
Int. J. Med. Sci. 2014, Vol. 11 
 

 
http://www.medsci.org 

282 

IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  MMeeddiiccaall  SScciieenncceess  
2014; 11(3):282-290. doi: 10.7150/ijms.7634 

Research Paper 

Protective Effect of Quercetin against Oxidative Stress 
and Brain Edema in an Experimental Rat Model of 
Subarachnoid Hemorrhage 
Yu-shu Dong1,2*, Ju-lei Wang1,3*, Da-yun Feng1, Huai-zhou Qin1, Hua Wen2, Zhong-min Yin2, Guo-dong 
Gao1, Chuan Li4 

1. Department of Neurosurgery, Tangdu Hospital, Fourth Military Medical University, Xi’an 710032, PR China. 
2. Department of Neurosurgery, 463rd Hospital of PLA, Shenyang 110042, PR China. 
3. Department of Neurosurgery, Wuhan General Hospital of Guangzhou Military Command, Wuhan 430070, PR China. 
4. Department of Medical Administration, General Hospital of Shenyang Military Command, Shenyang 110016, PR China.  

* These authors contributed equally to this work. 

 Corresponding author: Guo-dong Gao, Department of Neurosurgery, Tangdu Hospital, Fourth Military Medical University, No. 1, Xinshi 
Road, Xi’an 710032, PR China. Tel: +86 29-84777902 Fax +86 29-84777435 Email: gguodongfmmu@163.com; Chuan Li, Department of Medical 
Administration, General Hospital of Shenyang Military Region, No. 63, Wenhua Road, Shenyang 110016, PR China. Tel: +86 24-28851861 Fax 
+86 24-28851861 Email: jk_lc1977@sina.com. 

© Ivyspring International Publisher. This is an open-access article distributed under the terms of the Creative Commons License (http://creativecommons.org/ 
licenses/by-nc-nd/3.0/). Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited. 

Received: 2013.09.11; Accepted: 2014.01.06; Published: 2014.01.28 

Abstract 

Quercetin has been demonstrated to play an important role in altering the progression of ischemic 
brain injuries and neurodegenerative diseases by protecting against oxidative stress. The effects of 
quercetin on brain damage after subarachnoid hemorrhage (SAH), however, have not been in-
vestigated. This study was designed to explore the effects of quercetin on oxidative stress and 
brain edema after experimental SAH using four equal groups (n = 16) of adult male Spra-
gue-Dawley (SD) rats, including a sham group, an SAH + vehicle group, an SAH + quercetin10 
group, and an SAH + quercetin50 group. The rat SAH model was induced by injection of 0.3 ml of 
non-heparinised arterial blood into the prechiasmatic cistern. In the SAH + quercetin10 and SAH 
+ quercetin50 groups, doses of 10 mg/kg and 50 mg/kg quercetin, respectively, were directly 
administered by intraperitoneal injection at 30 min, 12 h, and 24 h after SAH induction. Cerebral 
tissue samples were extracted for enzymatic antioxidant determination, lipid peroxidation assay, 
caspase-3 activity and water content testing 48 h after SAH. Treatment with a high dose (50 mg/kg) 
of quercetin markedly enhanced the activities of copper/zinc superoxide dismutase (CuZn-SOD) 
and glutathione peroxidase (GSH-Px), and treatment with this dose significantly reduced the level 
of malondialdehyde (MDA). Caspase-3 and brain edema was ameliorated and neurobehavioral 
deficits improved in rats that received the high dose of quercetin. The findings suggest that the 
early administration of optimal dose of quercetin may ameliorate brain damage and provide 
neuroprotection in the SAH model, potentially by enhancing the activity of endogenous antioxi-
dant enzymes and inhibiting free radical generation. 
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Introduction 
Subarachnoid hemorrhage (SAH) has a world-

wide incidence of 10.5 cases per 100,000 person-years 
and accounts for 3% of all strokes [1]. In addition, 

