This article was downloaded by:

On: 22 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

RO | Journal of Asian Natural Products Research
Publication details, including instructions for authors and subscription information:
J“”[””' Eﬁ http://www.informaworld.com/smpp/title~content=t713454007
Asian Natural
Products
Research Neuroprotective effect of liquiritin against focal cerebral
o /5;% ischemia/reperfusion in mice via its antioxidant and antiapoptosis
J 1;, properties
C v Ya-Xuan Sun®; Yue Tang®; Ai-Li WuS; Ting Liu%; Xue-Ling Dai?%; Qiu-Sheng Zheng®; Zhi-Bin Wang®
AL - * Beijing Key Laboratory of Bioactive Substances and Functional Foods, Beijing Union University,
"" Wk ey /¢ | Beijing, China ® Cold and Arid Regions Environmental and Engineering Research Institute, Chinese
‘,; S m ‘:':,' tF| Academy of Sciences, Lanzhou, China ¢ Peking Union Medical College, Fuwai Hospital and
o Poliiy. | “ovin . -| Cardiovascular Institute, Chinese Academy of Medical Science, Beijing, China ¢ Key Laboratory of
= “5. 7~ %/ Xinjiang Endemic Phytomedicine Resources, Ministry of Education, School of Pharmacy, Shihezi
e University, Shihezi, China © Beijing Institute For Drug Control, Beijing, China

Online publication date: 01 December 2010

To cite this Article Sun, Ya-Xuan , Tang, Yue , Wu, Ai-Li, Liu, Ting , Dai, Xue-Ling , Zheng, Qiu-Sheng and Wang, Zhi-
Bin(2010) 'Neuroprotective effect of liquiritin against focal cerebral ischemia/reperfusion in mice via its antioxidant and
antiapoptosis properties', Journal of Asian Natural Products Research, 12: 12, 1051 — 1060

To link to this Article: DOI: 10.1080/10286020.2010.535520
URL: http://dx.doi.org/10.1080/10286020.2010.535520

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713454007
http://dx.doi.org/10.1080/10286020.2010.535520
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 17 22 January 2011

Downl oaded At:

Journal of Asian Natural Products Research
Vol. 12, No. 12, December 2010, 1051-1060

Taylor & Francis
Taylor & Francis Group

Neuroprotective effect of liquiritin against focal cerebral
ischemia/reperfusion in mice via its antioxidant and antiapoptosis
properties

Ya-Xuan Sun®’, Yue TangcT, Ai-Li Wu°, Ting Liu¢, Xue-Ling Dai®, Qiu-Sheng Zhengd
and Zhi-Bin Wang®*

“Beijing Key Laboratory of Bioactive Substances and Functional Foods, Beijing Union University,
Beijing 100191, China; *Cold and Arid Regions Environmental and Engineering Research Institute,
Chinese Academy of Sciences, Lanzhou 730000, China; ‘Peking Union Medical College, Fuwai
Hospital and Cardiovascular Institute, Chinese Academy of Medical Science, Beijing 100037,
China; “Key Laboratory of Xinjiang Endemic Phytomedicine Resources, Ministry of Education,
School of Pharmacy, Shihezi University, Shihezi 832002, China; Beijing Institute For Drug

Introduction

Control, Beijing 100035, China
(Received 12 July 2010; final version received 25 October 2010)

Our present study was conducted to investigate whether liquiritin (7-hydroxy-2-[4-
[3,4,5-trihydroxy-6-(hydroxymethyl) oxan-2-yl] oxyphenyl]-chroman-4-one, 1), an
active component of Glycyrrhiza uralensis Fisch., exerts a neuroprotective effect
against focal cerebral ischemia/reperfusion (I/R) in male Institute of Cancer Research
(ICR) mice. On the establishment of mice with middle cerebral artery occlusion
(MCADO) for 2 h and reperfusion for 22 h, liquiritin at the doses of 40, 20, and 10 mg/kg
was administered before MCAO once a day intragastrically for a subsequent 3 days.
Neurological deficits and infarct volume were measured, respectively. The levels of
malondialdehyde (MDA) and carbonyl, activities of superoxide anion (SOD), catalase
(CAT) and glutathion peroxidase (GSH-Px) and reduced glutathione/oxidized disulfide
(GSH/GSSG) ratio in brain were estimated spectrophotometrically. 8-Hydroxy-2'-
deoxyguanosine (8-OHdG) and terminal deoxynucleotidyl transferase-mediated
DuTP-biotin nick end labeling (TUNEL)-positive cells were detected by immunohis-
tochemical analysis. Our results showed that the neurological deficits, infarct volume,
and the levels of MDA and carbonyl decreased, the ratio of GSH/GSSG and the
activities of SOD, CAT, and GSH-Px were compensatorily up-regulated, and 8-OHdG
and TUNEL-positive cells decreased after 22h of reperfusion in liquiritin-treated
groups. These findings suggest that liquiritin might be a potential agent against cerebral
I/R injury in mice by its antioxidant and antiapoptosis properties.

