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injury following experimental subarachnoid  
hemorrhage in rats
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Abstract: Bindarit is a small indazolic derivative which has shown anti-inflammatory and neuroprotective effects 
on multiple central nervous system (CNS) injuries. The effects of bindarit on subarachnoid hemorrhage (SAH) are 
not explored. This study was aimed to research the effects of bindarit on neuroinflammation and early brain injury 
(EBI) after experimental SAH in rats. Rats were randomly divided into sham, SAH, SAH+vehicle, and SAH+bindarit 
groups. Twenty-four hours after SAH, the SAH grade, neurological function, brain edema, blood brain barrier (BBB) 
permeability, cellular apoptosis, levels of inflammatory cytokines and microglial activation were evaluated. Results 
showed that administration of bindarit significantly ameliorated EBI including brain edema, BBB damage, cellular 
apoptosis and neurological deficits. In addition, bindarit also reduced inflammatory cytokine levels and microglial 
activation 24 h after SAH. In conclusion, the administration of bindarit might attenuate EBI following SAH through 
the downregulation of SAH-induced neuroinflammation.
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Introduction

Subarachnoid hemorrhage (SAH) is one of the 
most life-threatening diseases worldwide with 
high morbidity and mortality [1]. Despite the 
advances in medical technology, the prognosis 
of SAH is still poor. Cerebral vasospasm (CVS) 
which often occurs on the third day after SAH, 
reaches the peak on sixth and eighth day, and 
lasts for two or three weeks, has long been 
thought as the major cause of bad outcome 
after SAH [2, 3]. During the last several 
decades, studies of SAH have been mainly cen-
tered on CVS and it’s sequelae. Although some 
encouraging results have been acquired from 
animal studies [4, 5], anti-vasospasm thera-
pies are unable to improve the outcome of SAH 
in most clinical trials [6].

Recently, early brain injury (EBI) after SAH has 
been brought to the focus [7, 8]. EBI refers to 
the early injury to the brain which occurs in the 
first three days after SAH. Accumulating evi-
dences suggest that EBI may play critical roles 

in the aggravation of neurological deficits and 
unfavorable prognosis after SAH [9]. The under-
lying pathophysiological mechanisms of SAH-
induced EBI are not definitely clarified to date. 
Researches of the mechanisms of EBI after 
SAH have demonstrated that the early neuroin-
flammation is tightly associated with poor neu-
rological grade on admission, malaise, fever, 
brain edema, increased blood brain barrier 
(BBB) permeability, thrombosis of small vessel, 
pathogenesis of vasospasm and delayed isch-
emic neurologic deficits [10-13].

Chemokines are a group of cytokines originally 
identified as mediator of leukocyte migration in 
inflammatory and immune responses [14]. In 
addition to their physiological action in healthy 
brain [15], chemokines increase in response to 
a various of pathological stimulations including 
multiple sclerosis, brain ischemia, Alzheimer’s 
disease and SAH [16-18]. Among these chemo-
kines, monocyte chemotactic protein-1 (MCP-
1), also known as CCL-2, which is a CC chemo-
kine specific for monocytes and produced 
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mainly by monocytes, vascular endothelial 
cells, smooth muscle cells and fibroblasts, has 
been found to be increased in the cerebrospi-
nal fluid of patients with poorer prognosis after 
SAH [19]. Although MCP-1 is traditionally 
thought to act through the recruiting of mono-
cyte infiltration, MCP-1 also results in neuro-
logical deficits through a mechanism in addi-
tion to, but separate from, it’s classic role as a 
chemoattractant, because MCP-1 knockout 
model of ischemic injury has shown neuropro-
tective effects even before leukocyte infiltra-
tion [20]. Furthermore MCP-1 has been linked 
to the early microglial activation and inflamma-
tory cytokine synthesis in a lipopolysaccharide 
(LPS)-induced neuroinflammation model of 
mice [21]. 

Bindarit is a small indazolic derivative that pre-
dominantly suppresses the transcription of  
the monocyte chemoattractant subfamily of CC 
chemokines [22]. Bindarit can inhibit the syn-
thesis of MCP-1 and has displayed anti-inflam-
matory activities in a series of experimental 
models including arthritis, nephritis, colitis, 
pancreatitis and autoimmune encephalomyeli-
tis [23-28].

The effects of bindarit on SAH-induced EBI 
have not been investigated. In this study, we 
hypothesized that bindarit might protect brain 
from EBI and improve neurological outcomes 
by attenuating neuroinflammation following 
SAH.