SAH from a ruptured intracranial aneurysm is a se-
rious medical problem because of its high mortality 
and morbidity [2]. Despite extensive research, patient 
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outcomes post SAH remain poor. Morbidity following 
SAH are commonly defined in terms of neurological 
repercussions, including aneurysm rebleeding, intra-
cranial hypertension, cerebral vasospasm, brain ede-
ma, cerebral infarction, and hydrocephalus [3]. De-
layed vasospasm is not the sole determinant of a poor 
outcome in SAH patients. Brain injury begins at an-
eurysm rupture and contributes to the overall out-
come [4]. The initial event associated with SAH is the 
cessation of blood flow, which either occurs due to a 
mechanical factor, such as elevated intracranial pres-
sure, or due to a chemical factor that decreases nitric 
oxide (NO) availability. The sequence of events could 
be that global cerebral ischemia leads to neuronal 
apoptosis [5]. Among the complex factors involved in 
the neuronal death after SAH, oxidative stress has 
been consistently highlighted. Meanwhile, mounting 
evidence suggests that oxidative stress injury is inti-
mately associated with brain edema [6]. 

Oxidative stress reflects an imbalance between 
systemic production of reactive oxygen species (ROS) 
and a biological system's ability to readily detoxify the 
reactive intermediates or repair the resulting damage. 
Disturbances in the normal redox state of cells can 
cause toxic effects through the production of perox-
ides and free radicals that damage all components of 
the cell, including proteins, lipids, and DNA [7]. Fur-
ther, some reactive oxidative species act as cellular 
messengers in redox signalling. Thus, oxidative stress 
can cause disruptions in the normal mechanisms of 
cellular signalling. In humans, oxidative stress is 
thought to be involved in the development of many 
diseases, including SAH, and oxidative stress may 
exacerbate their symptoms [8]. Usually, ROS can be 
efficiently scavenged by the antioxidant defence sys-
tem, which includes copper/zinc superoxide dis-
mutase (CuZn-SOD) and glutathione peroxidase 
(GSH-Px). Malondialdehyde (MDA) is the end prod-
uct of the major reactions leading to significant oxi-
dation of polyunsaturated fatty acids in cellular 
membranes, and it thus serves as a reliable marker of 
oxidative stress [9]. Production of reactive oxygen 
species is a particularly destructive aspect of oxidative 
stress. Such species include free radicals and perox-
ides, which cause oxidative brain injury after cerebral 
hemorrhage [10].  

Some antioxidative treatments improve neuro-
logical deficits in the rat hemorrhage model [11]. 
Quercetin is one of the most frequently studied bio-
flavonoids in its class of flavonols. Quercetin is pre-
sent in high concentrations in fruits and vegetables 
such as tea, apples, mulberries, onions, potatoes, 
broccoli, soybeans, peanuts, and red wine. It has been 
shown to have highly potent antioxidant and cyto-
protective effects in preventing endothelial apoptosis 

caused by oxidants [12]. Quercetin is a more potent 
antioxidant than other antioxidant nutrients, such as 
vitamin C, vitamin E, and β-carotene, and it can che-
late transition metal ions, including iron, thus pre-
venting the iron-catalysed Fenton reaction [13,14]. 
Treatment with quercetin has been shown to prevent 
liver damage and suppress overexpression of the in-
ducible form of nitric oxide synthase (iNOS), which is 
induced by various inflammatory stimuli [15]. Epi-
demiological studies have suggested that the intake of 
food containing flavonoids may be associated with a 
reduced risk of coronary heart disease, hypercholes-
terolemia, atherosclerosis, and heart failure [16]. 

The role of quercetin in brain oxidative stress in 
the SAH rat model, however, has not been addressed 
previously. Therefore, this study was designed to 
elucidate whether quercetin can ameliorate oxidative 
stress-mediated cerebral dysfunction, including brain 
edema and neurobehavioral deficits. 

Materials and methods 
Animals and experimental design 

Adult male Sprague-Dawley (SD) rats weighing 
250 to 300 g were purchased from the Animal Centre 
of the Fourth Military Medical University. The rats 
were housed in temperature- and humidi-
ty-controlled animal quarters with a 12 h light/dark 
cycle and free access to food and water for 10 days 
prior to the experiment. All procedures were ap-
proved by the Animal Care and Use Committee of the 
Fourth Military Medical University and conformed to 
the Guide for the Care and Use of Laboratory Animals 
set forth by the National Institute of Health (NIH). 

