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Bromodeoxyuridine (BrdU) is a thymidine analog that is ready to be incorporated into DNA and can be 
used as a marker for in vitro pre-labeling of isolated stem cells. The objective of this study was to 
explore the optimal incubating time of in vitro BrdU labeling for human umbilical cord blood - derived 
mononuclear cells (HUCB-MCs). The mononuclear cells were isolated by the standard density gradient 
technique and were labeled with 10 µM/L BrdU. Then, the cells were incubated at 37°C for 1, 6, 12, 24, 48 
and 72 h, respectively. Immunocytochemistery was performed respectively to calculate the labeling 
index and the cells' activity for different time. Efficacy of BrdU positive HUCB-MCs was evaluated by in 
vivo study in intra-cerebral hemorrhage (ICH) rat model. The current findings indicated that labeling 
ratio significantly increased after 24 incubating hours. Cell viability remained high (75%) after 24 h. 
There was a significant recovery in behavioral performance 2 weeks after HUCB-MCs infusion to ICH 
rats and BrdU+ cells were localized by immunohistochemistry in the injured area of brain. This study 
shows that the most appropriate time for BrdU labeling HUCB-MCs is 24 h and these BrdU+ cells have 
high efficacy and stability in cell therapy. 
 
Key words: Bromodeoxyuridine (BrdU), cell labeling, human umbilical cord blood derived mononuclear cells 
(HUCB-MCs), optimal incubating time. 

 
 
INTRODUCTION 
 
Umbilical cord blood (UCB) is a prominent source of non-
embryonic multipotent stem cells. Since it’s initial clinical 
use in 1989 UCB, which is a rich source of hematopoietic 
stem cells (HSCs), has been considered as an 
exchangeable hematopoietic alternative to bone marrow 
and peripheral blood HCSs (Sirchia  and  Rebulla,  1999). 
 
 
 
*Corresponding author. E-mail: hamidiad@mums.ac.ir. Tel: 
+98-511-8002288, +98-9151017650. Fax: +98-511-8002960.  

It has been shown that UCB stem cells have the ability to 
regenerate numerous tissue types, and when transplanted 
into animals and humans, have produced measurable 
functional enhancement (Harris et al., 2008; Sanchez-
Ramos et al., 2001). 

HUCB-MCs appear to be unique in their ability to 
undergo pluripotential differentiation. Other tissue-derived 
stem cells have limited self-renewing capacity and are 
unable to regenerate a whole organ system (Hill et 
al.,2006; Seaberg and van der Kooy, 2002; Seaberg et 
al., 2004; Toma et al., 2001; Tropepe et al., 2000;  Yoon  



 
 
 
 
 
et al., 2004). The global annual human birth rate (100 
million) presents UCB as the largest non-controversial 
stem cell source, with an added advantage of naïve immune 
status. Consequently, HUCB-MCs are better tolerated 
forHLA-mismatches between donor and recipient in 
comparison to bone marrow grafts with a decreased 
chance of graft-versus-host disease (Gluckman et al., 
1997; Rubinstein et al., 1993).  

According to previous reports, UCB stem cells are 
sufficient for cell therapy in a large range of disorders 
such as cerebrovascular disorders. In the process of cell 
therapy evaluation, tracing the differentiated cells inside 
the body is considered essential and can be achieved by 
labeling the stem cells by a marker. One of the markers 
that can be used for this purpose is the DNA synthesis 
marker 5-bromo-2-deoxyurudine (BrdU), a thymidine 
analog that incorporates to DNA of dividing cells during 
the S-phase of the cell cycle, and is used for birth dating 
and monitoring cell proliferation (Altman and Bayer, 1990; 
Crespo et al., 1986; Sidman et al., 1959).  

