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Abstract

Aim: Oxidative stress plays a crucial role in the pathophysiology of ischemic stroke. Since water-soluble
fullerene derivatives act as the potent scavenger of oxygen free radicals in biological systems, we aimed
to investigate the possible protective effects of fullerol nanoparticles on brain infarction and edema in
transient model of focal cerebral ischemia in rat.

Materials & Methods: Experiment was performed by three groups of rats (each group; n=8): sham,
control ischemia (IR) and ischemia treated rats with fullerol. Brain ischemia was induced by 90 min
middle cerebral artery occlusion (MCAO) followed by 24 hours reperfusion. Treated rats received
fullerol at dose of 1 mg/kg 30 min before induction of MCAQ. The brains were processed for histochem-
ical triphenyltetrazolium chloride (TTC) staining and quantitation of the ischemic infarct. Finally, the
brain hemispheres were weighed as an index of brain edema.

Results: MCAO induced brain infarction in large areas of cortex (261+ 23 mm3) and subcortex (138+
23 mm3). Treatment with fullerol significantly reduced the infarct volume both in cortex and subcortex
by 64.75% and 52.17%, respectively. Induction of MCAO significantly increased the weights of right
hemispheres in IR group (0.77+ 0.01 g) compared with sham rats (0.59+ 0.01 g). Treatment with
fullerol decreased the weights of ischemic hemispheres in IR treated group (0.69+ 0.03 g) compared to
IR non-treated rats.

Conclusion: Our findings indicate that fullerol nanoparticles are able to reduce the ischemia-induced
brain injury and edema possibly through their scavenging properties.
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Introduction

Stroke is second leading cause of mortality in
worldwide (Woodruff et al., 2011). Approxi-
mately 45% of ischemic strokes are caused by
small or large artery thrombus, 20% are embol-
ic in origin, and others have an unknown cause
(Hinkle and Guanci, 2007). When an ischemic
stroke occurs the blood supply to the brain is
interrupted and brain cells are deprived of the
glucose and oxygen that they need to function
(Hinkle and Guanci, 2007). The pathophysiol-
ogy of stroke is complex, and involves excite-
toxicity mechanisms, inflammatory pathways,
oxidative damage, ionic imbalances and apop-
totic signals (Deb et al., 2010). The final con-
sequence of these ischemic cascades initiated
by acute stroke is neuronal death along with an
irreversible loss of neuronal function (Rodri-
go et al., 2013). There are currently relatively
few treatment options available to minimize
neuronal damage and death following stroke
(Woodruff et al., 2011).

Nanoparticles are the third natural allotropic
variation of carbon and the materials with
overall dimensions in the nanoscale, ie, under
100 nm. In recent years, these materials have
emerged as important players in modern medi-
cine, with clinical applications ranging from
contrast agents in imaging to carriers for drug
and gene delivery into tumors (Murthy, 2007).
Water-soluble derivatives of fullerenes are
also shown to be a potent free radical scaven-
ger that makes this class of compounds attrac-
tive tools for regulation of free radical process-
es and for reducing the severity of oxidative
stress (Zeynalov et al., 2009, Tong et al., 2011,
Andrievsky et al., 2009). Hydroxylated fuller-
enes are employed as potent neuroprotective
agents because they effectively scavenge free
radicals in biological environments (Fluri et
al., 2015). Based on previous findings, C60
fullerenes in low doses may be considered as
a novel antioxidant agent, which substantially
diminishes the harmful effects of ionizing ra-
diation (Andrievsky et al., 2009). Also, it is
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reported that polyhydroxylated fullerene de-
rivatives at low concentrations protect against
oxidative stress in RAW cells and ischemic
lung (Chen et al., 2004).

Based on previous studies, water-soluble
fullerene derivatives have powerful scaveng-
ing properties for oxygen free radicals in bio-
logical systems. Therefore, we aimed to exam-
ine the possible protective effects of fullerol
nanoparticles on brain infarction and edema in
transient model of focal cerebral ischemia in
rat.

Materials and Methods

Animals

Male Wistar rats (280-320 g) were obtained
from the animal house facility of the Univer-
sity of Bagqiyatallah Medical Sciences. All
protocols of the study were approved by the
institutional animal ethics committee of the
University of Baqgiyatallah Medical Sciences,
which followed the NIH Guidelines for care
and use of animals. Animals were housed in
standard cages in a room with controlled tem-
perature (22-24°C), humidity (40-60%) and
light period (07.00-19.00), while access to rat
chow and water ad libitum.

