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Aims: Cerebral ischemia reperfusion (I/R) is a neurovascular disease leading to cerebral damage. It was found
that postmenopausal women are liable to more dangerous effects than men at same age in stroke. The objective
of this study is to investigate the neuroprotective effect of zeranol against cerebral ischemia reperfusion in
ovariectomized rats.

Main methods: 36 female wistar rats divided in to 3 groups: sham group, I/R group (where I/R was induced
7 weeks after ovariectomy), zeranol group (0.5 mg/kg every 3 days for 5 weeks before I/R). Cerebral ischemia
reperfusion (I/R) was performed by bilateral common carotid artery occlusion then de-ligated to restore blood
flow. After 24h of reperfusion, rats performed cylinder test to evaluate behavioral dysfunction followed by
decapitation. Brain tissues were collected for biochemical measures such as oxidative stress marker mal-
ondialdehyde, antioxidant markers reduced glutathione, inflammatory markers (interleukin-1 beta, tumor ne-
crosis factor alpha, and inducible nitric oxide synthase), matrix metalloproteinase-9, adenosine triphosphate,
brain derived neurotrophic factor, glucose transporter-3, phosphorylated c-AMP response element binding
protein and finally nissl staining for histopathological examination.

Key findings: The zeranol administered group showed a reversal of neuronal damage caused by ischemia evi-
denced by the decrease in MDA, IL-1p, TNF-a, and MMP-9 levels, increase GSH, and ATP levels, decrease
expression of iNOS in both regions cortex and hippocampus, increase protein level of p-CREB, GLUT-3 and
BDNF, increase number of intact neuron cells in both regions and attenuated histological changes in both cortex
and hippocampus regions.

Significance: Zeranol has neuroprotective potential against cerebral ischemia reperfusion in ovariectomized rats.

1. Introduction with a blood brain barrier (BBB) disruption, and all finally leading to

brain edema [2].

Cerebral ischemia/reperfusion (I/R) injury causes cerebral damage
through a complex cycle of pathophysiological events that occur
through a short period of time. The brain is liable to energy depletion
injuries and the damage was rely to oxidative stress as consequence of
high rate of oxidative metabolic activity, relatively low antioxidant
capacity and insufficient neuronal cell repair activity [1]. Ischemic
stroke causes a reduction in blood flow which is enough to change
normal cellular function. Reperfusion is key point for the remedy of
ischemic stroke. However, the occurrence of post-reperfusion oxidation
lesion is mainly due to large amounts of reactive oxygen species (ROS),
that cause apoptosis, an inflammatory reaction, which accompanied

I/R injury leads to brain atrophy due to increased expression of
nitric oxide, excitatory amino acids, cytokines, free radicals, mi-
tochondrial respiratory enzymes damage, initiation programmed cell
death, and microglia activation [3].

Cerebral ischemia causes a reduction of glucose which is the main
energy source in the brain. Neuronal glucose uptake depends on glucose
transporter isoform Glut3 at the plasma membrane [4].

Epidemiological studies revealed that stroke incidence increase with
age and menopause women are more liable to stroke [5]. The occur-
rence of stroke in postmenopausal women is the same as in men. But,
the undesirable effects (almost 60% deaths from stroke) have been
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Fig. 1. Effect of zeranol on rearing number in cylinder test in ovariectomized
rats subjected to 10 min ischemia followed by 24 h reperfusion.

Data were expressed as mean + S.E.M, n = 12 in each group.

*Significantly different from sham group, *significantly different from I/R
group at p < 0.05.

I/R: ischemia reperfusion, OVX: ovariectomized, ZER: zeranol.
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Fig. 2. Effect of zeranol on malondialdehyde (MDA) level in ovariectomized
rats subjected to 10 min ischemia followed by 24 h reperfusion.
Data were expressed as mean + S.E.M, n = 6 in each group
*Significantly different from sham group, *significantly different from I/R
group at p < 0.05. I/R: ischemia/reperfusion, OVX: ovariectomized, ZER: zer-
anol.

recorded in the postmenopausal women, and as postmenopausal
women are more threatened by stroke, it is a matter of urgent attention
for this category [6].

