
African Journal of Biotechnology Vol. 7 (25), pp. 4694-4699, 29 December, 2008     
Available online at http://www.academicjournals.org/AJB 
DOI: 10.5897/AJB08.021 
ISSN 1684–5315 © 2008 Academic Journals          

 
 

Review 
 

Encapsulation of micromanipulated mammalian 
embryos 

 

Adil Salim Elsheikh Elgarrai 
 

Department of Reproduction and Obstetrics, Faculty of Veterinary Medicine, University of Khartoum, Sudan.  
E-mail: adilelgarrai@yahoo.com. 

 
Accepted 20 October, 2008 

 

Micromanipulation of gametes is one of the reproductive biotechnologies that have an obvious 
contribution to animal production, human welfare, industry and research. The current reproductive 
techniques that employ micromanipulation are chimerism, embryo bisection, intracytoplasmic sperm 
injection (ICSI), gene injection and nuclear transfer (the so cold cloning). In all these techniques it is 
necessary to perforate, slit or even to remove zona pellucida (ZP). The ZP is a glycoprotein layer that 
protects embryos not only from predators but also protects them from toxic substances in culture 
media and/or uterine environment. This article summarized the influences of micromanipulation and 
encapsulation with artificial ZP (AZP) made of sodium alginate on in vitro development of 
micromanipulated embryos. The article also described how embryos with defective ZP (DZP) could be 
microencapsulated with an AZP.  
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INTRODUCTION  
 
Preimplantation mammalian embryos cannot run away 
from predators or move away to a safer environment, nor 
they can withstand toxic substances in culture media or 
uterine environment, so they come equipped with a 
protective layer to overcome these problems. All mam-
malian eggs are equipped with a glycoprotein layer (ZP) 
which is made during oocyte maturation (Gilbert, 1997). 
This ZP protects embryos from predators (Gilbert 1997), 
toxic substance in culture media (Fukuda et al., 1987; 
Nagano et al., 1995, Elsheikh et al., 2003) and paraffin oil 
used to cover drops during in vitro culture (Flemming et 
al., 1987; Flood and Shirley, 1991). Furthermore, ZP is 
essential for maintenance of cell to cell contact at the 4 
cell stage (Suzuki et al., 1995; Elsheikh et al., 1997). 

The micromanipulation techniques, such as chimerism, 
embryo bisection, intracytoplasmic sperm injection (ICSI), 
gene injection and nuclear transfer necessitate perfora-
tion, slitting or even removal of ZP. Microsurgical 
treatment of ZP is know to have an inhibitory effect on in 

vitro development of porcine embryos (Niemann et al., 
1983), bovine embryos (Westhusin et al., 1989) and 
mouse embryos (Elsheikh et al., 1997; 2003).  Even in 
transgenic poultry normal development is impaired when 
there is an opening remaining from injection of trans-
formed cells into chick embryo (Niemann 1998). Al-
though, in all in vitro culture systems, chelators such as 

ethylene diamine tetra acetic acid (EDTA), amino acids 
and proteins are supplemented to culture media to modify 
and reduce the effects of toxic substances (Fukuda et al., 
1987; Nasir Efahani et al., 1990; Nagano et al., 1995; 
Elsheikh et al., 2003), the deleterious effects of defective 
zona pellucida (DZP) on embryo development cannot be 
overcome if the DZP is not covered by a protective layer 
of sodium alginate commonly referred to as  artificial 
zona pellucid (AZP) (Elsheikh et al., 1997). The AZP 
improves the development of embryo with DZP not only 
by preventing invaders or toxic substance to enter the 
embryo but also by maintaining cell to cell contact at the 
4–cell stage (Elsheikh et al., 1997). This article 
summarized the influences of DZP and AZP on micro-
manipulated embryo development in vitro. 
 
 

TYPES OF DZP 
 

Partial or complete removal of the ZP is an unavoidable 
step in embryo micromanipulation techniques.  The ZP 
might be removed completely perforated or slit during 
embryo manipulation.  
 

a)  Removal of ZP 
 

Recently handmade cloning (HMC) of mammalian is  car-
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Figure 1. Slitting of ZP with a micro glass needle.  

