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Tissue engineering has been a fundamental technique in the regenerative medicine
field, once it permits to build tri-dimensional tissue constructs associating undifferentia-
ted mesenchymal cells (or mesenchymal stromal cells - MSCs) and scaffolds in vitro. The-
refore, many studies have been carried out using these cells from different animal species,
and rabbits are often used as animal model for in vivo tissue repair studies. However, most
of the information available about MSCs harvesting and characterization is about human
and murine cells, which brings some doubts to researchers who desire to work with a ra-
bbit model in tissue repair studies based on MSCs. In this context, this study aimed to add
and improve the information available in the scientific literature providing a complete te-
chnique for isolation, expansion and differentiation of MSCs from rabbits. Bone marrow
mononuclear cells (BMMCs) from humerus and femur of rabbits were obtained and to eva-
luate their proliferation rate, three different culture media were tested, here referred as
DMEM-P, DMEM’S and a-MEM. The BMMCs were also cultured in osteogenic, chondrogenic
and adipogenic induction media to prove their multipotentiality. It was concluded that the
techniques suggested in this study can provide a guideline to harvest and isolate MSCs
from bone marrow of rabbits in enough amount to allow their expansion and, based on the
laboratory experience where the study was developed, it is also suggested a culture media
formulation to provide a better cell proliferation rate with multipotentiality preservation.

INDEX TERMS: Mesenchymal stromal cells, rabbit, bone marrow stem cells, cell therapy, tissue engi-
neering, regenerative medicine.

RESUMO.- [Isolamento, expansao e diferenciacio de ce-
lulas tronco mesenquimais oriundas da medula 6ssea
de coelhos.] A engenharia de tecidos tem sido uma técnica
fundamental no campo da medicina regenerativa, uma vez
que permite a criagao de pecas teciduais tri-dimensionais
por meio da associacdo de células mesenquimais indife-
renciadas (ou células estromais mesenquimais - CEMs) e
moldes de biomateriais in vitro. Assim, muitos estudos tém
sido realizados utilizando estas células oriundas de dife-
rentes espécies animais, e os coelhos sdo frequentemente
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utilizados como um modelo animal para estudos in vivo de
reparacdo tecidual. No entanto, a maioria das informacoes
disponiveis sobre a coleta e caracterizacdo de CEMs refe-
rem-se as células humanas e murinas, o que traz algumas
duvidas para pesquisadores que desejam trabalhar com
coelhos em estudos de reparacdo de tecidos baseados em
CEMs. Neste contexto, o presente estudo objetivou contri-
buir e aprimorar as informagdes disponiveis na literatura
cientifica fornecendo uma técnica completa para o isola-
mento, expansdo e diferenciacdo das MSCs de coelhos. Cé-
lulas mononucleares da medula 6ssea (CMMOs) do imero
e fémur de coelhos foram obtidas e, para avaliar sua taxa
de proliferacdo, trés meios de cultura diferentes foram tes-
tadas, aqui referidos como DMEM-P, DMEM'’S e a-MEM. As
CMMOs também foram cultivadas em meios de indugdo
osteogénico, condrogénico, e linhagens adipogénico para
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provar a sua multipotencialidade. Concluiu-se que as téc-
nicas sugeridas neste estudo podem fornecer um guia para
a coleta e isolamento de CEMs da medula éssea de coelhos
em quantidade suficiente para permitir a sua expansao e,
com base na experiéncia de laboratério onde o estudo foi
desenvolvido, é também sugerida uma formulacdo de meio
de cultivo para proporcionar uma melhor taxa de prolifera-
¢do celular com preservacdo da multipotencialidade.

TERMOS DE INDEXACAO: Células tronco mesenquimais, medula
ossea, coelhos, terapia celular, engenharia de tecidos, medicina
regenerativa.

INTRODUCTION

Tissue engineering has emerged as a promising alternative
therapy for clinical use, once it can provide a controllable
system for cell function, biological development and pa-
thogenesis studies (Griffith & Naughton, 2002). Because of
their ability in differentiating into a variety of cell types and
relative ease of harvesting, isolating and expansion, undi-
fferentiated stromal cells (or mesenchymal stromal cells -
MSCs) have become an attractive cell population to use in
tissue engineering (Dawson et al. 2008). Thus, these cells
are often associated to different biomaterials in several stu-
dies, providing tissue engineering techniques to improve
the tissue regeneration process (Kotobuki et al. 2005).

