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Abstract: Neonatal hypoxic ischemic encephalopathy (HIE) has been reported to induce apoptosis in neonates. 
We, therefore, analyzed the ability of Bax-inhibiting peptide (BIP) to provide neuroprotective effects during hypoxic-
ischemic brain damage (HIBD). Seven-day-old wistar rat pups (n = 198) were randomly divided into a sham-operated 
group (Group S, n = 18), saline group (Group C, n = 90) and BIP group (Group B, n = 90). Pathological changes in 
the cerebral tissues of rat pups were analyzed using hematoxylin and eosin stain, TUNEL and Western blot. The 
expression of cytochrome c and caspase-3 was determined using western blot technique. Rat pups demonstrated 
neurobehavioral alteration in Groups C and B. TUNEL-positive cells in the left hippocampus were significantly in-
creased in Group C and Group B after HIBD (P < 0.01) when compared with Group S. There was a marked reduction 
in TUNEL positive cells in subgroups B1 through B4 when compared with the respective subgroups C1 through C5. 
Compared with Group S, the expression of caspase-3 and cytochrome c was significantly increased in Groups C and 
B (P < 0.01). The difference in expression of caspase-3 and cytochrome c between subgroups B1 through B4 and 
C1 through C4 was significant (P < 0.01). In conclusions, the neuro-protective effect of BIP was due to a reduction 
of nerve cell apoptosis in our neonatal HIE rat model. We propose that BIP has potential as a neuro-protective drug 
in neonatal HIE cases.
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Introduction

Hypoxic-ischemic encephalopathy (HIE) refers 
to the hypoxic-ischemic brain damage (HIBD) 
caused by asphyxia and anoxia in neonates. 
Perinatal HIE occurs in 1 to 3 per 1000 live full-
term births [1]. Fifteen to twenty percent of 
affected newborns will die during the postnatal 
period, and an additional 25% will develop 
severe and permanent neuropsychological 
sequela, including mental retardation, visual 
motor or perceptive dysfunction, increased 
hyperactivity, cerebral palsy and epilepsy [2-4]. 
Perinatal HIE is the most important cause of 
cerebral damage and long-term neurological 
sequelae in the perinatal period in both full 
term and preterm infants. The serious neuro-
logical sequelae caused by perinatal HIE affect 
the quality of life of affected infants and result 
in an increased burden on society. Unfortunately, 

currently there is no effective therapies avail-
able. Therefore, studies of the pathogenesis of 
HIE are urgently needed in order to find effec-
tive measures to decrease the morbidity and 
mortality caused by HIBD.

Previous studies have demonstrated that free 
radical production, inflammation, glutamate 
excitatory toxicity and endothelial cell dysfunc-
tion are involved in the pathological mecha-
nisms of HIE [5]. Ultimately, these pathological 
conditions lead to neurocyte death by necrosis 
or apoptosis. Apoptosis plays a more important 
role in neurocyte deficiency and dysfunction [6]. 
Hill et al. demonstrated that neurocyte apopto-
sis occurs in HIBD by utilizing a seven-day old 
rat pup model of HIBD [7].

Apoptosis can be executed by two distinct 
molecular mechanisms: the intrinsic (caspase-
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9-dependent) and extrinsic (caspase-8-depen-
dent) pathways. Both pathways lead to the acti-
vation of the final player, caspase-3 [8-11]. 
Activation of caspase-3 results in DNA frag-
mentation, loss of normal cell contacts, cell 
blebbing, cell condensation and subsequent 
phagocytosis [12, 13].

During caspase-mediated apoptosis, mitochon-
dria integrate lethal and survival signals and 
thereby play a crucial role in deciding the fate of 
the cell. Integral mitochondrial membrane per-
meability (MMP) is key to this decision process 
[3, 14]. Bax, a member of the Bcl-2 family [15], 
translocates from the cytosol to the mitochon-
dria in response to apoptotic stimuli and causes 
the release of apoptogenic factors, such as 
cytochrome c (Cyt C) [16-18]. Bax-mediated cell 
death is implicated as one of the major causes 
of pathology in damaged tissue. Neurode- 
generative diseases in which Bax-mediated cell 
death plays important role include Alzheimer’s 
disease [6], Parkinson’s disease [7] and isch-
emia/reperfusion-induced organ damage [8]. 
Sawada et al. [19] used a yeast-based function-
al screening system to search for Bax inhibitors 
and demonstrated that cloned human Ku70 is 
a potential Bax suppressor protein. Ku70 is the 
70K subunit of Kuantigen, a heterodimeric 
complex composed of Ku70 and Ku80. 
Pentapeptides based on Ku70 are known as 
Bax inhibiting peptides (BIPs) and suppress 
Bax-mediated cell death in human cancer cell 
lines [20]. Therefore, we hypothesized that BIP 
has the potential to be a novel therapeutic can-
didate that can protect against apoptotic dam-
age in neonatal HIE.

