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Abstract. Liver ischemia/reperfusion (IR) injury is a complex phenomenon that may cause local as 
well as remote organ injuries. Reactive oxygen species (ROS) along with many pro- and anti- inflam-
matory cytokines are implicated in the development of organ injury. The renal functional, histological,
oxidative stress and inflammatory indices were studied during a short and a longer period of liver
IR. Rats were subjected to either sham operation or 90 min partial liver ischemia followed by 4 or 
24 h of reperfusion. Serum ALT, AST, ALK and LDH levels, BUN and creatinine, renal MDA level, 
SOD and catalase activities were evaluated as well as serum IL-6 and IL-10 concentrations along with 
renal histological evaluation. Ninety minutes liver ischemia /4 h reperfusion caused an increase in 
BUN and renal MDA levels and a decrease in SOD and catalase activities. It also caused an increase 
in serum IL-6 and IL-10 levels. 24 h liver reperfusion resulted in a reduction in BUN levels and lower 
oxidative damages demonstrated by a decrease in renal MDA levels and an increase in renal SOD 
and catalase activities comparing to 4 h reperfusion group. Evaluations indicated improvement in 
histology such as less cytoplasmic vacuolation and lower tubular debris. Serum inflammatory indices
(IL-6 and IL-10 levels) were also reduced. This study showed that liver IR damage causes renal injury
including functional, inflammatory and oxidative status changes. The remote kidney damage was
then improved by continuing reperfusion from 4 to 24 h.
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Introduction

Liver ischemia/reperfusion (IR) is a complication of liver 
surgery, especially during liver transplantation which re-
sults in inflammation and organ dysfunction (Fondevila 

et al. 2003). In addition, recent studies indicate that IR-
induced acute liver failure (ALF) causes injuries of distant 
organs such as heart and lungs by systematic inflammatory 
responses (Weinbroum et al. 1997). However, the effects 
of acute liver injury on the induction of kidney injury 
have so far not been adequately addressed. In clinical 
settings, if acute kidney injury (AKI) concomitantly 
occurs in patients with ALF, mortality will significantly 
increase (Davis et al. 2002; Betrosian et al. 2007). In ex-
perimental studies, Behrends et al. in 2007 showed that 
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severe hepatic ischemia results in a moderate impair-
ment of renal function in rats but does not trigger an 
inflammatory response in the kidney and does not result 
in morphological damage of the kidney (Behrends et al. 
2008). However, Lee et al. (2009) showed that AKI rapidly 
and reproducibly develops in mice after hepatic IR and 
is characterized by renal tubular necrosis, inflammatory 
changes and interstitial capillary endothelial apoptosis. 
Since multiple organ failure continues to be a major 
cause of death in the surgical intensive care unit, there is 
a need to explore the extent of renal damage as a result 
of the liver injury. Researchers believe that remote organ 
injuries are largely a consequence of the endogenously 
produced mediators rather than the exogenous factors 
and toxins (Weinbroum et al. 1999). Thus, studies of the 
injury to individual organs during distant organ injuries 
are highly desired. Therefore, in the present study, the 
effects of induction of 90 min partial hepatic ischemia 
on the renal functional, histological, oxidative stress and 
inflammatory indices were studied during a short and 
a longer period of reperfusion.

Materials and Methods 

Animals

Male Albino rats (250–300 g) were housed in standard 
conditions (12 h light/day cycle with 20–22°C temperature 
and 40–50% humidity) and had free access to commercial 
chow and water. All procedures described here had prior 
approval from the University Animal Ethics Committee and 
are in accordance with the Helsinki Declaration, as revised 
in Edinburgh 2000.

Surgical protocol

Four groups of rats (n = 8) were included in this study and 
randomly assigned into one of the experimental groups: 
1) 90 min liver ischemia and 4 h reperfusion (IR 4h); 2) 
Sham-operated rat for group one; 3) 90 min liver ischemia 
and 24 h reperfusion (IR 24h); and 4) Sham-operated rat for 
group three.

