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Abstract: Cysteinyl leukotrienes induce inflammatory responses by activating receptors namely CysLT,R and CysL-
T,R. Recently, the study reported that CysLT R is involved in neuronal injury such as astrocytosis and microgliosis
after focal cerebral ischemia in rats, and intracerebroventricular injection of HAMI 3379, a selective CysLT,R antago-
nist, protects against acute brain injury induced by middle cerebral artery occlusion (MCAO) in rats. In this study,
the effect of HAMI 3379 is long lasting and related to the formation of a glial scar in rats with cerebral ischemia has
been further determined. Focal cerebral ischemia was induced by MCAO. After ischemia, HAMI 3379 (0.1 mg/kg)
was injected intraperitoneally for six consecutive days. Neurological deficits and sensorimotor function were deter-
mined during 14 days after ischemia. Brain lesion, neuronal injury, macrophage-microglia, and glial scar formation
were detected at the end of the experiment. HAMI 3379 improved neurological deficits and holding angles in the
inclined board test, ameliorated brain atrophy and lesion, increased neurons density in the ischemic border zone,
inhibited microglia activation, and glial scar formation (astrocyte proliferation). Hence, these results have confirmed
the long-term neuroprotective effects of HAMI 3379, providing further evidence of the therapeutic potential of HAMI
3379 in the treatment of ischemic stroke.
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Introduction

Cysteinyl leukotrienes (CysLTs) including leukot-
riene C4 (LTC4), leukotriene D,, and E, are the
5-lipoxygenase metabolites of arachidonic ac-
id, they are potent inflammatory mediators pre-
dominantly synthesized by inflammatory cells
such as macrophages, mast cells, microglial,
astrocytes, and polymorphonuclear leukocytes
[1-3]. CysLTs are involved in pathophysiology of
many inflammatory diseases such as allergic
rhinitis and asthma [2, 4, 5]. In addition, CysITs
have been implicated in different central ner-
vous diseases such as brain trauma [6-8], cere-
bral ischemia [9-13], intracerebral hemorrhage
[14], epileptic seizures [15, 16], brain tumor [7,
8], and aging [17]. CysLTs effects are mediated
by two different G protein coupled receptors
namely the CysLT R and the CyslLT,R, respec-
tively [1, 2].

In the rat brain, CysLTs are increased with two
peaks at 3 to 24 h and 7 days after focal cere-
bral ischemia [18]. Moreover, CysLT R receptor
antagonists such as montelukast and pranlu-
kast alleviate brain ischemia injury including
neurological dysfunction, neuron loss and de-
generation, damage of the blood-brain barrier,
neutrophil infiltration, and glial scar formation
[9, 19-22]. The recent study has shown that the
spatiotemporal profiles of CysLT,R expression
are similar to those of CysLT,R in rat brain after
focal cerebral ischemia. It plays an important
role in acute neuron injury and in astrocytosis
and microgliosis in the late phase [11-13]. In
addition, the study found that HAMI 3379,
which is one of selective CysLT,R antagonist
recently reported that can effectively reverse
the increase in LTC,-induced perfusion pres-
sure and decrease in contractility in isolated
Langendorff-perfused guinea pig heart [23],
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attenuates oxygen-glucose deprivation/recov-
ery (OGD/R)-induced ischemic neuronal injury
by inhibiting microglial activation [24]. It has
been reported that intracerebroventricular in-
jection of HAMI 3379 protects against acute
brain injury after focal cerebral ischemia in
rats. The evidence is that it attenuates the neu-
rological deficits, and reduced infarction vol-
ume, brain edema, immunoglobulin (Ig)G exu-
dation, neuronal degeneration, and loss [13].
These results are also consistent with the
effects of HAMI 3379 by intraperitoneal injec-
tion on acute brain injury after focal cerebral
ischemia in rats [12, 13]. These findings sup-
ported that the antagonism of CysLT,R activa-
tion by HAMI 3379 may be a novel therapeutic
strategy to improve the sequelae of ischemic
stroke. However, only short-term neuroprotec-
tive effects of HAMI 3379 have been evaluated
within 24-72 h in MCAO rat models, but the long
lasting effects are still unknown.

