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Inhibitory effect of B-aescin on inflammatory process following

focal cerebral ischemia-reperfusion in rats
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Abstract: AIM  To investigate if the beneficial effects
of B-aescin on ischemia/reperfusion (I/R) induced cere-
bral injury are related to the inhibition of expressions of
pro-inflammatory cytokines. METHODS
pretreated ig with (-aescin for 7 d and then subjected to
cerebral I/R injury induced by a middle cerebral artery
occlusion. The infarct volume and the neurological deficit
were determined by the method of TTC staining and the
Longa's score. The permeability of the blood-brain barrier

Rats were

was evaluated by measurement of the Evans blue (EB)
content in the brain with spectrophotometer. The serum
contents of interleukin-8 (I1.-8) and tumor necrosis fac-
tor-« ( TNF-a) protein were determined by radioim-
munoassay and ELISA assay. The expression of nuclear
factor-kB (NF-kB) was evaluated with Western blot. RE-
SULTS (-Aescin significantly reduced infarct volume
(P<0.05 or P<0.01), ameliorated the neurological
deficit and reduced the permeability of blood-brain barrier
(P <0.05). Pretreated with -aescin 30 and 60 mg -
kg™', the serum content of IL-8 and the expressions of
TNF-a and NF-kB protein in brain tissue were significant-
ly decreased ( P < 0.05). CONCLUSION (-Aescin
has protective effects on cerebral injury through inhibiting
the expression and release of the inflammatory mediators
after I/R injury.
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Brain injury can develop as a result of cere-
bral ischemia/reperfusion (I/R) due to stroke and
other cardiovascular diseases. Stroke induces cere-
bral lesions through the combined action of multiple
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mechanisms, including excitotoxicity, free radical
production, inflammation and apoptosism .

Brain inflammation has been implicated in
the development of brain edema and secondary

R 3. In this process, adhe-

brain damage in 1/
sion molecules, cytokines and leukocyte chemo-at-
tractants released/expressed at the site of blood-
brain barrier play an important role in the process
of inflammatory cells into the brain. Studies have
shown that the inflammation in cerebral I/R is de-
veloped as an outcome of the two sequential, but
closely linked processes: (D the activation of mi-
croglia and resident perivascular/parenchymal
macrophages, and (2) the mobilization and infiltra-
tion of peripheral inflammatory cells into the

(4.5] " Brain microvasular endothelium which

brain
performs the function of blood-brain barrier is an
important responsive and regulatory component in
cerebral inflammatory process. Over-expression
and over-secretion of pro-inflammatory cytokines
and chemotactic factors, such as tumor necrosis
factor-a ( TNF-a), interleukin-6 (11-6), I1-8,
etc., have led to microvascular vasoparalysis, ab-
normal blood rheology, and additional clotting of
microcirculation, thus exacerbating initial is-
chemic damage. The expressions of these factors
produced in brain microvascular endothelium are,
at least in part, under the control of the ubiquitous
nuclear factor-kB (NF-kB) . For this reason, NF-
kB has been considered as an important factor me-
diating inflammatory processes in brain injury fol-
RI-3) NF-kB is a key tran-

scription factor required in the expression of many

lowing cerebral 1/

pro-inflammatory genesm. Studies have shown
that inhibition of an array of pro-inflammatory
molecules can be achieved by suppressing NF-«B

activation' %> 1) |
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Aescin is the major active principle from Aes-
culus hippocastanum (Hippocastanaceae) the horse
chestnut tree, which is a natural mixture of triter-
pene saponins exists in two forms:a- and [3-aescin.
-Aescin appears to be the active component of the
mixture and is the molecular form present in major
available pharmaceutical products. A number of
reports dating from the early 18th century have in-
dicated therapeutic properties of 3-aescin, such as
anti-inflammatory, anti-edematous and veinotonic

12.3] It is also

properties in some animal models!
proved that (3-aescin is capable of inhibiting peroxi-
dation in wvitro and suppressing production of free
radicals in excess in vivo'"*~10)

The aim of this study was to elucidate the
beneficial effects of 3-aescin on the cerebral injury
in aspect of inhibiting the expressions of the pro-
inflammatory cytokines. Based on the results of

[17,18] nimodipine has showed a ben-

experiments
eficial effect on active treatment. So it was used

as a control in this study.

