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Introduction: Tramadol, a synthetic opioid receptor agonist, is a painkiller prescribed for moderate or severe pain.
It was proven that long-term administration of tramadol results in pain tolerance, dependency, and neurotoxicity.
However, to our knowledge, the exact underlying mechanism of these adverse effects is unclear. This research aimed
to explore the underlying molecular mechanism contributing to tramadol-induced dependency and neurotoxicity in
rats.

Methods and Materials: Adult Wistar rats were randomly divided into four groups: a control group (normal saline)
and three groups receiving different doses of tramadol (25.50.75 mg/kg). Injections were given intraperitoneally for
3 consecutive weeks. Hot plate and tail flick tests were used to assess the pain tolerance. Then, brain tissues were
separated, and one part was used to isolate mitochondria with different centrifuge techniques: MTT, mitochondrial
membrane potential, and mitochondrial swelling test assayed mitochondrial damage. Bain tissue supernatants were
used to evaluate oxidative stress factors (ROS, lipid peroxidation, glutathione, nitric oxide, protein carbonyl, and
superoxide dismutase). Also, Real-time PCR evaluated inflammatory gene expression (NF-xB, IL-1B, and TNF-a)
and apoptosis-related gene expression (Bax and Bcl-2).

Results: Oxidative degradation and inflammatory cytokine release are essential in tramadol-induced tolerance and
neurotoxicity. In fact, tramadol induced oxidative stress status, mitochondrial dysfunction, increased mitochondrial
membrane potential, and mitochondrial swelling. Also, tramadol increased apoptosis and inflammation-related gene
expression. All of these events parallel the induction of pain tolerance in rats.

Conclusion: Taken together, our data showed that the neurotoxic adverse effects of tramadol were induced by the
activation of the NF-Kb pathway and excessive generations of NO and ROS. Thus, oxidative stress and inflammation
inhibition may modulate tramadol-induced tolerance and neurotoxicity.
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