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Background & objectives: The steroidal estrogen 17α-ethynyl estradiol (EE) is an orally bio-active 
estrogen used in almost all modern formulations of estrogen-progestin combination preparations of oral 
contraceptives. Contrasting effects of treatment with combined oral contraceptives on bone mineral 
density of pre-, peri-, and post-menopausal women have been reported, and it has been suggested that 
the estrogen dose and the type of progestogen may be the main contributing factors for these contrasting 
results. The objective of this study was to evaluate the effects of EE on osteoprecursor cells.

Methods: The effects of single component of oral contraceptive, EE, were tested to see the relationship 
between EE and osteoblast proliferation, differentiation and mineralization. Tests used included a cell 
viability test, alkaline phosphatase (ALP) test, alizarin red-S staining, and a Western blot analysis. The 
effect on cell viability was determined by MTT assay. Differentiation and mineralization were examined 
using an ALP test and alizarin red-S staining. Protein expressions related to bone formation, such as 
estrogen receptor-alpha (ER-α), estrogen receptor-beta (ER-β), bone morphogenetic protein-2 (BMP-2), 
osteocalcin (OCN), and osteopontin (OPN) were evaluated by using a Western blot analysis. 

Results: Cultures growing in the absence of EE presented the lowest value for the MTT value. However, 
there were no significant changes in viability/proliferation when EE was added in the medium. Cultures 
growing in the absence of EE presented the highest value for the ALP activity, and the additional presence 
of EE resulted in dose-dependent decrease concerning ALP activity.

Interpretation & conclusions: Our finding showed that EE in tested dosage within MC3T3-E1 cells seem to 
affect the proliferation and differentiation; however, significant differences are achieved in ALP activity 
in early differentiation phase and further studies are needed to elucidate the mechanisms of EE on bone. 
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 The first orally active semisynthetic steroidal 
estrogen, 17α-ethynyl estradiol (EE), is the 17α-
ethynyl analogue of estradiol1. EE is an orally bioactive 
estrogen used in almost all modern formulations of the 

estrogen-progestin combination preparations of oral 
contraceptives2. 

 The reported positive effects of oral contraceptives 
(OC) regarding bone health probably are based on 
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evidence that a combined estrogen-progestin therapy is 
positive for bone mineral density (BMD) in menopausal 
women3. However, there are relatively a few cross-
sectional studies of OC use and BMD that have focused 
on pre-menopausal women4. Discordant results have 
been reported with combined oral contraceptives on 
bone mineral density of pre- and peri-menopausal 
women, and estrogen dose and the type of progestogen 
are thought to be the main contributing factors for 
these contrasting results5. Thus, a single component of 
the oral contraceptive, EE was tested to determine the 
relationship between EE and osteoblast proliferation, 
differentiation, and mineralization. 

 This in vitro study was carried out to evaluate the 
effects of EE on osteoprecursor cells. Murine preosteoblast 
cells (MC3T3-E1 cells) were cultured and different 
doses of EE were tested for viability, proliferation, 
osteoblast differentiation and mineralization. 

Material & Methods

 The study was carried out in The Catholic 
University of Korea, Seoul, Korea. 

Materials: Minimum essential medium α (MEM α), 
foetal bovine serum (FBS), and trypsin/EDTA solution 
were purchased from Invitrogen (Carlsbad, USA). 
Unless otherwise stated, chemicals and reagents were 
obtained from Fisher Scientific Co. or Sigma, USA.

Cell culture: Murine preosteoblast cells (MC3T3-E1 
cells) (ATCC, USA) were grown in MEM α containing 
10 per cent FBS, 100 U/ml penicillin, and 100 μg/
ml streptomycin. Culture media were changed to 
differentiation medium [MEM α supplemented with 50 
μg/ml ascorbic acid (AA) and 10 mM β-glycerophosphate 
(GP)] to induce osteogenic differentiation. 

MTT assay: Cells were plated at a density of 1.0 x 
104 cells/ml/well in 12-well plates. The cells were 
incubated in the presence of EE at final concentrations 
ranging from 0.01 to 10 nM6,7. At the end of the 
incubation time, cells were incubated for 1 h with the 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
bromide (MTT) reagent with a final concentration of 
0.5 mg/ml. Washing with phosphate-buffered saline 
(PBS, pH 7.4) was followed by the addition of dimethyl 
sulphoxide. Complete dissolution was achieved after 
gentle shaking. Aliquots of the resulting solutions 
were transferred in 96-well plates, and absorbance 
was recorded at 560 and 670 nm using the microplate 
spectrophotometer8.