Currently, BrdU has been used as a marker for in vivo 
and in vitro studies of isolated stem cells for 
subsequent cell tracing within the recipient host (REF). 
However, the use of BrdU and other thymidine analogs 
is not without limitations since BrdU is a toxic and 
mutagenic substance which induces many side effects 
(Gould and Gross, 2002; Nowakowski and Hayes, 
2001; Rakic, 2002). The finding of the best exposure 
time of this toxic marker with stem cells is very impor-
tant. It has been reported that BrdU is incorporated into 
bone marrow stem cells in culture at 37°C for 1 h 
(Boccadoro et al., 1986), overnight (16 to 18 h) (Pang 
et al., 2003) and for 72 h (Chen et al., 2001; Li et al., 
2000) and recently a 48 h, optimum BrdU incorporation 
time for adipose derived stem cells has been proposed 
(Lequeux et al., 2011). However, optimum BrdU incor-
poration time for HUCB-MCs remains unknown. Since 
cell cycle duration varies among different cell types, 
differences in the optimum BrdU incorporation time can 
be expected. 

In the present study, the optimal incubating time of 
BrdU for HUCB-MC labeling was estimated and their 
functionality was assessed in animal model of ICH. 
 
 
MATERIALS AND METHODS 
 
Collection and processing of human umbilical cord blood 
(HUCB) 
 
After informed consent of the expectant mother, 5 samples of UCB 
were collected from full-term placenta of healthy women, non-
smokers, nondrinkers, age ranging from 20 to 40 years, regardless 
of ethnic group at the Obstetric Service of Hospital of the Ghaem 
Hospital affiliated to Medical School of Mashhad, University of 
Medical Sciences. Blood was collected in standard blood collection 
bags containing citrate phosphate dextrose adenine (CPDA) with 
20-gauge syringe. UCB samples were diluted in a proportion of  1:1  
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in a phosphate-buffered saline solution (PBS) without Ca+2 and 
Mg+2. 
 
 
Isolation of umbilical cord blood mononuclear cells (UCB-MCs) 
by the standard density gradient technique 
 
UCB samples were transferred to centrifuge tubes (15 ml) 
containing Ficoll-Paque solution [Sigma-Aldrich, Inc., St. Louis, MO 
USA] ( in a proportion of 8:3) and centrifuge at 800 g for 20 min in 
room temperature (RT) in order to isolate low-density UCB-MCs. 
Mononuclear cells cloudy interface layer (buffy coat) was carefully 
removed by pipeting, transferred to a new tube, washed twice with 
PBS through centrifugation at 800 g for 10 to 20 min (Kawasaki-
Oyama et al., 2008) and then the cells were resuspended in 1 ml of 
UCB serum. Cells were counted using a Neubauer hemocytometer 
plate and their viability was estimated using the Trypan blue dye 
exclusion method. 
 
 
Flow cytometry 
 
HUCB is a rich source of hematopoietic stem and progenitor cells 
(Sirchia and Rebulla, 1999; Pimentel-Coelho et al., 2010) that 
expresses the cell surface markers of CD45 and CD34 (Hassanein 
et al., 2011). So, specific monoclonal antibodies anti-CD45–FITC, 
anti-CD34–PE and the isotype control antibodies (immunoglobulin 
G1 [IgG1]) [AbD Serotec, Inc., Endeavour House, Kidlington, 
Oxford, U.K] were used in proof of existence of these cells. Briefly, 
100 µl of the samples containing 1× 106 cell were incubated with 10 
µl of each antibody for 20 min at RT in the dark. Erythrocyte lysis 
was performed by lysing solution of ammonium chloride. 

Ten thousand cells were counted for each preparation on a 
FACS caliber fluorescence activated cell sorter (Beckton-
Dickinson), and data analysis was performed with WinMDI 2.8 Soft-
ware. The flow cytometer was properly aligned, and fluorochrome 
compensation for fluorescein isothiocyanate [FITC (FL1)] and 
phycoerythin ([PE (FL2)] was correctly tuned with respect to signal 
amplification; a gating strategy that uses light scattering parameters 
and CD34/CD45 fluorescence, aided in their accurate identification 
and enumeration. 
 
