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Protective effect of baicalin on inflammatory injury following

transient focal cerebral ischemia-reperfusion in rats

OUYANG Chang-Han, WU Ji-Liang "
( Department of Pharmacology, Xianning College, Xianning 437100, China)

Abstract: AIM To investigate if the protective effect
of baicalin on cerebral injury induced by transient focal
ischemia is related to modulation of expressions of in-
flammatory cytokines or adhesive molecules. METH-
ODS Transient focal cerebral ischemia injury model
in rats was induced by occlusion of the right middle
cerebral artery for 2 h, followed by 24 h reperfusion.
The infarct volume and neurological deficit were deter-
mined by TTC staining and the scoring method of Lon-
ga et al. The expression of intracellular adhesion mole-
cule-1 (ICAM-1), neutrophils infiltration, and my-
eloperoxidase (MPO) activity in brain were measured
by immunohistochemistry, hematoxylin-eosin staining,
and spectrophotometer, respectively. Semiquantitative
RT-PCR was employed to assess the expression of in-
ducible nitric oxide synthase (iNOS) mRNA. The lev-
el of interleukin-1 (IL-1) in brain was assayed by ra-
dioimmunoassay. The expression of nuclear factor-kB
(NF-kB) protein was evaluated by Western blot. RE-
SULTS After transient cerebral ischemia, MPO ac-
tivity and the expression of ICAM-1 in the periphery of
ischemic cortex were significantly increased. Increase
in iNOS mRNA and NF-kB protein expression was also
shown in the ischemic area. Treatment with baicalin
markedly reduced brain infarct volume and neurological
deficit induced by ischemic insult, inhibited MPO ac-
tivity, inflammatory cell infiltration, as well as expres-
sion of [CAM-1, iNOS and NF-kB, and decreased IL-1
level. CONCLUSION Baicalin may play a protec-
tive effect on cerebral ischemic injury through inhibi-
ting the expression and release of the inflammatory me-
diators after cerebral ischemia.
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Stroke, frequently encountered following
vascular disorders or clinical practices, is a
leading cause of death and permanent disability
in the developed countries, for which there is
currently no effective treatment. Several mecha-
nisms of neuronal injury after stroke have been
proposed, and especially the generation of oxy-
gen free radicals, chemokines and proinflamma-
tory mediators in the penumbra during the reper-
fusion phase are thought to play a major role in
the delayed progression of injury occurring at the

121 Soon after is-

periphery of the infarct area
chemia, several inflammatory cascades are initia-
ted, and astrocytes, microglia and vascular en-
dothelial cells become rapidly activated leading
to inflammatory cell infiltration and release of
proinflammatory cytokines and rapid up-regula-
tion of adhesion molecules. They induced infil-
tration of recruited inflammatory cells and neuro-
nal injury. Accordingly, numerous studies have
been done in relation to a possibility of oxygen
free radical scavengers and anti-inflammatory
drugs as therapeutic agents for the neuronal dam-
age by ischemia. Among them, the use of poly-
phenolic compounds has been studied, and there
have been promising results"*” .

5, 6-di-

hydroxyflavone ) , a polyphenolic flavonoid com-

Baicalin  ( 7-glucuronic acid,

pound, isolated from the dried root of Scutellar-
ia baicalensis Georgi, has been widely used in
traditional Chinese herbal medicine to treat al-
lergic and inflammatory diseases. Researches

have shown that baicalin possesses multiple
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pharmacological activities, such as decreasing
blood pressure, inhibiting lipid peroxidation,
blocking calcium channel, and anti-inflammato-

°!. These pharmacological findings

ry effects'*
highlight the therapeutic potential of the drug
for the treatment of cardiac and cerebrovascular
diseases even though the mechanisms by which
baicalin exert its effects are unclear. Recently,
our and other some studies have demonstrated
that baicalin has a protective effect against tis-
sue injuries induced by ischemia-reperfusion
(I-R) , amyloid-B protein, glutamate or inflam-

7=%1 However, to date, evi-

matory factors
dences regarding baicalin’s effects on ischemic
brain injury is still limited. Baicalin has been
reported to suppress inflammatory response in
vitro models. To clarify the possible mecha-
nisms by which baicalin protects brain from is-
chemic injury, we have assessed intracellular
adhesion molecule-1 (ICAM-1) and inducible
nitric oxide synthase (iNOS) expression, neu-
trophil infiltration and proinflammatory cyto-
kines release following transient focal cerebral
ischemia and aimed to offer a new drug of thera-

py for ischemic diseases.