Male SD rats (n= 96) were randomly and equally 
assigned to one of four weight-matched groups: 
sham-operated (sham group), SAH treated with 0.9% 
saline as vehicle (SAH + vehicle group), SAH treated 
with 10 mg/kg quercetin (SAH + quercetin10 group), 
and SAH treated with 50 mg/kg quercetin (SAH + 
quercetin50 group). In the subjects of the 
SAH+quercetin10 and SAH+quercetin50 groups, 
quercetin (Sigma, USA, dissolved in 0.9% saline solu-
tion) was administered intraperitoneally at a dose of 
10 mg/kg or 50 mg/kg at 30 min, 12 h, and 24 h after 
the SAH insult.  

Animals that died either immediately or within 
the first 6 h after the operation were not allocated to 
any group. Upon death, animal subjects were re-
placed until the final group size reached the expected 
number, resulting in an equal number of subjects in 
each group. Animals in each group (n = 24) under-
went neurological scoring and were subsequently 
anesthetised and decapitated 48 h after SAH for test of 
oxidative stress, caspase-3 activity and brain edema.  



Int. J. Med. Sci. 2014, Vol. 11 

 
http://www.medsci.org 

284 

Experimental rat model of subarachnoid 
hemorrhage 

The experimental SAH model was induced by 
prechiasmatic blood injection according to a pub-
lished procedure [17]. The experimental rats were 
anesthetised by intraperitoneal injection of chloral 
hydrate (400 mg/kg). A medial incision of the scalp 
was made after proper positioning the rat in a stereo-
tactic frame. A 1.0-mm burr hole was drilled 7.5 mm 
anterior to the Bregma at the midline. A rounded tip 
needle with a side hole was tilted 30° in the sagittal 
plane, manually directed through the burr hole, and 
pushed to the skull base until the tip reached 2.5 mm 
anterior to the chiasma. The burr hole was then sealed 
with bone wax after the insertion of the needle. A 
sample of 0.3 ml of autologous arterial blood from the 
right femoral artery was then injected aseptically into 
the prechiasmatic cistern over a period of approxi-
mately 60 s using a syringe pump. To permit blood 
distribution around the basal arteries, the rats were 
kept in a head-down position at 30° for 30 min. The 
sham-operated rats were injected with equal volumes 
of 0.9% saline solution. After the procedure, the rats 
were returned to their cages and allowed free access 
to food and water for 48 h. 

Neurological scoring 
The neurological function of all animals was 

recorded 48 h after SAH using a previously described 
scoring system modified for rodents [18]. The behav-
iour and activity scores were as follows: 1, appetite 
(finished meal 0; left meal unfinished 1; scarcely ate 2); 
2, activity (walked and reach at least three corners of 
the cage 0; walked with some stimulation 1; almost 
always lying down 2); and 3, Deficits (no deficits 0; 
unstable walk 1; impossible to walk 2). The minimum 
neurological score is 0 and the maximum is 6, which 
means that neurological deficits were graded as a total 
score from 0 to 6. A higher score represents more se-
rious neurological deficits. The scoring was conducted 
by two independent researchers who were blinded to 
the groups. 

Enzymatic antioxidant determinations and 
lipid peroxidation assay  

After examination of the neurological score, the 
rats were deeply anesthetised and sacrificed. The 
brains were dissected, weighed and kept chilled until 
homogenisation. These procedures lasted up to 3 min. 
The cerebral cortex was homogenised in 10 volumes 
(1:10, w/v) of cold saline. The brain samples were 
homogenised and centrifuged at 4000 rpm at 4 ℃ for 
10 min. Supernatant aliquots were collected to assay 
the CuZn-SOD and GSH-Px activity and MDA levels. 
The protein concentration of the cerebral cortex su-

pernatants was measured using the method of Brad-
ford [19]. Bovine serum albumin was used as a 
standard. 

