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Abstract. The current study investigated the effect of upregulation of heme oxygenase 1 (HO-1) by
cobalt protoporphyrin (CoPP) on renal dysfunctions in renal ischemia/reperfusion (I/R) injury and
its underlying mechanisms. 72 male Sprague Dawley rats were divided into 4 groups: sham group,
ischemic group (left 45-min renal ischemia), CoPP-before group (as ischemic group with CoPP 20 mg/
kg 30 min before ischemia) and CoPP-after group (as ischemic group with CoPP 20 mg/kg 20 min
after ischemia). Serum creatinine, urea and TGF-p1 and markers of redox state (MDA, SOD, GSH
and CAT), nitric oxide (NO), TGF-p1 and HO-1 in kidney tissues were measured. Serum creatinine
and urea levels were significantly increased in ischemic group and attenuated in CoPP-treated groups
(p < 0.05). Also, markers of redox state showed significant deteriorations in ischemic group which
were improved significantly in CoPP-treated groups (p < 0.05). HO-1 expression in kidney tissues
showed significant increase in ischemic group and showed more significant increase in CoPP-treated
groups (p < 0.05). Moreover, serum and renal TGF-f1 levels were significantly increased in ischemic
group and attenuated in CoPP-treated groups (p < 0.05). We concluded that up-regulation of HO-1
by CoPP treatment before and after renal I/R injury improved the kidney function and morphology
and this might be due to impairment of oxidative stress and inflammatory cytokines in kidney tissues.
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Introduction

Renal warm ischemia/reperfusion (I/R) injury can occur
in numerous clinical conditions, for example aortic cross-
clasping (juxta-renal or suprarenal aortic-cross clamping for
stomach aortic aneurysms), fractional nephrectomy, kidney
transplantation, enucleation of renal cell carcinoma, kidney
vascular surgery and systemic hypoperfusion e.g. acute
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myocardial infarction (Weight et al. 1998, 2001; Saito and
Miyagawa 2000). Mechanisms underlying renal I/R injury
includes energy depletion, high intracellular Ca®*, mito-
chondrial dysfunctions, production of reactive oxygen spe-
cies (ROS) and pro-inflammatory cytokines leading to renal
tubular cell death by apoptosis or necrosis (Shokeir et al. 2014,
Hussein et al. 2016). Although, extensive research was done
to understand its underlying mechanisms, effective therapy
for its management is still deficient. So, new molecules and
therapies are needed to be explored for its management.
Heme oxygenase (HO) is the rate limiting enzyme of heme
oxidation which produces several biologically active mol-
ecules such as biliverdin, carbon monoxide (CO) and ferrous
ion (Maines, 1988). Three isoforms of HO are existed, HO-1,
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HO-2, and HO-3. Several previous studies demonstrated
cytoprotective role for HO-1 in heart and brain. Overexpres-
sion of HO-1 in either transgenic (Yet et al. 2001; Wang et al.
2010; Juhasz et al. 2011) or transfected rodents (Liu et al. 2006,
2007) or its induction by cobalt protoporphyrin IX (CoPP)
(Lakkisto et al. 2010) reduced significantly the infarct size
and ventricular remodeling and improved the myocardial and
vascular functions in myocardial infarction animal models.
Kusmic et al. (2014) demonstrated that upregulation of HO-1
by cobalt protoporphyrin (CoPP) improved the animal mor-
tality and ventricular remodeling and preserved connexin 43
expression in myocardial infarction in rats. It has been also
shown that the use of CoPP diminished lipopolysaccharide
(LPS)/interleukin 13 (IL-13)-prompted microglial death (Fu
etal. 2015; Lin et al. 2016). So, we hypothesized that upregu-
lation of HO-1 by CoPP in kidney could protect it against
renal I/R. Therefore, this study aimed to investigate the pos-
sible renoprotective effects of HO-1 upregulation by CoPP
against renal I/R injury in addition to its effects on markers
of redox state (MDA, GSH, CAT and SOD), NO and HO-1
and TGF-pB1 in kidney tissues.

