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Abstract: Background: It has been suggested that intervertebral disc (IVD) cell apoptosis playing a key role in promot-
ing disc degeneration, and Oxidative stress has been proved to induce apoptosis of nucleus pulposus cells (NPCs) in 
contributing to the process of IVD degeneration. 17β-Estradiol (17β-E2) has been reported for its protective effect on 
NPCs in our previous studies. However, it is not yet clear whether 17β-E2 has the protective effect on NPCs against 
apoptosis induced by oxidative stress. Purpose: Based on apoptotic cell model induced by Hydrogen Peroxide (H2O2), 
the current research was design to explore the effect of 17β-E2 on rat NPCs against apoptosis. Methods: NPCs 
were isolated from male Sprague-Dawley rats and cultured in complete medium. After two weeks, the NPCs were 
treated with H2O2 (1, 10, 100, 500 and 1000 μM/L, respectively) for 6 h, and 500 μM/L H2O2 for (1, 3, 6, 12 and 
24 h, respectively). Cell counting kit-8 assay was performed to determine cell viability. LDH assay was performed 
to assess cytotoxicity after different treatments. Apoptotic incidence was analyzed by Fluorescence Activating Cell 
Sorter (FACS), morphological changes, as well as western blot of active caspase-3. Results: The results showed that 
H2O2 induced notable apoptosis and over expression of active caspase-3 in a dose- and time-dependent manner. 
However, the adverse effect caused by H2O2 was obviously reversed by 17β-E2. Besides, cell viability was decreased 
after treatment with H2O2, which was then increased by the addition of 17β-E2. In particular, the dose-dependent 
effect of 17β-E2 was remarkable. During the experiments, it was found that all effects resulting from 17β-E2 were 
eliminated by estrogen receptor antagonist ICI182, 780. Conclusions: These results obtained in this study suggest 
that 17β-E2 can effectively protect rat NPCs from peroxide-induced apoptosis in a dose-dependent manner, implying 
the potential of 17β-E2 to prevent IVDD onset or slow its progression in the early stage. 
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Introduction

Lots of spine-related diseases, such as spin- 
al canal stenosis, spondylolisthesis and disc 
hernination, are caused by intervertebral disc 
(IVD) degeneration. Results from different stud-
ies have shown that 70% of the population 
experienced low back pain during their life, 
which generates huge economic losses [1, 2]. 
Decompression, bone graft and transpedicular 
screw internal fixation are the limited treat-
ments of the diseases resulting from intervert-
abral disc degeneration (IVDD) [3]. While we 
haven’t known the pathological mechanism of 
IVDD clearly, it is commonly accepted that IVDD 
is influenced by many factors, including age, 
genetics, gestation and so on, and among all 

these factors mechanical stimuli has been rec-
ognized as a leading cause in the process of 
IVDD [4-8]. Excessive apoptosis of interverte-
bral disc cells as a vital impact in the event of 
IVDD has been suggested, and there is a grow-
ing piece of evidence indicating that the me- 
chanism may be related to oxidative stress 
[12-14].

There are two species cells in the intervertebral 
disc. The inner one are the NPCs within a matrix 
of type II collagen and proteoglycan, and the 
outer are the annulus fibrosis (AF) cells com-
pose tough fibers which protect and maintain 
the inner part. Several phenomena such as the 
reduction of NPCs and the elevation of type II 
collagen synthesis accompany with IVDD in life 
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due to the eventual formation of fissures [15]. 
Obviously, cartilage-special extra-cellular ma- 
trix (ECM) components can be produced by the 
mechanism that excessive cell apoptosis had 
occurred in NPCs. Then the apoptosis of NPCs 
triggered a series of events that related to the 
progress of IVDD. Eventually, the biomechani-
cal structure of intervertebral disc is broken. 

The phenomenon that H2O2 which is one of the 
reactive oxygen species (ROS) working with 
superoxide anion and hydroxyl radical mediate 
regulatory events is an essential participant in 
cell signaling [12]. High levels of ROS causes 
cell damage through signaling pathway [16]. 
Researches showed that ROS is produced by 
various factors such as age, compression, neo-
vascularization and injury which lead NPCs to 
apoptosis and senescence, and eventually 
accelerate degeneration of the disc [9, 13, 17]. 
Therefore, the fact that antioxidant resist ROS 
is a vital way to protect intervertebral disc from 
degeneration, at the same time, additional ben-
efits have been gained as well [13, 18, 19]. 

Estrogen is a hormone that produced by both 
male and female. There are lots of evidence to 
support that estrogen affects multiple tissues, 
organs and the characteristics of female [20, 
21]. The therapy of estrogen replacement helps 
postmenopausal women to maintain healthier 
IVD [22]. Other than that, it is reported that 
female rats tend to develop disc degeneration 
after oophorectomy. Supplemental estrogen 
can stop the development of the ovariectomy-
associated IVDD [23]. In general, these studies 
demonstrate that estrogen is closely associat-
ed with IVDD. In addition, 17β-E2 can protect 
other species cells from apoptosis in human 
body, including pancreatic βcells, synovial fibro-
blasts and chondrocytes [24-26]. While 17β-E2 
will exert antioxidant effects to protect NPCs 
from apoptosis induced by ROS, it has not been 
reported. The purpose of this study is to evalu-
ate whether 17β-E2 has a significant effect in 
preventing H2O2-induced apoptotic cell death, 
and discuss the potential advantages of the 
approach to providing a therapeutic method for 
the regulation of IVDD.