Materials and methods

Animals 

One-hundred and ninety-eight healthy Wistar 
rat pups of either sex (12 to 16 g, SCXK 
20090007, 7 days old) supplied by the Experi- 
mental Animal Center of Qingdao City were 
used in experiments. Seven-day old pups were 
chosen because the neurodevelopmental sta- 
ge of these animals corresponds to that of new-
born human infants.

HIBD models

The Vannucci [21] protocol was followed for the 
HIBD model. Briefly, seven-day-old rat pups 

were anesthetized with 10% chloral hydrate (3 
ml per kg body weight by intraperitoneal injec-
tion). The right common carotid artery (CCA) 
was exposed, separated from nerves and veins 
and permanently ligated with 4-0 surgical silk. 
After the wound was sutured, the pups were 
allowed to recover from anesthesia and 
returned to the cage. The entire surgical proce-
dure never exceeded eight min. Sham-operated 
pups underwent the same operative procedure 
except that the exposed carotid artery was not 
ligated. Two hrs after surgery, pups were placed 
in an airtight 3 L container and exposed to a 
humidified 8% mixture of nitrogen and oxygen. 
The container was partially submerged in a 
37°C water bath to maintain a constant ther-
mal environment. After being exposed to hypox-
ia for 150 min, pups were returned to the cage 
until they were sacrificed. During the whole pro-
cess, animals were kept away from bright light 
and noise.

Rat pups were randomly divided into three 
groups. In Group S (sham group, n = 18) a mid-
line vertical neck incision was performed and 
sutured under anesthesia, without common 
carotid artery (CCA) ligation and hypoxia, then 
0.2 ml saline was given intraperitoneally. In 
Group B (BIP group, n = 90) BIP (Merck 
Germany) was injected in the left lateral ventri-
cle 0, 6, 12, 24 and 72 hrs after the HIBD pro-
cedure (described above). In Group C (control 
group, n = 90) the left lateral ventricle was 
injected with saline and all other procedures 
were the same as Group B. Group B and C were 
randomly divided into five subgroups (n = 18 for 
each group, groups were numbered B1to B5 
and C1 to C5, respectively) according to the dif-
ferent drug injection time points. All experimen-
tal designs were approved by the hospital eth-
ics committee.

Intracerebroventricular injection

Lateral ventricle injection was performed 
according to the previously described method 
[22]. Preliminary tests using methylene blue 
tracing and anatomic localization demonstrat-
ed that the method was feasible. Anesthetized 
pups were secured in a miniature stereotaxic 
apparatus in a prone position, the scalp incised 
and the lambdoid suture exposed. The location 
of each injection in relation to the lambda was 
2.0 mm rostral and 1.5 mm lateral by compass 
and ruler and then the 10 µl microsyringe (10 
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µl, Shanghai Medical Instrument Factory 
Shanghai, China) was inserted vertically to a 
depth of 2.0 mm through the skull surface. 
Pups then received an intracerebroventricular 
(ICV) injection of 5 ul BIP (5 mg/mL) or saline. 
Injection time lasted about 1 min and injection 
was withdrawn after 30 seconds post injection 
completion. The scalp was sutured and the 
pups returned to the cage until they were 
sacrificed.

Specimen collection

Six rat pups from each group were sacrificed on 
day one, three and seven after injection. Three 
pups were used for western blot analysis and 
three for histological tissue section procedures. 
Brains were excised by the method described 
below. Rats were anesthetized with an intra-

extremities became pale and stiff. Next, the 
head and neck were severed and the skull was 
systematically stripped to expose cerebral tis-
sue. Cortex without blood color demonstrated 
good perfusion. The entire brain was removed 
and immediately placed in 4% paraformalde-
hyde solution.