Materials and Methods

Experimental animals

This work included 72 male Sprague Dawley rats weigh-
ing 200-300 g and aged 4-6 months. They were reared in
the research animal facility in the Nile Center for Experi-
mental Research (NCER) at Mansoura, Egypt and kept on
a 12 h (light-dark cycle). Animals were fed on standard eating
regimen and water. All experimentations were led as per the
NIK Guide for the Care and Use of Laboratory Animals and
approved by our local Committee for Animal Care and ethics.

Study design

Randomly the animals were allocated into 4 equal groups

as follow:

1) Sham group (n = 18): rats underwent right nephrectomy
without left renal ischemia.

2) Ischemic group (n = 18): rats underwent right nephrec-
tomy with left renal ischemia last for 45 minutes.

3) Cobalt-protoporphyrin (CoPP)-before group (1 = 18): as
ischemic group with CoPP (20 mg/kg) (Sigma Chemical
Company (St.Louis, MO, USA) intraperitoneally (i.p.)
30 minutes before ischemia.

4) Cobalt-protoporphyrin (CoPP)-after group (n = 18): as
ischemic group with CoPP (20 mg/kg) i.p. 20 min after
renal ischemia.

Each group was split up into 3 sub-groups according to
the time of sacrifice: 24 h, 48 h and 7 days.

Animal model of renal ischemia

Anesthesia of rats was induced by keeping in a metal con-
tainer with a piece of cotton soaked with 10 ml of halothane
30 seconds, then maintained on i.p. sodium thiopental
(12 mg/100 g b.w.). Details of surgical procedures of 45-min
renal ischemia and sham operation were described in our
previous work (Hussein et al. 2016).

Blood sample collection and serum creatinine and urea
measurement

Blood samples were obtained from inner canthus of the
eye by fine tipped pasture pipette under light halothane
anesthesia at end of experiment for each subgroup. Blood
sample was separated into 2 parts (one part stored on
EDTA-anticoagulant and the second part was placed on
vacuum tube), then centrifuged to obtain serum for serum
creatinine and urea levels measurement and lymphocytes
for Transforming growth factor-p1 (TGF-B1) measurement.

Collection of kidney samples

At the end of experiment, the animals were anesthetized by
high dose of sodium thiopental. then midline laparotomy
was done and the kidney quickly removed and bisected into
two equivalent parts, one half was stored in neutral buffered
formalin 10% for histopathological examination and the
second half was quickly placed in liquid nitrogen in RNAse
free tubes for PCR of HO-1 and measurement of TGF-f1
and markers of redox state (MDA, SOD, CAT and GSH).

Assay of redox state markers (MDA, SOD, NO, catalase
and SOD) in renal tissues

Details of homogenization of kidney tissues and measure-
ment of malondialdehyde (MDA) (marker of lipid peroxida-
tions), superoxide dismutase (SOD) and catalase (antioxi-
dant enzymes), reduced glutathione (GSH) and nitric oxide
(NO) in kidney tissues by using commercial available kits
(Bio-Diagnostics, Dokki, Giza, Egypt) are described in our
previous work (Shokeir et al. 2014).

Assessment of mRNA of HO-1 expression in kidney tissue
by real time qPCR

Details of homogenization of kidney tissues and real time
PCR methodology for HO-1 are described in our previous
work (Shokeir et al. 2014). The sequence of the primer of
tested genes as follow HO-1: forward, 5-TCACCTTCC-
CGAGCATCGAC-3’; reverse, 5-TCACCCTGTGCTT-
GACCTCG-3’; and GAPDH forward: 5-CCA GGG CTG
CCT TCT CTT GT-3 reverse: 5-CTG TGC CGT TGA
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ACT TGC CG-3’. Analysis of data was done using ABI
prism 7000 by equation 244t (Livak and Schmittgen 2001).

