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Objective: In all protocols for isolation of mesenchymal stem cells (MSCs), a few 
days after culture initiation, the medium were discarded along with its contents 
of non-adherent cells and the adherent cell population kept and expanded as 
MSCs population. In the present study, attempt was made to expand the cells 
suspended in removed medium of primary culture and compare them with the 
adherent cell population.
Materials and Methods: Four days after rat’s bone marrow culture initiation, 
medium of the culture was collected and its suspended cells were culture-
expanded in parallel with adherent cells till passage 3. During the culture 
period, the cells from either group were statistically compared with respect of 
the time required for cell confluency (the stage in which cells cover the entire 
surfaces) as an index of growth rate. At the end, the cells from both cultures 
were evaluated in terms of their differentiation potential.
Results: The primary culture of the cells from removed medium contained large 
colonies of spindle-shaped cells that reached into confluency after 5.36±0.5 
days, while those from the adherent population possessed small colonies 
reaching into confluency in 8.09±0.70 days. According to the results, at all 
studied passages, the cells of removed medium were significantly (p<0.05) 
achieved confluency in shorter time than the adherent population. Moreover, 
the cells from either culture could easily differentiate into bone, cartilage and 
adipose cells. 
Conclusions: It seems that some cells from removed medium, usually 
discarded in medium substitution, are MSCs possessing more growth rate than 
the primarily adherent cell population.
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Introduction
Mesenchymal stem cells (MSCs) are defined 
as non-hematopoietic cells that are able to 
replicate for a long time while maintaining 
their multilineage differentiation potential. 
These cells were first recognized with the 
capacity to generate three osteoblastic, 
chondroblastic and adipocytic lineages 
(1, 2). Many recent research studies have 
demonstrated that MSCs may possess 
more extensive differentiation potentials 
than expected. These cells have been 
shown that are able to differentiate into 
many other specialized phenotypes other 

than the skeletal lineages including neural 
cell, pancreatic cell, cardiomyocyte, renal 
epithelial cell, intestine cell and keratinocyte 
(3-8). 
The first definitive evidences on existence 
of MSCs were reported by friedenstein and 
colleagues in year 1970 (2). In an experiment 
undertaken by these investigators, whole 
bone marrow was plated in culture dish and 4 
hours later, non adherent cells were removed, 
thereby the hematopoietic cells were 
discarded. The researchers reported that a 
small part of the adherent cells of cultivated 
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marrow established a firm attachment on 
the surfaces and formed aggregates of 2-4 
fibroblastic cells. According to Friedenstein 
and associates’s observations, these 
aggregates were remained inactive for 2-4 
days and then began to multiply. These 
cells appeared homogenously fibroblastic 
in appearance after several subcultures. 
The most important characteristics of MSCs 
were to produce small colonies resembling 
small deposits of bone and cartilage. 
Friedenstein and co-worker’s findings were 
later extended by several other investigators 
(9, 10). Subsequent studies have indicated 
that these cells were occurred in very low 
frequency in bone marrow samples (11).
MSCs were first isolated using their plastic-
adherent properties (2) and till now this 
property was utilized as current method 
for MSCs isolation from variety of species 
including human, mouse, rat, cat, canine, 
rabbit, pig, baboon by many researchers 
(12-18). Although macrophage, endothelial 
cells, lymphocyte and smooth muscle cells 
are kinds of adherent cells that are able 
to attach and contaminate MSCs culture 
but they gradually eliminate during the 
subcultures leaving the MSCs purified.
The routine method for MSCs isolation from 
bone marrow samples is to plate the bone 
marrow cells in plastic dishes in the presence 
of appropriate medium like Dulbecco’s 
Modified Eagle Medium (DMEM) and to 
incubate the cultures in an atmosphere of 
5% CO2 and 37C° temperature. The next 
step is to discard the non adherent cells by 
medium replacement, keep and expand the 
adherent population which mainly possesses 
a fibroblastic morphology (19, 20).
Other studies, however, have reported the 
existence of non hematopoietic fibroblastic 
cells with a potential of differentiating into 
skeletal lineages in body fluids including 
peripheral blood and cord blood (21-23). 
Taken together these data suggested that 
MSCs are not necessarily dependent on 
anchorage for survival and expansion (24). 
Considering these insights i.e. the existence 
of MSCs in body fluids and the fact that in 
the procedure of routine MSCs culture, only 
the cells capable of adhering on culture 
surfaces within a few early days of primary 
culture are kept as MSCs, the following 
question may be raised whether the MSCs 
population only limit to the adherent cells in 
early days of primary culture, or , whether 
there is any possibility of existence of MSCs 

that are not able to establish attachment 
on culture surfaces at early days and need 
more time to do so. Regarding this issue, 
there is one investigation by Wan and co-
workers who reported the isolation of MSCs 
from removed medium (25). In current study 
we isolated and expanded a population of 
MSCs from removed medium of rat marrow-
derived primary culture and compared them 
with those that were primarily adherent cells 
at primary culture. Our results indicated 
that the cells from removed medium 
comparatively possess rapid growth rate. 

