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Abstract 

This study aimed to analyse the protective effect and mechanism of erythropoietin (EPO) on ceramide-induced 
retinal damage. First of all, ceramide was used to induce retinal damage on rats, then EPO effect on retinal 
damage was studied. Annexin V-FITC/PI cell apoptosis detection kit was used to detect the apoptosis rate of 
retinal cells (R28) and the obtained apoptosis rates of retina R28 cells were recorded in real time. Results showed 
that, under the effect of different concentrations of EPO, the release of lactate dehydrogenase (LDH) in the retina 
had an inhibiting effect on apoptosis, concentration dependent. The staining results of terminal deoxynucleotidyl 
transferase-mediated dUTP-biotin nick end labelling (TUNEL) assay showed that, the number of TUNEL 
positive cells showed a significantly increasing tendency in the ganglion cell layer of retina. In addition, the 
apoptosis rate of nerve cells was reduced under the effect of EPO. In conclusion, EPO can protect the ceramide-
induced retinal damage to a certain extent, which provides a great perspective for further studies. 
 
Rezumat 

Obiectivul acestui studiu a fost centrat pe analiza efectului protector și mecanismul prin care eritropoietina 
(EPO) protejează împotriva deteriorării retinei, induse de ceramidă. Ceramida a fost utilizată inițial pentru a 
induce deteriorarea retinei la șobolani, apoi EPO a fost utilizată pentru a evalua efectul protector și mecanismul 
de acțiune în deteriorarea retinei. Kit-ul de detecție a apoptozei celulare Annexin V-FITC/PI a fost utilizat pentru 
determinarea ratei de apoptoză a celulelor retiniene R28 și ratele de apoptoză a celulelor retiniene au fost 
înregistrate în timp real. Rezultatele au arătat că sub efectul diferitelor concentrații de EPO, eliberarea de lactat 
dehidrogenază (LDH) la nivelul retinei are un efect antiapoptotic doză-dependent. Rezultatele colorării prin 
metoda transferazei terminale ”dUTP-biotin nick end labelling” (TUNEL) au arătat că numărul de celule 
TUNEL pozitive prezintă o tendință de creștere semnificativă în stratul de celule ganglionare ale retinei. În plus, 
rata de apoptoză a celulelor nervoase a fost redusă sub efectul EPO. În concluzie, EPO este un factor de protecție 
împotriva deteriorării retinei, induse de ceramidă. 
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Introduction 

Erythropoietin (EPO) is a glycoprotein hormone that 
controls erythropoiesis and is produced in adults 
mostly by interstitial fibroblasts in the kidney and 
in the fetal and perinatal period mostly by peri-
sinusoidal cells in the liver. Erythropoiesis-simulating 
agents that contain different types of recombinant 
human erythropoietin are used to treat different types 
of anaemia that could appear in chronic kidney 
disease, and in anaemia associated with antiviral or 
myelosuppressive chemotherapy with pegInterferon 
and ribavirin in chronic hepatitis C and B, with 
zidovudine in HIV-infected patients [6, 31]. In 
recent years, more and more studies have been 
carried out on EPO as protecting factor of blood 
vessels and nerves. The formation of EPO is closely 

related to the oxygen supply of nervous systems. In the 
respect of protecting nerves, EPO can effectively 
relieve the brain cell damage caused by ischemia and 
anoxia. The use of EPO in oxygen-induced cerebral 
injury in rodents showed that it acts as an anti-
oxidant and antiapoptotic agent but also it 
modulates inflammatory cascades, autophagy and 
growth signalling [2, 18, 28, 29]. In the meantime, 
EPO has also a protective effect on neuronal 
damage in the cerebral cortex stimulated by free 
radicals [19, 24, 25]. Studies showed that 
erythropoietin protects also against CO-induced 
cardiac ischemia in rats by suppressing apoptosis in 
myocardial cells [23]. Currently, many researchers 
in China and abroad have carried out relevant 
studies. For example, in 2011, Loeliger M. M. et al. 
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[17] stated that the pre-treatment of recombinant 
human erythropoietin (rhEPO) could reduce the 
damage of intraocular hypertension on retina as well 
as it inhibits cell apoptosis. In 2012, Shiyong Wang 
et al. [34] carried out experiments and discovered 
that EPO pre-treatment had a protective effect on 
hypoxia damage of nerve cells; besides, the effect 
was concentration-dependent and time-dependent. In 
2013, Chattong S. et al. [4] studied the influence of 
rhEPO on the survival and enation of cultured 
retinal ganglion cells (RGCs) as well as the 
expression of growth-associated protein-43 (GAP-43); 
besides, the potential mechanism of rhEPO on RGCs 
culture was also considered. The aim of the present 
study was to explore the protective effect of EPO 
on ceramide-induced retinal damage. 
 
