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Objective(s): The present study was aimed to evaluate the time-mannered and dose-dependent effect s  
of 5α-dihydrotestosterone (5α-DHT) on the proliferation and differentiation of bone forming cells 
using MC3T3-E1 cells.  
Materials and Methods: Cell proliferation was analyzed using MTS and phase contrast microscopic 
assays. Osteogenic differentiation was assessed through a series of in vitro experiments including 
crystal violet staining, alkaline phosphatase (ALP) activity, and Van Gieson (VG) staining. Taken 
together, the efficiency of bone mineralization was examined by using alizarin red s (ARS) staining, 
Von Kossa staining, scanning electron microscopy (SEM) and energy dispersive x-ray (EDX) analysis. 
Results: The resulting data revealed that 5α-DHT exhibits promising potential particularly at a dose of 
0.1 ng/ml, in promoting the growth of MC3T3-E1 cells compared to the control group (CN). Moreover , 
a significantly higher ALP activity was evident in the experimental group treated with 5α-DHT 
compared to the CN group at various time intervals. MC3T3-E1 cells treated with 5α-DHT also 
expressed a remarkably higher collagen deposition and mineralization (calcium and phosphate 
contents) compared to the CN group at various time intervals.  
Conclusion: Conclusively, we suggest that 5α-DHT exhibits outstanding potential of promoting 

proliferation and differentiation in osteoblasts which could be the in vitro basis for the efficacy of 5α-
DHT in the treatment of androgen-deficient male osteoporosis. 
 

Article history: 
Received: Jan 26, 2017 
Accepted: May 25, 2017 

 

 

Keywords:  
Active bone formation 
Differentiation 
MC3T3-E1 cells 
Morphogenic modulation 
Proliferation 
5α-dihydrotestosterone 
 

 
 
 
 
 

►Please cite this article as: 
Thu HE, Mohamed IN, Hussain Z, Shuid AN. Dihydrotestosterone, a robust promoter of osteoblastic proliferation and differentiation: 
understanding of time-mannered and dose-dependent control of bone forming cells. Iran J Basic Med Sci 2017; 20:894-904. doi: 
10.22038/IJBMS.2017.9111 
  

 

Introduction 
Bone remodeling is a continuous process between 

bone resorption (activity of osteoclasts) and formation 
(activity of osteoblasts). Deregulation between these 
oppositely acting processes may cause bone diseases 
(1, 2). Bone formation entails a series of intricate events 
that collectively involve proliferation and differentia-
tion of osteoprogenitor cells. Moreover, bone formation 
requires differentiation and activation of osteoblasts            
in order to synthesize extracellular matrix (ECM)             
and regulate mineralization processes (3). Osteogenic 
differentiation is a highly regulated developmental 
process that continues during the turnover as well           
as the bone repair. The chronologic expression of            
bone matrix proteins (type I collagen and alkaline 
phosphatase (ALP)) and accumulation of minerals 
(calcium and phosphate) are the potential biomarkers 
of osteogenic differentiation (4).  

Among several cell culture models developed to 

 

analyze the proliferation and differentiation trends 
of osteoblasts, the pre-osteoblastic cells from mouse 
calvariae (MC3T3-E1 cells) are well-studied (5, 6). 
MC3T3-E1 cells develop to all stages of osteoblast 
differentiation and simulate well to the in vivo 
osteoblastic population in terms of expression of 
marked ALP activity and ability to produce ECM 
within 30 days post-plating (7, 8). Several factors 
have been known to influence the expression of 
osteoblast phenotypes into the culture media 
including the source of cell culture, culturing media, 
culturing time, and the presence of bioactive 
compound(s) that influence cell proliferation and 
differentiation. 

Like all metabolically active cells, osteoblasts 
require endocrine players or hormonal guidance              
to execute their metabolic activities (9). It is well-
established that sex hormones (estrogen, progesterone,  
and androgen) are among the vital modulators of bone  
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health particularly in protecting bones from weakness 
and in regulating the minerals to their optimum levels 
(10, 11). Of these sex hormones, androgen shows the 
strongest effects on proliferation and differentiation of 
osteoblasts (12).  

5α-dihydrotestosterone (5α-DHT) (5α- androstan-
17β-ol-3-one) is an androgen hormone that is 
physiologically synthesized from testosterone by the 
enzymatic action of 5α-reductase in the prostate, 
testes, hair follicles, and adrenal glands (13). Relative 
to testosterone, 5α-DHT is a more potent agonist-
of androgen receptors (14). In addition, 5α-DHT 
exhibits excellent affinity for bone tissues and its 
influence on bone metabolism has been well-
established (14). Numerous studies demonstrated 
that 5α-DHT significantly stimulates osteoblastic 
proliferation and differentiation and decreases bone 
resorption, which lead to normalization of bone 
density (15, 16). Various clinical studies have also 
confirmed that 5α-DHT exhibits greater efficacy of 
down-regulating bone resorption and stimulating 
osteoblastic activity in male osteoporosis (17, 18).  

