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dl-3- n-Butylphthalide attenuates reperfusion-induced blood-
brain barrier damage after focal cerebral ischemia in rats!
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ABSTRACT

AIM: To smdy the protective effect of df-3-n-
butylphthalide ( NBP) on blood-brain barrier ( BBB )
damage induced by reperfusion following focal cerebral
METHODS: Focal cerebral ischemia in
rats was performed by imserting a nylom suture imto
intracramial segment of intemal carotid artery to block
the origin of middle cerebral artery and reperfusion by
withdrawing the nylon sutare. Permeability of BBB
was determined by extravasation of the protein-bound
Ewvans blue dye to cercbral cortex and further evaluated
by immunchistochemical or electronmicroscopic me-
thod. RESULTS: Reperfusion for 3 h following
focal cerebral ischemia for 3 h produced BBB damage
which exhibited the increase in extravasation in cerebral

ischemia .

cortex. elevation of the expression of immunoglobulin
(1gG), and pore formation in endothelial cel
membrane of capillary in cerebral cortex. NBP (5 —
20 mg-kg~') decreased the extravasation in a dose-
dependent manner.  The expression of IgG in cerebral
cortex was decreased and the ultrastructure damage of
capillaries was alleviated after treatment with NBP.
NBP 20 mg-kg ™' also alleviated brain edema caused by
3-h reperfusion following 3-h middle cercbral artery
occlusion ( MCAO ).  CONCLUSION: NBP has
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protective effect on BBB damage induced by reperfusion
after MCAO.

INTRODUCTION

Reperfusion after focal cerebral ischemia leads ro
blood-brain barrier {BBB ) disruption’ !, which may
exacerbate ischermic brain injury. Therefore. to protect
the integrity of BBB is important for treating cerebral
ischemia and reperfusion.  &/-3- n-Butylphthalide
(NBP), a mewly developing anti-cercbral ischemic
drug, has attenuating effects on cerebral ischemic
damage™*~° . In this experiment, we stdied the
effect of NBP on BBB pemmeability after focal cerebral
ischermia and reperfusion in rats.

MATERIALS AND METHODS

Agents NBP, a yellow oil, was first isolated
from the seeds of celery in Europe and synthesized by
Department of Medicinal Synthetic Chemistry of our
Instimte, was made into emulsion with Tween 80.

Middle cerebral artery occlusion {MCAQ)
Wistar rats, &, 285 g+ s 21 g, Grade I , Certificate
Mo 01-3008, were anesthetized with 10 % chloral
hydrate (400 mg-kg™', ip). Room temperature was
maintained at 24 -25 . The right common carotid
artery, extemal (ECAY, and intemal carotid artery
{ICA) were exposed through a ventral middle incision
in the neck. A nylon suture (@ 0.28 mm) was
inserted into ICA from ECA and put forward about 2
mm from the origin of ICA into the intracranial segment
of ICA to block the origin of middle cerebral artery
(MCA). The rats which showed ischemic behavior
{ failure to extend left forelimb fully) 170 min after the
onset of ischemia were used. For reperfusion 180 min
after ischermia, the nylon suture was pulled out to
restore the blood flow to MCA.
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Determination of permeability of BBB
Two mL-kg™' of 25 g*L™! Evans blue in normal saline
was injected through sublingual vein 5 h after the onset
of MCAO. Ome h later, the rats were perfused with
saline o0} mL through left ventricle to clear the dye from
brain vasculature. The Evans blue dye in ipsilateral or
contralateral cortex was extracted in formanide 3 mL at
24-25 C for 72 h. The dye was quantified fluoro-
metrically { Hitachi MPF-4 fluorescence spectrophoto-
meter, A, = 625 nm, A,, =075 nm, slit=18 nm).
The cerebral cortex was dried at 100 T for 3 d and
calculated for water content.

Experimental protocols The rats were divided
into & groups; {A) Sham group received an exposure
of carotid arteries without insertion of nylon suture, #
=3; (B) Vehicle 1 ( permanent MCAQ, pMCAQ)
group subjected to a 6-h pemmanent MCAQ, n = 7;
(C) Vehicle 2 ( temporary MCACQ, t™MCAO) group
subjected 10 3-h reperfusion following a 3-h MCAQ. #
=73 (DY NBP5 mg-kg™! group, n=6; (E} NBP 10
mg-kg~ ! group. n=6; (F) NBP 20 mg-kg ™’ group,
n=0. Groups D - F subjected to tMCAQ and NBF ip
> min and 60 min after the onset of ischemia.

Immunohistochemistry  After a 3-h reperfu-
sion following a 3-h cerebral ischemia. the serum
proteins in the vascular space were flushed out by
perfusion with saline 60 mL followed by 4 %
paraformaldehyde 60 mL through left cardiac ventricle.
The brain was placed in 4 % paraformaldehyde for
further fixation.  Paraffin-sections ( 13 um ) were
used.  Anti-serum protein IgG immunohistochemical
was carmied out using streptavidin/ peroxidase immuno-
hitochemical analysis kit ( Beijing Zhongshan Bio-

technological Co) .

Electron microscopy At the termination of
reperfusion. cerebral cortex which was cut into 1 mm*
was fixed m 2.5 % glotaraldehyde for 2 h.  After
rinsing in Na*-cacodylate (.1 mol - L.~ buffer (pH
7.4, the tissue was post-fixated in 1 % OsQ, for
1.5 h. dehydrated in a series of graded propanone and
embedded in araldite. Ultrathin sections (50 nm) were
viewed under H-800 electron microcope .

