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ABSTRACT

Background: Repeated use of addictive drugs, alters gene expression. The epigenetic mechanisms
are implicated in stimulant-induced gene expression and addictive behaviors. The expression of
tyrosine hydroxylase (TH) gene is known to be regulated in the locus ceruleus (LC) during
morphine exposure. Increased synthesis of dopamine and norepinephrine is believed to
contribute to withdrawal. We investigated the correlation between regulation of TH
expression and the methylation level of the TH promoter in chronic morphine treatment and
withdrawal.

Materials and Methods: In this experimental study, morphine dependence was induced in male rats
by rising doses of morphine (10 to 50 mg/kg, i. p) twice a day for 11 days, and then at least three rats
per group. DNA was extracted and after its modification, promoter methylation of TH gene in the
samples was analyzed.

Results: MS-PCR analysis at the TH promoter (-75/+111) showed no difference between methylation
status in morphine abstinence and chronic morphine-treated groups.

Conclusion: In our experiment, there was no relationship between methylation status and TH gene

expression at different time points after cessation of chronic morphine administration.
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INTRODUCTION

Morphine and other opiates are highly abused
substances that apply their effects via G-protein-
coupled p-opioid receptors [1]. The consequences
of repeated opiate exposure include increased
drug craving, tolerance to opioid analgesia, and
withdrawal syndrome [2, 3].

There is some evidence representing that
repeated morphine administration, as well as
abstinence from morphine can induce changes
in gene expression in the brain, which cause
addiction [4-6].

Up-regulation of tyrosine hydroxylase (TH),
the rate-limiting enzyme in the biosynthesis of
catecholamines, is suggested as one of the most
consistent neuroadaptations induced by chronic
morphine treatment and withdrawal in the
ventral tegmental area (VTA) and locus ceruleus
(LC) [7, 8]. This adaptation is characterized by
increased norepinephrine biosynthesis in the LC
after precipitated withdrawal in these regions.
It was found that norepinephrine-release

contributes to behavioral changes such as
physical dependence [7]. LC, the major brain
noradrenergic nucleus, is involved in physical
dependence and withdrawal [9].

Alterations in gene expression in the key
regions of the brain after abusing some drugs
could be induced by various mechanisms
comprising of gene transcription, RNA pro-
cessing, and mRNA translation [10]. Regulation of
gene transcription is an essential mechanism by
which morphine can cause addiction [4].
Epigenetic mechanisms such as histone
modification and DNA methylation are mediated-
regulators of gene expression [11, 12]. DNA
methylation takes place after DNA synthesis by
the enzymatic transfer of a methyl group from
the methyl donor, S-adenosylmethionine,
to the carbon-5 position of cytosine (Cs).
Cs is usually located at 5' to guanosines
(Gs) and differentially methylated in human
genome [13].
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DNA methylation frequently correlates with
transcriptional silencing of the associated genes
[14]. DNA methylation within the TH gene is
species-specific. In the human genome, the CpG
islands include the promoter, the first exon, and
part of the first intron of the TH gene [15]. There
is a scarcity of information regarding the
epigenetic regulation of TH gene expression by
the abused substances.

In our previous study, we noted a more than
threefold increase in the mRNA level of TH gene
in the LC but not in the VTA during forced
abstinence from morphine. In addition, we
demonstrated involvement of H3 acetylation in
the regulation of TH gene expression in the LC of
rats during morphine withdrawal.

In the present study, we investigated the
relationship between TH gene expression and
methylation of the TH gene after cessation of
chronic morphine treatment.

MATERIALS AND METHODS

In this experimental study, we analyzed the
methylation pattern of the TH gene by applying
methylation-specific polymerase chain reaction
(MS-PCR) method [16]. These findings could
provide fundamentally new insight into
regulation of gene transcription in the brain by
morphine.

Animals

Six groups of adult male Sprague-Dawley rats
(atleast three rats per group) weighing 230-270
g were used in this study at controlled
temperature of 22+2°C. The rats were kept
under a 12-h light/dark cycle, and they had free
access to water and food. The conduct of animal
care and treatment in this study was approved
by the Ethics Committee of Shiraz University of
Medical Sciences, Shiraz, Iran.

Drug and Treatment

Animals in the three test groups were
injected intraperitoneally with morphine sulfate
(Temad Company, Iran) diluted with saline in
ascending doses twice a day for 11 days. Briefly,
we administered morphine as follows: days 1
and 2: 10 mg/kg, days 3 and 4: 20 mg/kg, days 5
and 6: 30 mg/kg, days 7 and 8: 40 mg/kg, days 9
and 10: 50 mg/kg. In the morning of day 11, the
rats received a single dose of morphine (50
mg/kg) [5, 17]. Afterwards, the rats were
decapitation at three time points of 2 h, 24 h,
and 7 days after receiving the last dose. The
control group was treated with saline
following the same procedure as mentioned
above.

The brains were immediately removed and
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VTA and LC were dissected according to visual
anatomical landmarks and the Atlas of Paxinos
and Watson [18]. The tissues were immediately
frozen in liquid nitrogen and stored at -70°C
until use.

DNA isolation and methylation specific PCR
(MS-PCR)

In MS-PCR assay, genomic DNA was subjected
to bisulfite modification, consequently, unme-
thylated Cs was converted to uracil. The modified
DNA was used as a template in PCR with primers
specific for methylated versus unmethylated DNA
[19]. The first genomic DNA was extracted from
VTA and LC samples using the standard phenol-
chloroform method. After DNA extraction, bisulfite
treatment was performed according to the
standard protocol. In brief, DNA was denatured by
0.3 M NaOH treatment, bisulfite solution was
added for overnight treatment, and the samples
were heated at 55°C and treated in agarose blocks.
After desalting, desulfonation, and neutralization,
the treatment was completed. The samples
were precipitated by ethanol and prepared for
PCR amplification. Bisulfite-treated DNA was
stored at -80°C up to the time it was needed.

