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Background and aim: Hepatic ischemia/reperfusion (I/R) injury may occur in a variety of clinical situations, including 
transplantation, liver resection, trauma, and vascular surgery. The reperfusion after ischemia improves tissue perfusion, but 
it also aggravates injury (reperfusion injury), exacerbating cellular damage. The pathogenesis for tissue injuries following 
reperfusion includes excessive production of reactive oxygen species, oxidative stress, mitochondrial dysfunction, and systemic 
inflammatory response.  We have previously contributed to demonstrate that dysregulated expression and activation of matrix 
metalloproteinases (MMPs) is involved in hepatic liver injury (Palladini et al., 2012).  MMPs are regulated mainly by MAPK 
pathways, which include the three best characterized subgroups, extracellular signal regulated kinase (ERK), p38MAPK, and 
c-Jun N terminal kinase (JNK) (Clark et al.,  2008).  The aim of the present study is to evaluate the impact of reperfusion 
on activation of I/R-related signalling pathways and their correlation with markers of organ dysfunction in order to identify 
pathogenic mechanism(s) suitable for potential pharmacological modulation.

Methods: Male Wistar rats were subjected to 60-min partial-hepatic ischemia or sham-operated. After a 60-min or 120-min 
reperfusion, liver samples were collected for analysis of MMP-2and MMP-9by zymography and MAPK activation as well as 
inducible Nitric Oxide Synthase (iNOS) and endothelial NOS (eNOS) expression by Western blot. Serum levels of AST and ALT, 
alkaline phosphatase, total and direct bilirubin were quantified. 

Results: Ischemia/reperfusion evoked significant hepatic injury in a time-dependent manner. The increase in serum levels of 
AST, ALT, phosphatase alkaline, total and direct bilirubin was already detectable after 60 min reperfusion, when compared to 
sham-operated rats, reaching the highest systemic concentrations at 120 min reperfusion. These effects were associated with a 
time-dependent increase in hepatic expression of iNOS maximally upregulated at 120 min reperfusion (p<0.004). A significant 
increase in eNOS was detected only at 120 min reperfusion when compared with both 60 min reperfusion and sham-operated 
groups (p<0.001). Although not significant, a decrease in eNOS at 60 min reperfusion versus sham-operated groups was 
detected (0.59±0.13vs 0.80±0.18). Interestingly, an opposite trend was found for MAPKs: we could detect a robust activation 
of the two MAPKs ERK1/2and JNK1/2in the livers exposed to 60 min reperfusion. In contrast, the level of MAPK activation after 
120 min reperfusion was similar to that recorded in the livers of sham-operated rats. Similarly, the highest levels of MMP-2and 
MMP-9activity were recorded at 60 min reperfusion, followed by a decrease at 120 min, reaching statistical significance for 
MMP-2activation when compared with the 60 min reperfusion group (p<0.005). 

Discussion and conclusion: Overall, these findings confirm the pivotal role of reperfusion in evoking hepatic injury and provide 
new insights into the underlying molecular mechanisms. Specifically, livers submitted to I/R exhibited a marked increase in 
eNOS only at 120 min reperfusion. In addition, early and transitory increases in both MAPKs (ERK1/2and JNK1/2) and MMPs 
(MMP-2and MMP-9) activity were found, thus suggesting their role as triggering factors of the organ dysfunction. The cross-talk 
mechanism(s) linking MAPK to MMP activation in the setting of liver I/R injury is now under investigation. 


