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Abstract

Mesenchymal stem cells are a population of somatic cells found in several tissues of an adult organism, 
including adipose tissue. Reactive oxygen species (ROS) can cause cellular alterations, including 
mutagenesis and genomic instability and the development of diseases. Thus, it is important to 
understand ROS-induced damage to cell macromolecules such as DNA, proteins, and lipids. In this 
study, we investigated oxidative stress rates and viability of adipose tissue-derived mesenchymal stem 
cells (ADSCs) from the greater omentum of rabbits. Cell cultures were analyzed at different passages 
(1-5) using the dichlorofluorescein acetate assay for measuring ROS production and cell viability tests. 
ROS levels were highest at passage 2 and cell viability was highest at passage 4.
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Resumo

Células-tronco mesenquimais são uma população de células somáticas encontradas em vários tecidos de 
um organismo adulto, incluindo o tecido adiposo. Espécies reativas de oxigênio (ROS) podem causar 
alterações celulares, incluindo mutagênese e instabilidade genômica e o desenvolvimento de doenças. 
Assim, é importante entender o dano induzido pelas EROs às macromoléculas celulares, como DNA, 
proteínas e lipídios. Neste estudo, investigamos as taxas de estresse oxidativo e viabilidade de células-
tronco mesenquimais derivadas do tecido adiposo (ADSCs) a partir do omento maior de coelhos. As 
culturas celulares foram analisadas em diferentes passagens (1-5) utilizando o ensaio de acetato de 
diclorofluoresceína para medir a produção de ROS e testes de viabilidade celular. Os níveis de EROs 
foram mais altos na 2ª passagem e a viabilidade celular foi maior na 4ª passagem.
Palavras-chave: Terapia celular. CTM. Oryctolagus cuniculus. ERO. 
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Introduction

Free radicals are any chemical species capable 
of independent existence that contain one or more 
unpaired electrons in their outer electron layer, 
making them highly unstable and with a short 
half-life. Reactive oxygen species (ROS) include 
free radicals such as superoxide (O2

•−), hydroxyl 
radical (•OH), and peroxyl (RO2), as well as non-
radical species such as hydrogen peroxide (H2O2) 
(HALLIWELL; GUTTERIDGE, 2007).

ROS may be formed as by-products of metabolic 
enzymatic reactions in vivo. However, these 
reactive molecules are also capable of causing 
damage to cellular constituents when oxidative 
imbalance is generated. Mutagenesis, one of the 
cellular alterations induced by ROS, is associated 
with cellular aging and development of some 
diseases such as cancer. Thus, the research field 
of redox regulation has experienced rapid growth 
over the last years and numerous research groups 
have investigated ROS-induced damage to cellular 
macromolecules, including DNA, proteins, and 
lipids (DRÖGE, 2002).

Bittencourt et al. (2013) found a dose-dependent 
increase in oxidative stress in fibroblasts exposed to 
different concentrations of sodium nitroprusside. In 
addition, by using a fluorimetric method to measure 
total levels of ROS with a 2’,7’-dichlorofluorescein 
diacetate probe, the authors described the antioxidant 
potential of the hydroalcoholic extract of Paullinia 
cupana Mart., popularly known as guarana, in 
reducing oxidative imbalance.

Adult mesenchymal stem cells (MSCs) are a small 
population of cells found primarily in perivascular 
regions of several tissues of an adult organism, 
including bone marrow, adipose tissue, periosteum, 
muscle tissue, and parenchymal organs. In 2001, a 
pioneer study using MSCs described the presence 
of MSCs in human lipoaspirates, suggesting that the 
adipose tissue may represent a potential alternative 
source of adult stem cells (ZUK et al., 2001). Since 
then, several studies have described the generation 

adipose tissue-derived mesenchymal stem cells 
(ADSCs) from experimental animal models and 
human tissue (PINTO FILHO et al., 2013).

Several clinical applications for ADSCs, 
especially those derived from subcutaneous tissue, 
have been described over the last decade. ADSCs 
are easily harvested by liposuction under local 
anesthesia (MIZUNO, 2009; CASTEILLA et al., 
2011) and, similarly to bone marrow stem cells, can 
be differentiated into different mesodermal tissues 
(MIZUNO, 2009).