Rats were placed on a warming pad and were anaes-
thetized by intraperitoneal injection of sodium pentobar-
bital (75 mg/kg followed by 6 mg/kg per h intravenously, 
Sigma-Aldrich, Steinheim, Germany). A tracheotomy was 
performed to facilitate free breathing. After tracheotomy,
the tail vein was cannulated (using Venflon 22GA, 0.98IN,
ID 0.8 mm, Helsingborg, Sweden) and 0.9% normal saline 
was infused to maintain euvolemia. The right femoral artery
was cannulated (Vasculon 25GA, 0.75IN, ID 0.6 mm) and 
connected to a pressure transducer (MLT 0380, ADInstru-

ments, Castle Hill, Australia) for mean arterial pressure 
and heart rate monitoring, which were recorded using 
a PowerLab/4sp data acquisition system (Software Chart,
version 5.0.1, ADInstruments).

Body temperature was maintained at 37 ± 1°C. A mid-
line laparatomy was performed and the liver artery and 
portal vein was carefully separated from the around tissue. 
To induce partial ischemia, portal vein and liver artery 
perfusing left and median lobes of the liver were occluded 
by a non-traumatic micro-vascular clip (Biemerclip, 
Aesculap, Germany). Sham operated animals underwent 
identical surgical treatment, including isolation of liver 
artery. However, artery occlusion was not performed. 
After completion of the surgery, rats were allowed to 
stabilize for 30 min.

Ninety minutes of liver ischemia was induced and rats 
were euthanized 4 or 24 h after surgery. Blood samples were
collected and centrifuged at 4000 × g for 10 min at 4°C, and 
serum was collected for chemical analysis. Kidney tissues 
were fixed in formalin (10% phosphate-buffered, pH = 7.4)
for histological evaluations. Remainders of renal tissues were 
partly washed in cold phosphate-buffered saline and partly
snap-frozen in liquid nitrogen. The samples were stored at
–70°C until further study.

Biochemical assay

Blood urea nitrogen (BUN) and creatinine (Cr) were used 
as renal functional indices. Blood concentrations of LDH 
(lactate dehydrogenase), AST (aspartate amino-transferase), 
ALT (alanine amino-transferase) and ALK (alkaline phos-
phatase), were determined by commercially available kits to 
confirm liver IR-induced injury.

Measurement of renal oxidative stress markers

The tissue MDA (malondialdehyde) level was determined
by method of Esterbauer and Cheeseman (Esterbauer and 
Cheeseman 1990) based on its reaction with thiobarbituric 
acid at 90–100°C and measurement of the absorbance at 
532 nm. MDA reacts with thiobarbituric acid (TBA) and 
produces a pink pigment which has a maximum absorp-
tion at 532 nm. The value of each sample was obtained
from the standard curve and was expressed as nmol/g 
tissue. SOD (superoxide dismutase) activity was measured 
according to Paoletti et al. method (Paoletti and Mocali 
1990). In this assay, superoxide anion is generated from 
molecular oxygen in the presence of EDTA, manganese 
(II) chloride, and mercaptoethanol. Nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidation is linked 
to the availability of superoxide anions in the medium. 
Catalase activity was measured in renal homogenate frac-
tions by spectrophotometric analysis (at 240 nm) of the 
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rate of hydrogen peroxide decomposition according to the 
method of Aebi (1984).

Determination of cytokine concentrations

Cytokines concentrations, including IL-6 and IL-10, were 
measured in serum using enzyme-linked immunosorbent 
assay (ELISA) method (rat IL-10 and IL-6; ELISA kit, Dia-
clone A tepnel Company, Besankon, France).

Histological analysis

After formalin fixation (10% phosphate-buffered) and de-
hydration, paraffin-embedded renal sections (4 µm) were
stained by hematoxylin and eosin. Tubules were evaluated 
for the presence of degenerative changes (vacuolization), 
tubular dilatation, luminal debris and cast formation, and 
loss of brush borders from proximal tubules.

Statistical analysis

The results are given as mean ± SEM. Statistical analysis
was performed by analysis of variance using a post-hoc 
Tukey test. The null hypothesis was rejected at the 0.05 level
of significance. SPSS 11.0 software (Chicago, IL, USA) was
used for data analysis.

