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Background and aim: Hemeoxygenase-1 (HO-1) is a stress responsive protein induced by various
oxidative stress agents. It has protective effects in several organs including liver and kidney against
oxidative stress injury however, the mechanisms underlying the effects of HO-1 remains poorly
defined. This study investigated the effect of HO-1 inducer (Hemin) on liver and kidney tissues in
rats exposed to cold restraint stress (CRS) and the possible contribution of nitric oxide in this effect.
Methods: Male Wistar rats were divided into 5 groups, normal control group, CRS non treated
group, CRS + hemin (50 mg/kg i.p.) group, CRS + aminioguanidine (inhibitor of inducible nitric
oxide synthase (iNOS)) (50 mg/kg s.c.) group and CRS + hemin + aminoguanidine group. Liver and
kidney tissues injuries were assessed biochemically and histopathologically. Samples from liver and
kidney were used for estimation of oxidative stress markers. Results: Exposure to CRS caused
injury of liver and kidney manifested by elevated serum alanine aminotransferase (ALT), and serum
urea and creatinine, and confirmed by histopathological changes. Liver and kidney injuries were
associated with elevation of oxidative stress markers. Pre-treatment with either hemin or
aminoguanidine restored the levels of oxidative stress to near normal values with improvement of
the hisopathological changes. No further protection was noticed when hemin coadministered with
iNOS inhibitor (aminoguandine). Conclusion: The results of this study suggest that release of HO-1
in CRS tissue injury exhibits a protective antioxidant effect probably via inhibition of iNOS.
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1. INTRODUCTION
Stress is an aversive stimulus capable of
altering physiological homeostasis and the balance of
body. It is considered to be risk factor in several
diseases, including digestive tract, liver, renal,
circulatory, and neuroendocrine diseases (Chrousos et
al. 1992). Exposure to stress situations has been
suggested to impair antioxidant defenses, leading to
oxidative damage by changing the balance between
oxidant and antioxidant factors (Alptekin et al. 1996,
Seckin et al. 1997, Sahin et al. 2007). Exposure to low
temperatures is an important stressing physical agent
(Yuksel et al. 2008, Gallo et al. 2009). Previous
studies have reported that acute exposure to cold stress
produced cardiac injury (Meneghini et al. 2009 ) lipid
depletion in the adrenal gland and glycogen depletion
in the liver (Ferriera et al. 2010), and altered renal
function in rats ( Sabharwal et al. 2004).

of stimuli, including oxidative stress, heat shock,
ultraviolet radiation, ischemia-reperfusion, heavy
metals, bacterial lipopolysaccharide (LPS), cytokines,
nitric oxide (NO), and its substrate, heme (Shibahara,
1988). HO-1, once expressed under various
pathological conditions, it has the ability to metabolize
high amounts of free heme to produce high
concentrations of its enzymatic by-products that can
influence various biological events and can confer
cytoprotection and anti-inflammatory effects in
several disease models (Abraham et al. 2008).
Nitric oxide (NO) which is a ubiquitous
messenger molecule in many different organ systems
plays an important role in the regulation of various
cellular functions (Moncada et al. 1991, Berdeaux,
1993, Knowles et al. 1994). NO is produced by the
enzyme NO synthase (NOS), which exists in three
isoforms: neuronal NOS (nNOS), inducible NOS
(iNOS), and endothelial NOS (eNOS). The
overproduction of NO under oxidative stress
conditions by iNOS generates reactive nitrogen
species that may amplify the inflammatory response

Hemeoxygenase (HO) is the rate-limiting
enzyme in heme catabolism, a process which leads to
the generation of equimolar amounts of biliverdin,
free iron and carbon monoxide (CO) (Maines, 1997).
Hemeoxygenase-1 (HO-1) is induced by a vast array
1
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(Kato et al. 2009). This study was designed to
investigate the effect of HO-1 inducer, hemin, on
oxidative stress parameters in liver, and kidney tissues
of rats exposed to cold restraint stress and the possible
contribution of NO in this effect.

saline and divided into 2 parts. One part was kept in
10% formalin for histopathological examination and
second part was stored at −80°C for measurement of
lipid peroxidation products, catalase, reduced
glutathione (GSH) and NO content.