The CuZn-SOD and GSH-Px activities were de-
termined with a Shimadzu UV-2100 spectrophotom-
eter (Shimadzu International Trading, Shanghai, 
China) at 25 ℃. The assay for CuZn-SOD was based 
on this enzyme’s activity in the xanthine–xanthine 
oxidase system [20]. The change in absorbance at 550 
nm was monitored using a spectrophotometer. The 
CuZn-SOD levels were expressed as units per mg 
protein. GSH-Px activity was determined using the 
method of Wheeler [21]. The assay measures the en-
zymatic reduction of peroxide (H2O2) by GSH-Px 
through the consumption of reduced glutathione 
(GSH) that is restored from oxidised glutathione 
(GSSG) in a coupled enzymatic reaction. In the pres-
ence of GSSG and NADPH, GR reduces GSSG and 
oxidises NADPH, resulting in a decrease of absorb-
ance at 340 nm. The activity of GSH-Px was computed 
using the molar extinction coefficient of 6.22 mM-1 
cm-1. One unit of GSH-Px was defined as the amount 
of enzyme that catalysed the oxidation of 1.0 mmol of 
NADPH to NADP+ per minute. 

The level of lipid peroxidation in the cerebral 
cortex homogenate was indicated by the content of 
MDA in the brain tissue. The level of MDA in the 
brain tissue homogenates was determined using the 
thiobarbituric acid (TBA) reaction method. MDA lev-
els, which can be measured at the wavelength of 532 
nm due to a reaction with TBA to form a pink chro-
mogen, were expressed as nanomoles per milligram 
of brain protein [22]. 

Immunohistochemical staining and analysis 
After deparaffinization, the brain sections were 

microwaved for 10 min to promote antigen retrieval 
and then allowed to cool. The sections were incubated 
for 15 min in 3% H2O2 to quench endogenous perox-
idases and then placed in PBS and blocked with nor-
mal goat serum at 37°C for 20 min. Rabbit an-
ti-caspase-3 (diluted to 1:1000, Abcam, Ltd., USA) 
were used as the primary antibodies. After primary 
antibody treatment at 4°C overnight, the sections 
were incubated with peroxidase-conjugated goat an-
ti-rabbit IgG (1:1000) for 1 h at 37°C. The sections were 
coverslipped with glycerin, and images were cap-
tured using an Olympus digital camera (Olympus 
DP70).  

The CA1 area of the hippocampus was observed 
at 400 ×. The integral optical density (IOD) values that 
indicated the expression levels of the proteins were 
measured using Image-Pro Plus 5.0 (Media Cyber-
netics, Silver Spring, MD, USA). A neuron with a nu-
cleus stained dark brown was considered a positive 
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cell. By counterstaining with hematoxylin, viable 
neurons were also observed. The number of active 
caspase-3-positive cells in the hippocampus was 
counted. Data from eight animals per group at each 
time point were analyzed. 

Western blotting analysis 
The rats were intracardially perfused with 200 

ml of ice-cold 0.9% saline solution at 48 h post-SAH 
under deep anesthesia. The cerebral cortex was care-
fully isolated, frozen in liquid nitrogen, and stored at 
-80°C until use. Frozen tissues were homogenized for 
20 min at 4°C using an ultrasonic wave (10 s × 3 times) 
in 100 ml of extraction buffer containing 50 mM 
Tris-HCl (pH 7.5), 1% nonylphenol ethoxylate, 0.25% 
sodium deoxycholate, 150 mmol/L NaCl, 1 mmol/L 
EGTA, 1 mmol/L phenylmethylsulfonyl fluoride, 1 
mg/mL aprotinin plus leupeptin and pepstatin, 1 
mmol/L Na3VO4, and 1 mmol/L NaF. The insoluble 
material was removed by centrifugation at 16,000 rpm 
for 15 min at 4°C. The protein-containing superna-
tants were then transferred and stored at -80°C until 
further use. 

