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Abstract
AIM: To study the effects of preconditioning on induc-
ible nitric oxide synthase (iNOS) and interleukin 1 (IL-1) 
receptor transcription in rat liver ischemia/reperfusion 
injury (IRI). 

METHODS: Seventy-two male rats were randomized 
into 3 groups: the one-hour segmental ischemia (IRI, 
n  = 24) group, the ischemic preconditioning (IPC, n  = 
24) group or the remote ischemic preconditioning (R-
IPC, n  = 24) group. The IPC and R-IPC were performed 
as 10 min of ischemia and 10 min of reperfusion. The 
iNOS and the IL-1 receptor mRNA in the liver tissue 
was analyzed with real time PCR. The total Nitrite and 
Nitrate (NOx) in continuously sampled microdialysate 
(MD) from the liver was analyzed. In addition, the NOx 
levels in the serum were analyzed.

RESULTS: After 4 h of reperfusion, the iNOS mRNA 
was significantly higher in the R-IPC (ΔCt: 3.44 ± 0.57) 
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group than in the IPC (ΔCt: 5.86 ± 0.82) group (P  = 
0.025). The IL-1 receptor transcription activity was 
reduced in the IPC group (ΔCt: 1.88 ± 0.53 to 4.81 ± 
0.21), but not in the R-IPC group, during reperfusion 
(P  = 0.027). In the MD, a significant drop in the NOx 
levels was noted in the R-IPC group (12.3 ± 2.2 to 4.7 
± 1.2 µmol/L) at the end of ischemia compared with 
the levels in early ischemia (P  = 0.008). A similar trend 
was observed in the IPC group (11.8 ± 2.1 to 6.4 ± 1.5 
µmol/L), although this difference was not statistically 
significant. The levels of NOx rose quickly during reper-
fusion in both groups.

CONCLUSION: IPC, but not R-IPC, reduces iNOS and 
IL-1 receptor transcription during early reperfusion, 
indicating a lower inflammatory reaction. NOx is con-
sumed in the ischemic liver lobe.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Ischemic preconditioning has been shown to 
reduce ischemia/reperfusion injury (IRI) in the liver. NO 
has been shown to be important in the precondition-
ing process as well as in IRI. This study shows that 
ischemic preconditioning (IPC) but not remote ischemic 
preconditioning (R-IPC) reduces inducible nitric oxide 
synthase and interleukin 1 receptor transcription dur-
ing early reperfusion. As it has been shown that IPC 
protects the liver more than R-IPC, this reduction in 
inflammatory activation may be important. In addition, 
this study shows that nitrite and nitrate are consumed 
in the liver during ischemia, unlike the levels in periph-
eral blood.
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INTRODUCTION
In a more aggressive liver surgery, Pringle’s manoeuvre is 
frequently used to occlude the vascular inflow to the liver 
during resection, thereby reducing intraoperative bleed-
ing. However, the disadvantage to this procedure is that 
it may simultaneously cause ischemia-reperfusion injury 
(IRI). The consequences of  IRI have been extensively 
studied, and it has been shown that excessive amounts 
of  reactive oxygen species (ROS) are formed during re-
perfusion and that they may damage the liver cells[1]. A 
possible mechanism that triggers this damage is the reac-
tion between ROS and cellular components such as lipids 
and proteins[1]. Nitric oxide (NO) is thought to be one 
important factor in the IRI process. It has been shown 
that during IRI, the availability of  NO in the rat liver de-
creases, and this may be related to subsequent and more 
severe injury[2]. Furthermore, a model using endothelial 
nitric oxide synthase (eNOS) knockout mice has shown 
that an eNOS deficiency increases the IRI[3]. It can there-
fore be stated that the physiological amounts of  NO pro-
duced by eNOS most likely serve as a protective agent 
against IRI. The vasodilatory effect of  NO appears to 
be important, although the mechanisms involved in this 
protection are still unclear. Studies involving inducible ni-
tric oxide synthase (iNOS) inhibitors have suggested that 
the inhibition of  iNOS decreases IRI[4,5]. Thus, it seems 
likely that iNOS activation is involved in the IRI process 
and that it is most likely deleterious to IRI. It has been 
suggested that a hepatocyte-derived interleukin-1β (IL-
1β) in conjunction with tumor necrosis factor-α (TNF-α) 
is an important mediator of  IRI[6]. An up-regulation of  
the IL-1β receptor appears to promote iNOS transcrip-
tion, although the downstream mechanisms involved are 
not clear[7]. In addition, IL-1 has been shown to induce 
TNF-α synthesis in Kuppfer cells as well as inducing 
neutrophil recruitment and promoting the production 
of  ROS[8]. Blocking the IL-1 receptor has been shown to 
reduce IRI, although it is not known if  this reduction is 
related to the reduced iNOS transcription. However, the 
effect appears to be mediated, at least in part, through 
improved microcirculation, which may indicate NO in-
volvement[9].

