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Abstract: Objective: To investigate the neuroprotective effects of grape seed proanthocyanidin extract（GSPE）on a model of
neonatal hypoxic ischemic encephalopathy (HIE), we investigated the changes in neuronal cells and astrocytes after
pre-treatment with GSPE. Methods: Seven-day-old pups were randomly divided into sham, HI, and GSPE+HI groups. The
HIE model was established using a modified Rice-Vannucci method. GSPE was injected intraperitoneally 20 min before
surgery. The change in markers of neuronal cells and astrocytes (NeuN/GFAP) were detected by immunofluorescence and
Western blot. Results: Compared with the sham group, the expression of NeuN in the HI group was significantly reduced, and
the expression of NeuN was significantly increased after GSPE pre-treatment. The expression of GFAP was opposite to NeuN.
Conclusion: Our study showed that GSPE pre-treatment significantly protected neurons and inhibited astrocyte
over-proliferation. Therefore, we believe that GSPE is a potential drug for the treatment of HIE and can prevent brain damage
caused by hypoxia and ischemia.
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1. Introduction
Hypoxic-ischemic encephalopathy (HIE) is a brain
injury caused by perinatal asphyxia. HIE often leads to
severe brain damage and cognitive dysfunction [1-2].
According to the available data, 25%-30% of infants who
survive HIE brain injury develop long-term severe
sequelae [3], such as cerebral palsy, epilepsy, and even
mental disorders [4-5]. This catastrophic disease not only
significantly reduces the quality of life of patients, but also
causes a heavy financial burden to families and countries.

Despite the increasing awareness of HIE, there is still a
lack of positive and effective measures to intervene in this
disease.
Grape seed proanthocyanidin extract (GSPE) is a
polyphenolic compound [6-7] that is a common natural
antioxidant [8]. GSPE treatment has shown good
therapeutic effects in models of esophageal squamous cell
carcinoma [9], hypertension [10], diabetes [11], and other
diseases. Our previous results indicate that GSPE
pre-treatment can significantly improve brain damage in a
HIE murine model, and we have discussed the
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neuroprotective effect from the perspective of
autophagy/apoptosis/behavioral cognition. Neurons and
astrocytes are the two main types of nerve cells in the brain.
Previous studies have shown that when HIE injury occurs, it
often leads to irreversible death of neurons in the brains of
HIE mice, and large accumulation of astrocytes on the
injured side can often be observed [12]. To investigate the
effect of GSPE pre-treatment on these two types of nerve
cells, we utilized immunofluorescence and Western blot to
explore the changes in neurons and astrocytes before/after
GSPE administration to provide a theoretical basis for
GSPE pre-treatment of hypoxic-ischemic brain injury in the
future.

2. Materials and Methods
2.1. Establishing a Model of Neonatal HIE
We chose 7-day-old mice for the following experiments.
Experimental mice were purchased from the Laboratory
Animal Center of Sun Yat-sen University. These mice
were randomly divided into the following three groups:
sham; HI; and GSPE+HI. All procedures were approved
by the Ethics Committee of Guangdong Pharmaceutical
University and the guidelines of the Council on Animal
Care were strictly followed. We established the HIE model
by using the modified Rice-Vannucci method, which is
widely accepted [13]. Briefly, 7-day-old pups were
anesthetized with isoflurane and the common carotid
artery (CCA) on the left side was ligated. Then, the mice
were put back into the cage for 60 min to recover. Next,
the mice were placed in a small square airtight space,
which was continuously filled with low oxygen (8%
O2+92% N2) for 2h. Sham controls underwent anesthesia
and the left CCA was exposed as in the HI group, but
without ligation or exposure to hypoxia.
2.2. GSPE Administration
Powdered GSPE (Meilun Biological, Dalian, China) was
dissolved in PBS solution at a concentration of 1.25 mg/ml.
The GSPE+HI and HI groups were intraperitoneally injected
with different substances at a dose of 30 mg/kg 20 min
before surgery. The GSPE+HI group was injected with GSPE
solution, and the HI group was injected with PBS solution
(the same volume as the control group).
2.3. Immunofluorescence Staining
We obtained samples 3 days after surgery. Specifically, the
mice were perfused transcardially and fixed with 4%
paraformaldehyde. The extracted brain tissue was dehydrated
in ethanol and xylene, then the brain tissue was made into
paraffin blocks using an embedding machine. Then, the brain
tissues were cut into 3-5 micron thick slices for the following
experiments. We selected appropriate brain slices for
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immunofluorescence staining. After the brain slices were
dewaxed with xylene and ethanol, the brain slices were
placed in 0.01 M citrate buffer, and antigen repair was
performed under high pressure for 20 min. We added goat
serum to the brain slices for 1h, then incubated the brain
slices with the following two antibodies in a 4°C refrigerator
overnight: anti-NeuN (dilution, 1:800; Sigma, USA); and
anti-GFAP (dilution, 1:800; Abcam, UK). The next day we
incubated the fluorescence secondary antibody in the dark
room. After sealing the brain slices, we observed the brain
slices under a fluorescence microscope.
2.4. Western Blotting
We extracted brain tissue proteins on the third day after
surgery. We extracted ipsilateral brain tissue and added RIPA
lysate and PMSF to the brain tissue. After full grinding of the
brain tissue into fragments, the brain homogenate was
centrifuged in a frozen centrifuge at 4°C for 15 min (12,000
rpm/min). We extracted the supernatant for the following
experiments. Quantitative analysis was performed with a
BCA Protein Quantitative Kit (Beyotime Biotechnology,
Shanghai, China). The protein was concentrated and
separated on SDS-PAGE gels and transferred to PVDF
membranes (Millipore, Schwalbach, Germany). We incubated
the NeuN (dilution, 1:1500; Sigma, USA) and GFAP
antibodies (dilution, 1:1500; Abcam, UK) with the obtained
protein stripes. β-actin (1:2000) was used as an internal
control protein. After the corresponding secondary antibodies
were incubated, image J and SPSS 19.0 software were used
to analyze the results.
2.5. Data Analysis
Data are presented as the mean±SEM. Three or more
groups of data were analyzed by one-way ANOVA, followed
by a Bonferroni test if more than two groups were involved.
A P < 0.05 was considered statistically significant. All
analyses were performed using SPSS 19.0 software and
Graph Pad Prism 4.0.

