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Abstract: Objective: Oxidative stress plays a critical role in the development of osteoporosis. Hydrogen sulfide (H2S), 
produces anti-oxidant effect in various biological systems. The present study found that GYY4137, a slow H2S releas-
ing compound, stimulated both mRNA level and activity of alkaline phosphatase, the marker of osteoblast differen-
tiation. This research aims to explore the mechanism on how GYY4137 stimulates osteoblastic cell proliferation and 
differentiation via an ERK1/2-dependent anti-oxidant approach. Methods: The MC3T3-E1 osteoblast-like cell line 
was cultured in plate. After pretreatment with GYY4137 (100 µM) for 30 min, the cells were washed twice with PBS 
solution and then incubated in freshly prepared low serum medium containing 400 μM H2O2 for 4 h. Cells viability 
was evaluated with the MTT. Cell apoptosis was evaluated by the Hoechst 33342. Then, ALP activity, NO and the su-
peroxide dismutase (SOD) activity is determined by assay kit accordingly, ALP mRNA is identified by RT-PCR. ERK1/2 
was analyzed by Western blot. The ROS production was measured with a fluorescence reader. All data was analyzed 
by SPSS 16.0. Results: We found in the present study that GYY4137, a slow H2S releasing compound, stimulated 
both mRNA level and activity of alkaline phosphatase, the marker of osteoblast differentiation. RT-PCR shows that 
GYY4137 stimulated the transcriptional levels of Runx2, a key transcription factor associated with osteoblast dif-
ferentiation. These data suggest that GYY4137 may stimulate osteoblastic cell proliferation and differentiation. 
Moreover, GYY4137, which alone at 1-1000 µM had no significant effect, protected MC3T3-E1 osteoblastic cells 
against hydrogen peroxide (H2O2)-induced cell death and apoptosis. This was mediated by its anti-oxidant effect, as 
GYY4137 reversed the reduced superoxide dismutase activity and the elevated productions of reactive oxygen spe-
cies and nitric oxide in the osteoblastic cells treated with H2O2. Western blotting analysis showed that the protective 
effects of GYY4137 were mediated by suppression of ERK1/2. Conclusions: GYY4137 stimulates osteoblastic cell 
proliferation and bone differentiation via an ERK1/2-dependent anti-oxidant mechanism. Our findings suggest that 
GYY4137 may have a potentially therapeutic value for osteoporosis.
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Introduction

Hydrogen sulfide (H2S) has been positioned as 
the third gasotransmitter followed after nitric 
oxide (NO) and carbon monoxide (CO) [1]. It is 
synthesized by two pyridoxal-5’-phosphate de- 
pendent enzymes: cystathione-γ-lyase (CSE) 
and cystathione-β-synthase (CBS) [2], and one 
pyridoxal-5’-phosphate-independent enzyme 
3-mercaptopyruvate sulfurtransferase (3-MST) 
[3]. H2S concentration has been reported to be 
2-5 μmol/L in human serum [4]. However, more 
recent estimates have indicated that the con-
centration of H2S in brain or plasma may be 

much lower, which is in the nanomolar range. 
Ishigami et al. found that H2S in brain is unde-
tectable using gas chromatography, with a 
detection limit of 9.2 µM [5]. Furne et al. report-
ed that free H2S level in brain is approximately 
14 nM by gas chromatography [6]. More impor-
tantly, H2S has been found to produce multiple 
physiological and pathophysiological functions 
in various body systems [7-9]. One of the impor-
tant biological functions of H2S is anti-oxidative 
stress [10]. Since H2S is a strong anti-oxidant 
reagent [11], the application of H2S may de- 
crease ROS level; and therefore, produce pro-
tective effects [12, 13]. 

