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Abstract 
Objective(s): The aim of this study was to evaluate the effects of fisetin to promote osteogenic differentiation in 
mice bone marrow mesenchymal stem cells (BMSCs).  
Materials and Methods: In this study cytotoxicity and viability of fisetin was measured by MTT assay. The 
differentiation effects of fisetin on BMSCs into osteoblast was assessed with alkaline phosphatase (ALP) activity 
measurement. Alizarin red staining and Real time PCR for osteoblast specific marker, Osteocalcin 
(OCN) ,Osteopontin (OPN), Runt-related transcription factor 2 (RUNX2), ERK and MAPK were investigated 
Results: The results showed that fisetin does not have toxicity effect on BMSCs and it causes cell proliferation; 
hence 200, 400 and 800 µg/ml of fisetin was selected for the assessment of differentiation progress. Alizarin red 
staining (ARS) showed that fisetin promotes osteogenic differentiation on BMSCs at 21st day; dependently also 
higher alkaline phosphates activity was observed in the treatment groups of 10 days culture, compared to the 
control groups. The evaluation of Real time -PCR result evaluated showed that OCN OPN, RUNX2,ERK and 
MAPK genes expressions were increased.  
Conclusion: The results of this method, showed that differentiation in bone marrow stem cells took place through 
p38 MAPK, and ERK1 gene activation. 
Keywords: Osteogenesis, Mesenchymal stem cell, Fisetin, OCN, OPN 
1. Introduction 
Osteoporosis is a kind of skeletal disease, it is characterized by a high risk of bone fragility and fracture, low bone 
mineral density and bone pain. Postmenopausal women are a high risk group for osteoporosis due to the decreased 
secretion of estradiol hormones in menopaused women (Xu et al., 2016). In petition with osteoporosis, bone 
resorption was increased and bone formation was decreased (Sealy-Jefferson et al., 2016). For the prevention or 
treatment of osteoporosis, some drugs are used to inhibit bone resorption and increase bone formation (Kulpa et 
al., 2012). Hormone replacement therapy (HRT) is the way for the treatment of osteoporosis and Estrogen, known 
as a tissue regulator such as bone (Nongmaithem et al., 2016) and plays a fundamental role in skeletal growth and 
bone homeostasis in both men and women (Niada et al., 2016). It controls the activity of bone-forming osteoblasts 
and bone-resorbing osteoclasts, the physiological effects of estrogen are mediated by estrogen receptors (Wang et 
al., 2016). Estrogens have some receptors in bone and other tissues like brain, cardiovascular system, skin, liver, 
adipose tissue, the immune system, and others. Estrogen receptors are divided into two types: estrogen receptor α 
(ER-α) and estrogen receptor β (ER-β), the effects of estrogens are mediated predominantly by the action of 
estrogen receptor alpha (Jia et al., 2015).But some studies have reported that the application of estrogen has bad 
effects such as breast cancer (Chlebowski et al., 2015).Due to the results, researcher have focused on finding some 
natural compounds with estrogen, like anabolic effect (Jia et al., 2015).Some supplements capable of estrogen 
receptor activity, such as phytoestrogen (Nanashima et al., 2015). Phytoestrogens are selective estrogen receptor 
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modulators with the potentiality to be used in HRT to relieve peri/postmenopausal symptoms, Phytoestrogens are 
plant-derived compounds found in a wide variety of foods (Schilling et al., 2015). They can bind the estrogen 
receptor and activate it; their effects are similar to those of estrogen (Jia et al., 2015). They are capable of being 
replaced by estrogens and may be implicated in lowering the risk of osteoporosis, heart disease, breast cancer, and 
menopausal symptoms (Chlebowski et al., 2015). Many of researches reported that phytoestrogens can decrease 
bone disease, for example Michelin reports that Ginestein (known phytoestrogen) is beneficial to promote bone 
health (michelin et al., 2015). Some studies focused on resveratrol’s beneficial effects on bone (Gambini et al., 
2015). Fisetin (3, 7, 3′, 4′-tetrahydroxyflavone) is dietary flavonoid and one type of phytoestrogens (Lall et al., 
2016). It has been found in some fruits and vegetables, such as strawberry, apple, persimmon, grape, mango, union, 
and cucumber (pal et al., 2015). Several biological effects of fisetin, including cardio protective, neuroprotective, 
anti-inflammatory, anticancer, immunomodulatory, and anti oxidative, have been reported (Lall et al., 2016). With 
regard to phytoestrogen’s benefits on bone regeneration, the aim of this study was to investigate osteogenic 
differentiation of Fisetin on bone marrow mesenchymal stem cells from mice. 
2. Material and Method 
2.1 Reagents 
Dubelco’s modified essential medium (DMEM), penicillin-streptomycin, trypan blue, and fisetin were all 
purchased from Sigma–Aldrich. The high pure RNA Isolation kit was purchased from Denazist (Iran), and cDNA 
synthesized kit (Fermantas). For PCR reaction, the Parstoos kit was ontained from Iran. primer, from Bioneer 
(Korea. Alkaline phosphatase activity measurement kit was purchased from Parsazmoon industry (Iran). All the 
solutions were prepared, using double distilled water. Other chemicals were of analytical grades and used. 
2.2 Isolation and Expansion of BMSCs 
Bone marrow cells were harvested by flushing the femurs bone marrow of 6-8 weeks old mice with DMEM, then 
the cells were centrifuged, and suspended in DMEM with 10% FBS. Cells were incubated at 37°C in 5% 
humidified CO2 for 24 h until the medium was replaced to remove the non-adherent cells. When cells reached 90% 
confluency, they were trypsinized, with 0.25% trypsin for 5 min at 37°C. After centrifugation, cells were re-
suspended and used for other analysis. 
2.3 Stem Cell Identification 
To prove that the utilized cells are stem cells, flow cytometry method againsst stem cell specific marker was 
conducted. After cells were separated from the bottom of the flask, they were centrifuged. The primary antibody 
CD44, CD31 and CD45 was conjugated and isothiocyanate (FITC) was added to the cells. They were washed with 
PBS and were fixed with formalin. Then it was analyzed by flow cytometer. 
2.4 Determination of Cell Viability 
In order to count live and dead cells, at 24-hour intervals, the cells were first trypsinized and carefully separated 
from the plate completely. Then, for each plate cavity, 100 μl of cell suspension was mixed with μl 100 Trypanobul 
(sigma) solution then), the number of colored cells (dead cells) and uncolored cells (living cells) determined by 
the use of a hemocytometer lam (neobar lam). Viability percentage was calculate using follow Equation: 