Sex steroids are responsible for other functions than reproduction.
The effects of sex steroids are involved in cognition, synaptic plasticity,
memory and neurogenesis [5]. Previous studies have documented that
ovariectomy causing behavioral, neurochemical and molecular defects
associated with a decline in Brain-Derived Neurotrophic Factor (BDNF)
and found that these defects can be partially returned to normal state by
estradiol [5].

Reducing cerebral ischemic injury in experimental animals by es-
trogen replacement therapy has been well documented. It is therefore
concluded that estrogen may also be efficient in inhibition of stroke in
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Fig. 3. Effect of zeranol on reduced glutathione level in ovariectomized rats
subjected to 10 min ischemia followed by 24 h reperfusion.

Data were expressed as mean *+ S.E.M, n = 6 in each group.

*Significantly different from sham group, *significantly different from I/R
group at p < 0.05.I/R: ischemia/reperfusion, OVX: ovariectomized, ZER: zer-
anol.

Table 1
Effect of zeranol on level of IL-} and TNF-a in rat brain tissue after I/R injury.
Parameters Groups
Sham OVX + I/R OVX + ZER + I/R
TNF-a level (Pg/mg 33.22 = 0.86 55.14 *= 1.30 45.53 = 0.79"
protein)
IL-1B level (Pg/mg 7793 * 1.94 143.10 * 3.27 117.60 + 2.97°"
protein)

Data represented as mean = S.E.M, n = 6 rat in each group.

* Significantly different from sham group at p < 0.05.
# Significantly different from I/R group at p < 0.05. I/R: ischemia/reperfu-
sion; OVX: ovariectomized; ZER: zeranol.

postmenopausal women but the adverse effects associated with es-
trogen a search for substitutes with less side effects but a same pro-
tective effect such as selective estrogen receptor modulators and phy-
toestrogen [6].

Plant-derived phytoestrogens act as potential substituent for es-
trogen. The phytoestrogen a-Zearalanol (zeranol), associated with low
side-effects on the reproductive system in relation with animal-derived
estrogen, is found to protect against cell injury with low side-effects on
uterus and breast [7,8].

Zeranol is a reduced product of Gibberella zeae metabolites that is
found in plants and vegetables, soybeans, wheat, grapes, radishes,
celery, spinach, and apples, and able to metabolize safely in the body.
Previous reports reported that zeranol has ability to conserve oxidant-
antioxidant balance. This role thereby gives zeranol potential to prevent
the neuron damage due to oxidative stress [8].

2. Materials and methods
2.1. Chemicals

Zeranol was purchased from Sigma Aldrich (St Louis, MO, USA).
Rabbit polyclonal anti-phosphorylated c-AMP response element binding
protein (p-CREB, 1:1000) and inducible nitric oxide synthase (iNOS,
ready to use) were purchased from Thermo Fisher Scientific, Waltham,
CA, USA. MDA colorimetric kit was purchased from BioVision
Incorporated, USA. Reduced glutathione (GSH) colorimetric kit was
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Fig. 4. a: Effect of zeranol on cortical inducible nitric oxide synthase (iNOS) in ovariectomized rats subjected to 10 min ischemia followed by 24 h reperfusion.

Data were expressed as mean = S.E.M, n = 6 in each group.

*Significantly different from sham group, *significantly different from I/R group at p < 0.05. I/R: ischemia/reperfusion; OVX: ovariectomized; ZER: zeranol.
b: Effect of zeranol on hippocampal inducible nitric oxide synthase (iNOS) in ovariectomized rats subjected to 10 min ischemia followed by 24 h reperfusion.

Data were expressed as mean + S.E.M, n = 6 in each group.

