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p-opioid and N-Methyl-D-aspartate (NMDA) receptors have been proposed in morphine
tolerance. We examined changes in gene expression of the NMDA receptor subunit 1 (NR1) at
mRNA levels in rat striatum and prefrontal cortex (PFC) after induction of morphine tolerance.

Methods: Morphine (10 mg/kg, IP) was injected in male Wistar rats for 7 consecutive days
(intervention group), but control rats received just normal saline (1 mL/kg, IP). We used a
hotplate test of analgesia to assess induction of tolerance to analgesic effects of morphine on days
1 and 8 of injections. Later, two groups of rats were sacrificed one day after 7 days of injections,
their whole brains removed, and the striatum and PFC immediately dissected. Then, the NR1
gene expression was examined with a semi-quantitative RT-PCR method.

Results: The results showed that long-term morphine a administration induces tolerance to
analgesic effect of the opioid, as revealed by a significant decrease in morphine-induced analgesia
on day 8 compared to day 1 of the injections (P<0.001). The results also showed that the NR1
Key Words: gene expression at mRNA level in rats tolerant to morphine was significantly increased in the

Morphine, Gene striatum (P<0.01) but decreased in the PFC (P<0.001).

expression, Prefrontal - Conclusion: Therefore, changes in the NR1 gene expression in rat striatum and PFC have a
cortex, Corpus striatum . region-specific association with morphine-induced analgesic tolerance.

1. Introduction agement of pain (Benyamin et al., 2008; Xu, Xu, Ma, &

Jiang, 2015). It has been suggested that long-term use of

orphine is the most effective and com- morphine induces changes in opioid receptors and subse-

monly used analgesic in the treatment quent signaling molecules at mRNA level (Fabian et al.,

of moderate to severe pain (He, Kim, & 2002). There are also some reports that morphine toler-

Whistler, 2009). However, development ance results from a complex interplay of several events

of tolerance to the analgesic effects of or adaptations occurring in multiple neurotransmitter sys-

morphine remains a major problem in the clinical man- tems including N-methyl-D-aspartate (NMDA) receptors
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(Trujillo & Akil, 1991a; Trujillo & Akil, 1991b). It has
been proposed that repeated injections of opioids may in-
directly cause excessive activation of NMDA receptors by
stimulation of p-opioid receptors (Mayer, Mao, Holt, &
Price, 1999). In addition, NMDA receptors and associated
intracellular cascades have been shown to be involved in
neural mechanisms of hyperalgesia induced by long-term
morphine treatments (Mao, Price, Phillips, Lu, & Mayer,
1995; Mayer, Mao, Holt, & Price, 1999).

NMDA receptors are tetramers composed of differ-
ent subunits known as NRI, NR2A-D, and NR3 A-B
(Glasgow, Siegler Retchless, & Johnson, 2015; Paoletti,
2011). The NRI subunit is an obligatory subunit of all
endogenous NMDA receptors (Sanz-Clemente, Nicoll,
& Roche, 2013). According to previous research, long-
term treatment with morphine alters the NR/ subunit ex-
pressions with a region specific pattern in rat brain (Zhu,
Brodsky, Gorman, & Inturrisi, 2003; Zhu et al., 1999). It
has been also shown a link between morphine-mediated
changes in limbic neuronal activity and changes in gene
expression of NMDA receptors in these areas (Turchan,
Maj, & Przewlocka, 2003).

In addition to the cortex, limbic areas of brain, including
the hypothalamus, prefrontal cortex (PFC) and striatum re-
ceive process information of nociceptive signals (Almeida,
Roizenblatt, & Tufik, 2004). It has been proposed that these
areas affect emotional-affective and cognitive components
of the pain sensation (Neugebauer, Galhardo, Maione, &
Mackey, 2009). Changes in expression of the NR/ subunit
modulate NMDA receptor function and thereby affect the
nervous system’s response to noxious stimuli (Da Silva,
Walder, Davidson, Wilson, & Sluka, 2010). Forebrain
structures, including the PFC, hippocampus, and striatum
highly express NMDA receptors (Paoletti, 2011). There-
fore, it is possible that long-term morphine treatment via
affecting NMDA receptors in limbic areas has a role on the
tolerance to analgesic effect of the drug. The objective of
the present study was to examine the possible association
between changes in the gene expression of NR/ subunit of
NMDA receptors at mRNA level in the striatum and the
PFC and morphine-induced analgesic tolerance.