Even though, previous studies have explored the 
positive effects of 5α-DHT on the osteoblasts proli-
feration and differentiation, the time-mannered and 
dose-dependent modulations of osteoblasts have           
not been extensively studied. Moreover, a particular 
stage during the osteoblastic development at which 
exposure to 5α-DHT causes maximal differentiation 
has not been investigated yet. Thus, we hypothesized 
that both the duration of treatment and the stage of 
cell development could be influenced by the effect of 
5α-DHT on osteoblast differentiation. Thus, the aim 
of the present study was to evaluate the time-
mannered and dose-dependent effects of 5α-DHT on 
the proliferation and osteogenic differentiation of 
MC3T3-E1 cells. The ability of 5α-DHT to promote 
osteoblastic proliferation was assessed using MTS 
assay and phase contrast microscopy. Moreover, the 
cells differentiation activity of 5α-DHT was evaluated 
using crystal violet staining, ALP activity, and colla-
gen deposition. Taken together, the matrix minerali-
zation was analyzed using alizarin red s (ARS) and 
von Kossa staining. The osteogenic potential of 5α- DHT 
was harmonized by examining surface morphology 
using scanning electron microscopic (SEM) and 
energy dispersive X-ray (EDX) analysis. 
 
 

Materials and Methods 
Materials 

The mouse calvariae origin osteoblastic cell line 
(MC3T3-E1) subclone 14 (CRL-2594, highly differen-
tiating) purchased from American Type Culture 
Collection (ATCC) Cell Bank (Manassas, VA, USA)  
was used as in vitro model. Cell culture reagents 
(alpha modified minimal essential medium (α-MEM), 
penicillin & streptomycin and fetal bovine serum 
(FBS)) were sourced from Gibco Laboratories (Grand 

Island, NY, USA). Ascorbic acid, β-glycerophosphate, 
and MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H tetrazolium) 
dye were purchased from Sigma-Aldrich, USA. ALP 
activity assay kit was purchased from Abcam 
(ab83369) (USA). 5α-DHT and crystal violet powder 
were purchased from Sigma Aldrich, Germany. All 
other chemicals were sourced from the pharmaco-
logy and cell culture laboratories of Universiti 
Kebangsaan Malaysia (UKM). All reagents and plastic 
wares used were trace element free and were 
analyzed for high purity grade. 
 
Cell culture  

MC3T3-E1 cells were used as a pre-osteoblastic 
model that were cultured in a growth medium 
consisting of α-MEM supplemented with 10% FBS and 
1% penicillin/streptomycin (antibiotic/antimycotic). 
The cells were then incubated in a humidified atmos-
phere (95% air and 5% CO2) at 37 °C until they reached 
80% confluence. The adherent cells were then enzy-
matically released from the flask by treating with an 
aqueous solution of 0.2% trypsin and 0.02% EDTA 
(ethylenediamine tetraacetic acid) for 2 to 4 min. The 
cells were counted using a hemocytometer and seeded 
at a density of 1×103 cells/cm2 in a 96-well culture  
plate and were then re-cultured under the same 
experimental conditions. For experiments, cells were 
cultured for 24 hr to obtain monolayers containing        
α-MEM with 10% FBS to promote cell survival, division, 
and metabolism. Prior to initiating osteogenic differen-
tiation, cells were sparsely seeded in 96-well culture 
plates and cultured overnight in an incubator. After-
ward, cells were induced with osteogenic differen-
tiation medium (which contains alpha-MEM with            
50 µg/l ascorbate analog to resists hydrolysis (ascorbate- 
2-phosphate) and permits collagen type I fibril assem-
bly and 10 mM β-glycerophosphate to promote mine-
ralization of collagen fibrils) for a complete osteogenic 
differentia-tion. Notably, cultured cells were fed with 
osteogenic differentiation media twice weekly over a 2 
to 3 week period. 

 

Cell proliferation 
Cell proliferative ability of different concen-

trations (0.001, 0.01 and 0.1 ng/ml) of 5α-DHT             
was analyzed at various time points (days 1, 3,             
and 6) using colorimetric [3-(4,5-dimethylthiazol-            
2-yl)-5-(3-caroxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium] (MTS) assay. Briefly, MC3T3-E1 cells 
were seeded at a density of 1×103 cells/well in             
96-well plates with six duplicate wells per treatment 
and maintained in growth media under 5% CO2 at  
37 ℃ for 24 hr. After 24 hr incubation, the media was 
replaced with fresh growth media containing 5α-
DHT at different concentrations (0.001, 0.01 and               
0.1 ng/ml) for 1, 3, and 6 days. The normal growth 
medium (not inclusive of 5α-DHT) was used as 
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control (CN). At the end of each time interval, 20 μl of 
a pre-diluted MTS solution was introduced to each 
well and the cells were incubated at 37 °C in the dark 
for 2 hr. The absorbance of each well was then 
recorded at 490 nm using a microplate reader.  

 
Phase contrast microscopy 

Another set of experiments was performed at 
various time points (1, 3, and 6 days)  to examine the 
cell growth rate and morphology of MC3T3-E1 after 
treating with different concentrations of 5α-DHT 
(0.001, 0.01, and 0.1 ng/ml) using trinocular 
inverted phase contrast microscopy (Leica, Tokyo). 
The resulting photomicrographs of experimental 
cells were compared with the untreated (CN) cells. 
 