Protein concentrations were determined via the 
Bradford method using a Protein Assay Kit according 
to the manufacturer’s instructions (Bio-Rad Laborato-
ries, Hercules, CA). A total of 50 µg of each lysate 
sample was denatured for 5 min in sample buffer and 
then separated using 10% SDS-polyacrylamide gel 
electrophoresis. After electrophoretic transfer (100 V 
for 90 min) of the separated polypeptides to polyvi-
nylidene difluoride (PVDF) membranes (Bio-Rad), the 
membranes were blocked with 1% bovine serum al-
bumin in Tween/Tris-buffered saline for 1 h at room 
temperature. The membranes were then washed and 
incubated with the primary antibody at 4°C over-
night. The following primary antibodie was used: 
rabbit polyclonal anti-active caspase-3 (1:1500) (Santa 
Cruz Biotechnology, Inc., USA). The membranes were 
probed with horseradish peroxidase-conjugated sec-
ondary antibodies (1:1000) (Santa Cruz Biotechnolo-
gy, Inc., USA) for 2 h at room temperature. The blot-
ted protein bands were visualized using enhanced 
chemiluminescence (ECL) western blotting detection 
reagents (Amersham, Arlington Heights, IL, USA) 
and exposed to X-ray film. Developed films were dig-
itized using an Epson Perfection 2480 scanner (Seiko 
Corp, Nagano, Japan). Optical densities were ob-
tained using Glyko Bandscan software (Glyko, No-
vato, CA, USA). 

Brain water content test 
The brain water content was determined using 

the wet/dry method previously described [23]. 
Briefly, the brain water content (%) was calculated as 

[(wet weight－dry weight)/wet weight] × 100%. After 
examination of the neurological score, the rats (n = 8) 
were deeply anesthetised and sacrificed. Each cerebral 
tissue sample was removed and weighed immedi-
ately to obtain the wet weight. The samples were then 
dried at 105 ℃ for 48 h and weighed to determine the 
dry weight.  

Statistical analysis 
All data were expressed as the mean +/- stand-

ard deviation (SD). Statistical analyses were per-
formed using the Statistical Package for the Social 
Sciences software, version 16.0 (SPSS, Chicago, IL, 
USA). Differences between all groups were compared 
by one-way analysis of variance (ANOVA). If a 
significant difference was determined by ANOVA, 
additional analysis by the Tukey-Kramer multiple 
comparison procedure was applied. A probability 
value of P < 0.05 was considered statistically 
significant. 

Results 
Effects of quercetin on neurobehavioral scores 

In comparison with the sham group, neurobe-
havioral deficits were observed in the SAH+vehicle 
group (3.63 ± 0.96 versus 0.63 ± 0.47, P < 0.01). No 
significant difference was observed between the 
SAH+quercetin10 group and the SAH+vehicle group 
(3.38 ± 0.81 versus 3.63 ± 0.96, P > 0.05). Neurobehav-
ioral scores were significantly decreased in the 
SAH+quercetin50 group compared to the 
SAH+vehicle group (1.63 ± 0.62 versus 3.63 ± 0.96, P < 
0.05) (Fig. 1). 

 

 
Figure 1. Effects of quercetin on neurobehavioral scores at 48h after 
SAH. (n=16, *P<0.01 vs. the sham group, NSP>0.05 vs. the SAH + vehicle 
group, #P<0.05 vs. the SAH + vehicle group). 
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Effects of quercetin on oxidative stress 
In comparison with the sham group, CuZn-SOD 

activity in the rat brain cortices was markedly de-
creased in the SAH+vehicle group (27.65 ± 3.19 versus 
48.35 ± 5.32, P < 0.01). No significant difference was 
observed between the SAH+quercetin10 group and 
the SAH+vehicle group (28.44 ± 3.31 versus 27.65 ± 
3.19, P > 0.05). CuZn-SOD activity in rat brain cortices 
was significantly increased in the SAH+quercetin50 
group compared to the SAH+vehicle group (40.71 ± 
4.25 versus 27.65 ± 3.19, P < 0.05) (Fig. 2 A). 