 
 
 

ried out without the use of micromanipulators (Taniguchi 
et al., 1991; Elsheikh et al., 1997; Vajita et al., 2001, 2005; 
Elsheikh et al., 2006, 2007). The HMC is a simple and 
promising technique to produce cloned animals; however the 
reconstituted embryos produced are ZP free (ZPF).  The 
ZPF embryos are reported to have problems at the 4–cell 
stage (Suzuki et al., 1995, Elsheikh et al., 1997). Also 
some researchers removed the ZP to produce chimeric 
animals by aggregation (Markert and Petters 1978). The 
ZPF embryos also suffered from toxic substances in 
culture media compared to ZP intact (ZPI) embryos 
(Elsheikh et al., 1997). 
 
b) Slitting of ZP (ZPS) 
 
Many researchers prefer the ZPS technique described by 
Tsunoda et al. (1986) to perform manipulator based nu-
clear transfer or to assist sperms to fertilize the oocytes. 
In this technique a slit in ZP is made by a micromani-
pulator. The slit size varies according to the size of the 
needle used and the percentage of ZP circumference slit. 
Some researchers prefer to use a microneedle of 5 µm 
diameter and slit length of about 20% of the ZP circum-
ference (Elsheikh et al., 1997, 2003).  This slit in ZP 
(Figure 1) allows toxic substance, to enter into the 

embryo and impairs normal development, thus, this slit 
needs to be sealed.   
 
c) Perforation of ZP (PZP) 
 
Most of the manipulator based cloning technique employs 
the technique described by McGrath and Solter (1983).  
In this procedure the ZP is perforated by a micro glass 
needle to enucleate the oocytes (Prather et al., 1987; 
Bondioli et al., 1990; Cheong et al., 1993; Tanaka et al., 
1995; Campbell et al., 1997; Wilmut et al., 1997). The 
PZP allows the entrance of toxic substances and 
microbes to the embryos. Also when the embryos with 
PZP reach the blastocyst stage they start to escape 
through this opening (Figure 2). Therefore, this opening 
must be sealed.  
 
d) Bisected embryos 
 
Some researchers are interested in production of identi-
cal twins by embryo bisection. The bisection is done 
either after removal of ZP (Tarkowski and Rossant, 1976; 
Elsheikh and Kanagawa, 2003) or after slitting of ZP 
(Barton and Surani, 1983).  The embryos produced by 
bisection are ZPF and need to be protected by AZP.  

A 

C 
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Figure 2. Escape of the blastocyst through the slit in ZP. 

 
 
 

e) Aggregation chimera 
 
Some researchers are interested in production of 
chimeric animals by blastomere aggregation which 
necessitates ZP removal (Mintz et al., 1973; Markert and 
Petters, 1978). These chimeric embryos are subjected to 
the bad effect of ZP removal. 
 
 
CELL TO CELL CONTACT IN ZP FREE EMBRYOS 
 
The number of cell contacts among blastomeres at the 4-
cell stage varies from embryo to another depending on 
the condition of ZP (Suzuki et al., 1995; Elsheikh et al., 
1997). Elsheikh et al. (1997) reported that about 86% of 
ZP intact (ZPI) 4–cell stage mouse embryos had 6 points 
of contact among their blastomeres, while only 14% of 
them had 5 points of contact. When ZP free (ZPF) mouse 
embryos were cultured to the 4–cell stage they deve-
loped varieties of contacts (Elsheikh et al., 1997). About 
23% of them had 6 points of contacts 19% had 5 points 
of contacts, 35% had 4 points of contacts and 23% had 3 
points of contacts (Figure 3). The association of cells at 
the 4–cell stage was changed when ZPI and ZPF mouse 
embryos were encapsulated with AZP and cultured in 

vitro to the 4–cell stage (Elsheikh et al., 1997). All ZPI 

mouse embryo encapsulated with AZP (100%) developed 
6 points of contacts, and 88% of ZPF mouse embryos 
with AZP developed 6 points of contact (Figure 4). This 
cell to cell contact is not only important at the 4–cell stage 
but it is also important for cellular differentiation and 
development to blastoyst (Suzuki et al., 1995). 
 