Crystal violet staining 

To examine the effect of 5α-DHT on cell growth 
rate during the differentiation phase of MC3T3-E1 
cells, crystal violet staining assay was performed 
(19). Briefly, MC3T3-E1 cells were seeded into the 
96-well cell culture plates with successive induction 
with differentiation media after being treated                
with different concentrations (0.001, 0.01, and 0.1 
ng/ml) of 5α-DHT at various time intervals (3, 6, 9, 
15, and 21 days). At each predetermined time point, 
cells were rinsed with phosphate-buffered saline 
(PBS) and were then stained with 0.5% crystal violet 
solution (prepared in 10% ethanol) for 10 min. The 
excess stain was then removed by washing with PBS, 
thrice. The stained cells were observed and 
photographed under trinocular inverted phase 
contrast microscopy. 

Besides qualitative analysis, a quantitative 
approach was also used to evaluate the effect of 
different concentrations of 5α-DHT on the growth 
rate of MC3T3-E1 cells. Briefly, the crystal violet 
stain that had stained experimental cells in the 
previous experiment was dissolved in 200 µl of 10% 
acetic acid and the absorbance of the resulting 
solution was recorded at 590 nm using a 
spectrophotometer (19). The comparative ability of 
different concentrations of 5α-DHT to promote 
growth rate of MC3T3-E1 cells was then assessed 
compared with the CN group. 
 
ALP activity 

This experiment was performed to evaluate the 
ability of 5α-DHT to express the secretion of ALP            
(an early differentiation marker) from MC3T3-E1 
cells at different time intervals (3, 6, 9, 15, and 21 
days) using the ALP colorimetric assay kit. The assay 
was performed according to the manufacturer’s 
instructions. Briefly, 1 × 105 cells were collected from 
each treatment group and homogenized with assay 
buffer. The homogenized cellular lysate was then 
centrifuged at 13,000 g for 3 min to remove insoluble 
cellular debris. Afterward, 80 μl of supernatant was 

collected from each sample and added into the pre-
labeled 96-well plate with subsequent addition of 
50 μl of 5 mM pNPP solution into each well. The 96-
well plates were then incubated at 25 °C in the dark 
for 60 min followed by the addition of 20 μl of stop 
solution into each well, except to the background 
control wells. The optical density value was then 
measured at 405 nm using a microplate reader. 
 
Determination of collagen content using VG staining  

The ability of 5α-DHT to differentiate MC3T3-E1 
cells at different concentrations was also assessed    
at various time intervals (3, 6, 9, 15, and 21 days) 
through evaluating the synthesis and subsequent 
deposition of collagen. In this experiment, the 
osteoblastic cells were stained with Van Gieson's 
(VG) stain by following a previously developed 
method (8), with slight modification. Accordingly, 
the cells seeded in the 96-well culture plate and 
treated with different concentrations of 5α-DHT 
were washed with PBS thrice and were then fixed 
with 2% formaldehyde at 4 °C for 15 min. The 
treated and washed cells were then incubated with 
VG stain for 5 min at room temperature and were 
rinsed with deionized water twice. Afterward, the 
stained cells were observed and photographed under 
inverted phase contrast microscope equipped with a 
digital camera (Leica, Tokyo). 
 
Evaluation of ECM mineralization 
Calcium contents using ARS staining  

Effect of 5α-DHT on ECM mineralization of 
MC3T3-E1 cells was also evaluated at different time 
intervals (3, 6, 9, 15, and 21 days) by using the ARS 
dye and the results were compared with the CN 
group. This assay was performed by following a 
previously developed method (20). Briefly, 1 × 
105 cells/well were seeded into a 24-wells culture 
plate and induced with osteoblast differentiation 
media. The cells were treated with different concen-
trations (0.001, 0.01, and 0.1 ng/ml) of 5α-DHT for 
various time intervals (3, 6, 9, 15, and 21 days)           
and the media was replaced with equal volumes of             
a fresh media on every alternate day. At each 
predetermined time point, the media was removed 
and the cells were washed with PBS thrice followed 
by their fixation with 4.0% paraformaldehyde at 4 °C 
for 20 min and subsequent rinsing with deionized 
water. The fixed cells were then stained with 40 mM 
ARS solution (pH, 4.4) at room temperature for 30 
min followed by rinsing with deionized water thrice. 
Finally, the stained cells were imaged for calcified 
nodules formation (acquiring bright red color) under 
inverted phase contrast microscopy equipped with             
a digital camera. The calcium deposition was also 
assessed quantitatively by using the Image J software. 
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Assessment of phosphate deposition using Von Kossa 
staining  

To further evaluate the efficacy of 5α-DHT to 
differentiate osteoblasts and to promote expression 
and deposition of phosphate minerals, Von Kossa 
staining was performed. The staining protocol was 
begun after the cells (untreated or treated MC3T3-E1 
cells) were fixed with 10% neutral buffered formalin 
for 15 min at room temperature. The fixed cells were 
then washed with deionized water thrice and were 
then incubated with 5% silver nitrate solution under 
ultraviolet light at room temperature for 1 hr. At the 
end of the incubation period, any residual silver 
nitrate solution was washed away by rinsing the 
culture dish with distilled water thrice and the cells 
were neutralized with 5% sodium thiosulfate for 
10 min. The cells were then air-dried and imaged 
under a phase contrast microscope equipped with 
digital camera (21).  
 
Cell morphology using SEM and EDX analyses 

To examine the morphological changes that occurred 
in 5α-DHT treated MC3T3-E1 cells as well as the forma-
tion of mineralized bone matrices, the treated cells were 
also examined using SEM (JEOL JSM 6300, operated at 10 
keV) and EDX (JEOL JSM 6300, operated at 10 keV) at 
various time intervals.  