Measurement of TGF-$1 by flow cytometry in blood and
kidney tissues

Blood and kidney tissues cell suspensions preparation

Lymphocytes were collected from EDTA-treated blood
samples as follow: the blood sample was diluted with same
volume of PBS (pH 7.4), then the diluted blood was added
to the same volume of lymphoflot (ficol) in 20 cc centrifuge
tube. Then, centrifugation for 20 min at 1500 rpm was
done. The lymphocytes were collected in white band at the
boundary between plasma and lymphoflot. The band of cells
were carefully pipetted into another centrifuge tube and
complete with PBS, then mixed together and centrifuged
for 10 min at 1800 rpm. Discarding the supernatant and
resuspending the lymphocyte sediment and filling up with
PBS and then centrifugation again for 10 min at 1200 rpm
were done. Finally, discarding the supernatant and fixing the
lymphocytes with 1 ml ice cold absolute alcohol was done
and the preparation was preserved at 4°C until investigation.
Regarding kidney tissues, the fresh kidney tissue was sent
to laboratory in isotonic saline and prepared according to
Tribukait et al. (1975). Also, the cell suspension was fixed
in ice-cold 96-100% ethanol in approximately 1 ml for each
sample and preserved at 4°C until investigation.

Flow cytometric analysis

After 12 h cells fixation, the specimen was centrifuged again
and the excess of ethanol was discarded (Vindelov 1977).
Then, the cell suspension was placed in citrate buffer and
200 pl of the preparation was mixed with propidium iodide
in a 15 ml Falcon tube and filtered through a 30 um pore
diameter nylon mesh filter and the nuclear clumps was col-
lected in a 5 ml Falcon tube. The flow cytometery run was
done within 1 h of propidium iodide addition. Analysis of
data was done by MODFIT DNA analysis program (verity
software house, Inc. P.O. Box 247, Topsham, ME 04086 USA,
version: 2.0 power Mac with 131072 KB Registration #:
42000960827-16193213). The software assessed DNA ploidy
(diploid cycle% and aneuploid cycle%) and cell cycle analysis,
which computed the coefficient of variation (CV) around the
GO0/G1 peak “apoptosis percentage” DNA index (DI) and the
rate in each stage of cells (GO/G1, S and G2/M) of the DNA
cell cycle for each sample. We used FACS calibar flow cy-
tometer in Mansoura Children Hospital (Becton Dickinson,
Sunnyvale, CA, USA) which is prepared with a compact air
cooked low power 15t mW Argon ion laser beam (488 nm).
The average number of calculated nuclei per specimen was
20.000 and the number of nuclei checked was 120/s.

Histopathological examination of kidney tissues

Paraffin blocks were prepared from formalin-fixed kidneys
and sections of 3-pum thickness were processed and stained
with haemtoxylin & eosin and observed blindly by Olympus
light microscope (Olympus BX51, Tokyo, Japan). Ischemic
tubular injury was scored (scores from 0 to 4) according to
the score established by Solez et al. (1974), as follows: score 0,
no damage in renal tubules; score 1, patchy isolated tubular
necrosis; score 2, tubular necrosis affecting less than 25%;
score 3, tubular necrosis between 25% and 50%j; score 4,
tubular necrosis affecting more than 50% of renal tubules.

Statistical analysis

Statistical analysis was done by using SPSS version 16.0. To
test statistical significance among groups, one way ANOVA
test followed by Tukey’s posthoc test were used. It was con-
sidered significant if p < 0.05.