http://www.ajtr.org
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Osteoporosis is an emerging medical and 
socioeconomic threat characterized by the sys-
temic impairment of bone mass, strength, and 
microarchitecture [14, 15]. The decreased den-
sity of the bone weakens the bone and results 
in frequent bone fractures. Approximately 40% 
of postmenopausal women are affected by 
osteoporosis [16]. In an ageing population, this 
number is expected to steadily increase [17]. 
The osteoblast is a unique bone-forming cell 
derived from mesenchymal stem cells. The rate 
of bone formation is determined by the speed 
and effectiveness of precursor cells differenti-
ating into mature osteoblasts, which secrete a 
bone matrix that can be mineralized within their 
life span. At sites of resorption lacunae, a team 
of osteoblasts produce an extracellular matrix 
containing type-1 collagen and various non-
collagenous proteins, such as osteocalcin, 
osteonectin, osteopontin and others [18].

Bone formation can be suppressed by oxidative 
stress. There are markedly increased levels  
of various oxidative stress markers including 
reactive oxygen species (ROS) in blood [19]. For 
instance, in ovariectomized rats, a popular 
model of postmenopausal osteoporosis, levels 
of lipid peroxidation and H2O2 were found to be 
elevated while enzymatic antioxidants decre- 
ased in tissue homogenates from the femora 
[20]. We recently reported that H2S may protect 
osteoblastic cells against oxidative stress [21]. 
The morpholin-4-ium 4 methoxyphenyl (mor-
pholino) phosphinodithioate (GYY4137) is a 
novel water soluble donor of H2S, which can 
release H2S in slow, sustaining and more effec-
tive pattern. In this study, we investigated the 
effect of GYY4137 on H2O2-induced oxidative 
injury in MC3T3-E1 cells. We found that 
GYY4137 stimulated osteoblastic proliferation 
via an anti-oxidative mechanism. These data 
imply that GYY4137 may potentially be used to 
treat osteoporosis.

Material and methods

Cell culture

The murine calvaria-derived MC3T3-E1 osteo-
blast-like cell line (mouse C57BL/6 calvaria, 
subclone 4, ATCC No. 58078614) was pur-
chased from the American Type Culture 
Collection (ATCC). Cells were seeded at 1 × 105 
cells/ml into 75-cm2 flasks, and maintained  
in minimum essential medium supplemented 

with 10% fetal bovine serum and 1% penicil- 
lin/streptomycin. The medium was replenished 
every three days. The medium was replenished 
every three days. Then, the cultures were 
induced to differentiate by transferring cells 
into a medium supplemented with L-ascorbic 
acid and β-glycerol phosphate at final concen-
trations of 50 μg/ml and 5 mM, respectively 
[22]. Cells were cultured at 37°C in a humidi-
fied atmosphere of 5% CO2 and 95% O2.

Cell treatment

Cells were seeded into 24-well plate and incu-
bated until cells reach approximately 70% con-
fluence. Regular medium was replaced with 
low-serum medium (0.5% FBS/α-MEM) immedi-
ately before the treatment. After pretreatment 
with GYY4137 for 30 min, cells were washed 
twice with PBS solution, and incubated in fresh-
ly prepared low-serum media containing differ-
ent concentrations of H2O2 for four hours or 
otherwise stated. This treatment procedure 
excludes the possibility that GYY4137 directly 
reacts with H2O2. 

Cell phenotypic observations were made using 
an Olympus DP50 inverted phase-contrast 
microscope, which was fitted with a digital cam-
era system to capture images using the DP Soft 
software, monitor both the differentiation sta-
tus of the cultures, and record any change dur-
ing treatment.

Cell viability assay

Cell viability was evaluated using the MTT 
method, as previously described with modifica-
tions [23]. Cells were seeded in 96-well plate at 
approximately 1 × 105/well, and cultured over-
night in an incubator. In brief, medium was aspi-
rated at the end of the treatment, and 200 μl of 
fresh medium containing 0.5 mg/ml of MTT 
were added into all tested and control wells. 
After incubation at 37°C for four hours, the cul-
ture media containing MTT was removed. Then, 
DMSO (150 μl) was added into each well, and 
absorbance at 570 nm was measured using a 
spectrophotometric plate reader. 