Ischemic brain injury can be separated into
three serial phases namely acute injury (energy
failure, excite toxicity, and oxidative stress; min-
utes to hours), subacute injury (inflammation
and cell death; hours to days), and chronic inju-
ry (repair and regeneration; days to months)
[25, 26]. The angiogenesis, neurogenesis, and
gliosis/glial scar formation are the morphologi-
cal changes (brain remodeling) in the chronic
phase after cerebral ischemia [27, 28]. Among
these changes, the formation of a glial scar
results from gliosis, in which the reactive astro-
gliosis (the hypertrophy and proliferation on
astrocytes) is predominant [29]. Astrocytes can
regulate remyelination and axon sprouting of
neurons in the early phase after stroke, where-
as it can exclude remyelination and prevent
axon regeneration in chronic phase [30], hence
gliosis has been shown to have both beneficial
and detrimental effects, and the balance
between these effects is due to a complex
array of factors and molecular signaling me-
chanisms.

It has been reported that the CysLTs, promote
astrocyte proliferation through the CysLT R
receptor after mild ischemia (1 h OGD), where-
as CysLT,R mediate astrocyte death after more
severe ischemia (4 h OGD) [31, 32]. The CysLT,R
receptor antagonist pranlukast inhibits glial
scar formation in the ischemic brain [19]. The
CysLT,R receptor antagonist HAMI 3379 had
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no effect on the reactive astrocytosis at 24-72
h after cerebral ischemia in rats (data on pub-
lish). However, its effects on the glial scar for-
mation at 14 days after MCAO need inves-
tigation.

The present study examined whether post-isch-
emic treatment with HAMI 3379, a selective
CysLT,R receptor antagonist, at the most effec-
tive dose of 0.1 mg/kg has a long-lasting neu-
roprotective effect, and inhibits the glial scar
formation after transient focal cerebral isch-
emia in rats.

Methods and materials
Selection of animals

A total of male Sprague-Dawley rats weighing
250-300 g [Experimental Animal Center, Zhe-
jiang Academy of Medicine Sciences, Hangzhou,
China, Certificate NO.: SCXK (Zhe) 2008-0033]
were used in this study. The animals were
housed in a breeding-room with a controlled
temperature (20-24°C) and a 12-hour light/
dark cycle; animals were allowed free access to
food and water with the exception of preopera-
tive fasting.

The experimental protocols were approved by
the Ethics Committee of Laboratory Animal
Care and Welfare, School of Medicine, and
Zhejiang University. All experiments were car-
ried out per the National Institutes of Health
Guide for the Care and Use of Laboratory
Animals. The efforts were made to minimize the
number of animals used and their suffering.

Chemicals

HAMI 3379 was purchased from Cayman
Chemical Corporation [Michigan, United States
of America (USA)], and Pranlukast was provided
by Dr. Masami Tsuboshima (Ono Pharmaceutical
Co. Ltd, Osaka, Japan). Chloral hydrate, cresyl
violet, and 2, 3, 5-Triphenyltetrazolium chloride
(TTC) were from Sigma Chemical Co., St. Louis,
USA. All the other reagents were commercially
available and analytically pure. HAMI 3379 and
Pranlukast were dissolved in absolute ethyl
alcohol and dimethyl sulphoxide, respectively.
The solution was freshly diluted with normal
saline to a final concentration of 20 pyg/mL
before using. HAMI 3379 and Pranlukast (0.1
mg/kg, 0.5 mL per 100 g bodyweight) diluted
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solution was injected intraperitoneally 30 min
before and O, 1, 2 h after MCAO on the first day,
then twice daily from 2nd to 6th day and inju-
ries were observed after 14 days of reperfu-
sion. An equal volume (5 ml/kg) of saline was
injected intraperitoneally as the control.