To reduce the IRI, Ischemic Preconditioning (IPC) 
has been proposed, which has a protective effect that has 
been established in several animal studies[10-14]. Among 
the mechanisms postulated for the action of  IPC are 
decreased endothelial injury and hepatocyte apoptosis, 
and it has been shown that adenosine triphosphate (ATP) 
levels are higher after IPC and ischemia/reperfusion (IR) 

than after IR alone[15-19]. Several studies have investigated 
the role of  NO in IPC and found that NO is involved in 
the process, although the exact mechanisms are unclear. 
It has been shown, however, that IPC reduces sinusoidal 
endothelial cell death and that this effect is likely to be 
dependent on NO production[20,21]. Furthermore, eNOS, 
but not iNOS, expression has been found to be increased 
during the early (2 h) phase of  reperfusion in IPC-treated 
animals compared with those that have been subjected to 
ischemia and reperfusion without IPC[22]. 

The concept of  remote-IPC (R-IPC) has recently 
emerged and has been investigated primarily as a method 
to protect the myocardium[23]. This method has also been 
investigated in the context of  liver IRI and has been 
found to provide some protection against IRI in the liver, 
although it may be less effective than IPC in reducing tis-
sue damage[14,24-26]. Only one study has compared the two 
methods in the setting of  liver IRI, and this study showed 
that the protective effect on transaminase elevation was 
less with R-IPC than with IPC[14]. The underlying mecha-
nisms for R-IPC have been less extensively studied than 
the mechanisms involving “conventional” IPC, although 
it has been shown that R-IPC increases hepatic blood 
flow and that the total hepatic vein Nitrite and Nitrate 
(NOx) is higher in R-IPC treated animals than in the con-
trol group (ischemia reperfusion only) at the end of  2 h 
of  reperfusion, which indicates a role for NO[27]. Further-
more, it has been shown that administration of  the NO 
scavenger inhibits the protective effect of  R-IPC and that 
eNOS-/- transgenic mice do not benefit from R-IPC[28,29]. 
In addition, the hepatic microcirculatory blood flow 
was found to be better preserved, and thus, the authors 
conclude that the NO produced by activated eNOS is an 
essential mediator of  the protection that R-IPC provides 
against IRI[28,29].

The changes in NOx in the liver parenchyma have 
not been evaluated in the settings of  IPC and R-IPC.

In this study, we examine the changes in the NOx 
(Nitrite and Nitrate) concentrations in serum and micro-
dialysate during IRI after both conventional and remote 
IPC, as well as the gene expression of  iNOS and the IL-
1β receptor in rat livers. 

