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In the brain, the heme oxygenase (HO) system has been reported to be very active and its modulation seems to play a crucial role
in the pathophysiology of neurodegenerative disorders. Hemin as HO-1 inducer has been shown to attenuate neuronal injury so
the goal of this study was to assess the effect of hemin therapy on the acute stress and how it would modulate neurological outcome.
Thirty male albino rats were divided into three groups: control group and stressed group with six-hour water immersion restraint
stress (WIRS) and stressed group, treatedwith hemin, in which each rat received a single intraperitoneal injection of hemin at a dose
level of 50mg/kg body weight at 12 hours before exposure to WIRS. Stress hormones, oxidative stress markers, malondialdehyde
(MDA), and total antioxidant capacity (TAC) were measured and expressions of neuroglobin and S100B mRNA in brain tissue
were assayed. Our results revealed that hemin significantly affects brain alterations induced by acute stress and this may be through
increased expression of neuroglobin and through antioxidant effect. Hemin decreased blood-brain barrier damage as it significantly
decreased the expression of S100B. These results suggest that hemin may be an effective therapy for being neuroprotective against
acute stress.

1. Introduction

Stress is any condition that impairs the balance of the
organism physiologically or psychologically and the response
to stress involves several neuro-hormonal consequences [1].
Stress-mediated effects on brain function depends on the
type of stressor, and the development stage of the organism
so different physical and psychosocial stresses are associated
with various diseases such as mental disorders, anxiety and
depression, as well as neurodegenerative diseases [2].

In response to stress, different molecular pathways
become activated, including reactive oxygen species (ROS)
production and oxidative stress, inflammatory pathways, and
apoptotic cell death pathways. These pathways are also con-
sidered as major components of the pathophysiology of
neurodegenerative disorders [3].

Heme oxygenase (HO) degrades heme to produce carbon
monoxide (CO), iron (Fe2+), and biliverdin, which is rapidly

converted to bilirubin. Three isoforms of HO were identified
in the brain: inducible form (HO-1) and constitutive forms
(HO-2 and HO-3). HO-1 and HO-2 may have different
mechanisms to protect neurons from oxidative stress [4].

Previous studies have reported controversial effects of
HO-1 induction, either deleterious or beneficial depending
on the different neuroinflammatorymodels and various drug
exposure methods [5–7]. HO-1 may confer neuroprotective
or neurotoxic effects because of the balance between benefi-
cial and toxic effects of heme and heme products [4].

Neuroglobin (Ngb) is the third generation of oxygen-
carrying globin and expressed in the neurons system [8]. It
has been proposed that Ngb could have a function similar
to that of myoglobin and could serve to transport oxygen
to neuronal mitochondria [9] so studies have suggested that
Ngb is closely related to ischemic-hypoxic brain damage
[10]. Upregulation of Ngb expression has been observed
in response to various pathological conditions, including
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cerebral ischemia, hypoxia, and toxicity, and it has been
revealed that hemin specifically induces upregulation of Ngb
in nerve cells [11].

S100B protein, a calcium binding protein secreted by
astrocytes, is involved in glial-to-neuron signaling as a part of
response of glial cell to stress [12]. S100B does not penetrate
the blood-brain barrier and therefore it is not found in
peripheral blood under normal circumstances [13]. Head
trauma with structural lesions causes a disruption of this
barrier, which, in turn, produces measurable amounts of
S100B in peripheral blood [14]. Therefore, measuring S100B
mRNA expression in brain is proffered to be done in the
present study.

With respect to an existence of these discrepancies, this
study was directed to investigate the effect of WIRS with
or without a HO inducer on the brain of male albino rats
and if there is a relation between hemin, Ngb, S100B, cate-
cholamines, corticosterone, and brain oxidative state inWIRS
rats.

2. Materials and Methods

2.1. Animals. Adult male albino rats aged between 8 and
10 weeks were used throughout the present study. The
rats were maintained under normal standard lighting and
feeding (rat chow and water ad libitum) conditions. All the
procedures followed with the rats were in accordance with
our institutional guidelines. Animals were left to acclimatize
to the environment for two weeks prior to inclusion in
the experiment. The rats were randomly classified into the
following three groups (10 rats each):

(1) control group, in which each rat received 0.5mL of
hemin vehicle intraperitoneally 12 hours before the
stress period and left undisturbed during the stress
period,

(2) water immersion restraint stress (WIRS) group, in
which each rat received 0.5mL of the hemin vehicle
intraperitoneally 12 hours before being exposed to
WIRS,

(3) stressed hemin-treated group (WIRS+hemin), where
each rat received hemin at a dose level of 50mg/kg
body weight intraperitoneally 12 hours before being
exposed to WIRS [10].

