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Objectives: Stem cells are undifferentiated cells capable of creating different types of cell 
in the body. Stem cell proliferation often is performed in the culture medium supplemented 
with Fetal Bovine Serum (FBS). Unknown compounds in the FBS, risk of contamination 
and disease transmission encourages the researches toward finding an alternative to FBS. 
Several factors are involved in the Mesenchymal Stem Cells (MSCs) precocious death in the 
transplanted tissue environment. Oxidative Stress (OS) is one of the main causes of stem cell 
apoptosis in the initial days after transplantation. The aim of this study was to evaluate the 
effect of Human Serum (HS) on the viability and oxidative related enzymes in human Adipose 
tissue-Derived Stem Cells (ADSCs) under oxidative stress in comparison with FBS.

Materials & Methods: Human serum were obtained from blood of a healthy donor persons, 
in respective intervals during few days. The ADSCs were isolated from lipolysis operation 
samples and their cuture media were supplemented with FBS or HS and different concentrations 
of H2O2 as the oxidative agent.

Results: The results showed that cell proliferation and viability of ADSCs under oxidative 
stress condition was significantly higher in the culture medium supplemented with HS in 
comparison with FBS supplemented medium (P<0.05).

Conclusion: This study showed that FBS could be replaced by HS in MSC culture medium 
with improved effects on cell proliferation and oxidative related enzyme activity under 
oxidative Stress condition.
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1. Introduction

tem cells are undifferentiated cells that do 
not committed for any tissue specific func-
tion and under physiologic or controlled in 
vitro conditions can differentiate to the other 
cell types [1]. Mesenchymal Stem Cells 

(MSCs) are under intense studies for clinical cell therapy 
because of their availability, immunosuppressive proper-
ties and ability to differentiate into many cell types [2-5]. 
MSCs, based on International Society for Cellular Ther-
apy (ISCT) definition, should have three characteristics. 
They are adherent cells, have adipogenesis, osteogenesis 
and chondrogenesis ability, expressing CD73, CD90 and 
CD105 surface marker while are negative for CD34 and 
CD45 [6, 7]. MSCs derived from adipose tissue can pro-
vide an accessible source for autologous transplantation 
and overcome the rejection of transplanted stem cells [8].

Culture media are often supplemented with Fetal Bo-
vine Serum (FBS) as an essential component which 
mainly provides growth and adherence factors for stem 
cells [9-12]. However, variations in each FBS prepara-
tion, available unknown compounds and risk of virus 
and prion transmission strongly limited research and 
clinical use of proliferated MSCs [13, 14]. FBS also 
contains non-human antigens, such as N-glycolylneur-
aminic acid, which is an obstacle for its application in 
clinical cell therapy [15]. Human Serum (HS) has been 
introduced as an alternative for FBS that provide the re-
quired proteins stem cells with no risk of disease trans-
mission and rejection [8, 14, 16].

After transplantations cells usually encountered an in-
appropriate environment, such as Oxidative Stress (OS), 
which leads to extensive cell deaths [17, 18]. Oxidative 
stress is also known as a cause for cell senescence and 
chronic age-dependent diseases [19] as well as a main 
mechanism in cell and tissue injury [9]. Considering 
the importance of cell viability after transplantation, the 
present investigation aimed to study the effect of HS and 
FBS on adipose-derived MSCs proliferation and osteo-
genic differentiation in the presence of oxidative stress.

2. Materials and Methods

ADSC isolation and characterization

After obtaining written informed consent, liposuction 
samples were collected from patient in a sterile condi-
tion and transfer to the laboratory. Blood and debris were 
washed off from the samples by rinsing in sterile PBS con-
taining peniciline/ streptomycine (shelmax) and tissues 

sectioned in 1 mm pieces and then digested for around 30 
minutes in 37oC water bath with 0.075% collagenase type 
I solution (GIBCO). The digesting tissues were shake each 
5 minutes during incubation period, the final digested tis-
sues were devided into 15 ml tubes and collagenase was 
neutralized by addition peniciline/ streptomycine, Dul-
becco’s Modified Eagle Medium, DMEM (Gibco) supple-
mented with 10% HS or FBS. Cultured cells were incu-
bated in humidified incubated and 5% CO2 atmosphere.

Cultured cells were inspected under the invert micro-
scope every day and at 70-80% confluency, ADSCs were 
trypsinized by 0.25% Trypsine/EDTA solution and pas-
saged into new cell culture flasks in 2:1splitting ratio. Iso-
lated cells at passage 3-4 were tripsinized and suspended 
in freezing medium (1:10 DMSO:FBS) and then stored at 
-80oC until use. ADSCs were characterized by evaluating 
the expression of cell surface markers CD34, CD90 and 
CD105 using flowcytometry (BD Co.).