1 MATERIALS AND METHODS

1.1 Drugs and reagents

Baicalin (purity >95% ), was purchased
from National Institute for the Control of Phar-
maceutical and Biological Products ( Beijing).
It was dissolved in normal saline before use; ni-
modipine injection ( Bayer Company, Germa-
ny ) ; myeloperoxidase ( MPO) activity assay kit
( Jiancheng Biology Institute, Nanjing, Chi-
na) ; interleukin-1 (IL-1) assay kit ( Bioengi-
neering Institute, Beijing, China) ; Trizol rea-
gent, Takara RT-PCR kit ( Yafa Bioengineering
Co. , Wuhan, China).
1.2 Animal treatment

Male Wistar rats ( Certificate No 97004 ) ,
weighing 230 —280 g, were purchased from Ex-
perimental Animal Center, Tongji Medical Col-
lege. The rats were treated ip twice with normal

saline, baicalin or nimodipine at 30 min before
ischemia and again 12 h after reperfusion, re-
spectively. Five groups were studied ; sham-op-
erated group; I-R model group; baicalin 60 and
120 mg-kg " groups; nimodipine 0.7 mg-kg ™'
group.
1.3 Establishment of focal cerebral ische-
mia model

Focal cerebral ischemia was induced by
transient middle cerebral artery (MCA ) occlu-
sion in the right hemisphere as previously de-
scribed"'” . Briefly, after the rats were anesthe-
tized with chloral hydrate (350 mg-kg™", ip),
a midline incision through the neck was made to
expose the right common carotid artery, the ex-
ternal carotid artery ( ECA) and the internal ca-
rotid artery (ICA). A 4-0 monofilament nylon
suture (¢ 0.24 mm) , its tip had been blunted
by heating near a flame and coated with poly-L-
lysine, was inserted into the ECA and advanced
into the ICA to occlude the origin of the MCA.
After 2 h of ischemia, the suture was removed
and the animals were allowed to recover. The
body temperature of the rats was maintained at
36.5 - 37.5°C during the surgery by a heating
lamp.
1. 4  Neurological deficit evaluation and
infarct volume measurement

Neurological deficits were evaluated after 24
h reperfusion using a 5-point scoring system ac-
cording to the method of Longa et al'™®’. At the
end of each experiment, the animal was sacri-
ficed and the brains were removed rapidly for tis-
sue slicing. Five 2 mm thick coronal slices were
stained with 2% 2, 3, 7-triphenyltetrazolium
chloride, then fixed with 10% formalin solution
(pH 7.4). In each section, the cortical and
subcortical infarcted area was measured from
planimetric analysis of digitized image. The in-
farct volume was calculated by multiplying the
sum of infarct areas of 5 sections with their
thickness 2 mm. In order to minimize the effects
of edema on infarction size calculations, the area
of uninfarcted tissue in the ischemic hemisphere

was measured and subtracted from the area of the
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contralateral hemisphere.
1.5 Western blot analysis for nuclear fac-
tor-kB (NF-kB)

Protein in the various samples was extrac-
ted and purified by Trizol reagent, and the con-
centration was determined according to the
Bradford method'"’.
protein from each sample was separated on 12%
After
transfer to PVDF membrane, blots were probed

An aliquot of 20 pg of
SDS-polyacrylamide gel electrophoresis.

with primary antibidies ( anti-p65 antibody, 1:
600 dilution ), followed by incubation with
HRPO-conjugated secondary antibody (1: 800
dilution). NF-kB proteins were visualized by
enhanced chemiluminescence and the relative
amount was obtained after normalization with 3-
actin in the same lane.