2.2. Drug Protocol. Hemin (Sigma, UT, USA) was freshly
dissolved in 0.1mol/L NaOH adjusted pH 7.4 with 0.1mol/L
HCl and diluted with saline to required volume (vehicle).
Hemin was prepared in darkness and protected from light
[15]. Hemin dose was selected on the basis of previous studies
[10, 16].

2.3. Water Immersion Restraint Stress (WIRS). Each rat was
immobilized on a wooden board by taping the four limbs
with surgical tapes to specially prepared metal mounts and
immersed up to the depth of the xiphoid process inwater bath
at 23∘C for 6 hours [17] and then immediately decapitated
after stress was relieved.

2.4. Sample Collection. All rats were sacrificed by decapita-
tion immediately after experimental period. Blood samples
were collected and centrifuged for 10min at 5000 rpm. The
obtained clear sera were stored at −80∘C until required for
determination of the following:

(1) Corticosterone level was determined using spectro-
photoflurometric method; the procedure essentially
entails an extraction of free 11-hydroxycorticosteroids
from serum, mainly cortisol and corticosterone, by
methylene chloride followed by their condensation
with an acidic fluorescence reagent. The induced
fluorescence is measured at 510 nm after excitation at
450 nm [18].

(2) Serum catecholamines (epinephrine and norepi-
nephrine) were determined using spectrophotofluro-
metric method. Oxidation of catecholamine in serum
is performed by addition of 0.1 normal iodine fol-
lowed by stoppage of oxidation by addition of alkaline
sulfite to produce certain fluorescence. The induced
fluorescence is measured at specific emission wave-
length after excitation at another specific wave length
that differs according to the type of catecholamine,
epinephrine or norepinephrine. The intensity of the
fluorescence produced is directly proportional to the
concentration of catecholamine in the serum sample
[19].

(3) Blood carboxyhemoglobin (COHb) was measured by
using spectrophotometer (BAUSCH & LOMB Spec-
tronic 2000). Ten 𝜇L of blood was added to 20mL of
diluent (2.5mg/mL sodium dithionite was dissolved
in 0.01mol/L TRIS (hydroxymethyl) amino methane
just before use) and its absolute derivative absorption
at 420 nm was compared with the absolute derivative
value at 420 nm for saturated blood samples (5mL of
diluted bloodwas saturated by bubblingCOgas for 30
minutes) to give the percentage saturation of COHb
[20].

2.5. Analysis of Brain Homogenates. The skulls were opened
carefully to take part from the brain dissecting it at region of
cerebral cortex, used for preparation of tissue homogenates
for estimation of tissueMDA and TAC (Biodiagnostic, Egypt).
Specimens from brain were weighed and homogenized sep-
arately in potassium phosphate buffer 10mM pH (7.4). The
homogenates were centrifuged at 5000 rpm for 10min at
4∘C.The resulting supernatant was used for determination of
MDA according to themethod of Ohkawa et al. [21] and TAC
using colorimetric assay kit according to the manufacturer’s
instructions (Biodiagnostic, Egypt).

2.6. Expression Analyses. Total RNA was purified from
homogenized brain specimen using RiboZol RNA extraction
reagent (Amresco, Solon, USA) following the manufacturer’s
instructions. Isolated total RNA was used as template for
reverse transcriptase-polymerase chain reaction (RT-PCR)
using OneStep RT-PCR Kit (Qiagen, UK). Sequences of
the primers used for PCR amplification were as follows:
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Table 1: Effect of 6-hour water immersion restraint stress (WIRS)
with or without hemin on serum catecholamines (epinephrine and
norepinephrine) and corticosterone in male albino rats.