Results

Liver functional changes

Liver ischemia for 90 min followed by 4 h reperfusion resulted 
in significant changes in liver functional indices, as was demon-
strated by significant increase in serum concentrations of ALT,
AST and LDH compared to sham-operated rats (Fig. 1). By 
24 h of reperfusion the concentrations were decreased (group 
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Figure 1. Changes in serum ALT (A), AST (B), LDH (C) and ALK (D) following 4 or 24 h of reperfusion in liver IR (ischemia-reper-
fusion) group, comparing to the sham group. Results are the mean ± S.E.M. * p < 0.05 compared with sham group, # p < 0.05 compared 
with IR 24h group; (n = 8).1Figure
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IR 24h) significantly compared to 4 h reperfusion (IR 4h) group
(Fig. 1A, B and C). ALK activity was higher in IR 4h group com-
paring to other groups, but this was not significant (Fig. 1D).

Renal functional changes

Liver ischemia for 90 min followed by 4 h reperfusion re-
sulted in a significant rise in concentration of BUN compared
to sham-operated rats (Fig. 2). By 24 h of reperfusion (group 
IR 24h) the concentrations were decreased significantly
compared to IR 4h group (Fig. 2A). There were no significant
changes in serum creatinine between groups (Fig. 2B).

Renal oxidative status changes

Liver ischemia for 90 min followed by 4 h reperfusion re-
sulted in significant changes in renal oxidative stress markers
including tissue MDA levels (Fig. 3A), SOD (Fig. 3B) and 
catalase activities (Fig. 3C) compared to sham-operated rats. 
By 24 h of reperfusion MDA level was decreased significantly
but was still significantly different from sham-operated lev-
els. The SOD and catalase activities significantly increased by
24 h reperfusion and reached to the sham-operated rats. 

Serum inflammatory cytokine changes

Liver ischemia for 90 min followed by 4 h reperfusion resulted 
in significant changes in serum IL-6 (Fig. 4A) and IL-10 (Fig.
4B) compared to sham-operated rats. By 24 h of reperfusion 
(group IR 24h) the concentrations were decreased significantly
compared to IR 4h group (Figs. 4A and B).

Histological evaluations

As it is shown in Fig. 5, there is no detectable change by light 
microscopy in the kidney of sham group (Fig. 5A). Cells are 

healthy, nuclei are normal, the brush borders are intact and 
tubular lumens are open. In group IR 4h (Fig. 5B), there is sig-
nificant alteration in the kidney histology, including formation
of luminal debris, flattening of tubular cells, cellular vacuoliza-
tion, irregularities in cytoplasm and nuclei of epithelial cells and 
loss of brush borders. In IR 24h group (Fig. 5C), there is less 
structural damage comparing to IR 4h group. This was demon-
strated by less cytoplasmic vacuolation, lower tubular debris in 
a way that most of the tubules are open. As a conclusion of his-
tological evaluations, although ischemia and 4 h reperfusion 
resulted in significant morphological damage, but in a longer
reperfusion time, improvement in histology is seen.

Discussion

Reperfusion injury induces a systematic inflammatory re-
sponse which results in the burst formation of ROS (reactive 
oxygen species) (Kadkhodaee et al. 1996). This augments
local tissue damage or may affect organs remote from the
site of IR (Serteser et al. 2002). In recent years there have 
been many efforts on revealing the mechanisms involved in
remote organ injury. There is a crosstalk between the kidney
and the liver (Li et al. 2009) and the severity of liver injury 
and hepatocyte death has been associated with the severity 
of kidney injury. In 2009, we showed that renal IR induces 
changes in liver histology, function and inflammatory status,
which led to a reduction in hepatic antioxidant capacity 
(Kadkhodaee et al. 2009). This was confirmed by another
study demonstrating that either acute kidney ischemia or 
renal failure as a result of total nephrectomy activates oxida-
tive stress and promotes inflammation, apoptosis, and tissue
damage in hepatocytes (Golab et al. 2009).