 
IN VITRO DEVELOPMENT OF EMBRYOS WITH AZP 
 
Most culture media used to culture embryos are supple-
mented with chelators such as proteins, amino acids and 
EDTA which modulate the effects of toxic substances in 
culture media. When these chelators are excluded from 
culture media the embryo development is altered 
(Elsheikh et al., 2003).  When ZPF mouse embryos were 
cultured in protein supplemented media 66% of them 
developed to blastocysts, and when they were cultured in 
protein free media only 55% of them reached the 
blastocyst stage (Elsheikh et al., 2003). The in vitro 
development of ZPF mouse embryos to blastocyst was 
improved when they were coated with an AZP which 
allowed 85% of them to develop to the blastocyst stage 
(Elsheikh et al., 1997). Also the development of ZPS 
mouse embryos was improved to reach 86% by 
encapsulation with AZP. Embedding of micromunipulated
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Figure 3. Points of contacts among blastomeres of a 4-cell stage ZPF mouse embryo. A) Three contacts, B) four 
contacts, C) five contacts, and D) six contacts. 

 
 
 

 
 
Figure 4. Encapsulated ZPF embryos. A) Pronuclear stage embryo, B) 4-cell stage embryo having six points of contacts among 
its blastomeres and D) A blastocyst that developed within the AZP. The arrow heads indicate the boundaries of the AZP. 

 
 
 
porcine embryos (Niemann et al., 1983, micromuni-
pulated bovine embryos (Westhusin et al.,  1989), and 
bovine demi-embryos (Niemann et al., 1986) in agar 

improved their development. These findings indicate that 
sealing of a punctured or slit ZP with an AZP is critical for 
the development of micromanipulated embryos. 



4698         Afr. J. Biotechnol. 
 
 
 
ENCAPSULATION PROCEDURE 
 
Microencapsulation of embryos with an AZP made of 
sodium alginate has been described in several articles 
(Adaniya et al., 1987; Meredith et al., 1990; Cosby and 
Dunkelow, 1990; Adaniya et al., 1991; Hall and Yec, 
1991; Krentz et al., 1993; Watanabe et al., 1995; 
Elsheikh et al., 1997). Embryos with punctured, slit, 
damaged or even removed ZP are washed several times 
in calcium free culture medium supplemented with 
protein, thereafter a single or groups of these embryos 
are immersed in 1.5% sodium alginate solution in 
physiological saline.  The embryos are then aspirated into 
micropipette with small amount of sodium alginate and 
then expelled into 1.5% calcium chloride in phosphate 
buffered saline.  Microgels will be formed around the 
embryo (s). The embryo within the microgels (Figure 4) 
can be cultured in any suitable culture medium to develop 
to blastocyst. Although embedding of embryos in agar 
improved embryo development in vivo (Westhusin et al., 
1989), sodium alginate made AZP is easy to apply and 
was proofed to support excellent development in vitro 
(Elsheikh et al., 1997). The AZP improved the develop-
ment of ZI embryos to blastocyst by 18% and the 
development of ZF embryos by 21% compared to the 
development of non encapsulated normal embryos.   
 
 
CONCLUSION 
 
This encapsulation procedure will help researchers who 
work in the field of animal cloning, chimerism, ICSI, gene 
injection and embryo bisection or any other biotechnology 
that necessitate slitting, puncturing or removing of ZP to 
achieve excellent in vitro development. Thus many 
cloned chimeric and transgenic animals can be produced 
for different purposes. This encapsulation procedure 
utilizes simple equipment and it is easy to apply.            
   