Transient focal cerebral ischemia

The rats were anaesthetized with an intraperi-
toneal injection of chloral hydrate (400 mg/kg).
Transient focal cerebral ischemia was induced
by a modified method of MCAO per a previously
reported method [33]. Briefly, after anesthesia,
a midline incision was made in the neck, the
left external carotid artery (ECA), and the left
internal carotid artery (ICA) was carefully expo-
sed and dissected, and a 4-0 monofilament
nylon suture (Beijing Sunbio Biotech Co., Ltd,
Beijing, China) with a round poly-L-lysine coated
tip was inserted from the ECA into the ICA to
occlude the origin of the left middle cerebral
artery. After 1 h of occlusion, the suture was
withdrawn to allow reperfusion, the ECA was
ligated and the incision was closed. Sham-
operated rats underwent identical surgery
except inserting the intraluminal filament. Once
animals regained complete consciousness they
were moved to their cages in an environmen-
tally controlled breeding-room. Animals’ wei-
ghts were monitored.

Regional cerebral blood flow (rCBF) was contin-
uously measured using a laser Doppler flow
meter (Moor Instruments, Devon, United King-
dom). The laser Doppler flow probe was fixed on
the left forebrain skull at 2.0 mm posterior and
4.5 mm lateral to bregma [34]; continuous
monitoring of flow was performed before and
during transient forebrain ischemia lasting for
10 min after reperfusion. Since the baseline
resting CBF varied from one animal to another,
the recorded flow during the experiment was
expressed as a percentage of the pre-occlusion
CBF value in each animal. Hence the rats that
showed a decrease in percentage of rCBF less
than 70% of the initial value were excluded.

Determination of brain infarction volume

At 14 d after MCAO, rats were deeply anesthe-
tized and Kkilled. The brains were rapidly
removed. Infarction volumes were measured as
described previously [13]. Briefly, brains were
cut into 2-mm-thick coronal sections in a cut-
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ting block and stained with 0.5% TTC for 20 min
at 37°C, followed by overnight immersion in
10% formalin. The stained sections were photo-
graphed with a digital camera (FinePix S602
Zoom, Fuji, Japan). The infarction zone was de-
marcated and analyzed by Image J software
(NIH Image, Version1.61, Bethesda, Maryland,
USA). The areas of the infarction and both hemi-
spheres of each section were measured, and
the total infarction volume of each brain was
calculated by summation of the infarction vol-
umes [infarction area x thickness (2 mm)] of all
brain sections. To detect brain atrophy, the per-
centage decrease in ischemic hemisphere vol-
ume was calculated as (ipsilateral volume - con-
tralateral volume)/contralateral volume x100.

Behavioral assessments

Neurological deficit: To examine the effects of
HAMI 3379 on the neurological deficits of rats
after cerebral ischemia/reperfusion, behavior-
al tests were performed by a physician blinded
to the treatment status of the rats with neuro-
logical deficit scoring and modified inclined
board test. The neurological deficit scores were
initially evaluated 24 h after MCAO as follows
[33]: 0, no deficit; 1, flexion of contralateral
forelimb upon lifting of the whole animal by the
tail; 2, circling to the contralateral side; 3, fall-
ing to contralateral side; and 4, no spontane-
ous motor activity. Those rats subjected to
MCAO but did not show neurological deficits
were excluded, since their neuroanatomical
damage and behaviors were not expected to
reflect typical effects of transient MCAO. Then,
rats were scored at 3, 7, 10, and 14 days after
MCAO.

Inclined board test: The inclined board test was
performed to assess balance and coordination
as reported, based on modification of a method
developed [35]. Rats were placed on a board
(50%30 cm), once they stayed stably the board
was inclined from horizontal to vertical. The
degree at which the animal fell from the board
was recorded. The test was repeated for three
times and the average was obtained. This task
was performed at time points as the same as
neurological deficit scoring.