MATERIALS AND METHODS
Study protocol and animals
The Local Ethics Committee for Animal Experiments at 
Linköping University, Linköping, Sweden approved the 
study protocol (Permit number: 2-09). Seventy-two male 
Sprague-Dawley rats (258-444 g, Scandjur, Sollentuna, 
Sweden) were randomized into 3 groups; A: ischemia (n 
= 24), B: IPC + ischemia (n = 24) and C: remote IPC + 
ischemia (n = 24). The animals within each group were 
then randomly stratified to no reperfusion, 1 h of  reper-
fusion or 4 h of  reperfusion. Before the 1 h segmental 
ischemia, the animals in group B were preconditioned by 
10 min of  ischemia to the lobe of  the liver that was later 
subjected to the ischemic insult. This was followed by 10 
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min of  reperfusion. In group C, the preconditioning was 
applied through a tourniquet to the left hind leg for the 
same length of  time as group B. During this time period, 
nothing was performed to the animals in group A. The 
animals were acclimatized for 1 wk at 21 ℃ on a 12-h 
light/dark cycle with free access to standard rat food pel-
lets and tap water.

Anesthesia, surgery, blood and tissue sampling
A detailed description of  the procedures can be found 
elsewhere[14]. Briefly, the rats were anesthetized, intubated 
and ventilated throughout the experiment. Their body 
temperatures were maintained within 38 ℃-39 ℃, and the 
animals were monitored. A laparotomy was performed 
via a midline incision, and the ligament attachments of  
the liver were divided. Blood was sampled before the 
laparotomy and at the end of  the experiment. Microdialy-
sis was performed during the entire experiment from two 
lobes (ischemia and control) of  the liver. Immediately 
after the final blood sampling, the liver was harvested and 
preserved in liquid nitrogen, tissue for iNOS and IL-1 
receptor analysis was sampled from the ischemic liver. 

NOx
NOx (the sum of  NO2

-
 and NO3

-) was analyzed in the 
serum and microdialysate following the instructions in 
the commercial “Nitrite/Nitrate Fluorometric Assay Kit” 
(Cayman Chemical Company, Ann Arbor, MI, United 
States). Prior to the analysis, the serum was ultrafiltrated 
through a 10 kDalton cut-off  filter (Millipore, Solna, 
Sweden). The microdialysate, on the other hand, was ana-
lyzed without any processing. The standard curves were 
plotted. For nitrate, 10 µl of  the sample was diluted in 
70 µl of  the assay buffer. Aliquots of  10 µl enzyme co-
factor and 10 µl of  nitrate reductase mixture were added 
to the buffered sample. After 30 min of  incubation at 
room temperature, 10 µl of  DAN (2,3-diaminonaph-
thalene) were added and incubated for another 10 min. 
For nitrite, 10 µl of  the sample was diluted with 90 µl 
of  assay buffer, and 10 µl of  DAN was added. Both the 
nitrate and nitrite samples were then incubated for 10 
min, and 20 µl of  NaOH was added. All of  the samples 
were read in threes using fluorometry with an excitation 
wavelength of  355 nm and an emission wavelength of  
430 nm. 

iNOS in liver tissue
Approximately 10 mg of  dry weight liver tissue was 
disrupted and homogenized in the Micro-Dismem-
brator (Braun Biotech, Allentown PA, United States) 
at 2900 rpm for 30 s. The RNA extraction was per-
formed in accordance with the manufacturer’s protocol 
(Qiagene, Valencia CA, United States). However, no 
β-mercaptoethanol was used. The RNA was eluted 
in 300 µl RNAse-free water; the RNA concentration 
was measured at 260 nm and the purity (about 2.0) was 
260/280 nm (NanoDrop, Thermo Scientific, Erembode-
gem, Belgium). It was then stored at -70 ℃ until assayed. 

0.5 µg RNA were used in the reverse transcriptase cDNA 
conversion with a High Capacity cDNA Reverse Tran-
scription Kit in a total volume of  20 µl in accordance 
with the manufacturer’s protocol (Applied Biosystems, 
CA, United States). cDNA samples were stored at -20 ℃ 
until assayed. For the real-time PCR reaction, a 2 µl 
sample containing 50 ng cDNA (0.025 µg/µl) was used 
in a total reaction volume of  20 µl. The samples were 
analyzed in triplicate with Fast Master Mix and TaqMan 
Gene Expression Assay (Applied Biosystems) in a 7500 
Fast Instrument (Applied Biosystems). In the results, the 
mean of  the samples’ Ct has been normalized against the 
mean Ct for GAPDH, presented as ΔCt.