To assess the multipotency, osteogenic differentiation 
was induced in isolated ADSCs. Osteogenesis was in-
duced by differentiation medium containing 1 µM Dexa-
methasone and 50 µg/ml Ascorbic acid-2 phosphate. His-
tochemistry by Alizarin Red was used to stain the calcium 
deposition in differentiated cells.

Serum preparation

In this study, around 90 ml blood sample were collected 
periodically from each healthy volunteer after obtaining 
informed consent. Each blood sample was centrifuged for 
10 minutes in 2500 RPM, serum layer collected and incu-
bated in 56oC for 30 minutes to inactivate the complement 
system. Serum samples were stored at -20oC until use. 
FBS were purchased (life technologies) and inactivated as 
mentioned earlier.

ADSCs proliferation under oxidative stress

The number of viable MSCs was determined by stain-
ing with Trypan blue and 5×104 cells/well cultured in 4 
well plates with DMEM supplemented by 10% HS or 
FBS. After 24 hours media were replaced and 0, 50, 150 
and 300 micromolar H2O2 added to each well. After one 
week, cells in 2 independent wells were counted for each 
HS or FBS treatment by Haemocytometer method to 
evaluate their proliferation.

Lipid oxidation assay

The amount of Malondialdehyde (MDA) was measured in 
cell supernatant as recommended by the kit (Zellbio) which 
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provides a standard method for assessment of lipid peroxi-
dation in biological samples, such as serum, plasma, urin, 
homogenized tissues, cell lysates and supernatants. Briefly, 
in this colorimetric method, MDA (at 90-100oC) is com-
bined with Thiobarbituric Acid (TBA) and produce a pink 
color which then were quantified by reading the optical 
densities at 530-540 nm using microplate reader (Stat Fax).

Antioxidant activity assay

Superoxide Dismutase (SOD) activity were measured by 
Zellbio kit in cell supernatants. This method is a colori-
metric assay which measures the optical density of pro-
duced color at 420 nm at time 0 and 120 seconds after 
SOD interaction on its substrate, anion superoxide 2O2-. 
To measure the enzyme activity the following formula was 
used as recommended by the kit:

SOD activity (U/mL)=(VP–VC)/(VP)×60

VP=OD sample 120s–OD blank 120s

VC=OD sample 0s–OD blank 0s

Statistical analysis

Triple repeats were performed for each experiment, other 
than mentioned in the text. ANOVA and t-test were used 
for statistical analysis.

3. Results

 ADSCs isolation, characterization and proliferation

Replacing FBS with HS led to the isolation of ADSCs 
with the same spindle shape morphology (Figure 1). 
Flowcytometry analysis showed that isolated cells were 
positive for CD90, CD105 and negative for CD34 which 
corresponded with the mesenchymal stem cell surface 
markers (Figure 2). Alizarin Red staining revealed the 
calcium deposition in ADSC culture after osteocyte dif-

ferentiation (Figure 3). At day 7 after isolation in the 
first passage of ADSCs, HS resulted in higher number of 
cells compared to FBS, P<0.001 (Figure 4).

Proliferation under oxidative stress

After 24 hours under different H2O2 concentration, AD-
SCs were counted. The results showed the concentration 
dependent adverse effect H2O2 on cell viability in both 
HS and FBS groups (Figure 5). HS showed more protec-
tive effect on ADSCs in oxidative stress conditions.

Lipid peroxidative assessment

MDA was measured in cell supernatant as an index for 
lipid peroxidation after addition of H2O2 and the results 
were shown as nM/ml (Figure 6). In both groups MDA 
measurements were increased by increasing the H2O2 
concentration. No significant differences were observed 
between HS and FBS supplemented culture media.

Razban V, et al. Comparing the Effects of Human and Fetal Bovine Serum on Mesenchymal Stem Cells Under Oxidative Stress. JAMSAT. 2017; 3(2); 55-60. 

Figure 1. Spindle shape morphology of isolated ADSCs

Figure 2. Cell surface marker expression pattern of isolated ADSCs
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Superoxide Dismutase (SOD) activity

Superoxide Dismutase activity was measured as an in-
dex of antioxidant effects of HS and FBS. Optical densi-
ties showed a direct correlation between H2O2 concentra-
tion and SOD activity in both groups (Figure 7). 

4. Discussion

MSCs, as one of the most studied type of stem cells, 
have proven their therapeutic effects in researches and 
clinical trials [3, 20-23]. Stem cell therapy often encoun-
ters reduced viability after implantation in the injured tis-

sues. Microenvironment of injured tissues is far from the 
optimized conditions for cell survival, depending on the 
site and type of injuries [2, 9]. Among disturbing factors, 
oxidative stresses have a major role in cell apoptosis and 
any method that promote cell viability and proliferation 
could be valuable [17, 18, 24]. H2O2 has been usually 
used to stimulate oxidative stress in cell cultures in vitro 
[9]. In the current study, using H2O2, the oxidative condi-
tion was mimicked and HS hypothesized to be able to 
diminish the adverse effects of H2O2.

