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Introduction

Intracerebral hemorrhage (ICH) occurs due 
to rupture of blood vessels in the brain that 
causes coagulation of blood in the brain [1]. 
This deposition of blood on the brain cells 
causes edema and damage of neuronal cells. 
Throughout the world ICH is linked with the 
highest mortality and approximately 10-15% of 
patients of stroke occur due to ICH [2]. Cerebral 
blood flow was reduced due to increase in 
the intracranical pressure which leads to poor 
prognosis [3]. Literature reveals that in ICH 
deposition of blood on the brain tissue causes 
loss of neuron [4]. Inflammatory reactions 
contribute to neuronal damage due to cytotoxic 
effects of blood content on the neuronal cells 
[5]. In addition, pro inflammatory cytokines 
contribute to the development of ICH and 
also induces neuronal apoptosis [6]. Current 
therapies available for the management of ICH 
are medicinal and neurological therapies but it 

won’t be able to control brain adequately. So, 
new therapy is required for the control of post-
ICH brain edema. Thus development of a drug 
for the management of cerebral hemorrhage is 
required. 

R. verniciflua was traditionally used in China 
for the management of several disorders [7] 
and butin was isolated from R. verniciflua [8]. 
Literature reveals that butin has a potential 
estrogenic effect [9]. In addition butin was 
reported to possess strong antioxidant, 
antiplatelet and anti-inflammatory activity [10-
11]. The neuroprotective effects of butin has 
yet to be evaluated in the ICH condition. The 
present study evaluates the effect of butin on 
brain edema in intracerebral hemorrhage.

Material and methods

Animal
Male albino wistar rats (120-150 g) were 
procured from Shangai Animal House, China. 

Animals were stored under the standard 
condition as per guidelines. All the animals were 
kept for a period of 7 days for acclimatization 
to laboratory conditions with free access to 
normal standard chow diet and tap water. 
Protocol of this study is approved by the The 
Affiliated First Hospital Of Jiamusi University, 
China (AFHJU/IAEC/2017/03) and the given 
study followed the guidelines of Association 
for the Assessment and Accreditation of 
Laboratory Animal Care International (AAALAC) 
for experimentation and animal use.

Induction of intracerebral 
hemorrhage
Bacterial collagenase was injected 
intrastriatally for the induction of ICH as per 
the previously reported method [12]. All the 
animals were placed on the ste reotaxic frame 
and anesthetized with chloral hydrate (3.6%). 
the bregma was exposed by making an incision 
and hole was done at the injection site by 
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drilling i.e. 6 mm in depth below the skull, 0.2 
mm posterior to bregma, 3.0 mm left lateral to 
the midline. type VII bacterial collagenase (0.5 
U/ μL) was infused at a rate of 0.5 μL/min using 
syringe pump in to central striatum. Delivery 
of collagenase was done for the duration of 5 
min to prevent the reflux in animal and for 10 
min needle was kept as such after the injection. 
However, in the control group, saline was 
injected by the same manner.

All animals were separated into four different 
groups: control group, ICH groups treated with 
vehicle, Butin 25 and 50 mg/kg group receives 
butin (25 and 50 mg/kg, i.p.) 60 min after the 
induction of ICH in all animals. One day after 
the operation all animals were sacrificed for the 
assessment of butins’ effect on the ICH.

Estimation of neurological score
One day after the induction of ICH, a 
neurological score was estimated as per the 
previously reported method [13]. Neurological 
scoring was determined by observing six 
types of behaviors such as response to whisker 
stimulation, body proprio ception, climbing, 
forepaw outstretching, symmetry in the 
movement of all four limbs and spontaneous 
activ ity. The score was done from 1-3 scale. 
Maximum and minimum score was in the range 
of 18 and 3 respectively. Neurological score was 
estimated before and after induction of ICH.

Estimation of hemorrhagic injury 
Cresyl violet was used to stain the coronal 
sec tions at 20 rostral-caudal levels for the 
determination of injection volume. Estimation 
of hemorrhagic volume was done by using 
Image Pro Plus 6.0 software. 

Western blot assay
RIPA lysis buffer was used for the extraction of 
total protein sample in the brain tissue.  BCA 
protein assay was performed for the estimation 
of protein content. Electroblotted and SDS-
PAGE (10 %) onto nitrocellulose mem branes 
was used to separate 40 µg of protein per 
lane. Primary antibodies were incubated with 
the membrane after blocking it by using skim 
milk (5 %). Primary antibodies such as anti-
GAPDH, anti-NF-κB p65, anti-p-NF-κB p65, anti-
cleaved caspase-3, anti-Bcl-2, anti-Bax, anti-IL-6 

and anti-TNF-α were used in the study. Later 
peroxidase-conjugated sec ondary antibodies 
were used for the estimation of binding of 
primary antibodies. chemilumi nescence 
was applied for the estimation of protein by 
analyzing the band pattern with Quantity One 
4.1.0 software.

RT-PCR
Trizol Reagent was utilized for the extraction 
of total RNA from the brain tissue and Super 
RT One Step RT-PCR Kit was used to perform 
RT-PCR analysis as per the direction given by 
the manufacturer. Specific primer for TNF-α 
and β-actin was sued in the study. Relative 
quantification of gene expression was 
performed using the 2-ΔΔCt method, with β-actin 
mRNA as an internal control.

Statistical analysis 
All data are shown as mean ± standard 
deviation (SD, n = 10), and were analysed by 
one-way ANOVA, followed by Dunnett’s post 
hoc test (Gradpad prism 6.1., CA, USA). P< 0.05 
was considered statistically significant. 

