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1. Introduction
Cerebral stroke is the second most common cause of death 
and disability in the world (1). Nearly half of all surviving 
stroke patients experience insufficient recovery, and half 
of these patients require assistance during activities of 
daily life (2). Approximately 70% of strokes are ischemic. 
Cerebral ischemic stroke typically originates from an 
initial interruption of blood flow, but even during the 
subsequent restoration of blood supply there may be 
insufficient delivery of oxygen and glucose to support 
cellular homeostasis (3,4). The interruption of blood flow 
leads to neuronal damage via the oxidation of intracellular 
molecules such as lipids, proteins, and DNA (5). It is well 
known that oxidative stress caused by the activation of 
reactive oxygen species (ROS) is a critical pathological 
component of cerebral ischemic injury. Thus, antioxidant 
agents that possess the ability to scavenge ROS have the 

potential to mitigate the neurological damage caused 
by ischemia/reperfusion (I/R) (6,7). In the study by Yen 
et al., I/R injury has been shown with the occurrence of 
free oxygen radicals in the brain and causes the onset of 
programmed cell death (8). According to this pathological 
process, antioxidant agents could diminish the neurological 
damage caused by I/R.

Natural flavonoids and derivatives have been shown 
with several biological activities and a lot of beneficial 
properties, such as antioxidant, anti-inflammatory, 
antitumor, anti-allergic, neuroprotective, cardioprotective, 
and antimicrobial (9). The antioxidant properties of 
flavonoids allow them to display potential application as 
preventive and attenuating agents in oxidative stress (9). 
CRS (5,7 dihydroxyflavone) is a natural flavonoid that is 
present in honey, bee propolis, and many plant extracts 
(6,7). CRS has a broad range of pharmacological capabilities 

Background/aim: The present study investigated the neuroprotective effects of chrysin (CRS) following global cerebral ischemia and 
reperfusion (I/R) in a C57BL/J6 mouse model. 

Materials and methods: A total of 40 mice were equally divided into four groups: (1) sham-operated (SH = control), (2) global cerebral 
I/R (I/R), (3) CRS, and (4) CRS + I/R. In the I/R group, the bilateral carotid arteries were clipped for 15 min and the mice were treated 
with vehicle (corn oil) for 10 days. In the CRS group, CRS (50 mg/kg) was given for 10 days without carotid occlusion. In the CRS + I/R 
group bilateral carotid arteries were clipped for 15 min and the mice were also treated with CRS (50 mg/kg) for 10 days. All of the rats 
were sacrificed under anesthesia on day 10, and neurodegenerative histological changes in the brain and tissue levels of oxidants and 
antioxidants were evaluated.

Results: CRS treatment significantly reversed the oxidative effects of I/R and inhibited the development of neurodegenerative 
histopathologies. In the CRS + I/R group, the decrease in TBARS levels and increase in GSH levels were similar to those in the SH group. 

Conclusion: Treatment with CRS can positively affect the neural system of mice and it can be used for the treatment of global cerebral 
I/R.
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including anticancer, antioxidant, and antiinflammatory 
activities (10–12). It was shown that propolis and its most 
abundant component CRS have especially antioxidant 
effects and significantly decrease lipid peroxidation in the 
plasma, liver, lungs, and brain of mice (13). 

We supposed that CRS, with its antiinflammatory and 
antioxidant properties, might exert a beneficial effect on 
ischemic brain tissue. The primary aim of the present 
study was to assess the possible neuroprotective effects of 
CRS in a mouse model of global I/R.

2. Materials and methods
2.1. Animals and experimental protocol
The present study was approved by the Ethics Committee 
on Animal Research of İnönü University and carried out in 
accordance with the Guidelines for Animal Research from 
the National Institutes of Health (NIH). C57BL/6J male 
mice (clean grade) weighing 18–22 g were supplied by the 
İnönü University Laboratory Animals Research Center 
(Malatya, Turkey), housed in sterilized polypropylene 
cages, and given an ad libitum diet of standard commercial 
food pellets and water. All mice were kept under a 12:12 
h light:dark cycle at 21 ± 2 °C ambient temperature and 
60 ± 5% humidity. A total of 40 animals (8 weeks old) 
were randomly divided into four groups (n = 10): (1) 
sham-operated (SH), (2) global cerebral I/R, (3) CRS, and 
(4) CRS + global cerebral I/R (CRS + I/R). CRS (50 mg/
kg) was dissolved in corn oil and administered by gavage 
(p.o.) for 10 consecutive days; the dose of CRS was based 
on preliminary dose-finding experiments from our lab, 
and the treatment was initiated concomitantly with the 
induction of global cerebral I/R. Mice in the SH and I/R 
groups were treated with only corn oil as a vehicle. In the 
CRS and CRS + I/R groups, the mice were treated with CRS 
(50 mg/kg/day) for 10 days following the I/R procedure. 
At the end of the experimental period, all animals were 
sacrificed under anesthesia, and tissue samples were 
obtained for laboratory analyses.
2.2. Surgical procedure
To induce global cerebral ischemia, the mice were first 
anesthetized with xylazine (5 mg/kg, i.p.) and ketamine 
(100 mg/kg, i.p.), and the ischemic procedure was 
performed according to the methods of Yonekura et al. 
Briefly, after a midline cervical incision, the bilateral 
common carotid arteries of the mice in the I/R and CRS 
+ I/R groups were isolated and simultaneously occluded 
for 15 min using two vascular mini clips (14). The same 
surgical procedure was applied to the SH and CRS groups 
except that the carotid arteries were not clipped. Following 
surgery, all mice were placed in a thermal room until they 
recovered from anesthesia.