Based on our results, replacing FBS with HS were shown 
no harmful effect on lipid peroxidative and superoxide 
dismutase activities. Moreover, HS were more effective 
for preventing the dose dependent adverse effects of H2O2 
on cell viability and proliferation compared to FBS. HS 
potential of replacing FBS in isolation of ADSCs, collec-
tively increased the cell yield, as well as high cell doses is 
needed for clinical uses and cell therapies [11]. Although 
more in vivo in investigation is needed but it can be sug-
gested that FBS could be replaced successfully with HS 
in vitro as the growth supplement in ADSCs media which 
help the cells to tolerate harsh oxidative stress.

It is also notable that any xeno product, such as FBS, 
is a point of debate for using in cell therapies because of 
the batch to batch variation and the risk of protein and 

Figure 3. Alizarin red staining for osteogenesis differentiation

Figure 4. ADSCs isolation yield

Figure 6. Malondialdehyde activity different concentrations 
of H2O2 in the presence of FBS and HS

Figure 5. ADSCs proliferation under different concentra-
tions of H2O2

Figure 7. Superoxide dismutase activity at different concen-
trations of H2O2 in the presence of FBS and HS
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diseases transmission [10, 13, 14]. Moreover, serum free 
media may burden high expenditures on in vitro and in 
vivo researches.

5. Conclusion

Considering above concerns, HS worth to survey more 
intensively and can also be recommended an exchange-
able supplement with FBS in future studies with more 
beneficial effects on stem cell yield, especially in the 
presence of oxidative agents.

Acknowledgements

The current study is the results of Maryam Hosseini-
pour MSc. thesis, in the Department of Clinical Bio-
chemistry, School of Medicine, Rafsanjan University of 
Medical Sciences, Rafsanjan, and was supported by Vice 
chancellor of Research, Rafsanjan University of Medical 
Sciences.

Conflict of Interest

The authors declared no conflicts of interest.

References

[1] Baksh D, Song L, Tuan RS. Adult mesenchymal stem cells: 
Characterization, differentiation, and application in cell and 
gene therapy. Journal of Cellular and Molecular Medicine. 
2004; 8(3):301–16. doi: 10.1111/j.1582-4934.2004.tb00320.x

[2] Razban V, Lotfi AS, Soleimani M, Ahmadi H, Massumi M, 
Khajeh S, et al. HIF-1α overexpression induces angiogenesis 
in mesenchymal stem cells. BioResearch Open Access. 2012; 
1(4):174–83. doi: 10.1089/biores.2012.9905

[3] Squillaro T, Peluso G, Galderisi U. Clinical trials with mes-
enchymal stem cells: An update. Cell Transplantation. 2016; 
25(5):829–48. doi: 10.3727/096368915x689622

[4] Razban V, Khajeh S, Lotfi AS, Mohsenifar A, Soleimani M, 
Khoshdel A, et al. Engineered heparan sulfate-collagen IV 
surfaces improve human mesenchymal stem cells differentia-
tion to functional hepatocyte-like cells. Journal of Biomateri-
als and Tissue Engineering. 2014; 4(10):811–22. doi: 10.1166/
jbt.2014.1234

[5] Sahebghadam Lotfi A. High yield generation of hepatocyte 
like cells from adipose derived stem cells. Scientific Research 
and Essays. 2012; 7(10):1141-7. doi: 10.5897/sre11.1437

[6] Keating A. Mesenchymal stromal cells. Current Opin-
ion in Hematology. 2006; 13(6):419–25. doi: 10.1097/01.
moh.0000245697.54887.6f

[7] Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, 
Marini F., Krause DS, et al. Minimal criteria for defining 

multipotent mesenchymal stromal cells. The International 
Society for Cellular Therapy position statement. Cytotherapy. 
2006; 8(4):315–7. doi: 10.1080/14653240600855905

[8] Khairoun M, S Korevaar S. Human bone marrow- and adi-
pose tissue-derived mesenchymal stromal cells are immuno-
suppressive in vitro and in a humanized allograft rejection 
model. Journal of Stem Cell Research & Therapy. 2013; doi: 
10.4172/2157-7633.s6-001

[9] Denu RA, Hematti P. Effects of oxidative stress on mesen-
chymal stem cell biology. Oxidative Medicine and Cellular 
Longevity. 2016; 2016:1–9. doi: 10.1155/2016/2989076

[10] Gstraunthaler G. Alternatives to the use of fetal bovine se-
rum: Serum-free cell culture. Altex. 2003; 20(4):275-81. PMID: 
14671707

