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Abstract Necroptosis is a recently discovered pro-

grammed necrosis, regulated by receptor interacting pro-

tein kinase 1 (RIP1) and RIP3 after death signal stimulation

and could be specifically inhibited by necrostatin-1. The

aim of this study was to investigate the role of RIP1 and

RIP3 signal pathways in a mouse model of collagenase-

induced intracerebral hemorrhage (ICH) and assess the

effect of necrostatin-1 on brain injury after ICH. We found

that RIP1 and RIP3 proteins were abundantly expressed

and increased in mice brain after ICH. Necrostatin-1 pre-

treatment improved neurological function and attenuated

brain edema in mice after ICH. Moreover, necrostatin-1

reduced RIP1–RIP3 interaction and propidium iodide (PI)

positive cell death, and further inhibited microglia activa-

tion and pro-inflammatory mediator genes [tumor necrosis

factor-a (TNF-a) and interleukin-1b (IL-1b)] expression

after ICH. These findings indicate that RIP1/RIP3-medi-

ated necroptosis is an important mechanism of cell death

after ICH. Through inhibiting necroptosis, necrostatin-1

plays a protective role in reducing necrotic cell death after

ICH. Necrostatin-1 is a promising therapeutic agent that

protects cells from necroptosis and improves functional

outcome.
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Introduction

Intracerebral hemorrhage (ICH) accounts for approxi-

mately 15 % of acute strokes [1]. After ICH, complex

pathophysiologic processes occured in the brain tissue

around the hematoma, including brain edema formation,

cytotoxic blood components releasing, oxidative stress and

inflammation response [1]. These pathological factors

together finally caused cell death in the brain tissue and

subsequent neurological dysfunction after ICH. Previous

researches in animal and human hemorrhagic brains had

revealed that necrosis and apoptosis are two major kinds of

cell death presenting in the brain tissue after ICH [2–4].

Little study has been done to evaluate the contribution of

programmed necrosis to brain injury after ICH. Some

recent studies indicated that some molecular pathways

could regulate particular kind of necrosis, which was

named programmed necrosis or necroptosis [5, 6].

Necroptosis is a caspase-independent type of cell death

that is activated when caspases are inhibited or not activated

[7, 8]. Several recent studies had showed that necroptosis is

regulated by the kinase activity of receptor interacting pro-

tein kinase 1 (RIP1) and its interaction with receptor inter-

acting protein kinase (RIP3) after death signal stimulation

[5, 6, 9, 10]. And necrostatin-1 (Nec-1), which is a specific

small molecule inhibitor of necroptosis, can specifically

inhibit RIP1 kinase activity and RIP1–RIP3 interaction [6, 9,

11]. Necroptosis or programmed necrosis has been shown to

take part in various disease models, including ischemic

stroke and traumatic brain injury [11, 12]. However, it

remains unknown whether RIP1/RIP3-mediated necroptosis

X. Su (&) � H. Wang (&) � J. Zhu � Q. Sun � T. Li � K. Ding

Department of Neurosurgery, Jinling Hospital, School of

Medicine, Nanjing University, 305 East Zhongshan Road,

Nanjing 210002, Jiangsu Province, People’s Republic of China

e-mail: neurosurgery828@gmail.com

H. Wang

e-mail: njhdwang@hotmail.com

X. Su � D. Kang

Department of Neurosurgery, The First Affiliated Hospital

of Fujian Medical University, 20 Chazhong Road,

Fuzhou 350005, Fujian, People’s Republic of China

123

Neurochem Res (2015) 40:643–650

DOI 10.1007/s11064-014-1510-0



occurs in hemorrhagic brain tissue and whether necrostatin-1

could inhibit necroptosis after ICH in mice.

In the present study, we demonstrated that RIP1/RIP3-

mediated necroptosis contributed to necrotic cell death

after ICH. And we further proved that RIP1 kinase inhib-

itor necrostatin-1 attenuated brain injury through inhibiting

RIP1/RIP3 pathway after ICH in mice.

Materials and Methods

Intracerebral Hemorrhage Animal Model and Drug

Administration

The research protocols were reviewed and approved by the

Committee of Animal Care and Use of Nanjing University,

in compliance with NIH guidelines. Male ICR mice

(25–35 g) were supplied by Animal Center of Chinese

Academy of Sciences (Shanghai, China). The mice were

kept in a constant circumstance with free access to food

and water and 12-h dark-light cycle. The researchers who

participated in this study were blinded to all aspects of the

study. Experimental procedures were performed following

criteria derived from Stroke Therapy Academic Industry

Roundtable (STAIR) group guidelines for preclinical

evaluation of stroke therapeutics. Animals that died after

ICH induction were excluded from experimental groups.