Viability percentage= (survival of cells in the presence of the doses of fesitin/ total cells× 100) 
2.5 Cell Treatment for Induced Differentiation 
Cells were cultured in 12-well plates after 24 h, the cells were treated with 200, 400 and 800 µg/ml fisetin. This 
treatment was continued for 10 or 21 days, each four day, the medium was replaced and treated again with fisetin. 
Finally, the differentiations of mesenchymal stem cells into osteoblast were evaluated by ALP activity on 10th and 
alizarin red and Real time-PCR at 21th days. 
2.5 ALP Activity 
BMSCs were cultured in 12 well plate dishes for 24 hours, as described previously, and then they were treated 
with 200, 400 and 800 µg/ml fisetin for 10 days. To determine the level of alkaline phosphatase activity, total cell 
protein was extracted using 200 µl NP40 buffer (Sigma, uk). The lysate was then centrifuged at 14,000×g at 4 ºC 
for 15 min. Supernatant was collected and ALP activity was measured with ALP assay kit (Parsazmoon, Iran) 
using p-nitrophenyl phosphate (p-NPP), as substrate and alkaline phosphatase were provided in the kit as standard. 
2.6 Alizarin Red Staining  
BMSCs were cultured in 12 well plate dishes and were treated with 200, 400 and 800 µg/ml week for 21 days, 
cells were washed with PBS and fixed by 4% paraformaldehyde for 10 min; and then enough Alizarin Red staining 
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solution was added to cover the cellular monolayer. They incubated at room temperature in the dark environment. 
The stained solution was removed after 45 min. Each well was washed and observed with invert microscopy. High-
resolution images were then captured with a digital camera. 
2.7 RNA Extraction, cDNA Synthesis and Real Time PCR 
Based on the results of ALP activity assay and Alizarin red staining, BMSCs (30×106) were treated with 800 
µg/ml fisetin for 21 days. After this duration, RNA was extracted, according to manufacturer instructions. The 
mRNA was reverse transcribed to cDNA, using cDNA synthesis kit, according to manufacturer instructions. The 
expression of OCN, OPN, Runx-2, MAPK and ERK and genes was analyzed using specific primer and Syber 
green dye. 
 