[11] Fernandes-Platzgummer A, Carmelo JG, da Silva CL, 
Cabral JMS. Clinical-grade manufacturing of therapeutic hu-
man mesenchymal stem/stromal cells in microcarrier-based 
culture systems. Methods in Molecular Biology. 2016; 375–88. 
doi: 10.1007/978-1-4939-3584-0_22

[12] Bieback K, Hecker A, Kocaömer A, Lannert H, Schall-
moser K, Strunk D, et al. Human alternatives to fetal bovine 
serum for the expansion of mesenchymal stromal cells from 
bone marrow. Stem Cells. 2009; 27(9):2331–41. doi: 10.1002/
stem.139

[13] Brunner D, Frank J, Appl H, Schöffl H, Pfaller W, Gstraun-
thaler G. Serum-free cell culture: The serum-free media in-
teractive online database. Altex. 2010; 27(1):53-62. PMID: 
20390239

[14] Van der Valk J, Brunner D, De Smet K, Fex Svenningsen Å, 
Honegger P, Knudsen LE, et al. Optimization of chemically 
defined cell culture media – Replacing fetal bovine serum 
in mammalian in vitro methods. Toxicology in Vitro. 2010; 
24(4):1053–63. doi: 10.1016/j.tiv.2010.03.016

[15] Taupin P. Derivation of embryonic stem cells for cellular 
therapy: Challenges and new strategies. Medical Science 
Monitor. 2006; 12(4):75-8.

[16] Kobayashi T. Motility and growth of human bone-marrow 
mesenchymal stem cells during ex vivo expansion in autolo-
gous serum. Journal of Bone and Joint Surgery - British Volume. 
2005; 87(10):1426–33. doi: 10.1302/0301-620x.87b10.16160

[17] Wang Z, Zhang F, Wang L, Yao Y, Zhao Q, Gao X. Lipopol-
ysaccharides can protect mesenchymal stem cells (MSCs) 
from oxidative stress-induced apoptosis and enhance prolif-
eration of MSCs via toll-like receptor (TLR)-4 and PI3K/Akt. 
Cell Biology International. 2009; 33(6):665–74. doi: 10.1016/j.
cellbi.2009.03.006

[18] Wang X, Zhao T, Huang W, Wang T, Qian J, Xu M, et al. 
Hsp20-engineered mesenchymal stem cells are resistant to 
oxidative stress via enhanced activation of Akt and increased 
secretion of growth factors. Stem Cells. 2009; 27(12):3021-31. 
doi: 10.1002/stem.230.

[19] Findeisen HM, Pearson KJ, Gizard F, Zhao Y, Qing H, 
Jones KL, et al. Oxidative stress accumulates in adipose tis-
sue during aging and inhibits adipogenesis. PLoS ONE. 2011; 
6(4):18532. doi: 10.1371/journal.pone.0018532

[20] Altaner C, Altanerova V, Cihova M, Ondicova K, Rychly B, 
Baciak L, et al. Complete regression of glioblastoma by mes-
enchymal stem cells mediated prodrug gene therapy simu-

Razban V, et al. Comparing the Effects of Human and Fetal Bovine Serum on Mesenchymal Stem Cells Under Oxidative Stress. JAMSAT. 2017; 3(2); 55-60. 

July 2017, Volume 3, Number 2



60

Journal of Advanced Medical Sciences and Applied Technologies

lating clinical therapeutic scenario. International Journal of 
Cancer. 2013; 134(6):1458–65. doi: 10.1002/ijc.28455

[21] Cucchiarini M, Venkatesan JK, Ekici M, Schmitt G, Madry 
H. Human mesenchymal stem cells overexpressing thera-
peutic genes: From basic science to clinical applications for 
articular cartilage repair. Bio-Medical Materials and Engi-
neering. 2012; 22(4):197-208.

[22] Keyßer G, Müller L, Schendel M, Schmoll H-J. [Therapeu-
tic use of mesenchymal stromal cells in autoimmune diseases 
(German)]. Zeitschrift für Rheumatologie. 2009; 68(3):220–7. 
doi: 10.1007/s00393-008-0394-2

[23] Seo JH, Cho S-R. Neurorestoration induced by mesenchy-
mal stem cells: Potential therapeutic mechanisms for clinical 
trials. Yonsei Medical Journal. 2012; 53(6):1059. doi: 10.3349/
ymj.2012.53.6.1059

[24] Valle-Prieto A, Conget PA. Human mesenchymal stem 
cells efficiently manage oxidative stress. Stem Cells and De-
velopment. 2010; 19(12):1885–93. doi: 10.1089/scd.2010.0093

Razban V, et al. Comparing the Effects of Human and Fetal Bovine Serum on Mesenchymal Stem Cells Under Oxidative Stress. JAMSAT. 2017; 3(2); 55-60. 

July 2017, Volume 3, Number 2


