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Abstract

Background: Renal ischemiareperfusion injury isacom-
mon consequence of many clinical conditions including renal
transplantation, sepsis, trauma, and shock and usually leads
to acute kidney injury. Its adverse effects extend to other
organsincluding the liver leading to remote organ injury.
Erythropoietin and ischemic conditioning have an anti-
inflammatory, anti-oxidant and anti-apoptotic effects and were
reported to have a protective effect against ischemia reperfusion
injury in different organs.

Aim of the Sudy: To evaluate the possible protective
effect of erythropoietin and ischemic conditioning on the liver
following renal ischemia reperfusion injury and to declare
some of the possible mechanismsinvolved.

Material and Methods: This study was conducted on 66
adult male albino rats divided into 6 equal groups: Group I:
Sham group; Group Il: Renal ischemia reperfusion group
(I/R); Group I11: Erythropoietin pre-treatment renal ischemia
reperfusion group (EPO pre-1/R); Group 1V: Erythropoietin
post-treatment renal ischemia reperfusion group (EPO post-
I/R); Group V: Ischemic pre-conditioning-renal ischemia
reperfusion group (1PC) and Group V1: Ischemic post-
conditioning-renal ischemia reperfusion group (IPOC).

Results: Group |1 showed significant increase in serum
creatinine, blood urea, blood urea nitrogen, AST and ALT
levels with significant increase in renal and hepatic injury
score indicating renal and hepatic injury following renal
ischemiareperfusion. In the same group, a significant increase
in serum IL6, TNFa, MDA and a significant decrease in serum
SOD were found. Both group 111 and 1V revealed a significant
decrease in serum creatinine, blood urea, blood urea nitrogen,
AST, ALT, rena and hepatic injury score. Levelsof L6,
TNFa, and MDA significantly decrease and SOD significantly
increased in both groups relative to group |1 and these changes
were significantly higher in group Il relative to group IV.
Ingroup V and VI, asignificant decrease in serum creatinine,
blood urea, blood urea nitrogen and renal injury score was
found in both groups, while serum AST, ALT and hepatic
injury score were significantly decreased in group V1 but
remained insignificantly changed in group V versus group I1.
Serum IL6 and TNFa significantly decreased in both groups,
while MDA significantly decreased and SOD significantly
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increased in group VI only and no significant change was
noticed in group V versus group 1.

Conclusion: Erythropoietin pre and post treatment signif-
icantly improved renal and hepatic function and morphology
following renal ischemia reperfusion injury with better results
for erythropoietin pre-treatment. | schemic post-conditioning
induced significant decreasein renal and hepatic injury, while
ischemic pre-conditioning provided renal protective effect
which didn't extend to involve the liver.
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Introduction

ISCHEMIA reperfusion (I/R) injury is caused by
limitation of blood flow to an organ followed by
reestablishment of blood flow and re-oxygenation.
It is evidenced now that the restoration of blood
flow which occurs after an ischemic attack in an
organ produces more injury to the tissues than that
produced by ischemiaitself [1]. Renal I/R injury
is the most common cause of acute kidney injury
(AKI). It isaserious clinical challenge that occurs
in many clinical cases as renal transplantation,
trauma, sepsis and shock [2,3] and induces renal
dysfunction with high morbidity and mortality
rates [4,5]. The pathogenic mechanisms underlying
renal I/R injury are complex that include release
of reactive oxygen species (ROS), necrosis, cell

apoptosis, inflammation and cytokines release, but
the exact mechanisms are unclear [5].

Further studies showed that harmful effects of
renal I/R are not limited to the kidney, but extend
to other organsincluding liver [g], lung [7], brain
(8], heart [9] and gut [10] leading to what is called
remote organ injury (ROI), in aprocess of organ
crosstalk by which AKI can lead to multiple organ
dysfunction or even failure [10,11] .

Liver is one of the remote organs commonly
affected during rena I/R injury. However, limited
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clinical data are found on the effect of AKI on

liver function. Liver dysfunction and AKI com-

monly coexists together, particularly in the intensive
care unit with higher mortality rate [10] . Liver is
very important for metabolic function in criticaly

ill patients including drug metabolism. So, liver
injury along with renal injury further complicates
the efficacy of treatment in intensive care unit [12].
Humoral and/or cellular factors are thought to be
the cause of hepatic injury secondary to I/R. Pre-

vious studies have shown that acute kidney injury
causes an increase in leukocytic infiltration and

induces oxidative stress in the liver resulting in

hepatic dysfunction [6,13,14] .