However, undesirable epigenetic reprogramming 
may occur in cultured cells, affecting their 
differentiation capacity. As a consequence, these 
cells become susceptible to mutations that will 
initiate several pro-carcinogenic events such as 
chromosomal instability and proliferative changes, 
making the therapeutic use of ADSC cultures not 
recommended (BAUM et al., 2011).

Pinto Filho et al. (2015) found differences in the 
proliferative capacity and viability of ADSCs from 
the greater omentum, perirenal region, and adipose 
interscapular pouch of rabbits and concluded that 
harvesting ADSCs from the greater omentum 
yielded the best results.

PicoGreen is an ultrasensitive fluorescent 
reagent that can be used to quantitate lower 
extracellular double-stranded (ds) DNA 
concentrations (~25 pg/mL). Quantification of 
dsDNA in the extracellular space, as accumulated in 
culture media after cell passaging, can therefore be 
used to indirectly evaluate cytotoxicity and viability 
of cell cultures. 

Given the high yield of ADSCs and the scarce 
literature on cells derived from this type of adipose 
tissue, the aim of this study was to determine the effect 
of ROS over oxidative stress rates and viability of 
ADSCs cultures from the greater omentum of rabbits. 
Cell cultures were analyzed at different passages 
(1-5) using the PicoGreen dsDNA fluorescent dye 
and the 2’7’-dichlorodihydrofluorescein diacetate 
(DCFH-DA) assay. 
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Material and Methods

Animal experimentation

This study was approved by the Ethics 
Committee on Animal Use at the Federal University 
of Santa Maria (UFSM), Rio Grande do Sul, Brazil, 
under protocol number 060/2012.

Three clinically healthy adult male New Zealand 
White rabbits (Oryctolagus cuniculus) weighing 
3.39±0.27 kg obtained from the UFSM Central 
Animal Facility were used in the study. Rabbits 
(C1, C2 and C3) were housed in individual cages in 
a temperature-controlled room for a minimum 15-
day acclimation period and monitored for any sign 
of illnesses, morbidity or mortality. Rabbits were 
given free access to commercial food and water 
throughout the study.

After the observational period, surgeries were 
conducted under general anesthesia by a veterinary 
team. Following a retro-umbilical midline 
laparotomy, major omentum was excised by blunt 
dissection and adequate hemostatic maneuvers. 
Muscular and subcutaneous suture was performed 
using 3-0 polyglactin 910 sutures, followed by 
skin suture with 4-0 nylon sutures. During the post 
operatory period, analgesic and anti-inflammatory 
drugs were applied.

Cell isolation and culture

The excided omentum was stored in sterile flasks 
containing 150 mL of Hanks’ solution. Samples were 
treated with type II collagenase to isolate ADSCs 
following the protocol outlined by Buehrer and 
Cheatham (2013). Cells were transferred to 75-cm² 
DNAse and RNAse free, non-pyrogenic cell culture 
flasks (Kasvi®, São José dos Pinhais, PR, Brazil) 
filled with 10 mL of Dulbecco’s Modified Eagle 
Medium (DMEM) (Sigma-Aldrich®, St. Louis, 
MO, USA) supplemented with 10% fetal bovine 
serum (FBS) (Sigma-Aldrich®), 1% penicillin/
streptomycin and amphotericin B (Sigma-Aldrich®). 
Cells were incubated at 37 °C and an atmosphere 

of 5% CO2. When monolayer cultures reached 90-
95% confluence, cells were split and cultured in 
new flasks until the fifth passage. Cell proliferation 
and viability and oxidative stress parameters were 
evaluated at each passage.

In vitro assays

To assess proliferation of ADSCs, cells were 
stained with trypan blue (1:1, v:v) and counted using 
a Neubauer Chamber. Cell count at all passages was 
determined in four quadrants under a microscope at 
100× magnification.

Total ROS levels were measured using 
2’7’-dichlorodihydrofluorescein diacetate (DCFH-
DA), which is the most widely used probe for 
detecting hydrogen peroxide (H2O2). DCFH-DA 
crosses the cell membrane and is hydrolyzed 
by intracellular esterases to 2`’7`’-dichloro-
dihydrofluorescein, which is oxidized to highly 
fluorescent dichlorofluorescein (DCH) in the 
presence of cellular ROS. Briefly, 50 μL of each 
sample of ADSCs was incubated in a 96-well dark 
plate with 10 mM Tris HCl buffer and DCFH-DA for 
1 h as described by Ahn et al. (1996). Fluorescence 
was measured at 488-nm excitation wavelength and 
525-nm emission wavelength on a SpectraMax plate 
reader (Molecular Devices, San José, CA, USA).