Histopathology

In another series, after anesthesia, rats were
perfused transcardially with normal saline fol-
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Figure 1. Effect of HAMI 3379 on percent of survival rate, changes in body
weight and behaviors during 14 days after MCAO in rats. (A) Percent survival
of rats over 14 days after cerebral ischemia. Animals received post-ischemic
treatment with HAMI 3379, and Pranlukast (0.1 mg/kg) or normal saline
for 5 consecutive days, respectively. There is no significant difference be-
tween normal saline- and Pranlukast-treated rats with ischemia (P>0.05, chi-
square test). Body weight (B), neurological deficit scores (C), and the holding
angle in the inclined board test (D) were summarized before MCAO and 3,
5, 7, 10, and 14 d after reperfusion. HAMI 3379 and Pranlukast (0.1 mg/
kg, i.p.) have no effect on body weight during treatment, but significantly im-
proved the neurological dysfunctions. Data are presented as mean * S.E.M;
n=13-21 rats; #P<0.05 and ##P<0.01 compared with ischemic control, ana-
lyzed by one-way ANOVA. n.d = not detectable.
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lowed by 4% paraformalde-
hyde in 0.1 mol/L phosphate
buffer (pH 7.4) 24 h after isch-
emia. Then, the brains were
post-fixed overnight in the
same fixative, and immersed
in 30% sucrose solution in the
phosphate buffer. The brains
were frozen and cut into coro-
nal sections with the thick
of 10 ym by cryomicrotomy
(CM1900; Leica, Wetzlar, Ger-
many). The sections were pre-
pared for the histopathologi-
cal examination.

Cresyl violet is a cationic dye
and used for the detection of
Nissl body in the cytoplasm of
neurons on tissue sections.
The Nissl body would be sta-
ined purple-blue. This stain is
commonly used for identifying
the basic neuronal structure
in brain. Cresyl violet staining
was performed per modifica-
tions of the described proto-
col. Briefly, the brain sections
were deparaffinized by soak-
ing in a 1:1 alcohol/chloro-
form mixture for 15 min fol-
lowed by 15 min in 100% al-
cohol, and 95% alcohol/5%
deionized water mixture for
rehydration. The sections we-
re transferred to 0.1% cresyl
violet solution for 10 minutes,
rinsed quickly in distilled wa-
ter and differentiated in 95%
ethyl alcohol for 2-30 min-
utes, then the sections were
dehydrated in 100% alcohol,
immersed in xylene and cov-
ered with mounting medium.

Neurons were immunostain-
ed with a mouse monoclonal
antibody against neuronal
nuclear antigen [NeuN, a spe-
cific marker of neurons; Che-
micon, California (CA), USA].
The sections were incubated
overnight at 4°C with a mouse
anti-NeuN antibody (1:200),
then with Cy3-conjugated go-
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Figure 2. Effect of HAMI 3379 on brain injury 14 days after MCAO in rats. (A) Photographs of whole brain and TTC-
stained coronal sections showing brain lesions 14 d after MCAO. (B and C) Infarction volume (B) and percentage
increase in ischemic hemisphere volume (C) were reduced by HAMI 3379 and pranlukast (0.1 mg/kg, i.p.). Data
are presented as mean + S.E.M; n=6-9 rats for (B and C); *P<0.05 and **P<0.01 compared with sham operation,
#P<0.05 and ##P<0.01 compared with ischemic control (saline), analyzed by one-way ANOVA. Scale bars, 5 mm.
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at anti-mouse 1gG (1:200, Chemicon) for 2 h at
room temperature. Phosphate buffered saline
(PBS) was used instead of the primary antibody
in negative control sections. A fluorescence
microscope (Olympus BX51, Tokyo, Japan) was
used for the observation of stained sections.
The neurons in the cortex, both the ischemic
core and the boundary zone, were counted by
Image J.