Materials and methods

Materials

Collagenase type II, trypsin, Hydrogen peroxide 
(H2O2), 17β-Estradiol (17β-E2), ICI182, 780 were 
purchased from Sigma-Aldrich (St. Louis, MO, 

USA). Fetal bovine serum (FBS) and Dulbecco’s 
modified Eagle’s medium/F12 (DMEM/F12) 
were obtained from HyClone (HyClone Labora- 
tories, Logan, UT, USA). Hank’s Balanced Salt 
Solution (HBSS) was bought from Gibco-BRL 
(Grand Island, NE, USA). The Annexin V/prop- 
idium iodide binding kit was obtained from 
Multi Sciences Biotech, Co., Ltd. (Hangzhou, 
China) and Cell Counting Kit-8, Hoechst 33258 
was purchased from Solarbio (Beijing Solarbio 
Science & Technology Co., Ltd, Beijing, China). 
LDH Cytotoxicity Assay Kit was purchased from 
Beyotime Company (Jiangsu, China). Primary 
antibodies against caspase-3, Anti-GAPDH and 
anti-rabbit secondary antibodies were obtained 
from Santa Cruz Biotechnology (Santa Cruz, 
CA). 

Primary disc cell isolation

Male Sprague Dawley rats (weighing 200-220 
g) were bought from the Laboratory Animal 
Center of Hebei Medical University (Hebei, 
China). The Animal Care and Experimental pro-
tocols conformed to the Guide for the Care and 
Use of Laboratory Animals, published by the US 
National Institutes of Health and were approved 
by the Animal Ethics Committee of Hebei 
Medical University. The rats were sacrificed by 
intravenous administration of 150 mg/kg pen-
tobarbital sodium, and the rat lumbar IVD (L1-
L5) collected immediately in a sterile environ-
ment. The muscle tissues and ligaments ar-
ound the IVD were removed. The tissues were 
then placed into DMEM/F12 and were cut into 
small pieces (< 1 mm3). To isolate the cells, the 
IVD tissues in the DMEM/F12 were digested 
with 0.25% collagenase type II for ~1 h in a 
water bath at 37°C. Then, the tissue was addi-
tionally digested with 0.2% trypsin (including 
0.02% EDTA) for ~5 min at 37°C. Following the 
two-step enzyme digestion, the suspension 
was filtered through a 70 µm mesh. Subse- 
quently the filtered cells were washed twice 
with Hank’s Balanced Salt Solution. Finally, the 
NPCs were added to DMEM/F12 media, sup-
plemented with 15% FBS, 100 U/ml penicillin 
G, and 100 µg/ml streptomycin is cultured at 
37°C in a humidified atmosphere of 95% air 
and 5% CO2. The medium was changed once 
every two days. The NPCs were passaged three 
times prior to being collected for use.

Cell culture and drug treatment

The cells were digested and subcultured into 
appropriate culture plates and cultured as pre-
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viously described. When the cell culture be- 
came 80-90% confluent, and when the cells 
confluence in each well reached 80-90%, the 
medium was replaced with DMEM-high glucose 
medium without FBS, phenol red, penicillin and 
streptomycin. This research was divided into 
three parts. Firstly, to investigate the dose-
dependent effect of H2O2, six experimental 
groups were established, including of one con-
trol, five treatment groups. In the five treatment 
groups, the NPCs were treated with H2O2 (1, 10, 
100, 500 and 1000 μM/L, respectively) for 6 h. 
Secondly, the time-dependent effect of H2O2 
was explored, we use H2O2 at the concentration 
of 500 μM/L to deal with experimental groups 
for (1, 3, 6, 12 and 24 h, respectively). Finally, 
in other five treat groups, the NPCs were treat-
ed with H2O2 (500 μM/L) for 6 h with pretreat-
ment of 17β-E2 (0.1, 1, 5, and 10 μM/L 17β-E2, 
10 μM/L 17β-E2 combine 10 μM/L ICI182, 780) 
for 1 h. All the groups were cultured in a humidi-
fied atmosphere with 5% CO2 at 37°C.

Morphological observation

Cells were sub-cultured in 6-well plates at 
2×105 cells/well in complete culture medium. 
Following 24 h treatment, cover slips with 
adherent cells were observed under a fluores-
cence inverted microscope (Olympus I×50). 
Three areas of 200×200 pixels in one sample 
were randomly selected from the image to 
observe the morphological changes in the 
apoptotic cells.

Nuclear staining with Hoechst 33258

The NPCs were seeded into a six-well plate and 
routinely cultured overnight in medium contain-
ing 10% fetal calf serum. These cells were then 
treated as previously described. Subsequently, 
the cells were fixed with 4% formaldehyde for 
15 min at room temperature. The cells were 
then washed twice with 1X phosphate-buffer- 
ed saline (PBS) and stained with 10 mg/l 
Hoechst 33258 for 1 h at room temperature. 
Finally, the alterations in nuclear morphology 
were observed under fluorescence microscopy 
(Nikon TE 2000 U; Nikon, Tokyo, Japan).