At the same time, the regenerative medicine community
recognizes the need to create a database of techniques that
apply undifferentiated stromal cells for clinical purpose.
As rabbits has a faster skeletal change and bone turnover
when compared to other species (Castafieda et al. 2006),
they are usually the first choice of researchers as animal
model to assess the in vivo bone repair (Li et al. 2015). Al-
though there are some studies available in the scientific
scope about rabbits’ MSCs utilization to repair different tis-
sues (Im et al. 2001, Ma et al. 2015, Mehrabani et al. 2015,
Pelizzo et al. 2015, Semyari et al. 2015) these studies usu-
ally fail at some point for not mentioning the whole method
used to harvest and/or to prove that these cells are really
undifferentiated stromal cells.

For multipotent mesenchymal stromal cells charac-
terization, the International Society for Cellular Therapy
(ISCT) establishes that they must have a fibroblastoid mor-
phology, must be adherent to plastic, and their multipoten-
tiality needs to be proved by inducing osteogenic, chondro-
genic and adipogenic differentiation; besides, presence of
some cell surface markers and absence of others must be
proved (Dominici et al. 2006). However, a study published
by Lee et al. (2014) showed that there is not a stablished
consensus about specific surface markers present on rab-
bits’ undifferentiated stromal cells as it is already consoli-
dated for human and murine cells; in addition, these same
authors suggested that surface markers vary between spe-
cies; for example, surface markers CD73, CD90 and CD105
are often used to identify human undifferentiated mesen-
chymal stem cells that are not expressed on similar cells
from rabbits. Thus, this study proved that it is not accurate
to use surface markers of human undifferentiated stromal
cells as reference to characterize those cells isolated from
other species.
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Therefore, the lack of information about rabbits’ MSCs
harvesting and characterization can make difficult to re-
produce some studies and, in some cases, this issue also
brings doubts about whether these studies are really using
undifferentiated stromal cells.

In this context, a complete method was elaborated to
isolate, characterize and to differentiate primary mononuc-
lear cells (BMMCs) from rabbits’ bone marrow. Adapting
some methods already established by other researchers
and using as criteria the presence of fibroblastoid plas-
tic-adherent cells and their ability to differentiate into the
three cell lineages established by ISCT, the aim of this study
was to make available a guide of techniques for researches
that usually work with MSCs from a rabbit model in their
tissue engineering and regenerative medicine experiments.
Thereby, it is believed that cell procedures discussed here-
after may be helpful for in vitro experiments of undiffer-
entiated cells and biomaterials interactions and also for in
vivo studies of tissue reparation.

MATERIALS AND METHODS

Ethics statement

All following experiments were performed at the Federal Uni-
versity of Vicosa (UFV) /MG, Brazil and they were approved by the
Ethics Committee on Animal Use of UFV (CEUA/UFV), as certified
in Case 52/2013. Rules for use of animals in research were strictly
followed.

Isolation and culture of bone marrow mononuclear cells
(BMMCs)

After premedication with tramadol hydrochloride® (6mg/kg/
IM), general anesthesia was induced with Tiletamine/zolazepam?*
(30mg/kg/IM) and maintained with isoflurane® diluted in 100%
oxygen by anesthesia mask. Then, surgical field was properly pre-
pared and the marrow was harvested from femoral and humerus
of five New Zealand rabbits, with six months old.

Using protocols of Tognoli et al. (2009) and Eurides et al.
(2010) as reference, bone marrow was obtained in aseptic con-
ditions by percutaneous puncture with a hypodermic needle 18
G in rotational movements, followed by aspiration using a 10 ml
syringe containing heparin diluted in 2 ml of sterile phosphate
buffered saline solution (PBS) at a concentration of 5000 U/ml.
In femur, punctures were done in the region of trochanteric fossa,
whilst in forelimb the needle was inserted into humerus tuberosi-
ty; in both cases, the limb was pulled caudally.

Bone marrow of all limbs were extracted in the maximum
amount possible. During aspiration, the syringe was carefully mo-
ved to promote homogenization between heparin and aspirated.
When the aspirated marrow volume exceeded 2ml in each mem-
ber, more heparin was added in an amount required to maintain
the rate of 0.1ml heparin for each 2ml of bone marrow. After aspi-
ration, samples were transported immediately to the cell culture
laboratory in an insulated box containing ice.