Parameters Groups
Control WIRS WIRS + hemin

Epinephrine (ng/mL) 84.5 ± 3.9 108 ± 2.4A 88 ± 4.2B

Norepinephrine (ng/mL) 184.8 ± 5.6 220 ± 7.2A 188.3 ± 5.8B

Corticosterone (𝜇g/mL) 37.3 ± 1.7 44.9 ± 1.8A 38 ± 0.8B
ASignificant difference from the control group and Bsignificant difference
from the WIRS group, 𝑝 ≤ 0.05. Values are expressed as mean ± SEM of 10
rats in each group.

Ngb forward; 5-CTCTGGAAC ATGGCACTGTC-3; reverse,
5-GCACTGGCTCGTCTCTTACT-3; product size 425 bp,
for S100B forward; 5-TTGCCCTCATTGATGTCTTCCA-3
and 5-TCTGCCACGGGGAAACGGCTCA-3; product size
296 bp, and for 18s; forward, 5-TTGACGGAAGGGCAC-
CACCAG-3, reverse, 5-GCACCACCACCCACGGAATCG-
3; product size 131 bp. RT-PCR products were separated on
2% agarose gel, visualized by ethidium bromide staining.
The intensity of the PCR product bands was quantified
using gel documentation system software (Biometra GmbH,
Germany).

2.7. Statistical Analysis. All data were represented as mean
± standard error of the mean (mean ± SEM). Data were
analyzed by one-way analysis of variance (ANOVA) followed
by the Bonferroni multiple comparison test. A 𝑝 value ≤ 0.05
was considered to indicate statistical significance.

3. Results

The results clearly demonstrated that exposure of the rats
to WIRS produced a significant increase in the serum cate-
cholamines (epinephrine and norepinephrine) and corticos-
terone levels in comparisonwith control group.HO-1 inducer
(hemin) produced a significant decrease in epinephrine,
norepinephrine, and corticosterone levels when compared to
WIRS group but failed to produce significant change when
compared to control group (Table 1).

It was found that WIRS significantly increased MDA and
decreased TAC in the brain tissue when compared to control
rats. Hemin pretreatment produced a significant decrease in
MDA and increase in TAC in the brain tissue as compared
to WIRS group but failed to alter both significantly when
compared to control group (Table 2).

Hemin pretreatment significantly increased bloodCOHB
level in WIRS group to prove that endogenous CO produc-
tion was modified through modulation of heme oxygenase
activity. Exposure of the rats to WIRS failed to alter signifi-
cantly the blood COHB level (Figure 1).

NeuroglobinmRNA expression was significantly reduced
inWIRS group compared to control groupwhile hemin injec-
tion resulted in significant increase inNgb expression in brain
tissue compared to stress group and it was nonsignificantly
different compared to control group (Figure 2).

Table 2: Effect of 6-hour water immersion restraint stress (WIRS)
with or without hemin on brain oxidative state in male albino rats.

Parameters Groups
Control WIRS WIRS + hemin

Brain MDA
(pg/mg tissue) 3.5 ± 0.2 6.2 ± 0.07A 3.8 ± 0.1B

Brain TAC
(𝜇M/mg tissue) 7.2 ± 0.3 4.2 ± 0.2A 6.9 ± 0.2B

MDA: malondialdehyde and TAC: total antioxidant capacity. ASignificant
difference from the control group and Bsignificant difference from theWIRS
group,𝑝 ≤ 0.05. Values are expressed asmean± SEMof 10 rats in each group.
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Figure 1: Effect of water immersion restraint stress (WIRS) with
or without hemin on carboxyhemoglobin level in male albino rats.
ASignificant difference from the control group and Bsignificant
difference from the WIRS group, 𝑝 ≤ 0.05. Values are expressed as
mean ± SEM of 10 rats in each group.

The obtained data showed that WIRS significantly
increased S100B mRNA expression in comparison with con-
trol group. On the other hand, hemin pretreatment signifi-
cantly decreased S100B mRNA expression in brain tissue as
compared to WIRS group but still significantly higher than
control group (Figure 3).

4. Discussion

In the present study, acute stress markedly increased serum
catecholamines (epinephrine and norepinephrine) and cor-
ticosterone which is in agree with the findings of Sanchez et
al. [22] and Ohta et al. [17]. Other studies have indicated the
increase in norepinephrine levels after cold-induced stress
[23] and in the activity of tyrosine hydroxylase, a rate-limiting
enzyme in catecholamine biosynthesis [24]. AlsoWIRS could
affect the hypothalamo-pituitary-adrenal axis that results
in increased plasma glucocorticoids, generally cortisol or
corticosterone [25].