2.3. Biochemical analyses
The tissue homogenization process has been briefly 
described in a previous study from our lab. Additionally, 
this study describes the spectrophotometric methods used 
to determine the levels of TBARS and total GSH and the 
activities of catalase (CAT) and superoxide dismutase 
(SOD) and glutathione peroxidase (GPx) (15,16).
2.4. Histological evaluation
To prepare for evaluation with a light microscope, the brain 
tissue samples were fixed in 10% formalin and embedded 
in paraffin. The paraffin-embedded specimens were cut 
into 5-µm-thick sections, mounted on slides, and stained 
with hematoxylin–eosin (H-E). All tissue samples were 
examined using a Leica DFC280 light microscope and a 
Leica Q Win Image Analysis system (Leica Micros Imaging 
Solutions, Ltd., Cambridge, UK). For the evaluations, 
cerebral and cerebellum damage was semiquantitatively 
graded as 0 normal, 1 mild, 2 moderate, 3 severe, for 
each criterion. Additionally the thickness of total cerebral 
cortex and cerebellum cortex layers (molecular, Purkinje 
cell, and granular layers) from ten different areas of each 
specimen was measured. 

For the immunohistochemical analyses, 5-µm-thick 
tissue sections were mounted on polylysine-coated slides. 
Following rehydration, the sections were transferred to 
a citrate buffer (pH 7.6), heated in a microwave oven for 
20 min, and then cooled for 20 min at room temperature. 
The sections were then washed with phosphate-buffered 
saline (PBS), placed in 0.3% H2O2 for 7 min, and washed 
again with PBS. Next, the sections were incubated with 
primary rabbit-polyclonal caspase-3 antibody (Abcam, 
Ab4051) for 2 h, rinsed in PBS, incubated with biotinylated 
goat antipolyvalent for 10 min, and then incubated in 
streptavidin peroxidase for 10 min at room temperature. 
The staining procedure was completed with a chromogen 
+ substrate procedure for 15 min, and then the slides 
were counterstained with Mayer’s hematoxylin for 1 min, 
rinsed in tap water, and dehydrated. The caspase-3 kit was 
used according to the manufacturer’s instructions. The 
presence of cells undergoing apoptosis was determined 
by the immunohistochemical detection of caspase-3. The 
caspase-3-labeled cells (pyramidal neurons in the cerebral 
cortex and Purkinje cells) were counted. Ten randomly 
selected areas for each specimen were examined under a 
40× objective.
2.5. Statistical analyses
SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA) was used 
for all statistical analyses. The biochemical values were 
analyzed with one-way analysis of variance (ANOVA) 
and a post hoc Tukey’s honestly significant differences 
test. P-values ≤ 0.05 were considered to indicate statistical 
significance.
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3. Results
3.1. Biochemical results
The values of the biochemical parameters (TBARS, GSH, 
CAT, GPx, and SOD) in the brain tissues of the mice are 
provided in the Table. In the global cerebral I/R group, there 
was a significant increase in TBARS levels (P = 0.004) and 
a significant decrease in GSH, CAT, GPx, and SOD levels 
compared with the other groups (P = 0.005). However, 
the CRS + I/R group showed a decrease in TBARS levels 
and increase in GSH levels and an enhancement of the 
diminished GSH levels to values similar to those of the SH 
group. The CRS + I/R group also showed an increase in 
CAT and SOD activities compared with the I/R group (P 
= 0.014). Only GPx activity was not significantly affected 
by CRS treatment relative to the I/R group, and these levels 
did not return to normal values. However, the activities of 
CAT and SOD were partially restored to normal values, 
and there was a significant difference between the SH and 
CRS + I/R groups (P = 0.005).
3.2. Histopathological results
In the SH (control) and CRS groups, the neurons in the 
cortical brain tissue samples were observed as regular 
and neurons were also intact with a normal histological 
appearance and, in the I/R group, there were severe 
degenerative changes in the neurons. CRS treatment 
significantly ameliorated these harmful effects in the I/R 
+ CRS group (Figures 1A–1D and 2A–2D). However, 
the I/R group exhibited histological alterations including 
shrinkage of the cytoplasm and extensively dark pyknotic 
nuclei in the neurons of the cerebral cortex, cell infiltration, 
vascular congestion as another remarkable finding in the 
pia mater, hemorrhage, and vascular congestion (Figure 3). 
In the SH (control) and CRS groups, the Purkinje cell layer 
and granular layer were marked in the cerebellar cortex, 
exhibiting a normal histological appearance with no 
histological changes (Figures 4A and 4B). In the I/R group, 
there were deeply stained, shrunken, and variously shaped 
Purkinje cells with pyknotic nuclei; the Purkinje cell layer 
was separated from the granular layer in this group, but 