1.6 MPO activity and IL-1 level

Twenty-four hours after reperfusion, rats
were sacrificed and the brains were rapidly re-
moved and separated into right and left hemi-
sphere on ice. Tissue samples, obtained from
the surrounding region of the MCA distribution in
the ipsilateral hemisphere was isolated and store
at —70%C for later biochemical analysis. The
spectrophotometer and radioimmunoassay meth-
ods were used to assay MPO activity and IL-1
level according to the description of the assay
kits, respectively.

1.7 Immunohistochemistry for ICAM-1

After 24 h reperfusion, the rats were anes-
thetized again and perfused with normal saline
solution, followed by 4% paraformaldehyde.
Brain ischemic penumbra area was removed and
post-fixed in the same fixative and cytoprotected
in 25% sucrose solution. The brain tissues were
embedded in paraffin blocks and sectioned at 8
pm thickness for hematoxylin-eosin ( HE)
staining or 20 pm for immunohistochemical
study.

The expression of ICAM-1 protein in brain
was visualized by immunohistochemical assay
kit, as recommended by the manufacturer. Brief-
ly, endogenous peroxidase activity of the sections
were blocked with H,0,. Then, the sections

were incubated with the rabbit anti-rat ICAM-1
polyclonal antibody ( Boster Biotechnology Co. ,
Wuhan, China), biotinylated goat anti-rabbit
IgG, and avidin-biotin-peroxidase complex in
turn. After stained by DAB, the sections were
observed under light microscopy. Photos were
taken and quantitative analysis was conducted
with image analysis system in 5 fields of each
slide.
without the primary antibodies.
1.8 RT-PCR analysis for iNOS

Total RNA from different samples was isola-
ted and purified by Trizol reagent. Total RNA 1
pg was reverse-transcribed using the RT-PCR kit

The negative controls were performed

according to the manufacturer’s protocol. PCR
was performed in a 25 plL reaction mixture con-
taining 100 nmol - L. ™" of each primer for iNOS
( sense, 5'- TCCCGAAACGCTACACTTCC-3';
antisense, 5'-AACGTGGGGTTGTTGCTGAA-3")
or B-actin ( sense, 5'-CCTCTATGCCAACA-
CAGTGC-3'"; antisense, 5'-GTACTCCTG CTT-
GCTGATCC-3"). The PCR primers used for de-
tection of iNOS and B-actin yielded ¢cDNA prod-
ucts of 520 bp and 211 bp, respectively. The
conditions for PCR were one cycle of denaturing
at 94°C for 5 min, followed by 32 cycles of 94°C
for 45 s, 56°C for 45 s, 72°C for 1 min with a
final extension at 72°C for 7 min. PCR products
were electrophoresed on a 2% agarose gel and
photographed. Digitized photographs were as-
sessed with gel imaging software and the relative
value of iNOS compared to B-actin was calculat-
ed in each sample.
1.9 Statistical analysis

All data were expressed as x +s. One way
ANOVA was made by SPSS software to assess
statistical significance between drug groups and
various related control groups.

2 RESULTS

2.1 Effects of baicalin on cerebral infarct
volume and neurological deficit

Transient occlusion of the MCA produced a
well-delineated infarction involving the cortex
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Tab 1.
(2 h) -reperfusion(24 h) (I-R)in rats

Effects of baicalin on cerebral infarct volume and neurological deficit score after cerebral ischemia

Dose/ Infarct volume/mm’ Neurological
Group » ..
mg-kg Cortex Sub-cortex Total deficit score
Sham - - - - -
I-R model - 172 £34 46 £17 218 41 2.4+0.9
Baicalin 60 123 £38" 36 £15 160 £46 " 1.6 £0.5
120 113 £42° 32 +12 146 £54° 1.4+0.6"
Nimodipine 0.7 122 +29° 34 +14 156 £39° 1.5+0.5

Cerebral I-R injury model was induced by middle cerebral artery occlusion. Baicalin and nimodipine were given ip twice at 30 min

before ischemia and again 12 after reperfusion. Sham and I-R rats received normal saline 0.5 mL-kg

x+s, n=6. “P<0.05, compared with I-R rats.
and the subcortical area at 24 h after reperfu-
sion. After treatment with baicalin or nimodip-
ine, the total and cortical infarct area was
markedly reduced, but the subcortical infarct
area was not reduced, compared with the I-R
group. The neurological deficit was also
ameliorated by baicalin (Tab 1).
2.2 Effect of baicalin on the expression of
NF-kB protein