*Significantly different from sham group, “significantly different from I/R group at p < 0.05. I/R: ischemia/reperfusion; OVX: ovariectomy; ZER: zeranol.
c: Representative photomicrographs showing increase in expression of iNOS in I/R group in both regions cortex and hippocampus (CA1) (2,5) as compared to sham
group (1.4), while zeranol group showed decrease in expression of iNOS in both regions (3,6) as compared to I/R group (X 40), scale bar = 50 um. I/R: ischemia/

reperfusion; OVX: ovariectomized; ZER: zeranol.

purchased from Enzo Life Sciences, Switzerland. Interleukin-1 beta (IL-
1p) ELISA kit was purchased from Cohesion Biosciences, UK. Tumor
necrosis factor alpha (TNF-a), matrix metalloproteinase-9 (MMP-9)
ELISA kit were purchased from CUSAIBO, USA. Adenosine triphosphate
(ATP) ELISA kit was purchased from Blue Gene Biotech. for life science,
China. Glucose transporter-3 (GLUT-3) and brain derived neurotrophic
factor (BDNF) ELISA kit were purchased from Cloud-Clone Corp., USA.
All other chemicals were of the highest available commercial grade.

2.2. Animal

Thirty six female adult wistar rats were included in this study,
weighing 180-200 g. The rats were supplied from the breeding unit of
the Egyptian Organization of Biological products and Vaccines
(Helwan, Egypt). Animals had free access to standard pellet diet and
water all through the day and housed with normal light dark cycles for
1 week before experiment at controlled temperature (22 °C + 2°C).

Animal handling and experimental protocol were approved by the
research ethics, animal care and use committee, Faculty of Pharmacy,
Helwan University (Protocol Number: 003A-2018).

2.2.1. Surgical procedure
2.2.1.1. Ovariectomy operation. Animals were anesthetized with chloral
hydrate (360 mg/kg i.p.) and the surgical site was shaved and cleansed
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thoroughly with Betadine. A midline abdominal incision was made, and
the junction between the ovaries and uterus were located and tied with
2.0 silk. Ovaries were removed bilaterally [9]. Vaginal smears were
obtained to confirm cessation of oestrous cycling in OVX animals.

2.2.1.2. Induction of cerebral ischemia/reperfusion (I/R). Overnight-
fasted rats were anesthetized with chloral hydrate (360 mg/kg, i.p.)
at the time of the operation. Rats were subjected to ischemia, where the
right and left common carotid arteries were exposed by a midline
ventral incision in the neck. The bilateral carotid artery were separated
from the adjacent tissues and vagus nerve. Ischemia was induced by
bilateral clamping (ligation) of the common carotid arteries for 10 min.
Following cerebral ischemia, the arteries were de-clamped (de-ligated)
to restore circulation. The skin was sutured with waxed silk stitches.
Reperfusion was allowed for 24 h. Rats of the sham group were exposed
to the same procedure except for carotid occlusion. Rectal temperature
was maintained at 37 * 0.5°C throughout the experiment to prevent
cerebral hypothermia [10].

2.3. Experimental design

The experiment dealt with the determination of the protective ef-
fect of zeranol treatment on the cerebral ischemic reperfusion injury of
the ovariectomized rats. The rats were randomly divided into three
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Fig. 5. Effect of zeranol on matrix metalloproteinase (MMP-9) level in ovar-
iectomized rats subjected to 10 min ischemia followed by 24 h reperfusion.
Data were expressed as mean + S.E.M, n = 6 in each group.

*Significantly different from sham group, *significantly different from I/R
group at p < 0.05. I/R: ischemia/reperfusion; OVX: ovariectomized; ZER: zer-
anol.

Table 2
Effect of zeranol on level of ATP and GLUT-3 in rat brain tissue after I/R injury.
Parameters Groups
Sham OVX + I/R OVX + ZER + I/R
ATP level (ng/mg protein) 23.20 = 0.97 9.81 * 0.57 14.58 + 0.35°"
GLUT-3 level (ng/mg 7.02 = 0.30 3.15 = 0.16 4.14 = 0.11"

protein)

Data represented as mean = S.M.E, n = 6 rat in each group.

* Significantly different from sham group at p < 0.05.