treatment with CRS in the I/R + CRS group decreased the 
number of degenerative Purkinje cells (Figures 4C and 
4D). In the I/R group, the cerebral and cerebellum cortex 
were thinner than in the SH and CRS groups (P = 0.001). 
No significant difference was found between the CRS and 
I/R + CRS groups in terms of neuronal appearance (P > 
0.05).

Immunohistochemically caspase-3–stained cells were 
not observed except for a few cells in the cerebral cortex in 
the SH or CRS group, but there was a high percentage of 
caspase-3–positive cells in the I/R group (Figures 5A–5C). 
However, evaluations of caspase-3 immunohistochemistry 
revealed a large number of apoptotic neurons after I/R 
exposure in the cerebrum and cerebellum. The density 
of immunohistochemically caspase -3-stained cells was 
minimal in the I/R + CRS group (Figure 5D).

4. Discussion
The main finding of this study was that CRS attenuates 
the neuronal damage caused by global cerebral I/R. The 
quick recanalization of occluded cerebral arteries is a 
radical treatment for strokes caused by ischemia and 
may be applied as a primary treatment procedure (17). 
However, after cerebral ischemia and cerebral edema, 
reperfusion via vessel recanalization can result in brain 
damage that will lead to complications such as cerebral 
hemorrhage and/or the death of neurons, even if done 
correctly; this phenomenon is known as cerebral I/R 
injury (18). ROS and oxidative stress play key roles in 
the pathogenesis of I/R injury because they are released 
during reperfusion following cerebral ischemia and can 
initiate a chain reaction that leads to the activation of cell 
death signaling pathways in mitochondria. Therefore, 
this increase in free radicals may be accompanied by 
fatal brain damage following ischemia. There has been a 
recent increase in the occurrences of free radicals and lipid 
peroxidation after ischemic attacks, which suggests that it 
is of increasing importance to develop compounds with 
radical scavenging capabilities to treat I/R injuries (19–
21). In recent years, the importance of a radical scavenging 

Table. Levels of SOD, CAT, GPx, GSH, and TBARS in the brain tissue of C57 BL/J6 mice. 

(Mean ± SD) TBARS nmol/g
tissue

Reduced GSH
nmol/mL

CAT k/mg
protein

SOD U/mg
protein

GPx U/mg
protein

Sham 8.51 ± 1.09a 190.1 ± 4.7a 0.031 ± 0.0010a 29.12 ± 1.98a 205.8 ± 16.3a

I/R 14.3 ± 1.21b 135.8 ± 5.1b 0.021 ± 0.0009b 16.61 ± 1.19b 158.5 ± 14.9b

CRS 8.83 ± 1.17a 201.4 ± 4.9a 0.032 ± 0.0012a 28.52 ± 1.96a 216.2 ± 17.1a

I/R + CRS 9.3 ± 0.96a 165.8 ± 7.1c 0.026 ± 0.0007c 23.49 ± 2.18c 169.1 ± 12.4b

Means bearing different superscripts within the same column are significantly different (P < 0.01).
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Figure 1. In the SH (control) (A) and CRS (B, D) groups, the neurons in the cortical brain tissue samples were observed as regular and 
neurons were also intact with a normal histological appearance. In the I/R group (C), there were severe degenerative changes in the 
neurons. Sections of cerebral cortical tissue from all groups. H-E, 20×.

Figure 2. In the control (A) and CRS (B) groups, the cerebral cortical neurons exhibited a normal histological appearance. In the I/R 
group (C), there were severe degenerative changes in the neurons, but there was a decrease in the number of degenerative neurons in 
the I/R + CRS group (D) compared with the I/R group. H-E, 40×.
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Figure 3. In the I/R group, cell infiltration (A, B, E, F), vascular congestion (C, F), and hemorrhaging (D) were observed in the brain 
tissue. A: H-E, 10×; B: H-E, 20×; C, D, F: H-E, 40×. 
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Figure 4. In the control (A) and CRS (B) groups, the Purkinje cells exhibited a normal histological appearance, but in the I/R group 
(C), the degenerative Purkinje cells were prominent. The number of degenerative Purkinje cells significantly decreased in the I/R + CRS 
group (D). H-E, 40×.