2. MATERIALS AND METHODS

2.4. Biochemical measurements

2.1. Chemicals

2.4.1. Determination of serum liver transaminases

Hemin and aminoguanidine were supplied as
powders from Sigma (St. Louis, MO, USA). Hemin
was dissolved in a freshly prepared solution of NaOH
(0.1N) while aminoguanidine was dissolved in
phosphate buffered saline (PBS) (pH 7.4).

Serum ALT level was determined by using
commercially available kit (Biodiagnostic, Egypt)
according to the manufacturer protocol (Reitman and
Frankel, 1957).
2.4.2. Determination of serum urea and creatinine

2.2. Animals

Serum urea and creatinine were determined by
using commercially available kit (Biodiagnostic,
Egypt) according to the manufacturer protocol
(Fawcett et al, 1960).

Adult male Wistar rats weighing 150 – 250 g
were obtained from the National Center of Research,
El-Giza, Egypt. Rats were housed in a light and
temperature controlled room on a 12/12 h light/dark
cycle and fed with a standard pellet lab chow and left
to acclimatize for one week before inclusion in the
experiment. The experimental procedures used in this
study met the guidelines of the Animal Care and Use
Committee of Faculty of Medicine, Minia University.

2.4.3. Determination of lipid peroxides
Tissues were homogenized in ice-cold 0.15 M
KCl (10%, w/v). MDA was measured by the
thiobarbituric acid test (Ohkawa et al, 1979). The
breakdown product of 1,1,3,3-tetraethoxypropane was
used as a standard.

2.3. Experimental protocol

2.4.5. Determination of catalase content

Rats were divided randomly into five groups:
Normal control group (n=12) that received vehicles
either NaOH (0.1N) or PBS (pH 7.4) and kept at room
temperature, Cold restraint stress group (CRS) (n=6)
in which the rats were placed on a wooden board with
the four limbs extended and fixed to the 4 corners of
the wooden board so that the animal was unable to
move, and then the wooden board carrying the animal
was placed in a refrigerator (4°C) for 4 hours
(Murkami et al, 1985) after receiving the vehicles
(NaOH and PBS) to serve as positive control, CRS +
hemin group (n=6) that treated with hemin as a single
dose (50 mg/kg i.p.) 24 h before cold restraint stress
was performed (Matsuka et al, 2007), CRS +
aminoguanidine group (n=6) that pretreated with
aminoguanidine (50mg/kg s.c.) 18 h and 1 h before
CRS (Kato et al, 2009), and CRS + hemin +
aminoguanidine group (n=6) that co-treated with
hemin and aminoquanidine as indicated above. The
rats were deprived of food and water during stress
exposure. The stress procedure was performed
between 09:00 – 1:00.

Liver and kidney tissue homogenate were
assayed for its content of catalase using commercially
available kit (Biodiagnostic, Cairo, Egypt) according
to the manufacturer protocol (Aebi, 1984).
2.4.6. Determination of GSH level
GSH content in liver and kidney was
determined using commercially available kit
(Biodiagnostic, Egypt) according to the manufacturer
instructions. The procedure is based on the reduction
of 2-nitrobenzoic acid by glutathione to produce a
yellow
compound
which
was
measured
spectrophotometrically at 405nm using Shimadzu
Spectrophotometer UV 1201 (Japan) (Beutler, et al.,
1963).
2.4.7. Determination of NO level
The hepatic and kidney tissue content of NO
was detected by measuring the nitrate/nitrite (NOx),
the stable degradation products of NO. Thus, the
stable end products of NO, nitrite (NO2¯) and nitrate
(NO3¯) were used as indicators of NO production.
NOx was measured after the reduction of nitrate to
nitrite by copperized cadmium granules (Cd) in
glycine buffer at pH 9.7. Quantitation of NO2¯ was
based on the Griess reaction, in which a chromophore
with a strong absorbance at 540 nm is formed by
reaction
of
nitrite
with
a
mixture
of
naphthylethylenediamine and sulphanilamide using

At the end of the experimental protocol, rats
were anesthetized with sodium thiopental anesthesia
(50 mg/kg, i.p.) and sacrificed by collecting the blood
into dry tubes by cardiac puncture. Serum was
obtained by centrifugation at1500 × g for 10 min. and
stored at −80°C until they were analyzed. Liver and
kidneys were rapidly removed, washed with ice-cold
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Shimadzu Spectrophotometer
(Green et al., 1982)

UV

1201

(Japan)

Coadministration of hemin plus aminoguanidine
produces no significant increase in catalase level
compared to either hemin or aminoguanidine.

