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ABSTRACT  

Bone marrow mesenchymal cells have been identified as a source of pluripotent stem cells with 

varying degrees of plasticity in humans. MSCs have the potential to differentiate into different cell types such as 

osteoblast, chondroblast, adipoblast. This research describes the pioneering experiment of isolation and 

differentiation rat bone marrow stromal cells into the osteoblast and adipoblast cells lineages. Bone marrow 

stromal cells were isolated from long bones of rat, based on the adherent properties of the MSC. The stromal cells 

obtained by direct plastic adherence were characterized by fluorescent activating cell sorting (FACS) for 

established hematopoietic and non-hematopoietic markers. Under the determinate effect of culture conditions, 

MSCs were differentiate done osteogenic and adipogenic cell lines detected by Alizarin red and oil-red O staining 

invitro. Bone marrow samples from rats yielded 4-5 million bone marrow mononuclear cells/ml per femur. The 

MSCs culture is being investigated with microscopic observations. They form elongated or spindle-shaped 

fibroblast-like cells. Cell sorting by the surface marker expression is used in the current studies for confirmation of 

rat MSCs in the culture. Moreover, the cells differentiated toward osteoblasts and adipocytes were characterized 

morphologically by Alizarin Red staining and Oil Red O staining. This research consigns new ideas to develop noble 

markers and play a vital role in tissue engineering. 
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INTRODUCTION 

Bone marrow is the main source of stem cells (SCs) 

especially mesenchymal stem cells (MSCs). HSCs can be 

found in adult bone marrow which is regulated within 

the microenvironment of the stromal cells of the bone 

marrow [1]. MSCs are multipotent cells that can 

differentiate into various cell lineage depending upon 

their environment and culture condition in which they 

are preserved [2]. MSCs differentiation potential is 

retained even after repeated sub culturing in-vitro 

condition [3-4] MSCs could differentiate into various non-

mesenchymal tissue lineages under appropriate 

experimental conditions in-vitro and in-vivo, such as 

hepatocytes [5-6] cardiomyocytes[7-8] lung alveolar 

epithelium[9] olfactory epithelium[10], inner hair cells[11], 

neurons and neuroglia[12-14]. 

MSCs have also been named colony-forming fibroblastic 

cells [15], marrow stromal stem cells [16-17] and 

mesenchymal progenitor cells [18]. These cells are 

considered to be an appropriate source of cell and gene 

therapy tools for treatment in a number of congenital 

degenerative diseases, long-term self-renewing, 
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capabilities of pluripotency including osteoblast, 

adipocytes, chondrocytes, tenocytes, muscle cells and 

neurogenic cells, which make them ideal source of stem 

cells for regeneration of injured tissue [19-21]. 

MSCs was first described as bone forming progenitors 

from the stromal fractions of rats [22] and Friedenstein et 

al. 1987[23] went on to pioneer invitro culture method 

for isolation and differentiation of MSCs. Bone marrow-

derived MSCs have been isolated from a variety of 

species, including human [24] mouse [25] rat [26-27] dog, 

baboon, pig, sheep, goat, rabbit [28] and cat[29]. While 

MSCs from different organisms have similar 

characteristics in part, some data suggest that variations 

occur among species. The most collected MSCs are 

spindle-shaped fibroblast-like cells that are easily 

isolated, cultured and expanded in vitro due to their 

adherent characteristics, and not associated with any 

ethical debate [30]. 

The present study describes an evident method of 

establishing the rat bone marrow stromal cells by the 

principle of adhesion, and differentiation potential to 

other lineages adipo-inductivity, osteo-inductivity and 

possible for application in animal biotechnology.  

 

MATERIALS AND METHODS 

Animals 

Adult male Wistar (albino) rats weighed between 150 g 

were obtained from the animal house of Kongunadu 

Arts and Science, Coimbatore, India. The animal study 

was followed by according to the guidelines of 

Committee for the Purpose of Control and Supervision 

of Experiments on Animals (CPCSEA). The Institutional 

Animal International Ethical Committee approved 

added experimental design performed in this study for 

the use of Wistar albino rats as an animal model for 

isolation of MSCs. The animals were fed with standard 

pellet diet (Hindustan Lever Limited, Mumbai, India) and 

water freely available throughout the experimental 

period and refilled daily. The animals were housed in 

well ventilated large polypropylene cages under 

controlled conditions of light (12 hr light/12 hr dark), 

humidity (50-55 %) and ambient temperature (25 ± 2°C). 