Erythropoietin (EPO) is a hypoxia-induced
Hormone that promotes erythropoiesis. | ndependent
of itsrolein regulation of erythropoiesis, EPO has
anti-oxidative, anti-apoptotic and pro-angiogenic
effects [15-17] . The presence of EPO receptorsin
renal tubular and mesangial cellsindicates a crucial
role for EPO in rena function. Furthermore, in
vivo animal studies of kidney injury, EPO amelio-
rated the changesin renal function and histology
fundamentally via its anti-apoptotic effects [19].
EPO has been shown to protect different organs
including brain, heart, and kidney against I/R injury
[19].

Gul and histeam [20] demonstrated that, sys-
temic administration of high-dose erythropoietin
promotes regeneration of hepatic tissue by affecting
biochemical and histopathological parameters after
liver resection. Moreover, Schmeding et a., [21]
reported an increase of regenerative capacity in
EPO treated rats after major hepatectomy. In an-
other study, erythropoietin was reported to reduce
hepatic ischemia-reperfusion injury after liver
transplantation in rats [22] . These data indicate the
possibility of a protective role for erythropoietin
in attenuation of hepatic damage after renal
ischemia reperfusion injury.

One of the currently most effective therapies
to counteract the damage induced by ischemia
reperfusion injury is the ischemic conditioning
techniques [23-25] . The conditioning stimulus can
be applied before (ischemic preconditioning) or
after (ischemic post-conditioning) the major
ischemic event. Ischemic conditioning is associated
with tissue protection not only in normal physiol-
ogy, but in both animal models and in humans with
ischemia reperfusion syndromes [26,27] .

Several studies have shown the beneficial effects
of pharmacological and ischemic pre and post-
conditioning in different ischemia reperfusion

models [28]. However, the post-conditioning excels
for its greatest clinical applicability compared to
pre-conditioning as the ischemic insult is difficult
to be predicted [29,30] . Besides, the direct protective
effect of different methods of pharmacological or

ischemic conditioning on the kidney or the liver
themselves was frequently investigated [31]. How-
ever few studies evaluated the protective effect of
these methods on the liver as aremote organ injured
following renal ischemia reperfusion injury. So,

this study was designed to evaluate the possible
protective effect of erythropoietin (EPO) (pre and

post-treatment) and ischemic (pre and post condi-

tioning) on hepatic injury induced by renal ischemia
reperfusion injury and demonstrate the effect of

these interventions on some markers of tissue
inflammation, oxidative stress, renal and hepatic
function and histopathol ogy

Material and M ethods

Animals. From October 2016 to July 2017, this
study was conducted on 66 healthy adult male
abino rats, 12-15 weeks old weighing 230-280g,
obtained from animal house of Zagazig University.
The rats were placed in steel wire cages (50x30
x20cm), 4 rats per cage. They were housed at
standard conditions (25-30°C, natural dark/light
cycle), and received food and water ad libitum.
The animals were |eft to acclimatize for one week,
and then the animals were divided into 6 equal
groups.

Group I: Sham group, in which rats were sub-
jected to sham operation (Iaparotomy without
occlusion of renal pedicles).

Group II: Renal ischemiareperfusion group
(I/R), in which rats were subjected to bilateral
renal ischemia reperfusion protocol where bilateral
renal ischemia was done by occlusion of the rena
pedicles of both kidneys for 45min followed by
reperfusion for 12hs [12].

Group I11: Erythropoietin-renal ischemia reper-
fusion pre-treatment group (EPO pre-I/R), in which
rats received single intra-peritoneal injection of
epoetin (1000 1U/kg) (SEDICO, Egypt) 30 min
prior to I/R protocol [g].

Group |V: Erythropoietin-renal ischemia reper-
fusion post-treatment group (EPO post-1/R), in
which rats received single intra-peritoneal injection
of epoetin (1000 IU/kg) 60min after 1/R protocol
[32].