2.5. Histopathological examination

GSH contents in hepatic tissue were
significantly decreased in CRS rats compared with
normal control group. Administration of hemin caused
significant increase in GSH content (by about 70%)
compared with cold stressed group. Administration of
aminoguanidine also resulted in significant increase in
GSH compared with CRS rats. There was no further
increase in GSH level when hemin coadministered
with aminoguanidine (about 60%).

For
microscopic
evaluation
of
histopathological changes, tissues were embedded in
paraffin, then sectioned and stained with haematoxylin
and eosin (H&E).
2.6. Statistical Analysis of the Data
Data are shown as means ± SEM. The results
were analyzed by one way analysis of variant
(ANOVA) followed by t-test with P ≤ 0.05 selected as
the criterion for statistical significance using Software
GraphPad Prism Version 5 (GraphPad Software Inc,
La Jolla, CA, USA).

There was significant elevation in hepatic
tissue MDA content in cold restraint group compared
with normal control group. Administration of Hemin
caused significant decrease (by about 30%) in MDA
content compared with cold stressed group.
Administration of aminoguanidine resulted in
significant decrease in MDA (by about 34%)
compared with cold restraint stress. There was no
significant difference in the effect of combined hemin
and aminoguanidine compared to hemin or
aminoguanidine alone (about 34%).

3. RESULTS
3.1. Serum ALT level
There was significant elevation of serum ALT
in CRS group compared with normal control group.
Administration of Hemin caused significant decrease
(by 30%) in serum ALT values compared with CRS.
Also, administration of aminoguanidine resulted in a
significant decrease (by about 30%) in serum ALT
compared to cold restraint group. Coadministration of
hemin with aminoguanidine produced no further
decrease in serum ALT level compared with either
drug (Figure.1A).

There was significant elevation in hepatic
tissue NOx content in cod stress group (about 100%)
compared with normal control group. Administration
of Hemin caused significant decrease in NOx content
(about 50%) compared with cold stressed group.
Administration of aminoguanidine resulted also in
significant decrease in NOx compared with cold
restraint stress. There was no further decrease in NOx
level
when
hemin
coadministered
with
aminoguanidine. No significant difference in the effect
of hemin and aminoguanidine compared to hemin or
aminoguanidine alone.

3.2. Serum levels of urea and creatinine
Figure 1 (B & C) shows the effects of CRS on
serum urea and creatinine levels respectively, There
was significant elevation of serum urea and creatinine
(about 60% and 150%, respectively) in CRS group
compared with normal control group. Administration
of hemin caused significant decrease in serum urea
and creatinine values (by about 26% and 45%,
respectively) compared with cold restraint stress.
Also, administration of aminoguanidine resulted in a
significant decrease (by about 28% and 50%
respectively) in serum urea and creatinine, the
coadministration of hemin with aminoguanidine
produce no further decrease in serum urea and
creatinine levels compared with either hemin or
aminoguanidne.

3.4. Renal tissue content of Catalase, GSH, MDA
and NOx
Table (2) shows the results obtained for
measurement of catalase, GSH, MDA and NOx in
kidney tissue. Measurement of catalase as one of the
antioxidant enzymes showed that cold stress decreased
its level significantly (about 35%) compared to control
group while Hemin treatment increased catalase
significantly and the same effect was noticed with
aminoguanidine (about 35%), the coadministration of
hemin plus aminoguanidine produce no further
increase in catalase level which was nearly similar to
the effect of either of these drugs separately.