Tissue section and HE staining

Brain specimens preserved in 4% paraformal-
dehyde were kept in the solution for 24 h. After 
24 h 1 to 2 cm2 wide and 0.2 to 0.3 cm thick 
tissue blocks were rinsed with running water for 
about 12 h. Brain tissue blocks were then dehy-
drated with alcohol of different concentrations 
and soaked in di-methyl benzene under 65°C 
before being embedded in paraffin. Continuous 
coronal slicing was performed at the parahip-
pocampal gyrus level (4 µm thick). The sections 
were placed on to polylysine treated glass 
slides and dried under 65°C for at least eight 
hours and then kept at room temperature.

Brain tissue sections were stained with hema-
toxylin and eosin (HE). The slides were then 
mounted using neutral balsam.

Cell apoptosis assay

The in situ end-labeling primary Terminal 
Deoxynucleotidyl Transferase-Mediated Uridine 
5’-Triphosphate-Biotin Nick End Labeling (TUN- 
EL) Kit (Roche Diagnostics (GmbH, Shanghai, 
China) was used to detect apoptosis in the 
brain tissue. Two neighboring dewaxed sec-
tions were acquired from each brain tissue 
specimen. The sections were then incubated 
with 1:200 proteinase K for 10 min, followed by 

Table 1. Expression of TUNEL-positive neurons in the CA1 region of the 
hippocampus at different time points (X ± S)

Group No. 
(n)

Time after HIBD
1 d (number/area) 3 d (number/area) 7 d (number/area)

S 18 2.97 ± 1.10 2.93 ± 1.17 2.81 ± 1.05
C 18 56.99 ± 9.78● 45.46 ± 8.33● 28.28 ± 5.96●

B1 18 33.26 ± 5.59●,▲,▼,★,◆ 22.05 ± 5.65●,▲,▼,★,◆ 14.22 ± 4.19●,▲,▼,☆,◆

B2 18 45.06 ± 6.03●▲ 30.58 ± 6.03●,▲ 20.12 ± 4.31●,▲

B3 18 47.04 ± 6.34●,▲ 34.74 ± 5.03●,▲ 20.59 ± 4.40●,▲

B4 18 48.13 ± 9.67●,▲ 38.41 ± 8.31●,▲ 23.76 ± 5.87●,▲

B5 18 56.90 ± 9.71●,Δ 45.41 ± 8.37●,Δ 28.24 ± 5.91●,Δ

PS: Compared with Group S ●P < 0.01. Compared with Group C ▲P < 0.01. Compared 
with Group B2 ★P < 0.01, ☆P < 0.01. Compared with Group B3 ▼P < 0.01. Compared 
with Group B4 ◆P < 0.01. Compared with Group C ΔP > 0.05.

Figure 1. Expression of TUNEL-positive neurons in 
the CA1 region of the hippocampus at different time 
points in brain sections of a rat pup hypoxia induced 
brain damage model. Group S is the SHAM operated 
group. Group C is the control group. Group B rats 
were treated with Bax inhibiting peptide after HIBD 
procedures.

peritoneal injection of chlo-
ral hydrate. Rat pups were 
fixed on the operation 
panel. The sternum was 
opened and the heart was 
exposed. A 5 ml syringe 
was inserted from the left 
ventricle to the aorta, fixed 
by silk thread ligation and 
4% paraformaldehyde was 
injected into the heart. At 
the same time, the right 
atrium was opened to allow 
free blood flow. The above 
technique was repeated 
until clear liquid flowed 
from the atrium and the 
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rinsing with PBS three times and incubation 
with 3% H2O2. Then the sections were rinsed 
again for three times. The slides were then 
TUNEL stained using an in situ cell death detec-
tion TdT (Terminal Deoxynucleotidyl Transferase) 
and d-UTP kit (Roche Diagnostics GmbH, 
Shanghai, China) in accordance with the manu-
facturer’s instructions. Anti-digoxin antibodies 
were applied to the sections and DAB 
(Diaminobenzidine) was used to develop the 
color. All slides were counterstained with hema-
toxylin. Stained sections from the hippocam-
pus were observed under a 400 × microscope 
(OLYMPUS BX41, Olympus, Center Valley, PA, 
USA). In each brain tissue section five CA1 
areas were randomly selected for image analy-
sis by two technicians from the pathology 
department. The average value of each section 
and the average value of 18 samples were 
recorded as the experimental result of the 
group. One-hundred cells were successively 
counted in each field by blind scoring. The ratio 

of the TUNEL-positive cell number to the total 
cell number was also calculated.