Hepatic IR-induced liver injury is a very common clinical 
phenomenon and usually leads to remote damage to other 
organs including heart and lungs (Wanner et al. 1996; Tanaka 
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Figure 2. Changes in blood urea nitrogen (BUN, A) and serum ceatinine (B) following 4 or 24 h of reperfusion in liver IR (ischemia-
reperfusion) group, comparing to the sham group. Results are the mean ± S.E.M. * p < 0.05 compared with sham group; (n = 8). 
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et al. 2007). Renal injury associated with liver disease is 
also an extensively encountered clinical problem of varied 
etiology and high mortality (Sural et al. 2000). However, the 
pathogenesis of AKI associated with liver disease is poorly 
understood, largely because of the low number of relevant 
experimental studies. Even in these few available data, 
discrepant results are evident which may be related to the 
different models used. These include different animal species,

partial or total liver ischemia, 45 to 90 min ischemia and dif-
ferent reperfusion periods which were used or applied.

There are several reports indicating that hepatic IR alone
does not cause significant renal damage. Behrends et al.
(2008) demonstrated that acute hepatic injury results in 
only transiently impaired renal function but does not trigger 
an inflammatory response of the kidney itself and does not
cause subsequent kidney morphological damage. The study

4Figure

*,#

0

50

100

150

200

sham 4h IR 4h sham 24h IR 24h

IL
-6

 (p
g/

m
l)

*,#

0

50

100

150

sham 4h IR 4h sham 24h IR 24h

IL
-1

0 
(p

g/
m

l)

A B

Figure 4. Serum IL-6 (A) and IL-10 (B) in experimental groups following 4 or 24 h of reperfusion in liver IR (ischemia-reperfusion) 
group, comparing to the sham group. Results are the mean ± S.E.M. * p < 0.05 compared with sham group, # p < 0.05 compared with 
IR 24h group; (n = 8). 

3Figure

*

*,#

0

10

20

30

40

sham 4h IR 4h sham 24h IR 24h

R
en

al
 M

D
A

 le
ve

ls
 

(n
m

ol
/g

 ti
ss

ue
)

*,#

0

5

10

15

20

sham 4h IR 4h sham 24h IR 24h

R
en

al
 S

O
D

 a
ct

iv
ity

 
(U

/g
 ti

ss
ue

)
*,#

0

20

40

60

80

100

sham 4h IR 4h sham 24h IR 24h

R
en

al
 c

at
al

as
e 

ac
tiv

ity
 

(K
/g

 ti
ss

ue
)

A B

C

Figure 3. Changes in renal tissue MDA levels (A), SOD (B) and 
catalase activities (C) following 4 or 24 h of reperfusion in liver IR 
(ischemia-reperfusion) group, comparing to the sham group. Re-
sults are the mean ± S.E.M. * p < 0.05 compared with sham group, 
# p < 0.05 compared with IR 24h group; (n = 8).
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of Polat et al. (2006) on rats showed no or little morphologi-
cal damage of the kidney subjected to 45 min total hepatic 
ischemia followed by 1 hour of reperfusion. On the other 
hand, Lee et al. (2009) showed that mice subjected to 60 
min partial liver ischemia develop severe AKI in less than 
24 h. During reperfusion following 60 min of liver ischemia, 
numerous changes were found including biochemical and 
renal morphological injury as well as increase in endotoxin, 
lipid peroxide, and lysosomal enzymes in the blood (Kudo 
et al. 1993). 

Remote organ injuries are largely consequences of the 
endogenously produced mediators rather than the exog-
enous factors and toxins (Weinbroum et al. 1999). Inhibition 
of inducible nitric oxide synthase has shown to be protective 
in amelioration of lung injury after gut ischemia-reperfusion
(Uchida et al. 2007). Inflammatory changes in the kidney
after hepatic IR may include neutrophil infiltration of the

interstitium and upregulation of several proinflammatory
mRNAs such as tumor necrosis factor-alpha, keratinocyte-
derived cytokine, monocyte chemotactic protein-1, macro-
phage inflammatory protein-2 and intercellular adhesion
molecule-1 (Lee et al. 2009). Park et al. (2009) showed that 
over expression of human heat shock protein 27 protects 
against hepatic injury and AKI associated with liver IR in 
vivo.