3.3. Hepatic tissue content of oxidative stress
markers (catalase, GSH, MDA and NOx)
The results in Table (1) summarises the effects
of CRS and different treatments on hepatic content of
catalase, GSH, MDA and NOx, In CRS group, catalse
significantly decreased (by about 40%) compared to
control group. While treatment with either hemin or
aminoguanidine increased catalase significantly (by
about 45%) compared with CRS
group.

GSH contents in renal tissue were significantly
decreased in cold stressed rats (about 40%) compared
with normal control group. Administration of Hemin
caused significant increase in GSH content (about
66%) compared with cold stressed group.
3
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Administration of aminoguanidine resulted in
significant increase in GSH (about 77%) compared
with cold restraint stress. Also there was no further
increase in GSH level when hemin coadministered
with aminoguanidine (about 60%).

decrease in NOx level when hemin coadministered
with aminoguanidine (about 38%).
3.5. Histopathological Findings
Figure (2) shows liver histopathological
findings in different groups. A represents normal
hepatic architecture. In B, CRS, there was marked
congestion of the central vein, with dilatation of
sinusoidal spaces and inflammatory cell infiltration. In
hemin-treated rats (C), there was improvement in
hepatic architecture, but still showed mild sinusoidal
dilatation. Rats treated with aminoguanidine (D) or
hemin + aminoguanidine (E) showed hepatic structure
comparable to that of control.

There was significant elevation in renal tissue
MDA content in cold restraint group (about 130%)
compared with normal control group. Administration
of Hemin caused significant decrease in MDA content
(about 31%) compared with cold stressed group.
Administration of aminoguanidine resulted in
significant decrease in MDA (about 34%) compared
with cold restraint stress. The coadministration of
hemin and aminiguanidine produce no further
decrease in MDA level (about 34%) compared to
either of both drugs separately.

Figure (3) shows renal slides, CRS group
showed marked degeneration in glomeruli, with
dilatation in Bowmans capsule, as well as
inflammatory infiltration with necrotic debris in most
of the renal tubules. Hemin alone in cold stresssubjected rats improved glomerular architecture, but
still showed inflammatory cellular infiltration. Rats
subjected to cold stress and treated with
aminoguanidine
or
hemin
together
with
aminoguanidine showed renal structure comparable to
that of control.

There was significant elevation in renal tissue
NOx in cold stress group (about 50%) compared with
normal control group. Administration of Hemin
caused significant decrease in NOx content (about
37%) compared with cold stressed group.
Administration of aminoguanidine resulted also in
significant decrease in NOx (about 39%) compared
with cold restraint stress. Also there was no further

Table 1: Effect of cold restraint stress on different oxidative biomarkers in hepatic tissue and its modulation by different
treatments

Control
CRS
Hem
Amino
Hem/Amino

CAT (U/gm)
1.27 ± 0.09
0.76 ± 0.04*
1.11 ± 0.05†
1.24 ± 0.1†
1.16 ± 0.05†

GSH (mg/gm)
6.40 ± 0.55
3.21 ± 0.25*
6.35 ± 0.30†
5.50 ± 0.13†
6.21 ± 0.08†

MDA (nmol/gm)
0.42 ± 0.03
1.07 ± 0.08*
0.53 ± 0.05†
0.52 ± 0.02†
0.62 ± 0.05†

NOx (nmol/gm)
119.72 ± 9.63
236.74 ± 36.95*
115.67 ± 18.87†
111.43 ± 33.91†
139.79 ± 6.70†

Values presented as mean ± SEM (6 rats)
CRS: cold restraint stress, Hem: Hemin treated, Amino: aminoguanidine treated, Hem+Amino: Hemin plus aminoguanidine
treated, CAT:catalase, GSH: reduced glutathione, MDA: malondialdehyde, NOx: total nitrite.
One-way analysis of variance (ANOVA) followed by the t-test was used to analyze the results for statistically significant
difference.
* P < 0.05 compared with control group.
† P < 0.05 compared with cold restraint group.
Table 2: Effect of cold restraint stress on different oxidative biomarkers in renal tissue and its modulation by different
treatments

