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Background: Apoplexy is known as a critical issue all over the world and certain
parts of the brain are more sensitive to Ischemia/cerebral reperfusion such as the
hippocampus. Coenzyme Q10 is a powerful anti-oxidant, which helps in cells
membrane durability.

Aim: This study attempts to find the effect of coenzyme Q10 on the change of
hippocampal area texture after cerebral reperfusion/Ischemia.

Methods: Twenty-four male Wistar rats were organized into 4 groups of six
including control, Ischemia, vehicle and experimental groups, with 100 mg /Kg
of coenzyme Q10. Coenzyme Q10 was given to the rats 5 days before and 3 days
after Ischemia/reperfusion induction. Ischemia was done for 20 minutes by
reciprocal blocking of carotid arteries. The rat’s brains were removed and stained
by applying the chrysalis fast violet method. The number of viable cells of the
hippocampal regions of all 4 groups was counted by Imaging-Pro-Plus software.
Statistical analysis of the data was then accomplished by one-way ANOVA and
Tukey's test.

Results: Findings revealed that the number of viable cells in CA2 and CA3 area
reduced following ischemia induction. Whereas, there was no notable change
between the control and experimental groups in terms of cells numbers. Besides,
there was no remarkable change between the control, experimental and ischemia
groups in terms of the number of cells within CA4 area.

Conclusion: The results support the use of coenzyme Q10 as a neurotrophic
substance and as an adjunctive therapy in patients at risk for ischemic stroke.
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Introduction

Leading cause of cerebral ischemia is stroke.
Cerebral Ischemia is the third main cause of
death in western countries after myocardial
infarction and cancer (2). Cerebral ischemia
leads to sensory-motor disorders, speech and
visual disturbances, neuropsychiatric, cognitive
and spatial learning disorders (3-5). Specific
regions of the brain and specific types of
neurons are more vulnerable to cerebral
ischemia (6-9). Pyramidal neurons in CA2-

CA3-CA4 regions of the hippocampus and
striatum are among this type of neurons. In
these areas, specific damage to glial cells is also
activated, which leads to intensification of
neuronal damage (10). This area is involved in
memory and depression and stress. Nowadays,
the occurrence of neurogenesis in this area has
been considered to have an important role in
short-term memory.
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So far, the protective effect of many substances
on programmed cell death has been proven in
laboratory models (12), but unfortunately,
contrary to the results obtained from animal
models in preventing this type of cell death,
there is no effective pharmacological approach
for the cure of ischemia. This could be on
account of drug’s deficiency or side effects
(13). Recently, the use of ubiquinone as an
appropriate and new approach in the role of a
neuroprotective has been considered (14-17).
Coenzyme Q10 (a specific lipophilic
antioxidant) is a key element of the
mitochondrial electron transport chain (18),
which acts as a strong scavenger of free radicals
in lipid and mitochondrial membranes (19). It
plays an essential role in regulating blood
pressure, helping to treat heart failure, ischemic
heart disease, and preventing statin myopathy.
It is involved in the production of adenosine
triphosphate (ATP) and is associated with
improved cognitive function. Since cerebral
ischemia results in the release free oxygen
radicals, the formation or distribution of these
radicals must be reduced in order to repair the
neurological adverse outcomes and neuronal
inhibition (20). It makes sense to use coenzyme
Q10 (Co-Q10), since it promotes oxidative
stress resistance and improves brain energy
during reperfusion after ischemic brain injury.
The reduction of caspase 3 as a key enzyme in
apoptosis by CoQ10 in animal studies also
suggests the use of coQ10 as a neuroprotective
in the role of an anti-apoptotic (21).
Antioxidants such as coenzyme Q10 can be
effective in reducing the cytosolic activity of
LDH and Ca?" levels that increase following
reperfusion ischemia (22). Since so little
research has been done on the neurotrophic
effect of this CoQ10, in this study the effect of
ubiquinone on the CA2-CA3-CA4 areas of the
hippocampus of male Wistar rats following
global transient ischemia has been examined.

Methods

Twenty-four adult male Wistar rats (weighing
250-300 g) were purchased from Iran’s Pasteur
Institute and kept in standard laboratory
conditions (12 hours of light - 12 hours of
darkness) at a temperature of 22-24. Adequate
water and food were available for the animals.
Rats were haphazardly organized into 4 groups
of 6:

1. Control group: Rats were kept in standard
laboratory conditions.

2. lIschemia group: After anesthesia with
ketamine / xylazine (50/5 mg/kg, IP), carotid
arteries were closed and ischemia was induced
for 20 followed by reperfusion.