Statistical analysis The Data were expressed
as ¥ = 5 and compared by  test.

RESULTS

Effects on Evans blue and water content
Reperfusion induced an increase in BBB permeability.
The Evans blue content in ischemic cortex was 3 times
than that in contralateral cortex ( P <0.01), indicating
that BBB was mjured by reperfusion after MCAO.
However, there was no change in BBB permeability in
ischemic cortex compared with contralateral cortex in
pMCAQ group (Tab 1) .

Brain edema in ischemic cortex was induced by a
3-h reperfusion following a 3-h MCAC. The water
content in ischemic cortex in vehicle group (81.7 % =
1.9 %) was increased compared with that in contrala-
teral cortex (79.4 % +1.7 % ). Sik-h pMCAOQ also
shghtly induced an increase in water content in
ipsilateral cortex { P >0.03).

The content of Evans blue was decreased by
333 %, 46.7 %, and 50.7 %, respectively at the
dosage of 5, 10, and 20 mg-kg~!. The water content
was also decreased in ischemic cortex after treatment

Tab 1. Permeability of blood-brain barrier to protein-bound Evans blue dye and brain water content in contralateral
and ischemic cortices after a 6-h permanent middle cerebral artery occlusion {pMCAOQ), 3 h of occlusion plus 3 h of

reperfusion { tMCAO). x = s. '"W<0.05, “P<0.01 »s contralateral cortex. P <0.05, 'P <0.01 vs vehicle 2
group.
Daosages Evans blue/ g g~ Water content/ %
Ciroup mg-kg ! Imsult Contralateral Ipsilateral Contralateral Tpsitateral é
Sham 3.7x1.8 4.1£1.2 79.0£1.5 T34 +0.Y 5
Vehicle 1 0 pMCAO 2.1x0.9 3.2x09 .10y Ww.H+0.9 i
Vehicle 2 0 IMCAO 52+1.3 16.5+4.6° 70.4%1.7 8l.7+1.9° B
NEP 5 IMCAO 52+1.4 11.0+5.8° 7B.2x1.2 8U.2+2.0 B
1n IMCAQ 53+1.3 8.8+2.8 73zl W.7+1.8 B
20 IMCAQ bOx].9 8.14x2.0 T0.53+£1.2 U6+ 18 6
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with NBP (20 mg-kg™') compared with ipilateral
cortex in vehicle group. The Evans blue and water
content showed no significant change in contralateral
cortex in (MCAO, pMCAQ. and NBP treated groups
(Tab 1).

Effect on the expression of IgG  Reperfusion
induced an obvious increase in the expression of IgG in
the ischemic brain tissue, further displayed the increase
in permeability of BBB 0 serum protein,  NBP (10 ~-

20 mg-kg '), given 5 and 60 min after the onset of
cerebral ischemia, appeared to decrease the quantity of
1gG expression (Fig 1).

Effect on ultrastructure of capillary Pores
foormed in the endothehal cell

membrane  and

mitochondria damage { vacuclated ! after reperfusion.
Tissue edema was observed around the capitlary. The
above damage was alleviated after treatment with NBP
(10-20 mg-kg™!) (Fig 20,

Fig 1.

Immunohistochemical staining for IgG in cerebral cortex (S x 50) of rats subjected to 3-h reperfusion

following 3-h focal cerebral ischemia. n=3rats, A) Sham, B) Vehicle group. C) NBP 10 mgkg™'. D) NEP 20

mg-kg .
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Fig 2. Ulrastructure of cerebral { stained with Pb acetate and Pb citrate) microvessel in ischemic cerebral cortex
of rats subjected to 3-h reperfusion. A) Contralateral to ischemic cortex ( x 12 000). B - D} Vehicle group,
ipsilateral cortex {B-C: x 12000, D: x 30000). E) Treated with NBP 10 mg-kg='{ x 12 000). (F) Treated
with NBP 20 mg-kg~!{ x 12 000) .
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DISCUSSION

Our results indicated that BBB permeability to
scrum  protein bound Evans blue was maintained
integrity after a 6-h pMCAQ and was disrupted after a
3-h reperfusion following a 3-h MCAQO. These results
are consistent with previous report™ . The ultra-
structure  damage such as pore formation i cell
membrane and mitochondria vacuolation in endothelial
cells of capillary in cerebral tissue may be one of main
reasons of the increase in permeability of BBB after
reperfusion following cerebral ischemia.

One of possible mechanisms of reperfusion-
induced BBB damage after ischemia is the production of
oxygen free radical, which may cause cell membrane
damage. NBP has been reported to inhibit the
elevation of hypoxanthine and xanthine which increase
free radicals when they change into xanthine and uric
acid by xanthine oxidase during reperfusion after four-
vessel occluded ischemia'® . Therefore., the protective
effect of NBP may be related to its action on purine
metabolism. NBP also increased regional cercbral
blood flow during focal cerebral ischemia in rats and
thus may reduce reperfusion injury., The effect might
contribute to its protective effect on BBB,

NBP had been proved to reduce brain edema after
21-h MCAQ through decreasing the sodiwm content and
increasing the potassium level in brain'™'. The results
of this experiment suggest that NBP may also be
effective in reducing the brain edema induced by
reperfusion after MCAQ, the mechanism of which may
be partly related (o its protective effect on BBB.

In conclusion, NBP has protective effect on BEB
and this may be beneficial in the treatment of cerebral
ischemia and reperfusion.
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