Material and methods

Animals

Experimental animal was Sprague-Dawley rats 
(280-350 g), afforded by animal experimental 
center of Zhejiang Chinese Medicine University. 
The use and care of animals employed in our 
model were approved by the Animal Care and 
Use Committee of Zhejiang Chinese Medicine 
University, in accordance with all relevant laws 
of China.

Rat SAH model

The SAH model was constructed by endovascu-
lar perforation as previously described [29]. 
Briefly, rats were anesthetized with a mixture of 
3% isoflurane in 70%/30% medicalair/oxygen. 
A 4-0 nylon suture with sharpened tip was 
inserted into the right internal carotid artery 
and advanced until a resistance was felt (ap- 

proximately 18-20 mm from the common carot-
id bifurcation). Then the suture was advanced 
for another 3 mm to perforate the right internal 
carotid artery close to the bifurcation with the 
middle cerebral artery to produce SAH. Sham 
group rats were also performed the similar pro-
cedures except the artery perforation.

After operation, the rats were returned to their 
cages with a room temperature of 23±1°C. 
Physical cooling (ice bag) was used to keep the 
rectal temperature at 37±0.5°C when required. 

Preparation and administration of bindarit

Bindarit suspension of a concentration of 20 
mg/mL was prepared in 0.5% methylcellulose 
(MTC) as previously described [30].

Rats were intraperitoneally given an injection of 
bindarit suspension (200 mg/kg) or MTC vehi-
cle right after SAH. The injection was repeated 
with the same dose 12 h after SAH. Bindarit 
can reach the CNS parenchyma during the early 
stage of neuroinflammatory disease when the 
damage of BBB does not yet occur [28].

Assessment of SAH grade and neurological 
scores

Twenty-four hours after SAH, rats were sacri-
ficed and brains were removed for the mea-
surement of SAH grade. SAH grade was evalu-
ated according to a grading system described 
previously [5] by an experimenter blinded to the 
study. Briefly, the system was based on the 
amount of subarachnoid blood clots distributed 
in the six segments of basal cistern: grade 1 
(scores=0), no observable subarachnoid blood; 
grade 2 (scores=1), minimal subarachnoid 
clots; grade 3 (scores=2), moderate subarach-
noid clots with recognizable arteries; and grade 
4 (scores=3), blood clots covering all arteries. 
The total scores ranged from 0 to 18 was 
obtained by adding scores from all 6 se- 
gments.

Twenty-four hours after SAH, neurobehavioral 
scores were recorded according to the Garcia’s 
method [29, 31] by an experimenter blinded to 
the study. Briefly, a 22 points scoring system 
was used to assess animal’s neurological defi-
cits by six aspects including spontaneous activ-
ity (0-3), reaction to side stroking (1-3), vibris-
sae touch (1-3), forepaw outstretching (0-3), 
climbing (0-3), limb symmetry (0-3), and beam 
walking ability (0-4). The beam walking ability 
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refers to the walking distance on a wooden 
beam for 1 m. The minimum neurological score 
was 2 and the maximum was 22; a lower score 
represented more severe neurological deficits.

Brain water content

Brain edema was evaluated using the method 
described previously [32]. Briefly, the brain 
water content was calculated by formula (wet 
weight-dry weight/wet weight) ×100%. Rats 
were sacrificed 24 h after SAH and entire brain 
was quickly separated, placed into pre-weighed 
glass vial and weighed. Then brains were 
placed in an oven for 72 h at 100°C to obtain 
dry weight.

BBB permeability

BBB permeability was determined by Evans 
blue (EB) extravasation. Twenty-four hours after 
SAH, Evans blue dye (2 ml/kg) was intravenous-
ly injected, over a period of 2 min, allowing the 
dye to circulate for a total of 60 min [33]. 
Animals were re-anesthetized and subjected to 
transcardial perfusion with phosphate buffered 
saline (PBS), then brains were separated and 
homogenized in phosphate buffered saline. 
Trichloroacetic acid was then added to precipi-
tate protein. After overnight incubation at 4°C, 

samples were centrifuged and the supernatant 
was used for spectrophotometric quantifica- 
tion of extravasated EB at 615 nm using a 
spectrophotometer.

