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RESUMO.- [Protocolo para colheita e isolamento de cé-
lulas mononucleares de medula óssea em Chlorocebus 
aethiops.] Chlorocebus aethiops é uma espécie de primata 
não humano frequentemente utilizados em pesquisa bio-
médica. Algumas pesquisas envolve esta espécie como mo-
delo experimental para várias doenças e possível tratamen-
to com células-tronco. A medula óssea é uma das principais 
fontes destas células e proporciona fácil acesso. O objetivo 
deste estudo foi o de padronizar o protocolo de coleta e se-
paração de medula óssea em C. aethiops. Dez animais foram 
submetidos a punção de medula óssea com acesso à crista 
ilíaca e separação de células por gradiente de densidade. 
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Chlorocebus aethiops is a species of non-human primate frequently used in biomedical 
research. Some research involves this species as an experimental model for various disea-
ses and possible treatment with stem cells. The bone marrow is one of the main sources of 
these cells and provides easy access. The aim of this study was to standardize the protocol 
of collection and separation of bone marrow in C. aethiops.  Ten animals were submitted 
to puncture of bone marrow with access to the iliac crest and cell separation by density 
gradient. The bone marrow of C. aethiops had an average of 97% viability. From the results 
achieved, we can conclude that C. aethiops is an excellent model to obtain and isolate mono-
nuclear cells from bone marrow, fostering several studies in the field of cell therapy.
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A medula óssea de C. aethiops tinha uma média de 97% de 
viabilidade. A partir dos resultados obtidos, podemos con-
cluir que C. aethiops é um excelente modelo para obter e 
isolar células mononucleares da medula óssea, promoven-
do vários estudos no campo da terapia celular.
TERMOS DE INDEXAÇÃO: Medula óssea, células-tronco, células 
mononucleares, Chlorocebus aethiops.

INTRODUCTION
Chlorocebus aethiops, popularly known as an African gre-
en monkey, is one of the most important non-human pri-
mates and biomedical model used in scientific research, 
whose number of citations in articles, in the last decade, 
stored by PubMed, is similar to the number of citations of 
the studies that used the Rhesus monkey. The continuous 
increase of its use is due to the fact that the alternative 
species to the use of Rhesus monkeys, being of mana-
gement relatively easy and high prolificacy in captivity 
(Freimer et al. 2007). Carlsson et al. (2004), carried out 
a survey of the use of non-human primates in biomedi-
cal research, and only in 2001, it was observed that the 
species was the most used one in published researches of 
the whole world, mainly in the areas of microbiology and 
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biochemistry, with emphasis on research using the culti-
vation of cells.

Concerning the bone marrow, this is located between 
the trabeculae in the spongious bone, being very vasculari-
zed and isolated by the endosteum, constituting almost 5% 
of the total body weight and taking important roles such 
as being responsible for the formation of blood cells (Gar-
tner & Hiatt 2001). In adult animals, the medullar channel 
is replaced by adipose tissue and the active bone marrow is 
restricted only in the bone epiphysis, which has a greater 
quantity of spongious bone (Raskin 1998).

In the bone marrow of adult mammals, the blood cells 
develop a complex network of factors of regulating cellular 
and humoral (Dexter et al. 1983). This means that we remo-
ve the adult stem cells, which consist of a series of popula-
tions of pluripotent cells, being hematopoietic and mesen-
chymal, in intimate contact with the stroma (Siminiak 2003). 
These cells are derived from primitive cells, supposedly the 
hemangioblasts (Orlic 2004), in which both cell types, when 
used therapeutically, assist mainly in vasculogenesis (Poul-
son et al. 2002). Martin-Rendon (2003) makes mention of 
plasticity of the stem cells, which have great ability to acqui-
re phenotype of other cells of a different tissue or organ.

In adult tissues there are reserves of cells with the capa-
city to multiply themselves, differentiating themselves and, 
at the same time, maintaining their own reserve of undiffe-
rentiated cells, which are responsible for maintaining the 
integrity of adult tissues, the repair of injured tissues and 
the remodeling of tissues and organs (Zago & Covas 2006).

The non-human primates are animals of extreme impor-
tance and use in experimental studies, serving as potential 
models for the clinical trials of various pathologies. In this 
way, numerous scientific investigations involving cellular 
therapy, the present study aimed to evaluate the puncture 
technique of bone marrow in this species, as well as to define 
the protocol of separation and viability of mononuclear cells 

in adults Chlorocebus aethiops. However, it is reported that 
there are no literary records of such procedures in non-hu-
man primates, so that, we anchor publications about other 
mammals, which already have such established protocols.

MATERIALS AND METHODS
All the procedures of this study were in accordance with the Bio-
ethics Committee on Animal Research (CEPAN/IEC/SVS/MS), un-
der the protocol number 018/2009.

