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ABSTRACT: The human adipose stem cells (hADSCs) conditioned medium is easily prepared, transported, and 

stored. This medium is used in the treatment of diseases such as skin aging, wound, and scar repair, as well as nerve 

regeneration. In this research, the growth rate of human bone marrow stem cells (hBMSCs) under the effect of 

osteogenesis differentiation medium and the conditional medium was investigated separately. The third passage of 

hBMSCs was divided into three groups: 1- MED (cells cultured in α- MEM containing 10% fetal bovine serum), 2- 

OD (cells cultured in osteogenesis differentiation medium containing 7-10 M Dexamethason, 10 mM Beta-Glycerol-

Phosphate, 50 ug  ml-1 Ascorbic Acid bi-Phosphate, 10% FBS, 100 unit/ml Penicillin), and 3- CM (cells cultured in 

hADSCs conditioned medium). After 7 and 14 days, the proliferation rate was evaluated using the MTT method. The 

results showed that after 7 and 14 days of treatment, the rate of proliferation has increased considerably in both OD 

and CM groups versus the MED group, and the CM group versus the OD group. In addition, there has been an 

important increase in proliferation rate in both OD and CM groups compared to MED and in CM group compared to 

OD, 7 and 14 days post- treatment. Conditioned medium treatment effectively increased cell proliferation in hBMSCs, 

compared to osteogenic differentiation medium. This cell culture method provides the expansion of stem cells suitable 

for regenerative medicine. 

 

                           INTRODUCTION 

Self-renewal and also multilineage differentiation are 

important characters of mesenchymal stem cells (MSCs).  

MSCs can be separated from a various tissues, such as the 

umbilical cord, bone marrow, adipose tissue, etc [1]. 

MSCs can be differentiated into different types of 

mesodermal cells such as adipocytes, chondrocytes, 

osteoblasts, and skeletal muscle fibers, as well as non-

mesodermal cells such as hepatocytes, pancreas, endocrine 

cells, neurons, myocardial and endothelial cells. MSCs are 

extensively applied in regenerative medicine and tissue 

engineering due to their self-renewal properties, generating 

various types of mature cells under specific conditions [2]. 

Bone marrow and fat tissue are the major sources of MSCs. 

Adipose tissue is a very alluring source of adult stem cells 
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for use in further regenerative medicine applications 

because it is the main source of MSCs. The results of 

clinical trials did not support the efficacy of stem cell 

therapy, despite the immunomodulating qualities of 

adipose-derived stem cells (ASCs) and the secretion of a 

wide range of paracrine factors that promote tissue 

regeneration. [3]. 

Bone marrow stem cells (BMSCs) are isolated from 

different bones such as the ilium, femur, and tibia, but 

whether the proliferation and differentiation potential 

depend on the source of stem cells is still unknown. These 

cells can differentiate into different types of tissues like 

bone, cartilage, tendon, muscle, fat and nervous tissue to 

regenerate damaged tissue after transplantation [4]. 

In the body, there is a lot of adipose tissue [5] and the 

extracted cells from it are called ASCs [6]. Abdominal 

subcutaneous adipose tissue is the most common origin of 

ASCs [7]. These cells can secrete trophic factors in the 

culture medium which is called conditioned medium (CM) 

[8]. It was reported that rat BMSCs-CM increased the 

proliferation of MSCs and induced osteogenesis in injured 

rat calvaria. ASCs and BMSCs are similar in phenotype, 

surface markers expression, and differentiation, while 

ASCs have higher self-renewal capacity than BMSCs. The 

proliferation ratio of ASCs began to slow down in the 

earlier passage, perhaps due to collagenase digestion and 

spending more time from extraction to culture. The survival 

rate, differentiation capacity, and the number of stem cells 

in BMSCs decreased with increasing age [9].  

In a study, mouse hepatocytes were treated with ASCs-CM 

produced under normoxia (N-CM) or hypoxia (H-CM) 

conditions, and after five days, the hepatocyte proliferation 

rate increased greatly [10]. In addition, ASCs-CM 

increased the proliferation rate of hair follicle papillary 

dermal cells and human keratinocytes [11]. 

In this study, the proliferation rate of hBMSCs induced by 

osteogenesis differentiation medium and hASCs - 

conditioned medium was assessed. 