For immunohistochemical examination, 10 ym
sections were rinsed with 0.01 M PBS, followed
by incubation with 3% hydrogen peroxide (H,0.)
for 30 min to eliminate endogenous peroxidase
activity. Non-specific binding of IgG was blocked
by incubation with 5% normal goat serum for 2
h at room temperature. Then, the sections were
incubated overnight at 4°C with rabbit anti-glial
fibrillary acidic protein (GFAP) (1:200, Zhong-
shan Biotechnology Co., Beijing, China), rabbit
anti- ionized calcium binding adaptor mole-
cule-1 (Iba-1) antibodies (1:2000, Wako, Osaka,
Japan), and mouse anti-ED1 (1:500, Millipore,
Billerica, Massachusetts, USA). Then the sec-
tions were washed extensively with 0.01 M PBS
and sequentially incubated with biotinylated
IgG (1:200, Vectorlab, Burlingame, CA, USA),
and with streptavidin horse radish peroxidase
(1:200, Vectorlab, Burlingame, CA, USA) for 2 h.
Finally, the sections were exposed to 0.05% 3,
3-diaminobenzidine and 0.03% H,0O, for 2 min.
For negative controls, PBS was used instead of
the primary antibodies.

Data were presented as mean * standard error
mean (S.E.M). Statistical analyses were per-
formed using one-way analysis of variance, fol-
lowed by Newman-Keuls post-hoc multiple
comparison (The GraphPad Prism Software
4.02, GraphPad Software Inc., San Diego, CA,
USA). Kruskal-Wallis and log-rank tests were
performed for neurological deficit scores and
survival rates, respectively. P<0.05 was consid-
ered as statistically significant.

Results

Total mortality rate was 34.37 (22/64) over
14 days after reperfusion, and all sham-operat-
ed rats were survived. No significant differenc-
es in the survival rates were observed bet-
ween normal saline (63.64%, 14/22), HAMI
3379 (71.43%, 15/21), and Pranlukast groups
(61.90%, 13/21) (Figure 1A).
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Sham-operated rats did not show any neuro-
logical deficit throughout the observation peri-
od. The ischemic rats showed apparent neuro-
logical deficits with the score being maximal at
24 h after MCAO, then rapidly being reduced
within 7 days, as well as almost being recov-
ered within 10 days after reperfusion. Intrape-
ritoneal exposure to HAMI 3379 and Pranlukast
for 6 days significantly reduced the neurologi-
cal deficit scores at the first 7 days after isch-
emia (Figure 1B). In the inclined board test, the
inclined degree of sham operated rats were
kept at constant over 14 days after surgery,
and ischemic rats showed a decreased holding
angle within 7 days after reperfusion and later
recovered, both agents significantly increased
the holding angles from the first to 7 days after
ischemia (Figure 1C).

The gross photographs of whole brain showed
the change in the surface area, and the infarc-
tion tissue in the ischemia hemispheres was
showed by the coronal sections stained with
TTC. At the end of the experiment (14 days after
MCAOQ), a moderate atrophy in ischemic hemi-
spheres was observed in the gross photo-
graphs of whole brain and the brain sections
were stained with TTC (Figure 2A). Treatment
with  HAMI 3379 significantly reduced the
infarction volume; both HAMI 3379 and
Pranlukast could inhibit the reduction in left/
right hemispheric ratio, so they could attenuate
the atrophy induced by MCAO (Figure 2B, 2C).

MCAO induced significant neuronal injury in the
ischemic cortex, where the Nissl bodies disap-
peared; cell bodies were stained and shrunken
or completely lost. In the lesion core of cortex,
the density of the apparently surviving neurons
was almost disappeared 14 days after reperfu-
sion (Figure 3B, 3C), in the boundary zone adja-
cent to the lesion core, the number of NeuN
positive neuron were reduced (Figure 3B, 3D).
HAMI 3379 did not reverse neuron loss in the
ischemic core but attenuated neuron loss in
the boundary zone 14 days after ischemia.
Pranlukast had the same protective effects on
the neuronal damage (Figure 3C, 3D).