 
BrdU labeling and cell viability test 
 
Cells from each sample of HUCB were nurtured with culture me-
dium RPMI supplemented with 10% fetal bovine serum and 10 ml/L 
antibiotic into 96-well plates (1 × 104 cells per well). BrdU (10 µM/L 
= 3 µg/ml) [Sigma-Aldrich, Inc., St. Louis, MO USA] was added for 
times of 1, 6, 12, 24, 48 and 72 h and incubated at 37°C, humidified 
atmosphere containing 5% CO2. For the negative control, cells were 
not exposed to BrdU. After these incubation times, the media were 
removed by centrifuging. MTT solution (tetrazolium salt 3-[4, 5-
dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide) [Sigma-
Aldrich, Inc., St. Louis, MO USA]  at 20 µl was added to each well 
and incubated for 3 h at 37°C in dark. After incubation, MTT was 
aspirated and 100 µl dimethyl sulfoxide (DMSO) was added to each 
well. Absorbance at 570 nm was measured using ELISA plate 
reader (600 Micro Plate readers, A DYNA Tech, MR). 
 
 
BrdU immunoproxidase 
 
After ending the incubation time, cells resuspend in PBS and were 
spread over polylysin cover slips and after fixation by 1% 
paraformaldehyde    the     endogenous  peroxidase   activity   were  
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blocked with 3% H2O2 for 10 min at 37°C. For DNA denaturation, 
cells were treated with 2N HCl for 30 min at 37°C. Enzymatic 
retrieval was performed by trypsin solution then cells were blocked 
in a Tris-buffered saline containing 5% normal goat serum, 1% BSA 
and 0.05% Tween-20. Cells were then incubated with the monoclonal 
anti-BrdU [Sigma-Aldrich, Inc., St. Louis, MO USA] as a primary 
antibody (1:500) and anti-mouse IgG peroxidase conjugate [Sigma-
Aldrich, Inc., St. Louis, MO USA] as a secondary antibody (1:100) 
according to their datasheet and subsequently for staining the cells, 
Diaminobenzidin (DAB) chromagen [Sigma-Aldrich, Inc., St. Louis, 
MO USA] was applied. Counterstaining of slides by Harris 
Hematoxylin was performed and then cover slipped. Negative 
control sections from each sample were prepared for 
immunocytochemical staining in an identical manner except that 
primary antibodies were omitted. 
 
 
Quantification of BrdU positive cells 
 
HUCB-MCs were observed under microscope (BX51 Olympus) and 
digital images were taken from 5 fields for each sample at 100X 
magnification randomly. BrdU positive cells from every six sample 
of BrdU incubated cells (three to four smears per sample) from five 
blood samples were counted with software Image J (Riegelsberger 
et al., 2011) and compared to the total of cells stained by Harris 
Hematoxylin. 
 
 
Functional assessment of BrdU positive cells 
 
In vivo study in intracerebral hemorrhage (ICH) rat model 
 
After finding the best exposure time with BrdU to test the efficacy of 
these labeled cells, the HUC-MCs that were incubated with BrdU for 
24 h were collected. Twenty male Wistar rats weighing 250 to 300 g 
were used in this study. Animal handling and all related procedures 
were carried out in accordance with Mashhad University of Medical 
Sciences; Ethical Committee Acts. ICH was induced by stereotaxic, 
intrastriatal administration of bacterial collagenase by previously 
described methods (Del Bigio et al., 1996). In brief, after an 
intraperitoneal injection of 1% ketamine (30 mg/kg) and xylazine 
hydrochloride (4 mg/kg), the rats were placed in a stereotaxic 
frame. A burr hole was made, and a 30-gauge needle was inserted 
through the burr hole into the striatum (coordinates: 0.2 mm pos-
terior, 6.0 mm ventral, and 3.0 mm lateral to the bregma). ICH was 
induced by the administration of collagenase type IV (1 ml saline 
containing 0.23 U, Sigma) over a period of 5 min. After placement 
for another 4 min, the needle was gently removed. The burr hole 
was sealed with bone wax, and the wound was sutured. The rats 
recovered from surgery in a cage containing food and heated by an 
incandescent light bulb. 
 
 
Behavioral testing 
 
Behavioral testing was performed the day before ICH and also on 
days 1, 7 and 14 after ICH with the modified limb placing test, which 
was monitored by 2 individuals blinded to rat treatment status.  