Group V: Ischemic preconditioning group (1PC),
in this group renal ischemia reperfusion protocol
was immediately preceded by 4 cycles each con-
sisted of 10min of renal ischemiafollowed by 10
min of reperfusion [33].
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Group VI: Ischemic post conditioning group
(IPOC), in this group immediately after 45min of
renal ischemia, rats were accounted for 6 cycles
each consisted of 10s of renal reperfusion followed
by 10s of renal ischemia before final reperfusion
for 12hs [34].

Death rate among groups was ~10% and these
rats were replaced.

The experimental procedures used in this study
were in accordance with the guiding principles for
the care and use of research animals and were
approved by the Institutional Research Board of
Faculty of Medicine, Zagazig University.

Surgical procedure: Rats were anesthetized
with i.p injection of pentobarbital (45mg/kg) then
heparin (500 units) (Nile Co, Egypt) was given by
i.p injection to prevent intravascular blood clotting
[35]. After stabilization of anaesthesia, the rats were
placed on aboard in the supine position over an
electric heated pad and body temperature was
monitored with arectal probe and maintained at
37°C then, amidline laparotomy incision was made,
and the renal pedicles were identified and isolated
carefully. In the ischemic groups, a non-traumatic
vascular clamp was placed around both right and
left renal pediclesfor 45min, followed by 12hs of
reperfusion. Successful ischemiawas judged by
change in tissue colour from bright red to dark
blue, after clamp removal, kidneys were observed
for restoration of blood flow by regaining their
original colour. Sham-operated animals underwent
identical surgical procedure, including isolation
of both renal arteries but without occlusion of renal
pedicles [12].

Measurement of Blood Pressure (MAP): After
an overnight fasting, urethane (1200mg/kg) was
used to anesthetize therat [36]. After shaving the
skin on the ventral side of the neck, chest and right
hind leg, small incision was made in the rat neck
for tracheostomy and cannulation of carotid artery
[37] . For cannulation of carotid artery, a cannula
pre-filled with heparinized normal saline (0.5
IU/ml) was used. A three-way stopcock connected
to a pressure transducer was connected to the other
end of the cannula. After calibration using a sphyg-
mo-manometer, the animal was connected to the
Power Lab for BP recording. The procedure was
left for 10-20min to stabilize during which the rat
was continuously monitored for any bleeding [37].

Blood sampling: At the end of 12hs reperfusion
phase, arterial blood pressure was measured then
animals were sacrificed by decapitation and blood
samples (5-8ml/rat) were obtained. Blood was
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allowed to clot at room temperature then centri-
fuged at 3000rpm for 15min and serum was stored
at —20°C till biochemical assay.

Biochemical Analysis:

Serum creatinine level: was calorimetrically
measured according to Murray et al., [38] using
(Spinreact, S.A.U. ctra. Santa Coloma, 7e-17176
Santest eve de bas (gi), Spain).

Serum urea level: Was calorimetrically meas-
ured according to Kaplan [39] using (Spinreact,
S.A.U. ctra. Santa Coloma, 7e-17176 Sant esteve
de bas (gi), Spain).

Blood urea nitrogen (BUN): Was assessed by
enzymatic method according to Flavio & William
[40] (modified Berthelot reaction) (dp international;
Tuscaloosa: USA).

Serum aspartate aminotransferase (AST): Ac-
cording to Rec [41] by using rat AST enzyme-linked
immunosorbent assay kit, (Catalog Number: 2011-
11-0595, Shanghai Sunred biological technol ogy,
China).

Serum alanine aminotransferase (ALT): Ac-
cording to Rec [41] by using rat ALT enzyme-linked
Immunosorbent assay kit, (Catalog Number: 2011-
11-0595, Shanghai Sunred biological technology,
China).

Serum IL-6: Was measured by rat IL-6 ELISA
kits according to assay instructions (Sigma-Aldrich
Company Ltd, Egypt).

Serum TNF a: Using rat ELISA kits according
to Engelberts et a., [42] (Elabscience Biotechnology,
USA. Cat: EEL-H0109).

Serum superoxide dismutase (SOD): Using
superoxide dismutase (SOD) assay kits (Sigma-
Aldrich Company Ltd, Egypt. Cat: 19160)

Serum malondialdehyde (MDA): Using lipid
perioxidation (MDA) assay kits (Sigma-Aldrich
Company Ltd, Egypt. Cat: MAK085).