Protein measurement: Cells were plated and incubated 
in MEM α in the presence of AA and GP for four days. 
Protein content was determined based on the Bradford 
method using the Coomassie protein assay reagent9,10. 
The absorbance was measured at 595 nm using the 
microplate spectrophotometer system, and results were 
presented as percentage of control values.

Alkaline phosphatase activity: Alkaline phosphatase 
(ALP) activity was determined by enzymatic assay9,11. 
MC3T3-E1 cells, grown until 70 per cent confluent, 
were treated with combination of AA and GP for a 
period of four days. After treatment, the cells were 
rinsed with PBS and then lysed into buffer containing 
10 mM Tris-HCl pH 7.4, 0.2 per cent triton X-100. 
Cell lysate was centrifuged, and the soluble fraction 
was sonicated on ice for enzyme assay. Samples were 
added to glycine buffer (100 mM, pH 10.5) containing 
10 mM p-nitrophenylphosphate and 1mM MgCl2 and 
incubated at 37°C in a water bath. Total protein content 
was determined in comparison with series of bovine 
albumin serum as internal standards. The optical 
density of p-nitrophenol at 405 nm was determined 
spectrophotometrically, and ALP activities were 
normalized with respect to total protein content.

Mineralization/calcium deposition assay: MC3T3-E1 
cells, grown until 70 per cent confluent, were treated 
with combination of AA and GP for a period of 14 
days. The cells were washed twice with PBS and then 
fixed with 70 per cent ethanol for 1 h. The cultures 
were stained with 40 mM alizarin red S for 30 min 
with gentle shaking12,13. To quantify the bound dye, the 
stain was solubilized with 10 per cent cetyl pyridinium 
chloride by shaking. The absorbance of the solubilized 
stain was measured at 562 nm14.

Western blot analysis: MC3T3-E1 cells were 
washed four times with ice cold phosphate-buffered 
saline and solubilized in lysis buffer (50 mM Tris-
HCl, pH 8.0, with 150 mM sodium chloride, 1.0% 
Igepal, 0.5% odium deoxycholate, and 0.1% sodium 
dodecyl sulphate, SDS). The lysates were centrifuged 
at 21,000 g for 20 min at 4°C. The supernatants 
were boiled in a SDS sample buffer containing 
β-mercaptoethanol. These samples were separated by 
SDS polyacrylamide gel electrophoresis, transferred 
to nitrocellulose membranes, and immunoblotted 
with the corresponding antibodies with enhancement 
by enhanced chemiluminescent detection kits (Pierce 
Biotechnology, Inc., USA). Mouse antibodies against 
estrogen receptor-α (ER-α), estrogen receptor-β (ER-β), 
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bone morphogenetic protein-2 (BMP-2), osteocalcin 
(OCN), osteopontin (OPN), β-actin, and secondary 
antibodies linked with horseradish peroxidase were 
purchased from Santa Cruz Biotechnology (Santa 
Cruz, USA), Cell Signaling Technology, Inc. (Danvers, 
USA), and BD Biosciences (San Jose, USA).

Statistical analysis: Results were represented as means 
± SD (n=3), and data analysis was performed with the 
commercially available program (PASW Statistics 
17.0.2, SPSS, Inc., Chicago, USA). Two-way analysis 
of variance (ANOVA) with post-hoc was used to test 
for differences between groups.

Results

Viability/proliferation of the cells with MTT assay: 
MC3T3-E1 cell cultures growing in the absence of EE 
showed the lowest viablity. However, there were no 
significant changes in viability/proliferation when EE 
was added in the medium.

Viability/proliferation of the cells with protein 
measurement: The protein content in each culture 
plate was evaluated. The results showed that the 
protein content in the treated groups did not show any 
significant differences compared with the control group 
(Table I).

ALP activity assay: Cultures growing in the absence of 
EE presented the highest value for the ALP activity, and 
the presence of EE resulted in dose-dependent decrease 
in ALP activity. However, a significant difference was 
only seen between 0 (EE non-loaded group) and 10nM 
EE group (P<0.05) (Table I). 

Mineralization assay: Cultures without EE showed the 
highest mineralized nodule formation. The cultures 
grown in the presence of EE showed dose-dependent 
reduction in mineralization. However, statistically 
significant differences were not achieved between the 
tested groups (Table I). 

Western blot: Western blot analysis showed that the 
addition of EE decreased the expression of ER-α, 
BMP-2, and OCN after normalization by β-actin 
expression. The addition of EE increased the expression 
of OPN. The expression of ER-β was not influenced by 
EE (Table II). 

