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Background: Embryonic stem cells (ESc) are pluripotent cells which have been used as a model to 

study the mechanism that control the embryogenesis and early mammalian development in vitro. 

The aim of this study was to isolate and produce embryonic stem cells from late blastocyst stage 

embryos in mice. 

Materials and Methods: Blastocyst stage embryos from pregnant NMRI mice were obtained and 

cultured for 24 h in DMEM medium. 4-6 days after hatching, the inner cell masses (ICM) formed 

colonies which were then collected mechanically and trypsinized. Several subcultures were prepared 

in the medium supplemented with 0.1 mM 2 Mercaptoethanol, 1000 U/ml Leukemia Inhibitory 

Factor (LIF) and 10% Fetal Bovine Serum (FBS). The (ESc) were recognized by alkaline phosphates 

histochemistry using azo-coupling method. 

Results: The results demonstrated that a highly pluripotent stem cell line was derived from the 

blastocyst stage embryos of NMRI mice; however, the rate of colonies was as low as 10%. 

Conclusion: The LIF is effective to culture and maintain the isolated ICM colonies in 

undifferentiated condition in the absence of feeder layer. 
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Introduction 

 
    The mouse embryos at early developmental stages 

contain a population of cells, which are totipotential and 

have the ability to differentiate to somatic and germ 

cells (Smith 1992). Undifferentiated ICM from several 

mammalian blastocysts have been isolated and cultured 

in vitro (Pera et al., 2000; Reubinoff et al., 

2000;Thomson and Marshal, 1998; Bongso et al., 

1994). If these totipotent ESc are made to proliferate 

without differentiation could have several usages such 

as cell therapy, production of transgenic animals, as a 

model for studying the mechanism of embryo 

development, gene targeting and gene transfer (Odorico 

et al., 2001; Rathjeh et al., 1998).    

    The ESc have some unique properties. These cells 

are immortal and under influence of some factors 

which may differentiate into several cell lines such as 

endothelial, neuroepithelial, hematopoietic, and muscle 

cells (Smith, 1998). At first ES cell lines were obtained 

from rabbit embryos by Cole et al. (1965). Later, 

Evans and Kaufman (1981) and Martin (1981) reported 

their success in isolation of ESc line from mouse 

embryos. They cultured mouse ESc on the primary 

fibroblast   feeder    layer.   Some   investigators    

believed       that  
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believed that co-culture of ESc with feeder layers of 

mitotically inactivated is not essential; however, in the 

presence of LIF and 2 mercaptoethanol, the ESc 

sustain cell survival and were undifferentiated (Smith 

et al., 1988; Smith and Hooper 1987).  

    The objective of this experimental study was to 

isolate the ESc from NMRI mouse blastocyst stage and 

compare the efficiency of LIF to inhibiting the 

differentiation of mouse ES.     

 

Materials and Methods 

 
    Collection of embryo  

    Adult NMRI mice were maintained on a 12 h light 

and 12 h dark cycle. Embryos were collected by  

flushing the uterine horns4 days after ovarian hyper 

stimulation using 10 IU injection of hMG, followed 48h 

later with another injection of 10 IU of  hCG and natural 

mating. The presence of vaginal plug was examined on 

the morning of day one. The embryos were cultured in 

DMEM medium supplemented with 10% FBS for 1-2 

days to allow hatching.  
 

     Embryo culture and isolation of ICM colony  

    The hatched blastocysts were cultured for formation 

of ICM colonies and their  attachment to  the  bottom  of 

plate. The ICM colonies were collected using  the blunt 

heat sealed end of Pasteur pipette and transferred to a 
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drop of 0.25% trypsin 0.02% EDTA under mineral 

oil.These were then incubated for 3-4 min at 37ºC, 5%  

   

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Hatched mouse blastocyst, × 400. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Morphology of an ICM colony illustrated 

 72 h after culturing of hatched blastocyst, × 100. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. ES cell colony after second subculture, × 100. 