Materials and Methods
In an experimental study, 22 rats of wistar 
strain were anesthetized by ketamin and 
zylazine, 100 microlitre of their bone marrow 
were aspirated through a 22 gauge needle 
inserted into tibia’s modularly canal. Bone 
marrow samples were then added to 5 ml 
Dulbecco’s Modified Eagle Medium (DMEM) 
supplemented by 15% FBS (Fetal Bovine 
Serum, Gibco, UK), 100U/ml penicillin 
(Sigma, USA) and 100U/ml streptomycin 
(Sigma, USA) and washed by centrifugation 
at 1200 rpm for 5 minute. The cell pellet was 
collected and cultured in a 75-cm2 flask in a 
DMEM medium supplemented by 15% FBS 
and antibiotics. The cultures were incubated 
at 37 C° in a 5% CO2 environment. Four 
days after primary culture initiation, the 
culture medium were collected, centrifuged 
and the resultant cell pellet were replated 
in a fresh 75-cm2 flask. These cultures 
(established from removed medium) were 
fed twice weekly and upon confluency, the 
cells were lifted by Tripsin/EDTA (Gibco, 
UK), counted and passaged at 1:3 ratios 
(about 1.5×106 cell/75-cm2 flask).  Cell 
passage was performed up to subculture 
3 (it should be mentioned that the medium 
of each passaged culture were contained 
a few floating cells not attached on culture 
surface with replating due probably to their 
non mesenchymal nature).
In parallel to the culture established from 
removed medium, the cultures of marrow, 
primarily adherent cells, were expanded 
by three successive passages at 1:3 split 
ratios. During the cultivation period, time 
needed by the culture (established either 
by primarily adherent cells or the cells 
floating in removed medium) to approach 
confluence, as an index of cell growth rate, 
were recorded. The whole experiment 
was replicated for the marrow of 22 rats; 
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the average values were calculated and 
compared with student t-test. At the end, 
the passaged-3 cells from either group were 
evaluated in terms of their differentiation 
potential towards skeletal lineages as bone, 
cartilage and adipose cells. 

Measuring the MSCs dimensions 
Since the cell size can influence the time in 
which the culture become confluence, we 
measured the MSCs size from both cultures. 
For this, the length and width (the broadest 
part of the cells) of the fibroblastic MSCs 
from unconfluenced culture were measured 
using the objective micrometer mounted on 
the phase contrast inverted microscope. 

Adipogenesis
Confluenced passaged-3 cells in 6-well 
culture plates were used to evaluate the 
adipogenic ability of the isolated cells. 
The proliferation medium of the cells was 
replaced by adipogenic DMEM medium 
containing 100 nM dexamethazone (Sigma, 
USA) and 50 mg/ml indomethasine (Sigma, 
USA). The cultures were then incubated 
for 21 days in 37ºC, 5%CO2. The medium 
was changed 3 times a week. Occurrence 
of adipogenic differentiation was evaluated 
by Oil red staining as well as RT-PCR 
analysis. 

Oil red staining
The culture was fixed with 4% formalin 
at room temperature, washed by 70% 
ethanol and stained by oil red solution  
in 99% isopropanol for 15 minute. At 
the end, the stain solution was removed 
and the cultures were washed with 70% 
ethanol before they were observed by light 
microscopy.

Osteogenesis
Confluenced passaged-3 cells in 6-well plates 
were used to induce bone differentiation. 
The proliferation medium of the cultures 
was replaced by osteogenic medium that 
was consisted of DMEM supplemented with 
50 mg/ml ascorbic 2-phosphate (Sigma, 
USA), 10 nM dexamethazone (Sigma, USA) 
and 10 mM ßglycerole phosphate (Sigma, 
USA). The cultures were incubated at 37C° 
temprature and 5%CO2 environment for 
21 days with medium replacement of three 
times a week. Occurrence of differentiation 
was examined by alizarin red staining and 
RT-PCR analysis.

Alizarin red staining
Alizarin red staining was used to detect 
wheatear the mineralized matrix was formed 
in the cultures. For staining, the cultures 
were first fixed by methanol for 10 minutes, 
then subjected to alizarin red solution for 
2 minutes, washed by distilled water and 
observed with light microscope. 