  
REFERENCES 
 
Adaniya AG, Rawlins RG, Quigg JM, Roblero Miller IF, Zaneveld LJD 

(1991). Transfer of sodium alginate encapsulated embryos in the 
mouse resulted in successful gestation and live births.  47

th
 Fertility 

and Sterility Meeting. P S 59 (Abst). 
Adaniya G, Rawlins RG, Quigg JM, Roblerro L, Miller IF, Zaneveld LJD 

(1987). Effect of sodium alginate encapsulation on the development 
of mouse embryos. J. in Vitro Fertil. Embryo Transfer 4: 343-345. 

Barton SC, Surani AM (1983). Micro dissection of the mouse egg. J. 
Exp. Cell Res. 146: 187-191. 

Bondioli KR, Westhusin ME, Looney CR (1990). Production of identical 
bovine offsprings by nuclear transfer.  Theriogenology, 33: 165-174. 

Campbell KHS, Mcwhir J, Ritchie WA, Willmut I, Schnicke AE, MC whir 
J, Kind AJ, Campbell HS (1997). Viable offspring derived from fetal 
and adult mammalian cells, Nature. 385: 810-813. 

Cheong HT, Takahachi Y, Kanagawa H (1993). Birth of mice after 
transplantation of early cell–cycle - sage embryonic nuclei into 
enucleated oocytes.  Biol.  Reprod. 48: 958-963.   

Cosby NC, Dukelow WR (1990). Microencapsulation of single, multiple 
and zona pellucida – free mouse preimplantation embryos in sodium 
alginate and their development in vitro. J. Reprod. Fertil. 90: 19-24. 

 
 
 
 
Elsheikh AS, Takahashi Y, Hishinuma M, Kanagawa H (1997). Effect of 

encapsulation on development of mouse pronuclear stage embryos 
in vitro.  Anim. Reprod. Sci. 48: 317-324.   

Elsheikh AS, Takahashi Y, Nagano M, Kanagawa H (2003). 
Manipulated mouse embryos as bioassay system for water quality 
control.  Reprod. Dom. Anim. 38: 204-208. 

Elsheikh AS, Kanagawa H (2003). Improvement of mouse egg 
microdisection. Sudan J. Basic Sci. (B) 8: 55-69. 

Elsheikh AS, Takahashi Y, Katagiri S, Kanagawa H (2006). Sucrose 
exposed chemically enucleated mouse oocytes support blastocyst 
development of reconstituted embryos. Reprod. Fertil. Dev. 18: 697-
701. 

Elsheikh AS (2007). Handmade cloning of mammals. Afr. J. Biotechnol. 
6(61): 1862-1868. 

Flemming TP, Pratt HM, Braude PR (1987). The use of mouse preim-
plantation embryos for quality control of culture reagents in human in 

vitro fertilization programs: a cautionary note. Fertil. Steril. 47: 858-
860. 

Flood IP, Shirley B (1991). Reduction of embryo-toxicity by protein in 
embryo culture media. Mol. Reprod. Dev. 30: 226-231. 

Fukuda A, Noda Y, Tsukui S, Matsumoto H, Yane J,  Mori T (1987). 
Influence of water quality on in vitro fertilization and embryo develop-
ment of the mouse. J. In Vitro Fertil. EmbryoTransf. 4: 40-54. 

Gilbert SF (1997). Fertilization: Beginning a new organism. In Develop-
mental Biology 5

th
 ed. Sinauer, Sunderland, MA, USA. P: 126. 

Hall JL, Yee S (1991). Implantation of zona-free mouse embryos 
encased in artificial zona  pellucida 47

th
 Annual meeting of the 

American Fertility Society  S3 (Abstr). 
Krentz KJ, Nebel RL, Canseco RS (1993). In vitro and in vivo 

development of mouse morulae encapsulated in 2% sodium alginate 
or 0.1 % Poly-L-Lysine. Theriogenology 39: 655-667. 

Markert CL, Petters RM (1978). Manufactured hexaparental mice show 
that adults are derived from three embryonic cells. Science, 202: 56-
58. 