Histopathological examination: Kidneys and
liver were harvested and bisected longitudinally
into 3 equal sized dicesthen fixed in 10% formalin
solution. After automated dehydration kidney and
liver dices were embedded in paraffin, sectioned
by microtome at 5um and stained with hematoxylin-
eosin (HE) stain for blind histopathol ogical exam-
ination.

Histopathological scoring: The renal histopa-
thology was examined for the following parameters:
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Tubular cell degeneration, exfoliated cellsin the
lumen, intra-luminal casts, vascular congestion,
hydropic degeneration and inflammatory cell infil-
tration.

Hepatic histopathology was examined for the
following parameters. Dilated congested central
vein, cellular degenerative changes, cytoplasmic
vacuolization, leukocytic infiltration and cellular
Necrosis.

The samples were scored at 1-5 according to
the severity of tissue damage as follow: Scoring
0 with no changes, 1 with less than 20%, 2 with
20-40%, 3 with 40-60%, 4 with 60-80%, and 5
with more than 80% [43,44] .

Satistical analysis:

The datawere expressed as mean * SD. For
quantitative variables, one way ANOVA followed
by post hoc test with LCD was done to compare
means. p-values <0.05 were considered significant.
The statistical analysis was done by using SPSS
program (version 18 for windows) (SPSS Inc.
Chicago, IL, USA).

Results

Renal and hepatic function: Group |1 showed
asignificant increase in serum creatinine, blood
urea, BUN, AST and ALT compared to shame
group (p<0.001). These levels significantly de-
creased in group |11 and 1V (p<0.001 and p<0.01
respectively). Group V and V1 revealed significant
reduction of serum creatinine, blood urea and BUN
compared to group 11 (p<0.05 and p<0.01, respec-
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tively). Serum AST and AL T significantly decreased
in group VI (p<0.01) but no significant difference
was found in these levelsin group V relative to
group |1 (p>0.05) (Table 1).

Inflammatory markers: A significant increase
inIL-6 and TNFa was found in group |1 relative
to group | (p<0.001). Both levels decreased signif-
icantly ingroup 111, 1V, V and VI versus group ||
(p<0.001, p<0.01, p<0.01 and p<0.05 respectively)
(Table 1).

Oxidative stress markers: MDA levels signifi-
cantly increased in I/R group versus sham group
(p<0.001). MDA levels significantly decreased in
group I, 1V and VI compared to I/R group ( p<0.01,
p<0.01 and p<0.05 respectively). No significant
difference in MDA level was found in group V
versus group |1 (p>0.05) (Table 1).

On the other hand, SOD levels significantly
decreased in group 11 versus group | (p<0.001).
Group I11, IV and VI showed significantly higher
level of SOD relative to group Il (p<0.01). In group
V, SOD levels were not significantly different
versus group Il (p>0.05) (Table 1).

Mean arterial pressure (MAP): A significant
reduction in MAP was noticed in group |1 relative
to group | (p<0.05). EPO treatment in group 111
and 1V induced significant elevation of MAP rela-
tive to group Il (p<0.05) but no stetistically signif-
icant difference was found relative to group | (sham
group) (p>0.05). No significant differencein MAP
was recorded in group V and V1 relative to group
[l (p>0.05) (Table 1).

Table (1): Biochemical and biological parameters measured in all studied groups.

Ss;roaljjﬂpZters Groupl Group Il Group 111 Group IV Group V Group VI
Serum creatinine (mg/dl) 0.6£0.1 2.08+031*a  127+0.18*ab 16+008*abc  174+0.06*ab.c 157+022+abc
Blood urea (mg/d) 116£0.8  27.07+0.67*a 164+2.84*ab 23x163*ab.c  2357+164*abc 227+181*abe
BUN (mg/dl) 6.8£0.4 13.2+0.42*a  9.02+0.15*ab 11+094*abc  118+14rabc  109+0.89*ab'c
AST (IU/L) 76.6+39  2625+75%*2  1855+4.25¢ab 2455+485*a,b,c 253 217 7vaC  246.8+75%abc
ALT (IU/L) 16.8+0.8  72.7+1.48*a  51.37+6.79*ab 63.27+3.08*ab.c67.37+27vac  6335+3.8*abc
IL6 (pg/ml) 1224+7.6 2703+9.6*a  180.9+16.9*ab 242 4+95+ab.c 248 7+6.4*ab'c  242+grabc
TNFa (pg/ml) 0.651+0.08 1.03+0.13*@  0.692+0.14*b  0.79£0.11*b 0.83+005*ab  0.76+0.06*b
MDA (nmol/ml) 7.820.7 18.47+1.07*a 1597+0.97*ab 1657+0.92¢ab  1755+051*2  16.8+0.57+ab
SOD (1U/ml) 341.7¢36 236.7+11.32*a 262.8+10*ab 260.8+8.7+ab  232+54racd 264+ 14.4*abe
MAP (mmHg) 109.5+2.6 95.3t4.9*a 105.3x4.9*b  104.5+3.7*b 93.3+2.6*ac 93+2.2%ac