Meloxicam® were administered at a dosage of 0.2mg/kg sub-
cutaneously immediately after the puncture, and then one more
dosage was performed daily for 3 days.

Under class II laminar flow cabinet, the total marrow aspi-
rated of each member was filtered separately, to avoid contami-
nation between samples, by 100uM cells-strainers coupled to a

3 Tramadon®, Cristalia, Brazil; * Zoletil®, Virbac, Brazil; ° Isoflurane®,
Cristalia, Brazil; ® Maxicam®, Ouro Fino, Brazil.
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Fig.1. Rabbits’ bone marrow aspirate being processed under class
Il laminar flow cabinet. (A) Marrow aspirate filtering through
100um cell strainer (yellow arrow) coupled to a 50ml tapered
bottom tube. (B) Transference of the resulting solution to T75
culture flasks after filtration. (C) T75 culture flasks containing
the culture media and the bone marrow aspirate filtrated.

50ml tapered bottom tube (Fig.1A), in order to remove bone frag-
ments and fat content.

To perform the initial count of mononuclear cells, 0.5ml was
taken from the filtrated and treated with 4.5ml of ammonium
chloride 10% solution at 4°C for 10 minutes to cause lysis of red
blood cells and thus allow the BMMCs identification. Next, the so-
lution was centrifuged” at 1500rpm for five minutes, supernatant
was discarded and cell pellet was resuspended in 1ml of PBS. A
50 pl aliquot of the resuspended was mixed with 50pl of 0.4%
Trypan Blue® for manual counting using a Neubauer chamber and
inverted light microscopy. Remanent solution that received am-
monium chloride was discarded and the filtrated remainder was
transferred (Fig.1B) to T75 culture flasks containing culture me-
dia (Fig.1C).

To determine an optimum culture media which could pro-
vide better cell adaptation, BMMCs were isolated in three diffe-
rent media and then a cell proliferation assay was performed for
each media, which is described in the next section. The amount of
media added was determined subtracting the minimum volume
indicated for T75 flask (8ml) by the volume obtained after filtra-
tion, and it was adopted no more than 4ml of filtrate per flask.
To ensure mononuclear cells adhesion, culture flaks were incu-
bated for three days (37°C and 5% CO,) without media changing.
After these first three days of incubation, culture media was re-
placed without prior washing with PBS. Further media changes
were made every two or three days with carefully PBS washing
prior to addition of fresh media. When small cell clusters were
observed around the flask, a first trypsinization with 4ml of 0.1%
trypsin-EDTA® solution diluted in PBS was performed in order to
promote a better cells distribution on the flask surface and thus
improving the intercellular interactions.

Passages were done always when cell confluence of approxi-
mately 80-90% was reached and cells were replaced in T75 cultu-
re flasks respecting the density of 4.000 cells/cm?.

BMMCs’ proliferation

In order to determine an optimum culture media for BMMCs
adaptation, a proliferation assay was carried out in triplicate
for three different culture media. A media often referred in the
scientific literature, here called pure DMEM (DMEM-P), which

consisted of low glucose DMEM? plus 5% common fetal bovine
serum! (FBS) and 10% antibiotic/antimycotic solution (0.1
g of penicillin A'?, 1 ml of gentamicin'® at 50 pg/ml and 0.3 ml
of anfotericin B!* at 1mg/ml for 100 ml of PBS), and two other
combinations of culture media were tested. The second media
was called a-MEM and consisted of a-MEM media'® plus 10%
solution antibiotics/antimycotics, 15% Qualified Fetal Bovine
Serum®, 0.4% L-glutamine'’, and 0.4% non-essential amino
acids solution®. The last media tested was called DMEM’S and
consisted of 37.1% DMEM Advanced® and 37.1% DMEM with-
out glucose', with supplementation identical to that specified
for the second media.

For the BMMCs proliferation analysis, 4x10* cells at third pas-
sage were incubated in three wells of a 6 well plate. In total, 10
plates were used for each media tested. Plates were maintained
in the incubator and had their media changed every two or three
days. Every 24 hours, one plate of each media was trypsinized and
then manual cell counting was performed. Data was submitted to
normality statistical test and then analyzed by Tukey test post
ANOVA (p<0.05).