# Significantly different from I/R group at p < 0.05. I/R: ischemia/reperfu-
sion; OVX: ovariectomized; ZER: zeranol.

1501
— ...
3 2
== .
% .é 100
- o
Z2
@5 50
o
0 T T
£ Nl N
'b x x
3 Q
& #
&

Fig. 6. Effect of zeranol on brain derived neurotrophic factor (BDNF) level in
ovariectomized rats subjected to 10 min ischemia followed by 24 h reperfusion.
Data were expressed as mean * S.E.M, n = 6 in each group.

*Significantly different from sham group, significantly different from I/R
group at p < 0.05. I/R: ischemia/reperfusion; OVX: ovariectomized; ZER: zer-
anol.
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groups, in each group = 12.

Group 1 (Sham group): neither exposed to ovariectomy nor to
ischemia, rats received vehicle of zeranol for 5 weeks.

Group 2 (OVX + I/R) Ovariectomized rats that weren't treated,
only received vehicle of zeranol for 5 weeks and underwent cerebral I/R
injury 7 weeks after ovariectomization.

Group 3 (OVX + ZER + I/R) Ovariectomized rats treated 2 weeks
after ovariectomization with zeranol (0.5 mg/kg/olive oil; i.p. [11]).
Treatment continued for 5 weeks every 3 days followed by cerebral I/R
injury.

2.4. Parameters

2.4.1. Rearing behavior in cylinder test

When placed in a clear cylinder, rats will engage in exploratory
behavior, including rearing. During rearing behavior, the forelimbs will
contact the wall of the cylinder. For this test, the rat will be placed in a
clear plexiglass cylinder (diameter = 20 cm, height = 30 cm) for 5 min.
The number of rears will be counted [12].

2.4.2. Biochemical parameters

2.4.2.1. Tissue sampling and preparation. After behavioral experiment,
rats were sacrificed by decapitation and brains were removed then
rinsed with ice cold phosphate buffer and divided into two set, the first
set in which 6 rat brains tissues were stored at —80 °C for biochemical
studies such as reduced glutathione (GSH), malondialdehyde (MDA),
interleukin-1beta (IL-1f), tumor necrosis factor alpha (TNF-a), matrix
metalloproteinase-9 (MMP-9), glucose transporter-3 (GLUT-3), and
adenosine triphosphate (ATP) which were homogenized in phosphate
buffer except GSH in 1 X assay buffer to obtain 10% for all except 5%
for GLUT-3 and BDNF according to kit instruction. While the other set
(6 rat brains) were divided for two hemispheres, the right ones were
stored at — 80 °C, which were used for western blot assay for measuring
level of p-CREB and the left hemispheres were used for
immunohistochemistry staining (iNOS), toluidine blue staining and
finally histopathology in both regions cortex and hippocampus (CA1).

2.4.2.2. Determination of MDA, GSH, IL-13, TNF-a, MMP-9, GLUT-3,
ATP and BDNF in brain homogenate. The brain tissue level of MDA, GSH,
IL-1B, TNF-a, MMP-9, GLUT-3, ATP, and BDNF were determined using
commercial available kit, according to kit manufacturer instruction. All
parameters were measured in the supernatant of brain homogenate
except GSH. MDA level was determined with the thiobarbituric acid
method by using method of [13], while GSH was determined with
Ellman's reagent by using method of [14]. The remaining parameters
were measured by enzyme-linked immunosorbent assay (ELISA) kit.
The samples were analyzed with a spectrophotometer.

2.4.3. Protein estimation
Protein was assessed by the method of lowery [15] using bovine
serum albumin as standard.

2.4.4. Histopathology

At the end of the reperfusion period (after cylinder test), 6 left
hemispheres from each group were removed and fixed in 10% neutral-
buffered formalin for 24 h. Each left hemisphere was embedded in
paraffin blocks. Sagittal sections of six um thickness were obtained
(containing partial cortex which was examined with special focus on
(outer molecular layer, outer granular layer and outer pyramidal layer)
where most of lesions were recorded and hippocampus) then stained
with 1% toluidine blue at 50° for 30 min to count intact neuron cells
which showing cellular details with intact lightly stained nuclei, while
damaged neurons are darkly stained having no cellular details and
without clear bounders between nuclear and cytoplasmic compartment
as Lan et al [16] in five fields per slide and the average was calculated.
In addition to hematoxylin and eosin (H&E) stain for histopathological
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Fig. 7. (a) Effect of zeranol on phosphorylated c-AMP response element binding protein (p-CREB) in ovariectomized rats subjected to 10 min ischemia followed by

24 h reperfusion.
Data were expressed as mean * S.E.M, n = 6 in each group.