1 MATERIALS AND METHODS
1.1 Materials

B-Aescin  ( sodium B-aescinate, purity:
98.5% , Wuhan Aimin Pharmaceutical Factory),
it was dissolved in normal saline (NS); nimodip-
ine injection ( Bayer Company, Germany );
2,3, 5-triphenyltetrazolium  chloride ~ ( TTC,
No20010201, Shanghai Chemical Agent Compa-
ny); Evans blue (EB, Fluka); IL-8 assay kit
( Beijing Beitudongya Bioengineering Institute,
China ) ;
munosorbent assay ( ELISA) kit, NF-xB primary
antibody (rabbit polyclonal anti NF-kB) (Jinmei
Bioengineering Institute, China) .

1.2 Animal treatment and administration

Male Sprage-Dawley rats (Grade [I , Certifi-
cate No 19-050) weighing 230 — 280 g were ob-

tained from the Experimental Animal Center of

Beijing, TNF-a enzyme-linked im-

Tongji Medical College, which were kept at a
constant room temperature of 22°C under a 12 h
light-dark cycle. Rats were divided into 6 groups,
sham-operated and vehicle-treated I/R: NS 0.5

mL-kg™', ig, for 7 d before ischemia; [-aescin-
treated I/R: B-aescin 15, 30, 60 mg-kg™', ig,
for 7 d before ischemia; nimodipine-treated 1I/R:
nimodipine 0.7 mg-kg™", ip at 1 h preceding
ischemia.
1.3  Cerebral ischemia/reperfusion proce-
dure

At 1 h after administration, rats were anes-
thetized with 10% chloral hydrate (350 mg-kg™")
ip. Brain I/R injury was induced by a middle
cerebral artery occlusion. Using introducing nylon
suture method described previously[m , the right
common carotid artery, external carotid artery
(ECA) and internal carotid artery (ICA) was iso-
lated via a ventral midline incision. A nylon
monofilament, with its tip rounded by heating near
a flame, was introduced into ECA lumen and ad-
vanced into the ICA in order to block the origin of
the middle cerebral artery. The body temperature
of the rats was maintained at 36.5 — 37.5°C during
the surgical procedure with an infra-red heat lamp.
Sham-operated animals were not exposed to I/R.
After 2 h of ischemia, the nylon suture was with-
drawn to establish reperfusion. After arousal from
anesthesia, the rats were returned to cages.
1.4 Measurement of infarct size, neurologi-
cal outcome

After 22 h reperfusion, the neurological out-
come was evaluated using 5 scores according to the
Longa, et al'®) method:: 0, no deficit; 1, failure
to extend right paw; 2, circling to the right; 3,
falling to the right; and 4, unable to walk sponta-
neously. Then the rats were anesthetized with 10%
chloral hydrate (350 mg+kg™") ip and then decap-
itated. The brains were removed for measurement
of the infarct volume. The area of cerebral infarc-
tion was quantified with TTC staining. The brains
were sectioned coronally with a brain slicer at 2
mm intervals from the frontal pole. All slices were
incubated for 20 min in a 2% solution of TTC at
37°C and fixed by immersion in 10% formaldehyde
solution. With a computerized image analysis sys-
tem (NIH Image, Version 1.61), the area of in-
farction of each section was determined. The total
lesion volume was calculated by summing the
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infarct area in each section and multiplying it by
the distance between sections.
1.5 Analysis of the permeability of blood-
brain barrier

The permeability of the blood-brain barrier
was evaluated by the measurement of the EB con-
tent in the brain according to the method of Mat-
suo, et a1, Briefly, after 1.5 h reperfusion,
the rats were treated with 2% EB (3 mg-kg™')
iv. After 30 min, the rats were anesthetized with
10% chloral hydrate (350 mg-kg™') ip. 2% EB
(50 mg-kg™") was administered to rats through a
dissected femoral vein. After 30 min, thorax was
opened and a needle was placed to the left heart
ventricle. The needle was connected through a
catheter with a system used for washing out the
blood and EB contained in the vascular system
and organs. This way was used for administering
NS 300 mL-kg ™' to the vascular system. The ex-
cess of the NS together with EB washed out from
the tissues, poured out through a prepared right
heart atrium during 30 min. After opening the
cranial vault, the brain was taken out, weighed
(wet tissue) , and then putted in a tube containing
1 mol*L~" KOH 0.5 mL and stored at 37°C over
a night. Then 0.75 mL of 1 mol* L.”! HyPO, and
2.25 ml. acetone were added to the tube, and
then centrifuged at 3500 x g for 15 min, 3 times.
The supernatant was used to determine with
spectrophotometer, A = 620 nm. The amount of
EB in 1 mg of the tissue was measured on the
basis of the standard curve determined. The value
of absorbance represented the content of EB in
brain.
1.6 ELISA analysis of TNF-a