Discussion

 Considerable controversy exists as to whether 
or not OCs possess a positive influence on bone15. 
Prolonged use of OCs may adversely impact young 
adult women’s bone density16. Thus, this study was 
performed to evaluate short- and long-term effects of 
EE on proliferation, differentiation, mineralization, 
and protein expression in MC3T3-E1 cells. 

 Viability and proliferation were evaluated using 
the MTT and protein concentration. The MTT assay 
may be a more sensitive assay to assess osteoblast 
proliferation because it measures cell viability through 
the determination of mitochondrial dehydrogenase 
activity17. The protein assay is an indirect measurement 
of cell viability since it measures the protein content 
of viable cells that are left after washing of the treated 
plates18. The results show no significant effect of EE on 
cell number. 

 Osteoblast differentiation was assessed by 
ALP activity, an early marker of osteoblastic cell 
differentiation19. EE seemed to decrease osteoblastic 
differentiation of MC3T3-E1 cells, and a significant 
difference was noticed at 10nM concentration. Similar 
findings have been reported earlier20,21. 

 After the period of matrix maturation, nodule cells 
begin to mineralize the extracellular matrix22. In this 
study, the presence of calcium in cellular deposits was 
confirmed by alizarin red S staining with application 
of cetylpyridinium chloride for quantification23. The 
control group showed the highest mineralized nodule 

Table I. Table showing protein measurement, relative value of 
alkaline phosphatase activity and mineralization

EE 
concentration 
(nM)

Protein 
content (%)

ALP activity 
(%)

Mineralization 
(%)

0 100.0 ± 0.7 100.0 ± 9.8 100.0 ± 19.9

0.01 117.8 ± 0.3 95.6 ± 4.0 95.9 ± 8.3

0.1 102.2 ± 9.5 76.1 ± 6.9 95.0 ± 7.6

1.0 105.1 ± 8.6 75.9 ± 20.5 89.0 ± 9.0

10.0 123.0 ± 11.0 44.2 ± 21.2* 83.1 ± 12.8
*Significant differences were seen when compared to EE non-
loaded group

Table II. Quantitative analysis of protein expression of ER-α, 
ER-β, BMP-2, OCN and OPN after normalization with β-actin 
levels by densitometry
EE 
concentration 
(nM)

ER-α 
(%)

ER-β 
(%)

BMP-2 
(%)

OCN 
(%)

OPN 
(%)

0.01 100.0 100.0 100.0 100.0 100.0
0.1 93.5 100.1 89.3 86.2 107.1
1.0 83.5 102.5 69.8 80.9 112.8
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formation, and the addition of EE caused a dose-
dependent reduction in mineralization. 

 Estrogens and estrogen receptor modulators 
bind to ER-α and/or ER-β to form discrete molecular 
complexes that exert pleiotropic tissue-specific effects 

by modulating the expression of target genes24. In 
the present study, EE affected ER-α more than ER-β. 
It was previously reported that the cellular effects of 
estrogens are mediated predominantly by the action 
of ER-α25. In the in vivo model, mice with loss of 
functional mutations of the ER-α gene showed only 
minor skeletal abnormalities with reduced longitudinal 
bone growth and modest reduction in bone mineral 
density26. 

 OPN is an important mediator of bone remodeling, 
and has been reported as a negative regulator of 
calcification, likely through inhibition of mineral crystal 
growth at a later stage of osteogenic differentiation27. 
An increase of OPN by overexpressing OPN mRNA 
shows significant decrease in BMP-2-inducible alkaline 
phosphatase activity, expression of ECM genes, and 
mineral deposition27. The Western blot data in this 
study showed that the expression of OPN increased 
with dose-dependent decrease of BMP-2.

 In conclusion, the present data show that EE in  
tested dosage on MC3T3-E1 cells affect the proliferation 
and differentiation; however, significant differences are 
achieved in ALP activity in early differentiation phase. 
This suggests that the effect of estrogen on osteoblasts 
depends on multiple factors such as differentiation 
stage, species differences, and cell system21. Thus, the 
bone-preserving action of estrogen in in vivo model 
might be mediated predominantly through effects on 
osteoclast number and activity rather than osteoblast 
number and activity26. It should be also considered that 
the effects of estrogen and other circulating hormones 
on bone remodeling are mediated not only by their 
direct actions on osteoclasts and osteoblasts but also by 
their interaction with this complex network28, and there 
are limitations in extrapolating in vitro data directly to 
in vivo situation.
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