Cytotoxicity assay

Release of lactate dehydrogenase (LDH) is an 
indicator of membrane integrity and hence, cell 
injury. LDH assay was performed to assess the 

LDH release level in the culture following treat-
ments as before. The intracellular LDH was 
determined after lysing the cells by freezing 
and rapid thawing. The LDH release was mea-
sured at an absorbance of 490 nm. The per-
centage of LDH release was calculated as: 
(LDH activity in media)/(LDH activity in media + 
intracellular LDH activity)×100%. Each experi-
ment was done three independent times with 
good agreement. 

Cell viability assay

Cell viability was measured by the conversion 
of Dojindo’s highly water-soluble tetrazolium 
salt, WST-8, to a yellow colored water-soluble 
formazan. The quantity of formazan dye gener-
ated by the activity of mitochondrial dehydroge-
nases in the cells is directly proportional to the 
cell viability. For the assay, the NPCs (1×104 
cells/well) were incubated in 96-well plates in a 
humidified atmosphere of 5% CO2 at 37°C. 
Following treatment, 10 µl CCK-8 solution 
(Beijing Solarbio Science & Technology Co., Ltd, 
Beijing, China) was added to each well and 
incubated at 37°C for 2 h. The optical density 
of each well was measured using a microcul-
ture plate reader (Epoch; BioTek, Winooski, VT, 
USA) at a wavelength of 450 nm.

Apoptosis assay

Cells were sub-cultured in 6-well plates at 
2×105 cells/well with complete culture medi-
um. Following 24 h treatment, cells still 
attached to the plate and those present in the 
supernatant were collected together and resus-
pended in cold binding buffer. The apoptotic 
incidence was detected using an Annexin V/
fluorescein isothiocyanate (FITC) apoptosis 
detection kit. Apoptosis was determined by 
staining cells with both Annexin V/FITC and 
propidium iodide (PI), according to the manu-
facturer’s instructions. Annexin V/FITC was 
used to quantitatively determine the percent-
age of cells undergoing apoptosis based upon 
the loss of membrane asymmetry in the early 
phases of apoptosis. In apoptotic cells, the 
membrane phospholipid phosphatidylserine is 
translocated from the inner leaflet of the plas-
ma membrane to the outer leaflet, thereby 
exposing phosphatidylserine to the external 
environment. Cells that were positively stained 
with Annexin V/FITC and negatively stained for 
PI were therefore considered to be undergoing 
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apoptosis. Cells that were positively stained for 
both Annexin V/FITC and PI were considered to 
be undergoing necrosis. The cells were then 
stained with 5 µl Annexin V/FITC and 10 µl PI, 
followed by the addition of 500 µl binding buf-
fer for 15 min at room temperature in the dark. 
The samples were analyzed by flow cytometry 
(FCM) within 1 h.

Western blot analysis

Western blot was carry out to investigate the 
Expression level of active caspase-3. NPCs fol-
lowing treatment as before were washed with 
ice cold PBS and harvested in 100 μL of cell 
Lysis buffer containing 1% protease inhibitor 
(Solarbio, China). Lysates were centrifuged at 
4°C for 5 min at 12,000 rpm and resolved on 
12% SDS-polyacrylamide gels (SDS-PAGE). 
Proteins were transferred by electroblotting to 
a PVDF membrane (Bio-Rad). The membranes 
were blocked with 5% non-fat dry milk in TBS 
(50 mmol/L Tris, pH 7.6, 150 mmol/L NaCl, 
0.1%) and incubated overnight at 4°C in 3 % 
non-fat dry milk in PBST with corresponding pri-
mary antibodies. Washing in PBST 3 times for 
30 min, the membrane was incubated with a 
secondary anti-IgG-HRP antibody at room tem-
perature for 1-2 h. Immunolabeling was detect-
ed using enhanced chemiluminescence rea- 
gent (ECL, Amercontrol Biosciences).

Real-time quantitative RT-PCR (q-PCR)

Q-PCR was carry out to detect expression level 
of mRNA encoding caspase-3. Trizol method 
(GibcoBRL) was used to isolate Total RNA 
according to the manufacturer’s introduction. 
Total RNA was measured fluorometrically using 
the CyQuant-Cell Proliferation Assay Kit 
(Molecular Probes). cDNA synthesis was per-
formed using the ThermoScript@RT-PCR 
System (Invitrogen, Carlsbad, CA, USA). For 
semi-quantification of the genes of interest, we 
utilized the DyNAmo SYBR Gren 2-step qRT-
PCR Kit (Finnzymes) in a total volume of 20 μL, 
performing real-time PCR reaction in an 

M×300P cycler. Amplicons of caspase-3 was 
amplified with primers listed in Table 1. 
Standard curves were run in each optimized 
assay which produced a linear plot of thresh-
hold cycle (Ct) against log (dilution). The amount 
of target was quantified based on the concen-
tration of the standard curve and was present-
ed as relative Ct value. The quantity of target 
was normalised against the quantity of GAPDH.

Statistical analysis

Values are presented as the mean ± standard 
deviation. Statistical analyses were performed 
using the SPSS 13.0 statistical software pro-
gram (SPSS, Inc., Chicago, IL, USA). The means 
of apoptotic incidences among groups, as well 
as the absorbances among groups were com-
pared by one-way analysis of variance, followed 
by pairwise comparison using the Student-
Newman-Keuls-q test. All statistical tests were 
two-sided and P < 0.05 was considered to indi-
cate a statistically significant difference. 

