression profiling and Gene Chip miRNA 4.0 Array for 
miRNA expression. The data were log2 stabilized. RNA 
and miRNA expression standards were provided and 
tried for different gene expression using two-sample 
t-test presuming irregular variations, at a P< 0.05 cut-
off level. In this study, only three parts of brain were 
used: prefrontal cortex, corpus striatum and hippocam-
pus, all of which host signal transduction resulting in 
change in the expression of genes in the process of al-
cohol dependence and withdrawal. 160 mRNAs and 29 
rat-miRNAs in the prefrontal cortex, 142 mRNAs and 
26 rat-miRNAs in the hippocampus, 143 mRNAs and 
30 rat-miRNAs in the corpus striatum were significantly 
changed after ethanol exposure and withdrawal condi-
tion.(cut off = 4, p<0,05, fold change +/- 1,2) (Figure 
1). In addition, more genes and miRNAs  were up regu-
lated than those down regulated by alcohol addiction 
and withdrawal (Figure 2).

Integrative analysis of miRNA- mRNA interaction
In our study we have tried to examine relationship 

of miRNA- mRNA interaction and expression changes 
induced by alcohol dependency and withdrawal.  IPA 
(ingenuity pathway analysis) was used to determine the 
miRNA- mRNA interaction and find canonical path-

endogenous control and comparisons among the groups 
were performed using the 2 –ΔΔ CT method. This kit in-
cluded nearly 800 individual miRNA primers.

Determination of canonical pathways, gene networks 
and miRNA–mRNA interaction analyses

Applicant mRNAs and miRNAs were investigat-
ed using bioinformatics analysis. Ingenuity pathway 
analysis, IPA (Qiagen, USA) is an online bioinformat-
ics tool which locates applicant mRNAs and miRNAs 
into canonical pathways, gene networks, and searches 
gene-gene and miRNA-gene relationships with sta-
tistical standards. Each obtained important biological 
data regarding gene and miRNA networks, canonical 
pathways and biological features were consequently 
validated using Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG; www.genome.jp/kegg) (9),  GO Con-
sortium (www.geneontology.org) (10) and Database 
for Annotation, Visualization and Integrated Discovery 
(DAVID; http://david.abcc.ncifcrf.gov) (11). MiRNA.
org was applied as handle database (12).  Each mRNA-
miRNA forecast analyses were carried out by miRwalk 
database, an combinative mRNA-miRNA interaction 
forecast database (http:// www.umm.uni-heidelberg.
de/apps/zmf/mirwalk/) (13,14), IPA software (15) and 
miRNA.org website.

Results

Blood Alcohol Concentration
Post-dependent animals took alcohol-including liq-

uid diets for 21 days maintaining a BAC levels of be-
tween nearly 150-400 mg/dl (Table.2). At the end of 
these 21 days BAC levels were stable in the range of 

Gene Name RefSeq ID Forward Primer Rewers Primer
Satb2 NM_001109306 CTTCCTCAACCTGCCTGAAG GTTGTCGGTGTCGAGGTTTT
Nr4a2 NM_019328 CCAATCCGGCAATGACCAG GATGATCTCCATAGAGCCAGTCAG
Rpl32 NM_013226 TGTCCTCTAAGAACCGAAAAGCC CGTTGGGATTGGTGACTCTGA
Galr1 NM_012958 TCAGAGGCATCCAAGAAAAAG AACTCAGCCCAGAGGTGGA
Ndufa2 NM_001106153 ACTGAGGACTGAACAAGCCCACCA GCGACATCCCAGCGGGTAGC
Nr4a3 NM_031628 TACGGAGTCCGCACCTGCGA CGACGTCTCTTGTCTACCGGGC
Nptxr NM_030841 ATATCTGCATCGCCTGGACT AGGATGCCATGTGGTTTGAT
Hmga1 NM_139327 CAACTCCGGGGAGGAAACCA AGGACTCCTGGGAGATGC
Hmgb1 NM_012963 TGATTAATGAATGAGTTCGGGC TGCTCAGGAAACTTGACTGTTT
Egr2 NM_053633 TCCGAGTTCTGAACCTTTGG GGACACTTGCAACACCACTG
Slc17a7 NM_053859 TGCTGCTGGTGGTCGGATAC AGGGGCGATGTCCAAGTGGT
Slc17a8 NM_153725 AAAACAGGACTGGGCTGATCC GAGACCAAGATCCATACGCCC
Bdnf NM_012513 CCATAAGGACGCGGACTTGTAC GAGGAGGCTCCAAAGGCACTT
Arc NM_019361 CCGTCCCCTCCTCTCTTGA AAGGCACCTCCTCTTTGTAATCCTAT
H2AFV NM_001106019.1 CTGATCGGAAAGAAGGGGCAGCAGA CACACACAGTGAGGACAGCAGGTCA
GAPDH NM_017008.4 GACATGCCGCCTGGAGAAAC AGCCCAGGATGCCCTTTAGT