The entire squad held annual health check up, had not been 
identified until that date and there was no virus affecting the exis-
ting squad.

Collection protocol. We used 10 Chlorocebus aethiops, adult, 
male, with a mean weight  of 4 kg, belonging to the National Cen-
ter of Primates (CENP-IEC/SVS/MS), Ananindeua, PA.

After a period of solid and water fasting of 12 hours, the ani-
mals were premedicated with association of the hydrochloride of 
tiletamine and zolazepan (8mg/kg IV);  it was performed to main-
tain anesthesia with isofluorane to 5%.

To obtain the bone marrow, the iliac crest was selected; with 
the animal on lateral decubitus, we performed trichotomy and anti-
sepsis in the region, followed by the local anesthesia with lidocaine 
hydrochloride 2%, without vessel constrictor, followed by punc-
ture with hypodermic needle disposable (40x12), adapting to the 
technique described by Crow & Walshaw (2000), and by removing 
the bone marrow of each animal in syringes heparinized (0.2ml he-
parin sodium, 5000UI/ml) (Fig.1A). Punctures were performed in 
several directions of the same iliac crest, using a single input and 
reaching a total average of 13ml of bone marrow by the animal. The 
samples were immediately transported to the laboratory under re-
frigerated conditions for carrying out the process of cell separation.

At the end of all the collects, each animal received analgesic 
medication (tramadol hydrochloride 2mg/kg, IM) during 3 days.

Cell separation protocol. Initially, a dilution was made of the 
bone marrow collected in saline solution 0.9% (1:1). Then, cell 
separation was done in conical tube by gradient density in the 
proportion 2:1 of bone marrow diluted and Ficoll-Paque TM Plus, 
being slowly and carefully added to this with a Pasteur pipette 
(Fig.1B), avoiding the homogenization between the solutions.

Fig.1. Protocol of collection and 
separation of bone marrow 
mononuclear cells (BMMO) 
in Chlorocebus aethiops. (A) 
Extraction of bone marrow 
in iliac crest (circle). (B) Cell 
separation of bone marrow 
(white arrow) for density gra-
dient with Ficoll-Paque (black 
arrow). (C) Formation of the 
halo of bone marrow mono-
nuclear cells after centrifu-
gation (arrow), plasma (P), 
Ficoll-Paque fraction (F) and 
erythrocytes (E). (D) Mononu-
clear cell pellet after washing 
with saline. (E) Mononuclear 
cells filtrating in 200mesh 
nylon net. (F) Pellet formation 
of bone marrow mononuclear 
cells after separation process. 
(G) Counting and viability test 
of bone marrow mononuclear 
cells in Neubauer chamber.
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This new solution (diluted bone marrow + Ficoll) was cen-
trifuged for 20 minutes, at 2000g and 20°C, so that the cells of 
interest formed a halo between the different gradients obtained 
(Fig.1C), which was collected with a Pasteur pipette and placed in 
a new conical tube, adding saline solution 0.9% in the proportion 
1:6 and performing another centrifugation (2000g at 20°C/7min). 
The cells were washed two more times in saline solution 0.9% un-
der the same protocol of centrifugation, and subsequently filtered 
through stainless steel 200 Mesh (Fig.1D e E). The product was 
resuspended again in saline and centrifuged obeying the same 
protocol as described in this study (Fig.1F).

At the end of this process, the supernatant was discarded and 
the cluster of bone marrow mononuclear cells (BMMC) was re-
suspended in 2 ml of saline, carrying out the separation of a small 
aliquot for cell viability test, with Trypan blue (Merck), in a Neu-
bauer chamber (Fig.1G).

RESULTS
The iliac crest of Chlorocebus aethiops, located between 
the coxal and sacral tuberosity, with a mean length of 2 cm, 
even being a tiny one, is easily accessed when the animal is 
in lateral decubitus, requiring minimum physical strength 
(Fig.1A) for collection of 13 ml bone marrow, which was 
immediately maintained under refrigeration and sent to 
the laboratory to initiate cell separation protocol. It was not 
detected lipid accumulation in the cell separation.

It was observed the formation of the halo of bone mar-
row mononuclear cells of C. aethiops, after cell separation, 
by the density gradient which is very visible, making it easy 
to collect the same (Fig.1C), allowing the formation of pellet 
(Fig.1D). The cell viability from our samples achieved aver-
age 97% after the use of Trypan blue technique (Fig.1G). Our 
samples were not maintained in cultivation and were imme-
diately used as experimental therapy in correlated study.