To determine whether HAMI 3379 affected
MCAO-induced neuroinflammation, an analysis
of macrophage-microglia activation in the isch-
emic hemisphere was performed by staining
with Iba-1 (Figure 4) and ED-1 (Figure 5). HAMI

Int J Clin Exp Pathol 2017;10(4):4123-4136
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Figure 3. Effect of HAMI 3379 on neuron density 14 days after MCAO in rats. (A) Sampling regions for photomicro-
graphic examination. (B) Cresyl violet staining and NeuN immunostaining show the changes in neuronal density in
the ischemic core (a-d) and boundary zone (e-h) 14 days after reperfusion. (C and D) Numbers of NeuN-positive
neurons in the ischemic core (C) and boundary zone (D). Neuronal loss in the ischemic core and boundary zone
was inhibited by HAMI 3379 and pranlukast (0.1 mg/kg, i.p.). Data are presented as mean = S.E.M; n=7-12 rats;
**P<0.01 compared with sham operation, #P<0.05 and ##P<0.01 compared with ischemic control, analyzed by
one-way ANOVA. Scale bars, 50 pym.
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Figure 4. Effect of HAMI 3379 on microglial number 14 days after MCAOQ in rats. (A) Microphotographs from ischemic
hemispheres showing marked increase in Iba-1 immunopositive microglia 14 days after MCAO both in the ischemia
core and in the boundary zone in rats, and HAMI 3379 and pranlukast (0.1 mg/kg, i.p.) significantly reduced the
number of Iba-1-immunopositive cells. Scale bars for a-d, 200 ym; Scale bars for g-k, 50 ym. (B and C) Numbers of
Iba-1 immunopositive cells in the ischemic core (B) and boundary zone (C) were summarized. Data are presented
as mean = S.E.M; n=7-12 rats; **P<0.01 compared with sham operation, #P<0.05 and ##P<0.01 compared with
ischemic control, analyzed by one-way ANOVA.
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Figure 5. Effect of HAMI 3379 on number of ED1-immunopositive cells 14 days after MCAO in rats. A: Microphoto-
graphs from ischemic hemispheres showing marked increase in ED-1 immunopositive activated microglia 14 days
after MCAO both in the ischemia core and in the boundary zone in rats, and HAMI 3379 and pranlukast (0.1 mg/
kg, i.p.) significantly reduced the number of ED-1-immunopositive cells. Scale bars, 50 um. B, C: Numbers of ED-1
immunopositive cells were summarized. Data are presented as mean * S.E.M.; n=7-12 rats; **P<0.01 compared
with sham operation, #P<0.05 and ##P<0.01 compared with ischemic control, analyzed by one-way ANOVA.

3379 reduced the infiltration of monocytes/
macrophages at the lesion site in terms of the
immunoreactivity of Iba-1 in the boundary zone
by 36.38% but not in ischemic core, Pranlukast
reduced Iba-1 positive cell in ischemic core by
36.05% but not in the boundary zone (Figure
4A-C). HAMI 3379 and Pranlukast treatment
induced a significant decrease in the number of
activated microglia (ED-1 immunoreactive cells)
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in boundary areas, suggesting that MCAO-
induced microglial activation was inhibited by
HAMI 3379 and Pranlukast (Figure 5A-C).
These results have indicated that HAMI 3379
exerts an inhibitory effect on the MCAO-induced
microgliosis.

At 14 days after reperfusion, a glial scar was
observed in the ischemic hemispheres of MCAO

Int J Clin Exp Pathol 2017;10(4):4123-4136
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Figure 6. Effect of HAMI 3379 on astrocyte density 14 days after MCAO in rats. (A) Microphotographs from ischemic
hemispheres showing marked increase in GFAP immuno-positive astrocytes in the boundary zone 14 days after
MCAO, and HAMI 3379 and pranlukast (0.1 mg/kg, i.p.) significantly reduced the number of GFAP-immunopositive
cells. Scale bars for a-d, 200 um; Scale bars for g-h, 50 um. (B) Numbers of GFAP-immunopositive cells and (C) the
relative optical density of GFAP immunostaining were summarized. Data are presented as mean + S.E.M.; n=7-12
rats; **P<0.01 compared with sham operation, #P<0.05 and ##P<0.01 compared with ischemic control, analyzed

by one-way ANOVA.