IL-1R
The quantitative PCR for IL1R was performed with Fast 
SYBR Green Master Mix (Applied Biosystems). The final 
concentration of  the primers was 100 nmol/L. In the 
negative controls, the cDNA was replaced with distilled 
water. The final amount of  cDNA in each reaction was 
comparable to 1 ng of  RNA. The PCR program was set 
at 40 cycles at 95 ℃ for 20 s, 95 ℃ for 1 s and 60 ℃ for 
20 s. At the end of  the reaction, a dissociation curve anal-
ysis was performed. Specific primers for rat IL-1R (Invit-
rogen) were used. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) and beta-actin (b-actin) (CyberGene 
AB, Stockholm, Sweden) were used as housekeeping 
genes. The primers were designed using Primer Express 
(Applied Biosystems). All reactions were performed in 
duplicate by the EpMotion-pipetting robot (Eppendorf, 
Hamburg, Germany), including none-template controls 
and endogenous control probes. The results were ana-
lyzed using the ΔCt method and presented as a relative 
gene expression. The 7900 Fast Real-Time PCR system 
with 7900 System SDS 2.3 Software (Applied Biosystems) 
was used following the manufacturer’s protocol.

Parenchymal metabolism (microdialysis)
The details of  the probes, pumps, fluids and rates, as 
well as the sampling intervals, have been published previ-
ously[14]. After sampling, the fluid was frozen at -70 ℃ for 
later analysis, as described above. 

Statistical analysis
Data are presented as the mean ± SE unless otherwise 
stated. A P value < 0.05 was considered statistically sig-
nificant. Groups were compared with ANOVA followed 
by Fisher’s post hoc test when appropriate, while tempo-
ral changes within the groups were analyzed using the t 
test or the Mann-Whitney U test. Statistica 8.0 software 
(StatSoft Inc, Tulsa, OK, United States) was used for the 
statistical calculations.

RESULTS
The comparison of  se-AST and se-ALT has been pub-
lished earlier[14]. The greatest rise in both the AST and 
ALT was observed in the IRI group, followed by the 
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sion, as shown in figure 2A. The transcription of  iNOS 
at the end of  the reperfusion was significantly higher in 
all of  the groups, IRI (ΔCt = 3.66), IPC (ΔCt = 5.86) 
and R-IPC (ΔCt = 3.44) compared with at the end of  
the ischemia (ΔCt = 10.21, 10.78 and 11.49, respectively) 
(P < 0.001). Moreover, the mRNA was also significantly 
lower in the IPC group than in the IRI group or the R-IPC 
group at the end of  the reperfusion (P = 0.039 respective 
P = 0.025) (figure 2A). 

IL-1 receptor mRNA in liver tissue 
The expression of  the IL-1 receptor in the liver tissue 
from the ischemic lobe was measured with semi-quan-
titative real-time PCR. In the IPC group, significantly (P 
= 0.027) reduced IL-1 mRNA transcription at the end 
of  reperfusion compared with the end of  ischemia was 
noted (ΔCt: 1.88-4.81). In the IRI and R-IPC groups, this 
decrease was not observed, as the transcription activity 
changed minimally (ΔCt: 2.89-3.43 in the IRI group and 
ΔCt: 3.26-2.99 in the R-IPC group, ns). When the groups 
are compared, the IPC group has significantly more IL-1 
receptor mRNA at the end of  ischemia than do the IRI 
and R-IPC groups (P = 0.029 and P = 0.0044, respective-
ly). At the end of  reperfusion, no statistically significant 
differences were found between the groups (figure 2B).