Chondrogenesis
To induce the cartilage differentiation, 
micro mass culture system was used. For 
this purpose, 2.5×105 passaged-3 cells 
were pelleted under 1200 g for 5 minute 
and cultured in a chondrogenic medium 
containing DMEM supplemented by 10 ng/
ml transforming growth factor-ß (Sigma, 
USA), 10ng/ml bone morphogenetic 
protein-6 (Sigma,USA), 50mg/ml insulin/ 
transferin/selenium+ premix (Sigma, 
USA) and 1.25 mg bovine serum albumin 
(Sigma, USA) and 1% fetal bovine serum 
(Gibco, UK). The chondrogenic culture was 
maintained at 37 ºC, 5% CO2 for 21 days 
with a medium replacement of three times a 
week. At the end of this period, the cultures 
were evaluated for cartilage differentiation 
by specific straining of toloidin blue and  
RT-PCR analysis.

Toluidin blue staining
To examine cartilage differentiation, the 
pellets were subjected to the following: 
fixing in 10% formalin; dehydrating in an 
ascending ethanol; clearing in xylene; 
embedding in paraffin wax and sectioning 
in 5µ by microtome. The sections were 
then stained in toluidin blue for 30 second 
at room temperature and viewed by light 
microscope. 

RNA extraction and RT-PCR analysis of gene 
expression
Total RNA was collected from the cells 
having been induced to differentiate into 
osteoblastic, chondrocytic and adipocytic 
lineages as detailed above, using RNX-
PlusTM solution (CinnaGen Inc., Tehran, 
Iran). Before reverse transcription, the 
RNA samples were digested with DNase 
I (Fermentas) to remove contaminating 
genomic DNA. The standard reverse-
transcription reaction was performed with 5 

μg total RNA using Oligo (dT) 18 as a primer 
and RevertAid TM H Minus First Strand cDNA 
Synthesis Kit (Fermentas) according to the 
manufacture’s instructions. Subsequent 
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PCR was as follows: 2.5 μl cDNA, 1X PCR 
buffer (AMS), 200 μM dNTPs, 0.5μM of 
each primer pair and 1 unit/25μl reaction Taq 
DNA polymerase (Fermentas). The primers 
indicated in Table 1 were utilized to detect 
differentiations. Amplification conditions 
were as follows: initial denaturation at 
94˚C for 5 minutes, followed by 35 cycles 
of denaturation at 94˚C for 45 minutes; 
annealing at 65 (insulin), 57 (GLUT1), 55 
(GLUT2), 56 (glucagon), 65 (Oct4) and 60˚C 
(β-actin) for 45 minutes; extension at 72˚C 
for 30 minutes; and a final polymerization 
at 72˚C for 10 minutes. Each PCR was 
performed in triplicate and under linear 
conditions. The products were analyzed on 
2% agarose gel and visualized by ethidium 
bromide staining.

Results
Cell culture
Primary culture of the cells from removed 
medium contained the large colonies 
consisting of the cells with spindle-shaped 
morphology (Fig 1A), this culture  reached 
confluence in an average of 5.36±0.50 
days; whereas the adherent cell culture had 
small colonies (Fig 1B) and  approached 
confluence after an average of 8.09±0.70 
days. The cells from either culture were also 
examined in terms of the time required to 
reach confluence during each subculture. 
In the present study, the culture considered 
as being confluence when all available 
surfaces of 75-cm2 flask were covered by 

the monolayer (Fig 1C and D).
At this time, the culture of the cells from 
removed medium had average of 4.5×106 

cells, while that from the primarily adherent 
culture contained a little less than 4.5×106 

cells. According to our results, the rate of 
reaching confluence was comparatively high 
in the cell culture prepared from removed 
medium than adherent culture. The values of 
confluence rate of removed medium culture 
compared with that of primarily adherent cell 
culture were respectively 3/54±0.52 versus 
5/54±0.52 at passage-1, 3.54±0.52 versus 
5.63±0.50 at passage-2 and 3.27±0.46 
versus 5/36±0.50 at passage-3. All these 
differences were statistically significant 
(Fig 2).

Fig 2: Comparison of the culture from removed medium 
and that from primarily adherent cells in terms of the 
confluence rate. *The cells from the removed medium 
possessed significantly more growth rate than those 
from the primarily adherent culture (n = 22, p<0.05).