*Significantly different from sham group, #significantly different from I/R group at p < 0.05; (7b) Representative Images of western blotting of p-CREB in brain tissue
after 10 min ischemia followed by 24 h reperfusion showed increased expression of p-CREB in ZER group. I/R: ischemia/reperfusion; OVX: ovariectomized; ZER:

zeranol.

examination according to the method of [17]. The sections were ex-
amined for the histopathological findings of any changes.

2.4.5. Immunohistochemistry

The technique used for immunostaining was the Labeled
Streptavidin Biotin (LSAB) method according to [18]. 5um thick par-
affin embedded tissue section were prepared. After deparaffinization
sections were immersed in 3% H202 in methanol for 10 min to block
endogenous peroxidase. Nonspecific binding sites were blocked by in-
cubating the sections in 10% goat serum for 10 min to suppress non-
specific binding followed by incubation with iNOS Rabbit polyclonal
antibody - ready to use (Thermo Fisher Scientific, Waltham, CA, USA)
at room temperature for 60 min, followed by incubation with biotiny-
lated goat anti-rabbit IgG at room temperature for 10 min. After 3 times
of 3min PBS rinses sections were incubated for 10 min with strepta-
vidin horseradish peroxidase by using Histostatin-Bulk-SP IHC, broad
spectrum (Thermo Fisher Scientific, Waltham, CA, USA). The antibody
binding sites were visualized by incubation with diaminobenzidine
(DAB) for 10 min. After that Washing by PBS then counter staining with
hematoxylin, dehydrated and clearing in xylene then cover slipping for
microscopic examination.

Finally, all slides were photographed under a light microscope
(magnification, x400; Olympus BX50), the intensity of iNOS in the
cortex and hippocampus (CA1l) in each section was evaluated using
computerized image analysis Leica Qwin 500 (LEICA, Image system
Ltd., Cambridge, UK) which consist of a leica DM-LB microscope with
JVC color video camera attached to a computer system Leica Q 500 IW.
Five random fields per slide were analyzed and the average was cal-
culated, and expressed the integrated optical density.

2.4.6. Western blot

Brain tissue was homogenized in cell RIPA lysis buffer (Bio Basic
Inc., Canada), followed by centrifugation at 4 °C (16,000 X g for 30 min)
to collect the supernatant. Protein concentration was determined by
Bradfort protein assay kit (Bio Basic Inc., Canada). 20 ug protein con-
centration of each sample was loaded with an equal volume of 2 x
Laemmli sample buffer (Bio-Rad Laboratories Inc., USA) and the mix-
ture was boiled at 95°C for 5min to ensure denaturation of protein
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before loading on polyacrylamide gel electrophoresis (SDS-PAGE), fol-
lowed by electro-transfer to polyvinylidene difluoride (PVDF) mem-
branes. After blocking with Tris-buffered saline with Tween (TBST)
buffer containing 3% bovine serum albumin (BSA) at room temperature
for 1h, membranes were incubated with rabbit p-CREB primary poly-
clonal antibodies (1:1000) overnight at 4 °C. After washing three times
with 0.05% TBST, the membranes were incubated with horseradish
peroxidase (HRP) goat anti-rabbit secondary polyclonal antibody
(1:1000; Novus Biological, Littleton Co, USA) at room temperature for
1h under vibration. An enhanced chemilumescent (ECL) detection
system (Bio-Rad, Laboratories, Inc., Hercules, CA, USA) was used to
detect the signals using the chemiluminescent substrate (Clarity
Western ECL substrate — Bio-Rad, Hercules, CA, USA). The chemilu-
minescent signals were captured using a CCD camera-based imager.
Image analysis software was used to read the band intensity of the
target proteins against control sample after normalization by beta actin
on the Chemi Doc MP imager.