The procedure for inducing ICH in mice was adapted

from a method that has been described before [13]. Briefly,

mice were anesthetized with sodium pentobarbital (50 mg/

kg, i.p.) and fixed in the stereotactic apparatus. Then

0.06 U of Type IV collagenase (Sigma, St. Louis, USA) in

0.5 ll of saline were injected unilaterally into the right

striatum through a 0.5-mm cranial burr hole as the fol-

lowing coordinates (2.5 mm lateral to the bregma, 3.5 mm

in depth). To prevent reflux, Collagenase was delivered

over 5 min and the needle was left additional 5 min after

injection. An equivalent volume of sterile saline was given

as the same procedure in the Sham group. Then we closed

the burr hole with bone wax, and sutured the skin.

Throughout the surgery and recovery period, mice were

kept at 37 �C using a warm blanket.

For drug administration, 80 nmol necrostatin-1, 5-(1H-

Indol-3-ylmethyl)-(2-thio-3-methyl) hydantoin (Nec-1,

Sigma, USA) was dissolved in 1 ll dimethyl sulfoxide

(DMSO, Sigma, USA) based on previous studies [11, 12]

and our preliminary study (data not shown). Immediately

after surgery, animals were randomly assigned to the fol-

lowing four groups by a researcher who was blinded to the

study, Sham operated group (Sham), Sham treated with

necrostatin-1 group (Nec-1), ICH treated with vehicle

group (ICH), ICH treated with Nec-1 group (ICH?Nec-1).

The Sham group mice received an equal volume of vehicle.

1 ll Nec-1 (80 nmol) solution or 1 ll Vehicle (DMSO)

was pretreated with a single intracerebroventricular injec-

tion into the ipsilateral cerebral ventricle (coordinates rel-

ative to bregma: 0.5 mm anterior, 1 mm lateral, 2 mm

deep) 15 min before ICH induction. Animals were eutha-

nized at related time points after surgery.

Neurological Deficits Assessment

Neurological deficits were first assessed using a 24-point

neurological scoring system, which included body symme-

try, gait, climbing, circling behavior, front limb symmetry

and compulsory circling as previous reports [13]. Neuro-

logical functions were then evaluated using a wire grip test

(a 5-point scoring system) as previous describe [12, 14].

A person blinded to the treatment groups performed the

neurological function evaluation. The neurological func-

tion assessment was done before surgery (0 day) and at

1 day, 3 days, and 7 days after ICH. Each mouse was

performed 3 times at each time point.

Brain Water Content

Brain edema was determined by the wet-dry weigh ratio

method as descripted previously [13]. Briefly, brains were

quickly divided into three parts, including the ipsilateral

and contralateral hemisphere, and the cerebellum. Each

part was immediately weighted to get wet weight. Then

tissue was dried at 100 �C for 24 h to obtain dry weight.

The brain water content = (wet weight–dry weight)/wet

weight of brain tissue 9 100 %.

Propidium Iodide Labeling

Propidium iodide (PI; Sigma, USA) was administered via

intraperitoneal injection 1 h before euthanizing mice at

various time points after ICH. Then the mice brains were

collected and kept in liquid nitrogen. Frozen brain sections

were got at every 150 lm interval through hemorrhage

area from each brain. For quantification of PI positive cells,

photographs were randomly taken from four individual

2009 fields in the peri-hematomal region in each section.

There were three sections per animal were photographed

and analyzed by an investigator who blinded to the

experiment condition. PI positive cells were expressed as

PI?/9200 field in each group.

Immunoprecipitation and Western Blot

Frozen brain tissue was homogenized in 0.5 ml of ice-cold

RIPA buffer and the supernatants were cleared by centri-

fugation at 12,000g for 15 min at 4 �C. Protein concen-

trations were determined using a BCA kit (Pierce, USA).
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For RIP1 immunoprecipitation, we employed Pierce Co-IP

Kit (Thermo Scientific, 26149) following manufacturer’s

instructions. 4 mg protein was pre-cleared with Control

Agarose Resin for 2 h and then incubated with anti-RIP1

antibody or control nonspecific IgG (Santa Cruz, USA)

binding AminoLink Plus Coupling Resin columns at 4 �C

overnight before analysis by western blotting.