Extracellular dsDNA was quantified using 
PicoGreen® (Invitrogen/Life Technologies, 
Carlsbad, CA, USA), which has high affinity 
for dsDNA. Samples were incubated with the 
fluorescent dye diluted in 1X TE buffer (1:200; 
v:v) following the manufacturer’s instructions. 
Fluorescence was measured at 480-nm excitation 
wavelength and 520-nm emission wavelength on a 
SpectraMax plate reader (Molecular Devices).

Flow cytometry

The expression of ADSCs markers was 
characterized by flow cytometry. Cells were fixed 
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with 4% paraformaldehyde diluted in 1X PBS for 
20 min. Next, samples were blocked with 1X PBS 
buffer containing 3% FBS for 20 min and incubated 
with anti-CD105 PerCPCy5.5, anti-CD90 PE, 
anti-CD45 FITC, and anti-CD73 FITC antibodies 
at a dilution of 5:100, 5:100, 20:100, and 10:100, 
respectively, for 30 min at room temperature. 
Samples were then washed and resuspended with 
1X PBS for flow cytometry data acquisition using 
BD FACSDiva™ (BD Biosciences, Franklin 
Lakes, NJ, USA). A minimum of 300,000 cells 
gated according to the Forward scatter (FSC) and 
Side scatter (SSC) parameters were analyzed per 
sample. Flow cytometry data were analyzed using 
FlowjoV10 software.

Statistical analysis

All data were plotted using Microsoft Excel 
2010 software. Data are expressed as percent of 
viable cells at first passage. Statistical analysis was 
performed using GraphPad Prism™ 5.0 (GraphPad 
Software, San Diego, CA, USA). Comparisons were 
made using one-way analysis of variance (ANOVA) 
followed by the Dunnett’s post hoc test. Differences 
were considered significant when p<0.05.

Results and Discussion

Omentectomy was successfully performed 
in all rabbits and no technical difficulties were 
experienced during serial passaging of rabbit 
ADSCs. Surgical procedure was fast, safe and 
relatively easy to perform. Singh et al. (2008) 
proposed an alternative method to collect ADSCs 
from rat omentum consisting of omental activation 
by previous intraperitoneal injection of polydextran 
particles. In their study, omentum ADSCs produced 
high levels of vascular endothelial growth factor 
(VEGF), indicating that omental stromal cells are 
an important source of adult stem cells for cell-
based therapies.

The amount of omental tissue varied among 
rabbits and the amount of excised tissue ranged 
from 2.0 g in rabbit C3 to 3.0 g in rabbits C1 and C2 
(mean = 2.66 g). Rabbits C1, C2, and C3 weighed 
3.67, 3.12, and 3.38 kg, respectively, at the time of 
surgery, indicating that the amount of omental tissue 
excised was not affected by animals’ body weights. 
Conversely, Ribeiro et al. (2012) reported that the 
amount of fat tissue excised varied among horses 
(mean = 13.44 g of fat tissue per animal).

The amount of omental tissue excised in our study 
was sufficient for isolating and culturing ADSCs. 
Cell proliferation decreased between the first and 
second passages and increased in the third passage. 
Similar to our results, Kern et al. (2006) reported 
that human ADSCs showed the highest proliferation 
capacity between the third and sixth passages. In 
our study, most ADSC cultures exhibit a similar 
proliferation pattern, which may be explained by 
the length of time required for adaptation to in vitro 
conditions and the optimal cell concentration for 
fast culture growth. Mean cell concentration across 
passages was 1,423,372 cells per gram of adipose 
tissue.

No significant differences in cell viability were 
detected between the five passages (94.27±0.07%, p 
= ns). Similar results were reported by Heimburg et 
al. (2004) and Ribeiro et al. (2012), who found high 
cell viability in human preadipocytes cultured from 
excised or aspirated adipose tissue (94%) and fatty 
gluteal tissue of horses (96%), respectively.