*: Significant (p<0.05). a: Versus(l). b: Versus (I1); c: Versus(lll). d: Versus (IV). e: Versus (V).
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Renal and hepatic Histopathology: I/R group
revealed a significant increase in both renal and
hepatic injury score (Fig. 1b,2b) relative to sham
group (Fig. 1a,2a) (p<0.001) (Table 2). Group 11,
IV, V and VI showed significant reduction in renal
injury score (Fig. 1 c-f) (p<0.001, p<0.01, p<0.05
and p<0.01 respectively). Asregard hepatic injury
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score, group 111, IV and VI showed significant
reduction in hepatic injury score (Fig. 2c,d,f)
(p<0.01, p<0.05 and p<0.01 respectively) relative
to I/R group (Table 2), whilein group V (IPC), no
significant improvement was detected in hepatic
injury score relativeto I/R group (Fig. 2€) (p>0.05)
(Table 2).

Table (2): Renal and hepatic histopathological score in all studied groups.

Groups Parameters Group | Group 11 Group 111 Group IV Group V Group VI
Renal 0 4+0.82* a 1.25+0.96* &b 1.75+0.96* &b 25+1.3+ab 15+0.58* ab
Hepatic 0 3+0.8*a 0.75+0.12* &b 1.5+0.58+ @b 2.75+0.96* ac 1x0.82+abe

*: Significant (p<0.05). a: Versus(l). b: Versus (I1); c: Versus(lll). d: Versus (1V). e: Versus (V).

(A) (B)

(D) (E)

(©)

(F)

Fig. (1): Photomicroscopic pictures of kidney tissue stained with Haematoxylin & Eosin and viewed under high power magnification x400.
(1a): Sham group, showing normal sized renal glomeruli and tubules lined by cuboidal epithelial cells with well-defined cell membrane and
central nuclel; (1b): I/R group, ischemic renal tissue showing renal tubules with sloughed epithelial lining (black arrow) and numerous eosinophilic
casts in the lumen (red arrow); (1 c-f): (EPO pre-1/R group, EPO post-1/R group, |PC and IPOC respectively) showing return of normal architecture
of renal glomerular and tubular endothelial cells with mild hydropic degeneration of the renal tubular epithelial cells (yellow arrow).

(A) (B)

(D) (E)

(€)

(F)

Fig. (2): Photomicroscopic pictures of hepatic tissue stained with Haematoxylin & Eosin and viewed under high power magnification x400.
(2a): Sham group, showing normal sized central vein surrounded by rows and cords of polyhedral hepatocytes with central nuclel and abundant
cytoplasm; (2b): I/R group, showing dilated congested central vein surrounded by atrophic hepatocytes (black arrow) and aggregates of
inflammatory cells (red arrow); (2c, 2d, 2f): (EPO pre-I/R group, EPO post-1/R group and 1POC respectively) showing normal hepatic outline
with average hepatocytes but still mildly dilated central vein (yellow arrow); (2e): IPC group showing atrophic hepatocytes (black arrow)

separated by heavy aggregates of inflammatory cells (red arrow).
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Discussion

After exposure of an organ to ischemic insult,
restoration of blood flow is the only way to stop
the ischemic cascade. However, reperfusion may
result in reactive oxygen species formation and
increase in inflammatory reaction which can induce
tissue damage greater than ischemiaitself [28,45].
Renal ischemiareperfusion injury (I/R) isacom-
mon result of clinical procedures such as renal
resection, transplantation, trauma, sepsis and shock
[23] . It isthe most common cause of acute kidney
injury (AKI) [4,5 . Remote organ injury after renal
ischemia reperfusion affects many organsincluding
lung, heart, brain, liver and gut not only by releasing
injurious mediators and development of systemic
inflammation but a so by accumulation of numerous
plasma factors normally cleared by the kidney and
establishing systemic uremiawhich complicate the
situation up to multi-organ failure [46,47].