Keywords: liquiritin; mice; focal cerebral ischemia/reperfusion; antioxidant; anti-
apoptosis

three types of strokes, are generally seen

Stroke is a disease with serious conse-
quences in disability, morbidity, mortality,
and cost to human, family, and society in
the world. Ischemic, intracerebral hemor-
rhage, and subarachnoid hemorrhage,

in clinical patients. Ischemic stroke which
is the most common type of stroke
accounts.

Ischemic stroke initiates a complex
and interconnected cascade of cellular or
molecular events that lead to cell repair or
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destruction. Such as oxidative stress,
excitotoxicity, and calcium overload are
early events. Later events include apopto-
sis and neuroinflammation [1,2]. Oxidative
stress is defined as an imbalance between
the oxidant and antioxidant systems in
favor of the oxidants and reactive oxygen
species (ROS) of which molecules contain
one or more unpaired electrons in their
outer orbit and are highly reactive and
accumulate during oxidative stress.
Although ROS are key regulatory mol-
ecules vital for life, ROS may cause
oxidative damage to lipid, protein, and
deoxyribonucleic acid (DNA), and lead to
the oxidative injury in brain [3]. Neuronal
apoptosis has been indicated to participate
in ischemia/reperfusion (I/R) injury in the
brain [4]. Apoptosis, triggered by oxi-
dative stress, excitotoxicity, inflammation,
mitochondrial and DNA damage, and so
on, is believed to be irreversible. Cerebral
(I/R) is able to potentiate apoptosis by
restoring cellular energy [3].

There is a continual improvement in
the understanding of the pathophysiology
of cerebral I/R, but the pharmacological
approach of preventing or treating cer-
ebral I/R injury has been limited in clinic.
Flavonoids and isoflavones, extracted
from medicinal plants, have antioxidant
function and are proved to have protec-
tive effects on cerebral I/R-induced
injury.

Licorice root has been widely used in
China as a herbal medicine and its major
bioactive component is flavonoid such as
liquiritin (1, as shown in Figure 1),
glabridin, and isoliquiritigenin [5]. Yu
et al. [6] have demonstrated that glabridin
had neuroprotective effect via modulation
of multiple pathways associated with
apoptosis. Isoliquiritigenin was also
suggested to have protective effect against
cerebral ischemia injury which might be
due to the amelioration of cerebral energy
metabolism and antioxidant activity [7]. It
was reported that 1 produced significant
antidepressant-like effects in the forced
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Figure 1. Chemical structure of liquiritin.

swimming test and tail-suspension test in
mice [8]. Yang et al. [9] have established
rat hippocampal neuronal damage model
and demonstrated that 1 had neuroprotec-
tion and neurotrophism effects on primary
cultured hippocampal cells. And Chen
et al. [10] indicated that 1 might be a good
candidate for treating various neurodegen-
erative diseases including Alzheimer’s
disease or Parkinson’s disease. However,
up to now, there are not any studies on the
effect of 1 against brain injury caused by
cerebral I/R.

The present study therefore sought to
confirm the protective effect of 1 against
cerebral I/R-induced brain damage, and
investigated whether 1 can improve
cerebral I/R-induced brain damage with
the use of the middle cerebral artery
occlusion (MCAOQO) model in mice.

2. Results and discussion

2.1 Effect of 1 on the neurological
deficits and infarct volume

The results showed that neurological
deficits and infarct volume of cerebral
I/R mice were significantly higher than
those of the sham group after 22h of
reperfusion. Treatment with 1 (40 mg/kg)
significantly decreased neurological defi-
cit scores and reduced the percentage of
infarction as well (Table 1 and Figure 2).
These results demonstrated that 1 was
able to protect mouse brain from I/R

injury.
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Table 1. Effect of 1 on the neurological deficits and infarct volume in mice subjected to cerebral

I/R.