Materials and Methods 

Animals. 15 male Sprague Dawley (SD) rats weighing 
about 250 g were purchased from Shanghai Slac 
Laboratory Animal Co., Ltd. The protocol was 
approved by the Animal Care and Use Committee of 
Zhengzhou University and relevant ethical approval 
was obtained. 
Main reagents and resources. Low-glucose Dulbecco's 
modified eagle medium (DMEM) (American Thermo 
Fisher Scientific). A certain amount of sterile double 
distilled water was injected into a prepared conical 
flask. Then DMEM was added for dissolution. After 
that, sodium bicarbonate was added and the pH value 
was adjusted to 6.9 ~ 7.1 under the condition of 
constant volume. The final solution was sterilized. After 
that, the reagent was added into several 100 mL 
infusion bottles and each bottle neck was sealed using a 
kraft paper. At last, the infusion bottles were preserved 
in a refrigerator at 4°C. 
0.25 g of Trypsin (Shanghai Shi Feng Biotechnology 
Co. Ltd., China) was weighed and added with 100 mL 
of D-Hnaks; it was dissolved by magnetic stirring and 
then bacteria were filtered and removed. After that, the 
solution was transferred to penicillin bottles on the 
sterile operating platform and preserved at the freezing 
layer of the refrigerator. 
Other reagents used in this study included bovine serum 
albumin (Shanghai Yan Qi Biotechnology Co., Ltd.); 
erythropoietin (EPO), ceramide (C2) dimethyl sulfoxide 
(DMSO) (Shanghai Jing Ke Chemical Technology Co., 
Ltd.); absolute ethyl alcohol (Shanghai Zi Qi Chemical 
Technology Co., Ltd.); tri-chloromethane (Changsha 
Staherb Natural Ingredients Co., Ltd.); isopropanol 
(Shanghai Zi Qi Chemical Technology Co., Ltd.); 
glycine (Shanghai Jing Ke Chemical Technology Co., 
Ltd.); Annexin V-FITC/PI cell apoptosis detection 
kit (Shanghai Pierce Biotechnology Co. Ltd., 
China); phosphate buffer saline (PBS) (Shanghai Zi 
Qi Chemical Technology Co., Ltd.); 

