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Abstract

Several studies have demonstrated that nitric oxide (NO) is involved in hyperalgesia induced by NMDA
activity in Morphine tolerance and NO synthase inhibitors can attenuate hyperalgesia in morphine tolerance. In
addition, one of the possible mechanisms in morphine tolerance is reduction of GABA inhibitory effect. For this
reason, we used GABA agonists (muscimol and baclofen) to investigate the effect of GABA agonists on analgesic
effect of morphine and NO level of serum. In this study, experimental rats were divided into 4 groups as follows: 1.
Control group, 2. Morphine tolerance group, 3. Morphine tolerance + muscimol, and 4-morphine tolerance +
baclofen. To induce morphine tolerance in rats, the animals received 10 mg/kg of morphine sulfate intraperitoneal
(ip) once a day for 8 days. In the treatment group, GABA agonist was injected on the 1st, 3rd, 5th, and 8th day before
morphine injection. Finally, to evaluate GABA agonists treatment on morphine analgesia and hyperalgesia on the
th
8 day of the study, thermal hyperalgesia was used to evaluate tolerance and hyperalgesia. Then, NO level of
serum was investigated as an important factor in OIH. The results indicated that GABA agonists reduced thermal
hyperalgesia in the morphine tolerance group (p<0.05). Furthermore, in the morphine tolerance group, NO
significantly increased in comparison to the control group (p<0.01); however, after treatment with GABA agonists,
NO decreased in the morphine tolerance group (P<0.01). This study indicates that GABA agonists even under
effective dose decreased the NO released by activation of NMDA and improved OIH.
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1. Introduction
Chronic pain is an important problem affecting individuals’ quality of life. Approximately 116 million
Americans (about 30% of the population) suffer from chronic pain. The economic impact of chronic pain is
extremely costly, reaching around $100 billion annually (Renfrey et al., 2003). Recent studies have attempted to
obtain the best results to treat chronic pain at a minimum cost. Nowadays, opioid drugs are the gold standard for
the treatment of chronic pain (Bekhit, 2010). However, long-term use of these drugs is limited by the development
of analgesic tolerance or dependence and hyperalgesia observed in both laboratory animals and patients (Rudd et
al., 2016). Opioid induced hyperalgesia (OIH) is a phenomenon observed in the patients treated with opioids,
demonstrating an increased sensitivity to painful stimulus (Velayudhan et al., 2014). Nitric oxide is a free radical
that, among other functions, behaves as an intracellular and intercellular messenger in the nervous system
(Snyder, 1992). Several studies have indicated that NO is involved in the hyperalgesia induced by peripheral nerve
injury (Meller et al., 1992). Nitric oxide system also participates in the development of opioid tolerance,
withdrawal and hyperalgesia induced with morphine (Li and Clark, 2001). One of the methods considered today is
co-administration of other drugs with morphine to reduce tolerance to anti-nociception effect and reduction of
hyperalgesia in morphine tolerance state (Manning et al., 1996; Tiseo and Inturrisi, 1993). In addition, studies have
shown that development of tolerance to the antinociceptive effects of morphine can be prevented by coadministration of morphine with GABA agonists such as gabapentin, baclofen and muscimol. Furthermore, these
drugs in treatment dose are extensively used as analgesic drugs and reduce hyperalgesia in neuropathic pain
(Gilron et al., 2005; Backonja and Glanzman, 2003; Idänpään-Heikkilä and Guilbaud, 1999; Hwang and Yaksh, 1997;
Hosseini et al., 2014). Perhaps, one of the causes of reduction of the antinociceptive effect of morphine and
inducing hyperalgesia in the long-term administration is changes of GABA inhibitory effect in supraspinal and spinal
level in the central nervous system (CNS) (Ma and Pan, 2006; Bobeck et al., 2014; Takahashi and Kaneto, 1995).
Findings indicated that pharmacological manipulations of the GABA system caused changes in morphine analgesia,
tolerance and physical dependence (Ho et al., 1976; Hwang and Yaksh, 1997). In the present study, sub-effective
dose of GABA agonists not inducing analgesic effect was used to investigate the co-administration effect of these
two drugs on anti-nociceptive effect of morphine and NO level of serum inducing hyperalgesia in the long-term
morphine administration.