Control
CRS
Hem
Amino
Hem/Amino

CAT (U/gm)
1.29 ± 0.05
0.82 ± 0.04*
1.06 ± 0.09†
1.13 ± 0.08†
1.04 ± 0.06†

GSH (mg/gm)
5.76 ± 0.66
3.36 ± 0.22*
5.58 ± 0.43†
5.97 ± 0.56†
5.27 ± 0.49†

MDA (nmol/gm)
0.41 ± 0.01
0.96 ± 0.05*
0.66 ± 0.09†
0.63 ± 0.06†
0.63 ± 0.07†

NOx(nmol/gm)
135.27 ± 10.56
202.06 ± 17.50*
127.94 ± 19.84†
123.81 ± 16.55†
125.66 ± 7.29†

Values presented as mean ± SEM (6 rats).
CRS: cold restraint stress, Hem: Hemin treated, Amino: aminoguanidine treated, Hem+Amino: Hemin plus aminoguanidine
treated, CAT:catalase, GSH: reduced glutathione, MDA: malondialdehyde, NOx: total nitrite.
One-way analysis of variance (ANOVA) followed by the t-test was used to analyze the results for statistically significant
difference.
* P < 0.05 compared with control group.
† P < 0.05 compared with cold restraint group.
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Figure 1 : Effect of cold restraint stress on serum ALT (A), serum urea (B) and serum creatinine (C) and its modulation
by different treatments
Values presented as mean ± SEM (6 rats)

CRS: cold restraint stress, Hem: Hemin treated, Amino: aminoguanidine treated, Hem+Amino: Hemin plus
aminoguanidine treated, CAT:catalase, GSH: reduced glutathione, MDA: malondialdehyde, NOx: total nitrite.
One-way analysis of variance (ANOVA) followed by the t-test was used to analyze the results for statistically
significant difference.
* P < 0.05 compared with control group.
# P < 0.05 compared with cold restraint group.
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Figure 2: Photomicrograph of liver stained with hematoxylin and eosin (×200). A: control B: cold stress C: cold stress/Hemintreated D: cold stress/Aminoguanidine-treated and E: cold stress/Hemin+aminoguanidine-treated groups. Central vein (star)
dilated sinusoidal spaces (arrow) inflammatory cells (arrow head).
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Figure 3: Photomicrograph of kidney stained with hematoxylin and eosin (×200). A: control B: cold stress C: cold
stress/Hemin-treated D: cold stress/Aminoguanidine-treated and E: cold stress/Hemin+aminoguanidine-treated
groups. Glomeruli (arrows) inflammatory cells (arrow head).
This study aimed at investigating the effect of
HO-1 in CRS tissue injury and the possible
contribution of iNOS in such effect.

4. DISCUSSION
All living organisms respond to stress changes
in the environment in various ways. Exposure to stress
leads to behavioral and organic changes to improve
the ability of the organism to adjust homeostasis and
increase its chances for survival (Chrousos, 2000).
Exposure to an extreme environment such as heat and
cold is a form of stress experienced by all organisms
(Kanayama et al., 1999).

The results of this study showed that cold stress
induced oxidative injury in liver and kidney was
manifested by increased serum levels of liver enzyme
(ALT) as well as by increased serum urea and
creatinine, respectively. Tissue injuries were
confirmed by histopathological changes. These
findings are consistent with previous studies
(Sabharwal et al. 2004, Ferriera et al. 2010).

Induction of endogenous pathways that are
selectively engaged in restoring cellular homeostasis
represents an important cell defense mechanism
against cellular damage. The induction of HO-1,
which is triggered by a range of oxidant-related
stimuli, appears to act as a ubiquitous defensive
system in a variety of cell types (Matsuoka et al.,
2007).

The data of the present study showed that liver
and kidney injuries were associated with increased
lipid peroxides and NO levels in addition to decreased
level of GSH and catalase. Similar findings had been
reported by Sahin et al. 2007.
CRS was found to enhance catabolic and
suppress anabolic processes and cause elevated
metabolic rate leading to generation of free radicals.
6
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Increased formation of these radicals resulted in
increased oxidative stress. Therefore, the imbalance
between free radical formation and elimination might
be responsible for the oxidative stress effects of CRS
(Filipovic et al., 2010).

glutathione and catalase. This is consistent with
previous reports by Radi et al. (2002) who reported
that NO, at physiological concentration, is relatively
unreactive, but when there is excessive production, it
may be converted to a number of more reactive
derivatives, collectively known as reactive nitrogen
species (RNS). These, in turn, will react with
superoxide and NO to produce peroxynitrite (ONOO).
The later is a powerful oxidant, able to damage many
biological molecules and may decompose to release
small amounts of OH radicals, resulting in increased
oxidative stress leading to decrease reduced
glutathione and catalase (Şahin et al., 2007, Tijana et
al., 2010).