Results

Kidney functions (serum creatinine and urea)

Serum creatinine and urea levels were significantly higher in
ischemic group than sham group at 24 h and 48 h (p < 0.05).
Also, their levels were significantly lower in CoPP-treated
groups than ischemic group at the same time interval (p <
0.001). At day 7, serum creatinine showed no statistical sig-
nificant difference among all groups; while serum urea level
was significantly higher in ischemic group than sham and
CoPP-treated groups (p < 0.05). Moreover, serum urea showed
significant higher levels in CoPP-after group than CoPP-
before group at all time intervals (p < 0.01), while creatinine
showed no statistical significant difference between the two
groups (Table 1).

Markers of oxidative stress (MDA, GSH and SOD, CAT) in
kidney tissues

In kidney tissues, MDA concentration was significantly
higher in ischemic group than sham group, while SOD,
catalase and GSH levels were significantly lower in ischemic
group than sham group at all time intervals (p < 0.05). On
the other hand, MDA level became significantly lower in
CoPP-treated groups than ischemic group, while SOD and
GSH levels became significantly higher in CoPP-treated
groups than ischemic group at all time intervals (p < 0.05).
CAT exhibited no statistical significant difference in CoPP-
treated groups, while it was significantly higher in CoPP-after
group than in ischemic and CoPP-before groups at different
time intervals, (p < 0.05) (Table 2).
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Table 1. Effects of CoPP on renal functions (serum creatinine

and urea)
Time of Group Serum creatinine Serum urea
sacrifice (mg/dl) (mg/dl)
Sham 0.399 + 0.142 35.16 + 4.24
ok Ischemic 1.097 +0.037° 187.83 10.82:
CoPP-before 0.435 + 0.009*  50.58 + 7.28"
CoPP-after 0.511+0.013* 6772 + 11.20""*
Sham 0.572 + 0.065 32.53 +3.23
ygp  Lschemic 1.33+0.043°  150.36 + 11.87:
CoPP-before 0.851 +0.046"  46.10 + 6.74"
CoPP-after 0.820 +0.015*  59.93 + 8.27%*
Sham 0.391 + 0.037 22.78 £3.21
7 day Ischemic 0.438 + 0.01 81.20 + 11.36:
CoPP-before 0.553 + 0.026 38.47 + 3.59%
CoPP-after 0.521 +0.019°  56.00 + 5.50""%

All data were expressed as mean + SE; n = 6 rats in each
group; one-way ANOVA with Tukey’s post hoc test; " sig-
nificant vs. sham group, * significant vs. ischemic group,
¥ significant vs. CoPP-before group (p < 0.05 is considered
significant).

NO in kidney tissues

Renal NO level was statistical significantly lower in ischemic,
CoPP-treated groups than sham group at all time intervals
(p < 0.05). Also, renal NO level became significantly higher
in CoPP-treated groups than ischemic group at 24 h, 48 h and
day 7 (p < 0.05) (Fig. 1).

=3 Sham group

=X |schemic group
1001 o CoPP-Before group
CoPP-After group

Renal NO (umol/g. Kidney tissue)

Figure 1. Effects of CoPP on concentration of nitric oxide in kidney
tissues. " Significant vs. sham group; * significant vs. ischemic group;
p <0.05 is considered significant.

Expression of HO-1 in kidney tissues

Renal mRNA of HO-1 showed significant increase in is-
chemic and CoPP-treated groups compared to sham group
at24h, 48 h (p <0.05). Moreover, renal mRNA of HO-1 was
significantly higher in CoPP-treated groups than ischemic
group at 24 h, 48 h and day 7 (p < 0.05) (Fig. 2).

