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Abstract  
The death of retinal ganglion cells is a hallmark of many optic neurodegenerative diseases such as 

glaucoma and retinopathy. Oxidative stress is one of the major reasons to cause the cell death. 

Oligomeric proanthocyanidin has many health beneficial effects including antioxidative and neuro-

protective actions. Here we tested whether oligomeric proanthocyanidin may protect retinal 

glion cells against oxidative stress induced-apoptosis in vitro. Retinal ganglion cells were treated 

with hydrogen peroxide with or without oligomeric proanthocyanidin. 3-(4,5-Dimethylthiazol-2-yl)- 

2,5-diphenyltetrazolium bromide (MTT) assay showed that treating retinal ganglion cell line RGC-5 

cells with 20 µmol/L oligomeric proanthocyanidin significantly decreased the hydrogen peroxide 

(H2O2) induced death. Results of flow cytometry and Hoechst staining demonstrated that the death 

of RGC-5 cells was mainly caused by cell apoptosis. We further found that expression of 

pro-apoptotic Bax and caspase-3 were significantly decreased while anti-apoptotic Bcl-2 was 

greatly increased in H2O2 damaged RGC-5 cells with oligomeric proanthocyanidin by western blot 

assay. Furthermore, in retinal explant culture, the number of surviving retinal ganglion cells in 

H2O2-damaged retinal ganglion cells with oligomeric proanthocyanidin was significantly increased. 

Our studies thus demonstrate that oligomeric proanthocyanidin can protect oxidative stress-injured 

retinal ganglion cells by inhibiting apoptotic process. 
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INTRODUCTION 

    

Retinal ganglion cells are critical neurons 

in the retina that transmit visual signals 

from the retina to the brain. Diabetic reti-

nopathy and many optic nerve diseases 

including glaucoma, optic neuritis, and 

ischemic optic neuropathy are some of the 

vision impairments afflicting the retinal 

ganglion cells of the eye
[1]

. These diseases 

occur via a variety of mechanisms involv-

ing, for example, oxidative stress
[2]

, exci-

tatory amino acid (glutamate)
[3]

, nitric 

oxide
[4]

, or reduced retinal perfusion
[5]

. 

Among these mechanisms, oxidative 

stress, leading to the formation of free 

radicals, has been implicated as part of the 

final common pathway for neurotoxicity in 

a variety of acute and chronic neurode-

generative diseases
[6-7]

. Therefore, it is 

important to reduce the death of retinal 

ganglion cells and develop neuroprotective 

strategies for retinal ganglion cells against 

oxidative stress. 

 

Proanthocyanidin, a group of antioxidants 

subclass of polyphenols, is present abun-

dantly in fruits such as apple, pear, grapes, 

and also in daily diet like chocolate, wine 

and tea
[8]

. Due to potent antioxidative ac-

tivity, proanthocyanidins have been the 

subject of recent research, demonstrating 

antibactierial
[9]

, antiviral
[10-11]

,  anticarci-

nogenic
[12]

, anti-inflammatory
[13-14]

, antial-

lergicvasodilatory
[15-16]

, antiswelling
[17]

 and 

neuroprotective activities
[18-21]

. More re-

cently, Yang et al 
[22]

 verified that the grape 

seed extract was able to protect oxidative 

stressed-induced retinal ganglion cell 

damage by using differentiated retinal 

ganglion cell line RGC-5 cells. Based on 

these reports, we hypothesized that oli-

gomeric proanthocyanidins, the most ab-

undant phenolic compounds in grape 

seeds
[23]

, may protect retinal ganglion cells 

against oxidative stress. Thus we tested 

the protective effect of oligomeric proan-

thocyanidin on retinal ganglion cells 

against H2O2 induced damage by using 

both RGC-5 cell line and retinal explant 

culture. 

There are two major pathways of oxidative 

stress-induced apoptosis, including mito-

chondrial-mediated or receptor-mediated 

pathways. Both pathways lead to cas-

pase-3 activation and cell death. In the 

mitochondrial pathway, the Bcl-2 family of 

pro- and anti-apoptotic proteins is the key 

regulator. For example, Bcl-2 inhibits 

apoptosis by inhibiting cytochrome c re-

lease and caspase activation, while Bax 

promotes apoptosis by inducing the re-

lease of cytochrome c, which then triggers 

the downstream apoptosis event
[24]

. Thus, 

in the current experiment, we tested 

whether oligomeric proanthocyanidin 

could reduce the cytochrome c-Bcl-2-Bax- 

caspase-3 mitochondrial-mediated apop-

tosis by measuring the expression change 

of Bax, Bcl-2 and caspase-3.  

 

 

RESULTS 

 

Oligomeric proanthocyanidin protected 

RGC-5 cells against H2O2 induced injury 

Before the continued experiment, we first 

identified the retinal ganglion cell line RGC-5 

by immunochemical staining for Thy1 and 

Brn3 (retinal ganglion cells specific antibo-

dies)
[25]

 and found all the cells in culture 

were stained for Thy1 and Brn3 (data not 

shown). We further tested with glial fibrillary 

acidic protein (GFAP) antibody (antibody 

against glial cell) and there were no cells 

stained for GFAP, which confirmed that 

RGC-5 cells we used were transformed 

neurons. 