For Western blotting, aliquots of protein were boiled in

denaturing sample buffer. Immunoprecipitates or Inputs were

run on 12 % SDS–polyacrylamide gel electrophoresis and

transferred onto nitrocellulose membranes. After blocking

with 5 % milk in TBST for 1 h, membranes were incubated

overnight at 4 �C with rabbit anti-RIP1 (Santa Cruz, USA) or

anti-RIP3 antibody (Santa Cruz, USA) or b-actin (Bio-world,

USA). Primary antibodies were diluted (1:1,000) in TBST.

Membranes were washed with TBST three times, and then

incubated for 2 h with goat anti-rabbit horseradish peroxidase-

conjugated secondary antibody (1:10,000 in TBST) at room

temperature. Blots were developed using a chemilumines-

cence kit (Millipore) and exposed to X-ray film. Densitometric

analysis of the bands was performed with imageJ software.

Iba-1 Immunohistochemistry

Iba-1 immunohistochemistry was performed as previous

detailed by our laboratory [13]. Brain sections were washed

with PBS, blocked in 10 % normal goat serum and then

stained using rabbit anti-mouse Iba-1 antibody (1:200,

Wako, Japan) at 4 �C overnight. Brain sections were

washed in PBS three times for 10 min, and then labeled

with Alexa-Flour tagged secondary antibody (1:200;

Invitrogen, USA) for 1 h at room temperature. Immuno-

reactivity of Iba-1 was photographed under a fluorescence

microscope. Iba-1 positive cells were counted and

expressed as cells/9200 field, which was the same as above

PI counting or our previous report [13].

Quantitative RT-PCR

Total RNA was isolated using TRIzol reagent (Invitrogen,

USA). Total cDNA was synthesized as previously described

[15]. Quantitative real-time polymerase chain reaction (PCR)

analysis was performed using SYBR Green qRT-PCR kit

(Takara Biotechnology, Japan) according to the manufac-

turer’s instructions. Primers (Invitrogen, Shanghai, China)

were synthesized as follows: IL-1b: FP 50-GCCCATC

CTCTGTGACTCAT-30; RP 50-AGGCCACAGGTATTTTG

TCG-30; TNF-a: FP 50-CGTCAGCCG ATTTGCTATCT-30;
RP 50-CGGACTCCGCAAAGT CTAAG-30; b-actin: FP 50-
GACAGGATGCAGAAGGAGATTACT-30; RP 50-TGATC

CACAT TGCTGGAAGGT-30. Total RNA concentrations in

each sample were normalized to the quantity of b-actin

mRNA, and the expression levels of target genes were

expressed by ratio of the number of target mRNA to b-actin

mRNA.

Statistical Analysis

Data were expressed as means ± SEM. The statistical

analysis was determined by GraphPad Prism 5 software.

For comparisons among multiple groups, one-way or two-

way analysis of variance followed by a post hoc (Bonfer-

roni) test was used to determine significant differences.

Differences between two groups were determined by the

Student’s t test. Statistical significance was set at p \ 0.05.

Results

Temporal Course of Necrotic Cell Death in Brain

Tissue After ICH

Plasmalemma permeability is a feature of necrotic cell death.

ICH induced cellular plasmalemma permeability to PI. Here,

we used in vivo PI labeling to identify cells with plasma-

lemma permeability or necrosis and studied their time course

after collagenase-induced ICH in mice. Our results showed

that plasmalemma permeability was detected in the insulted

brain tissue after ICH, which was peak at 3 days after ICH

(Fig. 1a, b). These results revealed that necrotic cell death

was increased in the brain tissue after ICH.

Expression Levels of RIP1 and RIP3 Protein

in the Mice Brain After ICH

The induction of necroptosis requires RIP1 and RIP3 kinase

activity [7]. Therefore, we investigated the changes of RIP1

and RIP3 protein expression at 0–7 days after ICH. As

shown in Fig. 1c, RIP1 protein was abundantly expressed in

baseline and after ICH. The expression level of RIP3 was

quite low in the Sham group, but dramatically increased and

persisted at least 7 days after ICH induction (Fig. 1e). These

results suggested that RIP1 and RIP3 mediated necroptosis

was involved in the cell death after ICH.