Prior to performing SEM analysis, the preopera-
tive procedure entails the fixation of cultured cells 
with 2.5% glutaraldehyde (prepared in PBS) at        
4% for 30 min. Following the fixation, the cultured 
cells were washed with 0.1M cacodylate buffer and 
dehydrated in graded ethanol series. Prior to under-
going image analysis, each sample was sputter 
coated with carbon to eliminate any charging effects 
and the mineralized crystals were then examined 
under SEM (JEOL JSM 6300, operated at 10 keV). 
SEM photomicrographs were taken to image the 
morphology of untreated and treated MC3T3-E1 cells 
at different time intervals (3, 6, 9, 15, and 21 days) 
using resolution and magnification of 2000×.  

Moreover, the chemical composition of minera-
lized bone matrices which was observed in SEM 
photomicrographs of CN and treated MC3T3-E1 was 
further characterized using EDX microanalysis (JEOL 
JSM 6300, operated at 10 keV). The results were 
expressed in the form of qualitative spectra showing 
the relative intensity of each mineral (calcium and 
phosphate) expressed by the analyzed mineralized 
nodule. 
 
Statistical analysis 

All experiments were performed three times 
independently with quadruplicate sampling (n=4) 
and the resulting data were expressed as mean± 
standard deviation (S.D.) One-way analysis of vari ance 
(one-way ANOVA) was performed using SPSS ver-
sion 21.0. Statistical significance between tested 
groups was identified as *P<0.05.  

Results  
The present study aimed to evaluate the ability            

of 5α-DHT to promote proliferation (increase in cell 
number and cell growth) and osteogenic differentiation 
(ECM formation, ALP activity, collagen synthesis,               
and mineralization) in MC3T3-E1 cells at different concen- 
trations and time points. The resulting data promisingly 
revealed that 5α-DHT exhibits greater potential to 
promote both cell proliferation and osteogenic 
differentiation compared to the untreated MC3T3-E1 
cells (CN group).  
 

5α-DHT promotes osteoblasts proliferation 
Prior to evaluating the proliferative and differen-

tiation effects, the optimum dosage of 5α-DHT was 
determined by using MTS assay and the results are 
presented in Figure 1. Results showed that the 
numbers of MC3T3-E1 cells were increased in all 
experimental (i.e. untreated and treated) groups 
with time. No significant difference in the prolifera-
tion of MC3T3-E1 cells was observed between 5α-
DHT treated cells and the CN group after an exposure 
of 24 hr. The rate of proliferation in 5α-DHT treated 
cells (particularly at 0.01 to 0.1 ng/ml concentration) 
was increased significantly when the duration of 
treatment was increased from 3 to 6 days (P<0.05, 
one way ANOVA) compared to the CN group. The 
rate of cell proliferation was gradually decreased 
when the concentration of 5α-DHT was further 
reduced (<0.01 ng/ml). The cytotoxic effects of 5α-
DHT were observed at higher doses (≥0.1 ng/ml). 
Based on the results, we selected three best concen-
trations of 5α-DHT (0.001, 0.01 and 0.1 ng/ml) for 
further assessments. 

Before evaluating the effects of MC3T3-E1 cells 
on osteogenic differentiation, MTS assay was carried 
out to appraise the safety and toxicity profiles of         
5α-DHT. Interestingly, the results demonstrated a 
good safety profile of 5α-DHT particularly at low 
concentration (≤0.1 ng/ml).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Cell proliferation of MC3T3-E1 treated with different 
concentrations of 5α-dihydrotestosterone (104–10-4 ng/mL) 
compared to the untreated cells. The results were obtained from 
three independent experiments in quadruplicates (n=4) and were 
expressed as mean ± standard deviation. *indicates a significant 
difference between the treated and control groups (P<0.05, one 
way ANOVA) 
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Figure 2.  Morphological features of 5α-dihydrotestosterone 
treated MC3T3-E1 cells at various time points (days 1, 3, and 6) 
compared to the untreated cells using phase contrast microscopy 
(original magnification, ×10) 

 
Cell proliferation using phase contrast microscopy 

The cell proliferative effects of different concen-
trations of 5α-DHT and their morphological features 
were also observed at various time points using         
phase contrast microscope (Figure 2). The resulting photo-
micrographs clearly indicated typical spindle shaped 
morphology of MC3T3-E1 cells with fibroblastic 
appearance. The cells were uniformly thin with smoothly 
extended cytoplasm throughout the observation period. 
Generally, a consistent increase in the numbers of 
MC3T3-E1 cells was observed in both CN as well as            
5α-DHT-treated cells from days 1 to 6. The rate of 
proliferation was relatively higher in 5α-DHT-treated 
cells compared to the untreated cells (CN group). 
Additionally, 5α-DHT-treated cells also showed a gra-
dual increase in the density of cells from days 1 to 6 
and exhibited denser and well-defined cell membrane. 
The highest proliferation and density was observed 
in MC3T3-E1 cells treated with 0.1 ng/ml (Figure 2).  
 