MSC Isolation and Culture 

The mouse was sacrificed by decapacitation (cervical 

dislocation). Remove the muscles tissue from the femur 

and tibia, separate femur and tibia and cut off the 

epiphysis on both ends. With the help of syringe (21G 

needle), the bone marrow was aseptically extruded with 

5 ml PBS solution and flushed out (10 times). The 

marrow tissue was dissociated by pipetting. Wash the 

suspension by centrifugation at 500 RPM for 5 minutes. 

Discard the supernatant. MSCs were mechanically 

dispersed into a single-cell suspension and the yield of 

cells is 106 cells/ml. At this point, marrow cells were 

plated in a 25 cm² plastic flask in DMEM containing 20% 

FBS, 100 U/ml penicillin, and 100 mg/ ml streptomycin. 

All the cells were incubated at 37°C, in an atmosphere 

of 5 % humidified CO2. After 48 hours of incubation, the 

non-adherent cells were removed. The medium was 

added and replaced every 3 to 4 days for about two 

weeks. When the cells reached 80% confluency, they 

were harvested in 0.25% trypsin and 1 mM EDTA for 5 

min at 37°C. The cells were replaced and diluted in the 

ratio of1:3 on a 25 cm² plastic flask. This procedure was 

repeated for the next confluence. MSCs were passaged 

approximately 15 times and morphologically evaluated 

prior to use in inducing differentiation and vitrification. 

Test of cell viability 

Before culturing, the trypan blue dye exclusion test is 

used to determine the number of viable cells present in 

a cell suspension. The dye was diluted with PBS (0.4 

trypan blue /PBS) and equal parts of trypan blue dye 

were added to the 100ul cell suspension. As a result, the 

dye was not absorbed by viable cells. 

The culture of separated mononuclear cells from rat 

The mononuclear cell suspension obtained was 

resuspended in complete high glucose Is cove’s 

Modified Dulbecco's Medium containing 4.5 g/L glucose 

with L-glutamine,10% FBS, 1% penicillin and 

streptomycin - Amphotericin mixture. Cells were 

cultured at a concentration of 5*106/25cm2 culture 

flask. These were incubated in a 5% humidified CO2 

incubator at 37°C. To remove non-adherent cells the 

medium was replaced every 3-4 days. When large 

colonies developed (80-90% confluence), cultures were 

washed twice with PBS and cells were trypsinized using 

0.25% trypsin/ EDTA for 5 min at 37ºC. After 

centrifugation at 2400 RPM for 20minutes. The cell 

cultures recovered after 7days are referred to as “first 

passage cultures”. 

FACS Analysis 

Flow cytometric was performed in FACS caliber. The 

cells were centrifuged at 1200 RPM for 5 min after 

trypsinization the pellet was dissolved with 1x 106 /ml 

PBS concentration. The cells were incubated with 

phycoerythrin - or fluorescein isothiocyanate-

conjugated antibodies against CD90, CD73, CD105, 
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CD45, CD14, and CD34 surface and negative markers.  

All analyzed standard cells were incubated with isotype-

specific IgGs at room temperature for 40 min. The cells 

were washed twice with PBS containing 2% bovine 

serum albumin and centrifuged at 1500 RPM for 5 min. 

To each tube 50ul of cell suspension was added 

(1x106/ml) and incubated for 15min at room 

temperature in the dark environment. After 15min, PBS 

was added in all the tubes and made up to 1ml and 

centrifuged at 1200 RPM for 5 min. The supernatant was 

discarded.  250ul PBS was added in all the tubes. Now 

the tubes are subjected to FACS analysis. Tubes were 

acquired serially. Before recovering, propidium iodide 

(2ul) was added to analyze the viability of the cells in the 

sample. 

Adipogenic induction 

MSCs were placed on a coverslip and cultured in a six-

well plate containing DMEM with 10% FBS. Cells with 

nearly 80% confluency were exposed to DMEM 

supplemented with 5μg/ml insulin, 1μM 

dexamethasone, 100nM indomethacin, 0.5 mM methyl 

isobutyl xanthine, and 10% FBS for 48 hours. These were 

incubated in the same medium without 

dexamethasone. For control, cells were cultured in the 

regular medium as mentioned above. The medium was 

replaced every third or fourth day. One week after the 

induction, adipogenic differentiation was evaluated by 

the cellular accumulation of neutral lipid vacuoles that 

were stained with oil-red O and observed under an 

inverted microscope. After fixation in 5% methanol, 

induced MSCs were stained in filtered oil red O for 2-3 

hours and rinsed with 60% isopropyl alcohol.  