Necrostatin-1 Improved Neurobehavioral Performance

and Attenuated Brain Edema in Mice After ICH

To test the protective effect of Nec-1 in vivo, Nec-1 was

pretreated through cerebral ventricle injection to mice

15 min before ICH induction. Neurological function was

assessed at 0, 1, 3 and 7 days after ICH induction or Sham-

operated mice in each group. No difference in baseline

neurological function before ICH was observed between

any groups of mice (Fig. 2a, b). Sham-operated mice

administered with Nec-1 or vehicle performed similar to
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intact mice (data no shown). Neurological deficits were

first evaluated using a 24-point neurological scoring sys-

tem. As shown in Fig. 2a, neurological deficits were sig-

nificantly decreased in Nec-1-pretreated group at all assess

time points versus vehicle-pretreated ICH group (n = 6

mice/group, ## p \ 0.01, # p \ 0.05 vs. ICH, Fig. 2a).

Then, we used a wire grip test to further test the neuro-

behavioral performance in each group. Results showed that

motor function in Nec-1-pretreated mice was significantly

improved at all evaluate time points when compared with

vehicle-treated ICH mice (n = 6 mice/group, ## p \ 0.01,

# p \ 0.05 vs. ICH, Fig. 2b).

Furthermore, we measured brain water content in each group

to explore whether Nec-1 pretreatment could reduce brain

edema. It showed that Nec-1 pretreatment dramatically reduced

brain edema in the ipsilateral hemorrhagic brain at 3 days after

ICH (n = 6 mice/group, ## p\0.01 vs. ICH, Fig. 2c).

Necrostatin-1 Pretreatment Reduced Necrotic Cell

Death Through Abolishing RIP1–RIP3 Interaction

in Mice After ICH

To elucidate the effect of necrostatin-1 pretreatment on

ICH-induced cell death, we counted PI-positive cells as

previously described in each group. As shown in Fig. 3a, b,

Nec-1 administration resulted in less PI-positive cells in the

peri-hematomal region at 3 days after ICH when compared

with vehicle-treated ICH mice (n = 6 mice/group, ##

p \ 0.01 vs. ICH, Fig. 3b), suggesting a significant

reduction of necrotic cell death post ICH.

Fig. 1 Necrotic cell death detected in vivo by propidium iodide (PI)

and expression levels of RIP1 and RIP3 protein in brain tissue after

intracerebral hemorrhage (ICH). a Representative photographs of PI

positive cells at 0 (Sham), 1, 3 and 7 days after ICH. Scale bar

50 lm. b Quantitation of PI positive cells in 9200 fields between 0

and 7 days after ICH. c Representative Wentern blots of RIP1 and

RIP3 expression. d Densitometric quantification of RIP1. e Densito-

metric quantification of RIP3. Values were mean ± SEM, n = 6

mice/group, *p \ 0.05, **p \ 0.01, ***p \ 0.001 versus Sham

group
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We further explored whether Nec-1 pretreatment had any

effect on RIP1–RIP3 interaction after ICH. We investigated

the recruitment of RIP3 to RIP1 by immunoprecipitation.

Our result showed that the interaction between RIP1 and

RIP3 was greatly enforced in the vehicle-treated mice at

24 h after ICH (Fig. 3c, d). However, Nec-1 pretreatment

significantly reduced RIP3 recruitment to RIP1 after ICH

(n = 6 mice/group, # p \ 0.05 vs. ICH, Fig. 3c, d).

Necrostatin-1 Decreased Microglia Activation

and Proinflammatory Cytokine Genes Expression After

ICH

To further assess the potential effect of Nec-1 on neuro-

inflammation after ICH, we studied microglia activation

and proinflammatory mediator genes expression at 3 days

after ICH (Fig. 4). Nec-1-pretreated mice showed a sig-

nificant reduction of Iba-1 positive cells compared to

vehicle treatment (Fig. 4a, b, # p \ 0.05 vs. ICH). In

accordance with reduction of microglia activation, Nec-1

pretreatment significantly inhibited TNF-a and IL-1b
mRNA levels at 3 days after ICH (Fig. 4c, d, # p \ 0.05

vs. ICH). These results suggested Nec-1 inhibited inflam-

matory response after ICH.

Discussion

In the present study, we proved that necroptosis might be

an important pathogenic mechanism of cell death after

ICH. RIP1 and RIP3 proteins were abundantly expressed

after ICH. Nec-1 pretreatment improved neurological

function and attenuated brain edema in mice after ICH.