TUNEL staining

Twenty-four hours after SAH, rats were per-
fused transcardially with 4% paraformaldehyde. 
Brains were removed, fixed in 4% paraformal-
dehyde and dehydrated with gradient sucrose 
solution. Terminal deoxynucleotidyl transfer-
ase-mediated dUTP-biotin nick end labeling 
(TUNEL) staining was performed using an  
In Situ Cell Death Detection Kit (Roche 
Diagnostics, Mannheim, Germany) to detect in 
situ DNA fragmentation. Eight coronal sections 
of 8 μm were cut consecutively from bregma 
with 200 μm interval for TUNEL staining. 
Images were viewed with EVOS-fl digital invert-
ed fluorescent microscopy. DAPI staining was 
performed according to routine laboratory 
methods. Five vision fields were randomly cho-
sen for observation in each section. The mean 
number of TUNEL/DAPI double positive nuclei 
in the five views was thought as apoptotic index 
of each section. The apoptotic index of each 
brain was determined by the average percent-
age of double positive cells of the 8 sections. 

Figure 1. Effects of bindarit on SAH grade and neurological scores after SAH. Bindarit did not affect the bleeding lev-
el (A) bindarit attenuated neurological deficits 24 h after SAH (B) data were expressed as mean ± SD (***P<0.001 
versus sham group, &&&P<0.001 versus SAH or SAH treated with vehicle).
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The numbers of apoptotic cells were counted 
with Image Pro Plus 6.0 Software (Media- 
Cybernetics, Bethesda, USA).

Western blot

Twenty-four hours after SAH, cortex of right 
hemisphere was obtained for western blot anal-
ysis. Samples were added with proteases inhib-
itor, supplemented with 2% beta-mercaptoeth-
anol and 50 mM DTT and boiled for about 6 
min. Proteins were separated on tris-glycine 
4-15% acrylamide gels and transferred to PVDF 
membranes soaked in 5% nonfat milk in PBS-
Tween 20 (0.05%) for 2 h. The proteins of cas-
pase-3 and β-actin were examined by rabbit 
polyclonal antibody against caspase-3 (Santa 
Cruz, 1:500) and rabbit polyclonal antibody 
against β-actin (Santa Cruz, 1:500), then by 
incubation with secondary HRP-coupled anti-
body at room temperature. The densities of the 
bands were determined by the MiVnt image 
analysis system (Bio-Rad, Carlsbad, CA, USA).

Enzyme linked immunosorbent assay

ELISA kits specific for rats were used to deter-
mine the levels of inflammatory factors in 
brains according to the instructions (TNF-α 
from Diaclone Research, Besancon, France; 
IL-1β, IL-6 from BioSource Europe SA, Nivelles, 
Belgium).

Immunohistochemical examination

Immunohistochemistry for microglial CD11b 
was performed on 15 μm thick frozen coronal 
sections. Sections were incubated with rabbit 
monoclonal antibody against CD11b (Santa 
Cruz, 1:500) for 24 h at 4°C followed by incuba-
tion with secondary HRP-coupled antibody for 1 
h at room temperature. Finally, sections were 
counterstained with haematoxylin and ob- 
served under a light microscope. Sections incu-
bated in the absence of primary antibody were 
used as negative controls. 

Statistical analysis

Results were expressed as the mean ± SD. 
One-way analysis of variance (ANOVA) was used 
for comparisons between multiple groups, fol-
lowed by Turkey’s test. P<0.05 was considered 
statistically significant.

Results

Effects of bindarit on SAH grade and neuro-
logical scores after SAH

Twenty-four hours after SAH, the grade score of 
SAH treated with bindarit (12.3±1.49) did not 
significantly differ from those of SAH group 

Figure 2. Effects of bindarit on brain edema after 
SAH. SAH induced increased brain water content (Fig-
ure 2). Bindarit attenuated brain water content 24 h 
after SAH (Figure 2). Data were expressed as mean ± 
SD (***P<0.001 versus sham group, &&&P<0.001 
versus SAH group or SAH treated with vehicle).