DISCUSSION
The positioning of the iliac crest in Chlorocebus aethiops for 
bone marrow collection is in contrast to Tognoli’s (2009) 
idea, which suggests that the collection of bone marrow must 
be made in ventral decubitus in dogs, and to Branco et al. 
(2012), who suggest the ventro-lateral decubitus in swine; 
however, such positioning makes the collection difficult in 
the case of non-human primates, due to the anatomical ar-
rangement of the coxal, since these animals are also bipedal.

The iliac crest was elected instead of certain long bones 
because according to Larue (2005) they are easily sus-
ceptible to fracture when the bone marrow is extracted, 
facing the imminent execution of lever movement with 
needle, which creates a separation force of the bone frag-
ments. According to Bacipalugo et al. (2002), the amount 
of bone marrow with a higher number of progenitor cells is 
found in iliac crest. Due to its smallness, the first bone bar-
rier post periosteum (compact bone) is quickly outdated, 
reaching immediately the region of the spongious   bone; 
however, the blood flow in the suction spend comparatively 
slowly, which has not prevented us from carrying out the 
collection with the average of 13ml of bone marrow. In dis-
agreement with the suggestion of Olsson et al. (2009), we 
do not maintain healthy cells at room temperature during 
the transportation to the laboratory, once low temperat-
ures decrease the cellular metabolism (Porter 1998).

As described by Samoto et al. (2009) in the separation 
of bone marrow of dogs, the lipid accumulation was not de-
tected, a fact recorded in swine’s by Branco et al. (2012); 
however, despite the liquid consistency of the material, we 
could notice the formation of small cell aggregates, inde-
pendent of the use of anticoagulant at the time of collec-
tion, this fact was also observed by Alves et al. (2009) when 
they performed extraction of bone marrow from horses 
sternum. The authors also reported the presence of spic-
ules in the samples, as well as gelatinous consistency of all 
the material, which was not observed in our study.

More evident than in dogs (Samoto et al. 2009), the 
halo formation of bone marrow mononuclear cells from 
C. aethiops, after cellular separation by gradient density 
is quite visible, making it easy to collect, in the same way 
as described by Branco et al. (2012) in swine, allowing the 
formation of pellet.

According to Thomas & Storb (1970), the amount re-
quired for bone marrow transplantation, is usually es-
timated at 10-15ml/kg of recipient weight. Generally, this 
volume contains an adequate number of progenitor cells to 
allow the grafting. Sutter (2007) pointed out that progen-
itor cells are concentrated in first few millilitres of blood 
marrow, leading us to use only 13 ml. The cell viability of 
bone marrow from C. aethiops, reached an average of 97% 
after exclusion of Trypan blue dye, being higher than that 
found by Perin et al (2003) in humans (96%), more ex-
pressive when compared with the findings of Alves et al. 
(2009) in horses (86.9%), however, slightly lower than the 
findings of Branco et al. (2012) in swine (98%).

According to Olsson et al. (2009) some protocols about 
washing during the process of cell separation are per-
formed with a mixture enriched with mineral, amino acids 
and essential components of proteins of foetal calf serum. 
However, to cheapen the cost of the study, the author used 
for each animal, sterile autologous serum associated with 
DMEM, to provide energy to the mononuclear cells from 
bone marrow of dogs and obtained viability of 90%. As 
well as Branco et al. (2012), not relied on any special com-
ponent to cell washing, replacing, also as described by the 
authors, the foetal calf serum by saline 0.9%, though it is 
important to realize that our samples were not kept under 
cultivation, but immediately used as an experimental ther-
apy in correlated study.

Finally, we can say that in the last decade, research on bone 
marrow mononuclear cells have revealed various possibilit-
ies for tissue repair, and quality of the regenerative processes 
when transplanted cells processed in a greater volume than or 
equal to 2x106 (Suter et al. 2004), 2x108 BMMC/kg-1 from the 
receptor (Nakage et al. 2006) and 1x108 (Branco et al. 2012). 
Our findings are consistent with the literature recommended, 
a time that on average, we got in 13 ml of bone marrow from 
each animal 1x108 mononuclear cells.

CONCLUSIONS
It is essential that the bone marrow collection is perfor-

med in a surgical environment, preserving the asepsis and 
antisepsis of the puncture site, ensuring the quality and 
viability of the sample as well as the animal health.
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The lateral decubitus is the positioning of choice for 
puncturing the bone marrow in Chlorocebus aethiops, en-
suring more safety, reducing the risks of bone injuries, such 
as fractures and ligament injuries.

The volume of bone marrow extracted from each animal 
with a mean of 4 kg provides safety to it, as well as positive 
results regarding the viability and total BMMC.

Regarding the success of protocol, for collection and se-
paration, and being from C. aethiops, a primate non-human 
of the old world, with great genotype compatibility in re-
lation to the man, we suggest this species as an excellent 
model for future studies in cell therapy.
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