2.5. Statistical analysis

Data were expressed as mean * standard error of mean. Results
were analyzed statistically using one way ANOVA followed by Tukey-
Kramer [19] as post hoc test. Statistical analysis and graphical re-
presentations were performed using GraphPad Prism, version 5
(GraphPad software, Inc., San Diego, CA, USA). A p-value of 0.05 or less
was considered as statistically significant.

3. Results

3.1. Effect of zeranol treatment on rearing number in cylinder test after I/R
injury

Cerebral ischemia for 10 min followed by reperfusion for 24h in
ovariectomized rats showed significant decrease in exploratory beha-
vior by reducing the number of rearing in cylinder test by approxi-
mately 66%when compared with sham group, while pretreatment with
zeranol showed significant increase in the number of rearing by ap-
proximately 180% when compared with I/R group (Fig. 1).
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Fig. 8. a: Effect of zeranol on number of intact cortical neuron cell per field in ovariectomized rats subjected to 10 min ischemia followed by 24 h reperfusion.

Data were expressed as mean + S.E.M, n = 6 in each group.

*Significantly different from sham group, *significantly different from I/R group at p < 0.05. I/R: ischemia/reperfusion; OVX: ovariectomized; ZER: zeranol.
b: Effect of zeranol on number of intact neuron cell in CA1 per field in ovariectomized rats subjected to 10 min ischemia followed by 24 h reperfusion.

Data were expressed as mean + S.M.E, n = 6 in each group.

*Significantly different from sham group, *significantly different from I/R group at p < 0.05. I/R: ischemia/reperfusion; OVX: ovariectomized; ZER: zeranol.

c: Representative photomicrographs of nissl staining of the cortex (1, 2, 3) and hippocampus (CA1) region (4, 5, 6) showed that in I/R group (2, 5) neuron cell
appeared shrunken, had deep staining (thick arrow) and decreased number of intact neuron cells in both regions as compared to sham group (1, 4) while pre-
treatment with zeranol showed increase in number of intact neuron cells in both regions (fine arrow). In which 1, 4 refers to sham group, 2, 5 refers to I/R group and

3, 6 refers to zeranol group (X 40), scale bar = 50 um.

3.2. Effect of zeranol treatment on oxidative stress marker (MDA) and
antioxidant marker (GSH) in brain tissue after I/R injury

In ovariectomized rats subjected to 10 min ischemia followed by
24 h reperfusion, the level of brain MDA as a marker of lipid perox-
idation was significantly raised by 180.7% as compared to the sham-
operated rats. In zeranol treated group, the level of MDA was sig-
nificantly attenuated by 17.5% as compared to I/R group (Fig. 2).
Concerning GSH level, our results revealed that the GSH level in the
brain tissues of I/R group was significantly depleted by 45.6% as
compared to sham-operated group. The depleted level of GSH was
significantly restored in zeranol-treated group by 40.4% as compared to

I/R group (Fig. 3).

3.3. Effect of zeranol treatment on inflammatory markers (IL-1f3, TNF-a) in
rat brain tissue after I/R injury

As shown in Table 1, the level of IL-1 and TNF-a in the brain tis-
sues of I/R group were significantly elevated by 85% and 65%, re-
spectively, compared to sham-operated animals. However, zeranol
treated group reduced the level of IL-1B and TNF-a, by 17.8% and
17.4%, respectively, compared to I/R group.
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Fig. 9. Representative photomicrographs of brain section in both regions cortex (a: sham group, b: I/R group, c: zeranol group) and hippocampus (CA1) (d: sham
group, e: I/R group, f: zeranol group) showed effect of zeranol on histopathological changes in ovariectomized rats exposed to 10 min cerebral ischemia followed by

24 h reperfusion (H&EX40), scale bar = 50 yum.