Group Dose (mg/kg) Neurological deficit scores Infarct volume (%)
Model / 2.38 £0.74 29.20 = 1.71
Sham / 0.00 = 0.00™ 0.00 = 0.00""

1 40 1.63 + 0.52 20.11 = 1.70™"
1 20 1.75 £ 0.71 23.63 = 1.92"
1 10 2.00 £ 0.76 27.88 £ 1.76
Edaravone 3 1.50 = 0.76™ 16.10 = 1.81"

Notes: All values given in Table 1 are expressed as mean = S.M.E. Differences were considered significant at

P < 0.05."P < 0.05, P < 0.01 vs. model group.

2.2 Effect of 1 on the redox status

As shown in Figure 3, cerebral I/R induced
the acute decrease in reduced glutathio-
ne/oxidized disulfide (GSH/GSSG) ratio in
brain tissue. Compared with model group,
treatment with 1 increased the ratio of
GSH/GSSG. The value of the high
concentration of treatment with 1 (40 and
20 mg/kg) was more obvious than those of
middle and low concentrations.

2.3 Effect of 1 on the levels of
malondialdehyde (MDA) and carbonyl

When subjected to cerebral I/R, mice
showed a significant elevation in the
levels of malondialdehyde (MDA) and

A B

carbonyl, as compared with the sham
group. Administration of 1 showed a
significant decrease in the MDA and
carbonyl levels (Figure 4).

2.4 Effect of 1 on the activities of
antioxidant enzyme

Table 2 showed the activities of super-
oxide anion (SOD), catalase (CAT), and
glutathion peroxidase (GSH-Px) in the
brain of vehicle- and drug-treated mice. In
model group, the activities of these
enzymes declined significantly as com-
pared to sham group. Pretreatment with 1
dose-dependently increased the activities
of these enzymes.

Figure 2. Representative coronal brain sections (1.5 mm thick) stained with 0.5% TTC after 22 h of
reperfusion showing infarction. Red-colored region in the TTC-stained sections indicates no-
ischemic portion of brain and pale-colored region indicates ischemic portion. (A) Model group; (B)
1-treated group (40 mg/kg); (C) 1-treated group (20 mg/kg); (D) 1-treated group (10 mg/kg); and (E)

Edaravone-treated group (3 mg/kg).
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GSH/GSSG ratio

Model Sham 40

20 10 Edaravone

Liquiritin (mg/kg) S (mg’ka)

Figure 3. Effect of 1 on the GSH/GSSG ratio in mice subjected to cerebral I/R. All values given in
Figure 3 are expressed as mean * S.M.E. Differences were considered significant at P < 0.05.

P < 0.05, P < 0.01 vs. model group.

2.5 Effect of 1 on the DNA oxidative
damage

Figure 5 shows that very weak 8-hydroxy-
2'-deoxyguanosine (8-OHdG) immunoreac-
tivity was found in the sham group, and that
8-OHdG immunoreactivity in the model
group was obviously increased after I/R,
whereas 8-OHdG immunoreactivity was
slightly elevated in the 1-treated groups.

MDA (nmol/mg protein)

Model Sham 40 20
Liquiritin (mgkg) 3 (Ma'ka)

10 Edaravone

2.6 Effect of 1 on apoptosis

Very few terminal deoxynucleotidyl trans-
ferase-mediated dUTP-biotin nick end
labeling (TUNEL)-positive cells were seen
in mouse brain tissue of sham group. There
was a significant increase in TUNEL-
positive cells in model group as compared
to the sham group. Moreover, TUNEL-
positive cells were markedly diminished in

@

Carbonyl (nmol/mg protein)

Model Sham 40 20
Liquiritin (mg/kg) 3 (ma'ka)

10 Edaravone

Figure 4. Effect of 1 on MDA level (A) and carbonyl level (B) in mice subjected to cerebral I/R.
All values given in Figure 4 are expressed as mean = S.M.E. Differences were considered
significant at P < 0.05. “P < 0.05, “"P < 0.01 vs. model group.



18: 17 22 January 2011

Downl oaded At:

Journal of Asian Natural Products Research 1055

Table 2. Effect of 1 on the activities of antioxidant enzymes in mice subjected to cerebral I/R.