 

 

MATERIALS AND METHODS 

Isolation and culture of hBMSCs 

In this experimental study, human BMSCs were the kind 

gift of Dr.Junya Toguchida (Kyoto University, Kyoto, 

Japan) [12]. The cell samples were centrifuged at 1200 rpm 

for 5 minutes. After removing the supernatant, the cell 

pellets were cultured in α-MEM (α-minimal essential 

medium; Gibco/BRL; cat. No. 52100-0.3, USA) 

supplemented with 10% FBS (Gibco, cat. No.12203C, 

USA)  and incubated [13]. The medium was changed every 

3 days. The cells were passaged at 70 to 80% confluency 

[14]. In this research, the cells at passage three were used. 

Images were captured using a digital camera attached to a 

Nikon inverted phase contrast microscope (DXM 1200; 

Nikon Digital, Germany). 

Isolation and Culture of hASCs  

The subcutaneous adipose tissue samples were obtained 

from women (aged between 28 and 35) undergoing 

liposuction. Informed permission was obtained from the 

participants. This research has been confirmed under the 

ethical approval code of IR.DU.REC.1400.011. One gram 

of adipose tissue was digested mechanically by using a 

scalpel blade and then divided into small pieces under 

sterile conditions. Then, 0.2% collagenase enzyme 

(Invitrogen, USA) with the amount of 1.5 ml per gram of 

adipose tissue was used at 37°C for 60 minutes. 

Collagenase was disabled in a similar  volume of α-MEM 

medium enriched with 10% bovine fetal serum (FBS, 

Gibco, USA) and after centrifugation (1200 rpm, 5 min, 

and 37°C), the cells were incubated in α-MEM enriched 

with 10% FBS and 1% penicillin-streptomycin [15]. After 

72 hours with replaced culture medium, the floating cells 

were removed and MSCs were adhered to the lowest level 

of the flask. The cells were passaged upon reaching 80% 

confluence. According to the method described in our 

previous study, isolated cells were characterized [16]. The 

third passage of cells was used to prepare the conditioned 

medium. 
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Preparation of hASCs-conditioned medium 

The hASCs were washed with PBS three times at passage 

three, and cultured in medium without serum for 72 hours 

and allowed to secret neurotrophic factors. The conditioned 

medium was removed, centrifuged at 2000 rpm for 5 

minutes, filtered through a 0.22 mm syringe filter, and then 

deposited at -80°C until use [17-20]. 

Experimental groups 

At passage three, the hBMSCs were divided into three 

different groups: 1- MED: cultured cells in α-MEM with 

10% FBS, 2- OD: cultured cells in osteogenesis 

differentiation medium containing 7-10 M Dexamethason, 

10 mM Beta-Glycerol-Phosphate, 50 ug/ml Ascorbic Acid 

bi-Phosphate, 15% FBS, 100 unit/ml Penicillin), and 3- 

CM: cultured cells in hASCs-CM. The treatment duration 

was 7 and 14 days [21, 22]. 

Cell viability and proliferation rate assays by MTT assay  

Cells at passage 3 were directly seeded on 96-well tissue 

culture plates at a density of 2×104 cells/well, and 

incubated in 200 μl α-MEM supplemented with 10% FBS. 

When the cells reached 70% confluency, cell proliferation 

was examined with MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyl- 2H-tetrazolium bromide] assay (Sigma-Aldrich, 

Germany). Then, 0.005 g of MTT powder was dissolved in 

1 ml of α-MEM. The supernatant was discarded and 

replaced in each well with 100 μl α-MEM supplemented 

with 10 μl MTT solution (5 mg ml-1, Sigma, Germany) and  

 

incubated at 37°C for 4 h. After throw 85 μl of supernatant 

away, 50 μl of DMSO (Dimethylsulfoxide) was increased 

for 10- minute incubation. Finally, an ELIZA reader 

(BioTek) was used to determine the absorbance at 570 nm 

[23]. 

Statistical analysis 

Data were statistically analyzed by one-way ANOVA test 

followed by Tukey using SPSS software version 16.  To 

evaluate the significant differences between the 

experimental groups and LSD post-hoc tests were 

performed. The significant differences in studied cells on 

days 7 and 14 were evaluated using an Independent-sample 

T- test. The significance level adopted was P < .05 and 

each experiment was repeated 3 times.  

