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EXPERIMENTAL STUDY

Hepatoprotective effects of remote perconditioning during
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Abstract: Background: Novel treatment strategies are required to reduce the development of hepatic injury
during surgical procedure in which renal ischemia/reperfusion (IR) is inevitable. Remote perconditioning (rPeC)
has been proved to reduce the extent of kidney damages induced by renal IR injury. The aim of this study was
to determine the protective effect of rPeC against hepatic injury caused by renal ischemia.
Methods: Male rats were subjected to the right nephrectomy and randomized as: sham, no additional intervention; IR, 45 min of left renal pedicle occlusion; rPeC, four cycles of 5-min limb IR administered at the beginning
of renal ischemia. After 24-h of reperfusion, the plasma and tissue samples were taken.
Results: A significant improvement in hepatic functional injury and oxidative damages were observed in the
rPeC group compared to the IR group. However, histological evaluation and plasma levels of TNF-α revealed
no significant difference among groups.
Conclusions: It is concluded that rPeC exerted protective effects on renal IR-induced hepatic injury as a remote
organ. The protection may be a consequence of the reduction in oxidative stress in the liver. This simple approach may be a promising strategy against IR-induced remote organ damages in the clinical practice (Fig. 4,
Ref. 23). Text in PDF www.elis.sk.
Key words: hepatic, kidney, oxidative stress, remote organ.

Remote organ injury is a kind of oxidative damage that may
develop in various organs away from the main tissue exposed
to ischemia/reperfusion (IR). IR injury (IRI) is an unavoidable
process, which occurs during surgical procedure such as renal
transplantation and nephron-sparing surgeries. It results in severe
local and systemic injury, which contributes to an increased morbidity and mortality in these operations. Since multiorgan failure
is a widespread consequence of severe renal injury, hepatic damage as a result of renal IR seems to be an extensive encountered
problem (1).
IRI involves multifactorial mechanisms and distinct metabolic pathways leading to severe single organ injury or multiorgan
failure and death. IR damage induces an inflammatory response,
which results in the formation of reactive oxygen species (ROS)
that augments local tissue injury or affects organs remote from
the site of IR. An important function of ROS is the regulation of
cytokine expression (2). Novel powerful treatment strategies are
required to reduce the development of kidney and other vital organ injuries. These protections may reduce the magnitude of IR
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injury and improve postoperative outcomes. Among these strategies, remote ischemic conditioning represents a feasible and reliable tool. This technique is based on the fact that short intermittent IR episodes of remote non-vital organs such as limb before
(preconditioning, PC), after (postconditioning, POC) or during
(perconditioning, rPeC) prolonged lethal ischemic period provides
protection against IRI (3).
The degree of systemic and local damages resulting from the
IR depends on the duration of the ischemia. It is important to notice
that some detrimental effects of ischemia begin during ischemia
and before reperfusion, such as ion channel dysfunctions (4) and
caspase activation (5). Thus, induction of protective strategies
during ischemia may confer more protection especially in the prolonged ischemic periods, which occur during surgical procedures.
rPeC is a novel protective strategy, in which short-time intermittent IR of a remote organ, right at the beginning of prolonged IR,
protects the main ischemic tissue from the injury. This method was
first described in the heart in 2007 (6). The renoprotective effect of
rPeC was for the first time reported in 2011 (7). The present study
was designed to investigate whether rPeC is able to exert systemic
effect and decrease liver injury after renal IR.
Methods
Before the study, all protocols were approved by the institution’s animal welfare regulatory committee, and/or all protocols
were in conformity with the Guide for the Care and Use of Laboratory Animals published by the National Institutes of Health 86–23,
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revised in 1985. Male Sprague-Dawley rats, weighting 220–270 g,
were housed under standard conditions (12 hours light/day cycle
and environment temperature of 20–22 °C) and had free access
to water and standard laboratory food.
Surgical procedures
Animals were anesthetized with intraperitoneal injection of
sodium pentobarbital (60 mg/kg body wt). Additional doses (12
mg/kg body wt) were administered as needed. Systolic blood pressure and heart rate were monitored by a tail cuff connected to a
pulse transducer device (MLT125/R, ADInstruments). The transducer was connected to a PowerLab/4SP data acquisition system
(software Chart, version 5, ADInstruments, Castle Hill, Australia).
