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Abstract: Neonatal hypoxic-ischemic encephalopathy (HIE) is a severe brain disease that often leads to death or irreversible 

sequelae. The aim of this study was to determine the effect of a naturally active drug (grape seed proanthocyanidin extract 

[GSPE]) on the expression of autophagic proteins in a mouse model of neonatal hypoxic-ischemic brain injury. In this study 

immunofluorescence staining and Western blotting were used to detect the expression of autophagy markers (LC3II and beclin1) 

in the brains of neonatal mice with hypoxic-ischemic brain injuries after GSPE administration. Our study showed that GSPE 

pre-treatment down-regulates LC3II and beclin-1 expression, thus GSPE may be a potential drug for the treatment of HIE. 
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1. Introduction 

Hypoxic-ischemic encephalopathy (HIE) is a severe brain 

injury with various causes in the perinatal period. HIE is often 

accompanied by high mortality and disability rates [1, 2]. 

According to current statistics, neonatal asphyxia occurs in 

2-4 of 10,000 full-term newborns, and 20%-50% die as a 

result of HIE during the neonatal period. The survivors often 

have serious sequelae, such as epilepsy, cerebral palsy, and 

mental retardation [3]. Children with HIE often undergo 

hypothermia therapy [4]. Hypothermia therapy has a good 

curative effect in patients with mild-to-moderate brain injury, 

but hypothermia therapy has little effect in patients with 

severe HIE brain injuries [5]. Therefore, there is an urgent 

need to identify a targeted drug to treat HIE. 

Grape seed proanthocyanidin extract (GSPE) is a naturally 

active drug that is formed by the condensation of catechins 

and/or epicatechins [6, 7]. GSPE is widely available and can be 

extracted from a variety of plants [8, 9], such as grape seed, 

pineal peel, and apples. GSPE has been shown to have good 

efficacy in cardiovascular and neurologic disease models [10]. 

The results of our preliminary studies have demonstrated that 

GSPE significantly improves cerebral infarction volume and 

neurobehavior in a murine model of HIE, and GSPE 

pre-treatment attenuates apoptosis through the 

bax/bcl2-cleaved caspase3 signaling pathway. It is well-known 

that autophagy and apoptosis are the main ways causing cell 

death, and the two processes are inseparable; however, there 

have been no studies which have shown that the changes in 

autophagy levels after GSPE pre-treatment in the HIE model. In 

the current study we designed experimental tests to detect 

changes in autophagy-related proteins in the presence of a HI 

injury. Based on the previous work, we confirmed that GSPE 

can alleviate neurologic damage of HIE through autophagy. 
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2. Method 

2.1. Establishment of the HIE Model and GSPE 

Administration 

We selected C57 mice, 7-9 days of age, to establish the HIE 

model [11]. The pups were male or female. All experimental 

animals were purchased from the Medical Experimental 

Animal Center of Sun Yat-sen University. The study protocol 

was reviewed by the Ethics Committee of Guangdong 

Pharmaceutical University and satisfied the guidelines of the 

Chinese Council on Animal Care. During the experiments, we 

strived to minimize pain and the number of animals used. 

We use the modified Rice-Vannucci method to establish the 

HIE disease model. The specific procedure was as follows. Pups 

were anesthetized with 3% isoflurane until they lost 

consciousness. We used electrocautery to coagulate the left 

common carotid artery (CCA), then we returned the pups to the 

cages for 60 min, then put the cages in a designated square space 

to expose the mice to hypoxia for 2h. The hypoxic environment is 

a mixture of 8% oxygen and 92% nitrogen. When the exposure to 

hypoxia was complete, the HIE model was established. Sham 

controls underwent anesthesia and the left CCA was exposed as 

in the HI group, but without ligation or exposure to hypoxia. 

GSPE (Meilun Biological, Dalian, China) was dissolved in 

PBS at a concentration of 1.25 mg/ml. The GSPE+HI group 

was administered a dose of 30 mg/kg, which was administered 

intraperitoneally and administered for 20 min before surgery. 

The HI group was given the same dose of PBS. 

2.2. Immunofluorescence Staining 

We deeply anesthetized the pups with 4% chloral hydrate and 

transcardially-perfused with 4% paraformaldehyde on the third 

day after surgery. The brain tissues were dissected and fixed in 

paraformaldehyde solution overnight. After gradient 

dehydration with ethanol and xylene, the brain tissues were 

prepared as wax blocks and cut into 5-µm thick sections. Brain 

tissue sections were selected for subsequent 

immunofluorescence experiments. After deparaffination, the 

sections were placed in 0.01 M citrate buffer and repaired using 

a microwave for 20 min. After blocking with goat serum for 1 h, 

the sections were incubated at 4°C overnight with the following 

primary antibodies: anti-lc3II (1:800); and anti-beclin1 (1:800). 

Subsequently, the sections were incubated with the 

corresponding fluorescent secondary antibody. Brain slices 

were imaged with a fluorescence microscope. 

2.3. Western Bloting 

On the third day after surgery, the pups were deeply 

anesthetized with 4% chloral hydrate, and the ipsilateral brain 

tissues were removed. After adding RIPA lysate and PMSF 

(RIPA lysate: PMSF=100:1), the brain tissues were 

thoroughly ground with a tissue grinder, further centrifuged in 

a 4°C freezing centrifuge for 20 min (12,000 rpm), and the 

supernatant liquid was obtained for the next experiment. The 

above experimental samples were quantified using a BCA 

protein quantification kit (Beyotime Biotechnology, Shanghai, 

China). Specific operations followed the instructions of the 

reagent supplier. Equal amounts of protein (20 µl) were loaded 

and separated on a SDS-PAGE gel and transferred onto PVDF 

membranes. Blots were probed with anti-LC3II (1:1500) and 

anti-beclin1 (1:1500), and the corresponding secondary 

antibody was used to further label the proteins. For the 

Western blotting method, β-actin (1:2000) was used as an 

internal control protein. The results were processed and 

analyzed using Image J software and SPSS 19.0 software. 