 

We then screened for the safe dose range 

of oligomeric proanthocyanidin using 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte- 

trazolium bromide (MTT) assay. Among the 

series of concentrations that we tested, 20 

and 40 μmol/L oligomeric proanthocyanidin 

did not cause obvious death in RGC-5 (P > 

0.05). But when we increased the concen-

tration to 60 μmol/L and even higher at  

240 μmol/L, all the survival rates of RGC-5 

were significantly lower than the control 

group (P < 0.05; Figure 1A). Thus for future 

test, we used the concentration of oligomeric 

proanthocyanidin lower than 40 μmol/L.
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We next tested the protective effect of oligomeric 

proanthocyanidin on RGC-5 cells against the injury by 

H2O2. With 400 μmol/L H2O2 alone in the medium for 7 

hours, the survival rate of RGC-5 dropped to 0.75 times  

(n = 3) of the control group (P < 0.05).Treating cells with 

oligomeric proanthocyanidin significantly increased the 

survival rate to higher than 0.83 times (P < 0.05; Figure 

1B, C) of the control group. Oligomeric proanthocyanidin 

at the concentration of 20 μmol/L showed the highest 

survival rate at 1.03 times of control group, indicating that 

oligomeric proanthocyanidin was able to protect RGC-5 

against H2O2 injury. 

 

Oligomeric proanthocyanidin inhibited the apoptosis 

of RGC-5 cell line 

Based on the data of cell viability, we used Hoechst 

33324 staining method to evaluate the extent of apop-

tosis on RGC-5 cells induced by H2O2. The cells of 

control group displayed low-intensity blue fluorescence 

from the Hoechst dye and normal nuclear morphology 

(Figure 2A). In contrast, in the 400 μmol/L H2O2 group, 

the number of cells with high-intensity nuclei, indicators 

of apoptosis, was significantly increased (Figure 2B). 

The percentage of apoptotic cells increased to 4.78 

times of the control group (P < 0.05). But the changes 

were attenuated by 20 μmol/L oligomeric proanthocya-

nidin (Figure 2C): the apoptotic cell numbers dropped 

from 4.78 to 1.43 times of the control group (P < 0.05; 

Figure 2D). This result suggested a protective effect of 

oligomeric proanthocyanidin against apoptosis. 

 

To verify whether oligomeric proanthocyanidin had anti- 

apoptotic effect in H2O2-induced RGC-5 cells, Annexin 

V-FITC/PI assay was applied. Flow cytometry results 

showed that 400 μmol/L H2O2 induced 20–25% apopto-

sis in RGC-5 cells, which was almost twice as high as the 

control group (2.08 ± 0.13). After treatment with    20 

μmol/L oligomeric proanthocyanidin, the ratio of the 

apoptotic cells was decreased to 10% (data for one ex-

periment are shown in Figure 2E–G), which was 1.31 

times of the control group and significantly lower than the 

injury group (P < 0.05) (Figure 2H). This result showed 

that the oligomeric proanthocyanidin effectively sup-

pressed H2O2-induced apoptosis in RGC-5 cells. 

 

Then western blots were applied to test the expression of 

several apoptosis related proteins, including Bcl-2 (an 

inhibitor of apoptosis), Bax (a pro-apoptotic Bcl-2 family) 

and caspase-3
[26-27]

. After 400 μmol/L H2O2-induced in-

jury, the expression of Bcl-2 significantly decreased to 

0.58 times of the control group (P < 0.05; Figure 3A, B), 

while the expression of Bax (P < 0.05; Figure 3A, B) and 

caspase-3 significantly increased to 1.85 and 1.68 times 

of the control respectively (P < 0.05; Figure 3C, D). After 

10 and 20 μmol/L oligomeric proanthocyanidin treatment, 

those changes were reversed.  

Figure 1  Oligomeric proanthocyanidin increased the 
survival rate of retinal ganglion cell line RGC-5 after H2O2 
injury.  

(A) The safe dose of oligomeric proanthocyanidin on 
RGC-5 cells. At the concentration of 60 μM (mol/L) or 
higher, oligomeric proanthocyanidin significantly 
decreased the survival rate of RGC-5 cells compared to 

the control group (n = 3 for each concentration, aP < 0.05). 
(B) Oligomeric proanthocyanidin significantly increased 
the survival rate of RGC-5 after the application of H2O2. 

Oligomeric proanthocyanidin at the concentration of 20 μM 
yielded the best protection effect (n = 3). aP < 0.05, vs. 
control group; bP < 0.05, vs. 400 μM H2O2-injured group. 

(C) Example of differential interference contrast (DIC) 
images of RGC-5 cells in the control, H2O2 (400 μM), or 
H2O2 (400 μM) + oligomeric proanthocyanidin (5, 10, 20, 

40 μM). Arrows indicate examples of RGC-5 cells. 
Application of H2O2 decreased the number of cells while 
adding various concentrations of oligomeric 

proanthocyanidin increased the number of survival cells.. 
Each column represents mean ± SD. Each experiment 
was repeated at least three times. Statistical comparisons 

were determined using one-way analysis of variance 
(ANOVA) followed by Student-Newman-Keuls test. 
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Figure 2  Oligomeric proanthocyanidin reduced H2O2-induced apoptosis in retinal ganglion cell line RGC-5.  