Table 1. Primers.

Exposure Day BAC ( mg/dL) SEM (±) Range
Control 0 0 0
7 days 147,5 ± 51,5 80-220
14 days 262,9 ± 31,4 210-320
21 days 275,4 ± 42,9 220-350
22 days 12th h 170,8 ± 26,5 150-220
22 days 24th h 96,6 ± 19,1 75-130

Table 2. BAC table.



52

miRNA and mRNA expression profiling in the rat brain.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 2

Z. A. Sinirlioglu et al.

ways. GO Consortium (geneontoloy.org) and DAVID 
(database for annotation, visualization and integrative 
discovery; david.abcc.ncifcrf.gov) were used to identify 
the gene ontology. In addition, mirWalk and miRNA.
org were used for additional analyses. miRNA-mRNA 
interaction was prepared with respect to all software re-
sults.

According to results in prefrontal cortex, 10 miRNA 
were found associated with 12 mRNA in alcohol addic-
tion while 20 miRNA were with 39 mRNA in alcohol 
withdrawal. In hippocampus, 5 miRNA were associated 
with 5 mRNA in alcohol addiction while 44 miRNAs 
were with 299 mRNAs in alcohol withdrawal. In corpus 

striatum, 16 miRNAs were associated with 23 mRNAs 
in alcohol addiction while 23 miRNAs were with 37 
mRNAs in alcohol withdrawal. 

Validation of mRNA and miRNA microarray expres-
sion data with qRT- PCR

In order to confirm the expressed mRNAs, qRT- PCR 
were applied. The gene that was chosen to show oppo-
site direction expression. That is mean gene expression 
was decrease and miRNA expression was increase. The 
same primer was used for both three regions and three 
situations. Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) was chosen as inner control for mRNA. U6 
primers were the inner control for miRNA. The fold 
change differences were calculated according to 2 –ΔΔ 

CT method.  Figure 3 shows altered mRNA and miRNA 
validation. According to our results in prefrontal cor-
tex, GALR1 and SLC17A8 decreased in alcoholic con-
dition but increased in withdrawal conditions BDNF, 
ARC and NR4A2 were found to increase significantly, 
whereas C-FOS decreased in both alcoholic and with-
drawal conditions. In hippocampus; GALR1, SLC17A8, 
BDNF, CREB, C-FOS and ARC increased significantly 
in both alcoholic and withdrawal condition. In corpus 
striatum; SATB2, NR4A2 and C-FOS decreased in al-
coholic condition while GALR1, EGR2, SLC17A7 and 
ARC increased significantly in both alcoholic and with-

Figure 1. Hierarchical clustering of differential expressed 
miRNA and mRNA profiling from alcoholics, withdrawals 
and controls. Rows: individual miRNAs or mRNAs; columns: 
individual samples. Red within the heat map represents miRNA 
or mRNA upregulation, green within the heatmap represents miR-
NA or mRNA downregulation. a) Expression profiling of the total 
number of mRNAs linked with alcohol, withdrawal and control 
in preforontal cortex (160 genes), hippocampus (142 genes) and 
corpus striatum (143 genes) of wistar rats with significant different 
expression (p < 0.05). b) Expression profiling of the total number 
of miRNAs linked with alcohol, withdrawal and control in prefo-
rontal cortex (29 miRNAs), hippocampus (26 miRNAs) and cor-
pus striatum (30 miRNAs) of wistar rats with significant different 
expression (p < 0.05).