Western blot analysis

Brain tissues were stored in aliquots at -80°C 
until needed for further analysis. Western blot-
ting was carried out to detect the levels of cas-
pase-3 and Cyt C in the cortex. Brain tissue 
samples were extracted with lysis buffer (150 
mM NaCl, 1% NP-40, 0.1% SDS, 2 mg/ml apro-
tinin and 1 mM PMSF) for 20 min at 4°C in the 
presence of protease inhibitors. Extracts were 
centrifuged at 10,000 × g for 15 to 20 min at 
4°C. Supernatants containing total protein 
were then harvested. Proteins were separated 
in precast gels by protein electrophoresis sys-
tem (BioRad Mini-PROTEAN Tetra II BioRad, 
Hercules, CA, USA) followed by transfer to a 
nitrocellulose membrane (NC) for about eight 
hrs at room temperature in blocking buffer (5% 
nonfat dry milk, 0.1% PBS or 5% bovine serum 
albumin (BSA)). The membrane was incubated 
with primary antibodies against caspase-3 and 
Cyt C Boaosen Biotechnology, Inc. (Beijing, 
China) overnight at 4°C or for one h at room 
temperature. After incubation, membranes 
were washed five times for three min. Proteins 
were visualized using anti-mouse or anti-rabbit 
IgG antibodies (at a dilution of 1:4000). conju-
gated to horseradish peroxidase (HRP) for 40 
min at room temperature. Bound proteins were 
visualized using DBA and detected using the 
chemiluminescence imaging system (Fusion X7 
Peqlab, Lutterworth, UK)). The relative protein 
levels were calculated based on β-actin.

Statistical analysis

Statistical analysis was performed using the 
paired Student’s t-test of the SPSS 17.0 statisti-

Table 2. Cyt C expression density in the CA1 region of the hippocampus at different time points (x ± s) 
(n = 18)

Group No. (n)
Time after HIBD

1 d 3 d 7 d
S 6 0.0368 ± 0.0109 0.0379 ± 0.0093 0.0354 ± 0.0105
C 18 0.4061 ± 0.0127● 0.3631 ± 0.0103● 0.2019 ± 0.0117●

B1 18 0.2871 ± 0.0251●,▲,▼,★,◆ 0.2419 ± 0.0171●,▲,▼,★,◆ 0.1938 ± 0.0098●,▲,▼,☆,◆

B2 18 0.3136 ± 0.0079●,▲ 0.2979 ± 0.0301●,▲ 0.1763 ± 0.0158●,▲

B3 18 0.3361 ± 0.0190●,▲ 0.3013 ± 0.0239●,▲ 0.1814 ± 0.0121●,▲

B4 18 0.3670 ± 0.0106●,▲ 0.3143 ± 0.0147●,▲ 0.1941 ± 0.0158●,▲

B5 18 0.3907 ± 0.0125●,Δ 0.3258 ± 0.0149●,Δ 0.2104 ± 0.0239●,Δ

PS: Compared with Group S ●P < 0.01. Compared with Group C ▲P < 0.01, ΔP > 0.05. Compared with Group B2 ★P < 0.01, ☆P < 
0.05. Compared with Group B3 ▼P < 0.01. Compared with Group B4 ◆P < 0.01.

Figure 2. Cyt C expression in the CA1 region of the 
hippocampus at different time points (x ± s) (n = 18) 
in brain sections from the rat pup hypoxia induced 
brain damage model. Group S is the SHAM operated 
group. Group C is the control group. Group B rats 
were treated with Bax inhibiting peptide after HIBD.
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cal software package (SPSS, Chicago, IL, USA). 
Analysis of variance (ANOVA) was used to com-
pare variables within a group and Tukey’s test 
for the inter-group comparisons. P < 0.05 was 
considered a statistically significant differen- 
ce.

Results

Evaluation of neurobehavior with HIBD

In Group S, no clinical abnormalities were 
observed.

In Group C, pups showed dysphoria, cyanosis 
and tachypnea at 20 mins; hemiparesis, cir-
cling and convulsions at 30 mins; and, finally, 
somnolence and coma occurred within 1 hr.

In Group B, behavior similar to Group C was 
observed; however, the degree of improvement 

after treatment was better than that observed 
in Group C. Symptoms in Group B had almost 
disappeared after 24 h.