Administration of hemin attenuated hepatic and
renal injuries in CRS rats as evidenced biochemically
and confirmed by histopathology. Such protective
effect was associated with improved tissue oxidative
markers. These protective effects were also confirmed
in other reports (Kpitulnik, 2004, Ryter et al., 2006
and Datla et al., 2007). It has been reported that
induction of HO-1 prevented CRS tissue injuries via
antioxidants effects (Lesuy et al., 1994). Induction of
HO-1 scavenges free radicals as effectively as αtocopherol, which is regarded as the most potent
antioxidant against lipid peroxidation. (Stocker et al.,
1987)

The mechanism by which HO-1 confers
protection against oxidative stress is not completely
elucidated. It has been suggested that the catalytic byproducts of heme degradation by HO-1 provide
antioxidant functions either directly or indirectly
(Petrache et al., 2000). In a trial to explore the possible
contribution of iNOS in the protective effect of HO-1
in our experiment we investigated the effect of one the
selective iNOS inhibitor (aminoguanidine) on
oxidative damage induced by cold restraint stress.
Aminoguanidine treatment exerted protective effects
against cold restraint stress induced oxidative damage
manifested by decreased NO production, decreased
lipid peroxides, and elevated reduced glutathione and
catalase. The protective effects of aminoguanidine
were nearly similar to levels observed in hemin treated
group. The addition of aminoguanidine to hemin did
not produce further enhancement of the protective
effect of hemin which was nearly similar suggesting
that hemin may produce its antioxidant and antiinflammatory effects via inhibition of iNOS with
subsequent decreasing NO overproduction.

Nitric oxide (NO) is a crucial signaling
molecule in vertebrates produced in several cell types
by NOS. Inducible NOS is expressed in macrophages
and some other cell types upon their activation by a
wide range of proinflammatory stimuli and stressful
conditions (Jan et al., 2012). Despite the fact that NO
can play beneficial roles, it can also be involved in
numerous pathological situations such as hypotension
accompanying septic shock, essential hypertension,
and atherosclerosis (Loscalzo et al., 1995). The
increased formation of NO was found to have
neurotoxic effects and can contribute to the
pathogenesis of stroke and other neurodegenerative
disorders (Jaffrey et al., 1995). In general, the
overwhelming production of NO contributes to the
pathogenesis of both acute and chronic inflammatory
processes and NO has been recognized as one of the
main signaling molecules involved in these processes
(Bogdan, 2001).

5. CONCLUSION
In conclusion, CRS is observed to affect
especially the prooxidant-antioxidant status in the
liver and kidney tissues of rats. In addition, in stressexposed rats, hemin treatment was found to efficiently
ameliorate oxidative stress, at least in part, via
suppression of iNOS induction and NO production.
These findings raise the possibility that there is a cross
talk between HO-1 and NO and the modulation of this
cross talk might be a potential therapeutic target in the
prevention of oxidative stress conditions.

The relation between NO and HO-1 is complex
and far from understood. A few reports indicate that
NO itself, is responsible for the induction of HO-1 and
that NO can increase CO production via binding to the
heme moiety of HO (Motterlini et al., 1996). In
addition to CO, equimolar concentrations of biliverdin
are produced during the HO-mediated heme
degradation. Biliverdin is then degraded to bilirubin,
also known as a strong antioxidant. All these data
indicate that HO-1 pathway within the tissues might
constitute an important defense mechanism against
oxidative stress and against the deleterious effects of
NO (Henningsson et al., 1999).
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The results of the experiment demonstrated that
exposure to CRS elevated the level of NO in hepatic
and renal tissues which was accompanied by increased
level of lipid peroxidation, decreased level of reduced
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