DISCUSSION
This is the first study to compare NO involvement in 
conventional and remote IPC in the setting of  rat liver 
IRI. We have previously shown that the elevation of  
transaminase during IRI is less pronounced with IPC 
than with R-IPC, although R-IPC appears to offer some 
protection against I/R in the rat liver[14]. This most likely 
represents differences in the protection against IRI of-
fered by these different methods of  preconditioning. 
Therefore, it is important to investigate further the mech-
anisms involved. 

R-IPC group, and finally by the IPC group. As there was 
a significant difference between the R-IPC and the IRI 
group regarding AST, it was concluded that R-IPC offers 
some protection against liver IR in the rat liver.

NOx in serum 
The combined amounts of  nitrite (NO2

-) and nitrate 
(NO3

-) were measured in serum and referred to as S-NOx. 
In the IPC group, an initial rise (20.2-27.7 µmol/L) was 
found during ischemia followed by a decline (27.7-23.4 
µmol/L) that started immediately in the reperfusion 
phase. In the R-IPC group, an initial rise (20.0-25.2 
µmol/L) during the ischemia and 1 h of  reperfusion was 
followed by a decline (25.2-23.7 µmol/L) during later 
parts of  the reperfusion. In both of  the groups, the rise 
and decline in S-NOx was statistically significant (both 
groups, P < 0.001) but no significant difference was 
noted between the groups (figure 1A). The IRI group 
followed a similar pattern, although neither the initial rise 
nor the later decline was statistically significant.

NOx in microdialysis fluid
In the R-IPC group, there was a significant fall (12.3-4.7 
µmol/L) at the end of  ischemia (P = 0.008) compared 
with the levels in early ischemia. Similar trends were ob-
served in the IRI group (13.2-5.8 µmol/L) and the IPC 
group (11.8-6.4 µmol/L), although the change was not 
statistically significant. During reperfusion, the levels 
rose quickly again, to significantly (P < 0.01) higher levels 
in the IPC and R-IPC groups, while the rise in the IRI 
group was not statistically significant (P = 0.065) (figure 
1B). A comparison among the groups did not reveal any 
statistically significant differences.

iNOS mRNA in liver tissue
The iNOS mRNA in the liver tissue from the ischemic 
lobe was measured with real time PCR and increased 
from the end of  the ischemia to the end of  the reperfu-
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Figure 1  Nitrite and nitrate in serum or in microdialysis  (mean ± SE) in rats subjected to 60 min of segmental (left lateral lobe) ischemia (shaded area) of 
the liver and 4 h of reperfusion after conventional or remote ischemic preconditioning. A: Nitrite and Nitrate in serum. Initially, a significant rise was observed 
during the ischemia followed by a significant fall during the reperfusion in both the IPC and the R-IPC groups. For the IPC group, the fall started immediately after 
ischemia, but in the R-IPC group, a rise was observed during the first 60 min of reperfusion; B: Nitrite and Nitrate in microdialysis. In both the IPC and R-IPC groups, 
the NOx levels dropped significantly during ischemia in the ischemic lobes, but during reperfusion there was an upward trending movement. In the control lobes, no 
fall was observed during ischemia. IPC: Ischemic preconditioning; R-IPC: Remote ischemic preconditioning; NOx: Nitrite and nitrate; IRI: Ischemia/reperfusion injury.
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The iNOS transcription after 4 h of  reperfusion was 
shown to be more active in the R-IPC group than in the 
IPC group, although the levels of  NOx did not differ 
between the groups. Earlier work has failed to show an 
expression of  the iNOS protein after 2 h of  reperfusion 
in a rat model similar to the present[22]. This discrepancy 
in findings is most likely explained by the time factor and 
the fact that the present study measures gene expression, 
which is expected to be observed earlier than the protein 
expression reported previously.