BMMCs’ differentiation

Primary mononuclear cells at third passage, cultured in
DMEM’'S media, were trypsinized and incubated in triplicate un-
der osteogenic adipogenic and chondrogenic induction media,
as established by Sarugaser et al. (2009). For each lineage, two
different media were prepared, and, therefore, it was performed
two differentiation tests in triplicate for each lineage. One induc-
tion media is reported below in the description of each differen-
tiation protocol and it refers to addition of differentiation induc-
tor factors proposed by Sarugaser et al. (2009) for each lineage.
The second media refers to L-glutamine and non-essential amino
acids addition to that media proposed by Sarugaser et al. (2009),
adjusted in the same proportion as described for DMEM'’S and
a-MEM proliferation assays.

For osteogenic culture, primary cells were plated with 2
ml of DMEM’S media per well. Once reached 60% of conflu-
ence, DMEM’S media was removed and osteogenic differentia-
tion was induced adding 2 ml of osteogenic media composed of
44% DMEM Advanced®, 44% glucose-free DMEM, 5% Qualified
Fetal Bovine Serum®, 7% antibiotic/antimycotic solution and
1% dexamethasone 10nM? diluted in ethanol. On the third cul-
ture day, 20uL (1% of the 2ml of induction media) of 500mM
B-glycerophosphate?!diluted in distilled water were added
into each well. Then, media was refreshed every two or three
days, and at each refreshing 2ml of induction media plus 1%
of ascorbic acid?? diluted in PBS at 5mg/ml and 1% of 500mM
B-glycerophosphate were added. After 18 culture days, wells
were washed once with PBS and fixed with 4% paraformalde-
hyde diluted in distilled water during 20 minutes at room tem-
perature; next, paraformaldehyde was removed, wells were
washed once with deionized water and the staining was per-
formed with 2% Alizarin Red diluted in deionized water (pH
4.1) in 2 wells and Von Kossa solution in one well, the last stain-
ing was performed according the protocol from Bonewald et al
(2003). Dye solutions were removed after their activation times

7 NF800 Swing-out, Niive, Turkey; ® T6146, Sigma-Aldrich, USA; ° D59417C,
Sigma-Aldrich, USA; '° D5648, Sigma-Aldrich, USA; ' 16000044, Gibco, USA;
12p3032, Sigma-Aldrich, USA; ** G1397, Sigma-Aldrich, USA; '* A9528, Sigma-
-Aldrich, USA; *° 12561056, Gibco, USA; ¢ 12664025, Gibco, USA; 7 59202C,
Sigma-Aldrich, USA; ¥ M7145, Sigma-Aldrich, USA; '° 11966025, Gibco, USA;
20 D8893, Sigma-Aldrich, USA; 2t G9891, Sigma-Aldrich, USA; 22 A4544, Sig-
ma-Aldrich, USA.
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(5 minutes for Alizarin Red and 20 minutes under UV radiation
for Von Kossa) by successive washes with deionized water and,
after drying at room temperature, plates were observed under
inverted light microscopy.

For adipogenic culture, primary cells were incubated in
6-well plates on the same way as described above for osteogenic
differentiation; however, induction media here was composed
of 44% DMEM Advanced®, 44% DMEM glucose-free, 5% Quali-
fied Fetal Bovine Serum®, 7% antibiotic/antimycotic solution
and, for each 100ml of this mix, it was added 50ul of 33uM bio-
tin?® (16.3mg of biotin diluted in 1ml of distilled water and slow
addition of 1ml of NaOH), 100pul of 1uM dexamethasone, 10pl
of 100nM bovine insulin?* (2.87mg of insulin diluted in 0.5ml
of distilled water with slow addition of 0.5ml of HCL), 1.7ul of
17uM pantothenic acid acid?® diluted in distilled water, 100ul of
0.2mM isobutyl-methylxanthine?¢ diluted in dimethyl sulfoxide
and 10pl of 5uM rosiglitazone?’ diluted in dimethyl sulfoxide. Af-
ter 18 culture days, with media changed every two or three days,
cells undergoing adipogenic differentiation were washed with
PBS and fixed in paraformaldehyde for one hour at room tem-
perature. Then, paraformaldehyde was removed and wells were
washed once with deionized water. Next, a 2% Oil Red O solution
in isopropyl alcohol was prepared as stock solution, and the work
solution was prepared diluting 24ml of this stock in 16ml of dis-
tilled water. For staining, the monolayer was covered with work
solution and left for 10 minutes before being removed by suc-
cessive washings with deionized water and observed by inverted
light microscope.