(A–C) Hoechst 33342 staining of RGC-5 cells in the control, H2O2 (400 μM) and H2O2 (400 μM) + oligomeric proanthocyanidin 
(20 μM) groups respectively under fluorescence microscopy. The arrowheads pointed to apoptotic cells marked by high 

intensity of blue fluorescence and nuclear condensation. (D) Normalized number of the apoptotic cells identified by Hoechst 
staining. (E–G) Flow cytometry assay of RGC-5 cells in the control (E), H2O2 (400 μM) (F) and H2O2 (400 μM) and H2O2    
(400 μM) + oligomeric proanthocyanidin (20 μM) groups (G). Early apoptotic cells are shown in PI(–)/FITC(+) quarter (Q4) and 

late apoptotic cells are shown in PI(+)/FITC(+)(Q2) quarter. (H) Normalized percentage of apoptotic cells in Q2 and Q4 regions. 
aP < 0.05, vs. control group; bP < 0.05, vs. H2O2 group. Each column represents mean ± SD (n = 3). Each experiment was 
repeated at least three times. Statistical comparisons were determined using one-way analysis of variance (ANOVA) followed 

by Student-Newman-Keuls test. μM: μmol/L. 

Figure 3  Oligomeric proanthocyanidin prevented H2O2-induced changes of apoptotic proteins in retinal ganglion cell line RGC-5.  

(A) Representative immunoblots showing the expression of Bax and Bcl-2 under different conditions. GAPDH was used as the 
reference protein. (B) Normalized ratio of Bcl-2 and Bax to GAPDH in the control, H2O2 (400 μM) and H2O2 (400 μM) + 
oligomeric proanthocyanidin (10, 20, 40 μM) groups. (C) Representative immunoblots showing the expression of caspase-3 
under different conditions. β-actin was used as the reference protein. (D) Normalized ratio of caspase-3 to β-actin. aP < 0.05, 

vs. the control group; bP < 0.05, vs. H2O2 group. Each column represents mean ± SD (n = 3). Each experiment was repeated at 
least three times. Statistical comparisons were determined using one-way analysis of variance (ANOVA) followed by 
Student-Newman-Keuls test. 
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After 20 μmol/L oligomeric proanthocyanidin treatment, 

the expression of Bcl-2 increased from 0.58 to 0.87 times 

of the control group while Bax, caspase-3 dropped to 

1.21 and 1.10 times of the control group respectively (P < 

0.05). The results indicated that oligomeric proantho-

cyanidin protected RGC-5 against H2O2-induced apop-

tosis by increasing the ratio of Bcl-2/Bax and inhibiting 

caspase-3 activity. 

 

Oligomeric proanthocyanidin protected retinal 

ganglion cells in retinal tissue culture against H2O2 

injury 

In order to investigate if oligomeric proanthocyanidin 

could actually protect retinal ganglion cells in retina from 

H2O2 injury, we checked the survival rate of retinal gan-

glion cells in cultured retinal tissue (Figure 4A). In the 

control group, the mean density of retinal ganglion cells 

was 6.1 ± 0.5/mm. In the 100 μmol/L H2O2 group, the 

mean density of retinal ganglion cells was 2.7 ± 0.5/mm, 

which was 56.5% lower than the control group (P < 0.05; 

Figure 4B, C). In the oligomeric proanthocyanidin group, 

the retinal ganglion cells density was restored. In the   

10 μmol/L oligomeric proanthocyanidin group, the retinal 

ganglion cell density was recovered to 3.9 ± 0.7/mm 

(64.5% of the control group). In the 20 μmol/L oligomeric 

proanthocyanidin group, the retinal ganglion cell density 

was restored to 5.4 ± 0.9/mm (88.8% of the control), 

which was significantly higher than the H2O2 group (P < 

0.05). Our data thus proved that oligomeric proantho-

cyanidin was able to protect retinal ganglion cells in vitro. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4  Oligomeric proanthocyanidin increased the survival rate of retinal ganglion cells in retinal explant culture after H2O2 
injury.  

(A) DAPI staining of cultured retinal slices showed that all green fluorescence labeled cells were located in retinal ganglion cell 
layer (GCL), confirming that retinal ganglion cells (green cells) were back-labeled by flurogold (FG) injection in the superior 
colliculous. (B) Images of FG marked green retinal ganglion cells in the GCL layer of retinal slices under Leica microscope in 
the control, H2O2 (400 μM) and H2O2 (400 μM) + oligomeric proanthocyanidin (10, 20 μM) groups. (C) Quantification of the 

number of retinal ganglion cells. The number of retinal ganglion cells was significantly decreased in the H2O2 group compared 
to the control group (aP < 0.05; n = 3). However, when we added oligomeric proanthocyanidin, the number of retinal ganglion 
cells was significantly increased from that in the injury group (bP < 0.05; n = 3). Each column represents mean ± SD. Each 

experiment was repeated at least three times. Statistical comparisons were determined using one-way analysis of variance 
(ANOVA) followed by Student-Newman-Keuls test. μM: μmol/L. 
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DISCUSSION 

 

Our results demonstrate that oligomeric proanthocyani-

din has a protective effect on retinal ganglion cells 

against H2O2-induced injury, as confirmed by using both 

RGC-5 cell lines and retinal explant culture. We further 

show that oligomeric proanthocyanidin inhibits the 

apoptosis induced by oxidative stress, possibly by inhi-

biting mitochondrial apoptosis pathway. 