In comparison with the sham group, GSH-Px ac-
tivity in the rat brain cortices was markedly decreased 
in the SAH+vehicle group (2.09 ± 0.34 versus 4.57 ± 
0.63, P < 0.01). No significant difference was observed 
between the SAH+quercetin10 group and the 
SAH+vehicle group (2.21 ± 0.37 versus 2.09 ± 0.34, P > 
0.05). GSH-Px activity in the rat brain cortices was 
significantly and statistically increased in the 
SAH+quercetin50 group compared to the 
SAH+vehicle group (3.79 ± 0.51 versus 2.09 ± 0.34, P < 
0.05) (Fig. 2 B). 

The level of MDA in the rat brain cortices was 
significantly higher in the SAH+vehicle group than 
the sham group (2.25 ± 0.35 versus 1.07 ± 0.16, P < 
0.01). No significant difference was observed between 
the SAH+quercetin10 group and the SAH+vehicle 
group (2.19 ± 0.33 versus 2.25 ± 0.35, P > 0.05). The 
level of MDA in the rat brain cortices was significantly 
lower in the SAH+quercetin50 group than the 
SAH+vehicle group (1.38 ± 0.19 versus 2.25 ± 0.35, P < 
0.05) (Fig. 2 C). 

Effects of quercetin on caspase-3 in the CA1 
region of the hippocampus 

Immunohistochemical staining of active caspa-

se-3 in the CA1 region of the hippocampus is shown 
in Fig. 3 A. At 48 h after SAH, few active caspa-
se-3-positive cells were detected in samples from the 
sham group. A number of active caspase-3-positive 
cells were observed in the SAH + vehicle and 
SAH+quercetin10 group, and a greater number of 
positive cells were observed in the SAH + quercetin50 
group. The apoptotic index of the CA1 region of the 
hippocampus is shown in Fig. 3 B. The apoptotic in-
dex was increased in the SAH + vehicle group and 
SAH + quercetin10 compared with the sham group (P 
< 0.01) and decreased in the SAH + quercetin50 group 
compared with the SAH + vehicle group (P < 0.01). 

Representative autoradiograms of western blots 
of active caspase-3 expression in the hippocampus are 
shown in Fig. 3 C. Quantitative analyses of the ratios 
to β-actin density are shown in Fig. 3 D. The expres-
sion of active caspase-3 was increased in the SAH + 
vehicle group and SAH + quercetin10 compared with 
the sham group (P < 0.01) and decreased in the SAH + 
quercetin50 group compared with the SAH + vehicle 
group (P < 0.01). 

Effects of quercetin on brain edema 
In comparison with the sham group, the brain 

water content in the SAH+vehicle group was 
significantly increased 48 h after SAH (83.19 ± 1.63% 
versus 77.28 ± 1.45%, P<0.01). No significant differ-
ence was observed between the SAH+quercetin10 
group and the SAH+vehicle group (82.87 ± 1.59 ver-
sus 83.19 ± 1.63%, P > 0.05). The brain water content 
was, however, significantly decreased in the 
SAH+quercetin50 group compared with the 
SAH+vehicle group (78.83±1.51% versus 83.19 ± 
1.63%, P < 0.05) (Fig. 4).  

 
 

 

 
Figure 2. Effects of quercetin on the activities of antioxidant enzymes and the content of MDA in cerebral cortex at 48 h after SAH. The effects of 
quercetin on (A) SOD, (B) GSH-PX, (C) MDA activities in cerebral cortex, respectively, are shown. (n=8, *P<0.01 vs. the sham group, NSP>0.05 vs. the SAH 
+ vehicle group, #P<0.05 vs. the SAH + vehicle group). 
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Figure 3. Effects of quercetin on caspase-3 activity in the CA1 region of the hippocampus at 48 h after SAH. (A) Representative sections of immuno-
histochemical staining of caspase-3. (B) Quantitative analysis of integral optical density (IOD). (C) Representative autoradiogram of caspase-3 protein 
expression. Lane 1, the sham group; Lane 2, the SAH + vehicle group; Lane 3, the SAH + quercetin10 group; Lane 4, the SAH + quercetin50 group. (D) 
Quantitative analysis of western blotting results for the expressions of active caspase-3. Scale bars represent 50µm. (n=8, *P<0.01 vs. the sham group, 
NSP>0.05 vs. the SAH + vehicle group, #P<0.05 vs. the SAH + vehicle group). 