Fig 1: The culture of primarily adherent cells and floating cells from removed medium. The primary culture 
of the cells from removed medium (A) contained large colonies of spindle-shaped cells (Magnification: ×40), 
while the culture from primarily adherent cells (B) had small colonies (Magnification: ×40). Part C and D are 
respectively showing the cells from removed medium and primarily adherent cells at confluence state.
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MSCs dimensions
According to our data, the length and width 
of MSCs from primarily adherent cultures 
appeared to be 166.4±7 and 16±0.4 mµ 
respectively, compared with 165.7±8 and  
16±0.5 mµ that were measured as a length 
and width of the cells comprising the culture 
of removed medium.

Differentiation
Adipogenic cultures
At both culture, 2-3 days after induction 
initiation, the first lipid droplets were 

appeared inside the cells and increased in 
number as the time progressed. To ensure 
the lipid-nature of the droplet, the cultures 
were evaluated with oil red staining in 21 
days, which as a result they were positively 
stained red, indicating the adipocytic nature 
of the differentiated cells (Fig 3A, B).
RT-PCR analysis were further indicated 
the expression of adipocyte marker genes 
including PPAR-alpha, PPAR-gamma2 and 
C/EBP-alpha in the cells from either cultures 
(Fig 4A).  

Fig 3: Evaluation of differentiation potential. Similar to the cells from primarily adherent culture, those from the 
removed medium could easily differentiate towards skeletal cell lineages. Part A and B are respectively showing the 
oil red staining for adipocyte detection in the culture from removed medium and primarily adherent cells. At part C 
and D, alizarin red staining for mineralized matrix detection in the culture from removed medium (C) and primarily 
adherent cells (D) were shown. Toloidin blue staining for cartilage differentiation of the cells from removed medium 
and primarily adherent culture were respectively shown at part E and F (Magnification of all images: ×100).
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Fig 4: RT-PCR analysis of differentiation into adipocyte 
(A), Bone cells (B) and cartilage cells (C). 

Osteogenesis
At osteogenic culture of either cell, nodule-
like aggregations were appeared. Upon 

alizarin red staining, these nodules stained 
red indicating that they were mineralized 
during the induction period (Fig. 3C and 
3D). RT-PCR analyses indicated that bone 
specific protein including osteocalcin, 
osteopontin and alkaline phosphatase was 
largely expressed in either cell (Fig 4B). 

Chondrogenesis
The cells from removed medium similar to 
those from primarily adherent cells indicated 
methachromatic properties upon toluidin 
blue staining (Fig 3E, F). RT-PCR analysis 
revealed that the mRNA of collagen II, X 
and aggrecan macromolecules were largely 
produced in either differentiated cells  
(Fig 4C). 

Discussion
In this study, we replated the cells from 
removed medium of the rat’s marrow culture, 
which resulted in appearance of a population 
of the cells with fibroblastic morphology. 
Our further examination revealed that these 
cells possessed high growth rate than 
the primarily adherent cells and similar to 
them were able to easily differentiate into 
bone, cartilage and adipose cells. Former 
studies have shown that the cells capable of 
giving rise to three skeletal cell lineages as 
bone, cartilage and adipose cells could be 
considered as MSCs, therefore, the isolated 

Table 1: The primers used for RT-PCR analysis. 

 Gene 
name Direction Sequence A.T Product 

size 
PCR 
Cycle 

Forward 5´-AGCAGGAATACTAACTGC -3 
Osteopontin 

Reverse 5´-GATTATAGTGACACAGACTATT-3´ 
48 287 30 

Forward 5´-GTCCCACACAGCAACTCG-3´ 
Osteocalcin 

Reverse 5´-CCAAAGCTGAAGCTGCCG-3´ 
58 380 30 

Forward 5´-TGCCTTACCAACTCATTTGTG-3´ Pr
im

er
s o

f 
os

te
og

en
ic

 g
en

es
 

Alkaline 
phosphatase Reverse 5´-ACGCGATGCAACACCACTC-3´ 

61 401 30 

Forward 5´-CCCTGCCTTCCCTGTGAAC-3´ 
PPAR-alpha 

Reverse 5´-GGGACTCATCTGTACTGGTGG-3´ 
61 367 35 

Forward 5´-GGTGAAACTCTGGGAGATCCC-3´ PPAR- 
gamma2 Reverse 5´-CCATCTCTGCCACGGGCT-3´ 

64 352 35 

Forward 5´-ACGTGGAGACGCAGCAGAA-3´ Pr
im

er
s o

f 
ad

ip
og

en
ic

 g
en

es
 

C/EBP-alpha 
Reverse 5´-AGGCGGTCATTGTCACTGG-3´ 

63 295 35 

Forward 5´-GGCTTAGGGCAGAGAGAGAAG-3´ Collagen 
type II Reverse 5´-TGGACAGTAGACGGAGGA AAGTC-3´ 