Quantification of apoptosis 

In order to visualize nuclear morphology, cells 
were fixed in 4% paraformaldehyde and stain- 
ed with 2.5 µg/ml of DNA dye Hoechst 33342. 
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Uniformly stained nuclei were scored as hea- 
lthy, viable cells. Condensed or fragmented 
nuclei were scored as apoptotic. In order to 
obtain unbiased counting, the Petri dishes were 
coded, and cells were scored blindly without 
knowledge of their prior treatment.

Alkaline phosphatase (ALP) activity assay

The induction of ALP is an unequivocal marker 
for bone cell differentiation. In order to observe 
osteoblastic differentiation, α-MEM containing 
10% FBS, antibiotics, 50 mg/ml of ascorbic 
acid, and 5 mM of ß-glycerophosphate (ß-GP) 
were used during treatment. In order to mea-
sure ALP activity, cells were seeded in a 12-well 
plate and treated with Krebs (control), GYY4137 
(100 µM), H2O2 (400 µM) and GYY4137 + H2O2. 
After treatment for four hours, H2O2 was washed 
out with the fresh medium. After culture for 
three days, the medium was removed, and the 
cell monolayer was gently washed twice with 
PBS. Then, cells were lysed with cell lysis buffer 
(0.5 mL for a 35 mm dish) and centrifuged at 
12,000 × g for 10 minutes. The resulting super-
natant was used for the measurement of ALP 
activity and protein concentration with a com-
mercially available ALP activity assay kit (Cell 
Biolabs, Inc. USA) and a BCA-protein assay  
kit (Bio-Rad), respectively. ALP activity was 
expressed as nmol/min/mg of protein.

Nitric oxide (NO) determination 

Nitrite, an indicator of NO production, was  
measured in a cell-free culture supernatant of 
osteoblasts using a commercial kit (Promega, 
Madison, WI, USA). Briefly, after treatment with 
GYY4137 and/or H2O2 for four hours, 50-μl ali-
quots of cell culture medium from each dish 
were collected and mixed with 100 μl of Griess 
reagent (50 μL of 1% sulfanilamide + 50 μL of 
0.1% naphthylethylenediamine dihydrochloride 
in 2.5% H3PO4) in a 96-well plate. This mixture 
was incubated in the dark at room temperature 
for 15 minutes. The absorbance of NO2

- was 
read at 520 nm using a plate reader. 

Determination of superoxide dismutases (SOD) 
activity

Cells were collected after treatment with 
GYY4137 and/or H2O2 for one hour, and cellular 
SOD activity was determined using a SOD as- 
say kit (Catalog No. 706002; Cayman Chemical 

Company, USA), according to manufacturer’s 
instructions. SOD activity was expressed as 
units/mg of protein.

Western blot analysis of extra cellular signal-
regulated kinase (ERK1/2)

At the end of the treatment with H2O2 (400 μM, 
15 minutes, according to the time course 
experiment [data no shown]) with or without 
GYY4137 (100 μM, 30 minutes pretreatment), 
cells were washed with chilled PBS solution 
twice and harvested for protein extraction with 
a previously described method. Protein concen-
trations were determined with a NanoDrop 
Spectrophotometer (ND-1000, NanoDrop tech-
nology). Equal amounts of protein samples 
were separated by electrophoresis using a  
10% sodium dodecyl sulfate-polyacrylamide 
(SDS/PAGE) gel, and transferred onto a nitro-
cellulose membrane (Whatman®, Germany). 
After blocking in 10% milk with TBS-T buffer (10 
mM of Tris-HCl, 120 mM of NaCl, 0.1% Tween-
20, pH 7.4) at room temperature for one hour, 
the membrane was incubated with the respec-
tive primary antibody (1:1,000) at 4°C over-
night. Then, membranes were washed three 
times in TBS-T buffer, incubated with 1:10,000 
dilutions of horseradish peroxidase-conjugated 
(HRP) anti-rabbit IgG at 25°C for one hour, and 
washed three times in TBS-T. Visualization was 
carried out using ECL® (plus/advanced che- 
miluminescence) kit (GE healthcare, UK). The 
density of the bands on Western blots was 
quantified by Image J software.