The modified limb placing test is a version of a test previously 
described in the literature (De Ryck et al., 1989; Jeong et al., 2003). 
The test consists of 2 limb-placing tasks that assess the sensor 
motor integration of the forelimb and the hind limb by checking 
responses to tactile and proprioceptive stimulation. First, the rat is 
suspended 10 cm over a table, and the stretch of the forelimbs 
toward the table is observed and evaluated: normal stretch, 0 
points; abnormal flexion, 1 point. Next, the  rat  is  positioned  along  

 
 
 
 
the edge of the table, with its forelimbs suspended over the edge 
and allowed to move freely. Each forelimb (forelimb, second task; 
hind limb, third task) is gently pulled down, and retrieval and 
placement are checked. Finally, the rat is placed toward the table 
edge to check for lateral placement of the forelimb. The 3 tasks are 
scored in the following manner: normal performance, 0 points; 
performance   with  a  delay  (2 s)  and/or  incomplete,  1 point;  no 
performance, 2 points. The highest score of 16 is typically  given  to 
normal rats. 
 
 
Implantation of BrdU positive cells 
 

24 h after surgery, modified limb placing test was performed and 
since the obtained scores for all animals were between 8 and 9, 
animals were randomized into two groups: Treated group (n = 10) 
received 1 ml suspension of 4 × 106 BrdU incubated cells (the cells 
that incubated for 24 h) slowly for 5 min via the tail vein, untreated 
control group (n = 10) received intravenous 1 ml saline solution. 
 
 
Immunohistochemical analysis 
 

After behavioral test performing (14 days after surgery), rats were 
perfused through the ascending aorta with the following solutions: 
100 ml cold saline and then 120 ml of 4% paraformaldehyde in 0.1 
mol/l phosphate-buffered saline. Then brains were removed and 
stored in 4% paraformaldehyde (PH 7.2) for at least 48 h and after 
dehydration and clearing, brains were embedded in paraffin. Every 
40th coronal section was cut at a thickness of 6 µm between +0.1 to 
0.86 mm of the bregma from each rat.  

Diaminobenzidine (DAB) chromogen was used to look for BrdU+ 
umbilical cord blood cells in rat brain, after deparaffinization and 
rehydration of sections; endogenous peroxidase activity was 
blocked with 3% H2O2 for 10 min at 37°C, then for DNA dena-
turation sections were placed in 2N HCl 30 min at 37°C. Enzymatic 
retrieval was performed by trypsin solution then sections were 
blocked in a Tris-buffered saline containing 5% normal goat serum, 
1% BSA and 0.05% Tween-20. Sections were then incubated with 
the monoclonal anti-BrdU as a primary antibody (1:500) and anti-
mouse IgG peroxidase conjugate as a secondary antibody (1:100) 
subsequently for staining the cells DAB chromagen was applied. 
Sections were stained with Harris Hematoxylin, mounted, and 
coverslipped. Negative control sections from each animal were 
prepared for immunohistochemical staining in an identical manner 
except the primary antibodies were omitted. An Olympus BX51 
microscope equipped with camera and software from Diagnostic 
Instruments was used for analyzing BrdU+ cells. 
 
 
Statistical analysis 
 

Immunocyto and immunohistochemical data and scores of 
functional test were analyzed using analysis of variance with Tukey 
HSD post hoc test. Data were presented as mean ± SE. A P-value 
of < 0.05 was considered statistically significant. 
 
 
RESULTS 
 
Flow cytometric analysis 
 

The analysis of the samples tested as shown in Figure 1 
(A, B and C indicate that the isolated mononuclear cells 
express cell surface markers of CD45 and the mean of 
percentage of gaited CD45+ cells is 89.43  ±  0.43%  (n = 
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Figure 1. Flow cytometric analysis of umbilical cord blood-derived CD45+ cells.  
(A) Gating of cells on a forward scatter (FSC)/side scatter (SSC) dot plot. (B) Evaluation of the frequency of non-specific 
antibody binding on a PE versus IgG1–FITC fluorescence dot plot of cells stained with control antibody. (C) Evaluation of the 
frequency of CD45+ cells on a PE versus CD45–FIITC dot plot of cells stained with anti-CD45 monoclonal antibody. 
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Figure 2. Flow cytometric analysis of umbilical cord blood-derived CD34+ cells.  
(A) Gating of cells on a forward scatter (FSC)/side scatter (SSC) dot plot. (B) Evaluation of the frequency of non-specific antibody 
binding on a FITC versus IgG1–PE fluorescence dot plot of cells stained with control antibody. (C) Evaluation of the frequency of 
CD34+ cells on a FITC versus CD34–PE dot plot of cells stained with anti-CD34 monoclonal antibody. 