Result

Effect of butin on the neurological 
score and hemorrhagic injury
Effect of butin on the neurological score and 
hemorrhagic injury in ICH rats was shown 
in Fig. 1. There was significant decrease in 
the neurological scoring in the ICH group as 
compared to the control group. However, 
neurological scoring was significantly 

 

Fig. 1. Effect of butin on the neurological score and hemorrhagic injury was estimated in ICH rats
Values Mean ± SD (n = 6), @@ p < 0.01 Vs Control group; ** p < 0.01 Vs ICH group
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Fig. 2. Effect of butin on the expressions of Bax, Bcl-2 and cleaved caspase-3 in brain tissues of ICH rats
Values Mean ± SD (n = 6), @@ p < 0.01 Vs Control group; ** p < 0.01 Vs ICH group

increased in the butin treated group of rats 
compared to ICH group in a dose dependent 
manner. In addition, hemorrhagic lesion 
volume was significantly reduced in the butin 
treated group than ICH group.

Effect of butin on the apoptosis of 
neuron 
Effect of butin on the expressions of Bax, Bcl-
2 and cleaved caspase-3 in brain tissues of ICH 
rats was assessed for the estimation of neuronal 
apoptosis as shown in fig. 2. It was observed that 
the ratio of Bax/Bcl-2 and protein expression of 
Cleaved caspase-3 significantly enhanced in 
ICH treated group than control group. However, 
treatment with butin significantly decreases 

the ratio of Bax/Bcl-2 and protein expression 
of Cleaved caspase-3 than ICH group in dose 
dependent manner.

Effect of butin on the NF- κB 
signaling pathway
Effect of butin on the NF- κB signaling pathway 
was estimated by determining the expressions 
of p-NF- κB p65 and NF- κB p56 in brain tissues of 
ICH rats as shown in Fig. 3. It was observed that 
the expressions of p-NF- κB p65significantly 
enhances as the phosphorylation of p65 protein 
is also enhanced in ICH group compared to 
control group. The altered expression of p-NF- 
κB p65 was significantly attenuated by butin in 
ICH rats.

Effect of butin on inflammatory 
mediators
Effect of butin on the level inflammatory 
mediators in brain tissues of ICH rats was 
shown in Fig. 4. There was significant increase 
in the expressions of inflammatory mediators 
such as TNF-α and IL-6 in ICH group compared 
to control group of rats. Treatment with butin 
significantly decreased the expressions of 
TNF-α and IL-6 in the brain tissues of ICH rats.

Discussion

Literature suggests ICH causes secondary 
brain injury leading to brain edema [14]. 
Development of brain edema after ICH 
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Fig. 3. Effect of butin on the expressions of p-NF- κB p65 and NF- κB p56 in brain tissues of ICH rats
Values Mean ± SD (n = 6), @@ p < 0.01 Vs Control group; *p<0.05, ** p < 0.01 Vs ICH group

causes brain herniation due to increase in 
the intracranial pressure [15]. Several reports 
reveal that neurological function is decreased 
in patients suffering from brain edema [16]. 
Butin has an estrogenic action and the drugs 
mimic the action of estrogen’s reported 
neuroprotective effect [17].  In addition to 
it cyto-protective effect, butin was reported 
to have anti-inflammatory and antioxidant 
properties [18].  Our study evaluated the 
protective effect of butin in ICH in rats. ICH 
was induced by injecting bacterial collagenase 
in rat brain and several parameters such as 
neurological score, hemorrhagic volume, 
expressions of inflammatory mediators and 
pathway of apoptosis was assessed in the rats’ 
brains. 

Neurological scoring decreased in patients 
suffering of intracranial injury and increased  
cerebral edema [19]. Previously reported 
investigations reveals that drugs used for the 

treatment of ICH improves brain edema and 
neurological scoring; and the result of our 
study also suggests that treatment with butin 
significantly attenuates the altered level of 
cerebral edema and neurological score in ICH 
rats [20]. ICH leads to apoptosis of neuronal 
cells by activating the caspase enzyme cascade 
due to alteration in the regulation of anti-
apoptotic protein Bcl-2 and pro-apoptotic Bax 
[21]. Apoptosis of cells is controlled by the 
caspase 3 enzyme, which is up regulated in the 
ICH condition [22]. Data of our study revealed 
that the ratio of Bax/Bcl-2 was significantly 
reduced and the expression of caspase 3 
proteins was also decreased in the brain tissues 
of butin treated rats than ICH rats.

In addition, the development of secondary 
brain injury after ICH occurs due to up 
regulation of the inflammatory process. The 
level of pro-inflammatory mediators increased 
in the ICH condition and treatment with butin 

was found to significantly decrease the level of 
pro-inflammatory cytokines than ICH group.  
In addition for the inflammatory response NF-
κB signaling pathway plays an important role 
and level of NF-κB elevated in ICH condition. 
However, butin attenuated the altered level of 
NF-κB in the brain tissues of ICH group.

Conclusion

In conclusioin, our study found that butin 
attenuates the altered behavior and neuronal 
condition in ICH rats by reducing apoptosis 
and the inflammatory response. Thus butin 
shows a promising effect against neurological 
impairments in the ICH condition.
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Fig. 4. Effect of butin on the level inflammatory mediators in brain tissues of ICH rats
Values Mean ± SD (n = 6), @@ p < 0.01 Vs Control group; ** p < 0.01 Vs ICH group
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