As shown in Fig 1 A and B, although the
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Fig 1. Effect of baicalin on expression of nuclear
factor-kB ( NF-kB) protein in cerebral cortex af-
ter I-R in rats. Lane 1. sham; lane 2 : I-R; lane 3 ; baica-
lin 120 mg-kg™'; lane 4 .
dipine 0. 7 mg - kg
n=4. **P<0.01, compared with sham-operated rats; *P <
0.05, *P <0.01, compared with I-R rats.

; lane 5; nimo-

: baicalin 60 mg-kg ™'

. See Tab 1 for rat treatments. x = s,

" according to the same protocol.

expression of NF-kB protein was weak in cortex
of sham-operated rats, it has been obviously in-
After treated with
the expression of NF-kB protein was

duced in cortex of I-R rats.
baicalin,
significantly reduced, compared with I-R rats.
2.3 Effect of baicalin on neutrophil infil-
tration

Transient cerebral ischemia led to a mas-
sive increase in MPO activity in ischemic cor-
tex, from (7 0£2.0) to (15.0+4.0) nmol-
min "' +g " wet tissue (n=6, P <0. 01) After
treatment with baicalin 120 mg-kg ™'
ity of MPO was significantly reduced to (10.0 +
! wet tissue (n=6, P<
compared with I-R group). HE staining

, the activ-

2.3) nmol-min ' -g
0.05,
showed that baicalin ameliorated markedly the
infiltration of inflammatory cell in ischemic area
(Fig2).
2.4 Effect of baicalin on the expression of
ICAM-1 and iNOS mRNA

The expression of ICAM-1 in the endothe-
lium was detected by immunohistochemistry,
and the outline of brown-stained microvessels
was shown. In the sections of sham-operated rat
brain, brown-stained vessels were not found.
After ischemia 2 h and reperfusion 24 h, the
number and intensity of ICAM-1 positive ves-
sels in the ischemic cortex apart from the ische-
mic core increased significantly. After treat-

the expression of ICAM-1

on the microvascular endothelium was down-

ment with baicalin,
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Fig 2. Representative photographs of cerebral cortex after I-R in rats ( HE staining). A. sham-operated

group; B: I-R group; C: baicalin 120 mg-kg ™" group. See Tab 1 for rat treatments. x 400.

A B

Fig 3.

Representative photographs of intracellular adhesion molecule-1 (ICAM-1) expression in cerebral

cortex after I-R in rats. A. sham-operated group; B: I-R group; C: baicalin 120 mg-kg ™" group. See Tab 1 for rat treatments.

% 200.

regulated ( Fig 3, Tab 2 ). Although the
expression of iNOS mRNA was not detected in
the sham-operated rat brain, it has been in-
duced significantly in cerebral cortex after I-R
injury. After administration with baicalin, the
expression of iINOS mRNA was markedly de-

creased, compared with the I-R rats (Fig 4 A
and B).

Tab 2. Effect of baicalin on ICAM-1 expression
after I-R in rats
Group Dose/mg-kg ™' Absorbance
Sham - 0.06 £0.02
I-R - 0.24 £0.05" "
Baicalin 60 0.14 +0.04*"
120 0.12 £0.05"

See Tab 1 for rat treatment. The absorbance of ICAM-1 was
summed in 5 fields of each slide. x +s, n=4. " P <0.05,
**P<0.01, compared with sham-operated rats; *P <0. 05,
*#P <0.01, compared with I-R rats.
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Fig 4. Effect of baicalin on expression of induc-
ible nitric oxide synthase (iNOS) mRNA in cere-
bral cortex after I-R in rats. See Tab 1 for treatments.
Lane 1 shamj; lane 2. I-R; lane 3. baicalin 120 mg-kg_] ;
lane 4 ; baicalin 60 mg-kg™"'; lane 5; nimodipine. z +s, n =