At the end of 3 h reperfusion following 2 h
ischemia, the rats were decapitated and the brains
of ischemic hemispheres were removed. The is-
chemic tissue was used for the assay of TNF-a.
The procedure was according to a rat ELISA kit.
1.7 Radioimmunoassay (RIA) of IL-8

After 3 h reperfusion, 3 mL of blood was ob-
tained from the common carotid artery. The sam-
ples were centrifuged at 3000 x g for 5 min and
then the serums were isolated, stored at — 20°C

until required. The content of IL-8 in serum was
measured according to the procedure described by
the 1L-8 assay kit.
1.8 Western blot analysis of NF-xB

After 22 h reperfusion, the rats were decapi-
tated and the brains were removed. The ischemic
hemispheres were used for the assay of the protein
expression of NF-kB, and the sham-treated brains
were used as control. Western blot analysis was

21 The protein

performed as described previously[
determination was performed according to Lowry,
et al method. For the detection of the activated
NF-kB in the brain tissue, 8 pg protein per lane
were resolved on 12% SDS-polyacrylamide gel
electrophoresis, transferred to polyvinylidene di-
fluoride membranes, and placed in blocking
buffer. The membranes were incubated with the
primary anti-p635 antibody (rabbit polyclonal anti-
NF-kB p65, 1:200 dilution, Santa Cruz Biotech-
nology) in blocking buffer, and then the mem-
branes were washed with phosphate buffered
saline-Tween (PBS-T: 10 mmol * ™" phosphate
buffer pH 7.4, 150 mmol * L™ NaCl, 0.05%
Tween 20) for 30 min and incubated for 30 min
with relevant horseradish peroxidase-conjugated
secondary antibody (1:6000 dilution) . The mem-
branes were washed again in PBS-T and im-
munoreactive protein bands were visualized using
chemiluminescence detection system.
1.9 Statistics

Data were expressed as x + s and analyzed
with Microsoft Excel 2002. Statistical analyses
were performed by ¢ test.

2 RESULTS

2.1 Effects of P-aescin on the area of cere-
bral damage, neurological score

Infarct tissue was visualized as an area of un-
stained part in vehicle group, in contrast to viable
tissue, which stained red; while there was no in-
fract part in sham-operated group. After treated
with B-aescin the infarct volume was significantly
reduced, and the neurological deficit was amelio-

rated (Tab 1) .
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Tab 1. Effects of B-aescin on the area of cerebral
damage, neurological score after 2 h ischemia/22 h
reperfusion (I/R) in rats

Ratio of infarct Neurological score

Group area/ % (in 5 score)
Sham - -

/R + NS 28.3+5.1 2.1+1.4
/R + B-aescin 15 2.7+4.4 1.7£0.6
/R + B-aescin 30 17.0+3.8" 0.8£0.3""
I/R + B-aescin 60 5.6+3.0"" 0.8£0.3""
/R + Nim 0.7 19.2+5.7° 1.9£0.3

Brain I/R injury was induced by a middle cerebral artery occlusion.
Sham and vehicle-operated rats: normal saline (NS) 0.5 mL'kg" s
ig, for 7 d before ischemia; B-aescin-treated I/R: B-aescin 15, 30,
60 mg - kg™!, ig, for 7 d before ischemia; Nim-treated 1/R:
nimodipine (Nim) 0.7 mg-kg™', ip, at 1 h preceding ischemia.
x+ts, n=6. "P<0.05, “" P<0.01, compared with I/R +
NS.

2.2 Effects of B-aescin on blood-brain barri-
er

The data demonstrated that compared with
sham-treated group, the content of EB in vehicle-
treated group significantly increased after 2 h is-
chemia and 1.5 h reperfusion (Fig 1). B-Aescin
30 and 60 mg* kg™' partially inhibited the in-
creasing of the EB content induced by cerebral
I/R, and there was no obvious difference between

them.