Table 1. Sequencing of used primers 

Gene Forward Reverse 
GAPDH 5ꞌ TGAAGGTCGGTGTGAACGGATTTGGC 3ꞌ 5ꞌ CATGTAGGCCATGAGGTCCACCAC 3ꞌ 
MAPK 5ꞌ TTTGCTTCAGGGTTTCATCCA 3ꞌ 5ꞌ CTCCATGTTACTGTCCAGTTCGT 3ꞌ 
ERK-1 5ꞌ CATGTGTGTGGAGAGCGTCAAC 3ꞌ 5ꞌ CAGATAGGCACCCAGGGTGAT 3ꞌ 
OCN 5ꞌ GTG CAG AGT CCA GCA AAG GT 3ꞌ 5ꞌ CGA TAG GCC TCC TGA AAG C 3ꞌ 
OPN 5ꞌ ACA GCC AGG ACT CCA TTG AC 3ꞌ  5ꞌ ACA CTA TCA CCT CGG CCA TC 3ꞌ 
Runx2 5ꞌCTC ACT ACC ACA CCT ACC TG 3ꞌ 5ꞌ TCA ATA TGG TCG CCA AAC AGA TTC 3ꞌ 

 
2.8 Statistical Analysis 
The statistical evaluation of the data was performed using one-way analysis of variance (ANOVA), a Tukey test 
used for multiple comparisons as a posttest with the help of SPSS software. The results were shown as Mean ± 
SD, and P<0.05 was calculated as the minimum level of significance. 
3. Result 
3.1 The Results of the Expression of Surface Marker Analysis by Flow Cytometric 
Flow cytometric results confirmed the presence of mesenchymal stem cells. The flow cytometric analysis of 
isolated BMSCs for mesenchymal stem cell markers (CD44), hematopoietic marker (CD45), endothelial marker 
(CD31), were positive for CD44, but they were negative for CD31 and CD45. 
 

 
Figure 1. Flow cytometric results confirmed the presence of mesenchymal stem cells. The results showed the 

presence of mesenchymal stem cells 
 
3.2 Results Counting the Number of Cells 
Cytotoxicity results showed the fact that cell viability in the treated cell was increased in a dose dependent manner, 
but in cells treated with 50 and 200 µg/ml of fisetin, cells viability wasn’t significant and the higher viability 
percentage was observed in the cells treated with higher dose of festin (800 µg/ml) (Figure 2). 
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Figure 2. BMSCs were treated with varying concentrations of Fisetin for 24 h, and cell viability was measured, 

using trypan blue. The results Indicated that the viability of Cells increased with high doses, (Mean±S.E 
،*P<0.05, Mean±S.E ،*** P < 0.001) 

 
3.3 The Results of ALP Activity 
The results of ALP activity assay indicated that in treated cells ALP activity was increased dose dependently, 
compared to the control groups, however, the higher ALP activity was observed in 800 µg/ml of fisetin (Figure 3). 
 

 
Figure 3. The comparison of alkaline phosphatase activity in treated cells and control groups. The diagram shows 

that the optical absorption of cells treated with fisetin 800 µg/ml, were significantly increased, compared with 
the control groups (Ments ± S.E, ** P < 0.01, Mean±S.E ،*** P < 0.001) 

 
3.4 Alizarin Red Staining 
Alizarin red staining was performed after 21 days in those cells that were treated with 200, 400 and 800 µg/ml of 
fisetin treatment. The results of alizarin red staining showed that fisetin is able to induce the differentiation of 
BMSCs into osteoblasts concentration dependently. In higher concentration, more calcium deposition was 
observed. BMSCs that were not treated with fisetin were considered as control group (Figure 4). 
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Figure 4. The results of Alizarin red staining: MSCs were treated with (B) 200 µg/ml, (C) 400 µg/ml and     (D) 