Figure 3. Effects of bindarit on BBB permeability 
after SAH. SAH induced increased extravasation of 
Evans blue (Figure 3). Bindarit decreased the Evans 
blue extravasation 24 h after SAH (Figure 3). Data 
were expressed as mean ± SD (***P<0.001 versus 
sham group, &&&P<0.001 versus SAH group or SAH 
treated with vehicle).
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Figure 4. Effects of bindarit on cellular apoptosis after SAH. TUNEL staining showed bindarit administration reduced 
the cellular apoptosis 24 h after SAH (A, B) Western blot analysis showed bindarit decreased the expression of 
cleaved caspase-3 24 h after SAH (C) Nuclear morphology was indicated by DAPI staining and DNA breaks were 
detected by TUNEL analyses. Bar: 25 µm. Data were expressed as mean ± SD (&&&P<0.001 versus SAH or SAH 
treated with vehicle).
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(12.4±1.45) or SAH treated with vehicle 
(12.2±1.57) suggesting bindarit did not affect 
the bleeding level (Figure 1A). The neurological 
score was significantly decreased in the SAH 
group (10.3±2.02) compared with the sham 
group (20.4±0.99) (Figure 1B). After bindarit 
administration, neurological score was in- 
creased (14.6±1.76) compared with SAH group 
or SAH treated with vehicle (10.1±1.79) sug-
gesting bindarit attenuated neurological defi-
cits after SAH (Figure 1B).

Effects of bindarit on brain edema after SAH

Twenty-four hours after SAH, brain water con-
tent of SAH group (82.25±0.21%) was signi- 
ficantly higher than that of sham group 
(80.21±0.15%) indicating an early brain edema 
induced by SAH. Bindarit administration ap- 
parently attenuated brain water content 
(81.23±0.17%) compared with SAH group or 
SAH treated with vehicle (82.24±0.19%) (Figure 
2).

Effects of bindarit on BBB permeability after 
SAH

Twenty-four hours after SAH, brains of SAH 
group showed a significantly increased BBB 

permeability to Evans blue (22.0±2.14 ng/mg 
protein) compared with the sham group 
(6.19±0.13 ng/mg protein) indicating an early 
corruption of BBB. Bindarit improved BBB per-
meability (11.6±1.92 ng/mg protein) as dem-
onstrated by the decrease of Evans blue extrav-
asation compared with the SAH group or SAH 
treated with vehicle (21.8±2.11 ng/mg protein) 
(Figure 3).

Effects of bindarit on cellular apoptosis after 
SAH

Twenty-four hours post injury, about 8.27± 
1.22% cells in SAH group showed apoptosis 
(Figure 4A, 4B). Bindarit significantly mitigat- 
ed cellular apoptosis (3.87±0.64%) compared 
with SAH group or SAH treated with vehicle 
(8.13±1.19%) (Figure 4A, 4B). Western blot an-
alysis showed the expression of cleaved cas-
pase-3 in SHA group significantly increased 
compared with the sham group. Bindarit admin-
istration downregulated caspase-3 expression 
after SAH compared with the SAH group or SAH 
treated with vehicle (Figure 4C). 

Effects of bindarit on the levels of inflamma-
tory cytokines after SAH

Enzyme linked immunosorbent assay showed 
the levels of inflammatory cytokines including 
TNF-α, IL-1β and IL-6, were significantly in- 
creased in the SAH group (15.9±1.46, 44.9± 
2.17 and 75.5±3.74 ng/mg protein to TNF-α, 
IL-1β and IL-6 respectively) 24 h after SAH. 
Bindarit administration dramatically attenuat-
ed the levels of inflammatory cytokines (12.4± 
1.06, 24.5±1.69 and 54.8±2.60 ng/mg protein 
to TNF-α, IL-1β and IL-6 respectively) compared 
with SAH group or SAH treated with vehicle 
(15.6±1.19, 45.5±2.07 and 76.9±4.29 ng/mg 
protein to TNF-α, IL-1β and IL-6 respectively) 
suggesting the anti-inflammatory effects of 
bindarit (Figure 5).

Effects of bindarit on the activation of microg-
lia after SAH

Immunochemistry showed the microglias in- 
creased in number and became activated alter-
ing their morphology with upregulation of 
CD11b 24 h after SAH. Bindarit administration 
dramatically inhibited CD11b positive microglia 
activation (Figure 6).