Dose SOD CAT GSH-Px

Group (mg/kg) (U/mg protein) (U/mg protein) (U/mg protein)
Model / 62.02 £ 6.65 6.18 = 0.59 681.42 = 45.88
Sham / 82.50 & 4.65%* 8.27 + 0.45%* 1086.5 = 60.52::
1 40 75.11 £ 5.80%: 7.62 = 0.48%x 887.24 & 79.23#x
1 20 69.13 * 4.68* 6.92 = 0.59* 766.45 + 71.88*
1 10 63.68 = 6.02 6.65 = 0.56 693.92 + 62.16
Edaravone 3 79.97 £ 522 7.75 £ 0.53#: 891.30 = 58.13#x*

Notes: All values given in Table 2 are expressed as mean = S.M.E. Differences were considered significant at

P < 0.05."P < 0.05, "*P < 0.01 vs. model group.

the 1 group compared with those in the
model group (Figure 6).

2.7 Discussion

To our knowledge, the present study is the
first report on the effect of 1 on the focal
I/R in mice. Our results showed that the
treatment of 1 had the ability to reduce the
neurological deficits, infarct volume and
the levels of MDA and carbonyl, compen-
satorily up-regulate the ratio of
GSH/GSSG and the activities of SOD,
CAT, and GSH-Px, and to decrease 8-
OHdG and TUNEL-positive cells as
compared to the model group.

Combining neurological measurement
with infarct volume assessment is com-
monly employed in neuroprotective drug
study [11]. Many neurological deficits are
difficult to assay in animals, while motor
deficits are perhaps the easiest measures
due to the fact that motor functions are
available in mice. In the present study, the
neurological deficits were determined
using the four-point scale which described
by Longa et al. [12]. The infarct volume is
the chief outcome in focal I/R model and
2,3,5-triphenyltetrazolium chloride (TTC)
staining which is rapid, easy, cheap, and is
the most widely used. TTC is a lipid
soluble and colorless chemical agent

Figure 5. Immunohistochemical staining for 8-OHdG in mouse brain after 22 h of reperfusion. The
nucleus of positive expressed cell is brown colored. (A) Model group; (B) sham group; (C)
Edaravone-treated group (3 mg/kg); (D) 1-treated group (40 mg/kg); (E) 1-treated group (20 mg/kg);

and (F) 1-treated group (10 mg/kg).
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Figure 6. Immunohistochemical staining for apoptosis in mouse brain after 22 h of reperfusion.
There were brown granules in the nucleus of positive cells. (A) Model group; (B) sham group; (C)
Edaravone-treated group (3 mg/kg); (D) 1-treated group (40 mg/kg); (E) 1-treated group (20 mg/kg);

and (F) 1-treated group (10 mg/kg).

reduced by mitochondrial enzymes into a
compound that stains normal brain regions
red, whereas infarcted area remains white
[13]. The results showed that neurological
deficit scores and infarct volume obviously
increased in model group as compared to
sham group, and liquiritin could efficiently
decrease neurological deficits and infarct
volume, indicating that 1 had neuropro-
tective ability.

The GSH/GSSG ratio is a marker for
oxidative stress in ischemic brain and is
normally maintained at a high level [14].
There was a significant decrease in the
ratio of GSH/GSSG in I/R mice. And 1
markedly inhibited the decrease in
GSH/GSSG ratio as compared to the
model group and relieved oxidative stress.

Apart from GSH/GSSG ratio, three
diagnostic markers such as 8-OHdG,
MDA, and carbonyl are present in brain
and used as predictors for oxidative stress.
DNA oxidative damage which is able to
lead to DNA-protein cross linking, strand
breaks, and modifications can be deter-
mined by measuring the expression of 8-
OHdG. MDA is a well-known end product
of lipid peroxidation and its level is usually

determined by the thiobarbituric acid-
reacting substances assay. Protein carbo-
nyl is a commonly used marker for protein
oxidation. The present study demonstrated
that cerebral I/R-induced oxidative
damage to DNA, lipid, and protein, and 1
could efficiently prevent these biomacro-
molecules from oxidative injury.

Brain itself also possesses an array of
antioxidant defense systems including
SOD, CAT, and GSH-Px to prevent injury
induced by cerebral I/R. SOD catalyzes the
dismutation of SOD to peroxide. CAT and
GSH-Px dismutate peroxide into water and
molecular oxygen. The present investi-
gation showed that the activities of SOD,
CAT, and GSH-Px decreased significantly
in model group as compared with sham
group, whereas the activities of these
antioxidant enzymes increased in the mice
treated with 1.