Macroscopic appearance

In Group S, the left and right cerebral hemi-
spheres were symmetrical, without swelling or 
congestion. Overall, the morphology and tex-
ture of the brain tissue were normal.

In Group C, mild to moderate brain swelling was 
observed and became most obvious on the 
seventh day after HIBD. This was accompanied 
by ligation of the cerebral hemisphere, conges-
tion and necrosis like tissue liquefaction.

In Group B, similar but less severe injury was 
seen, as compared with Group C.

Microscopic appearance after HE staining

In Group S, HE stained hippocampal brain tis-
sue sections demonstrated normal structure 
and morphology, regular cell arrangement of 
the pyramidal neurons and complete cell out-
lines with intact, center-positioned nuclei and a 
clear entoblast. Cellular degeneration and 
necrosis could not be observed.

In Group C, regular cell arrangement of the 
pyramidal neurons was observable in the hip-
pocampus one day after the procedure, along 
with cellular swelling. On the other hand, nucle-
ar membranes were unclear, entoblasts disap-
peared and cellular degeneration and necrosis 
were detected. Three days after the HIBD pro-
cedure, decreased cell density was observed 
and cells appeared disorganized. Additionally, 
the gap between pyramidal neurons widened, 

Table 3. Expression of caspase-3 in the CA1 region of the hippocampus at different time points (x ± s) 
(n = 18)

Group No. (n)
Time after HIBD

1 d 3 d 7 d 
S 6 0.042 ± 0.0127 0.047 ± 0.0243 0.039 ± 0.0201
C 18 1.108 ± 0.0032● 0.769 ± 0.0158● 0.473 ± 0.0088●

B1 18 0.380 ± 0.0307●,▲,▼,★,◆ 0.263 ± 0.0271●,▲,▼,★,◆ 0.164 ± 0.0308●,▲,▼,☆,◆

B2 18 0.607 ± 0.0072●,▲ 0.421 ± 0.0064●,▲ 0.262 ± 0.0304●,▲

B3 18 0.785 ± 0.0149●,▲ 0.545 ± 0.0216●,▲ 0.339 ± 0.0205●,▲

B4 18 0.878 ± 0.0102●,▲ 0.609 ± 0.0147●,▲ 0.379 ± 0.0181●,▲

B5 18 1.097 ± 0.0074●,Δ 0.754 ± 0.0074●,Δ 0.475 ± 0.0102●,Δ

PS: Compared with Group S ●P < 0.01. Compared with Group C ▲P < 0.01, ΔP > 0.05. Compared with Group B2 ★P < 0.01, ☆P < 
0.05. Compared with Group B3 ▼P < 0.01. Compared with Group B4 ◆P < 0.01.

Figure 3. Expression of caspase-3 in the CA1 region 
of the hippocampus at different time points (x ± s) 
(n = 18) in brain sections from the rat pup hypoxia 
induced brain damage model. Group S is the SHAM 
operated group. Group C is the control group. Group 
B rats were treated with Bax inhibiting peptide after 
HIBD.
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astrocytes around the blood capillary swelled 
and cellular degeneration and necrosis were 
more prominent. After seven days, cellular 
swelling was reduced and gliocyte hyperplasia 
along with partial nuclear pyknosis and frag-
mentation were observed.

In Group B, the pathological changes observed 
in the B1, B2 and B3 groups were significantly 
less than those observed in Group C. Abnormal 
cell arrangements and partial or complete neu-
ronal degeneration were observed in the cortex 
and hippocampus three days after the HIBD 
procedure. The pathological changes observed 
in Group B4 and Group B5 had no apparent dif-
ferences when compared with those in Group 
C. Cell density in Group B1 was greater, with a 
more regular cell arrangement and less cell 
apoptosis and necrosis when compared with 
Group B2 through Group B5.

Apoptosis in the hippocampal area

TUNEL-positive cells observed under the light 
microscope exhibited unstained cytoplasm 
with the brown-stained pyknotic nuclei that are 
indicative of apoptotic cells. Apoptosis occurred 
at different time points in each group (Table 1).