5α-DHT promotes cells growth  
Prior to assessing phenotypic differentiation of 
MC3T3-E1 cells, the differentiation in terms of 
proliferation was evaluated using crystal violet 
staining. This staining was used to examine the 
effects of 5α-DHT on cellular growth during the 
differentiation stages (Figures 3 and 4). Figure 3 
shows that MC3T3-E1 cells in cultures (treated and 
untreated) gradually increased in growth from day 3 
to 21; however, the increase in cell growth was more 
obvious in 5α-DHT-treated cells (predominantly in 
DHT–0.01 and DHT–0.1 groups).  

 
 
Figure 3. Time-mannered and dose-dependent increase in the cell 
growth was observed in 5α-dihydrotestosterone treated MC3T3-
E1 cells at various time points (days 3, 6, 9, 15, and 21) compared 
to the control groups, using crystal violet staining. The increase in 
cell growth was more pronounced in cells treated with 0.1 ng/mL 
of 5α-dihydrotestosterone compared to other tested groups. The 
photomicrographs were imaged under phase contrast microscopy 
(original magnification, ×10). The cells acquired deep purple color 
with staining 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Cell growth of MC3T3-E1 cells treated with various 
concentrations of 5α-dihydrotestosterone at various time points 
(days 3, 6, 9, 15, and 21) compared to the untreated control cells 
using crystal violet staining. Data are expressed as means ± 
standard deviation (n = 12). Absorbance was measured at 540 nm 
using microplate reader. *P<0.05 indicates a significant difference 
between 5α-DHT-treated and CN groups 

 
Furthermore, the quantitative analysis also revea-

led a dose-dependent increase in the growth rate of 
MC3T3-E1 cells in 5α-DHT-treated cells (Figure 4). 
The rate of cell growth was increased in a time-
dependent manner in both CN and 5α-DHT-treated 
cells from day 3 to 9. The rate of cell growth was 
pronounced in 5α-DHT-treated cells compared with 
CN cells when the concentration was increased from 
0.001 to 0.1 ng/ml from day 3 onwards. However, 
after day 9, the rate of cell growth declined but there 
were still significant differences between CN and 5α-
DHT-treated cells.  
 
 



Dihydrotestosterone stimulates osteogenesis                                                                        Thu et al. 
 

Iran J Basic Med Sci, Vol. 20, No. 8, Aug 2017 

 

 

899 

 
 
Figure 5. Time-mannered and dose-dependent increase in 
alkaline phosphatase activity was observed in MC3T3-E1 cells 
treated with 5α-dihydrotestosterone and control groups. Data ar e 
extracted from three independent experiments in quadruplicate 
(n=4) and is expressed as means ± standard deviation. *indicates 
significant difference (P<0.05, one way ANOVA) between treated 
and untreated groups 

 
ALP activity 

The ability of 5α-DHT to promote osteoblastic 
differentiation was assessed by measuring ALP 
activity in 5α-DH-treated MC3T3-E1 cells at various 
time intervals (day 3 to 21) and the results were 
compared with the CN group (Figure 5). Results 
demonstrated that ALP activity was increased in all 
experimental (untreated and treated) groups in a 
time-dependent manner from day 3 to 15; however, 
ALP activity significantly declined on day 21 in all 
tested groups. Comparative analysis revealed that 
increase in ALP activity was more pronounced in 5α-
DH-treated MC3T3-E1 cells (predominantly DHT-
0.01 and DHT-0.1 groups) compared to the CN group 
(P<0.05, one way ANOVA).  

 
Estimation of collagen  

In this experiment, a time-mannered and dose-
dependent synthesis and deposition of collagen were 
observed in both 5α-DHT treated cells and the CN 
group from day 3 to 21 (Figure 6). Results 
demonstrated that collagen deposition was not 
clearly identified on day 3 in any experimental 
groups (treated and untreated). The collagen 
deposition started to appear (acquiring light red 
color with VG stain) on day 6 in both CN and 5α-
DHT-treated groups. The intensity of collagen 
deposition progressively increased in a time-
dependent manner (from day 9 to 21) in all tested 
groups; however, higher integers of collagen were 
observed in 5α-DHT-treated groups compared to the 
CN group (Figure 6). Further analysis of histological 
monographs revealed that 5α-DHT increases 
collagen contents in MC3T3-E1 cells in a dose-
dependent manner and highest integers of cellular 
and matrix collagen were observed in MC3T3-E1 
cells treated with 0.1 ng/mL of 5α-DHT compared to 
cells treated with 0.001 and 0.01 ng/mL (Figure 6).  

 

 
 

Figure 6. Time-mannered and dose-dependent increase in 
collagen deposition in both treated and untreated groups. Highest  
collagen deposition was observed in cells treated with 0.1 ng/ml 
of 5α-dihydrotestosterone compared to the untreated and other 
5α-dihydrotestosterone treated groups at various time points. The 
photomicrographs were taken from four different regions of 
treated stained cells 
 

 
 

Figure 7. Effect of 5α-DHT on calcium deposition in MC3T3-E1 
cells. Significantly higher calcium deposition was observed in cells 
treated with 0.1 ng/ml of 5α-dihydrotestosterone compared to 
other concentrations and control groups. The calcium deposition 
in extracellular matrix was analyzed using ARS staining. MC3T3-
E1 cells were induced with an osteogenic medium at different time 
intervals (days 3, 6, 9, 15, and 21) 