The results of thiswork revealed that, ischemia
reperfusion injury induced marked deterioration
of renal function indicated by significant elevation
of serum creatinine, blood ureaand BUN in I/R
group relative to shame group. Serum levels of
AST and ALT were significantly elevated in I/R
group indicating hepatic tissue injury. Renal and
hepatic histopathological scorein I/R group is
significantly higher than sham group. Renal tissue
morphological changes revealed severe acute tu-
bular damage indicated by the presence of sloughed
epithelial cells, intraluminal eosinophilic protein-
aceous casts, hydropic degeneration and inflam-
matory cell infiltration, while hepatic tissue mor-
phological changes included dilated congested
central veins surrounded by atrophic hepatocytes
with aggregates of inflammatory cells around bile
ducts and mild fatty changes of some hepatocytes.

Hepatic injury after renal I/R injury was report-
ed by numerous investigators [6,48] . In addition,
Golab and histeam [12] detected hepatic tissue
damage and elevated AST, ALT, lactate dehydro-
genase, and bilirubin levels after both renal I/R
and bilateral nephrectomy. Besides, many studies
from intensive care unit reported an association
between AKI and elevated markers of liver cell
damage with high mortality rates [49,50] .

The mechanisms involved in this kidney-liver
cross-talk include several inflammatory and apop-
totic pathways. Both renal I/R and bilateral ne-
phrectomy were reported to induce uncontrolled
expression of interleukin-17A in the liver and small
intestines [48] . IL-17A is a pro-inflammatory cy-
tokine that causes neutrophil recruitment, activation

of T cells and induces expression of other cytokines
and chemokinesincluding TNF-a and IL-6 in liver
tissue [51-53]. TNFa, IL-17A, and IL-6 knockout
mice and wild-type mice treated with antibodies
against these cytokines showed a decrease in he-
patic injury after renal ischemia [48] . These reports
arein line with our results which revealed asig-
nificant increasein IL6 and TNF a in I/R group.
Other mediators were also reported to be involved
in renal induced hepatic damage as IL-10, intrac-
ellular adhesion molecule-1, and monocyte chemo-
attractant protein [54] . In addition, after experimen-
tal AKI, anincreasein activated caspase-3 staining
in hepatocytes and increased TUNEL positivity in
the peri-portal region were reported indicating a
role for apoptosis in hepatic tissue injury [48,55] .

The results of the present study also revealed
a significant increase in malondia dehyde (MDA),
an index of lipid peroxidation which is amajor
source of oxidative stress, and a significant reduc-
tion in SOD in I/R group; these findings indicate
an increase in oxidative stress and a decrease in
antioxidants. Renal ischemia was previously re-
ported to induce hepatic oxidative stress associated
with decreased levels of superoxide dismutase,
catalase and total glutathione and increasesin
hepatic MDA [6,12] .

EPO treatment either before (group 111) or after
(group 1V) renal ischemiareperfusion provided a
significant improvement in renal function indicated
by a significant decrease in serum creatinine, blood
ureaand BUN relativeto I/R group. A significant
improvement of hepatic injury was also detected
as proved by a significant decreasein AST and
ALT levels. Histopathological examination of EPO
treated rats showed significant improvement of the
renal glomerular and tubular epithelial cell damage
versus I/R group. Liver tissue injury was also
improved significantly compared to I/R group with
return to normal hepatic architecture with mildly
dilated central vein. The results also revealed that,
EPO pre-treatment provided significantly better
results than EPO post-treatment. In group 111, EPO
was given before ischemia reperfusion takes place
and so, its protective effect started very early
through its anti-inflammatory, anti-oxidative, anti-
apoptotic and pro-angiogenic properties [15-17] but
in group IV, EPO was given after the insult of
ischemia reperfusion when renal and hepatic tissue
were already injured and it iswell identified that,
the early moments of ischemia reperfusion are
detrimental in the pathogenesis of post-ischemic
injury [56] , nevertheless, the protective effect of
EPO post-treatment group was still statistically
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significant. Thisisin line with previous reports
indicated that, the protective effect of EPO was
still apparent even when administration is delayed
up to 6h after the onset of injury [57] . Although
less effective, EPO post treatment has greater
clinical applicability than EPO pre-treatment be-
cause the ischemic insult is difficult to be predicted
[29].