The activation of  iNOS transcription in the liver dur-
ing early reperfusion is significantly more apparent with 
remote IPC than with conventional IPC. This activation, 
on the other hand, does not lead to detectable differences 
in the NOx levels whether they are measured in the local 
environment of  the liver or in serum. This may indicate 
that after only 4 h of  reperfusion, the increased mRNA 
transcription has not resulted in increased NO produc-
tion, and thus this increase may be a result of  different 
degrees of  tissue damage rather than an explanation for 
it. In this study, the step between the transcription and 
its product, the enzyme, was not analyzed, thus making it 
difficult to draw conclusions about the actual effects of  
iNOS in the early phase of  reperfusion. If  and how this 
increase in iNOS transcription affects the later stage of  
reperfusion injury may only be speculated upon. 

Significantly greater transcription of  the IL-1 receptor 
was observed in the IPC group than in the other groups 
at the end of  ischemia (figure 2B). As the ROS and H2O2 
that are generated in response to ischemia and reperfu-
sion are known to contribute to the formation of  the ac-
tive IL-1 receptor, this difference is likely to be caused by 
the IPC[30]. IL-1 has been shown to activate protein kinase 
B/akt, which in turn is known to phosphorylate eNOS 
and thus increase the bioavailability of  NO in the rat liver 
during early ischemia[31,32]. The significant decrease in the 
IL-1 receptor transcription observed during reperfusion 
in the IPC group may be explained by the inherent nega-
tive feedback in the IL-1 pathway[14,33]. Therefore, at 4 h 
of  reperfusion, we have a lower level of  iNOS and IL-1 
receptor transcription in the IPC group that may corre-

spond to the reduction in IRI in this group.
This study has shown that the levels of  NOx dramati-

cally decrease in the liver tissue, measured directly with 
microdialysis, during segmental ischemia of  the liver. 
This suggests that the NOx is consumed in the ischemic 
liver. Despite this, a rise in serum NOx was observed in 
both groups during ischemia. In an environment where 
the circulation is closed, the NOx could be expected to 
remain near the level it was before the occlusion. One of  
the possible explanations for the decrease in the NOx in 
the liver found in this study is that nitrate is reduced to 
nitrite, which is reduced to NO. This has previously been 
shown to take place in physiological conditions with en-
hanced acidic environments[34]. This source of  NO could 
be important within the context of  IRI and has previ-
ously been shown in a mouse model[35]. 

The classic view that NOS is the only source of  NO 
has been challenged by recent results from experiments 
in the cardiovascular system, which show that nitrite is 
reduced to NO by several enzymatic and non-enzymatic 
pathways, a process that is enhanced in acidic environ-
ments[34]. The existence of  this pathway appears to 
make NOx a less suitable proxy for NO than previously 
thought[36]. Furthermore, the current findings, obtained 
with microdialysis directly from the liver tissue, show 
that serum NOx does not reflect the liver parenchymal 
concentration of  NOx. This supports earlier results that 
have shown significant differences between study groups 
in the NOx obtained from the hepatic vein, whereas no 
difference was noted in the samples obtained from the 
hepatic artery[27]. This supports the conclusion that serum 
NOx may not accurately reflect the level of  NO produc-
tion in the liver. Earlier studies on the involvement of  the 
NO system in liver IRI have relied partially on the serum 
measurement of  NO2

- and NO3
-[36,37]. The current results, 

along with the earlier results from others, therefore, chal-
lenge the conclusions drawn from this approximation[27].