Results 

Morphological changes of apoptotic NPCs 
induced by H2O2 and the protective effects of 
17β-E2

Using a fluorescence inverted microscope, 
apoptotic cells exhibited plasma membrane 
blebbing, cell shrinkage and nuclei condensa-
tion. The effect of H2O2-induced apoptosis with 
a dose- and time-dependent manner (Figure 
1A and 1B). Few apoptotic cells were observed 
in the control group. As compared with the con-
trol group, treatment with H2O2 (500 μM/L) 
induced more apoptotic cells. Pretreatment 
with 17β-E2 (10 µM/L) resulted in a decrease in 
this effect, with the number of apoptotic cells 
less than those treated with H2O2 (500 µM/L), 
estrogen receptor antagonist ICI182, 780 (10 
μM/L) could revert the protective effects of 
17β-E2 (10 μM/L). There was no significant dif-
ference between the H2O2 (500 μM/L) and H2O2 
(500 μM/L) + 17β-E2 (10 μM/L) + ICI182, 780 
(10 μM/L) groups (Figure 1C). 

Effect of 17β-E2 on nucleic morphology in 
H2O2-treated NPCs

Subsequent to culture with H2O2 or the 
H2O2/17β-E2 combination, morphological ch- 
anges in the NPCs were observed by Hoechst 

Table 1. Sequence of primers used for qPCR 
analysis
Gene Primer sequence
Caspase-3 5’GCTCGCCAATGGTACCGATGT3’ (sense)

5’TTCACGAGTAAGGTCATTTT3’ (antisense)
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33258 staining. As presented in Figure 1A and 
1B, in the control group, NPC nuclei was round 
and stained homogeneously with Hoechst 
33258, in H2O2-treated NPCs, a considerable 
proportion of cells displayed characteristics of 
apoptosis with condensed and fragmented 
nuclei, the ratio of apoptosis cells was amplify 
with dose and time. Treatment with 0.1, 1, 5 
and 10 μM/L 17β-E2 led to a significant reduc-
tion in the number of apoptotic cells with frag-

mented nuclei (Figure 1C). These results sug-
gest that 17β-E2 is able to inhibit the H2O2-
induced nucleic morphological changes in 
NPCs, with dose-dependent manner. 

Effect of 17β-E2 on cell cytotoxicity in H2O2-
treated IVD

LDH assay was carried out to determine the cel-
lular integrity following H2O2 and 17β-E2 treat-

Figure 1. Protective effect of 17β-E2 on H2O2-induced apoptosis in NPCs. Morphological and nuclei changes in rat 
NPCs. phase contrast microscopic images of NPCs stimulated with different treatments and representative photo-
micrographs of NPCs stained with Hoechst 33258. Apoptotic cells presented shrinkage and vacuole. Apoptotic cells 
nuclei were characterized as condense or fragment. The effect of H2O2 with a dose- and time-dependent manner (A 
and B). 17β-E2 protect NPCs from H2O2-induced apoptosis in a concentration-dependent manner (C). Scale bar is 20 
µm; 17β-E2, 17β-estradiol; H2O2, Hydrogen Peroxide; ICI182, 780, estrogen receptor antagonist.
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ments. Results showed a con-
centration- and time-depen-
dent increase in the LDH 
release upon treatment with 
H2O2, further confirming the 
above results (Figure 2A and 
2B). Overall, these results su- 
ggested that H2O2 Are capa-
ble of inducing cytotoxicity in 
NPCs in a concentration- and 
time-dependent manner, and 
17β-E2 is able to inhibit the 
H2O2-induced cytotoxicity in 
NPCs, with dose-dependent 
manner (Figure 2C and 2D).  

Effect of 17β-E2 on cell viabil-
ity in H2O2-treated NPCs

The NPC viability and meta-
bolic activity were analyzed by 
CCK-8 assay. The results indi-
cated that NPCs which treat-
ed with H2O2 were able to 
reduce the number of meta-
bolically active cells and via-
bility in a time- and dose- 
dependent manner (Figure 
3A and 3B). A significant re- 
duction in cell viability was 
observed at 6 h following 500 
μM/L H2O2 exposure. How- 
ever, when NPCs were pre-
treated with 17β-E2 (0.1, 1, 5, 
or 10 μM/L) for 1 h and then 
exposed to H2O2 for 6 h, cell 
viability was improved in  
a dose-dependent manner. 
The most significant increase 
was observed in the 10 μM/L 
17β-E2-treated group compa- 
red with cell viability following 
500 μM/L H2O2 treatment 
(Figure 3C). Estrogen receptor 
antagonist ICI182, 780 could 
revert the protective effects 
of 17β-E2 (Figure 3D). 