Middle cerebral artery (MCA) occlusion
Animals had been fasted overnight prior to
use without deprivation of water. The rats
were anesthetized with 2.5% isoflorane (Fo-
rane, UK) and placed in dorsal recumbent.
Core temperature was continuously recorded
by a rectal probe connected to a thermistor and
maintained at 37+1°C with a heating pad and
lamp.

Middle cerebral artery occlusion (MCAO) of
the right cerebral hemisphere was carried out
by intraluminal filament method described
by Longa et al. (Longa et al., 1989). In brief,
the right common carotid artery was exposed
through a midline neck incision, and then, via
external carotid artery, a 4-cm Poly-L-Lysine-
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coated nylon thread (3-0) was inserted into the
internal carotid artery and gently advanced up
until feeling a resistance and seeing a sharp
decline in the blood flow trace. MCAO was
maintained for 90 min, and then the thread
was gently taken out to reestablish blood flow
to the ischemic region. Finally, all the inci-
sions were sutured, the animals were allowed
to recover from anesthesia, and returned to a
warm cage for recuperation during reperfu-
sion period.

Experimental protocols and groups

In sham group (n=8), the rats underwent the
surgery at the neck region and received a sin-
gle intraperitoneal (i.p.) injection of the ve-
hicle (I mL/kg, normal saline) without being
exposed to MCAO. Surgery was performed
at the neck region of control ischemic group
(IR, n=8) same as sham. These rats received
a single 1.p. injection of the vehicle (1 mL/kg,
normal saline) 30 min before MCAOQO. After
10 min rest, brain ischemia was achieved by
90 min MCAO followed by 24 hours reper-
fusion. The rats of ischemia pretreated group
(Fullerol, n=8) received a single i.p. injection
of 1 mg/kg fullerol (Sigma, Germany) in 1
mL normal saline 30 min before induction of
MCAOQO and other procedures were followed
same as control group. Other procedures were
followed same as control group. The number
of animals presented for each group is the
number of rats that survived during 24 hours
reperfusion period. The collected data of the
animals that died during 24 hours reperfusion
period were excluded.

Evaluation of cerebral lesions

Brain infarction was measured according to
the method of Swanson et al. (Swanson et al.,
1990). In brief, after induction of deep anes-
thesia with sodium thiopental, the animals
were slaughtered. Then, their brains were re-
moved, cleaned, and solidified by immersing
in pre-cooled normal saline (40C) and keeping
in the refrigerator for 5 min. The prepared slic-

es were stained with 2% 2, 3, 5-triphenyltet-
razolium chloride (TTC, Sigma) and fixed in
10% buffered formalin solution. After stain-
ing, the color of the ischemic areas was white
and of non-ischemic areas was red. The slice
images were digitized by using a Cannon cam-
era. Images of the stained sections were taken.
Grossly visible infarction zones were quanti-
fied using image analysis software (NIH Im-
age Analyzer) and finally cerebral infarct vol-
ume was calculated.

Brain weight as an index of brain edema
Twenty four hours after reperfusion the rats
were killed and the brains were removed. The
brains divided into two hemispheres, and then,
olfactory bulb and brain stem were removed to
determine the weights of hemispheres.

Statistical analysis

All values are presented as mean+SEM. The
comparison of data between groups were per-
formed by analysis of variance (ANOVA)
followed by Tukey post-hoc test. All states,
P<0.05 was considered as significance.

Result

Effects of fullerol on brain infarction

As shown form the images of the TTC-stained
brain sections (Fig. 1), the infarcted brain
tissue appeared white, whereas the normal
regions appeared red. No infarction was ob-
served in the sham-operated group and an ex-
tensive infarction on cortical (261+ 23 mm3)
and on subcortical (138+ 23 mm3) areas were
observed in the IR group. Administration of
fullerol (1 mg/kg) before induction of MCA
occlusion significantly decreased the corti-
cal and subcortical infarction by 64.75% and
52.17%, respectively (P<0.01), (Fig. 2).