Figure 2. Number of mRNAs and miRNAs were significantly 
altered by alcohol and withdrawal conditions according to 
controls. a) Number of mRNAs were changed under alcoholic and 
withdrawal conditions in prefrontal cortex, hippocampus and cor-
pus striatum. b) Number of miRNAs were changed under alcoholic 
and withdrawal conditions in prefrontal cortex, hippocampus and 
corpus striatum.



53

miRNA and mRNA expression profiling in the rat brain.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 2

Z. A. Sinirlioglu et al.

drawal conditions (Figure 3).
According to results in prefrontal cortex; mir182, 

miR-130a, miR-16 and miR-27a significantly decreased 
but miR-9 increased in withdrawal condition. miR-206 
and miR-30a were significantly higher in both condi-
tions. In hippocampus, miR-382 decreased in all con-
ditions significantly. However, miR-206 and miR-30a 
increased in both conditions. miR-130a and miR-27a 
decreased in withdrawal condition. In corpus striatum; 
while miR-182, miR-206 and miR-30a increased in all 
conditions, miR-130a and miR-27a decreased in with-
drawal condition only (Figure 3).

Those genes seemed responsible for the plastic syn-
apsisty along with behaviour as to psychological and 
neurological disease, cell cycle and neuron develop-
ment (Figure 4).

Integrative analysis of miRNA and mRNA
Integrative analysis and higher bioinformatics analy-

sis were performed between alcohol related and other 
possible genes. IPA software was used for integrative 
analysis.  As in other analysis alcoholic, withdrawal and 
alcoholic/ withdrawal groups were studied.

In prefrontal cortex - in the case of alcohol addiction 
- changing genes related not only to addiction-associat-
ed genes but also to some diseases and were responsible 
for some cell signaling pathways. However, in alcohol 
addiction, changing genes was noted to relate to neu-
rological and cardiovascular disease genes along with 
those included in lipid metabolism, cancer and cell sig-
naling. In prefrontal cortex, in case of withdrawal, some 
gene linkage was found to change. These genes related 
to DNA metabolism genes, hereditary disease genes and 
cell death pathway genes. In hippocampus in the case of 
alcohol addiction, changing genes was seen to relate to 
hematological disease genes, cell cycle genes and vita-
min biosynthesis. In hippocampus in case of withdraw-
al, genes related to neurological disease, psychological 
disease, cell cycle and cell death genes. In corpus stria-
tum in the case of alcohol addiction, changing genes 
were seen to relate to DNA replication, neurological 
disease, psychological disease, lipid metabolism, nerves 
system development, embryonic development genes. In 
corpus striatum in case of withdrawal, genes related to 
neurological disease, molecular transport and lipid me-
tabolism.

In addition, according to GO analysis, changing 
genes related to different processes in our body. These 
processes includes behavior, synaptic plasticity, mem-
brane potential, neuron differentiation, myelinizasion, 
cell cycle, chromatin organization and transcription. 
(Table 3).

Discussion

Some studies have discovered the effect of EtOH on 
the expression of miRNAs. Recent works reveal that the 
brain not only expresses varied miRNAs eseential for 
all cell varieties, but also a collection of neuronal-spe-
cific miRNAs in mice, rats and human beings through-
out vegetative cell diversification (16-18). Thus, it is 
advocated that miRNA presents a mighty regulating 
mechanism in central nervous system. Moreover, this 
study suggests that mRNA- miRNA networks can be 
concerned in neuroadaptations linked to post-dependent 
condition and finally affect behavior (19). All results 
provide that goal of upcoming in vitro and in vivo re-
search should be directed at identifying the practical 
duty of mRNA-miRNA networks in neuronal function 
and addiction associated behaviors. miRNA deregula-
tion have been associated with cocaine consumption 
(20-22), nicotine excitement (23) and alcohol endur-
ance (24). In our research, we found 11 miRNAs whose 
expression was changed after alcohol dependency in 
rats: miR-182, miR-382, miR-9, miR-543, miR-483, 
miR-206, miR-130a, miR-16, miR-30a and miR27a. 