For chondrogenic culture, 5x10° cells at third passage were
centrifuged in 15ml conical bottom tubes; supernatants were dis-
carded, and, with the cells still in pellet, 0.5ml of chondrogenic
media was added. The chondrogenic induction media was com-
posed of 45% Advanced® DMEM, 45% DMEM glucose-free, 10%
antibiotic/antimycotic solution and 250ul of TGF-f3 working solu-
tion per 5ml of medium. To prepare a stock solution, 5g of TG-
F-B% were diluted in 100uL of citric acid solution 10mM (pH 3.0).
Then, 5ul of the TGF-B stock solution was diluted in 1250ml of
PBS containing 2mg/ml of bovine serum albumin?®. Pellets were
maintained in incubator for 21 days with media refreshing every
two or three days. After that, pellets were fixed with paraformal-
dehyde for 20 minutes, washed 3 times with PBS and immersed
in 1% Alcian Blue dye solution diluted in a 3% acetic acid solution
(pH 2.5). After 20 minutes, the dye solution was removed and pel-
lets were successively washed with PBS and stored in PBS until be
embedded by paraffin for histological processing and observation
by light microscopy.

RESULTS AND DISCUSSION

Isolation and culture of BMMCs

None of the five rabbits showed pain, lameness, infec-
tion at the puncture site nor appetite reduction. Both fem-
oral and humerus puncture allowed BMMCs harvesting in
enough amount of cells to provide their expansion in vitro.
However, humeral puncture occurred more easily and it al-
lowed marrow aspiration in a larger volume (6ml on aver-
age) than femoral puncture (4ml on average). The average
of aspirated marrow in both limbs was greater than the 2ml
quoted by Planka et al. (2008) for aspiration of iliac crest
and it was also greater than the 3ml cited by Eurides et al.

23 B4639, Sigma-Aldrich, USA; #* 15500, Sigma-Aldrich, USA; 2° P2250,
Sigma-Aldrich, USA; 2° 15879, Sigma-Aldrich, USA; 7 R2408, Sigma-Aldri-
ch, USA; 26 PHG9204, Gibco, USA;  A4503, Sigma-Aldrich, USA.
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(2010) and Kim et al. (2012) in humerus aspiration, all in
rabbits. According to Pittenger et al. (1999), undifferenti-
ated mesenchymal cells are present in a small percentage
of bone marrow (0.001-0.01% of the total mononuclear
population) and, thus, collecting greater bone marrow
volume could increase the probability of a successful mes-
enchymal stromal cells isolation and expansion. Although
it was possible to observe presence of fat and clots in the
marrow aspirated, even with heparin addition, the meth-
ods here proposed can be considered effective, once those
substances were properly removed bycell-strainer filter-
ing, providing an ideal liquid solution for plating on the
culture dishes.

Primary manual counting showed the average of 4.7x10°
mononuclear cells per ml of aspirated bone marrow, which
is higher than the average of 3.4x10°reported by Im et al.
(2001), close to the average of 5x10° reported by Yanai et al.
(2005) and below the average of 20x10° cells/ml reported
by Planka et al. (2008), all references of cells isolated from
rabbits’ bone marrow. These differences between numbers
of isolated mononuclear cells may be related to the proto-
col used for cell harvesting and also to the variation that
can occur naturally between individuals of same species
and under same conditions (Eurides et al. 2010). According
Yew et al. (2012), age is another factor that might influence
in the number of cells isolated, once evidences have docu-
mented that human mesenchymal stromal cells decrease in
accordance to ageing, both in number and in efficiency.

As there was large amount of red blood cells in the fil-
trate, it was not possible to visualize the adherent mononu-
clear cells during the early cultivation due to red cells su-
perposition. However, after the first media refreshing, the
amount of red cells in suspension was reduced and it was
possible to observe presence of fibroblastoide-shaped cells
attached on culture flask surface, albeit at a low density.
As media refreshing was being done, preceded by washing
with PBS, attached cells and their confluence were clearly
identified.