 
Assessment of mineralization  
Estimation of calcium content using ARS staining  

To evaluate the efficacy of 5α-DHT to promote 
mineralization (calcium deposition) in MC3T3-E1 cells , 
a qualitative analysis using ARS dye was performed. 
The resulting photomicrographs of the CN (untreated) 
group showed relatively lower intensity of nodule 
formation (indicating the magnitude the calcium 
deposition) which started to appear on day 9 (Figure 
7). The intensity was subsequently increased from day 
9 onwards and the highest ECM mineralization was 
achieved on day 21. The photomicrographs of 5α-DHT-
treated cells also expressed calcified nodule formation 
in a time- as well as concentration-dependent manner 
during days 9 to 21; however, the intensity of calcified 
nodule formation was more obvious on day 21 compared 



Thu et al.                                    Dihydrotestosterone stimulates osteogenesis  
    

    Iran J Basic Med Sci, Vol. 20 No. 8, Aug 2017 

 

900 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.  Quantitative measurement of mineralized staining area 
(µm2). Mean staining area is calculated using the Image J software 
to represent mineralized nodule formation in MC3T3-E1 cells 
treated with three different concentrations of 5α-dihydrotestos-
terone (0.001, 0.01, and 0.1 ng/ml) compared to untreated control 
group at various time points. Data are expressed as mean ± 
standard deviation (n=12). * indicates significant difference 
(P<0.05) between treated and CN groups 

 
to the CN group (Figure 7). A comparative analysis 
evident that magnitude of calcium deposition was 
remarkably high in MC3T3-E1 cells treated with 0.1 
ng/ml of 5α-DHT compared to the cells treated with 
0.001 and 0.01 ng/ml and CN cells (Figure 7).  

To harmonize calcium deposition trend (presented 
in Figure 7), we have also performed a quantitative 
analysis of ARS staining using the Image J software. 
Results are presented in the form of the mean stained 
area (µm2) of each photomicrograph obtained in ARS 
staining (Figure 8). The resulting data depict that a 
progressive time-mannered increase in the staining 
area was observed in all experimental (untreated and 
treated) groups and the highest staining areas were 
observed on days 15 and 21. Comparative analysis 
between the tested groups indicated that the extent of 
mineralization was markedly high in 5α-DHT-treated 
groups (predominantly DHT–0.1) which mean that 5α-
DHT-0.1 enhanced ECM mineralization significantly at 
0.1 ng/ml on day 21 compared to other treatment and 
CN groups (Figure 8).  

 
5α-DHT promotes phosphate deposition  
To examine the efficacy of 5α-DHT to promote 
phosphate deposition, von Kossa staining was perfor-
med. The intensity of characteristic dark brown color 
indicates the extent of phosphate deposits which play  a 
prime role in bone osteogenesis. The resulting photo- 
micrographs of all experimental groups indicated that 
the characteristic brown spots (indicative of phosphate 
deposits) started to appear on day 6; however, 
relatively higher integers of phosphate deposition were 
observed in 5α-DHT-treated groups compared to the 
CN group (Figure 9).  The CN group showed a lower 
magnitude of phosphate deposits throughout the 
culture period (days 3, 6, 9, 15, and 21) compared to 
those of 5α-DHT treated cells. It was also observed that 
the magnitude of dark brown color in 5α-DHT treated  
 

 
 
Figure 9 Effects of 5α-dihydrotestosterone on the deposition of 
phosphate minerals in MC3T3-E1 cells. The resulting photo-
micrographs revealed higher phosphate deposition in cells treated 
with 0.1 mg/mL of 5α-dihydrotestosterone compared to the 
control or other treatment groups 

 
 
The CN group showed a lower magnitude of phosphate 
deposits throughout the culture period (days 3, 6, 9, 15,  
and 21) compared to those of 5α-DHT treated cells. It 
was also observed that the magnitude of dark brown 
color in 5α-DHT treated cultures was gradually 
increased from day 9 onward and the highest intensity 
was achieved on day 21, which indicated a premier 
 
 

 
 

 
Figure 10. Scanning electron microscopic images of MC3T3-E1 
cells induced with an osteogenic medium after treatment with 
different concentrations (0.001, 0.01, and 0.1 ng/ml) of 5α-
dihydrotestosterone compared to the control groups at different 
time intervals (days 9, 15, and 21) 
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deposition of phosphate in the mineralized ECM matrix 
of MC3T3-E1 cells. Among the treated groups, the 
intensity of dark brown spots observed at day 21 was 
noticeably high in cells treated with 0.1 mg/ml of 5α-
DHT compared to other groups (Figure 9). The pattern 
of mineralization was in line with ARS staining (dark 
red color for calcified nodule).  

 
SEM analysis 

Mineral deposition in differentiated cells was also 
studied microscopically using SEM analysis (Figure 
10). Results demonstrated that after 9 days of 
culture, both CN and 5α-DHT-treated MC3T3-E1 cells 
were widely spread and had formed extensive                 
cell sheets with typical flattened morphology.                          
A highly structured cell membrane indicated a good 
metabolic activity of cell cultures. The untreated and 
treated cells exhibited star-like (numerous cytoplasmic 
extensions) morphology which indicates good growth 
of MC3T3-E1 cells after 9 days of culture. Further 
observation of surface characteristics showed 
numerous globular masses of mineral deposits 
(identified as white color crystals) in the ECM of 
cultured cells (Figure 10). In many regions of SEM 
monographs, small globular foci appeared as coalesced 
masses that represented large deposits of minerals. In 
both CN and 5α-DHT-treated groups, the presence of 
mineral deposits was evident on day 9 and increased 
gradually over time (time-dependent) with maximum 
mineralization observed on day 21. Interestingly, when 
compared with the CN group, the intensity of mineral 
deposition was remarkably high in the 5α-DHT-treated 
groups; particularly in the 5α-DHT-0.1 group                 
(Figure 10).  
 