Group S showed fewer TUNEL-positive cells 
than either Group B or Group C. The expression 
of TUNEL-positive cells was markedly increased 
in both Groups B and C from day one to day 
three, reaching a peak during day one (P < 
0.01), and remained significant until day seven 
(P < 0.01). Compared with Group S, the number 
of TUNEL-positive cells was significantly higher 
in Group B1 through Group B4 (P < 0.01). 
Further, Group B1 had statistically higher val-
ues when compared to Group B2 through B4 (P 
< 0.01). Group B5, however, did not differ sig-
nificantly from Group C (P > 0.05) (Table 1 and 
Figure 1).

Expression of caspase-3 and Cyt C

The expression of Cyt C was markedly increased 
in both Group B and Group C. The expression of 
Cyt C in Group B1 through Group B4 was signifi-
cantly different from the expression in Group S 
(P < 0.01), and the expression in Group B1 dif-
fered significantly from the expression in Group 
B2 through B4 (P < 0.01). Similar to the TUNEL 
assay results, Group B5 did not differ signifi-
cantly from Group C (P > 0.05) (Table 2 and 
Figure 2).

When analyzed by Western blot, Group S did 
not have active 12 kilo Dalton (kD) or 17 kD 
fragments; only the 32 kD caspase-3 zymogen 
could be distinguished. When compared with 
Group S, the expression of caspase-3 was 
markedly increased in both Group B and Group 
C. Compared with Group C, the expression of 
caspase-3 positive cells in Group B1 through 
Group B4 was significantly lower (P < 0.01). The 
expression of caspase-3 was inversely related 
to the BIP injection time. An early BIP injection 
resulted in an decreased expression of cas-
pase-3. Group B1 had statistically lower cas-
pase-3 expression values compared to Group 
B2 through Group B4 (P < 0.01). Similar to the 
expression values observed for Cyt C, the cas-
pase-3 expression values of Group B5 did not 
differ significantly from Group C (P > 0.05) 
(Table 3 and Figure 3).

Discussion

The Ku70 based peptide BIP-V5 (Bax-Inhibiting 
Peptide, V5) effectively protects cells from 
apoptosis. BIPs can protect normal cells from 
Bax cytotoxicity, and a BIP based treatment 
strategy may be an effective method of reduc-
ing organ damage during degenerative diseas-
es. The development and study of improved 
BIPs may, therefore, provide tools and informa-
tion for the design of new cytoprotective thera-
pies that could be of great potential clinical 
use.

In the experiment reported here, rat pups were 
given BIP by lateral ventricle injection to limit 
the drug effects to the cortex and hippocam-
pus. In this way, adverse side effects of BIP 
administration could be avoided. However, this 
method of drug administration requires a high 
level of precision or else brain tissue will be 
damaged. Therefore, prior to performing the 
experiments described here, we repeatedly 
practiced ventricle injection using a methylene 
blue trace until we had achieved an error rate 
that was under 10%. After administration of BIP 
by lateral ventricle injection to rats that had 
been subjected to the HIBD procedure, we 
found a reduction in pathological symptoms in 
the cortex and hippocampus.

We observed apoptosis on days one through 
seven in the neonatal rat model. In neonatal 
HIBD or HIE, failure to produce cellular energy, 
glutamate release, intracellular Ca2+ accumula-
tion, lipid peroxidation and nitric oxide accumu-
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lation cumulatively leads to neurotoxicity and 
ultimately leads to cell death, mainly through 
the induction of apoptosis [23, 24].

Because apoptosis is the major cell death path-
way in neonates, we hypothesized that anti-
apoptotic molecules, such as BAX inhibiting 
peptide, may have the potential to minimize the 
symptoms of the HIBD.

In accordance with our hypothesis, we found 
that rats with an induced model of HIBD that 
were subsequently treated with Bax-inhibiting 
peptide had decreased brain damage, improved 
neurological outcomes and decreased inci-
dence of apoptosis. It has been recently dem-
onstrated that the early events in ischemic 
brain injury in neonates are necrosis followed 
by apoptosis [2, 25]. Thus, we cannot rule out 
the possibility that BIP induced prevention of 
early necrosis might have occurred in the brain 
of rats after the HIBD procedure and BIP admin-
istration. However, the reduction in apoptotic 
cells was accompanied by changes in the 
expression of apoptosis related molecules, 
caspase-3 and Cyt C, supporting our hypothe-
sis that BIP is neuroprotective via an anti-apop-
totic mechanism.