miR-9 was found down regulated in hippocampus, 
corpus striatum and cortex in addicted rats and up regu-
lated in all brain regions in withdrawal condition in our 
study. In contrary, intense EtOH process was discovered 

Figure 3. q-RT-PCR results for miRNA and mRNA confirma-
tion. Confirmation of selected miRNA and mRNA with RT-PCR. 
a) Confirmation of some mRNA and miRNA in prefrontal cortex. 
b) Confirmation of some mRNA and miRNA in hippocampus. 
c) Confirmation of some mRNA and miRNA in corpus striatum. 
Downregulated genes show value < 0, upregulated genes are > 0. 
Significance was determined by P < 0.05.

Figure 4. Regulatory network analysis of altered genes in all 
samples. This figure shows gene regulatory network built from al-
coholic mRNA data in all samples represent regulatory interaction 
like protein- protein and protein – genes.
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to trigger a quick boost in miR-9 expression in neuron 
culture from the striatum and allocated other neurons 
(24), however, we showed in addiction condition that 
miR-9 expression was down regulated but up regulated 
in withdrawal condition. This means miR-9 is potential 
miRNA for alcohol history and it is suggested that miR-
9 may have the capability to entirely change the expres-
sion of a whole gene community included in the im-
provement of alcohol dependency. miR-206 expression 
assists to management of alcohol self-administration by 
the mPFC and classifies BDNF as an applicant arbiter of 
this process (22,25). miR-206 is well known as a skel-
etal muscle-specific miRNA that is required for renewal 
following intense nerve damage (22,25,26). It can be 
conluded that miR-206 is up regulated while BDNF is 
down regulated in ethanol addiction.

miR-182 was found up regulated in hippocampus, 
corpus striatum and prefrontal cortex in alcoholic con-
dition but down regulated in prefrontal cortex in with-
drawal condition. miR-182 was associated with depres-
sion-like behavior. Some researchers found increased 
serum levels of miR-182 in patients with depression 

(6, 27). miR-382 was down regulated in all brain parts 
and all conditions. miR-382 was discovered to be down 
regulated following use of alcohol. In order to identify 
the possible duty of miR-382 in alcohol consumption, 
the impact of miR-382 on the expression of DeltaFosB 
was identified (6, 28). miR-16 was up regulated in alco-
holic condition but down regulated in withdrawal con-
dition in prefrontal cortex. miR-16 was associated with 
depression (29).  miR-27a was up regulated in alcoholic 
condition but down regulated in withdrawal condition 
in all brain regions. This miRNA is related to apopto-
sis and its target gene is BCL-2. The study showed that 
miR-27a focus on apoptosis response protein like BCL-
2 family and down regulation of  miR-27a-3p following 
neuronal apoptosis in vitro increases p53- dependent 
apoptotic pathways and attributes to neuronal cell death 
in vivo and in vitro (30). We identified a lot of mRNAs 
with altered expression in alcoholic and withdrawal 
conditions. This mRNAs are BDNF, SATB2, NRD4A2, 
GALR1, CREB, ARC, and SLC17A7-8. Many mRNAs 
have been displayed to have a duty in drug abuse, ad-
diction and neuropsychiatric disorders. These genes 