Primer sequence was designed with Methyl
Primer Express version 1 (ABI). The sequences of
primers used for amplification of the promoter
region of each TH gene were methylated primer
(forward: 5'-GTTAGTTTGGTTTTTAAGAGGTCGT-
3" and reverse: ATAACAACATATCATCCTCAC
CGTA-3') and unmethylated primer (forward: 5'-
GTTAGTTTGGTTTTTAAGAGGTTGT-3" and rev-
erse: 5'-ATAACAACATATCATCCTCACCATA-3").
PCR mixture included 5 pl 10x reaction buffer, 3
ul MgClz (50 mM), 1 pul ANTP (10 mM), 2 pl each
primer (10 mM), and 2 pl bisulfite-modified DNA
in a final volume of 50 pl.

Reactions were started at the heat of 95°C for
5 min, after which 1.25 units of tagpolymerase
were added. Cycle condition was denaturation at
94°C for 45 s, annealing at 54°C for 45 s with an
extension at 72°C for 45 s (for 35 cycles) and
amplification length of 186 bp. PCR products
were electrophoresed on agarose gel (2.0% w/v),
stained with ethidium bromide, and visualized
under UV illumination.

RESULTS

Methylation Analysis of the TH Gene Promoter
in the LC by MS-PCR

To investigate the correlation between
methylation status and the up-regulation of TH
gene expression in the LC, the methylation level
of the TH was analyzed using MS-PCR. It is worth
mentioning that in the previous study, using real-
time quantitative reverse transcription PCR
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(qRT-PCR), we assayed the TH gene expression in
the LC and VTA of the rats chronically treated
with morphine or saline. Afterwards, we
sacrificed them at three time points of 2 h
(chronic morphine treatment), 24 h, and 7 days
(morphine withdrawal) after the last morphine
injection.

Our results showed that TH gene expression
level in LC significantly increased 24 h after the
last injection as compared to 2 h and 7 days after
the last injection. Notably, at the VTA tissue,
chronic morphine treatment and withdrawal
did not cause any significant alterations in
the levels of TH transcription at any of the time
points.

In the present study, the methylation status of
TH gene promoter was evaluated by amplifying a
186-bp fragment (-75/+111) in the LC. No
difference was observed in the methylation status
of TH gene promoter 24 h after the last
injection in the LC in comparison with 2 h and 7
days after the last injection, as well as the control

group.

DISCUSSION

In this experimental study, we observed no
correlations between methylation status and
TH gene expression at different time points
after cessation of chronic morphine admini-
stration.

There are numerous mechanisms by which
repeated exposure to drug abuse can alter gene
expression in the brain [20, 21]. According to
the current views, regulation of gene expression
is one of the mechanisms by which these
drugs can induce relatively long-term
changes in the brain to cause a state of addiction
[21-23].

There has been a major movement in
laboratory and clinical research to understand
the role of epigenetic in neurobiology, especially
the neurobiology of learning and memory, drug
addiction, and cognitive disorders. These studies
suggest that stable gene expression changes in
neurons are mediated, in part, by epigenetic
mechanisms [23, 24].

TH gene is regulated in the LC and VTA by
chronic morphine and its withdrawal [8]. The
explanation of the mechanism of TH gene
regulation is one of the key issues in the field of
neurology. TH catalyzes the rate-limiting step
for the biosynthesis of the catecholamine,
dopamine, norepinephrine, and epinephrine
[25, 26]. Therefore, TH is related to various
neuropsychiatric disorders such as Parkinson's
disease [27], bipolar disorders [28], and
schizophrenia [29]. Only few in-vivo studies
have investigated the epigenetic mechanisms of
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TH gene expression during the last decade.
Therefore, to examine whether morphine
administration affects DNA methylation, and
thereby, TH expression, in this study we
analyzed methylation pattern of TH gene using
MS-PCR in the LC of rats.

Under our experimental conditions, the status
of DNA methylation at TH promoter did not
distinguish between chronic morphine treated
and control group animals. Plentiful evidence
indicated an association between the character
of DNA methylation, the chromatin structure,
and transcriptional gene activity.

However there is a scarcity of studies
investigating the role of DNA methylation in
drug addiction. But, it seems the methylation
status of CpG dinucleotides located in or near
regulatory elements, can affect gene expression.
Analysis of overall methylation level in cell lines
using the bisulfite sequencing method showed
that DNA demethylation treatment with 5-
azacytidine upregulated TH expression [15]. It
can be concluded that ladasten (a psycho-
stimulant) increases the TH gene transcriptional
activity in rats' hypothalamus. Moreover, TH
upregulation is associated with Cs deme-
thylation in CpG site in some regulatory
elements of the TH gene [30]. Another study in
human neural stem cells and dopaminergic
neuron-like cells indicated that CpG methylation
correlated with decreased TH gene expression
and inhibition of DNA methylation with 5-
azacytidine restored TH expression [25].
Subsequently, these findings suggested that
DNA methylation is an important mechanism in
regulation of TH transcription.

CONCLUSION

In conclusion, although demethylating agents
upregulate the expression of the TH gene, we
found no correlation between the methylation
level of CpG dinucleotides of TH promoter in the
region of interest and its transcription. These
types of studies provide insight into the
molecular mechanisms by which morphine
produces neural and behavioral plasticity. Such
studies might also lead to a development of the
theories for the molecular basis of relapse of the
behavior in addicted patients after years oreven
decades of abstinence and revealsmechanisms
for the treatment of morphine addiction.
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