RESULTS 

Morphologies of in vitro cultured hBMSCs and hASCs  

Primary cultured human BMSCs (A) and ASCs (B) were 

shown in Figure 1 and composed of heterogeneous colonies 

containing different cell morphologies (small round, 

spindle-shaped, or large flat cells). In higher passages, the 

cells gradually exhibited a fibroblast- like shape and 

displayed a more uniform morphology. At the third passage 

of BMSCs and hASCs, increased cell proliferation, 

polygonal cell morphology, and long uniform growth were 

shown in Figure 2 (A, B). hASCs with spindle-shaped and 

fibroblastic morphology were easily expanded up to 

passage 15. 

 

 
Figure 1. Morphologies of the first passage of human hASCs (A), and BMSCs (B). 
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Figure 2. Morphologies of the third passage of human hASCs (A), and BMSCs (B). 

 

The survival and proliferation rate of human BMSCs  

exposed to osteogenesis differentiation medium and the  

human ASCs conditioned medium  

After 7 and 14 days of treatment, the proliferation rate of 

cultured hBMSCs in OD and CM groups was evaluated by 

the MTT method.  

In Figure 2, there was a highly increased proliferation rate 

in both OD and CM groups versus the MED group and 

also, in the CM group versus OD group, 7 and 14 days 

post-treatment (P˂0.05). 

The cell viability and proliferation rate were assessed at 

day 7 compared to day 14. None of the test groups showed 

notable differences in cell proliferation and survival rate, at 

days 7 and 14 (P˂0.05) (Figure 3).  

 

 

 

 

 

 

 

Figure 3. Study of hBMSCs proliferation rate in experimental groups after 7 and 14 days, 

 * P < 0.05 versus MED group, # P < 0.05 versus OD group at the same day. 
 

                             DISCUSSION 

In recent decades, MSCs have received considerable 

attention in regenerative medicine and tissue engineering 

due to their differentiation ability, easy separation and 

culture growth, fast proliferation, and immunosuppressive 

impacts [24-26]. 

In this study, presence of osteogenesis differentiation 

medium and conditioned medium led to a significant 

increase in the proliferation rate of hBMSCs, and the CM 

group displayed a considerable increase compared to the 

OD group.   

Although, dexamethasone, beta glycerophosphate, ascorbic 

acid, FBS, and antibiotics were used in the preparation of 

osteogenesis differentiation medium. Ascorbic acid (ASA) 

(an organic compound with a lactone structure) has been 

studied for a long period and has several physiological 

roles. ASA destroys reactive oxygen species caused by 

oxidative stress, has a great effect in cell division, and 

suppresses elderly [2]. It has been previously reported that 

         MED                               OD                              CM 

 

0.5 

 
0.4 

 
0.3 

 
0.2 

 
0.1 

 
0 

  
  
  
  

  
  
  
  

 M
T

T
 (

7
5
0

n
m

) 

          

 



F. Amirahmadi et al / Journal of Chemical Health Risks 13(0) (2023) 0-0 

 

 
 

ASA supplementation causes the proliferation of MSCs 

[27]. In addition, many studies on cell proliferation stated 

that ASA plays a role in cell proliferation and 

differentiation [2]. 

In a study, it was mentioned that antioxidants such as ASA 

can stimulate the proliferation of MSCs while maintaining 

their differentiation ability without changing their 

phenotype [28]. However, the exact mechanism of ASA 

action is still unknown. 

ASA has been found to increase the activity of hypoxia-

inducible factor 1 alpha subunit (HIF1α) hydroxylase, 

suppresses the transcription of HIF1α and enhances its 

degradation, and leads to mitochondrial activity and cell 

proliferation [2]. The researchers recently demonstrated 

that dexamethasone (Dex) also stimulates the proliferation 

of osteoprogenitor cells [29]. 

The conditioned medium from adipose tissue- derived stem 

cells has some growth factors like fibroblast growth factor 

2 (FGF2) and platelet-derived growth factor (PDGF) that 

induce cell proliferation [30] FGF2 belongs to the FGF 

family and is a heparin-binding protein that distributes 

between tissues and combines with cell surface 

proteoglycan [31]. 