Based on terminal deoxynucleotidyl
TUNEL staining, it was suggested that
brain tissue underwent apoptosis following
cerebral I/R [15]. Sublethal injury to
neurons favors the initiation of apoptosis
in neurons during cerebral I/R [16]. The 1-
mediated protection was found to target
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the area where cells underwent apoptosis
and consequently reduced cell death as
observed in the TUNEL assay. Hence, 1
appeared to possess the ability to protect
mouse brain from I/R damage.

In conclusion, our findings clearly
demonstrated that 1 provided obviously
neuroprotective effect on MCAO-induced
focal cerebral I/R. The effect of 1 is, at
least in part, attributable to its antioxidant
and antiapoptosis activities.

3. Materials and methods

3.1 Chemicals and reagents

Liquiritin (purity = 98%) was purchased
from JF-NATURAL Chemical Co. (Tian-
jin, China). TTC, hypoxanthine, xanthine
oxidase, CAT, 5,5'-dithio-bis(2-nitroben-
zoic acid) (DTNB), oxidized disulfide, and
GSH were purchased from Sigma Chemi-
cal Co. (St Louis, MO, USA). 1,1,3,3-
tetramethoxypropane was obtained from
Fluka Chemical Co. (Ronkonkoma, NY,
USA). All other chemicals and reagents
were of analytical grade.

3.2 Animals

Male ICR mice weighing 26 * 2 g were
obtained from Vital River Laboratories
(Peking, China). Mice were allowed to
acclimatize for at least 7days prior to
experimentation and housed at a room
temperature of 24 = 1°C and a relative
humidity of 50 * 5%. Standard food and
water were made available ad libitum. Our
experiments were approved by the Insti-
tutional Animal Care and Use Committee
of National Institute of Pharmaceutical
Education and Research.

3.3 Drug administration and model

ICR mice in our study were randomly
divided into model group (0.5% sodium
carboxymethylcellulose, 10ml/kg, i.g.),
sham group (0.5% sodium carboxymethyl-
cellulose, 10 ml/kg, i.g.), 1 (40, 20, and

10 mg/kg, i.g.)-treated group, and edar-
avone (3mg/kg, i.p. used as the positive
control)-treated group. 1 was dissolved in
0.5% sodium carboxymethylcellulose.
Drug or 0.5% sodium carboxymethylcel-
lulose was administered once a day for
3 days before ischemia. After 3-day
pretreatment with 1, the operation was
performed.

Focal cerebral I/R was produced by the
occlusion of MCAO as reported by Longa
et al. [12] and Ha et al. [17] with little
modification. Briefly, mice were anesthe-
tized with chloral hydrate (400 mg/kg,
i.p.). Body temperature was maintained at
37 = 0.5°C by a lamp. Midline incision
was made on ventral side of the mouse
neck. The left common carotid artery
(CCA), the external carotid artery (ECA),
and the internal carotid artery (ICA) were
carefully exposed and dissected away from
adjacent muscles and nerves. Microvascu-
lar aneurysm clips were applied to the left
CCA and the ICA. A coated filament was
introduced into an arteriotomy hole, fed
distally into the ICA, and advanced about
12mm from the carotid bifurcation. The
ICA clamp was removed and focal
cerebral ischemia started. After ischemia
for 2 h, the filament was gently pulled out.
The collar suture at the base of the ECA
stump was tightened. The skin was closed,
anesthesia discontinued, and the animals
were returned to the prewarmed cages.
Animals in sham group underwent a neck
dissection and coagulation of the ECA, but
no occlusion of middle cerebral artery.

3.4 Neurological deficits

After 22 h of reperfusion, the neurological
deficits were blindly examined by a single
examiner. Performance was scored with
use of a 4-point scale described by Longa
et al. [12]. 0: no neurological deficit; 1:
failure to extend the right forepaw fully; 2:
circling to the right; 3: falling to the right;
and 4: no spontaneous walking with a
depressed level of consciousness.
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3.5 Infarct volume

The TTC staining was used to evaluate the
infarct volume. Animals were killed by
decapitation after 22 h of reperfusion and
their brains were quickly removed and cut
into five 1.5-mm thick coronal sections.
Brain sections were incubated in 0.5%
TTC at 37°C for 20 min. The stained brain
sections were fixed in 10% formalin
solution and photographed with a digital
camera, and the infarct areas of each
section were determined with the analysis
of pixel counting by a computer program
of Photoshop 6.0.