After right nephrectomy through a flank incision, rats were
subjected to the following protocols (n = 6 in each group):
Control group (sham): Animals were subjected to the isolation
of left renal pedicle without ligation;
Ischemia reperfusion group (IR): Animals were subjected to
45 min of left renal pedicle occlusion by a nontraumatic microvascular clamp;
Remote perconditioning group (rPeC): Animals were subjected
to 45 min of left renal pedicle occlusion, during which 4 cycles of
5 min of intermittent ischemia and reperfusion of the left femoral
artery applied just at the beginning of renal ischemia.
After 24 hours of reperfusion, animals were anaesthetized
and blood samples were collected from inferior vena cava. Liver
tissue samples were harvested from the same lobe and washed in
the cold phosphate-buffered saline. A piece of tissue were fixed
in 10 % formalin for histological processing and the rest were immediately snap-frozen with liquid nitrogen and stored at –70 °C
until further studies.
Functional assessments
Kidney (BUN & creatinine) and liver (ALT, AST, and LDH)
functional indices were assessed in plasma by the colorimetric
methods using Hitachi 704 autoanalyzer, Japan.
Oxidative stress assessments
Measurement of malondialdehyde (MDA) levels: MDA levels were measured in the liver tissue samples according to Esterbauer and Cheeseman method (8). MDA reacts with thiobarbituric
acid producing a pink pigment that has a maximum absorption
at 532 nm.
Measurement of superoxide dismutase (SOD) activity: SOD
activity was measured in the liver tissue according to the Paoletti
et al method (9). In this assay, superoxide anion is generated from
O2 in the presence of ethylenediaminetetraacetic acid (EDTA),
mercaptoethanol and manganese (II) chloride. Oxidation of nicotinamide adenine dinucleotide phosphate (NADPH) is linked to
the availability of superoxide anions in the medium.
Plasma TNF-α assessment
Plasma TNF-α levels were determined using an enzyme-linked
immunosorbent assay kit (BioLegend’s Rat TNF-α LEGEND
MAX™ ELISA kit; Biolegend, CA, USA).
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Histological assessment
After 24 hours of reperfusion, liver tissues were harvested
and immediately fixed in 10% formalin. The fixed tissues were
then embedded in paraffin, cut into 4-μm-thick sections, deparaffinized, dehydrated and stained with haematoxylin and eosin.
The sections were examined under a light microscope for the
presence of congestion, cellular degenerative changes and cytoplasmic vacuolization.
Statistical analysis
All results are expressed as the mean ± SEM. One-way ANOVA was used to compare mean values across groups followed by
Tukey test. p < 0.05 was considered significant.
Results
Effect of rPeC on the liver functional indices
Acute kidney injury was confirmed by a significant increase
in plasma BUN and creatinine (117 ± 4.4 mg/dl and 4.02 ± 0.20
mg/dl respectively; p < 0.001 vs sham) in IR group compared to
the sham-operated rats (20.8 ± 0.55 mg/dl and 0.64 ± 0.05 mg/dl).
This is in accordance with our previous finding, which have been
recently published (7). After 24 hours of renal reperfusion, plasma
levels of ALT (142.2 ± 13.0 vs 86.8 ± 9.8 U/L, p < 0.05), AST
(455.8 ± 38.7 vs 203.3 ± 19.9 U/L, p < 0.001), and LDH (3816.3
± 1357.9 vs 335.5 ± 75.45 U/L, p < 0.05) were significantly increased in the renal IR group compared to the sham group. rPeC
significantly attenuated ALT (78 ± 8.1 U/L, p < 0.05), AST (216.3
± 21.8 U/L, p < 0.001) and LDH (338.2 ± 90.0 U/L, p < 0.05 ) in
the plasma compared to the renal IR group (Fig. 1).