RT-PCR 

Cells were seeded in 6-well plate and cultured 
for 72 hours with α-MEM containing 10% FBS, 
antibiotics, 50 mg/ml of ascorbic acid, and 5 
mM of ß-glycerophosphate (ß-GP). The cells 
were treated with GYY4137 (100 µM) for 30 
minutes and incubated with H2O2 (400 µM)  
for four hour. The mRNA levels of ALP, Runx2, 
and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) were determined by reverse 
transcription PCR using a QIAGEN one-step 
RT-PCR kit (Qiagen). In brief, MC3T3-E1 cells 
were harvested and homogenized using TRIzol 
reagent (Invtirogen Co., Carlsbad, CA), and to- 
tal RNA was isolated using a FastPrepFP 120 
Instrument (BIO 101 Inc., Vista, CA). cDNA was 
constructed from the total RNA using various 
specific primers (Runx-F: 5’-CTCAGTGATTTAGG- 
GCGCATT-3’; Runx-R: 5’-AGGGGTAAGACTGGT- 
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CATAGG-3’, ALP-F: 5’-CCATGGTAGATTACGCTCA- 
CA-3’, ALP-R: 5’-ATGGAGGATTCCAGATACAGG3’, 
GAPDH-F: ATCACCATCTTCCAGGAG-3’, GAPDH-R: 
5’-ATGGACTGTGGTCATGAG-3’). 

imaging system (Syngene, UK). In order to 
assess the level of gene transcription, the den-
sity of each band was normalized to the value 
of its corresponding housekeeping gene 
GAPDH.

ROS production

Cells were seeded in black 96-well plates  
and cultured for 48 hours. The culture medium 
was replaced with phenol red free DMEM con-
taining H2DCFDA (10 µM) 30 minutes be- 
fore the treatment. Cells were treated with 
GYY4137 (100 µM) for 30 minutes. After being 
washed-out twice, cells were incubated with 
H2O2 (400 µM) for 30 minutes, one hour, or two 
hours. The ROS production was measured with 
a fluorescence reader (Safire2, Tecan Group 
Ltd.).

Chemicals and reagents

All chemicals were purchased from Sigma 
(Sigma, St. Louis, MO). Primary antibodies  
(anti-phospho- and anti-total-ERK1/2) were 
purchased from Cell Signaling (Beverly, MA, 
USA). The slow releasing H2S donor morpholin-
4-ium 4 methoxyphenyl phosphinodithioate 
(GYY4137) was synthesized, as previously 
described [24]. 

Figure 1. Effects of GYY4137 on the transcription and activity of ALP in 
MC3T3-E1 cells. A: Representative gel (upper panel) and mean data (lower 
panel) showing that GYY4137 attenuated H2O2 suppressed ALP mRNA level. 
B. GYY4137 ameliorated H2O2 (400 µM, 4 h) reduced ALP activity. n = 6. 
Mean ± S.E.M. *P < 0.05, **P < 0.01, ***P < 0.001 vs. the value of the 
group without GYY4137 treatment in the same group, #P < 0.05, ##P < 0.01, 
###P < 0.001 vs. the corresponding values in the control group.

Figure 2. Effect of H2S on Runx2 mRNA level. Rep-
resentative gel (upper panel) and mean data (lower 
panel) showing that GYY4137 reversed H2O2 down-
regulated Runx mRNA level. n = 3. Mean ± S.E.M. 
*P < 0.05 vs. the value without GYY4137 treatment 
in the H2O2 group; ##P < 0.01, ###P < 0.001 vs. the 
corresponding value in the control group.