2. Materials and methods
2.1. Animals
24 male Wistar rats weighing 180-200 g Rats used in this study. Animals were kept in their cages at room
temperature (21 ± 2 °C) under a normal 12 hr light: 12 hr dark cycle with free access to food and water. The study
was conducted in Shahid Beheshti University of Medical Science University. Rats were randomly allocated into 4
experimental groups, (n = 6 per group): 1. Control group; received 1 ml normal saline (9% NaCl), 2. Morphine
tolerance group: 8 days received morphine once in every day, 3. Morphine tolerance and muscimol as GABAA (0.5
mg/ kg; i.p.) and 4. Morphine tolerance and baclofen as GABAB agonist (0.5 mg/kg; i.p.).
2.2. Drug administration
To induce tolerance to analgesic effects morphine hydrochloride (Temad, Iran) was administered chronically
in a daily dose of 10 mg/kg i.p from days 1 to 8 (Hill et al., 2016). To determine the effect of GABA agonists on the
development of morphine tolerance and hyperalgesia, muscimol (Sigma-Aldrich, USA) were used as GABAA agonist
and baclofen (Zahravi CO, Iran) were used as GABAB agonist were administrated i.p at a dose of 0.5 mg/kg as
under effective dose that determined in before our before study in 1, 3, 5, 8 days 30 min before injection of
th
Morphine. Then, plantar test and Nitric oxide serum evaluation was performed 8 days 20-30 min after morphine
injection. All drugs were dissolved in physiological saline
2.3. Paw withdrawal test (thermal hyperalgesia)
Paw withdrawal latency (PWL) from noxious heat was assessed using the plantar test (Ugo Basile, Verse,
Italy). Rats were placed in Plexiglas boxes for 10 to 15 minutes before testing to habituate to the test environment
th
in both experimental and control groups on the 8 . The infrared light was positioned under the plantar surface of
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the rats’ hindpaws and projected focally. PWL was automatically recorded by a digital timer to the nearest 0.1 s
connected to the heat source (infrared light). Heating was stopped at 20 s cut off to prevent tissue damage. PWLs
were measured 3 times for left paw in all of rats at an interval of 5 minutes, and then the mean latency was
computed (Fraser et al., 2000).
2.4. Nitric oxide serum level
The blood was collected in heparinized tubes used Griess’s reaction. NO concentration was determined using
an indirect method based on measuring nitrite concentration in serum according to Griess’s reaction. In the
samples analyzed, nitrate was reduced to nitrite in the presence of cadmium (Sigma-Aldrich, Steinheim, Germany),
and then converted to nitric acid that gave a color reaction with Griess’s reagent (Sigma-Aldrich, Stainheim,
Germany). Nitrite concentrations were determined by spectrophotometric analysis at 540 nm with reference to a
standard curve. NO products were expressed as μmoles (Ratajczak-Wrona et al., 2013).
3. Results and discussion
3.1. Effect of GABA agonists on thermal hyperalgesia in morphine tolerance rats
According to Fig. 1. paw withdrawal threshold decreased in the morphine tolerance group (mor) compared to
the control group. One-way ANOVA followed by Tukey post-hoc test indicated that hyperalgesia significantly
th
induced on the 8 day in the morphine tolerance group compared to the vehicle group (p<0.01). Moreover, GABA
agonists under effective dose administration with morphine (muscimol and baclofen group) could attenuate
hyperalgesia in the morphine tolerance group and increase paw withdrawal threshold (p<0.05).

Fig. 1. Paw withdrawal threshold decreased in the morphine tolerance group (mor) compared to the control group.
3.2. Determination of total NO concentration in serum
Fig. 2. shows the levels of serum total concentration of NO in the control, morphine tolerance group (mor)
and morphine tolerance group treated with GABA agonists (muscimol and baclofen). In the serum of the morphine
tolerance group, NO significantly increased in comparison to the control group (p<0.01). After treatment with
GABA, agonists lower concentrations of total NO were observed in the morphine tolerance group treated with
GABA agonists (P<0.01) and improved serum NO concentration; perhaps for this reason, it could attenuate
hyperalgesia in paw withdrawal threshold in the morphine tolerance group.