Sham

B I/RtNS

O UR+BI15
B I/R+B30
I/R+B 60
B I/R+Nim

Evans blue/mg.g™! tissue

Fig 1.  Effects of B-aescin on blood-brain barrier
after 2 h ischemia and 1.5 h reperfusion. See legend of
Tab 1 for rat treatments. 315, 330, $60: [-aescin 15, 30, 60 mg-
kg™!, respectively. x + s, n=6. *P<0.05, ** P<0.01,
compared with sham group; * P <0.05, ## P <0.01, compared
with I/R + NS group.

2.3 Effects of B-aescin on TNF-o protein in
brain tissues and the content of IL-8 in serum
After 2 h ischemia and 3 h reperfusion, the

contents of I.-8 in serum and TNF-a in brain were
obviously increased in vehicle-treated group as
compared with sham-treated group (Fig 2). B-
Aescin at the dose of 30 mg- kg™ ! partially de-
creased the content of I1-8, while completely at
the dose of 60 mg*kg™'. The content of TNF-u
was obviously decreased after treated with -aescin

30 and 60 mg-kg™"'.

0.14 ¢
*%
0.12} g
B Sham
¥ 0.10} B URNS
20 0.08 + 0 IR+B 15
2 IR+ B 30
E 0.06 M IR+ 60
= B I/R+Nim
0.04 +
0.02 +
0
141 -
= 13 T
Q
2
8,
“on
50
3
El
z
Fig 2. Effects of f-aescin on contents of interleukin-8

(IL-8) in serum and tumor necrosis factor-o. (TNF-a.)
protein in brain tissue after 2 h ischemia/3 h reperfu-

sion. See legend of Tab 1 for rat treatments. % +s, n=6. “ P<
0.05, “* P <0.01, compared with sham group; #P<0.05,
##P<0.01, compared with I/R + NS group.

2.4 Effects of pB-aescin on the expression of
NF-kB protein

NF-kB consists of a pS0 and p65/RelA com-
plex. In this study, Western blot assay was used
to determine the NF-kB p65. The result showed
that the expression of NF-«B protein was obviously
increased in ischemic hemispheres in vehicle-
treated rats; while was weak in sham-treated
group. After treated with B-aescin 60 mg- kg™ ',
NF-kB expression was significantly reduced com-
pared with vehicle-treated group (Fig 3A, 3B).
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Fig 3. Effects of B-aescin on protein expression of
nuclear factor-kB (NF-kB) in brain tissue after 2 h
ischemia/3 h reperfusion. Lane 1: sham; lane 2: I/R +

Nim; lanes 3, 4: I/R + B-aescin 30 and 60 mg-kg™!, respective-
ly; lane 5: I/R+ NS. See legend of Tab 1 for rat treatments. x +

s, n=6. “P<0.05, " P<0.01, compared with sham group;
#P<0.05, *#* P<0.01, compared with I/R + NS group.

3 DISCUSSION

As we have known, the development of is-
chemic brain inflammation is coordinated by the
activation, expression, and secretion of numerous
pro-inflammatory genes/mediators from both brain
parenchymal and vascular cells. Chemokines
(such as I1-8, TNF-a) are expressed in a variety
of cells, including human peripheral and brain
endothelium. After cerebral I/R, the contents of
I1-8 and TNF-a obviously increase, causing the
neutrophils and monocytes into the brain
parenchyma and increasing the brain damage. Our
study showed that [3-aescin could significantly re-
duce cerebral infarct volume, edema and the dam-
age on blood-brain barrier, decrease the release
and expression of the inflammatory mediators (IL-
8, TNF-a), and reduce the expression of NF-xB
protein after cerebral I/R. These results were
23] In this

study, nimodipine 0.7 mg-kg™'(ip, one time)

consistent with previous reports[

did not show more potent protective effects than [3-

aescin, especially in 30, 60 mg-kg™'(ig, for 7
d).

In conclusion, sodium [(-aescin possesses
protective effect on cerebral injury induced by
middle cerebral artery occlusion, which partially
depends upon its inhibitory effects on inflammatory
mediators and NF-kB activation. These experi-
ments provide a further understanding of clinical
therapeutic approach of 3-aescin.
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