RT-PCR was conducted in a 
touchdown manner. Reverse 
transcription was performed 
at 56°C for eight minutes, 
55°C for 10 minutes, 53°C 
for eight minutes, 51°C for 
eight minutes, 45°C for 10 
minutes, and 95°C for 15 
minutes. For polymerase ch- 
ain reaction, one cycle of 
denaturation at 94°C for 20 
seconds, annealing at 56°C 
for 20 seconds, and elonga-
tion at 72°C was performed. 
The annealing temperature 
was decreased by 1°C at  
each cycle. Finally, 33 cycles 
with an annealing tempera-
ture of 60.6°C (ALP, Runx2) 
and 57.6°C (GAPDH) were pe- 
rformed. PCR products were 
analyzed by 1% agarose gel 
electrophoresis and visual-
ized by the Multigenius Bio- 
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Statistical analysis

Data are expressed as means ± standard error 
of the mean (SEM). The difference between two 
groups was evaluated using Student’s t-test. 
Multiple group comparison was performed 
using one-way analysis of variance followed by 
Turkey’s post hoc test. A probability level of 
0.05 was used to establish significance. All 
data was analyzed by SPSS 16.0.

Results

Effect of GYY4137 on the mRNA level and 
activity of ALP in MC3T3-E1 cells treated with 
H2O2

ALP is the earliest marker of osteoblast di- 
fferentiation. Both mRNA level and activity of 
ALP were examined to evaluate the effect  
of GYY4137 on osteoblast differentiation. As 
shown in Figure 1A, the incubation of cells with 
H2O2 (400 μM) for four hours markedly reduced 
the mRNA level of ALP. GYY4137 significantly 

attenuated H2O2 and inhibited the transcrip-
tional level of ALP. This was further supported 
by ALP activity. As shown in Figure 1B, treat-
ment with H2O2 for four hours significantly 
decreased ALP activity in MC3T3-E1 cells after 
culture for three days. Cells pretreated with 
GYY4137 (100 μM) for 30 minutes abolished 
the effects of H2O2. Our data suggest that 
GYY4137 may stimulate osteoblast differentia-
tion and proliferation. 

Effect of GYY4137 on the gene expression of 
Runx-2 in MC3T3-E1 osteoblastic cells treated 
with H2O2

Runx-2 is a key transcription factor associated 
with osteoblast differentiation. As shown in 
Figure 2, treatment with H2O2 (400 μM) for four 
hours markedly reduced the mRNA level of 
Runx-2, which was significantly attenuated by 
GYY4137. These data suggests that GYY4137-
activated osteoblast differentiation was medi-
ated by Runx-2 stimulation. 

Figure 3. Protective effects of GYY4137 on H2O2-induced cell injury in MC3T3-E1 cells. A: Concentration and time 
dependent effects of GYY4137 on cell viability. GYY4137 (1-1000 µM) alone had no significant toxicity in MC3T3-E1 
cells for up to 6 h. B: Pretreatment with GYY4137 (100 μM, 30 min) alleviated H2O2 (400 µM, 4 h)-induced cell injury. 
n = 6. Mean ± S.E.M. *P < 0.05 vs. the value without GYY4137 treatment in the H2O2 group; ##P < 0.01, ###P < 
0.001 vs. the corresponding value in the control group. C: Morphological change of MC3T3-E1 osteoblastic cells 
incubated with GYY4137 or H2O2. Cells were treated with GYY4137 100 μM for 30 min before treatment with H2O2 
400 μM for 4 h.
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GYY4137 protects H2O2-induced cell injury in 
MC3T3-E1 osteoblastic cells

The concentration-dependent and time-depen-
dent effects of GYY4137 on cell viability were 
first investigated. As shown in Figure 3A, treat-
ment with GYY4137 at a concentration range 
from 1 to 1,000 μM for 2-6 hours did not signifi-
cantly affect the cell viability of MC3T3-E1 
osteoblastic cells. However, treatment with 
H2O2 at 400 μM for four hours decreased  
cell viability. Pretreatment with GYY4137 (100 
μM) for 30 minutes significantly protected 
MC3T3-E1 cells against H2O2-induced cell inju-
ry (Figure 3B). 