EDX microanalysis 

The chemical composition of globular masses 
observed in the ECM (as shown in Figure 10) was 
also analyzed using EDX microanalysis (Figure 11). 
EDX spectra demonstrated that the white globular 
masses that were observed during the cell 
differentiation phase were primarily composed of 
calcium (Ca) and phosphate (P) minerals in all 
experimental groups (Figure 11).  

EDX microanalysis of the untreated MC3T3-E1 
cells showed a well-defined characteristic peak of 
calcium and a relatively small peak of phosphorus 
(Figure 11). Nodules of similar composition were also 
observed in cell cultures treated with 5α-DHT; 
however, a higher intensity of mineralization (calcium 
and phosphate deposition) was observed in these cells 
compared to the CN group (Figure 11). Further analysis 
of EDX spectra obtained from 5α-DHT-treated cells 
revealed a dose-dependent effect with a noticeably high 
amount of calcium and phosphate depositions in 
MC3T3-E1 cells treated with 0.1 ng/ml compared to 
the other groups (Figure 11). 

 
 

Figure 11. Energy dispersive X-ray spectra of MC3T3-E1 cells 
treated with different concentrations (0.001, 0.01, and 0.1 ng/ml) 
of 5α-dihydrotestosterone compared to the control groups at day  
21. Results showed higher mineralization in the cells treated with 
0.1 ng/ml of 5α-dihydrotestosterone compared to the control and 
other treatment groups 

 

Discussion 
 Osteoporosis is a metabolic disorder charac-

terized by a decrease in the density of bones, 
decreasing their strength and resulting in fragility. 
Osteoporosis literally leads to abnormally porous 
bones that are compressible, like a sponge. This 
disorder of the skeleton weakens the bone and 
results in frequent fractures (breaks) in the bones. 

The major pharmacological modalities currently 
being used for the treatment of osteoporosis include 
primarily estrogen replacement therapy (ERT) and 
testosterone replacement therapy (TRT) along with 
bisphosphonates, selective estrogen receptor modula-
tors, and calcitonin. Several studies demonstrated 
that testosterone regulates bone density by promo-
ting bone formation via upregulation of androgen 
receptors (22, 23). However, relative to testosterone, 
5α-DHT is a more potent agonist of androgen recep-
tors and exhibits excellent affinity for bone tissues 
and influences bone metabolism (14). Numerous 
studies demonstrated that 5α-DHT significantly stimu-
lates osteoblastic proliferation and differentiation 
and decreases bone resorption, which lead to norma-
lization of bone density (15-17).  

Bone remodeling is tightly regulated by two 
processes: bone formation and bone resorption. The 
balance between these two opposite functioning 
processes is the main key to maintaining bone 
density and bone health. In the present study, we 
have conducted numerous experiments to explore 
the efficacy of 5α-DHT in promoting osteoblast 
proliferation, differentiation, and mineralization by 
using MC3T3-E1 cells as in vitro osteoblastic model.  

Prior to evaluating the therapeutic efficacy of a 
tested compound, it is critically important to test its 
safety and toxicity profile. Hence, to investigate the 

https://en.wikipedia.org/wiki/Agonist


Thu et al.                                    Dihydrotestosterone stimulates osteogenesis  
    

    Iran J Basic Med Sci, Vol. 20 No. 8, Aug 2017 

 

902 

safe dose regimen for 5α-DHT, we have conducted 
MTS assay and observed that 5α-DHT showed a good 
safety profile particularly at low concentrations 
(≤0.1 ng/ml). At higher doses (>0.1 ng/ml), 5α-DHT 
causes slight toxicity to MC3T3-E1 cells. These 
results were also confirmed through evaluating the 
effect of 5α-DHT on MC3T3-E1 cell proliferation. We 
observed that a relatively low rate of proliferation 
was observed in MC3T3-E1 cells when exposed                
to low concentrations of 5α-DHT (<0.01 ng/ml); 
however, the rate of proliferation was significantly 
increased when the concentrations of 5α-DHT were 
increased (>0.01 ng/ml). Further increase in the 
concentration (>0.1 ng/ml) of 5α-DHT arrested cell 
proliferation and adversely affected cellular growth 
and thus is not appropriate for prolonged cell 
culture. Our results are in line with a previous study 
which had evidenced that androgens, either alone or 
in combination with other hormones, promote cells 
growth at low concentrations both in vitro and in vivo 
(24). The increased cell proliferation, cell density, 
and confluence in 5α-DHT treated MC3T3-E1 cells 
was expected to be due to its androgenic nature to 
promote bone cell proliferation (25). 