As increased IL-1 receptor formation has been shown 
to precede an increase in iNOS transcription, the reduc-
tion observed in the IPC group may explain the lower 
transcription of  iNOS found in this group compared 
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Figure 2  Inducible nitric oxide synthase or interleukin-1R mRNA in liver tissue (mean ± SE) in rats previously subjected to 60 min of ischemia/reperfusion 
injury after ischemic preconditioning or remote ischemic preconditioning. A: iNOS transcription. The iNOS transcription was significantly increased in the R-IPC 
group (n = 8) after 4 h of reperfusion compared with the IPC group (n = 8), aP < 0.05 vs IPC group; B: IL-1R transcription. The IL-1R transcription decreased in the IPC 
group during reperfusion (P = 0.027) but did not change in the R-IPC group. The transcription after ischemia was higher in the IPC group than in the R-IPC group; bP < 
0.01, IPC group vs R-IPC group. iNOS: Inducible nitric oxide synthase; IL-1R: Interleukin-1R; IPC: Ischemic preconditioning; R-IPC: Remote ischemic preconditioning.
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with the R-IPC group[7]. Another possible explanation as 
to why iNOS transcription is lower in the IPC group than 
in the R-IPC group is that the NO produced during IPC 
rapidly degrades to NOx, which in turn may constitute 
a biological pool for later nitrite reduction to NO, thus 
prolonging the increased bioavailability of  NO in the 
liver. As NO has been shown to inhibit iNOS transcrip-
tion, the increased bioavailability of  NO may explain the 
results found in the IPC group[38]. Administering nitrite 
before ischemia may increase the availability of  NO dur-
ing liver ischemia and thereby decrease later reperfusion 
injury, as has been shown in the setting of  myocardial 
ischemia[39]. This needs to be tested in the liver in an ex-
perimental model.

In conclusion, IPC reduces the transcription of  
iNOS during early reperfusion, possibly through the early 
transcription of  the IL-1 receptor, but this effect is not 
observed with R-IPC. NOx is consumed in the ischemic 
liver and is possibly reduced to NO. Serum NOx does 
not reflect the tissues’ NOx during liver IRI.
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reduce IRI is ischemic preconditioning (IPC), which has been shown to reduce 
IRI. Remote Ischemic Preconditioning (R-IPC) is a variant of IPC that is less 
studied and may offer a lesser degree of protection. Changes in NO formation 
have been found with both types of preconditioning, but it remains unclear if 
iNOS activation differs in these settings.
Research frontiers
IPC has been shown to offer some protection against IRI in clinical settings, 
but the lack of an understanding of the involved mechanisms makes the further 
development of protective strategies difficult; this remains an important area in 
research on liver IRI. R-IPC has not yet been tested in the clinical setting, and 
there is very limited knowledge about the mechanisms involved in the protec-
tion observed in animal models. 
Innovations and breakthroughs
Earlier research has shown diverging results in the matter of the involvement 
of NO and Nitric Oxide Synthase (NOS) in the IRI process as well as in precon-
ditioning. This can be explained partly by different models used in the studies. 
Although most results indicate that endothelial NOS (eNOS) has a protective 
role in IRI, the role of inducible (iNOS) is less certain.
Applications
The findings of this basic research article add to the understanding of the 
mechanisms involved in IRI and preconditioning. This new information may 
serve as grounds for further research in the area, although a clinical application 
is not within reach. The findings do give rise in particular to the hypothesis that 
administering nitrite before IRI may reduce the damage.
Terminology
IRI is an ill-defined term that refers to the damage that occurs in the liver when 
the circulation is closed and then reopened. The extent of the damage is typi-
cally measured by the amount of liver transaminases in the serum. IPC and 
R-IPC are two methods of preparing an organ for ischemic insult. By closing the 
circulation to the organ for a short period of time followed by reperfusion, IPC 
protects the organ against IRI. R-IPC is based on the same principle, although 
in this case the circulation to another organ or body part is closed to provoke 
the protective response.
Peer review
This is an elected experimental study on the physiological basis of ischemia-re-
perfusion (IR) injury of the liver. Authors focused on the effects of remote organ 

ischemic preconditioning on the liver IR injury. The topic of the investigation was 
IL-1 transcription. The inflammatory cascade was evaluated with the additional 
help of NOx measurement (serum and liver tissue) and iNOS transcription (liver 
tissue). As reported previously by other investigators, serum NO or NOx mea-
surement was not reflected tissue damage in this study. Authors concluded that 
ischemic preconditioning reduces the transcription of iNOS during early reperfu-
sion, possibly through the early transcription of IL-1 receptor, but this effect is 
not seen with remote organ- ischemic preconditioning. The experimental design 
and methodology are well designed. Statistical analyses are found suitable for 
healthy evaluation of the results.
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