Effect of rPeC on the liver oxidative stress markers
MDA levels: Renal ischemia/reperfusion resulted in a significant increase in the hepatic tissue MDA contents (0.76 ± 0.06
vs 0.07 ± 0.04 μmol/100 mg tissue, p < 0.05) compared to the
sham group. rPeC significantly decreased MDA contents (0.23
± 0.08 μmol/100 mg tissue, p < 0.05) compared to the renal IR
group (Fig. 2a).
SOD activity: Renal ischemia/reperfusion resulted in a significant decrease in the hepatic tissue SOD activity (10.11 ± 2.62 vs
30.87 ± 1.13 U/g tissue, p < 0.05) compared to the sham group.
rPeC significantly increased SOD activity (22.11 ± 2.15 U/g tissue, p < 0.05) compared to the IR group (Fig. 2b).
Effect of rPeC on the plasma levels of TNF-α
After 24 hours of reperfusion, there was no significant differences (sham = 11.2 ± 2.4, IR = 11.5 ± 1.0 and rPeC = 10.3 ±
1.5 pg/ml) among groups in the plasma levels of TNF-α (Fig. 3).
Effect of rPeC on the liver histology
Livers from sham-operated rats almost had a normal histology.
After 24 hours of reperfusion, the levels of tissue injury in renal
IR group was minimal. Although there were enlarged sinusoidal
space and scattered areas of nuclear condensation, but no sign of
tissue congestion or nuclear and cytoplasm degenerative changes
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Fig. 1. Effect of rPeC on plasma levels of ALT (a), AST (b) and LDH (c). IR – ischaemia/reperfusion; rPeC – remote perconditioning. Data are
expressed as the mean ± SEM (n = 6 in each group). * P < 0.05 vs sham group, # P < 0.05 vs IR group.
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Fig. 2. Effect of rPeC on MDA levels (a) and SOD activities (b) in the liver. IR – ischaemia/ Fig. 3. Plasma levels of TNF-α (c). IR – ischreperfusion; rPeC – remote perconditioning. Data are expressed as the mean ± SEM (n = 6 in aemia/reperfusion; rPeC – remote percondieach group). * P < 0.05 vs sham group, # P < 0.05 vs IR group.
tioning. Data are expressed as the mean ± SEM
(n = 6 in each group).
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Fig. 4. Liver histology in experimental groups. Sham operation (A), ischemia reperfusion (B) and remote perconditioning (C). Livers from sham-operated rats had normal histology. After 24 hours of reperfusion, the levels of tissue injury in liver IR group was minimal. Although there
were enlarged sinusoidal space and scattered areas of nuclear condensation, no sign of tissue congestion or cytoplasm degenerative changes
were seen. Tissues of rPeC group showed a normal histology comparable with sham group. Infiltration of leukocytes in both IR and rPeC was
present. Magn. x400 (A–C).

were seen. Tissues of rPeC group showed a normal histology comparable with the sham group. Infiltration of leukocytes in both IR
and rPeC was present (Fig. 4).
Discussion
Results of this study demonstrated a novel strategy against
renal IR-induced hepatic injury. Data from our laboratory showed
that rPeC, in addition to the protection of ischemic kidneys, prevented hepatic functional impairment demonstrated by decreases
in ALT, AST and LDH levels in the plasma. Moreover, rPeC had
the ameliorating effects on oxidative stress in the liver by a significantly lower MDA level and significantly higher SOD activity
compared to non-conditioned rats. However, at the time of evaluation (24 hours after reperfusion) we did not detect any significant
difference in plasma levels of TNF-α and histological parameters
among groups.

Renal IRI occurs in many clinical situations like transplantation, partial nephrectomy, or elective urologic operations. Many
studies have reported injuries to other organs, including liver
injury during the course of renal IR. In this study, 45 minutes of
renal ischemia and 24 hours of reperfusion resulted in liver damage, which was characterized by significantly increased serum
transaminases and LDH levels. The release of AST and ALT and
LDH into the plasma reflected mostly the damages to hepatocyte.
These results are in accordance with previous studies, showing
that renal ischemia remotely causes detrimental changes in the
function of liver (1, 10).