2. Methods
2.1. Subjects

Male Wistar rats weighing 220-250 g (Pasteur Institute,
Tehran, Iran) were used. They were caged in groups of 3
rats per each cage, and kept in an animal house at a con-
stant temperature (22+2°C) under 12:12 h light/dark cycle
(light begins at 7:00 AM). The animals had free access

to food and water except during the experiments. All ex-
periments were carried out during the light phase between
8:00 and 12:00. Each experimental group consisted of 6
rats. All procedures were performed in accordance with
international guidelines for animal care and use (NIH pub-
lication No. 85—23, revised in 1985).

2.2. Induction of morphine tolerance

Morphine sulfate was purchased from Temad (Temad Co,
Tehran, Iran). Morphine was prepared at dose of 10 mg/mL/
kg in normal saline. We injected morphine through an intra-
peritoneal route for 7 consecutive days to induce tolerance
to its analgesic effect. A control group received only saline
(1 mL/kg), instead of morphine, during 7 days of the regi-
men. Treatments were done between 10:00 and 12:00.

2.3. Hotplate test of analgesia

Morphine-induced analgesic tolerance was examined
with a hotplate test of analgesia on days 1 and 8 of the
injections (first day and one day after the final injections of
saline or morphine). Temperature of the hotplate was set
at 5240.1°C, then each animal was placed on the hotplate
apparatus surrounded by a glass square to prevent them
from escaping (Pooya-Armaghan Co, Iran). Time be-
tween placement of rats on the hotplate and first jumping
or licking one of the hind paws were recorded as an index
of pain reaction latency. First, baseline latency was mea-
sured for each rat before injection of saline or morphine.
Then, each rat was tested 30 minutes after the injection of
saline or morphine to measure test latency on the hotplate.
A cut-off time of 80 seconds was defined as a complete
analgesia. Finally, the two measured latencies were con-
verted to percentage maximum possible effect (%MPE)
using the following formula:

%MPE=[(test latency-baseline latency)/(cut-off time—
baseline latency)] x 100.

2.4. Dissection of brain areas

Each rat after a brief anesthesia by ether was decapitated;
the whole brain was quickly removed from the skull. The
PFC and the striatum were immediately dissected from
the whole brain on an ice-chilled sterile surface accord-
ing to a method that was previously described (Chiu, Lau,
Lau, So, & Chang, 2007). In brief, whole brain was di-
vided into two hemispheres; the PFC was dissected with
a scalpel as a part of the forebrain located in front of the
anterior point of the corpus callosum in each hemisphere.
The striatum in each hemisphere was exposed after cut-
ting out the diencephalon at the medial surface and it was




Basic and Clinical

NEUR<SSCIENCE

July 2016. Volume 7. Number 3

punched from surrounded cortex with a curved forceps.
Dissected tissues were immediately submerged in RNAI-
ater RNA stabilization reagent (Qiagen, Venlo, The Neth-
erlands), and incubated overnight in the reagent at 4°C.
Then, the RNAlater was drained and tissues were stored
at —70°C until further analysis.

2.5. Total RNA extraction and cDNA synthesis

Each tissue sample (70-100 mg) was homogenized for 60
seconds at a speed of 60000 rpm (Silent Crusher S., Hei-
dolph, Germany). Then, the homogenate was subjected to
a total RNA extraction using RNX+ reagent according the
manufacture’s manual (Cinagen Bioscience, Tehran, Iran).
Quality of total RNA extraction was examined on a 1%
agarose gel to assess 28S and 18S ribosomal RNA bands.
Concentrations of the total RNAs were also measured with
a BioPhotometer (Eppendorph, Hamburg, Germany). A
semi-quantitative reverse transcription-polymerase chain
reaction (RT-PCR) method was used to assess gene expres-
sion (Marone, Mozzetti, De Ritis, Pierelli, & Scambia,
2001). Reverse transcription was performed using Viva
2-step RT-PCR Kit according to manufacturer’s protocol
(Vivantis Technologies, Selangor Darul Ehsan, Malaysia).