Fig. 2. The levels of serum total concentration of NO in the control, morphine tolerance group (mor) and morphine
tolerance group treated with GABA agonists (muscimol and baclofen).
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In this study, it was observed that morphine tolerance could decrease paw withdrawal threshold (thermal
hyperalgesia) and GABA agonist could prevent the induction of hyperalgesia in the long-term morphine
administration. In addition, in another part of results, it was shown that GABA agonists reduced increased level of
NO in morphine tolerate rats, indicating that GABA agonists (muscimol and baclofen) can increase antinociceptive
effect of morphine and inhibit tolerance and hyperalgesia in long-term administration. Recent studies investigated
the effect of many types of GABA agonists on the antinociception effect of morphine; however, some GABA
agonists can induce analgesic alone (Ho et al., 1976; Sivam and Ho, 1983). In this study, under effective dose of
GABA agonists that do not induce analgesic effect were used in rats, and it was discovered that GABA agonist even
under effective treatment dose could improve morphine analgesia and inhibit hyperalgesia in long-term use. Local
increase in cortical GABA concentration changed the nociceptive threshold by acting on the descending pain
inhibitory system (Hunt and Mantyh, 2001). Similar to this study, other research showed that increase in GABA
release in VTA during morphine withdrawal reduced morphine withdrawal symptoms and opioid induced
hyperalgesia (OIH) (Bonci and Williams, 1997). Additionally, it was revealed that GABA agonists could attenuate
tolerance and hyperalgesia through affecting spinal cord level in addition to affecting VTA in the brain. It was also
revealed that possible mechanism of GABA in spinal cord level to decrease tolerance resulted from reduction of
NO in the spinal cord. Nitric oxide is a free radical that, among other functions, behaves as an intracellular and
intercellular messenger in the nervous system. It is synthesized by nitric oxide synthase, of which three isoforms
have been characterized (Knott and Bossy-Wetzel, 2009). Studies indicated that NO concentration increased in
serum in patients with hyperalgesia like neuropathic or cancer pain (Zanfirescu et al., 2017; Meller et al., 1992;
Kolesnikov et al., 1993). Furthermore, in similar studies in opioid tolerance models, NO concentration also
increased and induced hyperalgesia in the long-term use of opioids (Kolesnikov et al., 1993). Opioid-induced
hyperalgesia (OIH) is a state in which nociceptive is sensitized more than normal, which is caused by exposure to
opioids. In fact, patients receiving opioids for the treatment of pain could become more sensitive to certain painful
stimuli (Dumont et al., 2007). The precise cellular and molecular mechanism of OIH is not yet understood. Recent
evidence has shown that activation of the N-methyl-D-aspartate receptor mediates the thermal hyperalgesia
produced in a model of neuropathic pain and OIH (Malmberg and Yaksh, 1993). Studies reported that N-methyl-Daspartate caused production of nitric oxide and activation of soluble guanylate cyclase and induce nociception
(Quintero et al., 2011). Continuous production of nitric oxide and soluble guanylate cyclase in the lumbar spinal
cord mediates the thermal hyperalgesia produced in neuropathic and OIH models in rats (Schmidtko et al., 2008).
Hyperalgesia is initiated by a decreased and delayed GABA release and increases glutamate release and NMDA
glutamate receptor activation at the spinal level, following increased NO release (Quintero et al., 2011). Indeed,
deficient GABA release could increase in glutamate release above a normal physiological range, and GABA can be
increased with GABA agonists to reduce GABA/glutamate imbalance and decrease NO release in managing
hyperalgeisa induced by opioids in patients in long-term use of morphine.
4. Conclusion
The present study, for the first time, demonstrated that GABA agonists in minimal dose could decrease
tolerance in the long-term administration of morphine, and GABA operates these mechanisms through reduction
of NO augmented by activation of NMDA receptors. NMDA receptor and NO play a crucial role in hyperalgesia in
morphine tolerance models, but GABA agonists could decrease NO and hyperalgesia and can be administrated
with morphine in the long-term use to prevent tolerance for antinociceptive effect of morphine.
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