 

Oligomeric proanthocyanidin protect retinal 

ganglion cells against oxidative stress induced 

apoptosis 

In glaucoma, elevated intraocular pressure is generally 

taken as the most significant risk factor for accelerated 

retinal ganglion cells death. It is widely accepted that 

oxidative damage in response to pressure elevation is an 

important underlying mechanism of elevated intraocular 

pressure induced cellular damage and neuronal death
[2, 28]

. 

Thus finding an effective way to protect retinal ganglion 

cells against oxidative damage would provide a potential 

clinical application in the treatment of glaucoma. 

 

In the present experiment, we used the established 

RGC-5 as a model cell type for retinal ganglion cells
[29]

. 

As a model of oxidative stress, we treated RGC-5 cells 

with hydrogen peroxide, which at 300 μmol/L, was suffi-

cient to induce cell damage, including apoptosis
[30]

. By 

using RGC-5 cell line, we showed that oligomeric 

proanthocyanidin at 20 μmol/L almost completely 

blocked H2O2-induced RGC-5 cell apoptosis, as eva-

luated by the MTT cell viability assay, nuclear condensa-

tion, flow cytometry, increase in Bax and caspase-3 ex-

pression and decrease in Bcl-2 expression. Oligomeric 

proanthocyanidin at 20 μmol/L also rescued the retinal 

ganglion cells in primary retinal explant culture. Our re-

sult was consistent with Yang’s report that the grape 

seed extract (rich in oligomeric proanthocyanidin) was 

able to protect oxidative induced retinal ganglion cell 

damage
[22]

 using differentiated RGC-5 cell line. As grape 

seed extract has multiple components other than oligo-

meric proanthocyanidin, it is hard to exclude the contribu-

tion of other components in the protection of retinal gan-

glion cells. Here in our experiment, we showed for the first 

time that oligomeric proanthocyanidin (proanthocynidine 

B5), found in grape seed extract and many other plants, 

protected retinal ganglion cells in vitro. 

 

While RGC-5 cells have got some criticism for their de-

rivation and purity as a cell line, they are believed to be 

retinal neuronal precursor cells
[25]

. Expressing markers of 

retinal ganglion cells (Thy-1) in RGC-5 cells indicates 

that they are retinal ganglion cell-like neurons and can be 

used as a guide to retinal ganglion cells behavior. A 

greater significance is that our findings from the RGC-5 

cells were able to be replicated with retinal ganglion cells 

directly from rat retinal explant. The protective effect of 

oligomeric proanthocyanidin should be investigated fur-

ther in an animal model of retinal ganglion cell damage to 

determine whether oligomeric proanthocyanidin is a po-

tential neuroprotective agent of retinal ganglion cells. 

 

Possible mechanism for the neuroprotective actions 

of oligomeric proanthocyanidin toward retinal 

ganglion cell apoptosis 

The oxidative insult induced by H2O2 is known as an 

exogenous source for reactive oxygen species produc-

tion and to cause obviously molecular damage within 

cells. Excessive activation of reactive oxygen species 

caused by H2O2 can induce cytotoxicity through the mi-

tochondrial pathway or extracellular pathway
[31]

. In the 

current study, we tested the possible pathway by check-

ing the expression of Bcl-2, Bax and caspase-3.  

 

Our results show that H2O2-induced apoptotic cell death is 

mediated by the downregulation of Bcl-2 and up- regulation 

of Bax and caspase-3. Oligomeric proanthocyanidin, on 

the other hand, effectively prevents the change of those 

proteins in a concentration-dependent manner. These data 

suggest that oligomeric proanthocyanidin may protect re-

tinal ganglion cells from apoptotic death by inhibiting the 

mitochondrial apoptosis pathway. However, as intracellular 

signaling pathways are very complex, we cannot exclude 

other pathways that are involved in these processes. 

 

Neuroprotection of oligomeric proanthocyanidin 

Our current finding regarding the protective effect of oli-

gomeric proanthocyanidin on retinal ganglion cells is 

consistent with previous reports on its neuronal protec-

tive properties.  

 

Neuroprotection of proanthocyanidin was probably firstly 

indicated in the cases of applying grape seed extract 

(rich in oligomeric proanthocyanidin) to protect neuron 

from amyloid-induced death
[18]

 and to reduce neural 

damage in ischemia animal model
[21, 32]

. Proanthocyana-

din was later reported to be capable of attenuating cog-

nitive deterioration and reducing brain neuropathology in 

animal models of Alzheimer’s disease
[33]

. Report of inhi-

biting tau aggregation associated with Alzheimer’s dis-

ease by oligomeric proanthocyanidin extracted from 

cinnamon
[20]

 also suggested the neuroprotective effect of 

oligomeric proanthocyanidins. Mechanism underlying the 
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neuroprotective effect of oligomeric proanthocyanidin 

and its metabolism in the brain were also explored
[19, 34]

. 

Here we further demonstrated that oligomeric proantho-

cyanidin was able to protect retinal ganglion cells from 

death induced by H2O2, by possibly reducing the apop-

totic process through mitochondrial pathway. 

 

The present results suggest that oligomeric proantho-

cyanidin plays an important role in neuroprotection. As 

oligomeric proanthocyanidins can cross the blood-brain 

barrier and affect neuronal cells
[35]

, our results imply a 

potential application of oligomeric proanthocyanidin in 

the clinical treatment of many neural diseases, from 

glaucoma, ischemia to neurodegenerative disease. 