Injection of hemin to stressed rats in the present study
significantly decreased serum corticosterone, epinephrine,
and norepinephrine levels. These results are in agreement
with previous studies [26, 27]. Grion et al. [28] found that CO
produced from heme degradation binds to the heme group of
cytochrome P450 enzyme and inhibits its roles in synthesis
of steroids, which in turn inhibits catecholamine synthesis,
storage, and secretion [29].
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Figure 2: Effect of 6-hour water immersion restraint stress (WIRS) with or without hemin on neuroglobin mRNA expression in brain. (a) M:
100 bp ladder. Lane 1: negative control, lane 2: control group, lane 3: WIRS group, and lane 4: hemin-treated group. (b) ASignificant difference
from the control group and Bsignificant difference from the WIRS group, 𝑝 ≤ 0.05. Values are expressed as mean ± SEM of 10 rats in each
group.
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Figure 3: Effect of 6-hour water immersion restraint stress (WIRS) with and without hemin on protein S100B mRNA expression in brain.
(a) M: 100 bp ladder. Lane 1: negative control, lane 2: control group, lane 3: WIRS group, and lane 4: hemin-treated group. (b) ASignificant
difference from the control group and Bsignificant difference from the WIRS group, 𝑝 ≤ 0.05. Values are expressed as mean ± SEM of 10 rats
in each group.
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Also Jeong et al. [30] stated that these effects could be
mediated by the inhibitory effect of the induced-HO enzyme
on nitric oxide synthase activity because nitric oxide has a
stimulatory effect on catecholamines biosynthetic enzymes
[31].

WIRS causes disruption of nonenzymatic antioxidant
defence systems in the brain of rats [32]. Data of the present
study clearly demonstrates that acute WIRS significantly
increases MDA and decreases TAC which is in agreement
with other investigators [33, 34]. Kumar et al. [35] reported
that acute restraint stress stimulates numerous cellular cas-
cades that lead to increase in ROS production with oxide
vital cellular components, such as lipids, proteins, and DNA,
changing their structure and their functionwhich leads to cell
damage and even cell death.

The brain is especially vulnerable to oxidative damage
because the tissue has high oxygen consumption, high levels
of unsaturated fatty acids, and low to moderate levels of
antioxidant enzyme activities compared with other tissues
[36]. Zaidi and Banu [37] have reported that exposure of
rats to 6 h of immobilization causes a decrease in reduced
glutathione (GSH) level and an increase in MDA level in the
brain. Also previous studies revealed that exposure of rats to
1 h of restraint stress increases MDA levels in the serum and
brain and decreases the levels of GSH [38, 39].

Increased corticosterone induces oxidative stress by
downregulating the gene expression of glutathione peroxi-
dase, an enzyme that metabolizes hydrogen peroxide in the
presence of GSH, and by upregulating the gene expression
of NADPH oxidase, an enzyme that generates superoxide
radical [40]. It is known that lipid peroxidation in the brain
is involved in the pathogenesis of neurodegenerative diseases
[41].

In this study, hemin pretreatment produced a significant
decrease of MDA and increase of TAC activities in brain
as compared with the stressed group which is in agreement
with Yang et al. [42]. HO-1 mostly mediates antioxidant
effects through different mechanisms as upregulation of the
iron storage protein, ferritin [43], production of a lipophilic
antioxidant, biliverdin, and induction of nuclear factor ery-
throid 2-related factor 2 (Nrf2) that activate antioxidant
response elements, which regulate genes of many antioxidant
enzymes [44].

Ngb was identified and initially described by Burmester
et al. [45]. Ngb is an endogenous neuroprotectant and is
predominantly expressed in the nervous system [46]. Its
functions include binding, storing, and transporting oxygen
and scavenging reactive species [47].

In the present work, WIRS induced significant decrease
in Ngb expression compared to control group accompanied
with increased MDA and decreased TAC. This result is
in agreement with Guo et al. [46] who reported reduced
endogenous Ngb with increased oxidative stress in cerebral
cortex in the neurotoxic conditions.