 
Co2 and 95% air. After that the cells were 

separated using very fine Pasteur pipette filled 

with DMEM medium and washing the cells 

several times with fresh medium. The isolated 

cells were transferred to 96 well dishes containing 

DMEM supplemented with 10% FBS and 10% 

newborn calf serum (NCS), 0.1 mM β 

mercaptoethanol and 1000 U/ml LIF. Cultures 

were incubated  for two weeks  at  37ºC  in   water   

saturated atmosphere and  5% Co2.  Medium  was  

renewed  after two or three days. Each  well was 

examined every  day up to 14 days. The colonies 

having typical EscMorphology were  subcultured.  

The  sub  culturing  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Forth subculture of ESc, × 250. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Alkaline phosphatase histochemistry of Esc. 

Red staining of cells indicates a positive enzyme 

reaction, × 400. 

 

method  was  similar  to the previous procedure. 

 
      Identification of ES cells 

     Histochemical staining for alkaline phosphatase  

was carried out as described by Donovan et al, (1986). 

Materials for this technique were purchased from 

Sigma company  (Sigma, St Louis,  USA).  Briefly,  

the  cytospine cell population was fixed with acetone 

formaldehyde solution (1 min), then washed with 

deionised water and incubated with 1mg/ml Fast Red 

TR salt and 40  µl/ml Naphtol As-Mx phosphate  at pH 

of  8.4 for 5 min.  After  washing  and counter staining 

using hematoxylin solution (2 min), the samples were 

examined under light microscope. 

 

Results 

 
    The summary of embryo development and 

formation of ICM and ES colonies are presented in 

Table I. 78% of embryos were hatched following 

incubation in DMEM for 12-14 h (Figure 1). After 

hatching, there were two morphologically distinct cell 

types, ICM colonies and trophectoderm. Later, cells  
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were attached to the bottom of plate as a monolayer. 

The ICM cell colonies were small cells with a large 

nucleus and minimal cytoplasm (Figure 2). These cells 

were tightly packed   and    before    trypsinizing   were 

Table I: Number of ICM and ES cell colonies from 

mouse blastocysts 

 
Group No. of 

Embryo 

No. of 

Hatched 

Embryo (%) 

No. of ICM 

Colony (%) 

No. Of ES 

Colony (%) 

1 115 95 (0.82) 86 (90) 8 (9) 

2 100 80 (80) 71 (88) 7 (10) 

3 120 92 (77) 89 (82) 9 (10) 

Total 335 267 (78) 239 (89) 24 (10) 

ICM = inner cell mass 

ESC = embryonic stem cell  

 

were tightly packed and before trypsinizing were 

difficult to recognize individual cells. The morphology 

of ICM colonies in the first, second and third 

subcultures were similar (Figure 3). However, they 

formed monolayer on the plate following forth 

subculture (Figure 4). 89% of the hatched embryos 

formed ICM colonies; however, only 10% of ICM 

colonies could produce ESc. Red   staining  of   the  

cells   after    alkaline   phosphatase histochemistry, 

indicated a positive enzyme reaction, which 

demonstrated in Figure 5. 

 

Discussion 

 
    The main purpose of this study was to establish the 

isolation and production of NMRI mouse ES cells. Our 

results showed that the ICM colonies that were obtained 

from hatched NMRI mouse blastocyst could produce ES 

cells. After some sub culturing, the morphology of those 

cells were similar to the other ES cell lines, which have 

been obtained from another strain of mammals such as 

human (Bongso et al.,1994; Thomson et al., 1995; 

Doetschman et al., 1988). The alkaline phosphatase 

reaction showed that these cells became undifferentiated 

after some subculturing. 

    Our result also demonstrated that LIF in the absence 

of feeder layer is efficient in preventing the 

differentiation of ES cells. In contrast, Anderson (1992) 

showed an unsuccessful experiments for usage of murine 

and human LIF to assist isolation of ESc. Therefore, it 

appears that the action of LIF on ICM cells may be 

species as well as strain dependent.  

    In conclusion,  the results showed that a highly 

pluripotent ESc can be derived from blastocyst of NMRI 

mice. It was also demonstrated that these cells could be 

differentiated into GM-CSF hematopoietic colonies 

(Movassagh Pour et al., 2003). Thus, this technique 

could be effective to produce ESc which may be used in 

the future reproductive studies.  
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