 

 

MATERIALS AND METHODS 

 

Design 

An in vitro experiment. 

 

Time and setting 

This study was performed at GHM Institute of CNS Re-

generation, Jinan University in China between May 2011 

to March 2013. 

 

Materials 

RGC-5 cell was a generous gift from Dr. Mengfei Chen 

(Zhongshan Ophthalmic Center, Guangzhou, China). 

Oligomeric proanthocyanidin was purchased as proan-

thocynidine B5 (Aladin Inc, Shanghai, China; CAS: 

4852-22-6). Rats were purchased from the Animal Cen-

ter of Southern Medical University in China (certification 

No. #0114926). 

 

Methods 

RGC-5 cell culture 

RGC-5 cell is a transformed retinal ganglion cell line that 

has been previously shown to express ganglion cell mark-

ers and exhibit ganglion cell-like behavior in culture
[36]

. The 

RGC-5 cells were cultured in Dulbecco’s modified Eagle’s 

medium (DMEM; Thermo Scientific Hyclone, Logan, Utah, 

USA) containing 4 500 mg/L glucose and 10% fetal bovine 

serum (Thermo Scientific Hyclone) at 37°C in a humidified 

atmosphere of 95% air and 5%CO2 for 1–4 days till expe-

riment. Cells were monitored with Zeiss HAL100 micro-

scope (Carl Zeiss Microscopy, Jena, Germany) for the 

morphological changes during growth.  

 

Immunocytochemistry 

After being incubated for 48 hours, the cells were 

washed twice with phosphate buffer and fixed in 4% pa-

raformaldehyde for 20 minutes. The cells were soaked in 

blocking buffer containing 0.5% Triton X-100, 5% bovine 

serum in phosphate buffer for 25 minutes at room tem-

perature. Then cells were incubated with primary antibo-

dies at 4°C overnight, washed, incubated for 2 hours at 

37°C with secondary antibodies conjugated to a fluo-

rescence marker, rinsed, mounted, and then observed 

under Leica 6100M fluorescent microscope (Leica, Wet-

zlar, Germany). Primary antibodies included anti-Thy1.1 

(1:300; Abcam Inc., Cambridge, MA, USA), Brn3 (1:100; 

Cell Signaling Technology, Boston, MA, USA), and GFAP 

(1:1000, Cell Signaling Technology).  

 

MTT assay for cell viability 

MTT assay was applied to test the viability of the cells. 

Cells (3 × 10
3
/well) were grown in 96-well plates. After 

various treatments, the culture medium was gently dis-

posed and the cells were washed with new culture me-

dium. Next, 150 μL of culture medium containing 15 μL of 

MTT (5 mg/mL; Sigma, St. Louis, MO, USA) was added 

to each well, and the wells were incubated for additional 

4 hours at 37°C in a 5% CO2 incubator. The purple-blue 

MTT formazan precipitate was dissolved in 150 μL of 

dimethylsulfoxide. Absorbance of each well was meas-

ured on a plate reader (Tecan, Männedorf, Switzerland) 

at 570 nm. The values from each well were then com-

pared to estimate the viability of cells. 

 

Treatment of H2O2 and oligomeric proanthocyanidin 

Cells (3 × 10
3
/well) were grown for 24 hours in 96-well 

plates, then treated with different concentrations of oli-

gomeric proanthocyanidin from 5, 10, 15, 20, 30, 40, 60, 

80, 120, 160 to 240 μmol/L to screen for the safe dosage 

range. As the half life of oligomeric proanthocyanidin was 

7 hours, we chose 7 hours as the exposure time. In 

separate experiment, cells were pretreated with different 

concentrations of H2O2 (200, 300, 400, 600 and      

800 μmol/L) for 7 hours. After 7-hour exposure to 400 

μmol/L H2O2, we found that the cell survival rate was 

about 70% of the control group (supplementary Figure 1 

online). So 400 μmol/L H2O2 was chosen as the damage 

dose in order to see a clear protective effect of oligomeric 

proanthocyanidin. In separate experiment testing the pro-

tective effect of oligomeric proanthocyanidin, oligomeric 

proanthocyanidin and H2O2 were added together into the 

culture medium and incubated for 7 hours. 

 

Hoechst 33342 staining for cell apoptosis 

After the aforementioned H2O2 and oligomeric proan-

thocyanidin treatments for 7 hours, the cells were 

washed twice with PBS and fixed in 4% paraformalde-

hyde for 20 minutes. The cells were then stained with  
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10 µmol/L Hoechst 33342 (Sigma, Shanghai, China) for 

20 minutes and imaged using Zeiss fluorescence mi-

croscopy. High intensity cells were counted in five fields 

of view (872 μm × 653 μm/field of view) in each group 

with Image pro plus software (Media Cybernetics, Inc., 

Rockville, MD, USA). Counted numbers were averaged 

and normalized to the control group.  