3. Vehicle group: Animals received only
soybean oil (coenzyme Q10 solvent) for 5 days,
then ischemia/reperfusion was done. Soybean
oil was given again for three consecutive days.
4. Experimental group: The group received the
CoQ10 (100mg/kg) for 5 days before and 3
days after ischemia/ reperfution

All rats were killed on the fourth day after
ischemia and their brains were prepared for
Nissl staining

Preparation of coenzyme Q10 for gavage
Since coenzyme Q10 (Co-Q10) is a fat-soluble
substance, the recommended dose with the use
of suitable solvent (soybean oil) was prepared.
Due to the low stability of ubiquinone in long-
term storage and its sensitivity to light, the
material used for gavage (ubiquinone dissolved
in soybean oil and centrifuged) was made daily
and fed to animals according to weight.
Surgical process and induction of
ischemia/reperfusion

Common carotid artery occlusion (CCAQO) was
done to induct cerebral I/R injury. Briefly, after
a vertical incision in the anterior region of the
neck, the sternocleidomastoid muscle was aside
after anesthesia by intraperitoneal injection of
ketamine/xylazine (50/5 mg/kg, IP). The
common carotid arteries were exposed and
were closed with a microsurgical clamp for 20
minutes followed by reperfusion. The animal's
rectal temperature was frequently recorded
using a thermometer and a heat lamp was set at
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370.5 ° C, during operation. After Suturing, the
animals were kept under constant observation
until they regained awareness and were able to
be stabilized.

Nissl staining

Neuronal cell loss was examined by using a
cresyl violet stain. Only cells consistent of a
distinct nucleus and nucleolus are deemed alive
and healthy in the Nissl technique. In this
method, paraffin sections 10-um in thickness
were directly mounted onto gelatin-coated glass
slides and air-dried according to standard
protocols, then stained with 5% Cresyl violet,
dehydrated and cover-slipped with Entellan.
Eight photomicrographs were made from each
animal (at a level of 2.3-5 mm posterior to the
bregma fortune, in accordance with the Paxinos
atlas).

Three of them were chosen and counted by a
blind examiner under 400x magnification in a
light microscope. Images were taken atx400
magnification with a microscope
(OlympusAX-70, Japan) and examined by
applying Imaging-Pro-Plus (LEICA DMLB,
Germany) software.

Statistical analysis

The data was evaluated by using One-way
ANOVA and post hoc Tukey for comparing
groups. The significance level was set at
P<0.05.

OPEN 8Access
Ethical considerations

Animals were housed in regular laboratory
circumstances (light for 12 hours and darkness
for 12 hours), with a temperature of 22 to 24
degrees Celsius and a humidity of 50%. The
rodents had access to plenty of water and food.
This initiative is based on the Islamic Azad
University, Tehran Medical Sciences, approved
methodology for keeping and working with
laboratory animals, as well as current scientific
solutions.

Results

Data revealed that clamping the common
carotid arteries for 20 minutes may decrease the
number of viable neurons in the CA2 and CA3
regions of hippocampus, so there was
remarkable deference between the control and
ischemia groups. (p<0.05), (p<0.05) Also, the
mean number of viable cells in the CA2 and
CA3 areas of the hippocampus were similar in
the vehicle and ischemia groups. While this
reduction was markedly improved by
administering ubiquinone (coenzyme Q 10 at a
dose of 100 mg/ kg) in the experimental group.
So that no significant difference between the
control and experimental groups was seen
(p=0.576), (P=0.321) (Chart 1, 2 and Figure 1,
2).
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Chart 1. Quantitative analysis of Nissl staining showed that in the ischemic group, the number of viable cells in
the CA2 area was significantly decreased in comparison with control group. The resulting ubiquinone also
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ameliorated this reduction in the experimental group. Data are presented as mean * standard deviation. * P<0.05
vs. control group.
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Chart 2. The quantitive analysis of Nissl staining showed that, in the Ischemia group, the number of viable cells
of CAS3 region, was significantly reduced in comparison with control group. Besides, received ubiquinone
ameliorated this reduction in experimental group. Data are presented as mean+ standard deviation. * P<0.05 vs.
control group.