2.6. Polymerase Chain Reaction (PCR)

The PCR was used for amplification of S-actin (as an in-
ternal standard) and NR/I genes. Primers for both genes
were designed at exon-exon junctions with the follow-
ing sequences: f-actin forward primer, 5-CTGGGTATG-
GAATCCTGTGGC-3; P-actin reverse primer, 5-CAG-
GAGGAGCAATGATCTTGATC-3; NRI forward primer,
5-TGTTCAAGAGGGTGCTGATGTC-3"; and NR! reverse
primer, 5-GGATGACATGGGTACCATTGTAG-3".

PCR optimizations were done to adjust PCR program
with the best annealing temperature of the primers, con-
centration of the total RNA for cDNA synthesis, and
number of PCR cycles. PCR was carried out in a reaction
volume of 20 pL consisting of 10 uL of PCR Master Mix
(Thermo Scientific, Pittsburgh PA, USA), 2 uL of cDNA,
1.5 puL of upstream and downstream mix of NR/ primers
(10uM), 1 pL of upstream and downstream mix of f-actin
primers (10uM) and nuclease free water up to 20 pL.
Thermal cycling was initiated with a first denaturation step
of 95°C for 3 minutes, followed by 33 cycles of thermal
cycling of 94°C for 30 seconds, 60°C for 30 seconds, 72°C
for 30 seconds, followed by 10-min final extension step
at 72°C (C1000 Thermal Cycler, Bio-Rad, Hercules CA,
USA). The PCR products were subsequently analyzed on
2% agarose gel electrophoresis, and bands densities were
quantified with densitometry using Image J software.

2.7. Evaluating the NR1 gene expression after mor-
phine-induced analgesic tolerance in the striatum
and the PFC

In this experiment, the association of morphine tolerance
with NR/ gene expression in the striatum and PFC were inves-
tigated. Two groups of rats (n=6) were used. The first group
as control received saline (1 mL/kg, IP) but the second group
received daily injections of morphine (10 mg/kg, IP) for 7 con-
secutive days, then the rats brains were extracted on day 8 (1
day after 7 days repeated injections of saline or morphine).

2.8. Statistical analysis

A 2-way repeated measure ANOVA was used to analyze
the hotplate test data. Further pairwise comparisons were
done with post hoc Holm-Sidak test. For analyzing the re-
sults of semi-quantitative RT-PCR, at first the intensities of
nucleic acid bands on the agarose gel images were converted
to quantitative values using Image J program. Then, the NR1
gene expression values were normalized to f-actin, and final-
ly they were set at 100% of relative gene expression for the
control group. The results of gene expressions in the control
and tolerant groups were compared with independent sample
t-test. P<0.05 was considered as a significant statistical level.

3. Results

3.1. Hotplate test revealed that long-term morphine
treatment for 7 days induced analgesic tolerance

A 2-way repeated measure ANOVA was conducted to
explore the effect of repeated injections (as factor A with
two levels of saline or morphine), and days of hotplate test
(as factor B with two levels of days 1 or 8 of injections)
on antinociception. The results showed a significant ef-
fect for factor A; F(1, 10)=140.37, P<0.00, factor B; F(1,
10)=168.04, P<0.001; and interaction of both factors; F(1,
10)=127.94, P<0.001. Post hoc test revealed that morphine
at the dose of 10 mg/kg on the first day of the injections
induced a complete analgesia compared to the saline treat-
ed group but its analgesic effect on day 8 in the interven-
tion group was significantly decreased. According to the
results, on day 8, rats receiving 7 days morphine showed
tolerance to the analgesic effects of the drug (Figure 1).

