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Abstract
Background: Recent reports have shown that mesenchymal stem cells (MSC’s) could be used for transplantation in various animal models. Mesenchymal stem cells 
exhibit remarkable plasticity and harbor potential for use in therapeutic applications, such as lung fibrosis 

Study design and method: The aim of this study was to isolate mesenchymal stem cells from rat bone marrow, count the actual MSC’s numbers and their viability, 
using flow Cytometry, and infuse them on an experimental injured animal model. 

We used magnetic beads (MACS) as a delivery system for novel mesenchymal stem cells (MSC’s) isolated from rat bone marrow and the total number was counting 
using a Beckman Coulter FC 500 flow cytometer.

Results: Bone marrow samples from 60 Wistar rats, >250g and six weeks old, were used for the isolation of MSC’s. All samples were stored at room temperature and 
processed immediately. The total number of MSC’s was isolated and the absolute numbers of MSC’s as well as the viability of each sample was determined using flow 
cytometry. We used tripan blue to distinguish the viable cells and the mesenchynmal cells for microscopic analysis as well.

Conclusion: We succeed to isolate MSC’s from all 60 samples with a mean value of 1.14x106, while the number of unsorted bone marrow cells required for a 
transplant is 1.05 x 106 by bibliography. We found that the mean viability value of the samples was 77.6% suggesting good sample collection and processing conditions
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Introduction
Similar to hematopoietic stem cells, mesenchymal stem cells 

(MSC’s) are a type of stem cells derived from the bone marrow (BM). 
They were identified by Cohnheim in 1867 and were described by 
Friedenstein and colleagues. MSC’s exhibit remarkable plasticity 
and harbor potential for use in therapeutic applications, such 
as fibrosis, cardiovasculogenesis treatments, arteriogenesis, and 
immunosuppression and they can also be used in tissue engineering 
and the correction of genetic disorders [1-4].

Mesenchymal stem cells, are defined as a self-renewing population 
of adherent, bone-marrow derived multipotent progenitor cells with 
the capacity to differentiate into several mesenchymal cell lineages 
[5,6]. 

They have been isolated based on their ability to form adherent cell 
layers in culture and the concomitant lack of adherence of other cells in 
the bone marrow stroma such as hematopoietic stem cells, adipocytes 
and macrophages [7-9]. There has been great interest in these cells 
both because of their value as a model for studying the molecular basis 
of differentiation and because of their therapeutic potential for tissue 
repair, such as lung injury, and immune modulation [10,11]. 

We tried to establish an isolation of mesenchymal stem cells from 
rat bone marrow in order to infuse them in injured animal models. 

We used Wistar rat’s ≥ 250g (10 weeks old), as a clinical model, to 
evaluate the effect of MSC’s on transplantation in animal models.

Materials and methods
Animal models

Sixty adult male Wistar rats weighing 250 – 300g were obtained 
from “Demokritus” Research Center, Athens. 

All experimental procedures described below were approved by the 
Animal Ethical Committee of the Veterinary Directorate of the Local 
Prefecture, according to the European Union Act and the Greek low 
PD 160 (A-64, May 1991). Also all animals received proper care in 
compliance with the ‘Principles of laboratory Animal Care” and the 
“Guide for the Care and Use of Laboratory Animals”, prepared by the 
Academy of Science and published by the National Institute of Health.

Rats were acclimatized to our laboratory conditions for 1 week 
prior to use in experiments and housed individually in stainless steel 
cages at a constant temperature (24oC) and a 12 h day/night cycle. Rats 
ate commercial rat chow and had water and libitum. 
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All rats were anesthetized with intramuscular administration of 
ketamine hydrochloride (120 mg/Kg body weight-b.w.), midazolame 
(5 mg/Kg b.w.) and atropine sulphate (0, 2 mg/Kg b.w.).

Mesenchymal stem cells isolation

Samples of 60 Wistar rats derived from bone marrow were obtained 
for the isolation of MSC’s. 

When working with anticoagulated peripheral blood or buffy 
coat, peripheral blood mononuclear cells (PBMCs) should be isolated 
by density gradient centrifugation using Ficoll-Paque Plus (GE 
Healthcare, 17-1440-2 / Greece). 

Lymphocyte isolation using Ficoll-Paque Plus is based on 
methodology established through the extensive studies of Boyum. 
The separation media consists of a mixture of Ficol 400 and an 
iodinated density gradient medium such as sodium diatrizoate. To 
remove platelets after density gradient separations the cell pellet was 
resuspended in a buffer solution and centrifuged at 200 x g for 10-15 
minutes at 20°C. 