Two pathways are considered important for the 
induced release of Cyt C from mitochondria, 
namely, a Ca2+-dependent CsA-sensitive pro-
cess and a CsA-insensitive Bax-VDAC (voltage 
dependent anion channel) process [15, 26]. It 
has been suggested that Bax, a pro-apoptotic 
protein, interacts with and increases the open-
ing of the mitochondrial VDAC, which leads to a 
loss in membrane potential and the liberation 
of Cyt C from mitochondria [27]. The full details 
of this process are not yet known, but translo-
cation of the proteins Bim and Bax from the 
cytosol to the mitochondrial membrane is com-
monly believed to be involved [28].

Rats treated with BIP in this study demonstrat-
ed a marked reduction in the expression of Cyt 
C and caspase-3. Thus, all the findings in our 
study strongly suggest that, in our model of 
neonatal HIE/HIBD, BIP decreases apoptosis in 
neurocytes and that, in turn, the reduction of 
apoptotic activity decreases the damage to 
brain tissue after hypoxia-ischemic brain 
injury.

BIP plays an important role in neurocyte protec-
tion by binding to the Bax protein [18]. In our 

experiment, we observed reduced injury to the 
cortex in rats treated with BIP immediately 
after severe hypoxia, especially in the hippo-
campal CA3.

Conclusion

Our findings confirm the hypothesis that Bax 
inhibiting peptide reduces the apoptotic 
response in HIE-induced damage of the cortex 
and hippocampus in neonates. Thus BIP is neu-
roprotective after brain injury and BIP is a 
promising therapeutic agent for the treatment 
of ischemic brain injury in neonatal HIE/HIBD.

Disclosure of conflict of interest

None.

Address correspondence to: Hong Jiang, The Affili- 
ated Hospital of Qingdao University, 16th on Jiangsu 
Road, Shinan District, Qingdao 266003, Shandong 
Province, China. Tel: + 8618661807098; E-mail: 
jianghongbs@163.com

References

[1]	 Graham EM, Ruis KA, Hartman AL, Northington 
FJ and Fox HE. A systematic review of the role 
of intrapartum hypoxia-ischemia in the causa-
tion of neonatal encephalopathy. Am J Obstet 
Gynecol 2008; 199: 587-595.

[2]	 Arteni NS, Salgueiro J, Torres I, Achaval M and 
Netto CA. Neonatal cerebral hypoxia-ischemia 
causes lateralized memory impairments in the 
adult rat. Brain Res 2003; 973: 171-178.

[3]	 Blomgren K and Hagberg H. Free radicals, mi-
tochondria, and hypoxia-ischemia in the devel-
oping brain. Free Radic Biol Med 2006; 40: 
388-397.

[4]	 Vannucci RC and Perlman JM. Interventions for 
perinatal hypoxic-ischemic encephalopathy. 
Pediatrics 1997; 100: 1004-1014.

[5]	 Zhan X, Fahlman CS and Bickler PE. Isoflurane 
neuroprotection in rat hippocampal slices de-
creases with aging: changes in intracellular 
Ca2+ regulation and N-methyl-D-aspartate re-
ceptor-mediated Ca2+ influx. Anesthesiology 
2006; 104: 995-1003.

[6]	 Northington FJ, Ferriero DM, Graham EM, 
Traystman RJ and Martin LJ. Early Neurode- 
generation after Hypoxia-Ischemia in Neonatal 
Rat Is Necrosis while Delayed Neuronal Death 
Is Apoptosis. Neurobiol Dis 2001; 8: 207-219.

[7]	 Hill JW, Poddar R, Thompson JF, Rosenberg GA 
and Yang Y. Intranuclear matrix metalloprotein-
ases promote DNA damage and apoptosis in-



BIP is neuroprotective in neonatal HIBD

14708	 Int J Clin Exp Pathol 2015;8(11):14701-14708

duced by oxygen-glucose deprivation in neu-
rons. Neuroscience 2012; 220: 277-290.

[8]	 Galluzzi L, Morselli E, Kepp O and Kroemer G. 
Targeting post-mitochondrial effectors of apop-
tosis for neuroprotection. Biochim Biophys 
Acta 2009; 1787: 402-413.

[9]	 Krantic S, Mechawar N, Reix S and Quirion R. 
Apoptosis-inducing factor: a matter of neuron 
life and death. Prog Neurobiol 2007; 81: 179-
196.

[10]	 Love S. Apoptosis and brain ischaemia. Prog 
Neuropsychopharmacol Biol Psychiatry 2003; 
27: 267-282.