Effects of fullerol on hemisphere weight
In the present study, we used the hemispheres
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Sham IR Fullerol

Figure 1: Photograph is showing the coronal sections of rat’s brains stained with triphenyltetra-
zolium chloride (TTC) in sham, ischemic (IR) and ischemic treated (fullerol) groups. Non-ischemic
areas are colored red, whereas ischemic areas are white.
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Figure 2: Effects of fullerol on cortical (A) and subcortical (B) infarct volume in ischemic (IR) and
ischemic treated (fullerol) groups. All values are presented as meantSEM. **Significant differ-
ence compared to IR group (P<0.01)

weights of brain as an index of brain edema. As shown in Fig. 3, the right hemisphere in the IR
group (0.77+ 0.01 g) contained more fluid than the corresponding left hemisphere (0.67+ 0.03
g), and the mean weight of right hemispheres was significantly increased in the IR group (0.77+
0.01 g) compared with sham group (0.59+ 0.01 g) ( P<0.01). Administration of fullerol before
induction of MCA occlusion significantly reduced the mean value of right hemispheres weights
in ischemic treated rats (0.69+ 0.03 g) compared to ischemic non-treated animals (P<0.05).
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Figure 3: Effects of fullerol on the values of left (A) and right (B) hemispheres weights in sham,

ischemic (IR) and ischemic treated (fullerol) groups. All values are presented as mean*SEM.

=Significant difference compared to sham group (P<0.01), $Significant differen

Discussion

It is well known that water-soluble fullerene
derivatives have robust neuroprotective ef-
fects against oxidative stress, inflammation
and apoptotic cascades in several pathologi-
cal states (Cai et al., 2008, Fluri et al., 2015).
These nanoparticles are capable to eliminate
both oxygen and nitrogen free radicals as well
as lipid peroxidation in vitro and in vivo stud-
ies (Cai et al., 2008, Injac et al., 2013). Our
results showed that fullerol (polyhydroxyl-
ated fullerenes) nanoparticles decrease the
brain infarction after cerebral ischemia-reper-
fusion injury. We also observed the attenua-
tion of ischemia-induced brain edema by these
nanoparticles after induction of MCA occlu-
sion followed by 24 hours reperfusion. There-
fore, our findings indicate the neuroprotective
effects of fullerol nanoparticles against isch-
emic stroke.

The findings of present study indicate that oc-
clusion of MCA induced brain injury in cor-
tical and subcortical areas of ischemic hemi-
spheres. Different neurodegenerative cascades
are activated during cerebral ischemia and me-
diate the neuronal death and injury (Woodruff
etal., 2011). It is reported that overproduction
of different free radicals and inflammation are
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crucial factors in mediating neuronal death in
cerebral ischemia-reperfusion injury (Jin et al.,
2010). ROS generation may play an important
role in neuronal damage and also contribute
to enlargement of the infarct size during brain
ischemia (Hong et al., 2006). Overproduc-
tion of oxygen free radicals (ROS) damages
to the cell constituents such as membranes
(lipolysis), mitochondria and DNA (Chen et
al., 2011). ROS also induces the formation of
inflammatory mediators, which activate mi-
croglia and lead to the invasion of blood-borne
inflammatory cells (leukocyte infiltration) via
upregulation of endothelial adhesion mol-
ecules (Dirnagl et al., 1999). Moreover, free
radicals exert their deleterious actions on brain
edema during cerebral ischemia-reperfusion
(Heo et al., 2005).

Based on mentioned results, inhibition of
ROS overproduction or scavenging of these
free radicals would be useful for attenuation
of neurodegenerative cascades during brain
ischemia. In the present study, administration
of fullerol nanoparticles before occlusion of
MCA could reduce the infarction in cortical
and subcortical regions. Since the antioxidant
and also anti-inflammatory effects of fullerol
nanoparticles have well known, it is con-
cluded that these nanoparticles have attenu-
ated the brain infarction possibly through their
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scavenging properties. Previous reports have
demonstrated the neuroprotective effects of
fullerol nanoparticles. Fullerol nanoparticles
overwhelm the cellular apoptosis by enhanc-
ing the gene expression of anti-oxidative en-
zymes and decreasing the level of ROS (Liu
et al., 2013). These nanoparticles, hydroxyl-
ated fullerenes, are neuroprotective because
they scavenge free radicals (Cai et al., 2008,
Injac et al., 2013). Fullerol may protect against
oxidant-mediated inflammation and tissue
damage by virtue of its ability to scavenge
free radicals and by its ability to inhibit the
activation of nuclear factor kappaB (NF- B),
(Fluri et al., 2015). Furthermore, fullerol in-
hibits the glutamate channels, which results in
a decrease in glutamate-induced intracellular
calcium and cell death (Fluri et al., 2015).

In conclusion, it is suggested that fullerol
nanoparticles can be considered as a power-
ful scavenger for different free radicals, which
are produced by cerebral ischemia-reperfusion
injury. Consequently, fullerol has the potential
to serve as a novel therapeutic agent because
it exerts multiple neuroprotective effects on
ischemic stroke.
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