The protective effect of GYY4137 was also con-
firmed by a morphological study. As shown in 
Figure 3C, H2O2 induced obvious morphological 
changes due to cell damage, as displayed by 
cell shrinkage and gradual detachment from 
culture dishes. Pretreatment with GYY4137 
(100 μM) for 30 minutes dramatically alleviated 
H2O2-induced cell injury. These findings sugg- 
est that GYY4137 produces significant protec-
tion in MC3T3-E1 osteoblastic cells.

GYY4137 protects MC3T3-E1 cells against 
H2O2-induced cell apoptosis

Representative photomicrographs of the nuclei 
morphology of MC3T3-E1 cells are shown in 
Figure 4. Treatment with H2O2 (400 μM, four 
hours) induced a condensed and fragmented 
nuclei, which is a characteristic of apoptosis. 
Pretreatment with GYY4137 (100 μM, 30 min-
utes) significantly attenuated this effect. This 
confirms the protective effects of GYY4137 
against H2O2-induced apoptosis in MC3T3-E1 
cells. 

Anti-oxidant effects of GYY4137 in osteoblastic 
cells

ROS release from MC3T3-E1 cells was also 
detected. As shown in Figure 5A, treatment 
with H2O2 (400 µM, four hours) significantly  
elevated ROS production. Pretreatment with 
GYY4137 (100 µM) for 30 minutes before the 
addition of H2O2 significantly attenuated the 
effect of H2O2 (Figure 5A). Similarly, H2O2 also 
stimulated the production of NO, a molecule 
considered as a precursor of a variety of reac-

Figure 4. Effect of GYY4137 on H2O2-induced cell apoptosis in MC3T3-E1 cells. A: Cell apoptosis was detected by 
Hoechst 33342 staining in cells treated with vehicle, H2O2 (400 μM), H2O2 (400 μM) + GYY4137 (100 μM) and 
GYY4137 (100 μM) for 4 h. Arrows identify cells with condensed or fragmented nuclei, characteristic of apoptosis. 
B: Quantification of apoptosis based on nuclear condensation or fragmentation. Data were expressed as mean ± 
S.E.M. of three independent experiments. Mean ± S.E.M. *P < 0.05 vs. the value without GYY4137 treatment in the 
H2O2 group; ###P < 0.001 vs. the corresponding value in the control group.
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tive nitrogen intermediates (Figure 5B). Pre- 
treatment with GYY4137 abolished these 
effects. 

The effect of GYY4137 was further determined 
on the activity of SOD, a ROS scavenger, in cells 
treated with H2O2. As shown in Figure 5C, H2O2 
(400 μM) significantly suppressed SOD activity. 
GYY4137 (100 μM) significantly attenuated this 
effect, further confirming that GYY4137 may 
produce a significant anti-oxidative effect. 

GYY4137 suppresses H2O2-stimulated ERK1/2 
activation

In order to examine the involvement of ERK1/2, 
the time-course for H2O2-stimulated ERK1/2 

by distinct proliferative and differentiated stag-
es, thereby reproducing a temporal program 
consistent with osteoblast differentiation that 
occurs during in vivo bone formation [26]. In 
the present study, we observed that the pro- 
tective effects of GYY4137 on osteoblastic pro-
liferation and/or differentiation. ALP is a mark-
er representing the osteoblast differentiation 
phenotype. We found that H2O2 significantly 
suppressed both the mRNA level and activity  
of ALP, which were reversed by GYY4137. These 
data suggests that GYY4137 may promote 
osteoblast proliferation and differentiation. 