The dichlorodihydrofluorescein diacetate 
(DCFH-DA) assay showed that total ROS production 
was lower at passages 3-5 of cells derived from 
rabbits C1 and C2. In addition, ROS production 
was significantly different between passages 1-2 
of cells derived from rabbit C1. Moreover, ROS 
production was highest in the second passage in the 
three animals, which may be related to the lowest 
proliferation rate observed at passage 2 (Figure 1A).
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Figure 1. (A) ROS production according to the DCFH-DA assay. Note the lower ROS levels at passages 3-5 in cells 
derived from rabbits C1 and C2. (B) Quantitation of dsDNA using PicoGreen® fluorescent dye. Note the reduced 
cytotoxicity at passage 4 compared to passage 1 in cells derived from rabbits C2 and C3. ***(p<0.0001), **(p<0.001), 
and *(p<0.05).
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Chen et al. (2006) evaluated oxidative stress in irradiated human bone marrow-derived MSCs after 

two passages by DCFH-DA fluorescence and reported that the intracellular level of ROS increased after 

irradiation. Even though other studies used DCFH-DA to assess oxidative stress in MSCs from other sources 

Chen et al. (2006) evaluated oxidative stress 
in irradiated human bone marrow-derived MSCs 
after two passages by DCFH-DA fluorescence 
and reported that the intracellular level of ROS 
increased after irradiation. Even though other 
studies used DCFH-DA to assess oxidative stress 
in MSCs from other sources (RAFFAGHELLO et 
al., 2008; TAYEB et al., 2010) and cell types such 
as fibroblasts (BITTENCOURT et al., 2013), to 
the best of our knowledge, ours is the first study 
to investigate oxidative stress in ADSCs from the 
greater omentum of rabbits.

The PicoGreen® dsDNA quantitation assay 
showed that the amount of free DNA in the 
extracellular space of ADSCs cultures was 
significantly smaller at passage 4 compared to 

passage 1 in cells derived from rabbits C2 and C3, 
indicating cytotoxicity. However, the amount of 
free DNA increased at passage 5, indicating there 
was greater cell damage compared to passages 1-4 
(Figure 1B). Conversely, Aramburú Júnior (2013) 
reported higher cell proliferation and less DNA 
fragmentation, as detected by PicoGreen®, at 
passages 1-3 in canine dental pulp-derived MSCs 
(ARAMBURÚ JÚNIOR, 2013). 

In 2006, the International Society for Cellular 
Therapy proposed a set of minimum criteria to 
define mesenchymal stromal cells (MSC). First, 
MSC must be plastic-adherent when maintained 
in standard culture conditions using tissue culture 
flasks. Second, MSC must express CD105, CD73, 
and CD90 and lack expression (≤ 2%) of CD34, 
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CD45, CD14 or CD11b, CD79α or CD19, and 
HLA-DR surface molecules (BYDLOWSKI et al., 
2009; TORRES, 2009; MONTEIRO et al., 2010; 
CARVALHO et al., 2013; XU et al., 2015). Third, 
MSCs must be able to differentiate into osteocytes, 
adipocytes, and chondrocytes in vitro (DOMINICI 
et al., 2006). In the current study, human-specific 
anti-CD105, anti-CD90, and anti-CD73 antibodies 
were used as positive controls for ADSCs in flow 
cytometry analyzes, whereas human-specific anti-

CD45 was used as a negative control. Even though 
the antibodies used were not specific for rabbit 
cells, they were able to detect rabbit proteins. In our 
study, rabbit ADSCs expressed CD105, CD73, and 
CD90 and adhered to plastic flasks during culture 
(Figure 2), In addition, the cell population was 
homogeneous in size and granularity (Figure 2B). 
Similar results were reported by Torres (2009) for 
cells derived from interscapular fat pouch tissue of 
New Zealand White rabbits.

Figure 2. (A) Adipose tissue-derived stem cells (ADSCs) from the greater omentum of New Zealand White rabbits 
during the expansion period at 37 °C in CO2. Note the fibroblastoid morphology at day 10 of culture. (B) Cell clustering 
by cell size and granularity. Note the homogeneity of the cell population.
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Figure 2. (A) Adipose tissue-derived stem cells (ADSCs) from the greater omentum of New Zealand White 
rabbits during the expansion period at 37 °C in CO2. Note the fibroblastoid morphology at day 10 of culture. 
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Conclusion

ROS production was highest at passage 2 and 
cell viability was lowest at passage 4 of rabbit 
adipose-tissue-derived mesenchymal stem cells. 
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