4. "P<0.05, ""P<0.01, compared with I-R rats.
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2.5 Effect of baicalin on IL-1 level

After I-R injury, IL-1 level was increased
from (0.86 +0.26) to (1.79 +0.31) pg-L™"
(n=6, P<0.01). Baicalin 60 and 120 mg-
kg " treatment markedly decreased IL-1 level to
(1.25+0.33) and (1.06 £0.24) pg-L~", re-
spectively (n =6, P <0.01, P <0.05, com-
pared with I-R group ). However, nimodipine

had no significant effect on the IL-1 production,
which was (1.37 £0.24) pg-L7".

3 DISCUSSION

Focal cerebral ischemia is known to result
in a dense ischemic core and a less severe ische-
mic penumbra. Some studies have found a time-
dependent enlargement of brain infarction vol-
ume after reperfusion, implying that some of the
ischemic penumbra has developed into infarc-
tion. Many factors have been implicated in the
mechanisms of the secondary injury, including
inflammatory reaction induced by release of
proinflammatory cytokines and adhesion mole-
cules, such as IL-1 and ICAM-1, etc. , which is
thought to exacerbate tissue injury by facilitating
leukocyte adhesion to endothelium and migra-
tion, obstructing capillaries and releasing cyto-
toxic products, etc. So the anti-inflammatory
drugs may play a protective effect on the second
injury by decreasing the expression of [CAM-1,
neutrophils infiltration or proinflammatory cyto-
kines after transient ischemic insult.

In the present study, the expression of
ICAM-1 protein and iNOS mRNA was increased
by several folds after transient cerebral ische-
mia, which is consistent with former reports[m ,
and the level of NF-kB protein was parallelly in-
creased. Our present study also revealed that
cerebral ischemia resulted in the accumulation of
neutrophils in the surrounding ischemic cortex
region. Baicalin adminstration significantly im-
proved neurological deficit, decreased the vol-
ume of cortex infarction. Meanwhile, our find-
ings of decreased ICAM-1 expression, coinci-
dent with reduced tissue accumulation of neutro-

phils, suggesting that baicalin treatment attenu-
ate ischemic neuronal injury by inhibiting infil-
tration of peripherial inflammatory cells.

NF-kB, an inducible transcription factor,
plays a pivotal role on the regulation of inflam-
matory cascade response to cerebral ische-
mia. On activation by a wide range of extracel-
lular signals after ischemic attack, including ox-
idant stress and proinflammatory cytokines, NF-

kB triggers the expression of inflammation

genes, such as I[CAM-1, iNOS, as well as IL-1,

and exhibits neurotoxic effects'™’.

Therefore ,
some agents that inhibit or block the extracellu-
lar signals of NF-kB may decrease the NF-kB
expression, further reduce the expression of in-
flammatory genes. In our study, NF-kB expres-
sion was increased in ischemic cortex, which
was likely due to high concentrations of reactive
oxygen system, a known activator of NF-kB.
Accordingly, NF-kB activation was accompanied
with iNOS and ICAM-1 over-expression. Baica-
lin is a polyphenolic flavonoid compound and
possesses potent antioxidant action, which pro-
vides a chemical base for inhibiting the NF-kB
activation. Our study found that baicalin de-
creased the expression of NF-kB protein, which
may be related to its elimination on oxygen free
radicals, and prevent amplification of inflamma-
tion by inhibiting IL-1 production. The observa-
tion was consistent with previous findings in vitro
models® > ). The expression of ICAM-1, IL-1
and iINOS was also decreased simultaneously. To
sum up, these results support the previous infor-
mation that inhibition of NF-kB activation is
neuroprotective and can effectively limit neuro-
nal loss from I-R injuries via modulating proin-
flammatory cytokine and adhesive molecule ex-
pression[m .

In conclusion, baicalin possesses protective
effect on cerebral injury induced by transient
MCA occlusion. The improved outcome is asso-
ciated with its inhibitory effect on NF-kB activa-
tion, adhesive molecule expression, as well as
pro-inflammatory mediators release. The study
provides a theoretical base for clinical use of ba-
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icalin.
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