63 315 35 

Forward 5´-CAGCAGCATTACGACCCAAG-3´ Collagen 
type X Reverse 5´-CCTGAGAAGGACGAGTGGAC-3´ 

61 334 30 

Forward 5´-GGCAACCTCCTGGGTGTAAG-3´ Pr
im

er
s o

f 
C

ho
nd

ro
ge

ni
c 

ge
ne

s
 

Aggrecan 
Reverse 5´-TCGCACCACCAGGTCCTC-3´ 

63 444 30 

Forward 5´-TCGGTGTGAACGGATTTG-3´ 

 GAPDH 
Reverse 5´-ACTCCACGACATACTCAGCAC-3´ 

58 276 30 
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cells from rat’s marrow culture ,in this study, 
would be considered as MSCs described 
elsewhere (26-28).
In all protocols for MSCs isolation, a few days 
after culture initiation, the non adherent cells 
were discarded at first medium replacement, 
and those adherent cells on culture surfaces 
were maintained and expanded as MSCs 
populations. Indeed, researchers believe 
that MSCs existed in bone marrow samples 
are those that adhere on culture surfaces at 
early days and the cells remained floating in 
culture medium are non mesenchymal cells 
(1-5, 19-20). Based on our data, among the 
non adherent cells of bone marrow primary 
culture, there are MSCs with differentiation 
potential similar to the adherent cells. 
According to our results, these cells 
possessed comparatively even more growth 
rate than the adherent cells. 
Our data indicated that MSCs are 
heterogeneous with respect to time of 
adherence on culture surfaces, while some 
attaches at early days upon plating, the 
others remained floating in medium for 
a while before establishing attachment. 
Indeed in current protocols, these cells were 
discarded with medium substitution which 
is an inevitable step in culture maintaining. 
Our findings strongly suggested that, these 
floating cells could survive, adhere and 
expand with replating, therefore, could be 
considered as additional source for MSCs 
population.
To ensure that whether or not the difference 
in the cell size influence the rate in which the 
culture became confluence, we measured 
the dimensions of the cells from either 
culture. According to the results, there was 
no significant differences between the two 
studied populations, indeed the cells of 
removed medium appeared a little smaller 
than the adherent cells, indicating that if the 
cell size is critical for confluence time , this 
could be in favor of the adherent population 
rather than non adherent cells from removed 
medium. Given this fact, the validity of the 
obtained data could easily be verified. The 
point that verifies the findings related to cell 
dimension is the cell counting data. According 
to these results, the number of the cells in 
confluence culture of the non adherent cells 
(about 4.5×106) appeared to be a little more 
than that of primarily adherent cells.
Current study is not the first report on 
existence of MSCs in removed medium, 
indeed there is an experiment by Wan and 

associates who first described these cells in 
human in the year 2006 (25). These authors 
reported that the cells from removed medium, 
similar to primarily adherent cells, could 
differentiate into bone, cartilage and adipose 
cell lineages. Our results are in agreement 
with Wan and co-worker’s findings. 
Additionally, these researchers indicated no 
difference among the either cells in terms 
of growth rate. In this regard, our data is 
different in that, we indicated that the cells 
from removed medium can grow in rapid 
rate than the primarily adherent cells. Given 
that we conducted the experiments using 
rat marrow cells and Wan and colleagues 
performed the research on human cells, the 
difference of growth rate could be attributed 
to differences in species. 
The other finding of the current study was 
that, replating the removed medium from 
rat’s marrow culture can result in growing 
a MSCs population, hence providing a 
complementary source of MSCs for routine 
culture setup. This is of great importance in 
particular, in case when MSCs transplantation 
is the experiment objective. Taking biopsy 
from rat’s bone marrow can yield a maximum 
of 100 micro liters of bone marrow samples, 
according to our experience in the present 
study. This amount is not enough to obtain 
adequate cells to conduct the transplantation 
experimentation; therefore, a complementary 
source like the removed medium seemed to 
be valuable. 

Conclusion
Taken together, it was concluded that 
replating the cells suspended in primary 
culture medium could yield the cells similar 
to those from primarily adherent culture with 
differentiation ability into bone, cartilage and 
adipose cells. Our data suggested that in 
bone marrow samples there are at least two 
subclasses of MSCs, the first are those that 
are able to adhere at early days of primary 
cultures and the other are those that attach 
on surface with some delay, the latter can 
expand with rapid rate than the former. 
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