Remote perconditioning was recently reported to protect the
kidney from renal IRI. Its protective effect was associated with
attenuated oxidative stress damages in the local ischemic organ,
namely the kidneys (11). However, the remote protective effect of
rPeC was yet not reported. Thus, in the present study, we evaluated the effect of rPeC on the liver as a distant organ after renal
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ischemia. There are some reports in recent years on the systemic
effect of ischemic conditioning. Saxena et al demonstrated that
ischemic PC provokes a systemic protective response in the body.
The microarray analysis of blood samples from healthy human
volunteers indicated that forearm PC suppressed proteins that are
involved in leukocyte exocytosis and implicated in IRI (12). In a
study by Peralta et al the remote protective effect of PC was demonstrated (13). They showed that local liver ischemic preconditioning abrogated the increase in P-selectin up-regulation, prevented
neutrophil infiltration and thus reduced the oxidative stress and
microvascular disorders in the remote organ, namely the lungs,
following hepatic IRI.
Reactive oxygen species (ROS) are among the most important
factors generated by ischemic tissues and activated neutrophils
after renal reperfusion (14). Attracted and activated neutrophils
migrate and adhere to endothelium, causing the release of proteases and oxygen free radicals, which may trigger the activation
of liver Kupffer cells. This may lead to hepatic dysfunction. To
discard toxic ROS, cells are equipped with antioxidant enzymes
such as superoxide dismutase. Earlier reports from other investigators demonstrated significantly lower SOD activities in the local
ischemic organ, which was improved using ischemic conditioning
therapy (15). In the present study, SOD activity was found to be
significantly lower in the remote organ, liver, of IR group compared to the sham. This is in accordance with previous studies
that reported renal IRI was linked with decreased SOD activity
in the liver tissues. Recently, the study by Khastar et al showed
that transfusion of isolated leukocytes from mice that underwent
renal IR, caused liver functional impairment and hepatic oxidative
injury in the intact recipient mice (16). The present study indicated that rPeC prevented renal IR-induced SOD depletion in the
liver. We have recently observed a decreased renal SOD activity
in an acute kidney injury model (11). The local protective effects
of different methods of ischemic conditioning through increases
in SnOD activity have reported by Yun et al (17) and Kim et al
(18) in renal IR models.
Tissue MDA content is a reliable index of lipid peroxidation.
Previous studies have provided evidence indicating implication of
MDA in renal IR-induced liver injury (19). In the present study,
we demonstrated that renal IR resulted in increased MDA content in hepatic tissues and it was associated with impaired liver
function. rPeC prevented renal IR-induced increases in liver tissue MDA levels.
In this study, we did not observe any significant difference in
the plasma levels of TNF-α among groups. Some aspects of IRI
like inflammatory gene responses occur in a time dependent pattern. The results of a randomized controlled trial evaluating the
effects of remote ischemic preconditioning on children undergoing cardiac surgery indicated that inflammatory responses after
IR was significant in the acute phase of reperfusion and were
markedly attenuated at 24 hours. They observed that the changes
in plasma levels of TNF-α after IR, indicated a time dependent
pattern which significantly increased after 3 and 6 hours after
operation and returned to the preoperation levels after 24 hours
(20). Furthermore, in vivo dog experiments have demonstrated
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a time-dependent myocardial dysfunction following intravenous
infusion of TNF-α (21).
Clinical applications
It is noteworthy that rPeC is not only an object of academic
interest, but has been applied in clinical trials in the heart operations. In a clinical trial, Li et al reported a reduction in myocardial injury over cardioplegia in adults undergoing selective valve
replacement (22). Recently, Hougaard et al showed the feasibility
of rPeC in acute stroke patients (23).
Conclusion
In the present study, remote perconditioning exerted protective effects on acute kidney injury-induced hepatic damages as a
remote organ. In this regard, remote perconditioning may offer a
novel noninvasive and cost-free treatment strategy for decreasing
the incidence of liver injury in patients undergoing renal transplantation or other clinical situations in which renal ischemia reperfusion is inevitable. This protection may be a consequence of the
reduction in oxidative stress in the liver.
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