in all rats. Ischemia tissues transformed into
the center cavitation of a scar. Several GFAP-
positive astrocytes were present in the scar
wall parallel to the cavitation (Figure 6). Reac-
tive astrocytes with hypertrophy/hyperplasia
were dominant in the scar. HAMI 3379 signifi-
cantly reduced the GFAP proliferation by 56.4%
at 14 days and it also inhibits the increase in
percentage of the GFAP gray intensity in the
ischemic hemisphere (Figure 6A-C).

Discussion
In the present study, HAMI 3379, a CysLTR

receptor antagonist has a long-lasting protec-
tive effect on focal cerebral ischemia in rats.
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The evidence showed that treatment with HAMI
3379 for six consecutive days after ischemia
significantly improved neurological deficits and
holding angles in the inclined board test, ame-
liorated brain atrophy and lesion, increased
neurons density in the ischemic border zone,
and inhibited microglia activation, and glial scar
formation (astrocyte proliferation), these resu-
Its have confirmed the long-term neuroprotec-
tive effects of HAMI 3379.

Long-lasting neuroprotective effects of drugs
are more important in evaluating clinical condi-
tions in patients because dysfunction or repair
is more lasting in ischemic stroke candidates
and functional scores are typically assessed
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between 3 and 6 months, while the protective
effects of drugs are rarely determined beyond 7
days after ischemia; this may partly explain a
reason for variety of effective drugs in animal
models failed in clinical trials [36, 37]. There-
fore, the present results in the long-term study
provided further evidence for the therapeutic
potentials of CysLT,R receptor antagonists in
the treatment of cerebral ischemic injury.

HAMI 3379 administrated by intracerebroven-
tricular or intraperitoneal injection is shown to
have neuroprotective effects [13]. The most
effective dose of HAMI 3379 by intraperitoneal
injection was about 0.1 mg/kg with a therapeu-
tic window of 2 h and the duration of adminis-
tration (six consecutive days after MCAO) was
chosen [12] to maintain its effect in the acute
phase of ischemic injury. Using this regimen,
the study found the efficacy of post-ischemic
HAMI 3379 and Pranlukast on both morpho-
logical and functional outcomes. In addition to
the lesion volume and neuron density, HAMI
3379 and Pranlukast accelerated the recovery
of long-lasting neurological dysfunctions after
ischemia. Neurological scoring has been cho-
sen as an indicator for neurological deficits,
and inclined board as an indicator for senso-
rimotor dysfunction after focal cerebral isch-
emia. Neurological deficits, which are related to
shrinkage of caudate putamen and cortex [38,
39], are most frequently assessed in focal cere-
bral ischemic animals including those in chron-
ic experiments [19, 40]. Sensorimotor dysfunc-
tions can be assessed by several methods.
Among these methods, inclined board test is a
simple and quantitative method and has been
used in acute experiments in rats [9, 13]. Thus,
these methods can be reasonably used in eval-
uating chronic dysfunctions after focal cerebral
ischemia. Here, both neurological deficits and
the dysfunction detected by inclined board test
that occurred only within 7 days and spontane-
ously returned to baseline level within 10 days
after ischemia. HAMI 3379 and Pranlukast had
a significant improvement in the neurological
deficits and sensorimotor dysfunction from 3 to
7 days after MCAO.