3.2. Effect of morphine tolerance on the NR1 gene
expression in the striatum

Figure 2 shows the agarose gel image indicating the NR/
and S-actin genes expressions in the striatum. Analysis of the
quantitative data with independent samples t-test revealed
that the NR1 gene expression at mRNA levels in the striatum
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Figure 1. Long-term morphine treatment induced toler-
ance to its analgesic effect. Two groups of rats were used.
The control group received 7 consecutive days of saline
injections, and the other group received 7 days repeated
injections of morphine (10 mg/kg). Both groups were sub-
mitted to hotplate test on days 1 and 8 (first day and 1 day
after the final repeated injection) 30 minutes after the drug
treatments. Each point represents mean+S.E.M. of %MPE
related to 6 rats per group.
**P<0.001 compared to the control group that received saline
in the respective day.

+++P<0.001 compared to the group that received morphine
10 mg/kg on day 1.

was significantly increased (P<0.01) in rats that were made
tolerant to morphine (Figure 3).

3.3. Effect of morphine tolerance on the NR1 gene
expression in the PFC

Figure 4 shows the agarose gel image indicating the NR/
and f-actin genes expressions in the PFC. Analysis of the
quantitative data with independent samples t-test revealed
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that the NR1 gene expression at mRNA levels in the PFC
was significantly decreased (P<0.001) in rats that were

made tolerant to morphine (Figure 5).
4. Discussion

The results of the present study showed that long-term
morphine administration for 7 days induced tolerance to
analgesic effect of the opioid as revealed by a decrease in
morphine-induced analgesia one day after the treatment. A
previous study of our laboratory also confirmed efficacy of
this regimen for induction of a relative tolerance to analge-
sic effect of morphine (Ahmadi, Amiri, Rafieenia, & Ros-
tamzadeh, 2013). We selected a regimen of 7 days injec-
tions as a long-term morphine treatment based on the work
of Mayer et al. (1999), reported that rats receiving intrathe-
cal administrations of morphine for 7 days showed toler-
ance to the analgesic effects of morphine (Mayer, Mao,
Holt, & Price, 1999). Other investigators have also used
the same regimen of morphine treatment, for induction of
morphine tolerance (Sepehrizadeh et al., 2008a; Sepeh-
rizadeh et al., 2008b). However, mechanisms underlying
tolerance to analgesic effect of morphine are unclear.

Changes in the expression of p-opioid receptors and re-
lated signaling molecules, at different transcriptional and/or
post-transcriptional levels, have been proposed for molecular
mechanisms underlying the morphine tolerance (Ammon-
Treiber & Hollt, 2005; Williams et al., 2013). In addition,
NMDA receptors are involved in opiate-induced analgesic
tolerance and locomotor sensitization in rats (Mendez &
Trujillo, 2008). Mao (1999) suggested that NMDA receptors
contribute to neuroadaptive effects of prolonged morphine
administration (Mao, 1999). Bisaga et al. (2001) indicated
that glutamatergic signal transduction, mediated by NMDA
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Figure 2. The agarose gel image showing band densities of the NR1 and {3-actin genes after amplification with PCR. The upper
panel shows bands of the NR1 and B-actin genes in the striatum of six control rats, and bands in the lower panel are related to
the tolerant rats. Numbers 1 to 6 on the top of the gel images show numbers of the animals in each group. ‘M’ symbolizes 50

bp DNA ladder.
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Figure 3. Relative gene expression of the NR1 gene in the
striatum after induction of morphine tolerance. Each bar
represents mean+S.E.M. of relative expression of the NR1
gene that was normalized to B-Actin and set at 100% in the
control group.

**P<0.001 compared to the control group.

receptors, are involved information and maintenance of mor-
phine dependence in humans (Bisaga et al., 2001).

According to many studies in the field of reward and
addiction, morphine via influencing mesolimbic dopa-
minergic system, originating from the ventral tegmental
area (VTA), is able to induce neuroadaptive changes in
the forebrain areas (Kelley, 2004; Le Moal & Simon,
1991; Pierce & Kumaresan, 2006). The forebrain areas,
including the prefrontal cortex (PFC) and striatum have
relatively high density of opioid receptors (Mansour, Kha-
chaturian, Lewis, Akil, & Watson, 1987).