In a study, it was reported that FGF2, the activity of 

Src/MEK1/2 (Src is a member of the Src kinase family) 

that binds to the cytoplasmic part of the cell membrane and 

is important in regulating the growth and differentiation of 

eukaryotic cells. 

MEK1/2 is the downstream enzyme of Src and its 

activation by FGF2 is necessary for proliferation, and then 

it induces the phosphorylation of various signaling 

pathways such as Erk1/2, P38, and JNK and increases the 

proliferation of hASCs [31]. 

Recent research stated that FGF2 has a great effect on the 

proliferation and differentiation of hASCs by activating the 

Erk1/2 pathway [32]. It was demonstrated that FGF2 

significantly increases the proliferation of synovial stem 

cells (SDSCs) [33]. 

Recent research has demonstrated that FGF 

supplementation improves the proliferation of hASCs [34]. 

It was reported that a mesenchymal- conditioned medium 

increases the in vitro proliferation and migration of alveolar 

epithelial cells by the JNK-P38 signaling pathway [35]. 

The increased proliferation of MSCs cultured with 

mesenchymal- conditioned medium was reported [9]. 

A study reported that ASCs-CM increases the proliferation 

of human follicular dermal papillary cells (HFDPCs) and 

human epithelial keratinocytes [11]. 

CONCLUSIONS 

Mesenchymal stem cells have high potential for use in 

regenerative medicine. However, in laboratory conditions, 

the ability of these cells to proliferate and expand gradually 

decreases, while the differentiation and characteristics of 

stem cells are preserved, and this issue may limit their 

clinical applications. 

In this study, osteogenesis differentiation medium and 

conditioned medium of human adipose stem cells were 

used as cell proliferation inducers in hBMSCs. Both the 

osteogenesis differentiation medium and conditioned 

medium increased the proliferation rate of hBMSCs, 7 and 

14 days after treatment. In addition, the conditioned 

medium caused a remarkable increase in cell proliferation 

rate compared to the osteogenesis differentiation medium. 

ACKNOWLEDGEMENTS 

This study was financially supported by the Biological 

School of Damghan University.  

Conflict of interests 

The authors declare that there is no conflict of interest. 

REFERENCES 

1. Yu C., Chen P., Xu J., Liu Y., Li H., Wang L., 2020. 

hADSCs derived extracellular vesicles inhibit 

NLRP3inflammasome activation and dry eye. Scientific 

Reports. 10(1), 1-12. 

2. Fujisawa K., Hara K., Takami T., Okada S., Matsumoto 

T., Yamamoto N., 2018. Evaluation of the effects of 

ascorbic acid on metabolism of human mesenchymal stem 

cells. Stem cell research & therapy. 9(1), 1-12. 



F. Amirahmadi et al / Journal of Chemical Health Risks 13(0) (2023) 0-0 

 

 
 

3. Pittenger M.F., Discher D.E., Péault B.M., Phinney 

D.G., Hare J.M., Caplan A.I., 2019. Mesenchymal stem cell 

perspective: cell biology to clinical progress. NPJ 

Regenerative Medicine. 4(1), 1-15. 

4. Matsubara T., Suardita K., Ishii M., Sugiyama M., 

Igarashi A., Oda R., 2005. Alveolar bone marrow as a cell 

source for regenerative medicine: differences between 

alveolar and iliac bone marrow stromal cells. Journal of 

Bone and Mineral Research. 20(3), 399-409. 

5. Dasari V.R., Veeravalli K.K., Dinh D.H., 2014. 

Mesenchymal stem cells in the treatment of spinal cord 

injuries: A review. World J Stem Cells. 6(2), 120-33.  

6. Mazini L., Rochette L., Amine M., Malka G., 2019. 

Regenerative Capacity of Adipose Derived Stem Cells 

(ADSCs), Comparison with Mesenchymal Stem Cells 

(MSCs). Int J Mol Sci. 20(10), 2523.  

7. Schweizer R., Tsuji W., Gorantla V.S., Marra K.G., 

Rubin J.P., Plock J.A., 2015. The role of adipose-derived 

stem cells in breast cancer progression and metastasis. 

Stem Cells Int. 120949.  

8. Pawitan J.A., 2014. Prospect of stem cell conditioned 

medium in regenerative medicine. Biomed Res Int. 965849.  