TGF-f1 levels in serum and kidney tissues

TGF-P1 levels in serum and kidney tissues were significantly
higher in ischemic group than sham group at 24 h, 48 h and

Table 2. Effects of CoPP on markers of oxidative stress (MDA, SOD, CAT and GSH) in kidney tissues

Time of Group MDA SOD Catalase GSH
sacrifice (nmol/g kidney tissue) (U/g kidney tissue) (U/g kidney tissue) ~ (mmol/g kidney tissue)
Sham 6.25 +0.14 229.70 + 27.46 2.04 +0.017 12.23 +1.02
byp  lschemic 60.007 + 3.13" 186.78 + 15.71: 1.72 +0.009" 8.93+1.15"
CoPP-before 10.03 + 2.28" 462.58 + 54.48 * 1.80 + 0.006 12.98 + 2.09*
CoPP-after 10..19 + 3.5%" 290.67 + 32.6 % 2.76 + 0.16** 1315+ 1.4
Sham 5.54 + 1.07 188.40 + 34.13 1.68 + 0.09 11.47 +2.64
8h Ischemic 50.61 + 7.68" ) 328.83 + 27.07: 1.91+0.018 7.75+ 1.05:
CoPP-before 9.13 + 1.095" 527.29 +29.49"% 1.78 + 0.009 16.37 £2.29"%
CoPP-after 11.84 +2.15% 614.37 + 45.70 7% 2.64 +0.0117%* 1550 + 1.5 *
Sham 1.71 +£0.22 93.32+18.43 1.28 + 0.009 11.47 +2.64
7 day Ischemic 37.49 + 2.31** 468.17 + 46.53i 2.12 +£0.012° 7.01 + 0.38:
CoPP-before 8.40 + 1.22* 620.95 + 3529 * 1.73 + 0.006 2350 +2.44 *
CoPP-after 11.30 + 2.5%"F 841.08 + 51.8 #F 234 +0.019F 213224

All data were expressed as mean + SE; 1 = 6 rats in each group; one-way ANOVA with Tukey’s post hoc test; " significant vs. sham group,
# significant vs. ischemic group, * significant vs. CoPP-before group (p < 0.05 is considered significant).
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Figure 2. PCR study of the heme oxygenase 1 (HO-1) mRNA. A.
The relative expression of mRNA of HO-1 in kidney tissues in dif-
ferent groups. B. PCR amplification curve. C. PCR melting curve
from 1- 14 cycles. D. PCR curves of amplification. E. Melting of
HO-1 from 15 to 18 cycles. * Significant vs. sham group; * signifi-
cant vs. ischemic group; * significant vs. CoPP-before group; p <
0.05 is considered significant.
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Figure 3. Effects of CoPP on TGF-p1 levels in serum and kidney tissues in different groups. ~ Significant vs. sham group; * significant vs.

ischemic group; p < 0.05 is considered significant.

day 7 (p < 0.05). CoPP-before and after groups showed signifi-
cant attenuation in serum and renal levels of TGF-p1 compared
to ischemic group at 24 h, 48 h and day 7 (p < 0.05) (Fig. 3).

Histopathology of kidney tissues

Tubulointerstitial damage scores were significantly higher in
ischemic, CoPP-treated groups than in sham groups (p < 0.05)

and were significantly lower in CoPP-treated groups than in
ischemic group (p < 0.05) (Fig. 4M). The kidneys taken from
sham group rats exhibited normal kidney structure i.e. normal
morphology of renal tubules (PCT, DCT and CD) and normal
glomerular architecture at various times (Fig. 4A-C). While,
kidneys taken from ischemic group exhibited severe tubular
damage in the form of tubular epithelial cell desquamation,
necrosis and hyaline tubular casts and interstitial congestion
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qFigure 4. A. Normal renal glomeruli (arrow head) and nor-
mal renal tubules (arrow) at 24 h; B. Normal renal architecture
with mild congestion in glomerular capillaries (arrow) at 48 h;
C. Normal renal glomeruli (arrow head) and normal renal
tubules (arrow) at day 7 (H&E, 400x). Kidney specimens from
ischemic group: D. Necrosis and desquamation of renal tubular
epithelium with formation of hyaline cast in the lumen of renal
tubules (arrow head), in addition severe congestion and hemor-
rhage in interstitial tissue (arrow) at 24 h. E. Cloudy swelling
(arrow)and cystic dilatation of renal tubules (arrow head) with
presence esinophilic hyaline cast in its lumen at 48 h. F. Normal
renal glomeruli (arrow head) and normal renal tubules (arrow)
at day 7 (H&E, 400x). Kidney specimems from CoPP-before
group: G. Normal renal architecture with degeneration of renal
tubules (arrow) at 24 h. H. Cystic dilatation of renal tubules with
flattening of renal tubular epithelium (arrow), and normal renal
glomeruli (arrow head). I. Normal renal glomeruli (arrow) and
normal renal tubules with normal lining tubular epithelium
(arrow head) at day 7 (H&E, 400x). Kidney specimens from