 
 
 
5). analysis of the samples tested also indicate that the 
isolated mononuclear cells express cell surface markers 
of CD34 and the mean of percentage of gated CD34+ 
cells is 30.99 ± 0.13% (n = 5) (Figure 2: A, B and C). 
 
 
Viability of UCBMCs 
 
Before incubation, the viability range of the HUC-MCs 
was >85%. After 1, 6 and 12 h, BrdU incubation revealed 
that cell viability remained high (85%), whereas after 24 
h, cell viability decreased to 75% and at later times (48 
and 72 h) viability was maintained at 50  and 60%.  

Immunoreactivity of HUCB Cells for BrdU 
 
Immunoreactivity of stained mononuclear cells in different 
times of incorporation with BrdU has been shown in 
Figure 3 (A to F). After the immunocytochemistery, 
because of DAB staining, the BrdU reactive cells have 
round or oval shaped and brown nuclei and thin irregular 
cytoplasm and in the control group brown cells were not 
observed (Figure 4). 

The percentage of BrdU positive mononuclear cells as 
the mean of labeling ratio in different samples was 
calculated and compared (Figure 5). 
HUCB-MCs labeled with BrdU at 10 µM for 1, 6 and  12 h  
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Figure 3. HUCB-MCs were incubated with BrdU for: (A) 1 h;(B) 6 h;(C) 12 h;(D) 24 h;(E) 48 h; (F) 72 h. The arrows show BrdU+ 
mononuclear cells that have round or oval shaped and brown nuclei and irregular cytoplasm. Scale bar = 40 µm. 

 
 
 

 
 
Figure 4. UCBMCs stained with only Harris Hematoxylin without BrdU 
labeling. The image shows completed violet mononuclear cells. Scale bar = 40 
µm. 
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Figure 5. Means of labeling ratio cells (mean ± SEM) at different incubation time of 
1, 6, 12, 24, 48 and 72 h (p < 0.05). 

 
 
were 23.4 ± 6.5, 32.4 ± 1.9 and 45.3 ± 2.0% respectively, 
of the baseline cells. At 24, 48 and 72 h incubation times, 
an significant increase of BrdU+ cells was observed (78.9 
± 3.3, 92.6 ± 2.9 and 90.7 ± 3.2%, respectively) but there 
was no significant difference in BrdU labeling  between 
the 48 and 72 h time points. 

Evaluation of the slides in different incubation times 
showed that the means of BrdU+ cells in all groups were 
significantly different (P < 0.05) from each other except of 
the means of BrdU+ cells in group of 48 h incubation time 
(11.5 ± 1.46) that were not significantly different from the 
group of 72 h incubation time (12.6 ± 2.47). 

In addition, the results of this study indicated that there 
is no significant difference between the numbers of isola-
ted BrdU+ HUCB-MCs from the different blood samples. 
 
 

Functional recovery 
 
In our examination of the modified limb placing, animals 
were examined for their ability to use the left and right 
forelimbs and hind limbs. When the rats were evaluated 
one day after ICH, the treated and control groups were 
not significantly different [8.2 ± 0.24 vs. 8.2 ± 0.13 (mean 
± SEM), respectively (P > 0.05)]. By 7 days after ICH, 
however, there was a significant improvement in the 
scores of the treated rats in comparison to the control 
ones [12.7 ± 0.26 vs. 13.6 ± 0.3 (P < 0.05)].  This 
improvement was further accentuated by the day 14 [14.1 
± 0.31 vs. 15.2 ± 0.25 (P < 0.05)]. At this  time  point,  the 

treated animals were near normal in their placement 
responses (Figure 6). 
 