2.4. Statistical Analysis 

All the data were presented as the mean ± SEM. Statistical 

significance was assessed by one-way analysis of variance 

(ANOVA), followed by a Bonferrioni test if more than two 

groups were involved. All statistical analyses were performed 

using SPSS.19.0 software and Graphpad Prism (version 4.0). 

P value < 0.05 was considered as statistically significant. 

3. Result 

GSPE pre-treatment inhibits the expression of 

autophagic-related proteins in brains of the HIE model 

 
Figure 1. GSPE reduced the expression of autophagic-related proteins (LC3II and beclin1) 3 days after HI injury.  

Representative immunofluorescence staining of LC3II and beclin1 (green) in ipsilateral brain tissue (A and B), DAPI-labeled the nucleus (blue). Compared to the 

sham group, the expression of LC3II and beclin1 increased in the HI group in ipsilateral brains. In GSPE+HI group, the expression of LC3II and beclin1 

decreased more than the HI group. Scale bar = 100 µm. 
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To investigate the effect of GSPE pre-treatment on 

autophagic protein expression, we performed 

immunofluorescence staining for autophagy-related proteins 

(LC3II and beclin1) in ipsilateral brains tissues (Figure 1A, 

1B). On day 3 after HI injury, we observed a significant 

increase in the expression of LC3II and beclin1 proteins in the 

HI group. Compared with the HI group, expression of LC3II 

and beclin1 proteins was significantly reduced in the 

GSPE+HI group. 

To further validate the effects of GSPE on autophagy in the 

HIE model, we used Western blot to quantify the expression of 

autophagosome marker proteins (LC3II and beclin1). 

Representative Western blots revealed that the expression of 

LC3II and beclin1 in the HI group was significantly increased 

compared with the sham group. Pre-treatment of GSPE 

reversed the increasing level of LC3II and beclin1 (Figure 2 B, 

C). The above data indicate that the neuroprotective effect of 

GSPE on HI injury is achieved by inhibiting autophagy. 

 
Figure 2. GSPE pre-treatment decreased the expression of autophagy-related proteins after HI injury.  

Representative Western blots (A) and quantification data (B) (C) of beclin1 and LC3II are shown. In the HI group, the expression of beclin1 and LC3II was higher 

than the sham group. Compared to the HI group, the mean percentage of LC3IIand beclin1 was significantly induced in the GSPE+HI group. All calculations are 

normalized to β-actin. Values represent the mean±SEM,*P< 0.05, **P < 0.01. One-way ANOVA followed by the Bonferroni test. 

4. Discussion 

Neonatal hypoxic-ischemic brain damage is caused by 

hypoxia and asphyxia during the neonatal perinatal period 

[12]. The pathologic events of HIE include apoptosis, 

autophagy, oxidative stress, and inflammation [13]. The type 

of brain injury depends on the degree of hypoxia, the duration 

of hypoxia, and the process of brain maturation [14]. At 

present, the clinical treatment of HIE involves hypothermia 

therapy [15], but this therapy only has efficacy on mild HIE 

injury; the effect is not significant in the treatment of 

moderate-to-severe HIE injury [16]. Therefore, finding a drug 

that can target HIE injury has become a difficult problem we 

need to solve. 

Autophagy is an intracellular degradation process and a 

cytoprotective response of cells in extreme environments, 

such as starvation, hypoxia, and physical stimulation [17]. 

Autophagy can be converted into the energy needs by 

removing metabolic substances from the body and damaged 
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organelles. Therefore, autophagy is irreplaceable in the 

process of cell survival [18]; however, the role of autophagy in 

HIE injury remains controversial. Some scholars believe that 

autophagy has a neuroprotective effect on HIE [19, 20], and 

HIE injury can induce autophagy, which increases after 

administration; however, some scholars do not agree with this 

view. Although autophagy was increased 48-72 h after HIE, 

severe hippocampal injury was observed simultaneously. We 

cannot rule out the possibility that an increase in LC3 II/beclin 

1 may by caused by inadequate autophagy. 

In our study the data showed that the expression of 

autophagy increased significantly when HIE injury occurred, 

and we observed a significant decrease in the 

autophagy-related proteins after drug intervention with GSPE. 

This finding is in contrast to the results of others. We speculate 

that the possible reasons for this lack of consensus include the 

following: different sampling time; different degrees of 

hypoxic-ischemic injury; different varieties of pups; and 

different building model methods. 

In addition, this study had limitations. The gold standard for 

detection of autophagy is the direct observation of 

autophagosomes in an electron microscope. Although LC3 

IIand beclin1 are markers of autophagy, because LC3II will 

also be degraded by lysosomes, we need to use a combination 

of lysosomal inhibitors and protein markers to detect 

autophagy. 

In summary, this study confirmed the protective effect of 

GSPE on the HIE mice model from the perspective of 

autophagy, and provides a theoretical basis for the future 

targeted therapy for neonatal hypoxic-ischemic brain damage. 

5. Conclusion 

In general, from qualitative and quantitative perspectives, 

we used immunofluorescence and western blotting to analyze 

the changes of autophagy-related proteins (LC3 IIand beclin1) 

before and after GSPE pretreatment. Our study initially 

demonstrated that GSPE exerts neuroprotective effects on 

neonatal mice models of hypoxic-ischemic encephalopathy by 

inhibiting autophagy. 
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