Figure 5. Effects of bindarit on the levels of inflam-
matory cytokines after SAH. Enzyme linked immu-
nosorbent assay showed the levels of inflamma-
tory cytokines, including TNF-α, IL-1β and IL-6, were 
significant increased in the SAH group (Figure 5). 
Bindarit attenuated the levels of inflammatory cyto-
kines (Figure 5). Data were expressed as mean ± SD 
(***P<0.001 versus sham group, &&&P<0.001 ver-
sus SAH or SAH treated with vehicle).
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Discussion

Increasing evidences suggest that inflamma-
tion plays important role in SAH-induced early 
and delayed brain injury, and contributes to  
the poor outcome of SAH [10-13]. Monocyte 
chemoattractant proteins (MCPs), which belong 
to the beta chemokine family, play pathological 
roles in SAH due to their pro-inflammatory 
effects. Among them, MCP-1 (CCL2) and it’s 
receptor CCR2 have been proved to play an 
important role in SAH and other neuroinflam-
matory injuries, contributing to the neuronal 
death and cerebral dysfunction [19]. Thus it 
stand to reason to use anti-inflammatory drugs 
targeted chemokine synthesis to prevent either 
early or delaying aggravation of SAH-induced 
brain damage. Especially, drugs able to inhibit 
MCP-1 synthesis might have great potential 
value of suppressing the chemokine-induced 
neuroinflammation in the pathophysiology of 
SAH.

Considering the success of the MCP-1 synthe-
sis inhibitor bindarit on alleviating several 
human clinical conditions and animal mo- 
dels associated with neuroinflammation, initial 
study was performed to examine it’s potential 
effects on neuroinflammation and EBI after 

SAH. The main findings of the present study 
are: 1) after bindarit administration, EBI such 
as neurological score, brain edema, BBB per-
meability damage and neuronal apoptosis are 
improved after SAH; 2) after bindarit adminis-
tration, the levels of inflammatory cytokines 
and microglial activation are suppressed after 
SAH. These findings suggest for the first time 
that bindarit may alleviate the EBI through the 
inhibition of SAH-induced inflammation. 

How bindarit inhibited SAH-induced neuroin-
flammation was not clarified in this study. Our 
study showed that the levels of inflammatory 
cytokines such as TNF-α, IL-1β and IL-6 were 
greatly reduced after bindarit treatment. The 
underlying mechanisms of the bindarit-induced 
reduction of inflammatory cytokines were not 
fully explored in this study. The inhibition of 
microglial activation after bindarit administra-
tion might contribute to this effect as microglial 
cells are the resident macrophages of the cen-
tral nervous system (CNS). After SAH, especial-
ly on acute stage, activated microglias provoke 
excessive secretion of pro-inflammatory cyto-
kines and contribute to the development of 
brain edema, BBB disruption and secondary 
neuronal injury after SAH [1]. The pro-inflamma-
tory cytokines secreted by activated microglial 

Figure 6. Effects of bindarit on the activation of microglia after SAH. Immunochemistry showed the microglias in-
creased in number and became activated, altering their morphology with upregulating of CD11b 24 h after SAH. 
CD11b staining for microglias showed bindarit inhibited microglia activation in the brain after SAH (Figure 6). Red 
arrow: microglia. A-C: Bar: 100 µm. D-F: Bar: 20 µm.
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cells include IL-6, IL-1β and TNF-α [34] and all 
of them have been found to be increased early 
after SAH and strongly linked to the brain injury 
in both patients and animals [35-37]. The acti-
vated microglia is also linked to the migration of 
microglias from other regions of the brain, pro-
liferation of resident microglias and infiltra- 
tion of blood monocytes [38]. This microglia-
induced recruitment of monocytes from periph-
eral blood into the CNS has been linked to  
the MCP-1 expressed on microglia [39, 40]. 
Microglial MCP-1 also controls the proliferation, 
recruitment and activation of microglias [41-
43], thus potentially supports a self-sustaining 
cycle of neuroinflammation. It has been re- 
vealed that bindarit significantly suppresses 
MCP-1 expression on microvascular endothelial 
cells, microglias and astrocytes in brain micro-
vascular and parenchymal compartments. 
While all these cell types respond with signifi-
cant reduction in MCP-1 mRNA after bindarit 
administration, microglia is the most sensitive 
one [28]. In addition, MCP-1 harbors a α-helixin 
it’s C-terminal which is a binding site for GAGs 
typically found on the luminal endothelial sur-
face [44]. MCP-1 binds to the luminal surface of 
cultured endothelial cells and induces a firm 
adhesion and transmigration of mononuclear 
leukocytes [45, 46].

Taken together, in the present study, bindarit 
administration appears to have a multiple an- 
ti-inflammation properties in EBI after SAH. 
Certainly, other cell types and mechanisms 
might also be involved in the bindarit-induced 
anti-inflammatory and neuroprotective effects 
in EBI after SAH. These need to be further 
explored in our future study.
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