 
Histological analysis 
 
In treated animals with UC-MCs, BrdU+ cells migrated 
selectively to the hematoma area in the right striatum and 
the light microscopic images on immunoperoxidase 
preparation were used to identify BrdU positive cells. All 
BrdU-reactive cells containing a round or oval nucleus 
with intensely stained chromatin in the injured 
hemisphere were observed (Figure 7). 
 
 

DISCUSSION 
 
Stem and progenitor cells from various sources have 
been shown to increase the functional effect for treating 
cardiac, liver, lung and neurological diseases. Regardless 
of stem cell origin, future clinical trials will require that the 
location and number of such cells can be tracked in 
vivo. Several methods have been described for tracking 
of injected cells utilizing nuclear stains, e.g., BrdU, 
fluorescent dyes (e.g., Dil, DAPI, or PKH26), GFP, 
fluorescently labeled DNA probes (e.g., fish), MRI and 
isotope labeling techniques to detect specific cells of 
interest (Wolbank et al., 2007; Yan et al., 2007). 

BrdU is a halopyrimidine that used therapeutically as 
antiviral  and  antineoplastic  agent  (Begg  et   al.,   2000;  
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Figure 6. Effects of BrdU+ HUCBCs infusion on limb-placing function in ICH rats. 
Animals treated with BrdU+ cells showed progressive improvement in limb-placing 
function over the 14 days of testing. Treated animals exhibited significantly better limb-
placing performance (score ± SE) compared to control animals at 7 and 14 days after 
ICH. *P < 0.05 vs. control  

 
 

 
 
Figure 7. Histologic images of infused BrdU+ UC-MCs in brain of treated group (A to D) using immunoperoxidase 
with 3, 3-diaminobenzidine (DAB, brown) and counterstaining by hematoxylin for coronal brain sections.  
BrdU positive cells that are present in the residue of hemorrhagic area [A (4×) and B (10×)] have round or oval 
shaped and brown nuclei and irregular cytoplasm [C (40×) and D (100×)]. Arrows in (D) show the BrdU positive 
cells are settled inside the hemorrhagic area. 



 
 
 
 
 
Freese et al., 1994) and BrdU labeling was developed as 
an alternative approach for determining the proliferative 
index of tumors (Hoshino et al., 1989; Struikmans et al., 
1997) and was introduced for studying cell proliferation in 
the developing nervous system by Nowakowski et al. 
(1989). In earlier studies, the BrdU labeling method was 
used mainly for analyzing cell cycle in cultured cells 
(Dean et al., 1984) and for visualizing proliferating cells in 
the central nervous system (Miller and Nowakowski, 
1988).Later in more recent studies, BrdU labeling has 
been used to track stem or non-stem cells that are labeled 
in  vitro  and  subsequently  transplanted  in vivo (Gage et 
al., 1995; Kopen et al., 1999). 

As an analog of  thymidine, BrdU is a marker for DNA 
synthesis and not necessarily a marker for cell 
proliferation. BrdU labels only cells that are synthesizing 
DNA; thus, a single injection of BrdU will label cells in the 
S-phase and the S-phase is a small proportion of the 
whole cell cycle (Nowakowski et al., 1989). It must be 
considered that relative changes in the length of the S 
phase with respect to the total length of the cell cycle 
could result in the appearance of more labeled cells with 
a given pattern. However, despite its extensive usage in 
conventional cell biology and recent stem cell studies, in 
the in vivo studies, it has been shown that BrdU is a toxic 
substance (Gould and Gross, 2002;  Nowakowski and 
Hayes, 2001;  Rakic, 2002) and also induce mutations 
due to its incorporation into DNA, and in view of the 
correlation between mutagenic and carcinogenic potential 
(Hollstein et al., 1979), exposure to BrdU might be 
expected to result in the appearance of tumors in long-
term (Anisimov, 1995) and large amount tests (Napalkov 
et al., 1989). For this reason investigators decided to find 
the best amount and time of cell exposure with BrdU. 
Feng et al, in 2005, to identify the optimal BrdU 
concentration and incubating time for bone marrow-
derived mesenchymal stem cells (MSCs) labeling (Feng 
et al., 2005), cultured these cells and before reaching cell 
confluence, incubated them with BrdU at different con-
centrations (5, 10 and 15 µM/L) for different incubating 
time (3, 12, 24, 36, 48 and 72 h). They concluded that, 
the incubation with 10 µM/L BrdU for 48 h may achieve a 
labeling index over 98% without producing obvious cell 
damages. However, in previous studies researchers 
showed that the time of 72 h incubation with BrdU was 
sufficient for bone marrow stromal cells (Chen et al., 
2001; Li et al., 2000). Following previous discussions by 
Lequeux et al. (2011) to determine how useful BrdU may 
be as a labeling modality for adipose derived stem, 
labeled porcine and human ASC (pASC and hASC, 
respectively) with BrdU at 5 or 10 µM/L for 2, 6, 24 and 
48 h. They indicated that BrdU is an excellent candidate 
reagent to label and track ASC and it was not shown to 
be cytotoxic at 10 µM/L for 48 h incubation time.  