3.6 Biochemical assay of brain
homogenates

3.6.1 Tissue preparation

To determine redox status, oxidative
product levels, and antioxidant enzyme
activities, these mouse brains were hom-
ogenized in ice-cold normal saline after
blotting and weighing and the 10%
homogenate was centrifuged at 4624 g for
15min. The supernatant was used for
biochemical assay.

3.6.2 Redox status

Redox status in the brain tissue was
determined in terms of GSH and GSSG
ratios. The levels of total glutathione (T-
GSH), GSH, and GSSG were estimated
according to the method of Candelario-Jalil
et al. [18]. In brief, T-GSH was determined
by the DTNB-GSSG reductase recycling
assay. GSSG was assayed by measuring 5-
thio-2-nitrobenzoic acid (TNB) which was
produced from the reaction of reduced
GSH with DTNB. The GSH level in brain
tissue was calculated as the difference
between T-GSH and GSSG.

3.6.3  Determination of MDA level

MDA, an indicator of lipid peroxidation,
was estimated according to the method of
Cao et al. [19]. 1,1,3,3-tetramethoxypro-

pane was used as a standard, and the level
of MDA was expressed as nmol/mg
protein.

3.6.4 Determination of carbonyl level

Carbonyl, an indicator of protein oxi-
dation, was assayed following the method
of Levine et al. [20]. Carbonyl level was
calculated using the extinction coefficient
of 22,000M 'cm™ '/mg protein and
expressed as nmol/mg protein.

3.6.5 Determination of antioxidant
enzyme activities

SOD activity was assayed by a previously
described method [21]. One unit of SOD
activity was defined as the amount that
shows 50% inhibition. SOD activity was
expressed as U/mg protein.

CAT activity was determined accord-
ing to the method described by Campo
et al. [22]. One unit of CAT activity was
defined as the amount of CAT required to
decompose 1 pmol/l of hydrogen peroxide
per minute. CAT activity was expressed as
U/mg protein.

GSH-Px activity was measured using
the method described by Jagetia et al.
[23]. One unit of GSH-Px activity was
defined as the GSH-Px in 1 mg of protein
that led to the decrease of 1 pmol/l of
GSH in the reactive system per minute.
GSH-Px activity was expressed as U/mg
protein.

3.6.6 Protein assay

Protein content was determined by the
method of Bradford [24], and bovine
serum albumin was used as the protein
standard.

3.7 Immunohistochemistry assay

After 22 h of reperfusion, mice were over-
dosed with an anesthetic and perfused with
4% paraformaldehyde in 0.1 M phosphate
buffer solution (pH = 7.4). Brains were
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removed and further fixed in 4% parafor-
maldehyde at 4°C for 24 h and then cut into
equally spaced blocks. Paraffin-embedded
blocks were cut into a series of 5-pm thick
slices.

8-OHdG immunohistochemistry was
used to identify oxidized DNA and
performed according to the method
described by Wang et al. [25]. In brief,
deparaffinized brain sections were immu-
nostained with 5 wg/ml of mouse anti-8-
OHdG antibody followed by 0.5% goat
anti-mouse IgG labeled with horseradish
peroxidase.

Terminal deoxynucleotidyl transfer-
ase-mediated TUNEL assay was used to
identify cells with nuclear DNA fragmen-
tation in ischemic areas and was also
performed using the method of Wang et al.
[25]. Briefly, brain sections were depar-
affinized and rehydrated followed by
incubating with 20 pg/ml of proteinase K
in 0.01M Tris—HCl (pH="7.4) and
permeabilized in a solution which contains
0.1% Triton-X 100 and 0.1% sodium
citrate. Then, these sections were incu-
bated in TUNEL-reaction mixture con-
taining  terminal  deoxynucleotidyl
transferase.

3.8 Statistical analysis

Statistical analysis was performed with the
use of the SPSS statistical program (SPSS
Inc., Chicago, IL, USA). All values were
expressed as mean = S.M.E. Differences
between groups were measured by one-
way analysis of variance (ANOVA)
followed by the Student—Newman—
Keuls test. P values less than 0.05 were
considered statistically significant.
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