Figure 5. Immunohistochemical caspase -3 staining in all experimental groups. There were no positively stained cells in the control (A) 
or CRS (B) groups. There was a decrease in the percentage of positively stained cells in the I/R + CRS group (D) compared with the IR 
group (C).
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compound experimental I/R treatment was found by 
chance (11,18,22).

Flavonoids and flavones that naturally occur in honey, 
vegetables, and fruits are also present in some plant-based 
polyphenolic beverage compounds, and the antioxidant 
properties of these compounds may be effective for the 
treatment of many diseases (23,24). CRS is a natural 
flavone obtained from many types of plant, honey, and 
propolis (25,26). In fact, a number of recent studies have 
shown that CRS is an antiinflammatory and a vasodilator 
and has strong antioxidant effects (10,13,27).

In the present study, the efficacy of CRS for the 
amelioration of the neuronal damage caused by global 
cerebral I/R was examined in a C57/BL6 mouse 
model. Treatment with CRS (50 mg/kg) protected the 
central nervous system against I/R induced damage via 
significant reductions in lipid peroxidation and significant 
enhancements of enzymatic and nonenzymatic antioxidant 
defense systems. Following global cerebral I/R in the 
brains of mice, oxidative stress is a primary pathological 
consequence that causes irreversible injury to neurons due 
to enhanced lipid peroxidation via the action of ROS (28). In 
the present study, this is evidenced by the elevation in TBARS 
levels following the ischemic procedure. Furthermore, ROS 
are produced in excess following the reperfusion process 
and can cause downregulation in specific elements of the 
antioxidant defense systems, including SOD, CAT, GPx, 
and GSH (28). The oxidative stress that results from an 
imbalance between TBARS levels and antioxidant defense 
systems can be induced by the I/R process and may play 
an important role in ischemic stroke injury (15,16). In 
the present study, the I/R induced lipid peroxidation that 
resulted from the significant increase in TBARS levels led to 
irreversible neuronal damage. Additionally, the enzymatic 
(SOD, CAT) and nonenzymatic (GSH) antioxidant defense 
systems were suppressed in ischemic mice, and significant 
decreases in SOD and CAT activities and the level of GSH, 
a specific ROS scavenger, were observed. The signaling 
pathways underlying I/R remain largely unknown, but 
oxidative stress plays an important role in global cerebral 
I/R. It is thought that oxidative stress causes significant 
cell death and neuronal damage because the brain has a 

large amount of oxidizable unsaturated fatty acids and low 
antioxidant enzyme activity (28). The activities of CAT and 
SOD were partially restored to normal values, and there was 
a significant difference in these values between the SH and 
CRS + I/R groups. In the CRS + I/R group, a decrease in 
TBARS levels and an increase in GSH levels similar to those 
in the SH group were identified. Thus, the present findings 
demonstrate that CRS treatment effectively prevents 
oxidative and histological damage in the brain following 
global I/R. 

The histopathological and immunohistopathological 
findings of the present study revealed that I/R caused major 
structural changes in brain tissue compared with the SH 
animals. The primary damage included diffuse and focal 
ischemic areas in the cerebral cortex as well as secondary 
issues such as cell infiltration, vascular congestion, 
shrinkage of the cytoplasm, and extensively dark pyknotic 
nuclei in the neurons of cerebral cortical tissue. However, 
in the present study, CRS treatment partially ameliorated 
the histological changes caused by I/R and resulted in 
significantly higher numbers of caspase-3–stained cells, 
which are indicative of the apoptotic rate in neurons, in 
the I/R group compared with the CRS + I/R group. Thus, 
it is proposed here that CRS may protect against ischemic 
damage via the attenuation of enhanced oxidative stress 
activity and the prevention of histological damage in brain 
tissue. 

The present study demonstrated that 15 min of cerebral 
I/R in C57BL/J6 mice resulted in neurodegenerative effects 
that were associated with increases in oxidative stress and 
histopathological changes in brain tissue. Additionally, 
treatment with CRS (50 mg/kg per day) for 10 consecutive 
days following cerebral I/R generally reversed the 
potentially negative effects of I/R on brain tissue, likely due 
to its strong antioxidant and radical scavenging properties. 
Therefore, based on the present results, it is proposed that 
CRS attenuates the neuronal damage caused by global 
cerebral I/R.
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