Osteogenic induction  

MSCs were placed on a coverslip and cultured in a six-

well plate containing DMEM-Low Glucose 

supplemented with 10% FBS, 100nM dexamethasone, 

10mM ß-glycerol phosphate, and 50μM ascorbic acid-2-

phosphate in 400μl for subsequent staining. During the 

culture period, the medium was changed once per 

week. After 14 days, osteogenic differentiation was 

evaluated by staining the coverslips with fresh 0.5% 

alizarin red solution. 

 

RESULT 

Isolation and culturing of MSCs 

By plastic adherence, the cells suspension containing 

both stromal and hematopoietic cells was seeded in 

tissue culture flasks using DMEM with 10% FBS. At the 

end of the seventh day, rounded and spindle-shaped 

cells had attached to the bottom of the tissue culture 

flask (Figure 1A). Even on subsequent media change 

most of these rounded cells remained adherent. The 

spindle-shaped fibroblast-like cells (Figure 1B) from rat 

bone marrow were purified by a repeated medium 

change at initial hours of culture and diminishing the 

trypsinization time. The cells were observed under 

confocal microscopy. The cell viability was checked with 

trypan blue and viable cells were counted. Trypan blue 

stains the dead cells and the viable cells were observed 

as colorless. The result shows that viable cells are 

dominant than the dead cells. The proliferation of MSCs 

was in passage 2 or 3 during culture initiation, the MSCs 

harvest was adapted after 10 passages. MSC cells were 

expanded into round cells and eventually turns spindle-

shaped forming colonies of fibroblast when plated in the 

low density. 

Characterization of cultured MSCs by flow-cytometry 

Flow cytometric analysis of cell surface markers in 

mesenchymal stem cells expressed CD90, CD73, CD105, 

CD45, CD14, and CD34. The surface markers expression 

pattern corresponds to the bone marrow-derived 

mesenchymal stem cells. 

Differentiation  

Both types of MSCs successfully differentiated into 

adipocytes and osteoblasts lineages (Figure 2 A, B, and 

C). The negative control (non-induced) cells for each 

type of differentiation showed negative for Alizarin Red 

and Oil Red O stains. Osteogenesis of Bone marrow-

derived MSCs demonstrates mineralized matrix 21 days 

after induction. Adipogenesis of Bone marrow-derived 

MSCs was detected by the formation of lipid droplets 

stained with Oil Red O staining, 21 days after induction. 

FACS Results 

Mesenchymal stromal cells are a good resource for 

regenerative medicine because of their diverse cellular 

differentiation potential and trophic effects [31]. Bone 

marrow has been studied extensively as a source of 

MSCs.  

Although there is an increasing number of reports 

describing the presence of MSCs. only a few markers 

have been established to identify these cells in the 

respective organs. In previous reports, MSCs have been 

found to be difficult to isolate and are usually 

contaminated by hematopoietic precursors. Typical 

hematopoietic surface markers such as CD 14, CD 34, 

and CD45 (figure 3, 4 and 5) were used as negative 

markers [32]. Our result also confirms that MSC s will be 
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negative for all the hematopoietic markers namely 

(Figure 7) CD 14, CD 34 and CD45 which expressed in M1 

(Figure 6), not in M2. There are some positive markers 

for MSC s which will confirm the presence of MSCs. The 

positive markers like CD 73 (Lymphoid tissue) CD 90 (T 

cells, granulocytes, early hematopoietic cells, 

epithelium, fibroblasts, neurons) CD105 (Endothelium, 

syncytiotrophoblast, macrophages, fibroblasts) cell 

surface antigens were analyzed by the group of 

researchers [33-36].   

 
Figure 1 (A)Cultured rat MSCs after 7 days, (B) Cultured MSCs after 21 days 

 

 
Figure 2 (A). Cultured MSCs exhibited flat morphology, (B). Appearance of adipocytes displayed dark red specific 

staining for Oil O Red at passage 11, (C). Appearance of Osteocytes displayed a grey colour for specific stain 

Alizarin red at passage 11. 
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Figure 3 Flow cytometry graph expressing forward scatter of harvested rat MSCs and also IgG FITC, IgG PE, IgG 

PerCP 

 

Figure 4 The immunotyping results showed a positive for MSC surface markers namely CD73PE, CD90PE, and 

CD105PE. The result was found in M2 -103- 105, which was not expressed in M1 (100- 10 -2) 
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Figure 5 The immunotyping of CD45FITC, CD34PE, and CD14 PerCP - Hematopoitic markers revealed negative 

result, which was in 100 -10-2 (M1) 

 

 

 

 
Figure 6 Initiation of MSCs exhibiting forward scatter, propodium iodide stain IgG FITC, IgG PE, IgG PerCP 

exhibited results in M1 
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Figure 7.  Initiation of MSCs exhibiting CD45 FITC, CD34 PE, CD14 PerCP markers 

Figure 8 Initiation of MSCs exhibiting CD 73, CD90, and CD 105 Markers. 