In all 60samples the white blood cells (WBC) counts were obtained 
and the cell suspension was centrifuged at 300 x g for 10 minutes. The 
supernatant was aspirated completely and the cell pellet was stained 
with the Cy5-conjugated antibody-CD29 (PE/Cy5 anti-mouse/rat 
CD29, BIOLEGEND, 102219/HMβ 1-1, Greece), according to the 
manufacturer’s recommendations. The samples were then vortexed 
gently for a few seconds and incubate for 10 minutes in the dark in the 
refrigerator at 2-8°C. 

The cells were then washed with 2 mL of buffer per 107 cells (was 
made up of rinsing solution and MACS BSA stock solution by 1/10 
[autoMACS Rinsing Solution 1450 mL, 130-091-222, Miltenyi Biotec, 
Greece & MACS BSA stock solution 75 mL, 130-091-376, Miltenyi 
Biotec, Greece]), to remove unbound antibody and centrifuged at 300 
x g for 10 minutes. The supernatant was then aspirated completely and 
the cell pellet was resuspened in 80 μL of buffer per 107 total cells.

Then, we added 20 μL of Anti-Cy5/Anti-Alexa Fluor 647 
MicroBeads per 107 total cells (Anti-Cy5/Anti-Alexa Fluor 647 
MicroBeads 2 mL, 130-091-395, Miltenyi Biotec, Greece). The cells 
were vortexed gently for a few seconds and incubate for 15 minutes in 
the refrigerator at 2-8°C. After the 15 minutes had passed the cells were 
washed by adding 2 mL of buffer per 107 cells and centrifuge at 300 x 
g for 10 minutes. The supernatant was then aspirated completely and 
the cell pellet was resuspended up to 108 cells in 500 μL of buffer. The 
procedure was repeated for all 60 samples.

In order to make our hypothesis stronger and double confirm 
the expression of mesenchymal stem cells in our samples, we used 
the following antibodies as well : CD117 (c-kit, MicroBeads, 130-
092-924, Miltenyi Biotec, Greece), CD105 (MultiSort Kit, 130-
092-924, Miltenyi Biotec, Greece), for positive results and CD11b 
(MicroBeads,130-049-601, Miltenyi Biotec, Greece) and CD45 
(MicroBeads, 130-052-301, Miltenyi Biotec, Greece) for negative 
results. All antibodies were used according to the manufacturer’s 
recommendations.

We used tripan blue (tripan-blue solution, 5 mg / ml in saline, 03-
102-1B, Biological Industries, Germany), to distinguish the viable cells 
and the mesenchynmal cells for microscopic analysis as well.

Magnetic separation

We choose the 25 LS MACS separator columns (25 LS Columns, 

130-042-401, Miltenyi Biotec, Greece) in order to get 108 cells as the 
maximum number of labeled cells and 2 × 109 as the maximum number 
separators of total cells.

The column was placed in the magnetic field (MidiMACS 
Separator, 130-042-303, Miltenyi Biotec, Greece), and was prepared by 
rinsing through 3 mL of buffer. Then the cell suspension was applied 
onto the column.

We collected the unlabeled cells that passed through, and the 
column was washed with 3 x 3 mL of buffer.

The total effluent was collected (this was the unlabeled cell 
fraction), and the washing step was repeated three times by adding 
buffer solution.

After the washing step was finished we removed the column and 
placed it on a 25 mL Falcon tube. A 5 mL buffer solution was pipette 
onto the column and the magnetically labeled cells were immediately 
flushed out by firmly pushing the plunger into the column.

The total volume of 5 mL MSC’s were collected in the 50 mL Falcon 
tube (BD Biosciences, 50 mL Falcon tube, high-clarity, flat-seal screw 
cap, 352070, Greece), and was placed in ice before the infusion in our 
rat models (data not shown). We repeated the procedure for all 60 
samples.

Flow cytometry analysis

Flow cytometry systems apply the principles of flow cytometry 
to analyze biological specimens in order to identify various cell 
populations determined by the specific monoclonal antibodies and 
fluorochromes used [34]. 

In the flow cytometer, particles are carried to the laser intercept in a 
fluid stream. Any suspended particle of cell from 0.2-150 micrometers 
in size is suitable for analysis [20]. 

The characteristic or parameters of each event are based on its light 
scattering and fluorescent properties

A Cytomics FC 500 manufactured by Beckman Coulter/Greece, 
with CXP software for the Cytomics FC 500 flow cytometry system 
version 2, 2 was used. We used 500 μL from the total volume of 5 
mL MSC’s in order to count the total number of MSC’s cells and the 
viability of those cells in the sample, using flow cytometry.