Gene Onthology Analysıs
Term Term Descrıptıon Genes

GO:0048168 regulation of neuronal synaptic plasticity ARC, EGR2
GO:0060079 regulation of excitatory postsynaptic membrane potential BDNF,SLC17A7
GO:0043524 negative regulation of neuron apoptotic process BDNF,NR4A3, NR4A2
GO:0030182 neuron differentiation BDNF,NR4A2
GO:0007611 learning or memory BDNF,EGR2
GO:0042493 response to drug BDNF,HMGB1
GO:0006836 neurotransmitter transport SLC17A8,SLC17A7
GO:0006814 sodium ion transport SLC17A8,SLC17A7
GO:0045944 positive regulation of transcription from rna polymerase ii promoter EGR2,HMGB1,NR4A3,SA TB2, NR4A2, FOS
GO:0045893 positive regulation of transcription dnadependent EGR2,HMGA1,NR4A2,FO S
GO:0006355 regulation of transcription dna dependent EGR2, NR4A2
GO:0007010 cytoskeleton organization ARC
GO:0016477 cell migration ARC
GO:0007612 Learning ARC
GO:0007610 behavior BDNF,NR4A3
GO:0021675 nerve development BDNF
GO:0048167 regulation of synaptic plasticity BDNF,EGR2
GO:0060079 regulation of excitatory postsynaptic membrane potential SLC17A7
GO:0035249 synaptic transmission glutamatergic SLC17A7
GO:0014037 schwann cell differentiation EGR2
GO:0035284 brain segmentation EGR2
GO:0042552 myelination EGR2
GO:0001934 positive regulation of protein phosphorylation HMGB1
GO:0002437 inflammatory response to antigenic stimulus HMGB1
GO:0051384 response to glucocorticoid stimulus HMGB1
GO:0031532 actin cytoskeleton reorganization HMGB1
GO:0031175 neuron projection development HMGB1
GO:0007399 nervous system development HMGB1,FOS,NR4A2
GO:0045787 positive regulation of cell cycle NR4A3
GO:0021766 hippocampus development NR4A3
GO:0022900 electron transport chain NDUFA2
GO:0008150 biological_process NDUFA2,RLP32
GO:0007189 adenylate cyclase activating g protein coupled receptor signaling pathway GALR1
GO:0007186 g protein coupled receptor signaling pathway GALR1
GO:0021952 central nervous system projection neuron axonogenesis NR4A2
GO:0021953 central nervous system neuron differentiation NR4A2
GO:0042053 regulation of dopamine metabolic process NR4A2
GO:0071542 dopaminergic neuron differentiation NR4A2
GO:0006338 chromatin remodeling SATB2
GO:0001764 neuron migration SATB2

Table 3. Gene onthology analysis.
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are also involved in dopamine, serotonin, glutamate 
signaling pathway, G- protein coupled signaling path-
way, growth hormone signaling pathway, p53 signaling 
pathway, chromatin reorganization pathway, neurologi-
cal disease, psychological disease and cardiovascular 
disease pathway. SATB2 expression was up regulated in 
alcoholic condition. This chromatin-remodeling protein 
has significant function in neocortex development and 
neuron differentiation and, in alcoholic condition, some 
brain parts do not develop according to SATB2 expres-
sion (2,31-33). NR4A2 was down regulated in alcoholic 
conditions. This protein play a significant role in de-
pression and drug abuse (34). GALR1 was down regu-
lated in alcoholism. GALR1 plays a critical role in dopa-
mine system by suppressing dopaminergic transmission 
(35, 36). Impact essential for the rewarding qualities of 
drugs of misuse (37). CREB- stimulated transcription is 
a significant element of a change from brief-phase to 
longer-phase plasticity and right CREB performance is 
required for longer-phase memory development (38-
40). 

In conclusion, we have determined consistent, in-
tegrated variations in miRNA expressions and in their 
focus mRNAs in rat brain after alcohol dependence. 
We found 11 miRNAs whose expression was altered 
after alcohol dependency and withdrawal in rats: miR-
182, miR-382, miR-9, miR-543, miR-483, miR-206, 
miR-130a, miR-16, miR-30a and miR27a and 9 mRNA 
whose expression was altered after alcohol dependen-
cy and withdrawal in rats: BDNF, SATB2, NRD4A2, 
GALR1, CREB, ARC, SLC17A7-8. The miRNAs target 
many mRNAs that are linked to mechanisms included 
in reward pathways, synaptic plasticity and neurotrans-
mission. The capability of miRNAs to manage behav-
iour of mRNAs managing complicated cellular func-
tions in the brain in an integrated way recommends a 
potential duty for the pathophysiology of miRNAs in 
alcohol dependence. The integrated and extended per-
sistent move in miRNA and mRNA expression might 
reconstitute the neural circuit function required in the 
intellectual managing brain consuming alcohol addic-
tion. In addition, our results yield direct proof for miR-
NA roles and mRNA in alcoholic people. Understand-
ing the molecular mechanisms of alcohol abuse will no 
doubt guide to development of significant cure methods 
for addiction.
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