[11]	 Sims NR and Muyderman H. Mitochondria, oxi-
dative metabolism and cell death in stroke. 
Biochim Biophys Acta 2010; 1802: 80-91.

[12]	 Ashkenazi A and Dixit VM. Death receptors: 
signaling and modulation. Science 1998; 281: 
1305-1308.

[13]	 http://baike.so.com/doc/2209614.html. rCA- 
EO--. 

[14]	 Galluzzi L, Blomgren K and Kroemer G. 
Mitochondrial membrane permeabilization in 
neuronal injury. Nat Rev Neurosci 2009; 10: 
481-494.

[15]	 Naranmandura H, Chen X, Tanaka M, Wang 
WW, Rehman K, Xu S, Chen Z, Chen SQ and 
Suzuki N. Release of apoptotic cytochrome C 
from mitochondria by dimethylarsinous acid 
occurs through interaction with voltage-depen-
dent anion channel in vitro. Toxicol Sci 2012; 
128: 137-146.

[16]	 Bishopric NH, Andreka P, Slepak T and Webster 
KA. Molecular mechanisms of apoptosis in the 
cardiac myocyte. Curr Opin Pharmacol 2001; 
1: 141-150.

[17]	 Liou CM, Tsai SC, Kuo CH, Ting H and Lee SD. 
Cardiac Fas-dependent and mitochondria-de-
pendent apoptosis after chronic cocaine 
abuse. Int J Mol Sci 2014; 15: 5988-6001.

[18]	 Youle RJ and Strasser A. The BCL-2 protein 
family: opposing activities that mediate cell 
death. Nat Rev Mol Cell Biol 2008; 9: 47-59.

[19]	 Sawada M, Sun W, Hayes P, Leskov K, 
Boothman DA and Matsuyama S. Ku70 sup-
presses the apoptotic translocation of Bax to 
mitochondria. Nat Cell Biol 2003; 5: 320-329.

[20]	 Yoshida T, Tomioka I, Nagahara T, Holyst T, 
Sawada M, Hayes P, Gama V, Okuno M, Chen Y, 
Abe Y, Kanouchi T, Sasada H, Wang D, Yokota 
T, Sato E and Matsuyama S. Bax-inhibiting pep-
tide derived from mouse and rat Ku70. 
Biochem Biophys Res Commun 2004; 321: 
961-966.

[21]	 Rice JE 3rd, Vannucci RC and Brierley JB. The 
influence of immaturity on hypoxic-ischemic 
brain damage in the rat. Ann Neurol 1981; 9: 
131-141.

[22]	 Cheng Y, Deshmukh M, D’Costa A, Demaro JA, 
Gidday JM, Shah A, Sun Y, Jacquin MF, Johnson 
EM and Holtzman DM. Caspase inhibitor af-
fords neuroprotection with delayed administra-
tion in a rat model of neonatal hypoxic-isch-
emic brain injury. J Clin Invest 1998; 101: 
1992-1999.

[23]	 Volpe JJ. Neurology of the Newborn. 5th edi-
tion. 2008.

[24]	 Yue X, Mehmet H, Penrice J, Cooper C, Cady E, 
Wyatt JS, Reynolds EO, Edwards AD and Squier 
MV. Apoptosis and necrosis in the newborn pig-
let brain following transient cerebral hypoxia-
ischaemia. Neuropathol Appl Neurobiol 1997; 
23: 16-25.

[25]	 Blaschke AJ, Staley K and Chun J. Widespread 
programmed cell death in proliferative and 
postmitotic regions of the fetal cerebral cortex. 
Development 1996; 122: 1165-1174.

[26]	 Narita K, Akita T, Osanai M, Shirasaki T, Kijima 
H and Kuba K. A Ca2+-induced Ca2+ release 
mechanism involved in asynchronous exocyto-
sis at frog motor nerve terminals. J Gen Physiol 
1998; 112: 593-609.

[27]	 Bustamante J, Dock L, Vahter M, Fowler B and 
Orrenius S. The semiconductor elements arse-
nic and indium induce apoptosis in rat thymo-
cytes. Toxicology 1997; 118: 129-136.

[28]	 Hagberg H, Mallard C, Rousset CI and Xiaoyang 
W. Apoptotic mechanisms in the immature 
brain: involvement of mitochondria. J Child 
Neurol 2009; 24: 1141-1146.