Figure 2. Measurement of LDH release. After the exposure of NPCs with 
H2O2, 17β-E2 and ICI182, 780. The release of LDH was measured at 490 
nm. Results are presented as percentage of LDH release. Histogram for 
statistical analysis shows the LDH release level (fold of control) in the dif-

ferent treatment groups, with 
values expressed as mean ± SD 
(n = 5). *P < 0.05; #P > 0.05 17β-
E2, 17β-estradiol; H2O2, Hydrogen 
Peroxide; ICI182, 780, estrogen 
receptor antagonist; LDH, lactate 
dehydrogenase.
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Effect of 17β-E2 on H2O2-
induced NPCs apoptosis

It was further investigated 
whether 17β-E2 could inhibit 
H2O2-induced apoptosis in 
cells and whether 17β-E2 (0.1, 
1, 5, and 10 μM/L) pretreat-
ment could decrease apopto-
sis in a concentration-depen-
dent manner. The level of 
apoptotic cells was deter-
mined by double staining with 
Annexin V/FITC and PI. The 
apoptotic ratio of cells was 
calculated as a percentage  
of apoptotic cells/total cells. 
Annexin V/FITC and PI labeled 
cells were quantified by FCM, 
thus allowing for discrimina-
tion between viable/intact ce- 
lls (Annexin V-PI-), early apop-
totic (Annexin V+PI-) and late 
apoptotic or necrotic cells 
(Annexin V+PI+). As is shown 
in Figure 4A and 4B, the per-
centage of apoptosis incre- 
ased in cells following treat-
ment with H2O2 with dose and 
time. Cells pretreated with 
17β-E2 showed a reduced rate 
of apoptosis. To further illus-
trate the potential contribu-
tion of 17β-E2, estrogen rece- 
ptor antagonist ICI182, 780, 
was used. When cells were 
incubated with both 17β-E2 
and ICI182, 780, the protec-
tive effects of 17β-E2 were 
reduced (Figure 4C). To inve- 
stigate the association be- 
tween the concentration of 
17β-E2 and the protective 
effects by 17β-E2, four differ-

Figure 3. Cell viability assay. 
Cell viability was analyzed using 
a CCK-8 assay. The NPCs were 
stimulated with different treat-
ments. The results are expressed 
as mean ± SD (n = 5). *P < 0.05; 
#P > 0.05. 17β-E2, 17β-estradiol; 
ICI182, 780, estrogen receptor 
antagonist, H2O2, Hydrogen Per-
oxide, CCK-8, Cell Counting Kit-8.
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ent concentrations of 17β-E2 (0.1, 1, 5, and 10 
μM/L) were used. Statistical analysis showed 
that pretreatment with different concentrations 
of 17β-E2 reduced the rate of apoptosis in a 
dose-dependent manner.

Effect of 17β-E2 on the expression levels of 
caspase-3 in H2O2-treated NPCs

To investigate the effects of 17β-E2 on the 
expression of caspase-3 in H2O2-treated NPCs, 
Western blot was carried out. The result indi-
cated that H2O2 were capable of upregulating 
the protein level of caspase-3 in NPCs in a con-
centration- and time-dependent manner, 500 
μM/L H2O2 significantly upregulated caspase-3 
compared with that of the control group (Figure 
5A and 5B). Intriguingly, treatment with 17β-E2 
was able to inhibit this in a dose-dependent 
manner. Addition of estrogen receptor antago-
nist ICI182, 780 resulted in elimination of the 
protective effects of 17β-E2. As presented in 
Figure 5C.

Effect of 17β-E2 on the mRNA encoding cas-
pase-3 levels of in H2O2-treated NPCs

In order to investigate the mRNA encoding cas-
pase-3 levels, we performed qPCR on NPCs 
treated with H2O2, 17β-E2 and ICI182, 780. As 
shown in Figure 6, H2O2-increased the mRNA 
encoding caspase-3 in a concentration- and 
time- dependent manner significantly (Figure 
6A and 6B), 17β-E2 is able to inhibit the mRNA 
encoding caspase-3 level induced by H2O2 in 
NPCs, with dose-dependent manner (Figure 
6C). Estrogen receptor antagonist ICI182, 780 
could revert the protective effects of 17β-E2 
(Figure 6D) (P < 0.05).

Discussion 

In recent years, many studies have shown that 
various factors such as age [13], high glucose 
[27, 28] and mechanical stimulus [9] can induce 
apoptosis in NPCs via oxidative stress. Previous 
studies have revealed that apoptosis of NPCs 

can be induced by H2O2 [19, 12]. So we have 
sound reasons to believe that Reactive oxygen 
species (ROS) is a key intermediate in the pro-
cession of the apoptosis in NPCs leading to 
IVDD. In present study, we found that H2O2 can 
induce the apoptosis of NPCs in dose- and 
time- dependent manner. We chose a concen-
tration of 500 μM/L for 6 h to contribute model 
for this study. 

17β-E2 as one of the molecule of estrogen, has 
been used as a contraceptive and principal 
constituents of hormone replacement therapy 
formulations in postmenopausal women [29]. A 
large amount of recent studies are focused on 
the anti-oxidation effects of E2. In this research, 
NPCs exposed to H2O2 underwent a significant 
increase in cellular apoptosis and exhibited the 
distinct morphological features of apoptosis. 
We observed that pretreatment of NPCs with 
17β-E2 before exposure to H2O2 resulted in a 
remarkable decrease in the percentage of 
apoptotic cells. This study supports our hypoth-
esis that 17β-E2 can exert antioxidant effects to 
protect NPCs from apoptosis induced by H2O2 
to slow down IVDD. Estrogen has remarkable 
effects on the reproductive system, neurotrans-
mitter release, bone structure, cognitive func-
tion and blood vessel [30, 31]. It is indispens-
able to take the importance of estrogen which 
has prominent implications into consideration. 
The protective effects of estrogen have been 
investigated widely, including prevent the in- 
crease of LVEDP by increasing the activity of 
nitric oxide synthase in the heart, lead to an 
increase of antioxidant capacity in total serum 
that result in an improvement of the antioxidant 
status in women, attenuate hyperoxia-induced 
apoptosis in astrocytes, and have an anti-apop-
totic function in skeletal muscle cells [32-35]. 
However, whether 17β-E2 can protect NPCs 
from Oxidative stress-induced apoptosis has 
not been confirmed. As far as we have known, 
the present study is the first one to demon-
strate that 17β-E2 can prevent the apoptosis 
induced by H2O2 in NPCs. 