=1 Sham group

4 @2 |schemic group
@  CoPP-Before group

XN CoPP-After group

Score of Tubulointerstitial Damage
~
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CoPP-after group: J. Normal renal architecture with minimal degeneration of renal tubules (arrow) at 24 h; Normal glomerular
structure of the kidney and renal tubules at 48 h (K) and at day 7 (L) (arrows) (H&E, 400x). M. Tubulointerstitial damage score in
different groups. " Significant vs. sham group, * significant vs. ischemic group; p < 0.05 is considered significant. Kidney specimens

from sham group.

and hemorrhage (Fig. 4D-F). On the other hand, kidneys taken
from CoPP-before and after groups exhibited normal kidney
structure with minimal tubular epithelial cells degeneration,
cystic dilatation of renal tubules with flattening of renal tubular
epithelium and normal renal glomerular structure (Fig. 4G-L).

Discussion

The current study confirmed that renal I/R injury caused
significant damage to kidney morphology and functions and
enhancement of oxidative stress (high MDA and HO-1 with
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low CAT, SOD and GSH levels) and inflammatory reaction
(high TGF-B1 and NO) in kidney tissues. Also, upregulation
of HO-1 by CoPP either before or after renal ischemia caused
significant improvement in kidney functions and morphol-
ogy, oxidative stress (low MDA with high CAT, SOD and
GSH levels) and inflammatory reaction (low TGF-B1 and
NO) in kidney tissues.

In the current study, we demonstrated that 45-min is-
chemia caused significant deterioration in kidney functions
as evidenced by significant increase in serum creatinine and
urea in ischemic group. Also, renal ischemia caused severe
renal tubular and glomerular damage in histopathological
examination of kidney tissues. Similar findings are previ-
ously reported by our research group and others investiga-
tors (Chatterjee et al. 2002; Singh et al. 2004; Chander and
Chopra 2006; Shokeir et al. 2014; Hussein et al. 2016). These
findings confirmed that 45-min renal ischemia is sufficient
to produce functional and morphological changes in kidney
without high losses of rats (Weight et al. 1998). Previous
studies reported that the kidney damage and rat mortality
become more significant in 60 and 90 min ischaemia and
the mortality after the third day in 90-min ischaemia model
is about 100% (Mehta et al. 2002).

Also, we demonstrated in current study enhanced redox
state in kidney tissues of ischemic group in the form of
significant increase in MDA concentration (marker of lipid
peroxidations) and significant reduction in SOD, catalase and
GSH. These findings are in line with those reported investi-
gators (Singh and Chopra 2004; Singh et al. 2004; Chander
and Chopra 2006; Shokeir et al. 2014). It has been reported
that the vascular endothelial cells (having hypoxanthine/
xanthine oxidase system) and activated neutrophils are the
main sources for ROS during I/R injury (Yoshioka and Ichi-
kawa 1989). These ROS contribute to the glomerular damage
during renal I/R injury by either enhancing the secretion of
vasoactive mediators such as endothelins, thromboxane A2
and angiotensin II (Pararajasingam et al. 2000) or inhibit-
ing the actions of NO (Cristol et al. 1993). These mediators
cause renal vasoconstriction and reduce the glomerular
capillary ultrafiltration coefficient leading to reduction in
the glomerular filtration rate (Singh et al. 2004; Chander and
Chopra 2006). Furthermore, oxidative stress caused dam-
age of renal tubular cells by loss of plasma membrane and
mitochondrial membrane integrity (Schnackenberg 2002).
Furthermore, the ROS causes extreme damage of DNA and
mitochondrial membrane integrity causing renal tubular cell
apoptosis through activation of mitochondrial pathway (Wu
and Cederbaum 2003).