Sample analysis was typically completed within 10 minutes.

Statistical analysis

Data was expressed as mean +/-SD. Significant differences were 
determined by using Epi Info, Version 3.5.1. Statistical significance was 
set at p < 0.05 for multiple comparisons. 

Results
At the moment it is not clear how to best characterize stem cells 

from rats, based upon the limited markers available and it is still not 
clear how many numbers of isolated stem cells are necessary for tissue 
repair or indeed which method is better for the transplantation of the 
cells [12-15]. 

To determine a suitable cell source and isolation method, we 
attempted to isolated rat MSC’s from bone marrow using magnetic 
separation and stained with the Cy5-conjugated antibody-CD29, and 
validated the results by flow cytometry (Figure 1).
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Mesenchymal stem cells are defined as a self-renewing population 
of adherent, bone-marrow-derived multipotent progenitor cells with 
the capacity to differentiate into several mesenchymal cell lineages [16-18]. 

In defined in vitro assays, mesenchymal stem cells have been 
shown to readily differentiate into lineage-specific cells that form bone, 
cartilage, fat, tendon, and muscle tissues [19-21]. 

The multipotent potential of rat MSC’s in vitro provides new 
avenues for cell-based therapy, and studies have demonstrated the use 
of 3-D scaffolds for tissue engineering using rat MSC’s [22-24]. 

Bone marrow samples from 60 Wistar rats, > 250 g and six weeks 
old, derived from bone marrow were used for the isolation of MSC’s. All 
samples were stored at room temperature and processed immediately. 

The total number of MSC’s (Figure 2) was counted and the viability 
of each sample was determined using flow Cytometry (Figure 1).

We show that after the magnetic separation the mean number of 
MSC’s was found to be 1.14 × 106 (mean +/-S.E.) while the number 
of unsorted bone marrow cells required was 1.05 × 106. (Table 1 and 
Figure 3)

The viability was found to be 77.6% (mean +/-S.E.), of the total cell 
population. (Table 1 and Figure 4)

Furthermore, we also attempted to look at the loss of MSC’s 
counts in the samples over time (after 24 hours), and to assess whether 
progressive loss could lead to an insufficient amount of cells prior to 
transplantation. 

In order to address this question, we took 14 duplicates samples. 
The first set of 14 were counted at day 0, when they came to the lab, 
and the duplicate set of 14 were stored overnight in the refrigerator at 
2-8°C and counted the next day, day 1. All samples were from a Wistar 
rat model > 250 g and six weeks old (Table 2).

We observed a small drop in the number of MSC’s in the set of 
samples that were stored overnight and their viability (%) of the cells 
in all the samples, but these differences found to be not significant, 
p<0,0005 for the MSC’s absolute numbers, and significant, p > 3,0319 
for the viability counts (Table 2).

We also observed that the number of WBC’s counts in the rats 
seemed to play an important role as well as in the total actual number of 
MSC’s, (Figure 5 and 6), therefore we also used 14 Wistar rats models 
≥ 250g and 10 weeks old in duplicates to investigate our hypothesis.

Our findings reveal that as the number of WBC’s counts increased 
the actual number of MSC’s, (p > 3, 3496), in the sample was greater 
than those with smaller amounts of WBC counts, (p > 2, 2051). This 

assumption need to be tested further.

Discussion
It has become apparent that the ability of stem cells to proliferate 

and differentiate to replace damaged cells and tissues is an important 
factor in determining outcome [8]. 

Stem cells can be an unlimited source of cells to enhance organ 
specific repair or replace lost tissue.

Recent reports have shown the capacity of mesenchymal stem cells 
to differentiate into several types of cells. As an example, administration 
of stem cells could initiate the repair of injured lung, but it is still not 
clear the required absolute number of stem cells that would need to be 

 
Figure 1. Mesenchymal Stem Cell isolation by Flow Cytometry, using Cy5-conjugated antibody-CD29.

 

Figure 2. Rat Mesenchymal Stem Cells using tripan blue for distinguish the viable cell 
(x 400).

 
Figure 3. Scatter plot showing the correlation between WBC counts and MSC’s values 
from rat bone marrow, as the WBC values increased, higher the MSC’s values we get. 
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delivered to achieve effective tissue repair.

In the current study mesenchymal stem cells were isolated from 
the bone marrow of 60 Wistar rat models ≥ 250 g and 10 weeks old. 
We also tried to look at any limitations in the small number of WBC’s 
counts at starting point, as well as the cell loss during time.