Figure 1. Photomicrograph of CA2 cells in different groups, Nissel staining with X400 magnification (A: control
B: Ischemia C: Vehicle D: ubiquinon groups).
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Figure 2. Photomicrograph of CA3 cells in different groups, Nissel staining with X400 magnification (A: Control
B: Ischemia C: Vehicle D: ubiquinol groups).

This result also indicated that ischemia could So, there was no remarkable statistically
not cause a marked reduction in the number of deference between the four groups (p=0.103),
viable neurons in the hippocampal CA4 area. (Chart 3 and Figure 3).
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Chart 3. Quantitative analysis of Nissl staining showed that ischemia did not cause a notable reduction in the
number of surviving neurons in the hippocampal CA4 region. There were no remarkable statistical differences
among the four groups. Data are presented as mean =+ standard deviation.
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Figure 3. Photomicrograph of CA4 cells in different groups, Nissel staining with X400 magnification (A: Control

B: Ischemia C: Vehicle D: Ubiquinone groups).

Discussion

This study revealed that cerebral ischemia /
reperfusion reduces the number of pyramidal
cells in the CA2, CAS3 areas of hippocampal
tissue with no effect on cells in the CA4 region.
Our data also showed that administration of
ubiquinone at a dose of 100 mg / kg attenuated
the effects of transient global I/R injury.
Coenzyme Q10 is one of the substances that
play a crucial role in the production of cellular
organs, especially mitochondria, and its
protective antioxidant role, both directly
through the reaction with free radicals and
indirect role by increasing the levels of ascorbic
acid and tocopherol (23, 24). It was proved that
CoQ10 can prevent lipid peroxidation, reduce
lactate accumulation, protect against adenosine
triphosphate removal, and regulate cytoplasmic
calcium homeostasis by modulating energy
production (25-27). Reduction of caspase-3 (as
a key enzyme in apoptosis), with coenzyme
Q10 as an anti-apoptotic agent was proved (28).
In studies by Kalayci et al., administration of
CoQ10 after brain trauma, it significantly
reduces the increased level of malonyl di
aldehyde (as a product of lipid peroxidation). It
should also be noted that the biochemical roles
and mechanisms mentioned about coenzyme
Q10 justify its positive effects on brain tissue
and confirm our results on the positive effect of

coenzyme Q10. Decreased tissue levels of
coenzyme Q10 androgen following transient
cerebral ischemia have been proved (29).
Numerous studies have been performed on the
role of coenzyme Q10 in ameliorating the
biochemical changes resulting from cerebral
reperfusion ischemia. However, histological
studies on the effect of coenzyme Q10
following  ischemia/reperfusion are not
numerous.

According to several studies that have been
carried out on the role of coenzyme Q10 in
several neurodegenerative diseases, this study
inquired the effect of coenzyme 010 following
cerebral ischemia/reperfusion. The important
issue that can play an essential role in the
recovery of brain lesions is the timing of drug
administration. Since the brain lesions caused
by ischemia reach their maximum within 2-3
days after ischemia induction (30, 31).

Due to the onset of action of coenzyme Q10
after 6-8 hours, its secondary plasma peak
occurred after 24 hours due to intestinal-hepatic
cycle (32), coagulation of coenzyme Q10 in
mice, 5 days before and 3 days after CoQ10
after induction of ischemia and perfusion.

In biochemical research on the effect of
coenzyme Q10 on ameliorating the changes
induced by ischemia /reperfusion, coenzyme
Q10 was administered only before the time of
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induction of ischemia/reperfusion (33, 34). But
Delayed death of neurons due to
ischemia/reperfusion as well as onset of effect
and secondary plasma peak of coenzyme Q10
also needs to be considered.

Conclusion

This study showed that ischemia / cerebral
reperfusion reduces the number of pyramidal
cells in the CA2, CA3 areas of hippocampal
tissue, but has no effect on cells in the CA4
region. It was also revealed that administration
of ubiquinone at a dose of 100 mg / kg
attenuated the effects of transient global I/R
injury.  The results support the use of
coenzyme Q10 as a neurotrophic substance
and as an adjunctive therapy in patients at risk
for ischemic stroke.
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