McGrath J, Solter D (1986). Nucleocytoplasmic interactions in the 
mouse embryo.  J. Embryo Exp. Morph. 97: 277-289. 

Meredith S, Nicks DK, Kiesling DO (1990). The effect of time of 
exposure of alginate - coated rat embryos to calcium chloride on in 

vitro development; and pregnancy maintenance in ewes with alginate 

– coated 4 – or 8 cell embryos.  Theriogenology. 33: 288 (Abstr). 
Mintz B, Gearhart JD, Guymont AO (1973). Phytohemagglutinin 

mediated blastomenes aggregation and development of allophenic 
mice. Dev. Biol. 31: 195-199. 

Nagano Y, Saeki K, Hoshi M, Takahashi Y, Kanagawa H (1995). Effects 
of water quality on in vitro fertilization and development of bovine 
oocytes in protein-free medium. Theriogenology. 44: 443-444. 

Nasir Efahani M, Johnson MH, Aitken RJ (1990). The effect of iron and 
chelators on the in vitro block to development of mouse 
preimplantation embryo: BAT 6 a new medium for improved culture of 
mouse embryos in vitro. Hum. Reprod. 5: 997-1003. 

Niemann H (1998). Transgenic Farm animals get off the ground. 
Transgenic Res. 7: 73-75. 

Niemann H, Brem G, Sacher B, Smidt D, Krausslich H (1986). An 
approach to successful freezing of demi-embryos derived from day – 
7 bovine embryos. Theriogenology 25: 519-524. 

Niemann H, Illera MJ, Smidt D (1983). In vitro development of pig 
morulae after enzymatic removal or microsurgical treatment at the 
zona pellucida.  Theriogenology. 19: 142 (abstr.). 

Prather RS, Barnes FL, Smith MM, Robl JM, Eyestone WH, First NL 
(1987). Nuclear transplantation in the bovine embryo: Assessment of 
donor nuclei and recipient oocytes. Biol.  Reprod. 37: 859-866. 

Suzuki H, Togashi M, Adachi J, Toyoda Y (1995). Developmental ability 
of zona-free mouse embryos is influenced by cell association at 4 – 
cell stage. Boil. Reprod. 53: 78-83. 

Tanaka H, Takahashi Y, Hishinuma M, Kanagawa H (1995). Influence 
of nocodazole on development of donor blastomeres from 16–cell 
stage bovine embryos in nuclear transfer.  Jpn. Vet. Res. 43: 1-14. 

Taniguchi T, Cheong HT, Kanagawa H (1992). Development of recon-
stituted mouse embryos produced from bisected and electrofused 
pronuclear stage embryos. Theriogenology. 37: 655-663. 

Tarkowski AK, Rossant J (1976). Haploid mouse blastocysts developed 
from bisected zygotes.  Nature 259: 663-665. 



 
 
 
 
Tsunoda Y, Yasui T, Nakamura K, Uchida T, Sugie T (1986). Effect of 

cutting the zona pellucida on the pronuclear transplantation in the 
mouse. J. Exp. Zool. 240: 119-125. 

Vajita G, Kragh PM, Mango NR, Callesen H (2005). Hand–made 
cloning approach: Potentials and Limitations. Reprod. Fertil. Dev. 
17(2): 97-112. 

Vajita G, Lewis IM, Hytel P Thouas GA, Trounson AO (2001). Somatic 
cell cloning without micromanipulator. Cloning 3: 89-95.  

Watanabe M, Hoshi K, Yazawa H, Yanagida K, Sato A (1995). Use of 
the artificial zona pellucida made of calcium alginate in the develop-
ment of preimplantation mouse embryos J. Mamm Ova. Res. 12: 95-
99. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Elgarrai        4699 
 
 
 
Westhusin ME, Splak JR, Fuller DT, Kraemer DC (1989). Culture agar 

embedded one and two cell bovine embryos and embryos produced 
by nuclear transfer in sheep and rabbit oviduct.  Theriogenology, 31: 
271.  