 

Flow cytometry analysis for cell apoptosis 

RGC-5 cells (1 × 10
4
 cells/mL) were seeded in 6-well 

plates. Double staining with Annexin V-FITC/PI Apopto-

sis Detection Kit (KeyGEN, Nanjing, China) was per-

formed for quantification of apoptosis. Cells attached to 

the bottom of plates and the cells in the supernatant 

were collected, washed twice with ice-cold PBS and 

re-suspended in 200 μL of Annexin binding buffer. Then, 

2 μL of Annexin V-FITC and 2 μL of PI were added and 

incubated for 5–15 minutes in the dark at room tem-

perature. After incubation, the samples were analyzed 

by flow cytometry (FACSAria
TM

, BD, San Jose, CA, 

USA) 

 

Western blot analysis for apoptosis-related protein 

expression 

Cells were seeded in 6-well plates at a density of 1 × 

10
4
 cells/mL. The cells were then subjected to       

400 μmol/L H2O2 injury in the presence or absence of 

oligomeric proanthocyanidin. The control cells were left 

untreated. At 7 hours after treatment, the cells were 

lysed, and protein samples were obtained. The protein 

extracts were separated on 12% sodium dodecyl sulfate 

polyacrylamide gel electrophoresis gels and transferred 

onto a polyvinylidene difluoride membrane (Bio-Rad, 

Hercules, CA, USA). The membrane was incubated 

overnight at 4°C with the following primary antibodies: 

rabbit polyclonal anti-Bcl-2 antibody (1:1 000; Cell 

Signaling Technology), anti-Bax antibody (1:1 000; Cell 

Signaling Technology), anti-caspase-3 antibody (1:    

1 000; Cell Signaling Technology), anti-β-actin antibody 

(1:1 000; Cell Signaling Technology) and GAPDH anti-

body (1:1 000; Cell Signaling Technology). The mem-

brane was then incubated with a goat anti-rabbit IgG 

secondary antibody (1: 5 000; Sigma) for 2 hours at 

room temperature and detected with a chromogenic 

horseradish peroxidase western blot substrate (Pierce 

Biotechnology Inc, Rockford, IL, USA). The apopto-

sis-related protein expression levels were evaluated by 

measuring the ratios of Bax, Bcl-2 to GAPDH or the 

ratio of caspase-3 to β-actin, and then normalized to the 

control group. Each experiment was repeated three 

times and the values were averaged. Immunoblot pixel 

area for each protein was quantified using Image pro 

plus software (Media Cybernetics) and then normalized 

to that of the internal reference 

 

Isolation of retina  

Pregnant female Sprague-Dawley rats were purchased 

from the animal center of Southern Medical University in 

China (certification No. #0114926) and kept in animal 

facility of Jinan University (Guangzhou, Guangdong 

Province, China) under specific pathogen free level till 

the pups were delivered and taken for experiment. The 

mother rats were then sacrificed by intraperitoneal injec-

tion of 13.5 mg/kg chloride hydrate (Sigma, Shanghai, 

China). All animal procedures were performed according 

to guidelines and approved by competent ethics com-

mittees of Jinan University, China. 

 

Retrograde labeling of retinal ganglion cells 

Retinal ganglion cells were retrograde labeled before iso-

lating the retina from new born Sprague-Dawley rats. For 

identification of retinal ganglion cells, 4% of FluroGold 

(Fluorochrome, Inc., Englewood, CO, USA) was injected 

into the superior colliculus 2 days prior to experiment to 

retrogradelly label retinal ganglion cells. In retinal tissue 

culture experiment, Sprague-Dawley rats at 3 days after 

birth were anesthetized with 3.5% hydrochloride. Then an 

incision was made to expose the skull and a hole was 

opened above the area of the superior colliculus. Using a 

Hamilton syringe affixed to a micromanipulator on the 

stereotaxic apparatus, a needle was inserted and a total of 

2.5 μL FluroGold was delivered to each point at a depth of 

1.5 mm and 2 mm separately. The needle was left in place 

for 2 minutes after each injection to allow dye absorption. 

After the injection, the hole in the skull was sealed and 

skin above the skull was sutured. The operated pup was 

kept on heating pat till fully recovered and then returned to 

the cage with mother.  

 

Retinal explant culture and retinal ganglion cell 

counting 

Retinal explant culture was performed under the stan-

dard protocol
[37-38]

. Basically new born SD rats were 

sacrificed by overdose anesthesia 2–3 days after labe-

ling. Then freshly enucleated eyes were immersed in 

cold Hank’s Balanced Salt Solution under sterile condi-

tions, with the inner retinal facing up. Then retina was 

moved to the DMEM/F12 media (Hyclone, Logan, Utah, 

USA) which contained 10% fetal bovine serum in incu-

bators with 5% CO2 at 37°C. Twelve hours later, the 

solution was changed to 100 μmol/L H2O2 media, with 

or without 10 or 20 μmol/L oligomeric proanthocyanidin. 

After 7 hours of treatment, the retina was fixed by 4% 

paraformaldehyde (PFA)overnight, then embedded in 
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optimum cutting temperature (OCT) compound. The 

retina was cut into 15 μm-thick slices. Number of retinal 

ganglion cells was counted with ImageJ (NIH). As the 

cells distributed unequally in different areas of retina, 

we only counted the retinal ganglion cells in the sec-

tions with optic disc, and within 150 μm distance away 

from the optic disc on each side of the optic disc in each 

slice. For each eye, retinal ganglion cells in about five 

slices were counted in every group and the numbers 

were averaged cross each slice. 

 

Statistical analysis 

All experiments were repeated at least three times. 