In vitro cell osteogenic or differentiation potential 
of 5α-DHT was assessed by evaluating various 
phenotypic features of osteoblastic cells including 
ALP activity, collagen synthesis, and mineralization 
(calcium and phosphate deposition) of MC3T3-E1 
cells (26). Prior to assessment of phenotype differen-
tiation, cell differentiation in terms of proliferation was  
evaluated using crystal violet staining. We observed 
that 5α-DHT promoted cell growth even during differen-
tiation phase. These findings were in line with a 
previous study (27), which demonstrated that 5α-DHT 
accelerates the growth rate of MC3T3-E1 cells in a time- 
and dose-dependent manner during the differentiation 
phases. They further demonstrated that increased             
cell growth during differentiation was due to signaling 
through androgen receptors (AR) and PI3-kinase/          
AKT pathway (27, 28). Androgen action in osteoblasts 
occurs through multiple pathways. Among them, 
PI3K/AKT pathway and its mechanism are increasingly 
appreciated in that it plays important role in the bone 
cell formation of androgen actions, and manipulation of 
these pathways could therapeutically modulate the 
metabolism of androgens in the bone microenviron-
ment (27, 28).   

ALP is one of the key players which exhibit a prime 
role in promoting osteogenesis, ECM mineralization 
and bone tissue formation (29). The physiologic 
expression of ALP is essential to induce and promote 
mineralization in MC3T3-E1 cells after the formation 
of a confluent monolayer (30, 31). Therefore, in             
this study, we evaluated the effect of 5α-DHT on the 
expression of ALP. A time-mannered and dose-
dependent ALP activity was observed in MC3T3-E1 
cells treated with 5α-DHT. These marked ALP           

levels observed in 5α-DHT-treated MC3T3-E1 cells 
were expected to be associated with the enhanced 
production of collagen in cells during early stages of 
differentiation and intra-cytoplasmic calcification 
induced by 5α-DHT (32). The characteristic trend of 
ALP activity observed in this study suggests that ALP 
activity is directly correlated with cell differentiation 
because ALP activity became pronounced after the 
cells formed a confluent monolayer in both CN and 
5α-DHT treated cells (33). Osteoblasts secrete ALP 
and thereafter reached calcification stage (minera-
lization) which means MC3T3-E1 cells changed their 
status from the proliferation stage to ECM matura-
tion and mineralization (33). These findings were 
also in line with other studies which demonstrated 
that ALP activity is directly correlated with osteo-
blastic differentiation and maturation (34-36). 

Collagen synthesis is also a critically important 
biomarker of osteoblastic differentiation (37).  

Therefore, we have also evaluated the effects                
of 5α-DHT on collagen deposition in MC3T3-E1 cells. 
Treatment of MC3T3-E1 cells with 5α-DHT markedly 
enhanced collagen density as evident by dark red 
clusters of collagen (predominantly type I) integers 
that were evenly distributed throughout the stimu-
lated cellular region. The higher magnitude of 
collagen deposition observed in 5α-DHT-treated cells 
demonstrated the ability of 5α-DHT to stimulate 
maturation and differentiation of osteoblasts and 
bone matrix formation. These results were consis-
tent with previous studies which reported that 
collagen is predominantly expressed in bone cells 
during osteoblastic differentiation (38, 39). 

Mineralization of bone plays a critical role in 
improving the hardness and strength of bone tissues. 
It involves a well-orchestrated process in which 
crystals of calcium and phosphates are produced by 
bone-forming cells and laid down in precise amounts 
within the bone’s fibrous matrix or scaffolding. If this 
process is not regulated properly, the result can be 
too little of the mineral or too much which could 
result in weaker or brittle bones (40). Therefore,            
we have also evaluated the effects of 5α-DHT on 
bone matrix mineralization (calcium and phosphate 
deposition). We observed a time-mannered increase 
in the deposition of calcium and phosphate crystals 
in the bone matrices of MC3T3-E1 cells treated with 
5α-DHT from days 9 to 21. These results were also  
in agreement with previous studies which reported 
that active mineral deposition occurs from day                    
9 onwards (40, 41). Moreover, a dose-dependent 
increase in ECM mineralization revealed that the 
exposure of MC3T3-E1 cells to different doses of 5α-
DHT might cause variable development and 
maturation of osteoblastic cells, which means dose of 
5α-DHT significantly influences the differentiation 
and mineralization of MC3T3-E1 cells. 

 



Dihydrotestosterone stimulates osteogenesis                                                                        Thu et al. 
 

Iran J Basic Med Sci, Vol. 20, No. 8, Aug 2017 

 

 

903 

Conclusion  
Our findings demonstrated that 5α-DHT exhibits 

promising potential of promoting proliferation, diffe- 
rentiation, and mineralization in MC3T3-E1 cells. 
The efficiency of 5α-DHT to stimulate proliferation 
and differentiation in MC3T3-E1 cells was more 
obvious at 0.1 ng/ml. The positive effect of 5α-DHT 
on osteoblastic differentiation and maturation was 
evidenced by the enhanced expression of ALP 
activity and the up-regulated collagen deposition. 
The pharmacological efficacy of 5α-DHT in promo-
ting mineral deposition was confirmed by SEM and 
EDX microanalyses, which evidence that the minerals 
foci (large mineral masses) appearing in 5α-DHT trea-
ted cells were composed of calcium and phosphate 
crystals. Based on our findings, we anticipate that 
5α-DHT exhibits significant potential for promoting 
bone formation and maintaining homeostasis in 
bone tissue formation.   
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