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INTRODUCTION

Assisted reproductive techniques (ART) is the 
application of field or laboratory techniques to gonads, 

germ cells and embryos for the purposes of increasing 
reproductive performance or treatment of reproductive 
dysfunctions (Wani and Skidmore, 2010; Wani et al., 2010; 
Mohammed and Attaai, 2011; Al-Zeidi et al., 2022a, b; 
Mohammed et al., 2022). Several millions of humans are 
treated of reproductive dysfunctions annually in the world 
through assisted reproductive techniques (Dyer et al., 
2016; Kushnir et al., 2017).

Significant strides of development have made in assisted 
reproductive techniques during the past seventy years 

(Al-Zeidi et al., 2022a, b). This is a continuum, which 
started with artificial insemination. Artificial insemination 
application was greatly maximized with the advent of 
semen cryopreservation and synchronize estrus procedures 
in different species. Then, embryo transfer technique was 
arisen to produce offspring from females and males that 
were proven genetically superior (Seidel Jr  and Seidel, 
1991). Embryo transfer program enabled to shorten 
the interval between generations and multiply the 
number of species rapidly. Oestrous synchronization and 
superovulation protocols are necessitated for successful 
embryo transfer (Gordon, 2003; Mohammed et al., 2011). 
In addition, the procedures of in vitro embryo production 
including oocyte maturation, fertilization and culture were 
improved in addition to cryopreservation of oocytes and 
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embryos (Mohammed et al., 2005; Arav, 2014). Several 
techniques for fertilizing oocytes were developed as in 
vitro fertilization, subzonal sperm injection (SUZI), and 
intracytoplasmic sperm injection (ICSI) (Gordon, 2003). 
Semen and embryos’ sexing enable getting either males or 
females offspring for meat and milk production, respectively, 
and avoiding the genetic diseases (Mohammed and Al-
Hozab, 2016). Moreover, the progress of creating artificial 
oocytes through transfer of germ, embryonic and somatic 
cells enabled to solve the severe reproductive problems in 
different species (Mohammed et al., 2019a, 2022). The 
continuum progress of assisted reproductive techniques is 
helpful to livestock sectors and human medicine (Al-Zeidi 
et al., 2022a, b). Therefore, this review was designed to 
collect and consolidate the current knowledge of assisted 
reproductive techniques and their importance for oocyte 
maturation, artificial oocyte reprogramming, embryo 
development and their resulting newborns.

Assisted reproductive technology in males 
Assisted reproductive techniques in males include semen 
collection, in vitro fertilization of oocytes in addition to 
intracytoplasmic sperm injection (ICSI), subzonal sperm 
injection (SUZI). Furthermore, genome resource banking 
is established to cryopreserve semen for hundreds of years 
(Ugur et al., 2019) (Figure 1).

Figure 1: Assisted reproductive techniques in males and 
females. Intracytoplasmic sperm injection (ICSI), subzonal 
sperm injection (SUZI).

Artificial insemination
The first assisted reproductive technique primarily emerged 
was artificial insemination (AI), which simply includes 
semen collection from males and subsequently followed 
by introduction of the collected semen into physiologically 
receptive females of domestic and wild mammalian species 
(Manafi, 2011; Waberski, 2018). Artificial insemination in 

different mammalian species is an important technique for 
the genetic improvement, as the selected proven male can 
produce sufficient spermatozoa to inseminate hundreds or 
thousands of females annually compared to natural service, 
which provides insemination for tenth of females annually 
(Dalton et al., 2021).

Although there are several techniques for semen collection, 
most of them include artificial vagina and electro-
ejaculation methods ( Jiménez-Rabadán et al., 2012). The 
collected semen is then diluted according to species to 
maximize the number of services per collection or male. 
The dilution solution contains components or factors that 
help preserving and stabilizing the sperm in addition to 
antibiotics to inhibit microorganism growth and reduce 
the spreading of contamination ( Jiménez-Rabadán et al., 
2012). The collected semen is packaged in plastic straws 
and might be stored either cooled (5oC) or frozen in 
liquid nitrogen (-196oC). It appears that the frozen semen 
can remain frozen for hundred years and regain viability 
upon appropriate thawing. The most common technique 
employs for inseminating receptive females involving the 
use of disposable and sterile catheter that inserts vaginally 
and might be extended through the cervix into the body of 
uterus depending on the species (Manafi, 2011). The frozen 
semen with desirable genetic characters could be exported 
or imported to any place in the world. Furthermore, the 
advent of sperm sexing technique of collected semen 
enables to get male or female offspring after parturition 
(Wheeler et al., 2006; Palma et al., 2008; Blondin et al., 
2009; Mohammed and Al-Hozab, 2016). 