NO is formed in our body from l-arginine by nitric oxide
synthases. During renal IR injury, NO may play a beneficial
role by keeping renal blood flow, stopping platelet plugging
and stopping neutrophil aggregation (Pinsky et al. 1994) and
may have damaging role by conjoining with the superoxide

radical to form peroxynitrite (OONO~) which was supposed
to be responsible for the shedding of renal tubular cells in
ischemic segments (Wangsiripaisan et al. 1999). The cur-
rent study demonstrated significant increase in renal NO
in ischemic group which may be compensatory response
to keep renal blood flow during ischemic injury. It has
been demonstrated that inhibition of NO synthesis by NOS
inhibitors such as L-NAME was associated with severe and
prolonged vasoconstriction after renal ischemia (Tome et al.
1994; Weight et al. 1999, Pararajasingam et al. 2000; Saito and
Miyagawa 2000) and severe damage of kidney morphology
and functions (Rhoden et al. 2002; Mahmoud et al. 2007).
TGF-P1 is an inflammatory cytokine which has many
biological effects such as induction of cell apoptosis, dif-
ferentiation, and proliferation (Siegel and Massague 2003)
and epithelial-mesenchymal transformation (Heldin et al.
2009). Basile et al. (1996) demonstrated significant increase
in TGF-P1 expression to in regenerating renal tubules after
ischemic injury to 1.5-fold at 12 h and 3.6-fold at 24 h, and
rests higher for 14 days. Also, Lario et al. 2003 demonstrated
higher expression of it in renal biopsies of kidney transplants
from cold ischemic donors or at 5 days post-transplantation.
In the current study, TGF-p1 was significantly increased
in serum and kidney tissues of ischemic group at 24 h and
48 h after ischemia. Several studies demonstrated harmful
effects for TGF-P1. Miyajima et al. (2000) demonstrated
that the use of anti- TGF-B1 antibody was associated with
significant increase in tubular proliferation and attenuation
of tubular apoptosis in the kidneys and Miyajima et al. (2001)
demonstrated that reduction of TGF-p1 by tranilast treat-
ment in unilateral ureteral obstruction was associated with
significant decrease in renal tubular apoptosis. Also, Ling et
al. (2003) reported that inhibition of TGF-p1 prevent renal
tubular epithelial cells apoptosis in cyclosporine-A (CsA)-
mediated nephrotoxicity. On other hand, other studies
demonstrated beneficial effects for TGF-p1. Lee et al. (2007)
demonstrated that TGF-p1 mediates the renoprotective ef-
fects of volatile anesthetics in HyO,-induced apoptosis in
HK-2 cells and Lee et al. (2004) demonstrated that TGF-p1
reduced the necrosis and inflammation in renal IR injury.
One of the main aims of the current study was to explore
the role of HO-1 in renal ischemia. It has been shown that
ischemic injury in many organs such as heart caused acute
HO-1 upregulation (Masini et al. 2003; Giannini et al. 2005;
Lakkisto et al. 2009; Yeh et al. 2009). We demonstrated, in
the current study, upregulation of HO-1 in ischemic kidney
tissues suggesting a role for HO-1 in renal I/R injury. Also,
chronic induction of HO-1 exhibited protective effects in
a rat model of hepatic ischemic injury (Fang et al. 2011) and
controlled renal hemodynamics and renal excretory function
in ischemic kidney diseases (Ferenbach et al. 2010). Addition-
ally, HO-1 possesses antioxidant and anti-inflammatory prop-
erties that are essential for NO preservation (Liu et al. 2015).
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The last and main objective of the current study was
to examine the effects of a potent HO-1 inducer (cobalt
protoporphyrin X, 20 mg/kgi.p) on renal I/R injury. In the
current study, we found that CoPP administration either
before or after renal ischemia caused significant enhance-
ment in kidney functions (serum creatinine and urea)
and kidney morphology suggesting renoprotective effects
for CoPP against renal I/R injury when given before or
after renal ischemia. Moreover, we reported in the present
study significant attenuation of redox state in the form of
reduction of MDA and upregulation of SOD, GSH and
CAT in kidney tissues of CoPP-treated groups suggesting
antioxidant effects for CoPP in renal IR injury. Also, the
levels of pro-inflammatory cytokine TGF-{1 in serum
and kidney tissues were significantly attenuated in CoPP-
treated groups (before and after-CoPP groups) suggesting
anti-inflammatory action for CoPP in renal I/R injury.
Moreover, CoPP enhanced the levels of NO in kidney
tissues suggesting improvement of vascular endothelial
dysfunctions.