Main instruments and equipment. FNIR near-infrared 
imaging system (Beijing Upwards Teksystems Co., 
Ltd.), a CO2 incubator (Guangzhou LabChina Co., 
Ltd.), a medical clean bench (Soochow Poxiwa 
Experimental Facilities Co., Ltd.) and a 4°C refrigerator 
(Qingdao Haier Special Electric Appliance Co., Ltd.) 
were also used in this study. 
Experimental methods.  
To develop the retinal damage model R28 cells were 
treated with different concentrations of ceramides (1, 2, 
4, 8 and 16 µM) for 24 h and the concentration with 
higher apoptosis rate was taken as standard for further 
experiments involving the protected effect of EPO.  
The protected effect of EPO on retinal damage was 
investigated on R28 cells treated with different 
concentrations of EPO (2, 4, 8, 16 and 32 U/mL) 
before exposure to the C2 in concentration found to be 
appropriate for retinal damage model.  
Evaluation of the influence of different concentrations 
of EPO on release of lactate dehydrogenase was made 
according to a hypoxia control group.    
Separation and culture of rats’retinal cells (R28 cells). 
Rats were killed by euthanasia [21]. Then the head of 
rats, especially eyes, were disinfected using 70% ethyl 
alcohol. Ophthalmology-exclusive tweezers were used 
to separate rats’ eyeballs and the collected eyeballs were 
washed four times in D-Hank’s buffer solution [10, 32, 
39]. After that, with the help of micro-scissors, the 
nerve retina of rats was separated and added into 0.25% 
trypsin and preserved in a 37°C cell incubator. Cells 
were cultured using the Dulbecco's modified eagle 
medium (DMEM) (basic culture medium + 10% fetal 
bovine serum + 1% penicillin/streptomycin) with a low-
sugar concentration of 1 g/L glucose.  
Induction of hypoxia in the hypoxia control group. R28 
cells in the hypoxia group received hypoxia treatment 
as following. Sugar in the culture medium was 
eliminated and cells were put into a sealed container 
which had two air holes. Nitrogen in 94% concentration 
and carbon dioxide in 5% concentration were mixed 
and input into the container through one hole in the 
speed of 0.5 L/h. After 3 hours, the oxygen-glucose was 
deprived. The gas which came out from the other hole 
was tested. When the concentration of oxygen was 
lower than 0.5%, the container was in the state of 
anoxia. After that, cells were put into an incubator that 
contained 5% carbon dioxide and 95% air and the 
temperature was adjusted to 37ºC for later experiment. 
Detection of retina cell apoptosis (TUNEL). R28 cells 
were maintained into different concentrations (1, 2, 4, 8 
and 16 µM) of ceramide for 24 h. Then R28 cellular 
morphology and activity changes were detected. 
Annexin V-FITC/PI cell apoptosis detection kit was 
used to quantify the apoptosis rate of R28 cells. Firstly, 
frozen sections of retina were blown dry and then 
cleaned with phosphate buffer saline (PBS). Then trans 
membrane proteins extraction was carried out for 20 
min at room temperature and retina sections were 
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washed with PBS three times, 5 min for each time. 
Trans-membrane proteins solubilisation was performed 
using 0.1% Triton X-100. After that, frozen retina 
sections were incubated for 10 min as the positive 
control. The terminal deoxynucleotidyl transferase 
liquid and the labelling liquid were mixed in the ratio of 
1:9 in the first group, while for the second group the 
labelling liquid only was added. Samples were 
incubated at 37°C for 1.5 h and then washed with PBS 
for 3 times 5 min each. Then samples were processed 
by 0.7 µg/mL of DAPI for half minute for nuclear 
staining; then they were sealed with DAKO mounting 
medium. Results were directly observed under a 
fluorescence microscope [9, 15, 38]. The excitation 
wavelength was 470 - 500 nm and the number of 
sections of each group was not fewer than 4. Using a 
microscope with 400 times, ten random visual fields 
(0.15 mm2) were selected to obtain the number of 
TUNEL chromosome neurons. Then the average cell 
number of each group was calculated. 
LDH assay was performed. according to the methods 
carried out by Bergmeyer, Bernt and Hess [3], the LDH 
value being measured using 2.5 mL of Tris-NaCl-
NADH buffer solution, 150 µL of enzyme extract and 
0.5 mL of Tris-NaCl-pyruvic acid. The absorbance 
change at 340 nm wavelength was recorded. 
Statistical methods.SPSS.18 software was used for 
statistical analysis of experiment data in this study. On 
the basis of one-way analysis of variance, the least 
significant difference (LSD) method was used for the 
further comparison between two groups. p < 0.05 
means there is a statistically significant difference; p < 
0.01 means high significance. 
 
Results and Discussion 

Influence of different concentrations of ceramides 
upon the activity of R28 cells. Compared with cells 
in the normal control group, the number of R28 
mature cells after treatment were reduced; 
moreover, most cells were nonviable. In the 
meantime, under the influence of different 
concentrations of ceramides, the observed dose-
dependent manner was recorded (Figure 1). 

 

 
Figure 1. 

Activity of R28 cells under the influence of 
different concentrations of ceramide 

 
Influence of different concentrations of EPO on release 
of lactate dehydrogenase. The lactate dehydrogenase 
(LHD) release rate of the hypoxia group was 
considered as 100%. The LDH release rates of the 
hypoxia group and EPO pre-treatment group were 
compared and the data were recorded for drawing 
curves of LDH release rates. With different final 
concentrations of EPO (2, 4, 8, 16 and 32 U/mL) 
before treatment with ceramides in 16 µM added to 
the culture medium, the LDH release rate were 
90.8%, 82.5%, 49.2%, 41.8% and 40.2% respectively. 
The differences between each group had statistical 
significance (p < 0.01), indicating that different 
concentrations of EPO could effectively inhibit the 
release of LDH, which was concentration-dependent. 
Details are shown in Figure 2. 