BMMCs’ proliferation

DMEM-P was the first media choice for rabbits’ BMMCs
harvesting when this study was carried out; comparing the
cell growing to results obtained by other researchers us-
ing a similar media, it was observed that these cells were
presenting a delay to reach confluence and there was also
a lower amount of viable cells when passages were done
than those values referred by other researches. Based on
these initial results, it was decided to perform a cell pro-
liferation test for DMEM-P, which confirmed a low BMMCs
proliferation rate in this media. Figure 2A shows BMMCs
reaching their maximum average of proliferation on the
fourth culture day with a total of 12x10* cells; after five
culture days, this average decreased extensively, and on the
sixth day the count revealed a value lower than that num-
ber of cells initially seeded in each well to start the test,
suggesting that this media was probably not the best one
for BMMCs isolation and expansion.

In this context, the formulations of DMEM’S and a-MEM
media were tested for BMMCs proliferation. Even before
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doing this test it was observed that BMMCs reached their
confluence in T75 flasks to do the first passage earlier
when cultured in DMEM’S (approximately after 15 culture
days) than in a-MEM media (approx. after 21 culture days).
Then, proliferation assay confirmed this tendency of the
cells growing faster in DMEM'’S than in a-MEM media. Until
the fifth day, proliferation curves indicated that cells pro-
liferated with similar number of cells in both media, how-
ever, from the sixth day onwards, cells cultured in DMEM’S
maintained their proliferation at a rate 20 to 40% higher
than those grown in o-MEM (Fig.2B). It can also be ob-
served that the peak of BMMCs proliferation in a-MEM oc-
curred on the fifth culture day, with a significant reduction
of 50% in the number of viable cells on the sixth day. Whilst
for those cells cultured in DMEM'’S it was noted two peaks,
one after seven and another after ten culture days, and both
of them were higher than those values corresponding to
o-MEM segment.

Comparing the data in Table 1 and proliferation curves
obtained with DMEM-P, DMEM'’S, a-MEM media (Fig.2), it
can be observed that the utilization of a more elaborated
media (DMEM’S), associating L-glutamine and nonessen-
tial amino acids to a mix of specific media and BFS of supe-
rior quality, increased cell proliferation. However, it is sug-
gested that this increase can be also related to glucose level
variation between culture media, once even with L-gluta-
mine, nonessential amino acids, and qualified BFS supple-
mentation, there was still a significant difference between
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Fig.2. (A) Proliferation curves (averages) of BMMCs from rab-
bits at fourth passage cultured in DMEM-P, DMEM’S (B) and
a-MEM media, indicating that the cells have adapted and pro-
liferated better when cultured in DMEM'’S media.

Table 1. Number of BMMCs from rabbits’ bone marrow at
third passage (means) cultured between 1 and 10 days in
DMEM-P, a-MEM and DMEM’S media, n=3/day/media

Culture days DMEM-P o-MEM DMEM’S
1 500000.0 56666.7 50000.0

2 106666.7 90000.0 213333.0

3 120000.0 260000.0 230000.0

4 120000.0 346666.7 336666.7

5 50000.0 823333.3 766669.7

6 40000.0 433333.3 1006667.0

7 - 493333.3 1153333.0

8 - 460000.0 1006667.0

9 - 113333.3 960000.0

10 - 333333.3 1190000.0
Standard deviation 34889.6 219287.0 41439.7

proliferation curves provided by DMEM’S and a-MEM; an-
alyzing each media formulation proposed here, it was no-
ticed a difference between glucose levels.

The benefits due to glucose increment in media for
mesenchymal stromal cells culture is a subject that have
been treated with caution in the field of cell therapy. As
it is well known, glucose is an essential source of cellular
energy and it acts as an important substrate for protein
and lipid synthesis (Scheepers et al. 2004). Thus, cell pro-
liferation and metabolism are also modulated by glucose,
both in physiological and in pathological conditions (Li
et al. 2007). However, studies have shown that high glu-
cose concentrations can impair original cellular functions
such as apoptosis, viability and proliferation; besides, it
can change the ability of primary cells in forming colonies
in vitro and in vivo, regardless of their origin tissue (Li et
al. 2007). High glucose concentrations may also modify
the gene expression and direct the differentiation of stem
cells to the adipogenic over the chondrogenic and osteo-
genic lineages (Kearts & Khan 2012). On the other hand,
glucose depletion improves these properties due to the
overall beneficial effects already described of caloric re-
striction for stem cells, such as delay of cell death, senes-
cence and ageing (Choudhery et al. 2012). These reports
suggest that the damage caused by glucose level deregu-
lation may affect some properties of undifferentiated cells
in a long-term and on irreversible way (Bastianelli et al.
2014).