 

DISCUSSION 

Bone marrow has an extremely complex cellular 

arrangement of bone marrow stroma, to maintain the 

hemopoietic microenvironment. Mesenchymal stromal 

cells are a good resource for regenerative medicine 

because of their diverse cellular differentiation 

potential and trophic effects [37-38]. Bone marrow-

derived MSCs possess considerable potential towards 

the development of cell-based therapeutics. MSCs can 

differentiate not only into mesenchymal lineage cells 

but also into various other cell lineages. As MSCs can 

easily be isolated from bone marrow, they can be used 

in various tissue engineering strategies [39]. The present 

study deals with isolation and differentiation of bone 

marrow-derived MSCs from a rat. 

Inconsistent results were obtained by various authors 

during Isolation of MSC, as because isolation of MSC 

varied dramatically due to their species difference and 

adopting methodologies for expansion and plating of 

cells [40-41]. Due to plastic adherence nature of stem cells 

can be obtained easily. However, recovery of pure 

stromal cells is difficult. The present study (figure 1 A, B) 
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showed MSCs were successfully isolated from the bone 

marrow and were cultured for 20 passages displaying 

stable and consistent growth rates. Spindle-shaped 

fibroblast-like cells from rat bone were observed under 

confocal microscopy. The cell viability was checked with 

trypan blue and viable cells were counted. The result 

shows that viable cells are dominant than the dead cells. 

MSC cells had spindle-shaped morphology and forming 

colonies of fibroblast when plated in the low density. 

The proportion of flattened cells in relation to the other 

distinct cell morphologies observed increased gradually 

with time, and usually, some degree of morphological 

heterogeneity could still be observed up to passages 8-

9[42]. The present result investigates and confirms the 

presence of MSC s, it's full fill the criteria for the 

presence MSC precursors, the results were positive for 

CD 73, CD 90, CD 105, which was shown in Figure 8. The 

recent study in the human MSCs reports the similar 

observations [43].  

Cultured MSCs are known to typically express the cell 

surface markers CD13, CD73, CD90, CD105, andCD166, 

and lack the expression of CD34, CD45, CD133, and HLA-

DR [44]. The cultured cells were investigated for 

expression of several markers’ characteristic for MSC at 

passages 2 and 10. We checked the transcription of 

CD14, CD34 and CD45, which have been indicated to be 

absent on MSC as well, CD105 which are typical markers 

expressed by MSC [45-46].  

Recent reports show that MSCs might have the ability to 

differentiate into other lineage cells in vitro. In vivo 

studies have also shown that MSCs can differentiate 

into tissue-specific cells in response to cues provided by 

different organs [47]. Cell sorting by surface marker 

expression was used in the present study for 

confirmation of rat MSCs in the culture. 

Immunophenotyping the surface marker profile of 

murine MSCs is compatible with that of murine bone 

marrow stromal cells [48], murine stromal cell lineages [49] 

and human MSCs [50]. 

The isolated stromal cells showed differentiation into o

ther mesenchymal lineages adipogenic and osteogenic 

as observed earlier groups [51-53]. In our study, we 

indicate that rat MSCs retain the capacity to 

differentiate into mesenchymal derivatives, specifically 

osteogenic and adipogenic cells.  

MSCs may be useful in treating a wide variety of 

diseases, offering significant advantages over other 

Stem cells. Final results of our study reveal that we have 

developed a new protocol for isolation and 

differentiation of MSCs from the heterogeneous 

mixture of bone marrow cells, mainly based on a 

frequent medium change in primary culture and 

diminishing the trypsinization time.  

 

CONCLUSION 

In conclusion, our study indicates that using a simple 

principle of adhesion it is possible to isolate rat MSCs 

and growth. Exposing to the osteogenic and adipogenic 

factors we were able to differentiate and characterize 

them into the osteoblast and adipoblast like cells in 

vitro. This experimental protocol of the rat MSC culture 

system can be used for investigation of the wide variety 

of metabolic or re-generative bone diseases. 
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