Skeletal development and bone remodeling re- 
quire stringent control of gene activation and 

Figure 5. Effect of GYY4137 on the productions of ROS and NO and the activity of SOD in MC3T3-E1 cells. Pretreate-
ment with GYY4137 (100 μM, 30 min) significantly suppressed the elevated productions of ROS release (A) and NO 
(B) and the suppressed SOD activity in cells treated with H2O2. n = 6. Mean ± S.E.M. *P < 0.05 vs. the value without 
GYY4137 treatment in the H2O2 group; ##P < 0.01, ###P < 0.001 vs. the corresponding values in the control group.

Figure 6. GYY4137 suppressed 
H2O2-stimulated activation of 
ERK1/2. A: Representative gel 
showing the time-course for 
the effect of H2O2 (400 µM) on 
ERK1/2 activation. B: Repre-
sentative gel (upper panel) and 
group data (lower panel) showing 
that pretreatment with GYY4137 
(100 μM) for 30 min significantly 
attenuated H2O2 (400 µM, 15 
min)-induced phosphorylation of 
ERK1/2. n = 3. Mean ± S.E.M. 
*P < 0.05 vs. the value without 
GYY4137 treatment in the H2O2 
group; ###P < 0.001 vs. the cor-
responding values in the control 
group.

activation was studied. As 
shown in Figure 6A, GYY4137 
obviously stimulated ERK1/2 
phosphorylation in as early as 
five minutes, which lasted for 
at least 90 minutes. Figure 
6B shows that pretreatment 
with GYY4137 (100 μM) for 30 
minutes significantly attenu-
ated H2O2 (100 μM, 15 min)-
induced ERK1/2 activation. 
These data suggest that H2O2-
induced cell injury may invol- 
ve the suppression of H2O2-
induced ERK activation. 

Discussion

The MC3T3-E1 osteoblastic 
cell line is a cell model com-
monly used in studying os- 
teogenic development [25]. 
These cells are characterized 
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suppression in response to physiological cues 
[27]. The fidelity of skeletal gene expression 
necessitates integrating a broad spectrum of 
regulatory signals that govern the commitment 
of osteoprogenitor and chondroprogenitor stem 
cells to bone cell lineage and the proliferation 
and differentiation of osteoblasts, as well as 
the maintenance of bone phenotype in osteo-
cytes residing in a mineralized bone extracellu-
lar matrix. The requirements for the short-term 
developmental and sustained phenotypic ex- 
pression of cell growth and bone-related genes 
are accommodated by the selective utilization 
of promoter regulatory elements. The extent to 
which genes are transcribed is determined by 
the temporal/spatial orchestration of combina-
torial protein/DNA and protein/protein interac-
tions that control the assembly, organization 
and activity of the regulatory machinery for 
physiological responsiveness. Runx/Cbfa/AML 
(runt homology domain) proteins play a pivotal 
role in governing the physiologically responsive 
control of skeletal genes. Aberrant expression 
of Runx proteins has been linked, in an obliga-
tory manner, to perturbations in transcription 
and post-transcriptional regulation associated 
with developmentally compromised skeleto-
genesis and skeletal disease. Runx-2 is princi-
pally linked to osteoblast proliferation and dif-
ferentiation, and is obligatory for the regulation 
of skeletal genes, hypertrophic chondrocytes, 
as well as endochondral and intramembrane-
ous bone formation and skeletal development. 
For this reason, we measured the mRNA level 
of Runx-2 in the presence or absence of 
GYY4137 in MC3T3-E1 treated with H2O2. We 
found that GYY4137 significantly reversed the 
impact of H2O2 and suppressed the gene 
expression of Runx-2. These data suggest that 
GYY4137 may stimulate Runx-2 to stimulate 
osteoblast differentiation.