Intra-renal vasoconstriction as a result of circulatory 
damaging mediators is discussed as the initiating event 
to induce secondary renal dysfunction in the setting 
of hepatic failure (hepatorenal syndrome, HRS). HRS is 
an important mechanism of end-organ dysfunction in 
kidney-liver crosstalk, where dysregulation of vasoactive 
mediators leads to acute kidney injury. However, the 
severity of the kidney damage depends on the amount 
of liver injury and there is always the possibility that high 
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Figure 5. Histological evaluation of the renal tissues in different
groups. In sham group (A), there is no detectable change by light 
microscopy. In IR 4h reperfusion group (B), there is significant
alterations in the kidney histology, including formation of luminal 
debris, cellular vacuolization and loss of brush borders. In IR 24h 
group (C), there is less structural damage comparing to IR 4h group. 
Magnification ×400; Hematoxylin and Eosin staining.
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intensity of the liver injury induce the irreversible changes 
in the kidneys. 

In the present study, partial ischemia of liver for 90 min 
followed by 4 h reperfusion caused a significant reduction in
hepatic function demonstrated by plasma increase in liver 
enzyme activities. However, the liver injury reduced by the 
increase in reperfusion time (Yabe et al. 2001; Tanaka et al. 
2006), but had still significant differences in comparison
with control group which indicates severe and persistent 
liver tissue injury as a result of direct IR of this organ (Zhang 
et al. 2007). Renal function was also reduced, demonstrated 
by an increase in BUN and accompanied by renal oxidative 
stress which was demonstrated by an increase in renal MDA 
level and a decrease in antioxidants concentrations (SOD 
and catalase activities) and an increase in inflammatory cy-
tokines. Histological changes showed renal tubular injuries 
which may be the effects of oxidative or inflammatory factors
released/stimulated during liver ischemia. These findings
are in agreement with the Mutlu et al. (2002) study in which 
intestinal ischemia-reperfusion led to renal dysfunction and 
ROS were introduced as the main causative factors of injury. 
They demonstrated the reversibility of the renal changes
after 24 h in which MDA and BUN had returned to normal
levels. In the present study, 24 h after ischemia there were
alleviation of renal functional and histological damages and 
reduction in oxidative and inflammatory changes comparing
to 4 h reperfusion group. These improvements suggest that if
there are moderated levels of remote changes to the kidney, 
physiological systems may modulate the injuries by time.

Another important point in the crosstalk between 
kidneys and liver is that kidneys seem to be more tolerant 
to remote injury comparing to liver, since lower periods 
of renal ischemia (30–60 min) are known to significantly
affect the liver, but longer periods (60–75 min) of liver
ischemia are not. This may be due to the higher degree
of sensitivity of liver to remote oxidative stress (Behrends 
et al. 2008) or the fact that kidney acts as a more potent 
trigger of remote injury. Histological changes we observed 
in liver of rats subjected to 45 min of renal IR were more 
severe (Golab et al. 2009) than the effects of 90 min
of liver IR on kidney structure as it was demonstrated in 
the present study. 

In recent years, remote ischemic conditionings are in-
troduced as noninvasive and applicable methods against IR 
injuries. In a recent study, we demonstrated the protective 
effects of remote per- and post-conditioning on IR-induced
renal damage (Kadkhodaee et al. 2011). Nitric oxide may 
also be an essential mediator of the protection afforded by
remote ischemic preconditioning against IR injury. The
mechanisms underlying this protection involve preserva-
tion of the tissue structure and maintenance of blood flow
through the organ microcirculation (Abu-Amara et al. 
2011).

It should also be noted that, in the experimental stud-
ies on remote organ injury, the extra-organ is normal at 
the onset of local organ IR injury. However, this is almost 
clinically irrelevant, since in most situations in patients we 
encounter to the dysfunction or failure of two or more organs 
namely multi-organ failure. This must be considered when
the results of experimental studies are interpreted for use 
in clinical settings.

Conclusion

This study showed that liver IR damage cause renal injury in-
cluding functional, inflammatory and oxidative status changes.
The remote kidney damage was then improved by continuing
reperfusion from 4 to 24 h. However, the phenomenon of re-
mote organ injury has to be kept in mind when performing 
a liver surgery and care should be taken to protect other organs 
remote from the site of IR. Future studies are needed to build 
on these observations in order to develop strategies to improve 
outcomes in the patients with multi-organ dysfunctions.
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