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Abstract 
Background: Tramadol is a widely prescribed opioid for the control of moderate to severe pain. It is a 
synthetic opioid, with an atypical mechanism of action, acting as an agonist of μ-opioid receptors and by 
inhibiting the reuptake of noradrenaline and serotonin [1,2]. In spite of its analgesic effectiveness, tra-
madol exposure causes several adverse reactions, and despite advancements in understanding its toxicity 
mechanisms, its neurotoxic effects have not been fully elucidated yet [2,3], particularly its effects on the 
hypothalamus. Objective: The aim of this literature review is to summarize the main biomarkers of hy-
pothalamic neurotoxicity resulting from tramadol exposure. Methods: A bibliographic search carried out 
in the National Library of Medicine (PubMed) looked at biomarkers of toxicity within the hypothalamic 
structure resulting from the exposure to tramadol, without temporal restrictions. Results: In vivo studies 
showed that, while tramadol increases the synthesis of prodynorphins at low doses (20 mg/Kg), this effect 
is not observed at doses of 80 mg/Kg, which results in a decrease in their synthesis in the hypothalamus 
[2]. After acute tramadol administration, an increase in pERK1/2 levels was observed in the hypothalamus 
[4]. In vivo tests showed an increase in the expression of IRS2 and glucokinases in the hypothalamus [2]. 
High reductions in α2-adrenergic receptors in the structure of the hypothalamus have also been reported 
[5]. Conclusions: In summary, while tramadol is effective in pain control, its neurotoxic potential in the 
hypothalamus is apparent and dependent on the dose administered. It is associated with a decrease in 
noradrenaline reuptake through downregulation of adrenergic receptors, which can be harmful, as well as 
an increase in kinase expression or even an increase in the expression of insulin signaling pathway ele-
ments. Careful administration of tramadol is imperative due to its neurotoxic potential. 
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