Moreover, Nec-1 reduced RIP1–RIP3 interaction and

necrotic cell death, and further inhibited inflammatory

response after ICH. These results demonstrated that Nec-1

attenuated brain injury after ICH through inhibiting RIP1/

RIP3-mediated necroptosis.

Necroptosis is recently discovered programmed necro-

sis, which is activated by TNF-a and/or Fas [8, 11]. Nec-

roptosis has been shown to play important roles in various

pathophysiological conditions, including ischemic stroke

and traumatic brain injury [11, 12]. Furthermore, recent

studies revealed that formation of pro-necrotic RIP1–RIP3

complex is an essential step in the RIP1 kinase activation

and necroptosis induction [6, 9, 10]. Our results showed

that RIP1 was abundantly expressed in the brain tissue and

RIP3 expression was significantly increased after ICH

(Fig. 1). These laid a foundation for the formation of

RIP1–RIP3 complex and indicated that RIP1–RIP3 medi-

ated necroptosis may be involved in the cell death after

ICH.

Necrostatin-1 has been shown to play protective roles in

ischemic stroke and traumatic brain injury [11, 12]. But,

it’s still not well known how Nec-1 reduces ICH-induced

brain injury. So, we carried out the present study. As

expected, our results showed that pretreatment with Nec-1

significantly produced functional improvement (Fig. 2a, b)

and reduced brain edema (Fig. 2c) after ICH. A recent

similar study further proved that necrostatin-1 reduced

Fig. 2 Necrostatin-1 (Nec-1)

pretreatment reduced

neurological function and brain

edema in ICH mice. a Statistical

analysis of neurological

deficiency in each group at

0–7 days using a 24-point

neurological scoring system.

b Statistical analysis of

neurobehavioral performance in

each group at 0–7 days by wire

grip test. c Statistical analysis of

brain edema at 3 days in each

group. N = 6 mice/group.

***p \ 0.001 versus Sham

group, #p \ 0.05, ##p \ 0.01

versus ICH group. Con-Hp,

contralateral hemisphere; Ips-

Hp, ipslateral hemisphere;

Cerebellum. Values were

expressed as mean ± SEM
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injury volume after ICH [16]. Taken together, these data

indicated that Nec-1exerted its neuroprotective effect

through inhibiting secondary brain injury after ICH.

Membrane integrity disruption or plasmalemma per-

meability is one important feature of necrotic cell death,

which can be detected using in vivo PI labeling. Our results

Fig. 3 Necrostatin-1 (Nec-1) pretreatment reduced necrotic cell death

and RIP1–RIP3 interaction after ICH. a Representative pictures of PI

(propidium iodide) staining at 3 days after ICH. b Quantification of PI

positive cells representing necrotic cell death at 3 days after ICH. Scale

bar 50 lm. c Representative Immunoprecipitation (IP) and Western

blot (WB) results for RIP1 and RIP3 interaction. IgG as negative

control. RIP1 and b-actin input as loading control. d Quantification

showing RIP1 and RIP3 interaction is significantly decreased at 1 day

after ICH in Nec-1 pretreated mice. N = 6 mice/group, ***p \ 0.001

versus Sham, #p \ 0.05, ##p \ 0.01 versus ICH

Fig. 4 Necrostatin-1 (Nec-1) pretreatment inhibited microglia acti-

vation and pro-inflammatory mediator genes expression after ICH.

a Representative pictures of Iba-1 staining at 3 days after ICH. Scale

bar 50 lm. b Quantification of Iba-1 positive cells representing

microglia activation at 3 days after ICH. c Quantification of TNF-a

mRNA expression at 3 days after ICH using quantitative RT-PCR.

d Quantification of IL-1b mRNA expression at 3 days after ICH using

quantitative RT-PCR. Data were normalized to b-actin. N = 6 mice/

group, ***p \ 0.001 versus Sham, #p \ 0.05 versus ICH
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showed that plasmalemma permeability (PI positive cells)

was detected in the brain after ICH within several hours,

with peak permeability at two to 3 days after ICH (Fig. 1).