We succeed to isolate MSC’s from all 60 samples with a mean value 
of 1.14 × 106 while the number of unsorted bone marrow cells required 
for a transplant is 1.05 × 106 by bibliography. We found that the mean 
viability value of the samples was 77.6% suggesting good sample 
collection and processing conditions.

In order to investigate the cell loss against time, 14 Wistar rats’ ≥ 
250 g and 10 weeks old were used in duplicates against time. The values 
of MSC’s and viability (%), were measured at day 0, the day the marrow 
was delivered to the lab, and day 1, after the samples were left inside 
the refrigerator at 2-8°C and counted the next day by flow cytometry.

Our findings revealed a small, (p < 0, 0005), decreased during time 

wbc msc's viability %
average 9,293333333 1.143.339 77,58333333
standard deviation 2,858698689 789236,3531 6,528403825
median 8,8 1.050.000 78,5
mode 8,8 1.050.000 70
max 16 5.130.000 91
min 4,4 127.000 61

Table 1. Absolute counts of WBC counts, MSC’s and Viability (%), in 60 Wistar rat-bone 
marrow samples.

Day 0 Day 1 
wbc msc's viability % wbc msc's viability %

average 9,95 1.178.071 82,92857143 9,95 949.786 75,5
standard 
deviation

3,079398 239186,9 4,196413958 3,079398 330910,9056 5,459642141

median 8,85 1.135.000 83 8,85 975.000 75
max 16 1.740.000 90 16 1.680.000 84
min 5,2 835.000 73 5,2 465.000 65

Table 2. Absolute counts of WBC counts, MSC’s and Viability (%), in the 14 Wistar 
rat-bone marrow samples at day 0 and at day 1. Statistics analysis between the absolute 
number of MSC’S counts reveal a mean difference between Day 0 and Day 1, ranged from 
0.82-1.23 which is not significant (p<0.005), and between the viability values at, showed a 
p>3,0319, which is significant. 

 
Figure 4. Scatter plot showing the correlation between Viability (%) and MSC’s values in 
rat bone marrow.

 
Figure 5. Scatter plot showing the correlation between high and small WBC counts in 
the 14 Wistar rat samples. The statistical analysis revealed a p value of 2, 2051, which is 
significant.

 
Figure 6. Scatter plot showing the correlation between high and small Viability (%) values 
in the 14 Wistar rat samples. The statistical analysis revealed a p value of 0, 0005, which 
is not significant.

in MSC’s number but a large drop in the viability (%) values, (p > 3, 
0319), due to cell death and the sensitivity of the method used, this 
assumption need to be tested further.

To take our research a step further, we tried to find out if small 
WBC counts affects the absolute number of MSC’s in the sample. 14 
Wistar rats models ≥ 250 g and 10 weeks old were used in duplicates to 
investigate our hypothesis.

Our findings revealed a high correlation of samples with low WBC 
counts but very good collection volumes, (p > 2, 2051), with low counts 
of MSC’s, (p > 3, 3496). Sample with low WBC counts tends to give 
a decreased number of MSC’s as well as absolute counts of viability 
(%). We can thus suggest that many parameters influence the WBC 
counts of collected bone marrow units, which directly affects the 
absolute number of MSC’s. Such parameters could be the time prior 
to procedure, the small starting WBC’s values, the rat model etc. This 
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assumption need to be tested further.

Stem cell transplantation has many theoretical advantages. Organ 
failure and organ damages, is a major cause of death worldwide. Stem 
cell transplantation could be a very good alternative as a future solution. 

MSC’s have the ability of versatility, manageability, and the ability to 
proliferate for prolonged periods without undergoing transformation 
[25-27,35]. The pleiotropic immune-related properties of MSC’s (low 
immunogenicity and lack of alloreactivity) have potential for achieving 
haematopoietic stem cell transplantation (HSCT) with a low incidence 
of GVHD (graft-versus-host disease) [28-30]. In addition, the low cost 
of maintaining mice and the detailed knowledge of mouse genetics 
[31,32], favour the utilization of murine MSC’s (mMSC’s) for extensive 
studies in the field of adult stem cell research [33,34,36].

There is no doubt that the future of regenerative medicine depends 
strongly on the advancement of research in cellular and molecular 
biology and genetics, and also close interdisciplinary collaborations 
among scientists and clinicians should be established and potentiated.

Stem cells seem to have a great promise for use in regenerative 
medicine and cell therapy in the future.
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