The effect of acute stressors on Ngb is controversial;
increased expression of Ngb has been observed in the
brain tissue of patients with ischemic stroke [48]. Also it
has been reported that hypoxia through hypoxia-inducible
factor-1𝛼 (HIF-1𝛼) positively regulates Ngb expression [49].

Overexpressing Ngb reduced brain infarct size caused by
permanent middle artery occlusion [50, 51] and numerous
experimental studies demonstrated that overexpression of
Ngb effectively counteracted tissue injury induced by exper-
imental ischemia [52, 53]. However, Di Pietro et al. [54]
reported that mild traumatic brain injury, although causing
a reversible increase in oxidative stress, did not induce any
change in neuroglobin but severe traumatic brain injury
caused increase in neuroglobin expression.

This converse may be caused by different experimental
protocols used in animal strains studied as the expression of
Ngb is related to both the severity of the injury and the time
of postinjury suggesting that the modulation of this protein
might play a significant role in the pathophysiology of brain
injury.

The mechanisms underlying improvement of neurolog-
ical function and prognosis via endogenous Ngb remain
unclear; however, many hypotheses exist; Ngb plays an
important physiological role in transportation of oxygen to
the mitochondria and preserves mitochondria ATP produc-
tion [8, 55]. Also Ngb protects cells via clearance of reactive
oxygen species produced by oxidative stress [54] and it has
antiapoptotic effects via reduction of cytochrome c [56].

In the present study, neuroglobinmRNAwas significantly
reduced in WIRS group compared to control group while
hemin injection resulted in significant increase in Ngb from
control group.

Like hemoglobin andmyoglobinwhich can be induced by
hemin in a dose-dependent manner [57], the structural and
functional similarity of Ngb to hemoglobin and myoglobin
suggests that Ngb may be a hemin-responsive gene and
its expression is mediated by the soluble guanylate cyclase-
protein kinase G (sGC-PKG pathway). Protein kinase C
(PKC) is also involved in hemin-induced genes expression
and erythroid differentiation [58, 59]. In in vitro studies
of Ngb-neuronal expression, Zhu et al. [58] found that
the induction of Ngb mRNA and protein by hemin was
concentration and time-dependent.

S100B has been widely used as a marker for neurotrauma,
neuroinflammation, and increased BBB permeability [60–
62]. Furthermore, S100B is even regarded as a biomarker of
brain damage [63]. A previous study revealed that significant
level of stress, depression, and anxiety is accompanied by
increased blood-brain barrier permeability and increased
serum S100B level [64]. Peripheral origins of S100B such
as fat, muscle, and marrow have been reported but animal
research has suggested the brain to be the main source of
the release of S100B [65]. In the current study, S100B mRNA
expression in brain tissue is measured and it was shown that
there is significant increase in S100B expression in stressed
group which may be due to greater stress-induced levels of
the proinflammatory mediators IL-6 and TNF𝛼 [64].

In a previous study it was found that systemic hemin ther-
apy attenuates blood-brain barrier disruption after intracere-
bral hemorrhage [66] and our study has shown that by giving
hemin to stressed animals there was significant decrease in
expression of S100B in brain tissue and this may be explained
by the fact that hemin is a very potent HO-1 inducer and
its benefits may be attributed to its catalytic activity and to
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the antioxidant and anti-inflammatory properties of the two
breakdown products, bilirubin and CO [66].

In conclusion and according to our results, the role of
the products of HO enzyme in the stress response could
be clarified for its antistress effect. Expression of Ngb is
acutely reduced in stressed rats with increased expression of
S100B and oxidative stress in the brain. Hemin pretreatment
significantly attenuated brain alterations induced by acute
stress in rats through increased TAC, increased expression of
Ngb, and decreased expression of S100B in brain tissue.

These data contribute to reinforcing the concept that
Ngb may represent a novel target for the pharmacological
therapy of various neurological disorders and it is important
to determine which mechanisms are important for Ngb-
mediated neuroprotection. Using gene therapy or natural
inducers of HO as reported by Li Volti et al. [67] is preferred
in future studies. A possible limitation of the current study
is assessment of the markers on specific subregions of the
brain and measurement of the proinflammatory mediators,
IL-6 and TNF𝛼, which would further increase the validity of
the results.
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