These results were consistent with previous report by other

group [4]. Therefore, PI positive cells were counted to

assess the effect of necrostatin-1 on necrotic cell death at

3 days after ICH in this study. Results showed that Nec-1

reduced necrotic cell death in the peri-hemotomal region

after ICH (Fig. 3a, b). These results were consistent with

previous studies which demonstrated that necrostatin-1

significantly decreased the number of PI-positive cells in

TBI and ICH model [12, 16]. In addition, RIP3 knockout

mice dramatically reduced necrotic cell death induced by

ICH [4]. Taken together, these results and published reports

linked RIP1 and RIP3 kinase activity with necrotic cell

death after ICH.

Accumulating evidence has shown that Nec-1 specifi-

cally inhibits necroptosis through suppressing RIP1 kinase

activity and RIP1–RIP3 interaction in vitro studies [6, 9,

11]. In the present study, we found that RIP3 was recruited

to RIP1 and formed RIP1–RIP3 complex after ICH

(Fig. 3c). Nec-1 treatment markedly abolished the pro-

necrotic RIP1–RIP3 complex formation after ICH (Fig. 3c,

d). Our results were consistent with these in vitro studies.

These results indicated that RIP1 and RIP3 were key reg-

ulators for necroptosis after ICH. Inhibition of RIP1–RIP3

interaction might be the major mechanism of necrostatin-1

mediated neuroprotection in ICH.

Necrotic cells and damaged brain tissue release a wide

variety of cell components into the peri-hemotomal brain

parenchyma. These ‘‘danger’’ components subsequently

activate immune system, trigger inflammatory response and

finally exacerbate brain injury after ICH [1, 17, 25].

Microglia are the resident immune cells in brain tissue and

play essential pathophysiological roles in many neurological

diseases, such as ICH [17]. It is a major contributor of pro-

inflammatory cytokines after ICH [17]. Persistent microglial

activation often activates neuroinflammation and aggravates

brain injury after ICH. Meanwhile, inflammatory mediators,

such as TNF-a and IL-1b, increased blood brain barrier

permeability, promoted vasogenic edema, induced leuko-

cyte infiltration into the brain, and further exacerbate brain

injury after ICH [18, 19]. TNF-a was increased after ICH and

neutralizing TNF-a suppressed brain injury, suggesting that

TNF-a may contribute to the induction of apoptosis and

necroptosis after ICH [20, 21]. A recent in vitro study

showed that Toll-like receptor activated microglia could

undergo necroptosis through RIP1/RIP3 pathway [22]. Toll-

like receptors were also involved in inflammation and brain

injury after ICH [23, 24]. So we further investigated whether

necrostatin-1 had effect on microglia activation and

inflammatory response in vivo ICH model. As expected, our

data showed that pretreatment with Nec-1 markedly

inhibited microglial activation (Fig. 4a, b) and reduced the

expression of pro-inflammatory mediator genes (TNF-a and

IL-1b, Fig. 4c, d) at 3 days after ICH. These results were

consistent with previous reports in other disease models and

in vitro primary microglia study [12, 22]. Taken together,

these data suggested that RIP1/RIP3-dependent necroptosis

might also contribute to microglia activation and neuroin-

flammation after ICH.

The present study added RIP1/RIP3-mediated necropto-

sis to the mechanisms of brain injury after ICH. However,

further work is needed to identify whether other necroptosis

signaling pathways are getting involved in ICH. Our study

has some limitations. First,we pre-treated Nec-1 at 15 min

before ICH. It is unlikely that Nec-1 pretreatment could

apply at this time point in clinical practice, which may limit

the clinical use of Nec-1. Further studies are needed to

determine practical and effective regimen of Nec-1 after

ICH. Second, a small number of ICR mice were included in

the present study. We should use C57BL6 mice and add more

animals to our future studies. Third, we used single Nec-1

concentration in this study. In a future study, multiple Nec-1

doses should be evaluated to confirm the optimal concen-

tration of Nec-1 for maximal neuroprotection in ICH mice. In

addition, the therapeutic window of Nec-1 should also be

investigated in the future study.

In conclusion, our work suggests that RIP1/RIP3 may be

an essential pathway for necrotic cell death and contribute

to neurologic dysfunction after ICH in mice. Necrostatin-1

pretreatment exerted multifaceted neuroprotection through

decreasing injury volume, brain edema, necrotic cell death,

RIP1/RIP3 interaction, microglia activation and inflam-

matory response in ICH model. These results suggest that

targeting RIP1/RIP3-mediated necroptosis may be novel

strategy to prevent brain injury after ICH. Our data also

indicate the potential neuroprotective value of necrostatin-

1 against ICH, which deserves further study.
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