 
 

 
Figure 2. 

Release rates of LDH under different 
concentrations of EPO 

 
Influence of EPO on cell apoptosis. Ceramide plays 
an important role in nerve cell apoptosis in some 
severe diseases, which is a potential threat for 
human health. In recent years, many researchers 
have used ceramide-induced retina damage model 
to observe the apoptosis of retinal nerve cells [5, 
16, 26, 37]. In order to verify the assumption, we 
used Annexin V-FITC/PI cell apoptosis detection 
kit to detect the apoptosis of retinal cells under the 
effect of ceramide. Results showed that, no cell 
apoptosis was found in normal control group. 
However, TUNEL staining results of rat recombinant 
retina cells after the treatment of ceramide showed 
that, positive cells were found in the rat retina cells 
processed by ceramide. In addition, such 
phenomenon was significant in the ganglion cell 
layer and the papilla of optic nerve of retina. 
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Figure 3. 

TUNEL staining results of rat retina cells in 
different groups 

 
Besides, many authors state in some reports that 
EPO had a protective effect on nerve injury [39]. 
Therefore, we carried out relevant experiments to 
verify whether the EPO pre-treatment could inhibit 
the ceramide-induced retinal nerve cell apoptosis. 
Results showed that the staining in EPO treatment 
group was weakened, indicating that EPO could 
reduce ceramide-induced nerve cell apoptosis 
(Figure 3). In the meantime, EPO had certain 
protective effect on the ceramide-induced retinal 
damage due to the inhibition of the apoptosis rate.  
The number of TUNEL positive granules in the 
retinal neuron of normal group was small, only 9. 
However, a large number of TUNEL positive staining 
cells could be seen in the anoxia group. Moreover, 
cells began to concentrate and had a rounding tendency; 
yellowish brown granules were found in cell nucleus 
and each cell nucleus had different shapes. After 
the treatment using EPO in 32 U/mL, we found that 
the number of TUNEL positive cells was reduced.  
In recent years, many researchers considered that 
ceramide played a vital role in the process of nerve 
apoptosis [12-14, 35]. Such opinion was also 
reflected in this study. Apoptosis of nerve cells 
could increase due to the addition of ceramide. 
Meanwhile, we found that the injection of EPO 
could significantly reduce the apoptosis rate of 
nerve cells [7, 8, 30]. EPO modulates the 
erythropoiesis as well as it protects nerves to a 
certain extent [1, 11, 27]. The biological roles of 
EPO are diverse, but recently it is studied in 
relation to the treatment of optical-damage retinal 
degeneration or inherited retinal pigment 
degeneration. Thus it was found that EPO had a 
significant protective effect on retina photoreceptor 
cells. Besides, researchers also found that an 
intraperitoneal injection of EPO could have pre-
treatment effect 24 h before ischemia and could 
also recover retinal functions. However, it did not 
work if EPO was applied after ischemia. Therefore, 
EPO could protect acute retinal ischemia-reperfusion 
injury through an anti-apoptosis mechanism. In 
addition, a systemic application of EPO could 
rescue many injured nerve cells [20, 33]. Besides, 
another study also found that EPO was concentration-

dependent and time-dependent during the protective 
process of nerve cells [36]. Through the 
experiments on rats’ retina cells, this study found 
that the treatment with C2 could lead to the 
inflammation of rats’ retina cells and the injury of 
optic nerve functions, while the pre-treatment with 
EPO could effectively treat the retinal injury caused 
by C2. 
 
Conclusions 

Experiments on ceramide-induced retinal nerve cell 
apoptosis showed that different concentrations of 
EPO can have different degrees of inhibiting effect 
on LDH release, concentration dependent. 
Meanwhile, the apoptosis rate of nerve cells was 
reduced due to EPO, the renal glycoprotein 
showing a protective effect on ceramide-induced 
retinal nerve injury. 
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