3.4. Effect of zeranol on iNOS expression determined by
immunohistochemistry in both regions cortex and hippocampus after I/R

injury

In ovariectomized rats subjected to 10 min ischemia followed by
24 h reperfusion, the optical density of positive iNOS cells was sig-
nificantly increased in both cortex and hippocampus CAl regions by
1376 and1694% respectively as compared to the sham group. In zer-
anol treated group, the optical density of positive iNOS cells was de-
creased significantly by 56.6 and 65%respectively as compared to I/R
group (Fig. 4a, b, c).

3.5. Effect of zeranol on blood membrane barrier integrity by measuring
MMP-9 in rat brain tissue after I/R injury

In ovariectomized rats subjected to 10 min ischemia followed by
24 h reperfusion, the level of brain MMP-9 was significantly elevated by
117.4% as compared to the sham-operated rats. In zeranol treated
group, the level of MMP-9 was significantly attenuated by 24.15% as
compared to I/R group (Fig. 5).
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3.6. Effect of zeranol on energy level (ATP, GLUT-3) in rat brain tissue
after I/R injury

As shown in Table 2, the level of ATP and GLUT-3 in the brain
tissues of I/R group were significantly decreased by 57.7% and 55.13%,
respectively, compared to sham-operated animals. However, zeranol
treated group increased the level of ATP and GLUT-3, by 48.6% and
31.43%, respectively, compared to I/R group.

3.7. Effect of zeranol on neurogenesis and neuroplasticity (BDNF) in rat
brain tissue after I/R injury

In ovariectomized rats subjected to 10 min ischemia followed by
24 h reperfusion, the level of brain BDNF was significantly decreased by
30.81% as compared to the sham-operated rats. In zeranol treated
group, the level of BDNF was significantly increased by 19.4% as
compared to I/R group (Fig. 6).

3.8. Effect of zeranol on phosphorylated c-AMP response element binding
protein (p-CREB) in rat brain tissue after I/R injury

In ovariectomized rats subjected to 10 min ischemia followed by
24 h reperfusion, the level of brain p-CREB was significantly decreased



S.K. Mohamed et al.

IR Injury

Life Sciences 217 (2019) 212-221

I —

Oxidative stress
(IMDAGSH)

Fig. 10. schematic representative the mechanism of action of zeranol in I/R injury in ovariectomized rats.
p-CREB (phosphorylated c-AMP response element binding protein); GLUT-3 (glucose transporter-3); ATP (adenosine triphosphate); IL-1f (interleukin-1 beta); TNF-a
(tumor necrosis factor-alpha); iNOS (inducible nitric oxide synthase); MMP-9 (matrix metalloproteinase-9); BBB (blood brain barrier); MDA (malondialdehyde); GSH

(reduced glutathione).

by 80%as compared to the sham-operated rats. In zeranol treated
groups, the level of p-CREB was significantly increased by 283% as
compared to I/R group (Fig. 7a, b).

3.9. Effects of zeranol on neuronal injury in rat brain tissue after I/R injury

Nissl staining showed neuronal injury in cortex and hippocampus
(CA1) region at 24 h after reperfusion. The images showed that most
cells were shrunk in the ischemic cortex, hippocampus (CA1) region
and had deep color staining indicative of injury in I/R group. However,
these characteristic changes were not observed in the sham group and
were improved by zeranol treatment. The intact neuron cells number of
the cortex and the hippocampus region were smaller in I/R group than
those of sham operated group (38.33 = 1.02 vs. 140.8 *= 4.56,
p < 0.05 for cortex; 31.50 = 1.82 vs. 73 * 1.79, p < 0.05 for the
hippocampus, respectively). While pretreatment with zeranol showed
increase in intact neuron cells number as compared to I/R group in both
regions (63.33 = 2.53, 66.33 + 1.84 respectively) (Fig. 8a, b, c).

3.10. Effect of zeranol on histopathological changes in both regions cortex
and hippocampus after I/R injury

Brain section of sham group showed normal histological structure in
both regions cortex and hippocampus (Fig. 9a, d).

Brain section of ovariectomized I/R group showed many shrunken
neuron cells with dark basophilic nucleus (thick arrow), many glia cell

219

infiltration (fine arrow), congestion in blood vessels (triangle) and
edema (arrow head) in cerebral cortex (Fig. 9b) while, in hippocampus
(CA1l) region showed disarrangement of pyramidal cells, many
shrunken irregularly shaped neurons with dark basophilic nuclei (thick
arrow) and many glia cells (fine arrow) (Fig. 9e).