Previous studies investigated the mechanisms underly-
ing the protective effects of CoPP in several animal models.
Liu et al. (2015) showed that HO-1 upregulation by cobalt
protoporphyrin reduced the degree of microalbuminuria
by ameliorating endothelial dysfunctions and regulating the
glomerular VEGF-NO axis in obese rats. Also, Abraham
et al. (2002) showed that pretreatment with CoPP reduced
the levels of cytochrome P450-derived arachidonic acid
metabolite, 20-HETE, a potent vasoconstrictor, by 65% in
renal tissue in rats with spontaneous hypertension. In kidney
transplantation, Bédard et al. (2005) reported that treatment
with CoPP (at a dose of 0.5 mg/kg at days -5, 0, +5) attenu-
ated the chronic graft rejection in renal allograft recipients’
rats by improving the vascular dysfunctions in the form of
HO-1 upregulation and endothelin-1 downregulation in
transplanted kidney tissues. Wagner et al. (2003) found that
pretreatment of CoPP upregulated HO-1, preserved graft
function and attenuated apoptosis after cold preservation.
In ureteral obstruction, pretreatment with CoPP (at a dose
of 15 or 50 mg/kg, subcutaneously) 6 days and 1 day before
unilateral ureteral obstruction caused significant improve-
ment in kidney function and morphology which was as-
sociated with upregulation of HO-1 and inhibition of T cell
infiltration in kidney tissues (Iwai et al. 2008).

The antioxidant effects of CoPP treatment was demon-
strated in previous studies. In diabetic nephropathy, several
studies reported the antioxidant and anti-inflammatory
effects for CoPP treatment and HO-1 upregulation (Good-
man et al. 2006; Lee et al. 2009; Elmarakby et al. 2012). This
antioxidant effects for HO-1 might be due to reduction of
the activity of NADPH oxidase (Datla et al. 2007; Li et al.
2008; Elmarakby et al. 2012). Also, it has been reported that,
HO-1 upregulation attenuated nuclear factor-kB-induced

inflammation in kidney tissues (Elmarakby et al. 2012;
Ndisang and Jadhav 2014; Liu et al. 2015). Finally, previous
studies reported HO-1-independent mechanisms for the
protective effects of CoPP such as induction of P2X7 receptor
activation, COX-2 expression and PIAS1 breakdown which
is controlled by PI3K, Akt, and glycogen synthase kinase
3a/p (GSK3a/P) signaling pathways in microglial cells (Lin
et al. 2016).

Conclusion

CoPP treatment before or after renal ischemia caused up-
regulation of HO-1 in kidney tissues and protected kidney
function and morphology against renal I/R injury. This might
be due to improvement of oxidative stress and attenuation of
inflammatory cytokines in kidney tissues.
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