9. Osugi M., Katagiri W., Yoshimi R., Inukai T., Hibi H., 

Ueda M., 2012. Conditioned media from mesenchymal 

stem cells enhanced bone regeneration in rat calvarial bone 

defects. Tissue Eng Part A. 18(13-14), 1479-89.  

10. Azhdari Tafti Z., Mahmoodi M., Hajizadeh M.R., 

Ezzatizadeh V., Baharvand H., Vosough M., 2018. 

Conditioned Media Derived from Human Adipose Tissue 

Mesenchymal Stromal Cells Improves Primary Hepatocyte 

Maintenance. Cell J. 20(3), 377-87.  

11. Park B.S., Kim W.S., Choi J.S., Kim H.K., Won J.H., 

Ohkubo F., 2010. Hair growth stimulated by conditioned 

medium of adipose-derived stem cells is enhanced by 

hypoxia: evidence of increased growth factor secretion. 

Biomedical Research. 31(1), 27-34. 

12. Okamoto T., Aoyama T., Nakayama T., Nakamata T., 

Hosaka T., Nishijo K., 2002. Clonal heterogeneity in 

differentiation potential of immortalized human 

mesenchymal stem cells. Biochemical and Biophysical 

Research Communications. 295(2), 354-61. 

13. Chen B., Yu J., Wang Q., Zhao Y., Sun L., Xu C., 

2018. Human bone marrow mesenchymal stem cells 

promote gastric cancer growth via regulating c-Myc. Stem 

cells International. doi: 10.1155/2018/9501747 

14. Mohammed E.E., El-Zawahry M., Farrag AR.H., Aziz 

N.N.A., Sharaf-ElDin W., Abu-Shahba N., 2019. 

Osteogenic differentiation potential of human bone marrow 

and amniotic fluid-derived mesenchymal stem cells in vitro 

& in vivo. Open Access Macedonian Journal of Medical 

Sciences. 7(4), 507. 

15. Liu G.Y., Liu J., Wang Y.L., Liu Y., Shao Y., Han Y., 

2016. Adipose‐derived mesenchymal stem cells ameliorate 

lipid metabolic disturbance in mice. Stem Cells 

Translational Medicine. 5(9), 1162-70. 

16. Tabatabai T.S., Kashani M.HG., Maskani R., Nasiri M., 

Amri S.A.N., Atashi A., 2021. Synergic effects of 

extremely low-frequency electromagnetic field and betaine 

on in vitro osteogenic differentiation of human adipose 

tissue-derived mesenchymal stem cells. In Vitro Cellular & 

Developmental Biology-Animal. 1-9. 

17. Menezes K., Rosa B.G., Freitas C., da Cruz A.S., de 

Siqueira Santos R., Nascimento M.A., 2020. Human 

mesenchymal stromal/stem cells recruit resident pericytes 

and induce blood vessels maturation to repair experimental 

spinal cord injury in rats. Scientific Reports. 10(1), 1-21. 

18. Nakhaeifard M., Kashani M.H.G., Goudarzi I., Rezaei 

A., 2018. Conditioned medium protects dopaminergic 

neurons in parkinsonian rats. Cell Journal (Yakhteh). 20(3), 

348. 

19. Pashaei A.sl R., Pashaiasl M., Ebrahimie E., Ataei 

M.L., Paknejad M., 2023. Apoptotic effects of human 

amniotic fluid mesenchymal stem cells conditioned 

medium on human MCF-7 breast cancer cell line. 

BioImpacts. 13(3), 191-206. 

20. Lee J.H., Park C.H., Chun K.H., Hong S.S., 2015. 

Effect of adipose-derived stem cell-conditioned medium on 

the proliferation and migration of B16 melanoma cells. 

Oncology letters. 10(2), 730-6. 

21. Sanchooli T., Norouzian M., Teimouri M., 

Ardeshirylajimi A., Piryaei A., 2020. Adipose-derived stem 

cells conditioned media promote in vitro osteogenic 

differentiation of hypothyroid mesenchymal stem cells. 

https://doi.org/10.1155%2F2018%2F9501747
https://bi.tbzmed.ac.ir/Archive/13/3


F. Amirahmadi et al / Journal of Chemical Health Risks 13(0) (2023) 0-0 

 

 
 

Gene, Cell and Tissue. 7(3), 

e102267https://doi.org/10.5812/gct.102267 

22. Zhu M., Liu Y., Qin H., Tong S., Sun Q., Wang T., 

2021. Osteogenically-induced exosomes stimulate 

osteogenesis of human adipose-derived stem cells. Cell and 

Tissue Banking. 22, 77-91. 