Gliosis is a nonspecific reactive change of glial
cells in response to damage such as cerebral
ischemia, brain trauma, Alzheimer’'s and Pa-
rkinson’s diseases [41]. Gliosis involves the
proliferation or hypertrophy of several different
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types of glial cells including astrocytes, microg-
lia, and oligodendrocytes [42, 43]. In the most
extreme form, the proliferation associated with
gliosis leads to the formation of a glial scar
[29]. The studies have proved HAMI 3379 can
inhibit glial scar formation in the ischemic brain,
which is similar to Pranlukast, but the hidden
mechanism may both have similarities and dif-
ferences. Microglia, another type of glial cell,
act as macrophage-like cells in the central ner-
vous system when activated. Unlike other glial
cell types, microglia is extremely sensitive and
rapid to even small changes in the cellular envi-
ronment. Due to their short response time,
microgliosis, or the activation of microglia, is
commonly the first observed stage of gliosis
[43, 44]. In vitro studies have indicated that
activated microglia play an important role in ini-
tiating and modulating astrogliosis [45]. Mic-
roglia upon activation released the pro-inflam-
matory cytokines and chemokines including
macrophage inflammatory protein-1, and colo-
ny stimulating factor, the interleukins (IL-1, IL-6,
and and IL-8), and tumor necrosis factor-« [46].
The receptors for these molecules have been
identified on astrocytes, and the molecules,
when exogenously introduced, have been sh-
own to induce, enhance, and accompany astro-
gliosis. Astrocytes themselves produce cyto-
kines, which may be used for self-regulation or
for the regulation of microglia, which contain
similar cytokine receptors. This phenomenon
creates a feedback loop, allowing both microg-
lia and astrocytes to regulate one another. In
addition, the evidence suggests microglial reg-
ulation of astrogliosis may also include inhibi-
tory effects [44]. Reduced levels of microgliosis
have been associated with reduced astrocyte
numbers, which also suggests that microglia
are important regulators for the degree of
astrocyte activation [12, 44].

HAMI 3379 inhibited microglia activation (both
IBA-1 and ED-1 positive cells) in the ischemic
cerebral hemisphere 72 h after MCAO [12],
while Pranlukast significantly decreased infarc-
tion volume, and inhibited neuron degenera-
tion, IgG extravasation, and neutrophil infiltra-
tion, but not microglia/macrophage accumul-
ation in the mice ischemic cortex [21]. In the
cerebral ischemia chronic phase, both HAMI
3379 and Pranlukast could inhibit macrophage-
microglia activation at the lesion site, but the
effect of HAMI 3379 seems more significant
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than Pranlukast, thus the inhibition of HAMI
3379 glial scar formation in the ischemic brain
is more dependent on the regulation of microg-
lia activation than Pranlukast. Of course, HAMI
3379 reduced the release of inflammation
mediator such as interferon (IFN)-y may also
contribute to the above effects (data on pub-
lish), because the inflammatory cytokines IFN-y
is responsible for the induction of gliosis. In
culture, the molecule act as mitogens, promp-
ting the proliferation of astrocytes. Moreover,
addition of IFN-y to brain lesion sites has result-
ed in an increase in glial scarring [47, 48].

The effect of Pranlukast on glial scar formation
may be mediated by transforming growth factor
(TFG)-B, these evidence confirmed the TGF-B1/
CysLT, R system might be associated with astro-
cyte activation induced by mild ischemic injury
[49], and TGF-B is a potential trigger of gliosis,
TGF-B2, whose expression is gradually incre-
ased as gliosis occurs, and has been shown to
increase astrocyte production of scar-forming
proteoglycans. Experimental reduction of both
TGF-B2 and TGF-B1, which is expressed imme-
diately after injury, has resulted in reduced glial
scarring [47].

Conclusion

In summary, intraperitoneal injection of HAMI
3379, has a long-lasting protective effect on
late injuries 14 days after focal cerebral isch-
emic injury in rats, it can recover neurological
dysfunction, decrease brain atrophy and lesion,
and neuron loss degeneration, and inhibited
microglia activation, and glial scar formation
(astrocyte proliferation), the neuroprotective
effect of HAMI 3379 and Pranlukast is the
almost same but with some slight differences.
Thus prevention of CysLT, R activation through
pharmacological antagonism as HAMI 3379
may be a novel therapeutic strategy to improve
the outcomes of stroke.
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