Figure 4. Annexin V-FITC/PI staining assay. Evaluation of apoptotic incidence. Representative graphs obtained by 
flow cytometry analysis following double staining with Annexin V/FITC and propidium iodide. The apoptotic incidenc-
es of Intervertebral Disc Cells (IVD) cultured with H2O2 and stimulated with ICI182, 780 or various concentrations 
of 17β-E2. As show in (A, B), H2O2 induced IVD cells apoptosis with a dose- and time- dependent manner. 17β-E2 
could inhibit H2O2-induced apoptosis in a concentration-dependent manner (C). Histogram for statistical analysis 
shows the LDH release level (fold of control) in the different treatment groups, mean ± SD (n = 5). *P < 0.05, #P > 
0.05. FITC, fluorescein isothiocyanate; H2O2, Hydrogen Peroxide; ICI182, 780, estrogen receptor antagonist; 17β-E2, 
17β-estradiol.
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Other studies have shown 
that phenol red, a pH indica-
tor that has been widely used 
in growth medium, exhibits 
minor oestrogenic activity th- 
at is similar to the effect of 
steroid hormones [36]. We- 
sierska-Gadek et al [37] sh- 
owed that phenol red pro-
motes the cell proliferation 
and cell cycle progression of 
human cells expressing the 
estrogen receptor strongly 
when added it into the culture 
medium. In order to eliminate 
the effects of phenol red, 
medium without phenol red 
was used. The results of the 
present study indicated that 
17β-E2 has the ability of pro-
tecting NPCs from apoptosis 
via anti-oxidation pathway, 
and pretreatment of NPCs 
with the estrogen receptor 
antagonist ICI182, 780 could 
impair the protective effects 
of 17β-E2. Higher concentra-
tions of 17β-E2 (0.1-10 µmol/l) 
exerted a stronger protective 
effect. Sum up, these results 
support our conclusion that 
17β-E2 can protect NPCs from 
apoptosis induced by H2O2. 

Apoptosis of disc cells can be 
triggered by various stimuli 
such as excessive ROS, tumor 
necrosis factor alpha, serum 
deprivation, cyclic stretch and 
compression through differ-
ent apoptotic cascade path-
ways. ROS, participating in 

Figure 5. Protein level of cas-
pase-3 by western blot. Western 
blot was performed to exam-
ine protein expression levels 
of caspase-3 in NPCs, and the 
representative photographs are 
shown. GAPDH was used as an 
internal control. *P < 0.05, #P > 
0.05. Data in each group are 
presented as mean ± SD (n = 
5). 17β-E2, 17β-estradiol; H2O2, 
Hydrogen Peroxide; ICI182, 780, 
estrogen receptor antagonist.
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the regulation of various cellular 
functions, are one of the most 
important intracellular signaling 
systems. DNA, lipids, proteins, 
and degrade the ECM were dam-
aged by Excessive ROS [38]. 
Although the precise mechanism 
of cell apoptosis is not clear 
enough, caspase-3 as a central 
executioner plays a vital role in 
the caspase apoptotic cascade 
pathway. Upregulation of the 
expression and activity of cas-
pase-3 has been observed in  
different cellular apoptotic mod-
els, and specific inhibitors can 
successfully decrease this. Cas- 
pase-3 can be a therapeutic tar-
get for slowing down the pro-
cesses of disc degeneration. Our 
findings in the apoptotic model 
are consistent with this theory. 
H2O2 significantly enhanced the 
protein expression level of cas-
pase-3, compared with the con-
trol group, resulting in marked 
apoptosis as demonstrated by 
hoechst 33258 staining and 
FCM analysis. The results sup-
port our conclusion that cas-
pase-3 takes part in the process 
of apoptosis induced by Oxida- 
tive stress, and estrogen can 
exert an antioxidative effect in 
the process of apoptosis. 

There are several limitations in 
our study. Firstly, only four con-

Figure 6. The expression level of cas-
pase-3 detected by qPCR. The mRNA 
level was determined by Real-time 
quantitative R-T RNA. NPCs were 
stimulated by different treatments. 
H2O2 significantly increased the 
mRNA expression of caspase-3 in a 
concentration- and time- dependent 
manner (A, B). 17β-E2 is able to in-
hibit the mRNA encoding caspase-3 
level induced by H2O2 in NPCs, with 
dose-dependent manner (C). Es-
trogen receptor antagonist ICI182, 
780 could revert the protective ef-
fects of 17β-E2 (D) (Mean ± SD; n 
= 5, *P < 0.05, #P > 0.05) 17β-E2, 
17β-estradiol; H2O2, Hydrogen Perox-
ide; ICI182, 780, estrogen receptor 
antagonist.
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centrations of 17β-E2 were selected in our 
search, and more concentrations should be 
required to further explorations of the dose-
response effects of 17β-E2 in the cellular apop-
tosis. Secondly, caspase-3 is the only protein 
we have detected, and additional studies are 
necessary to further elucidation of the signal-
ing mechanisms which mediate the anti-apop-
totic action of 17β-E2 in NPCs. Thirdly, the NPCs 
of rat were the only type of cell explored in this 
study, which cannot adequately represent 
human NPCs, and more studies should be 
remained to investigate to close to clinical.   