EPO treated groups showed significant decrease
in L6, TNFa and MDA, while serum level of SOD
was significantly increased indicating an anti-
inflammatory and anti-oxidant effect of EPO treat-
ment. Several studies reported an anti-inflammatory
effect of EPO as EPO pre and post treatment sig-
nificantly decrease polymorphonuclear leukocyte
(PMN) infiltration and tissue myel operoxidase
(MPO) activity [ 58] . Others showed that EPO treat-
ment decreased pro-inflammatory cytokines, TNF a,
IL-6 and NF-Bic in renal I/R [15,59] . The antioxidant
effect of EPO was reported to be mediated by
inducing intracellular antioxidants as heme oxyge-
nase-1 and glutathione peroxidase. Other mecha-
nisms of the antioxidant effect of EPO involve
tyrosine kinase receptor activation and decrease
lipid peroxidation by increasing antioxidant en-
zymes as catalase and SOD [60,61] . An anti-
apoptotic effect of EPO was also reported by other
researches showing that EPO reduced proximal
tubular epithelial cell apoptosis and death by in-
creasing the expression of the anti-apoptotic protein,
Bcl-2 and heat shock protein-70 (HSP-70) in sham
operated and I/R animals [62,63] .

To our knowledge, the effect of EPO on hepatic
tissue after renal I/R injury was not investigated
before. However, the direct effect of EPO on hepatic
tissue regeneration was previously investigated
and showed that, systemic administration of high-
dose EPO increases hepatic tissue regeneration
after liver resection and improved liver function
and histopathology [20] . In addition, a reduction
of hepatic apoptosis and necrosis was reported in
EPO-treated graft livers [21,22] which might indicate
apossible role for EPO in protection of the liver
following renal I/R injury.

It worth mentioning that, MAP was significantly
decreased in I/R group relative to sham group. The
same results were found for |PC and 1POC groups.
In EPO treated groups, MAP was significantly
increased back to normal levels of sham group.
EPO treatment was previously described to affect
arterial blood pressure inducing hypertension in
20-30% of renal patients [64,65] . However this
increase was reported in chronic EPO administra-
tion and was related to increase in haematocrit
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value, blood viscosity and improved vascular re-
activity due to correction of anaemia [66,67] . All
these factors require long term EPO treatment,

whilein our study single dose of EPO was given
s0, other mechanisms could be involved. Acute
EPO administration was reported to be associated
with an increase in endothelin-1 (ET-1) level in

renal I/Rinjury [68] . EPO was found to stimulate
ET-1 release in cultured endothelial cells [69] and
in isolated hind legs of rats [70] . Endothelin-1 was
also reported to increase in mice that overexpress
erythropoietin [71] which might have increased
MAP back to normal.

The results also showed that, IPOC significantly
protected the kidney and liver from damage after
renal ischemia reperfusion as indicated by signif-
icant decrease in serum creatinine, blood urea,
BUN, AST and ALT levels. Renal and hepatic
injury score showed a significant decrease too. An
anti-inflammatory and anti-oxidant mechanism
might be involved in this protective effect as indi-
cated by the significant decreasein IL6, TNF a
and MDA and the significant increase in SOD.
Previous studies revealed that, IPOC has a signif-
icant renal protective effect in rena I/R injury with
reduction of inflammatory mediators and oxidative
stress markers [34,56,72] . Similar to our study, the
protective effect of renal IPOC can extends to the
liver as was reported by Sefieet al., [6] who dem-
onstrated that, ischemic post- conditioning applied
to the kidney induced a significant improvement
in renal and hepatic function and morphology after
renal I/R injury and also reported adecreasein
hepatic MDA and an increase in hepatic SOD
levels.