Data were expressed as mean ± SD. Statistical com-

parisons were determined using one-way analysis of 

variance (ANOVA) followed by Student-Newman-Keuls 

test using SPSS software 17.0 (SPSS, Chicago, IL, 

USA). Statistical significance was accepted at a value of 

P < 0.05.  

 

Research background: In glaucoma and other many optic 

nerve diseases, retinal ganglion cells die and cause the loss of 

vision.  

Research frontiers: In this study, we innovatively tested 

whether oligomeric proanthocyanidin, an antioxidative and 

neuroprotective agent and abundant in grape seed, may protect 

retinal ganglion cells against oxidative stress induced apopto-

sis. 

Clinical significance: We are trying to investigate the clinical 

value of oligomeric proanthocyanidin in the treatment of glau-

coma and other optic diseases. 

Academic terminology: Oligomeric proanthocyanidin is the 

oligomer of proanthocyanidin, which presents abundantly in 

fruits such as apple, pear, grapes, and also in daily diet like 

chocolate, wine and tea and has proven to be antioxidant and 

neuroprotective. 

Peer review: Our in vitro studies on both RGC-5 cell lines and 

retinal explants demonstrate that oligomeric proanthocyanidin 

can protect the oxidative stress injured retinal ganglion cells by 

inhibiting the apoptotic process, thus indicating a potential ap-

plication of oligomeric proanthocyanidin in the clinical treatment 

of glaucoma and other optic diseases.  

 

 

REFERENCES 

 

[1] Margalit E, Sadda SR. Retinal and optic nerve diseases. 

Artif Organs. 2003;27:963-974. 

[2] Liu Q, Ju WK, Crowston JG, et al. Oxidative stress is an 

early event in hydrostatic pressure induced retinal gan-

glion cell damage. Invest Ophthalmol Vis Sci. 2007;48: 

4580-4589. 

[3] Sucher NJ, Lipton SA, Dreyer EB. Molecular basis of 

glutamate toxicity in retinal ganglion cells. Vision Res. 

1997;37:3483-3493. 

[4] Magalhaes da Silva T, Rocha AV, Lacchini R, et al. Asso-

ciation of polymorphisms of endothelial nitric oxide syn-

thase (eNOS) gene with the risk of primary open angle 

glaucoma in a Brazilian population. Gene. 2012;502: 

142-146. 

[5] Caprioli J, Coleman AL. Blood pressure, perfusion pres-

sure, and glaucoma. Am J Ophthalmol. 2010;149: 

704-712. 

[6] Hegde ML, Mantha AK, Hazra TK, et al. Oxidative ge-

nome damage and its repair: implications in aging and 

neurodegenerative diseases. Mech Ageing Dev. 

2012;133:157-168. 

[7] Albarracin SL, Stab B, Casas Z, et al. Effects of natural 

antioxidants in neurodegenerative disease. Nutr Neurosci. 

2012;15:1-9. 

[8] Oligomeric proanthocyanidins (OPCs). Monograph. Altern 

Med Rev. 2003;8:442-450. 

[9] Mageshwaran T, Ebenezar AR, Madhanamadhubala M, et 

al. Counteraction of reactive oxygen species and deter-

mination of antibacterial efficacy of proanthocyanidin and 

lycopene when mixed with calcium hydroxide and chlor-

hexidine mixture: An in vitro comparative study. J Conserv 

Dent. 2012;15:337-341. 

[10] Gescher K, Kuhn J, Lorentzen E, et al. Proanthocyani-

din-enriched extract from Myrothamnus flabellifolia Welw. 

exerts antiviral activity against herpes simplex virus type 1 

by inhibition of viral adsorption and penetration. J Ethno-

pharmacol. 2011;134:468-474. 

[11] Gallina L, Dal Pozzo F, Galligioni V, et al. Inhibition of viral 

RNA synthesis in canine distemper virus infection by 

proanthocyanidin A2. Antiviral Res. 2011;92:447-452. 

[12] Sharma SD, Meeran SM, Katiyar SK. Proanthocyanidins 

inhibit in vitro and in vivo growth of human non-small cell 

lung cancer cells by inhibiting the prostaglandin E(2) and 

prostaglandin E(2) receptors. Mol Cancer Ther. 2010;9: 

569-580. 

[13] Tatsuno T, Jinno M, Arima Y, et al. Anti-inflammatory and 

anti-melanogenic proanthocyanidin oligomers from pea-

nut skin. Biol Pharm Bull. 2012;35:909-916. 

[14] Zhou DY, Du Q, Li RR, et al. Grape seed proanthocyanidin 

extract attenuates airway inflammation and hyperrespon-

siveness in a murine model of asthma by downregulating 

inducible nitric oxide synthase. Planta Med. 2011;77: 

1575-1581. 

[15] Liu X, Qiu J, Zhao S, et al. Grape seed proanthocyanidin 

extract alleviates ouabain-induced vascular remodeling 

through regulation of endothelial function. Mol Med Report. 

2012;6:949-954. 

[16] Okudan N, Bariskaner H, Gokbel H, et al. The effect of 

supplementation of grape seed proanthocyanidin extract 

on vascular dysfunction in experimental diabetes. J Med 

Food. 2011;14:1298-1302. 



Wang H, et al. / Neural Regeneration Research. 2013;8(25):2317-2326. 