Acknowledgements

Natural Science Fundation of China: No. 
81572166. Natural Science Fundation of Hebei 
Province: H2014206075, H2016206073. The 
authors would like to thank the laboratory 
Animal Center of Hebei medical University for 
providing the Sprague Dawley rats and the con-
dition for cultivate cells. 

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Wen-Yuan Ding, 
Department of Spinal Surgery, The Third Hospital of 
Hebei Medical University, Hebei Provincial Key 
Laboratory of Orthopedic Biomechanics, NO. 139 
Ziqiang Road, Shijiazhuang 050051, China. Tel: +86 
311 87023626; Fax: +86 311 87023626; E-mail: 
dingwyster@126.com

References

[1] Macfarlane GJ, Thomas E, Croft PR, 
Papageorgiou AC, Jayson MIV and Silmana AJ. 
Predictors of early improvement in low back 
pain amongst consulters to general practice: 
the influence of pre-morbid and episode-relat-
ed factors. Pain 1999; 80: 113-119.

[2] Frymoyer JW, Cats-Baril WL. An overview of the 
incidence and costs of low back pain. Orthop 
Clin N Am 1991; 22: 263-271.

[3] Sakai Daisuke. Future perspectives of cell-
based therapy for intervertebral disc disease. 
Eur Spine J 2008; 17 Suppl 4: 452-458. 

[4] Kalichman L and Hunter DJ. The genetics of 
intervertebral disc degeneration. Familial pre-
disposition and heritabilityestimation. Joint 
Bone Spine 2008; 75: 383-387.

[5] Schultz DS, Rodriguez AG, Hansma PK and 
Lotz JC. Mechanical profiling of intervertebral 
discs. J Biomech 2009; 42: 1154-1157.

[6] Zhao CQ, Wang LM, Jiang LS and Dai LY. The 
cell biology of intervertebral disc aging and de-
generation. Ageing Res Rev 2007; 6: 247-261.

[7] Zhao CQ, Jiang LS and Dai LY. Programmed  
cell death in intervertebral disc degeneration. 
Apoptosis 2006; 11: 2079-2088.

[8] Setton LA and Chen J. Cell mechanics and 
mechanobiology in the intervertebral disc. 
Spine 2004; 29: 2710-2723.

[9] Ding F, Shao ZW, Yang SH, Wu Q, Gao F, Xiong 
LM. Role of mitochondrial pathway in compres-
sion-induced apoptosis of nucleus pulposus 
cells. Apoptosis 2012; 17: 579-590.

[10] Sudo H, Minami A. Caspase 3 as a therapeutic 
target for regulation of intervertebral disc de-
generation in rabbits. Arthritis Rheum 2011; 
63: 1648-1657.

[11] Wei A, Brisby H, Chung SA, Diwan AD. Bone 
morphogenetic protein-7 protects human in-
tervertebral disc cells in vitro from apoptosis. 
Spine J 2008; 8: 466-474.

[12] Kim KW, Ha KY, Lee JS, Rhyu KW, An HS, Woo 
YK. The apoptotic effects of oxidative stress 
and antiapoptotic effects of caspase inhibitors 
on rat notochordal cells. Spine 2007; 32: 
2443-2448.

[13] Nasto LA, Robinson AR, Ngo K, Clauson CL, 
Dong Q, St CC, Sowa G, Pola E, Robbins  
PD, Kang J, Niedernhofer LJ, Wipf P, Vo NV. 
Mitochondrial-derived reactive oxygen species 
(ROS) play a causal role in aging-related inter-
vertebral disc degeneration. J Orthop Res 
2013; 31: 1150-1157.

[14] Poveda L, Hottiger M, Boos N, Wuertz K. 
Peroxynitrite induces gene expression in inter-
vertebral disc cells. Spine 2009; 34: 1127-
1133.

[15] Roberts S, Evans H, Trivedi J, Menage J. 
Histology and pathology of the human interver-
tebral disc. J Bone Joint Surg Am 2006; 88: 10-
14.

[16] Ye J, Li J, Yu Y, Wei Q, Deng W, Yu L. L-carnitine 
attenuates oxidant injury in HK-2 cells via ROS-
mitochondria pathway. Regul Pept 2010; 161: 
58-66.

[17] Ali R, Le Maitre CL, Richardson SM, Hoyland 
JA, Freemont AJ. Connective tissue growth fac-
tor expression in human intervertebral disc: 
implications for angiogenesis in intervertebral 
disc degeneration. Biotech Histochem 2008; 
83: 239-245.

[18] Li X, Phillips FM, An HS, Ellman M, Thonar EJ, 
Wu W, Park D, Im HJ. The action of resveratrol, 
a phytoestrogen found in grapes, on the inter-
vertebral disc. Spine 2008; 33: 2586-2595.