On the other hand, since the HUCB is an available 
source of stem cells in large numbers, it  can  be  a  good  
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candidate for cell therapy in different disorders (Harris, 
2008) and like other sources of stem cells, it is vital to 
trace them in vitro and in vivo. Therefore, for finding an 
optimal BrdU incubation times with minimum side effects, 
in this study, HUCB-MCs, were labeled with BrdU in 
different times. After immunocytochemistery and DAB 
staining, our results demonstrated that 10 µM BrdU was 
an appropriate marker for labeling human UCB-MCs in 
vitro. With this labeling method, viabilities of HUCB-MCs 
until 24h incubating time were between 75 and 85% com-
pared to the unlabeled positive control that was >85%. 
Whereas, subsequent to increase of incubation time the 
cell viability decrease to 50%. Indeed, in contrast to 
Lequeux’s (2011) findings about BrdU labeling of human 
ASCs that revealed, with BrdU labeling cell MCs viability. 
Moreover, evaluation of the slides in different incubation 
times showed that the mean percentage of BrdU+ cells in 
all groups like other studies on the MSCs and ASCs 
increased  over incubation time up to 48 h incubation. 
The findings of this study concluded that the most 
sufficient time for BrdU integration inside the DNA of the 
human UCB mononuclear cells is 24 h and during this 
time, cell mortality prevalence due to cell toxicity of BrdU 
is lower than in longer incubation times (48 and 72 h).  

One of the key objectives of this study was to test the 
efficacy and stability of BrdU labeling of HUCB-MCs at in 
vivo study in ICH rat models. The obtained results 
showed that intravenous injection of BrdU labeled human 
UC-MCs can improve neurologic deficits associated with 
intracerebral hemorrhage. Animals treated with these 
cells after 2 weeks exhibited improvements in limb 
placing test and these results are consistent with similar 
studies that have utilized cord blood to treat hemorrhagic 
brain injury (Liao et al., 2009; Liu et al., 2010; Nan et al., 
2005). Moreover, immunostaining for BrdU marker 
illustrated significantly BrdU positive cells and enhanced 
stem cell migration in the perilesional region of the 
treated group. BrdU labeling was detectable for human 
UCB-MCs at least 14 days in an ICH rat model. In fact, in 
vitro studies have shown that UCB-MCs can follow 
chemotactic signals from brain homogenates of stroke 
rats (Chen et al., 2001; Newman et al., 2003) and a 
number of in vivo studies have described tendency 
properties by intravenously delivered cells (Li et al., 2002; 
Mahmood et al., 2003).  

Therefore, the most convincing explanation is that the 
intravenously injected human UCB-MCs may be following 
homing signals that attract them to the injured site and 
this migration is not interrupted by BrdU incubation for 24 
h and whereas, functional/behavioral improvements was 
observed in ICH rats; thus, we suppose that human UC-
MCs can preserve their capacity of differentiation or 
neurotrophic expression when labeled with BrdU and 
injected in vivo. 

In point of fact, our results suggest that the most 
appropriate time for BrdU labeling of human UCB-MCs  is  
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24 h and 10 µM/L BrdU could be an ideal tool to track no 
cultured human UCB-MCs with the maximum labeling 
rate, low cytotoxicity and high efficacy and stability in cell 
therapy and tissue engineering studies. 
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