Therefore, the proliferation assay results of this study
have corroborated the reports above discussed regarding to
glucose interference in primary mononuclear cells cultiva-
tion. For DMEM-P media production, it was used only a low
glucose media (1000mg/L) which might have not provided
all the nutrients necessary for obtaining a good cell prolifer-
ation rate. For DMEM’S, besides supplementation with L-glu-
tamine and non-essential amino acids, an equivalent mix of
a high glucose media (4500mg/L) and a no glucose media
were used, resulting in a final intermediary glucose level of
2250mg/L, which provided the best results in this assay. In
turn, the a-MEM media combined the same supplementation
with L-glutamine and non-essential amino acids in a low glu-
cose media, also resulting in the final glucose concentration
of 1000mg/L and giving a better proliferation curve than
DMEM-P, but lower than that provided by DMEM'’S media.
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BMMCs’ differentiation

The protocol for mesenchymal stem cells differentiation
proposed by Sarugaser et al. (2009) allowed rabbits’ BMMCs
to differentiate into osteogenic, adipogenic and chondroge-
nic lineages, as suggested by ISCT to assess stem cells mul-
tipotenciality. Under inverted light microscopy, nodules su-
ggesting bone formation and a positive staining for mineral
deposits were identified in the osteogenic culture (Fig.3A),
which was visible macro and microscopically, both by the red

color arising from Alizarin Red dye (Fig.3B and 3C) and by
the black deposits by Von Kossa staining (Fig.3D and 3E). In
the adipogenic differentiation plates, cells filled with a greasy
content were identified by inverted light microscopy (Fig.4A),
which was already macroscopically visible due to presence
of oily content spread on culture dishes (Fig.4B); adipogenic
differentiation was microscopically confirmed with positive
staining of intracellular fat content by Oil Red O dye solution
(Fig.4C). Histological processing of pellets derived from chon-

Fig.3. Images of the BMMCs culture after 18 days under osteogenic differentiation induction. (A) Direct observation of the culture plate
by inverted light microscope without staining. Note the presence of nodule formation (yellow arrows) on the cell monolayer surface
suggesting bone formation. (B) Macroscopic view after staining with Alizarin Red. (C) Image by inverted light microscopy showing
presence of bone nodules formation (arrowheads) with Alizarin Red impregnation at the edges of culture dish (circled area). (D)
Macroscopic view of culture stained with Von Kossa, demonstrating the presence of mineral deposits stained in black distributed
around the plate (circle). (E) Image by inverted light microscopy confirming the presence of dots stained in black by Von Kossa dis-
tributed around the plate suggesting the presence of mineral content.
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drogenic differentiation to analyze by light microscopy was
hampered due to their small dimensions (Fig.4D), especially
at the step of embedding in paraffin; however, the procedure
enabled to identify presence of cartilage matrix typically stai-
ned in blue by Alcian blue staining (Fig.4E).

Therefore, as tri-lineage differentiation was not hampe-
red in presence of L-glutamine and nonessential amino aci-
ds, this study shows that the supplementation and glucose
level of DMEM'S media favored MSCs proliferation maintai-
ning their multipotentiality

™~

¥ %

Fig.4. Images of the BMMCs culture after 18 days under adipogenic differentiation and 21 days under chondrogenic differentiation. (A)
Direct observation of adipogenic culture by inverted light microscope without staining. Note the presence of intracellular vesicles
filled with greasy content (yellow arrows). (B) Macroscopic view of the adipogenic culture after staining with Oil Red O, indicating
the presence of oily content distributed throughout the dish. (C) Image by inverted light microscopy confirming the presence of fat
content stained by Oil Red O, which was visible within intracellular vesicles (arrowheads) and in the extracellular environment (ar-
rows). (D) Small pellet formed after 21 days of chondrogenic culture stained with Alcian Blue (arrowhead) on graph paper. (E) Histo-
logical section of the pellet observed by light microscopy, showing matrix with cartilaginous aspect, typically stained by Alcian Blue.
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CONCLUSION

It was concluded that both humerus and femur can be con-
sidered effective for MSCs harvesting and expansion from
rabbits’ bone marrow and that, among the media tested,
DMEM'’S matched better the nutrients to optimize the cell
proliferation with multipotentiality preservation. Thus, re-
searchers who usually work with a rabbit model for expe-
riments using rabbits’ mesenchymal stromal cells may be
able to reproduce the techniques presented here to harvest
and characterize them properly.
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