[19] Cheng YH, Yang SH, Lin FH. Thermosensitive 
chitosan-gelatin-glycerol phosphate hydrogel 
as a controlled release system of ferulic acid 
for nucleus pulposus regeneration. Bioma- 
terials 2011; 32: 6953-6961.

mailto:dingwyster@126.com


Protective effect of estrogen

17294 Int J Clin Exp Med 2016;9(9):17281-17294

[20] Clarke BL and Khosla S. Female reproductive 
system and bone. Arch Biochem Biophys 2010; 
503: 118-128.

[21] Jia J, Guan D, Zhu W, Alkayed NJ, Wang MM, 
Hua Z, Xu Y. Estrogen inhibits Fas-mediated 
apoptosis in experimental stroke. Exp Neurol 
2009; 215: 48-52.

[22] Baron YM, Brincat MP, Galea R and Calleja N. 
Intervertebral disc height in treated and un-
treated overweight post-menopausal women. 
Hum Reprod 2005; 20: 3566-3570.

[23] Wang YX and Griffith JF. Effect of menopause 
on lumbar disk degeneration: potential etiolo-
gy. Radiology 2010; 257: 318-320. 

[24] Ackermann S, Hiller S, Osswald H, Lösle M, 
Grenz A, Hambrock A. 17beta-Estradiol modu-
lates apoptosis in pancreatic beta-cells by 
specificinvolvement of the sulfonylurea recep-
tor (SUR) isoform SUR1. J Biol Chem 2009; 
284: 4905-4913.

[25] Yamaguchi A, Nozawa K, Fujishiro M, Kawasaki 
M, Takamori K, Ogawa H, Sekigawa I, Takasaki 
Y. Estrogen inhibits apoptosis and promotes 
CC motif chemokine ligand13 expression on 
synovial fibroblasts in rheumatoid arthritis. 
Immunopharmacol Immunotoxicol 2012; 34: 
852-857.

[26] Hattori Y, Kojima T, Kato D, Matsubara H, 
Takigawa M, Ishiguro N. A selective estrogen 
receptor modulator inhibits tumor necrosis 
factor-α-induced apoptosis through the ERK- 
1/2 signaling pathway in human chondrocytes. 
Biochem Biophys Res Commun 2012; 421: 
418-424.

[27] Yang L, Zhu L, Dong W, Cao Y, Lin L, Rong Z, 
Zhang Z, Wu G. Reactive oxygen species-medi-
ated mitochondrial dysfunction plays a critical 
role in high glucose-induced nucleus pulposus 
cell injury. Int Orthop 2013; 1: 205-206.

[28] Park EY, Park JB. High glucose-induced oxida-
tive stress promotes autophagy through mito-
chondrial damage in rat notochordal cells. Int 
Orthop 2013; 12: 2507-2514.

[29] Sobrino A, Mata M, Laguna-Fernandez A, 
Novella S, Oviedo PJ, García-Pérez MA, Tarín JJ, 
Cano A, Hermenegildo C. Estradiol stimulates 
vasodilatory and metabolic pathways in cul-
tured human endothelial cells. PLoS One 
2009; 12: e8242.

[30] Simpson E, Rubin G, Clyne C, Robertson K, 
O’Donnell L, Davis S, Jones M. Local estrogen 
biosynthesis in males and females. Endocr 
Relat Cancer 1999; 6: 131-137. 

[31] Simpson ER. Sources of estrogen and their im-
portance. J Steroid Biochem Mol Bio 2003; 86: 
225-230.

[32] Nuedling S, Kahlert S, Loebbert K, Doevendans 
PA, Meyer R, Vetter H, Grohé C. 17-estradiol 
stimulates expression of endothelial and in-
ducible NO synthase in rat myocardium in-vitro 
and in-vivo. Cardiovasc Res 1999; 3: 666-674.

[33] Darabi M, Ani M, Movahedian A, Zarean E, 
Panjehpour M, Rabbani M. Effect of hormone 
replacement therapy on total serum anti-oxi-
dant potential and oxidized ldl/ß2-glycoprotein 
i complexes in postmenopausal women. 
Endocr J 2010; 12: 1029-1034.

[34] Huppmann S, Römer S, Altmann R, Obladen 
M, Berns M. 17beta-estradiol attenuates hy-
peroxia-induced apoptosis in mouse C8-D1A 
cell line. J Neurosci Res 2008; 15: 3420-3426.

[35] Ronda AC, Vasconsuelo A and Boland R. 
Extracellular-regulated kinase and p38 mito-
gen-activated protein kinases are involved in 
the anti-apoptotic action of 17beta-estradiol in 
skeletal muscle cells. J Endocrinol 2010; 206: 
235-246.

[36] Tsang LL, Chan LN, Liu CQ, Chan HC. Effect of 
phenol red and steroid hormones on cystic fi-
brosis transmembrane conductance regulator 
in mouse endometrial epithelial cells. Cell Biol 
Int 2001; 10: 1021-1024.

[37] Wesierska-Gadek J, Schreiner T, Maurer M, 
Waringer A, Ranftler C. Phenol red in the cul-
ture medium strongly affects the susceptibility 
of human MCF-7 cells to roscovitine. Cell Mol 
Biol Lett 2007; 12: 280-293.

[38] Rodriguez E, Roughley P. Link protein can re-
tard the degradation of hyaluronan in pro- 
teoglycan aggregates. Osteoarthritis Cartilage 
2006; 14: 823-829.