In IPC-1/R group, ischemic pre-conditioning
of the kidney provided reno-protective effect proved
by a significant decrease in serum creatinine, blood
urea and BUN with significant decrease in renal
tissue injury score. The effect of 1PC applied locally
on the kidney during renal I/R was frequently
investigated with promising results as |PC was
reported to attenuate post-ischemic deterioration
of renal function and histopathology [73-76] . In
contrast, Rebeiro et al., [77] found that local 1PC
followed by renal ischemiaimpaired renal function
more than ischemia alone. Opposite to our results,
they found a significant increase in blood urea and
serum creatinine and non-significant change in
SOD and catalasein IPC-I/R group relativeto I/R
group. The author assumed that, the cause of this
conflict might be due to that, they conducted IPC
protocol of 15min ischemic intervals which istoo
long and can cause ischemia per se [77].
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The commonly described mechanisms of the
protective effect of IPC involve moleculesincluding
bradykinin, adenosine, endothelin and opioids
which trigger intra-cellular signalling pathways as
MAPK, protein kinase C, NF- (x B and heat shock
factor -1 [78]. In addition, decreases cellular energy
demand during ischemia by maintaining high ATP
levels, lowering glycolysis levels and preserved
function of Nat+/K+ ATPase pump [31,79]. Moreover,
ischemic preconditioning was reported to have a
protective effect on renal function by decreasing
the expression of renal adhesion moleculesinclud-
ing, P-Selectin, E-Selectin and ICAM-1 [74].

This study a so showed that the protective effect
of IPC didn't involve the liver asthereisno sig-
nificant change in serum AST, ALT and hepatic
injury score was noticed relative to I/R group. IPC-
I/R group revealed a significant decrease of 1L6
and TNFa but no significant changein MDA and
SOD. So, we can assume that the protective effect
of IPC protocol conducted in this study was not
strong enough to induce remote hepatic protection
and was localized only in the kidney. One possible
explanation of thisresult isthat blood and speci-
mens were collected 12h after IPC-I/R protocol.
Previous studies described that 1PC provides pro-
tective effects immediately following the IPC
stimulus and lasts for 2-4h after which it disappears
then the protective effect reappear 24-72h later,
termed the Second Window of Protection or delayed
IPC [80] . S0, the early effect of I1PC lasted only for
short time which might not be enough to provide
remote hepatic protection and longer time is needed
for the long term effect of 1PC to appear. Another
possibility isthe duration of ischemia and reper-
fusion intervals of 1PC protocol conducted in our
study as Fan and histeam [74] found that the pro-
tective effect of 1PC on the kidney would decline
with the prolongation of the reperfusion interval
and declared that, the protective effect of IPC
would be lost if ischemic intervals are separated
by more than 10min of reperfusion. From the
previous we can suggest that using shorter reper-
fusion intervals than the intervals used in our study
(20min) might give better response.

The greater protective effect of IPOC on rena
and hepatic injury relative to IPC detected in this
study might be explained by previous reports
indicated that, in ischemia reperfusion, tissue
damage is not limited to ischemia but with tissue
re-oxygenation tissue damage is worsened by the
reperfusion injury that is even more deleterious
than ischemia [81,82] . So, IPOC through mechanical
alteration of the hydrodynamics of reperfusion
[83,84] can confer some degree of protection or

higher repair potential [31] to counteract reperfusion
induced adverse effects with better results relative
to IPC which decrease the ischemic rather than
the reperfusion induced tissue injury. In contrast
to thisresult, it had been shown that ischemic
post-conditioning is as effective asischemic pre-
conditioning in preventing ischemia-reperfusion
injury in several tissues [29,30,85] . Others reported
that, ischemic post-conditioning could not attenuate
the damage caused by ischemia reperfusion when
analysed in a hyper acute phase [86] . This conflict
might be attributed to different protocols of IPC
and |POC applied in these studies or these protocols
were applied on different tissues which mean
different blood supply, energy demand and oxygen
requirements and so different response to ischemia
reperfusion.

EPO treatment, either before or after rena
ischemia reperfusion, provided protection against
renal and hepatic injury with better results for
EPO pre-treatment. Both ischemic pre and post-
conditioning attenuated renal ischemiareperfusion
injury, while hepatic injury was improved only
by ischemicpredictable. Further studies on the
effect of chronic administration or different doses
of EPO are needed. Studying different protocols of
IPC and IPOC as regard timing and duration of
ischemia and reperfusion intervals and time point of
examination is of great interest. Whether these
protocols are effective in human or not, needs further
investigation.
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