800 µg/ml Fisetin for 21 days . Result showed to visualize calcium deposition in the extracellular matrix 
camprition control groups. Magnification 10×10 

 
3.5 Real Time PCR 
The Significant upregulation of OPN, OCN and RUNX2 expression takes place in those groups that treated with 
800 µg/ml of fisetin. OPN, OCN expression is associated with osteoblastic differentiation. In the current study, 
the undergoing mechanism that leads to osteoblast differentiation was investigated through analyzed ERK1 and 
MAPK signaling pathways. The results showed that festin activates ERK1 and MAPK pathways. Hence, the 
commitment of BMSCs to osteogenic linage takes plate through ERK1-MAPK pathway (Figure 5). 
 

 
Figure 5. The effect of fisetin on genes expression in BMSCs: BMSCs were induced by 800 µg/ml treatment for 

21 days. The mRNA expression in the cells was detected by Real TimePCR. OCN, OPN and RUNX2 are 
osteoplastic markers. ERK and MAPK are genes that expression osteogenic pathway. (Mean±S.E ،*** P < 

0.001) 
 

4. Discussion 
Bone formation responds to a variety of stimuli, such as metabolic, physical, and endocrine genet. Bone tissue is 
a highly dynamic, it can be renewed and resorbed in different conditions (yang et al., 2014). Osteoporosis is a bone 
disease that has some symptoms, such as low bone density, decrease in bone strength and increased risk of bone 
fracture (Cheung et al., 2016). Osteoporosis can be treated by the inhibition of osteoclasts and stimulation of 
osteocytes activity (Gossiel et al., 2016). Estrogen therapy is the main choice for preventing osteoporosis-related 
abnormality, but the risks associated with estrogen treatment, causes limitations in using estrogen (Frisina et al., 
2016). Phytoestrogens are plant secondary metabolic compounds, which are taken into consideration as a 
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substitution in estrogen treatment (Moreira et al., 2014). It was known that phytoestrogens simulates estrogen 
effects, also, it was reported that they have beneficial effects on the bone health and bone regeneration (Lagari et 
al., 2013). Fisetin is a kind of phytoestrogen (Chen et al., 2016). BMSCs are multipotent stromal cells that can 
differentiate into mesenchymal cell lineages, such as; osteogenic, adipogenic, myogenic and chondrogenic 
lineages, many studies have been done on the use of mesenchymal stem cells for bone formation (Guihard et al., 
2012). BMSCs can be stimulated to differentiate osteoblast by some osteogenic substrats (Fakhy et al., 2017). 
These conditions cause changes in morphology, proliferation, gene expression and molecular signaling of the cells 
(Fakhyet al., 2013). Therefore, the aim of current study was to investigate the osteogenic effects of fisetin on 
BMSCs. Using the appropriate dose for cell s’ treatment is a very important issue, these doses should be chosen 
in a way that does not cause cell death and also have the maximum efficiency on cell differentiation (Piccinini et 
al., 2017). To determine the appropriate dose for the induction of differentiation, trypan blue assay was used; this 
assay detects the cell metabolic activity and viability (Piccinini et al., 2017). The results indicated that, the doses 
of fisetin that were less than 200 µg/ml had no significant effects on the proliferation of BMSCs. The doses 
between 200 - 800 µg/ml result in the increased proliferation and viability of cells. Hence, we used doses of fisetin 
between 200 -800 µg/ml to induce differentiation on BMSCs. we investigated the effect of Alkalin phosphate 
enzyme activity on the detection of osteogenic. Alkaline phosphatase is an important component in hard tissue 
formation, highly expressed in mineralized tissue cells. This enzyme activity increased during days 10 to 14 of 
osteogenesis (Golub et al., 2007). Our result showed that fisetin with 800 µg/ml dose has the best effect on Alkalin 
phosphate activity in the tenth day. The mineralization of the bone matrix is the unique function of osteoblast, 
Calcium, is the most important and abundant mineral in bone, ARS has been used for decades to evaluate calcium-
rich deposits by cells in culture, detect and quantify calcium (Gregory et al., 2004). We found that fisetin by 800 