 

 
Figure 4. Effects of quercetin on brain water content at 48h after SAH. 
(n=8, *P<0.01 vs. the sham group, NSP>0.05 vs. the SAH + vehicle group, 
#P<0.05 vs. the SAH + vehicle group). 

 

Discussion 
In this study, we examined the protective effect 

of quercetin against oxidative stress and brain edema 

in an experimental rat model of SAH. Our data 
showed that 48 h after SAH, (1) brain oxidative en-
zymatic activity was decreased and lipid peroxidation 
increased, (2) quercetin improved neurobehavioral 
deficits and ameliorated brain edema, (3) brain oxida-
tive enzymatic activity was enhanced and lipid pe-
roxidation was alleviated by quercetin, (4) hippo-
campal apoptosis was apparent 48 h after SAH but 
was alleviated by quercetin, (5) quercetin played a 
protective role at a dose of 50 mg/kg, but not at a dose 
of 10 mg/kg. These findings suggest that early treat-
ment with the optimal dose of quercetin may provide 
an effective method for protecting the brain against 
damage following SAH in rats. 

Previous studies demonstrate that early genera-
tion of ROS and oxidative stress after SAH is associ-
ated with early brain injury, including brain edema 
[24,25]. Animal studies show that the activities of en-
zymatic antioxidant systems decrease and the prod-
ucts of lipid peroxidation increase after SAH [26,27]. 
Our results were in accordance with these above re-
ports. In humans, a decrease in antioxidant systems 
[28] and an increase in lipid peroxidation products is 
found within 72 h from ictus and correlates well with 
a poor clinical status and outcome [29]. The concen-
tration of ROS is determined by the balance between 
the rate of production and the rate of clearance of ROS 
by various antioxidant compounds and enzymes. 
Animal studies show that the majority of ROS are 
generated by the auto-oxidation of haemoglobin fol-
lowing erythrocytes lysis in the subarachnoid space 
[30]. The consequences of oxidative stress after SAH 
may include injury to the vascular wall endothelium 
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and smooth muscle, disruption of the blood–brain 
barrier (BBB), and the production of strong spas-
mogens, such as prostaglandin D2 and leukotriene C4 
from the lipoxygenase and cyclo-oxygenase pathways 
of arachidonic acid metabolism [27]. In addition, oxi-
dative stress induces enzymes of the apoptotic path-
way, including p53 and caspase-3 and 9, which pro-
mote apoptotic cell death. [31]. Neuronal apoptosis 
results in blood brain barrier dysfunction, inflamma-
tion, and oxidative cascades that lead to brain edema 
[32]. Brain edema is an abnormal accumulation of 
fluid within the brain parenchyma, producing a 
volumetric enlargement of the brain cells or tissue 
[33]. Brain edema has been demonstrated to be an 
independent risk factor for mortality and poor out-
come after SAH [34]. In this study, the water content 
of the brain was measured to examine the effect of 
quercetin on brain edema after SAH. 

CuZn-SOD is the first enzyme of the enzymatic 
antioxidative pathway that converts superoxide ani-
ons into peroxides, which are then converted into 
GSH-Px. Overexpression of CuZn-SOD in transgenic 
mice prevents apoptotic cell death and reduces mor-
tality after SAH [35,36]. In our study, the activities of 
CuZn-SOD and GSH-Px were designated as indica-
tors to determine the oxidative damage in the brains 
of SAH rats. Lipid peroxidation is one of the major 
consequences of free radical-mediated injury in the 
brain. The peroxidation of polyunsaturated fatty ac-
ids, mostly in membrane phospholipids, is a chain 
reaction that can continue until the substrate is com-
pletely consumed or termination occurs due to anti-
oxidants. If not terminated fast enough, there will be 
damage to the cell membrane, which consists mainly 
of lipids. Lipid peroxidation produces structural and 
functional damage to membranes as well as several 
secondary products. Phototherapy may cause hae-
molysis by rupturing red blood cell membranes via 
lipid peroxidation [37]. Certain diagnostic tests are 
available for the quantification of the end-products of 
lipid peroxidation. Most studies have used MDA as 
an index of lipid peroxidation [38]. 

