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Background: Intraoperative analgesia using remifentanil is limited by the high 
incident of hyperalgesia. Peroxynitrite (PN) has been demonstrated to be a critical 
determinant in nociceptive process. Iron accumulation mediated by Divalent Metal 
Transporter 1 (DMT1), plays a key role in N-methyl-D-aspartate (NMDA) 
neurotoxicity, and it is an important interface between inflammatory and oxidative 
stress damage. This study aims to determine whether PN contributes to 
remifentanil-induced postoperative hyperalgesia via enhancement of 
DMT1-mediated iron accumulation. 
 
Methods: Remifentanil and incision were involved in the rat model of 
remifentanil-induced postoperative hyperalgesia. Behavior testing was used to 
assess thermal and mechanical hyperalgesia. The expression of 3-nitrotyrosine 
(3-NT), nitrated manganese superoxide dismutase (MnSOD), DMT1(-)IRE and 
DMT1(+)IRE in protein of spinal cord were detected by immunoprecipitation and 
Western blot analysis. DMT1(-)IRE location in spinal section was examined with 
immunohistochemistry. Spinal iron concentration was measured using Perl’s stain 
and atomic absorption spectrophotometer methods. Hydrogen-rich saline which 
imparts selectivity for PN decomposition and iron chelator (SIH) were applied in the 
mechanistic study on the roles of PN and iron, as well as prevention of hyperalgesia.  
 
Results: Remifentanil induced thermal and mechanical hyperalgesia at 
postoperative 48 hours, and resulted in 3-NT formation and MnSOD nitration and 
inactivation. Increased expression of DMT1(-)IRE and iron accumulation were 
associated with remifentanil-induced postoperative hyperalgesia, while 
DMT1(+)IRE expression was unaffected. Iron chelation prevented nociceptive 
hypersensitivity in a dose-dependent manner. Eliminating PN with hydrogen-rich 
saline protected against hyperalgesia, and furthermore, it attenuated DMT1(-)IRE 
over-expression and iron accumulation.  
 
Conclusions: Our study identifies that spinal PN activates DMT1(-)IRE, leading to 
abnormal iron accumulation in remifentanil-induced postoperative hyperalgesia, 
while providing the rationale for development of molecular hydrogen and 
“iron-targeted” therapies. 
 



 
  



 
  



 
 

 