3. Results
GSPE pre-treatment significantly increased the expression
of NeuN protein and decreased the expression of GFAP
protein.
To prove that GSPE pre-treatment increased the expression
of NeuN and reduced the expression of GFAP, we performed
immunofluorescence staining on brain slices (Figure 1A, 1B).
Immunofluorescence staining of ipsilateral brain tissues
showed that NeuN protein expression was decreased when
HI injury occurred. After GSPE pre-treatment, the expression
of NeuN was significantly increased. In contrast, compared
with the HI group, GFAP expression was significantly
decreased after GSPE pre-treatment.
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Figure 1. GSPE pre-treatment increased the expression of NeuN and decreased the expression of GFAP in the HIE model.
Representative immunofluorescence of NeuN and GFAP in ipsilateral brain tissues (A and B). The positive cells were stained green and the nuclei stained blue.
Compared to the sham group, the expression of NeuN decreased in the HI group in the ipsilateral brain. In the GSPE+HI group, the expression of NeuN increased
more than the HI group; the expression of GFAP was the opposite. Scale bar = 100 µm

As shown above, GSPE pre-treatment significantly
increased the expression of NeuN protein and decreased the

expression of GFAP protein. To further test the change in
NeuN/GFAP, we quantitatively analyzed the two proteins

American Journal of Pediatrics 2019; 5(2): 51-55

with Western blot (Figure 2 B, C). The changes in NeuN and
GFAP expression were consistent with the results of
immunofluorescence. These data suggest from different
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perspectives that GSPE pre-treatment can protect neurons
and inhibit the excessive proliferation of astrocytes.

Figure 2. GSPE pre-treatment induced NeuN and reduced GFAP in the HIE model.
Representative Western blots (A) and quantification data (B) (C) of NeuN and GFAP are shown. In the HI group, the expression of NeuN was less than the sham
group. After pre-treatment with GSPE, the expression of NeuN increased. The expression of GFAP was opposite to NeuN. All calculations were normalized
toβ-actin. *P< 0.05, **P < 0.01. The difference was considered statistically significant by one-way ANOVA followed by the Bonferroni test.

4. Conclusion
In summary, we explored the changes of neuronal and
astrocyte cells in pups after hypoxia-ischemia stimulation.
Our results indicate that hypoxia-ischemia leads to massive
death of neuronal cells and astrocyte proliferation. We also
found that in the HIE models, GSPE pretreatment protects
neuronal cells and inhibits astrocyte overexpression.
Therefore, we initially speculated that the neuroprotective
mechanism of GSPE involved in HIE pups may be related to
the expression changes of these two cell populations.

5. Discussion
HIE involves neonatal suffocation during the perinatal
period and cerebral blood perfusion reduces brain damage
[14]. The term infant morbidity rate is approximately 1/1000
to 3/1000, and the mortality rate is 15%-20%; approximately
25%-30% of survivors have serious sequelae [15]. At present,
our understanding of the specific mechanism and pathologic
changes in HIE are limited. The mainstream view is that the
pathogenesis of HIE is mainly the result of cross-effects,
such as autophagy, apoptosis, inflammation, and oxidative
stress. In this study we observed the expression of NeuN and
GFAP protein in a murine HIE model. The results of
immunofluorescence and Western blot demonstrated that
GSPE pre-treatment protected neuronal cells, inhibited
hyperplasia of astrocytes, and prevented hypoxia/ ischemic
brain damage
The role of astrocytes in central nervous system diseases
remains controversial. It is well-known that in normal brain
tissue astrocytes play an important positive role in guiding
the movement of neurons, providing nutrients to neurons, and
maintaining the ion balance around neurons. Some scholars
believe that astrocytes can participate in the inflammatory
response by releasing various cytokines, such as IL-1β and

TNF-α, and activation of astrocytes can increase
neurotoxicity [16-17].
In our study, compared with the HI group, the expression
of GFAP was significantly reduced after GSPE pre-treatment.
We believe that GSPE pre-treatment can significantly inhibit
the excessive proliferation of astrocytes. In fact, we observed
an accumulation of astrocytes in the ipsilateral brain
accompanied with a significant decrease in neuronal cells in
the murine HIE model, but also noticed that the brain tissues
have a significant damage in the hippocampus. Therefore,
whether or not astrocytes play an active neuroprotective role
in the post-injury stress response or promote the production
of inflammatory cytokines and increase the neurotoxicity of
HIE in the HIE pathologic process is controversial.
Based on our current experimental data we conclude that
in the HIE model, GSPE pre-treatment protects neuronal
cells and inhibits hyperplasia of astrocytes. As a common
plant extract, GSPE is likely to be a new promising drug for
the effective treatment of HIE.
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