 2326 

[17] Sano A, Tokutake S, Seo A. Proanthocyanidin-rich grape 

seed extract reduces leg swelling in healthy women dur-

ing prolonged sitting. J Sci Food Agric. 2013;93:457-462. 

[18] Li MH, Jang JH, Sun B, et al. Protective effects of oligo-

mers of grape seed polyphenols against beta-amyloid- 

induced oxidative cell death. Ann N Y Acad Sci. 2004; 

1030:317-329. 

[19] Ahn SH, Kim HJ, Jeong I, et al. Grape seed proantho-

cyanidin extract inhibits glutamate-induced cell death 

through inhibition of calcium signals and nitric oxide for-

mation in cultured rat hippocampal neurons. BMC Neu-

rosci. 2011;12:78. 

[20] Peterson DW, George RC, Scaramozzino F, et al. Cin-

namon extract inhibits tau aggregation associated with 

Alzheimer’s disease in vitro. J Alzheimers Dis. 2009;17: 

585-597. 

[21] Hwang IK, Yoo KY, Kim DS, et al. Neuroprotective effects 

of grape seed extract on neuronal injury by inhibiting DNA 

damage in the gerbil hippocampus after transient fore-

brain ischemia. Life Sci. 2004;75:1989-2001. 

[22] Yang H, Lee BK, Kook KH, et al. Protective effect of grape 

seed extract against oxidative stress-induced cell death in 

a staurosporine-differentiated retinal ganglion cell line. 

Curr Eye Res. 2012;37:339-344. 

[23] Fitzpatrick DF, Fleming RC, Bing B, et al. Isolation and 

characterization of endothelium-dependent vasorelaxing 

compounds from grape seeds. J Agr Food Chem. 2000;48: 

6384-6390. 

[24] Granville DJ, Gottlieb RA. Mitochondria: regulators of cell 

death and survival. ScientificWorldJournal. 2002;2:1569- 

1578. 

[25] Van Bergen NJ, Wood JP, Chidlow G, et al. Recharacte-

rization of the RGC-5 retinal ganglion cell line. Invest 

Ophthalmol Vis Sci. 2009;50:4267-4272. 

[26] Yin XM. Signal transduction mediated by Bid, a pro-death 

Bcl-2 family proteins, connects the death receptor and 

mitochondria apoptosis pathways. Cell Res. 2000;10:161- 

167. 

[27] Zhao J, Wang LP, Nie JS, et al. Effects of benzo(a)pyrene 

on apoptosis of neuronal cells and expression of Bcl-2 

and Bax proteins in rat brain tissue. Zhonghua Lao Dong 

Wei Sheng Zhi Ye Bing Za Zhi. 2011;29:820-824. 

[28] Ju WK, Liu Q, Kim KY, et al. Elevated hydrostatic pressure 

triggers mitochondrial fission and decreases cellular ATP 

in differentiated RGC-5 cells. Invest Ophthalmol Vis Sci. 

2007;48:2145-2151. 

[29] Krishnamoorthy RR, Agarwal P, Prasanna G, et al. Cha-

racterization of a transformed rat retinal ganglion cell line. 

Brain Res Mol Brain Res. 2001;86:1-12. 

[30] Nakajima Y, Inokuchi Y, Nishi M, et al. Coenzyme Q10 

protects retinal cells against oxidative stress in vitro and in 

vivo. Brain Res. 2008;1226:226-233. 

[31] Culcasi M, Benameur L, Mercier A, et al. EPR spin trap-

ping evaluation of ROS production in human fibroblasts 

exposed to cerium oxide nanoparticles: evidence for 

NADPH oxidase and mitochondrial stimulation. Chem Biol 

Interact. 2012;199:161-176. 

[32] Feng Y, Liu YM, Fratkins JD, et al. Grape seed extract 

suppresses lipid peroxidation and reduces hypoxic 

ischemic brain injury in neonatal rats. Brain Res Bull. 

2005;66:120-127. 

[33] Wang J, Ho L, Zhao W, et al. Grape-derived polyphenolics 

prevent Abeta oligomerization and attenuate cognitive 

deterioration in a mouse model of Alzheimer ’s disease. J 

Neurosci. 2008;28:6388-6392. 

[34] Wang J, Ferruzzi MG, Ho L, et al. Brain-targeted proan-

thocyanidin metabolites for Alzheimer ’s disease treatment. 

J Neurosci. 2012;32:5144-5150. 

[35] Prasain JK, Peng N, Dai Y, et al. Liquid chromatography 

tandem mass spectrometry identification of proanthocya-

nidins in rat plasma after oral administration of grape seed 

extract. Phytomedicine. 2009;16:233-243. 

[36] Wood JP, Chidlow G, Tran T, et al. A comparison of diffe-

rentiation protocols for RGC-5 cells. Invest Ophthalmol 

Vis Sci. 2010;51:3774-3783. 

[37] Seigel GM. The golden age of retinal cell culture. Mol Vis. 

1999;5:4. 

[38] Zhang SS, Fu XY, Barnstable CJ. Tissue culture studies of 

retinal development. Methods. 2002;28:439-447. 

 

 

(Reviewed by Jung SH, Vidal-sanz M, Fu QL, Wu HY)  

(Edited by Li CH, Song LP, Liu WJ, Zhao M) 

 