µg/ml dose causes the deposition of calcium for the bones’ formatin, for the differentiation of osteoblasts 
expression of osteogenesis, some – related factors are necessary; we investigated the expression of Osteocalcin, 
Osteopontin, and RUNX2 genes. Osteocalcin is a late stage osteoblast specific protein, produced only by mature 
osteoblasts (Datta et al., 2013). Osteopontin is a protein that expression a variety of tissue types, including 
preosteoblasts, osteoblasts, and ostreocytes (28Casarin et al., 2014). Runx2 is a key organizer in developing and 
maturing osteoblast; it is a member of the runt homology domain transcription factor family, It is essential for 
osteoblast differentiation (Brudere et al., 2014). Our results demonstrated that fisetin at 800 µg/ml caused the 
expression of Osteocalcin, Osteopontin, and RUNX2 genes. These results are consistent with a prior report about 
phytoestrogen osteogenic effects, conducted by Shuping, who report that Icariin is a type of phytoestrogens which 
stimulates the osteogenic differentiation of bone marrow stromal cells (Shuping et al., 2016). Bitto showed that 
the Ginestein increases bone mineral content in osteoporotic ovariectomized rats; their results suggest that 
Geneistein can be an appropriate method for the treatment of postmenopausal osteoporosis (Bitto et al., 2008). 
Wang has reported that Notoginsenoside R1 ( a naval phytoestrogen) stimulates osteogenic function in primary 
osteoblasts via estrogen receptor signaling, Notoginsenside causes the increase in ALP activity and the osteogenic 
expression of such genes as RUNX2, ALP, OCN, COL1 in these cells (Wang et al., 2015). Genistein is a famous 
phytoestrogen that stimulates osteogenic differentiation and maturation of bone marrow stromal progenitor cells 
and osteoblasts, researcher showed that the treatment of bone marrow stromal cells with Ginestein causes ER, 
p38MAPK-Runx2 genes expression (Ming et al., 2013). Hsieh et al. (2010) treated primary osteoblastic cell with 
icariin phytoestrogen. Their result showed BMP-2, SMAD4, Cbfa1/Runx2, RANKL, and OPG gene expression 
and ALP activity in this cells (Hsieh et al., 2010). Other studies have investigated effect of Coumestrol on 
proliferation and osteoblastic differentiation in rat bone marrow stromal cells. Viability and ALP assays results 
showed that this phytoestrogen increases cellular activity, Coumestrol causes expression of OPG type 1 collagen, 
OCN, and estrogen receptor alpha genes (Wu et al., 2009). 
In this study, the effect of fisetin on osteoblastic differentiation of BMSCs, and the role of the ERK1 and MAPK 
signaling pathways in fisetin mediated cell responses were examined. The results showed that fisetin activates 
ERK1 and MAPK pathways. researcher showed that various chemical and physical stimuli can lead to osteogenic 
differentiation through different signaling molecules (Yi et al., 2010). 
MAPKs, are a family of serine/threonine kinase, where the signaling pathways in various cellular are involved in 
various events, such as, cell growth, survival, apoptosis, motility, metabolism, and differentiation (Wei et al., 2011). 
Suzuma showed that P38 MAPK pathways played critical roles in directing BMSCs commitment to the osteogenic 
lineage (Suzuma et al., 2002). Further, Li showed that p38 MAPK can positively regulate Osteogenic 
differentiation (Suzuma et al., 2002). The activation of ERK1 pathway leads to the transcription of such genes as 
Osteocalcin and Osteopointin, The activation of this pathway could be the reason for the differentiation of rat bone 
marrow-derived stem cells (Li et al., 2002). Other studies showed that the activation of ERK1/2, a group of three 
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MAPKs, is essential for embryo stem cells to escape self-renewal and commit to lineage differentiation. ERK1/2 
is required for osteogenic mesenchymal (Jensen et al., 2010).  
5. Conclusion 
In conclusions, the results of current study showed that fisetin can increase the activity of ALP, calcium formation 
in the extracellular matrix and the expression of ostegenic genes OCN, OPN Runx2 in the treated cells. Fisetin 
induces differentiation in bone marrow stem cells to osteoblast via p38 MAPK and ERK1 pathways. 
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