23. Yang X., Ma X., Don O., Song Y., Chen X., Liu J., 

2020. Mesenchymal stem cells combined with liraglutide 

relieve acute lung injury through apoptotic signaling 

restrained by PKA/β-catenin. Stem Cell Research & 

Therapy. 11, 1-16. 

24. Maziarz A., Kocan B., Bester M., Budzik S., Cholewa 

M., Ochiya T., 2016. How electromagnetic fields can 

influence adult stem cells: positive and negative impacts. 

Stem Cell Res Ther.  7(1), 54.  

25. Leone L., Podda M.V., Grassi C., 2015. Impact of 

electromagnetic fields on stem cells: common mechanisms 

at the crossroad between adult neurogenesis and 

osteogenesis. Front Cell Neurosci. 9, 228.  

26. Noverina R., Widowati W., Ayuningtyas W., 

Kurniawan D., Afifah E., Laksmitawati D.R., 2019. 

Growth factors profile in conditioned medium human 

adipose tissue-derived mesenchymal stem cells (CM-

hATMSCs). Clinical Nutrition Experimental. 24, 34-44.  

27. Gharibi B., Hughes F.J., 2012. Effects of medium 

supplements on proliferation, differentiation potential, and 

in vitro expansion of mesenchymal stem cells. Stem Cells 

Translational Medicine. 1(11), 771-82. 

28. Choi K.M., Seo Y.K., Yoon H.H., Song K.Y., Kwon 

S.Y., Lee H.S., 2008. Effect of ascorbic acid on bone 

marrow-derived mesenchymal stem cell proliferation and 

differentiation. Journal of Bioscience and Bioengineering. 

105(6), 586-94. 

29. Bellows C., Heersche J., Aubin J., 1990. Determination 

of the capacity for proliferation and differentiation of 

osteoprogenitor cells in the presence and absence of 

dexamethasone. Developmental Biology. 140(1), 132-8. 

 

 

 

 

30. Sanchooli T., Norouzian M., Teimouri M., 

Ardeshirylajimi A., Piryaei A., 2020. Adipose-derived stem 

cells conditioned media promote in vitro osteogenic 

differentiation of hypothyroid mesenchymal stem cells. 

Gene, Cell and Tissu. 7(3), 8-1. 

31. Ma Y., Kakudo N., Morimoto N., Lai F., Taketani S., 

Kusumoto K., 2019. Fibroblast growth factor-2 stimulates 

proliferation of human adipose-derived stem cells via Src 

activation. Stem Cell Research & Therapy. 10(1), 1-9. 

32. Zaragosi L.E., Ailhaud G., Dani C., 2006. Autocrine 

fibroblast growth factor 2 signaling is critical for self‐

renewal of human multipotent adipose‐derived stem cells. 

Stem Cells. 24(11), 2412-9. 

33. Pizzute T., Li J., Zhang Y., Davis M.E., Pei M., 2016. 

Fibroblast growth factor ligand dependent proliferation and 

chondrogenic differentiation of synovium-derived stem 

cells and concomitant adaptation of Wnt/mitogen-activated 

protein kinase signals. Tissue Engineering Part A. 22(15-

16), 1036-46. 

34. Hebert T.L., Wu X., Yu G., Goh B.C., Halvorsen 

Y.DC., Wang Z., 2009. Culture effects of epidermal growth 

factor (EGF) and basic fibroblast growth factor (bFGF) on 

cryopreserved human adipose‐derived stromal/stem cell 

proliferation and adipogenesis. Journal of Tissue 

Engineering and Regenerative Medicine. 3(7), 553-61. 

35. Chen J., Li Y., Hao H., Li C., Du Y., Hu Y., 2015. 

Mesenchymal stem cell conditioned medium promotes 

proliferation and migration of alveolar epithelial cells under 

septic conditions in vitro via the JNK-P38 signaling 

pathway. Cellular Physiology and Biochemistry. 37(5), 

1830-46. 

 

https://doi.org/10.5812/gct.102267