We further examined the effect of GYY4137 on 
cell morphology and viability in MC3T3-E1 cells 
treated with H2O2. We found that GYY4137 (100 
μM) treatment for 30 min dramatically alleviat-
ed H2O2-induced cell damages, as displayed by 
cell shrinkage and gradual detachment from 
culture dishes. Cell viability analysis further 
confirmed that GYY4137 may protect osteo-
blastic cells against H2O2-induced cell injury. 

Oxidative stress greatly contribute to the patho-
genesis of various diseases including osteopo-
rosis [28]. H2O2, one of the main ROS, may dif-

fuse across biological membranes and produ- 
ce a wide range of injury. It has been reported 
that H2O2 induces apoptosis or necrosis of va- 
rious types of cells [29]. The fibronectin sub-
stratum damaged by ROS reduces the bone for-
mation of osteoblastic cells via the inhibition of 
proliferation and/or differentiation of osteo-
blast progenitors, as well as the calcification 
process [30]. Therefore, reduced bone forma-
tion is commonly associated with increased oxi-
dative stress in aged men and women [19]. A 
marked decrease in plasma antioxidants has 
also found in aged osteoporotic women [31]. 

Therefore, we further investigated whether  
the protective effects of GYY4137 is mediated 
by its anti-oxidant effect. We found that H2O2 
significantly increased ROS production in 
MC3T3-E1 cells. As expected, GYY4137 signifi-
cantly reduced ROS production in osteoblastic 
cells treated with H2O2. Oxidative stress also 
causes the release of NO. Similarly, we found 
that GYY4137 also significantly attenuated NO 
release in osteoblastic cells caused by H2O2. 
However, H2S is a reducing agent. In this case, 
H2S may scavenge ROS/H2O2 directly. This pos-
sibility can be excluded by the following rea-
sons. First, unlike more abundant antioxidants 
(GSH present at 1-10 mM of concentration and 
Cys present at approximately 100 µM of con-
centration), H2S is present at relatively low con-
centrations and is also a poor reductant (redox 
potential of +0.17 V vs. -0.25 V for the other 
two thiols) [32]. Hence, the physiological rele-
vance of the antioxidant properties by itself 
remains an open question. Second, a similar 
protective effect was observed when GYY4137 
or H2S was removed before the addition of 
H2O2. This situation excludes the possibility  
that the anti-oxidant effect resulted from the 
direct scavenging of H2O2. These data imply 
that H2S may induce a kind of “precondition- 
ing” effect [33]. More importantly, it was found 
in the present study that GYY4137 suppressed 
H2O2-impaired SOD activity. The enhanced SOD 
activity by GYY4137 may scavenge excessive 
superoxide derived from oxidative damage, 
ameliorating H2O2-impaired cell survival and 
proliferation. These data suggest that the pro-
tective effects of GYY4137 were from its anti-
oxidative action.

Previous studies have demonstrated that H2O2-
induced apoptosis is mediated by the activa-
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tion of ERK1/2 [34]. Activated MAPKs may 
phosphorylate their specific cascade proteins 
on serine and/or threonine residues [35], and 
thereby control many cellular events including 
cell proliferation, differentiation and cell death 
[36]. Therefore, we continued to study the 
underlying signaling mechanisms by examin- 
ing the involvement of ERK1/2. Our results 
revealed that H2O2-stimulated ERK1/2 activa-
tion in as early as five minutes, and gradually 
diminished starting from 90 minutes. GYY4137, 
which alone had no significance, significantly 
attenuated the stimulatory effect of H2O2 on 
ERK1/2 activation. These data suggest that 
H2S may protect osteoblasts by the suppres-
sion of ERK1/2 activity. 

In conclusion, GYY4137 protects MC3T3-E1 
cells against H2O2-impaired cell survival and 
proliferation. This is mediated by its anti-oxi-
dant effect via an ERK1/2 dependent mecha-
nism. Our results provide evidence that H2S 
may have the potential therapeutic value to 
treat osteoporosis. 
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