Some antioxidants have been used to prevent 
oxidative stress and decrease early SAH-induced 
brain injury in animals [39]. However, these antioxi-
dants have had little success in improving outcomes 
in clinical trials, so researchers are trying to find a 
more effective antioxidant, including natural medi-
cines [40]. Several previous studies suggested that 
flavonoids may act as antioxidants, free-radical scav-
engers and radioprotectors [41]. Quercetin is a ubiq-
uitous flavonoid that is present in numerous plants 
that are utilised in many different cultures for their 
nervous system and anticancer effects [42,43]. Quer-
cetin plays an important role in altering the progres-

sion of neurodegenerative diseases by its protective 
effect against oxidative stress [44]. Pre-treatment of 
primary hippocampal cultures with quercetin 
significantly attenuated amyloid β-induced cytotoxi-
city, protein oxidation, lipid-peroxidation, and apop-
tosis [45]. Studies indicated the potential benefit of 
quercetin treatment for conditions involving mito-
chondrial dysfunction associated with increased oxi-
dative stress [46]. The central role of oxidative stress 
in brain pathology is the basis for the therapeutic po-
tential of quercetin. Its potent ROS scavenging activity 
is attributed to its high number of hydroxyl substitu-
tions, which correlates with its electron-donating 
ability [47]. In addition to the direct scavenging of free 
radicals, other antioxidant mechanisms contribute to 
the potent action of quercetin against oxidative stress, 
such as the chelation of iron and calcium and the in-
hibition of lipid-peroxidation, as well as other bio-
chemical mechanisms, such as the inhibition of en-
zymes, including xanthine oxidase and nitric oxide 
synthase [48,49]. Quercetin has been shown to alter 
the expression of the Nrf2 gene. A key function of 
quercetin is the activation of Nrf2 in cerebellar gran-
ule cells after oxidative stress, resulting in the induc-
tion of genes encoding g-glutamylcysteine syntheses 
and increased neuronal glutathione levels that restore 
redox homeostasis. The result of these antioxidant 
activities allows quercetin to re-establish the redox 
regulation of proteins, transcription factors, and sur-
vival signalling cascades that are otherwise inhibited 
by elevated ROS. Pre-treatment of primary hippo-
campal cultures with quercetin significantly attenu-
ated lipid-peroxidation and apoptosis [50]. In the 
present study, quercetin played a protective role by 
reducing brain oxidative enzymatic activity 
,decreasing lipid peroxidation and inhibiting cell 
apoptosis. This result was in accordance with previ-
ous reports. 

Several factors could be responsible for the in-
duction of edema in the brain [51]. The excessive 
production of free radicals in conjunction with a 
weakened scavenger system contributes to both cy-
totoxic and vasogenic edema by directly disrupting 
the BBB and by triggering the pathways that mediate 
brain edema [52]. Caspase-3 is one member of the 
caspase family and it plays a central role in the execu-
tion-phase of cell apoptosis. It has been reported that 
the expression of caspase-3 was intensified in the cor-
tical neurons after SAH [53] and its inhibition could 
reduce the neuron loss and brain edema. The next 
step in our experimental program will be to determine 
whether and how quercetin protects from BBB im-
pairment and cerebral vasospasm in our experimental 
rat model of SAH.  
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Conclusions 
In summary, this is the first in vivo experiment to 

demonstrate that quercetin has a protective effect 
against the damage following SAH in experimental 
rats. Neurobehavioral deficits were improved, brain 
edema was reduced, oxidative stress and hippocam-
pus apoptosis was significantly protected following 
quercetin administration. The mechanism could be 
partly attributed to antioxidant enzymes scavenging 
free radicals. Recently, much attention has been fo-
cused on the protective biochemical functions of nat-
urally occurring antioxidants following SAH. How-
ever, further investigations are essential to elucidate 
the precise mechanisms of quercetin protection before 
evaluating it as a neuroprotective agent useful in the 
treatment in SAH.  
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