However, intraperitoneal administration of zeranol prior to I/R
showed improvement in the histological properties, fewer numbers of
shrunken dark basophilic neuron cells (thick arrow), mild glia cell in-
filtration (thin arrow) and mild edema (arrow head) in cerebral cortex
(Fig. 9c), while CA1 region showed more organized apparent intact
pyramidal cells, few scattered shrunken neurons with dark basophilic
nuclei (thick arrow) and mild infiltration of glia cells (thin arrow)
(Fig. 9f).

4. Discussion

Functional defects following ischemic stroke are often notable and
therefore it is importance to examine changes in animal attitude after
cerebral ischemia [20]. In the current study, sensorimotor function was
investigated by the cylinder test.

Pretreatment with zeranol decreased sensorimotor dysfunction after
I/R injury. This can be due to the ability of zeranol to maintain oxidant-
antioxidant balance [8]. Additionally, our results show that zeranol
administration alleviated the oxidative stress caused by I/R injury as
evidenced by the decrease in MDA level and increase in GSH level.

Furthermore, an imbalance between oxidant and antioxidant
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markers in I/R injury is a precursor to an increase in inflammation seen
by an increase in TNF-a, iNOS, and IL-1§3 [21,22]. We obtained similar
results in our I/R injury model. This may be due to the up-regulation of
NF-xB. We also find that zeranol administration prior to I/R injury
caused a decrease in inflammation as evidenced by the decrease in TNF-
a, iNOS, and IL-1.

Oxidative stress and the subsequent production of reactive oxygen
species are also responsible for the damage to the blood brain barrier in
I/R injury as shown by [23]. Our experimental model shows that MMP-
9 level is increased which suggests blood brain barrier damage. Zeranol
was able to significantly alleviate this damage.

In I/R injury, the lack of oxygen and the resulting oxidative stress
caused a fall in ATP level which is similar to the finding of [24,25].
However, the animals administered zeranol have increased levels of
ATP after I/R injury. This may be due to the deactivation of FOF1AT-
Pase activity leading to an increase in ATP level. This has been pre-
viously shown in the studies performed by [26,27,28] but with different
estrogens. The increase in ATP level with zeranol may also be linked to
GSH level increase similar to the results found by [29,30].

Neuronal survival and plasticity were assessed by measuring ex-
pression of p-CREB and the level of its downstream factor BDNF
[31,32]. We found that zeranol pretreatment caused an increase in the
expression of p-CREB accompanied with an increase in BDNF level.
These results are similar to those found by [33,34,35] in different I/R
models. Therefore, neuronal survival was improved after I/R injury by
zeranol and this is similar with [36].

Phosphorylated CREB is also essential for the transcription of
GLUT3 gene [37], while estrogen deprivation causes a decrease in the
expression of GLUT3 [38].

Our results show that p-CREB upregulation by zeranol administra-
tion caused an increase in the expression of GLUT3 which is the main
glucose transporter in neurons. Therefore, glucose is available in the
neurons for the cell's metabolism and survival.

The histopathological examination supports these findings by
showing an increase in intact neurons.

On the other hand, increase of GLUT3 expression and the avail-
ability of glucose inside the neuron give rise to the ATP level [38]. This
suggests that ATP levels increase after zeranol administration and I/R
injury via two mechanisms: the decrease in oxidative stress and the
availability of glucose inside the cells.

The mechanism of action of zeranol in I/R injury in ovariectomized
rats is illustrated in Fig. 10.

5. Conclusion

We conclude that the phytoestrogen zeranol improves I/R outcome
in ovariectomized rats by righting the oxidant-antioxidant balance with
subsequent decrease in inflammation and sensorimotor dysfunction.
But neuronal survival was maintained by upregulation of p-CREB and
GLUT3. And the increase in available glucose and ATP levels provide
the neuron with its two essential energy sources for survival.
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