Microdialysis studies have also shown that short- and
long-term morphine treatment alter extracellular concen-
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trations of glutamate in nucleus accumbens, as a ventral
part of striatum (Sepulveda, Oliva, & Contreras, 2004),
and PFC (Hao, Yang, Guo, Wu, & Wu, 2005) by affect-
ing the number of presynaptic glutamate receptors. The
results of the present experiments showed that repeated
injections of morphine for 7 days significantly increased
the NRI gene expression in the striatum but decreased it
in the PFC one day after induction of morphine tolerance.
According to the present results, there is an association
between morphine tolerance and changes in the NR/ gene
expressions in the striatum and the PFC; However, this
association has a region specific pattern.

It has been shown that long-term treatment with mor-
phine alters NMDA receptors in the rat brain (Gudehithlu,
Reddy, & Bhargava, 1994). Zhu et al. (2003) reported
that morphine tolerance produced a significant decrease in
mRNA levels of the NR/ gene in the spinal cord dorsal
horn, but increased it in the nucleus raphe magnus and me-
dial thalamus. However, they also reported that the mRNA
levels of the NR/ gene remained unchanged in the lateral
paragigantocellular nucleus, locus coeruleus, periaqueduc-
tal grey, and sensorimotor cortex (Zhu, Brodsky, Gorman,
& Inturrisi, 2003). Furthermore, other investigators have
shown that long-term exposure to morphine alters the ex-
pression of NR/ subunit in the central and basolateral nu-
clei of the amygdala (Turchan, Maj, & Przewlocka, 2003).

Taken together, previous reports on expression of the
NMDA receptor subunits in opiate treated animals are
controversial. Some studies examining the NR/ expres-
sions have reported either increase or no changes in its
mRNA levels in the limbic areas (Lim et al., 2005; Tur-
chan, Maj, & Przewlocka, 2003; Zhu, Brodsky, Gorman,
& Inturrisi, 2003; Zhu et al., 1999). Studies that examined
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Figure 4. The agarose gel image indicating band densities of the NR1 and p-actin genes after amplification with PCR. The up-
per panel shows bands of the NR1 and -actin genes in the PFC of six control rats, and bands in the lower panel are related to
the tolerant rats. Numbers 1 to 6 on the top of the gel images show numbers of the animals in each group. ‘M’ symbolizes 50

bp DNA ladder.
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Figure 5. Relative gene expression of the NR1 gene in the PEC
after morphine tolerance. Each bar represents mean+S.E.M.
of relative expression of the NR1 gene that was normalized
to B-actin and set at 100% in the control group
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*+P<0.001 compared to the control group.

the NR1 expression in the locus coeruleus and spinal cord
did not reveal consistent results (Lim et al., 2005; Zhu,
Brodsky, Gorman, & Inturrisi, 2003; Zhu et al., 1999).
Sepehrizadeh et al. (2008a) reported that mRNA expres-
sion of the NR/ and NR2A subunits of NMDA receptors
in the striatum and PFC on 1 or 7 days after repeated
administration of morphine did not significantly change
compared to saline control group. It is possible that some
differences in the days of morphine treatments and meth-
ods used for evaluating the gene expression account for

the possible discrepancy between previous reports.

In summary, our results showed that the NR/ gene ex-
pression at mRNA level after morphine tolerance increased
in the striatum but decreased in the PFC. Therefore, a link
may exist between changes in the NR/ gene expression
in the striatum and the PFC with morphine analgesic tol-
erance. It is possible that long-term morphine treatment,
via changes in concentrations of glutamate in striatum and
PFC, affects the NR/ gene expression. Although for many
genes, transcript and protein levels do not correlate well
(Tian et al., 2004), there are some reports that transcript
level of the NR/ subunit has a correlation with its protein
level (Jayanthi et al., 2014; Priya, Johar, & Wong-Riley,
2013). Therefore, one may conclude that long-term mor-
phine treatment alters the amount of NMDA receptors in
the PFC and striatum, which may finally lead to the dis-
ruption of glutamate homeostasis and imbalances in neu-
ronal circuits. These changes in limbic areas may, at least
partly, underlie induction of tolerance to analgesic effect
of morphine. However, more experiments are needed to
clarify the exact mechanism of this process.
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