In vitro fertilization 
In vitro fertilization refers to fertilizing oocytes using fresh 
or frozen-thawed spermatozoa through their incubation 
in fertilization medium (Mohammed et al., 2005; Chang 
et al., 2014). Spermatozoa need to be capacitated in vitro 
through swim-up or percoll-gradient techniques in order 
to penetrate the zona pellucida and fuse with the oocyte 
(Gordon, 2003; Mohammed et al., 2005; Volpes et al., 
2016). Capacitation procedure results in a series of sperm 
changes including increased motility, calcium uptake 
and protein binding (Donà et al., 2020). The capacitated 
sperm are incubated with oocytes in fertilizing medium 
for approximately 8-22 hours, and the resulting fertilized 
oocytes are called zygotes (Greda et al., 2006). In vitro 
fertilization can be applied for matured oocytes, which 
collected from either slaughterhouse ovaries and matured 
in vitro or live females through ovum pick-up (Mohammed 
et al., 2005; Aller et al., 2010). The purposes of in vitro 
fertilization are to obtain embryos from terminal females 
(age, accident, disease, prepuberal, pregnant females) or 
commercial purposes. Commercial and research centers 
have used OPU-IVF in several categories including females 
age, species, reproductive status, aspiration frequency, 
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culture protocols (co-culture BRL cells, chemically defined 
media, serum) with different degree of successes (Blondin 
et al., 2002; Aller et al., 2010) (Tables 1 and 2). Several 
techniques could be used for assisted in vitro fertilization 
including laser-assisted in vitro fertilization (Hammoud 
et al., 2010; Taylor et al., 2010), cumulus cells removal 
(Mohammed, 2008; Mohammed et al., 2008, 2010), zona 
thinning or opening through Tyrode solution (Mohammed 
2006, 2009a, b), subzonal sperm injection, intracytoplasmic 
sperm injection, and intracytoplasmic cell injection 
(Kimura and Yanagimachi, 1995; Gordon, 2003) (Figure 
2). Semen sexing procedure is used for sex pre-selection 
and is determined the sex with accuracy more than 95% 
(Wheeler et al., 2006; Palma et al., 2008; Blondin et al., 
2009; Mohammed and Al-Hozab, 2016). The sexed semen 
could be used for AI or IVF programs. There are several 
approaches proposed to preserve male genetic materials 
including germ cells, spermatozoa, cells and tissues 
( Johnston and Lacy, 1995). Semen banks are currently 
more developed for domestic and non-domestic species to 
facilitate the management and conservation of endangered 
species (Wildt et al., 1997; Comizzoli et al., 2000). Finally, 
in vitro fertilization of oocytes is considered a complement 
of an embryo transfer program (Zhao et al., 2019a, b).

Assisted reproductive technology in females 
The mammalian male and female reproductive systems is in 

partnership to produce offspring (Figure 3). The abnormal 
functions in either male or female reproductive systems 
result in infertility, which necessitates the urgent need for 
assisted reproductive technologies (Gordon, 2003). Several 
techniques were applied concerning oestrous or menstrual 
manipulation, oocytes and embryos manipulation in 
addition to ovarian cryopreservation and transplantation 
(Mohammed et al., 2011, 2019, 2012a, b; Mohammed and 
Farghaly, 2018).

Figure 2: Techniques of assisted in vitro fertilization: 
IVF, In vitro fertilization; ICSI, intracytoplasmic sperm 
injection; subzonal sperm injection, SUZI; PB, polar body; 
MII, metaphase II.

Table 1: Factors affecting developmental competence in vitro of aspirated oocytes from slaughterhouse ovaries or live 
organisms ovaries.
Ovaries Treatments Effects References
Live 
organisms

Follicular and luteal stages ↑ development of oocyte to embryos Gordon, 2003
Follicle sizes ↑ development of oocyte to embryos Maylinda et al., 2018; Hasler 1998; Raj et al., 2018
Follicular waves ↑ development of oocyte to embryos Gordon, 2003; Cavalieri et al., 2018; Baby and 

Bartlewski, 2011
Feed additives ↑ reproductive performance Mohammed and Al-Hozab, 2020; Senosy et al., 

2017, 2018
Nutrition Variable effects Gordon, 2003

Slaughter-
house
ovaries 

Follicle size ↑ development of oocyte to embryos Gordon, 2003; Shabankareh et al., 2014; Maylinda 
et al., 2018

Defined and undefined 
media

Variable effects
↑ development of oocyte to embryos

Mohammed et al., 2005; Madkour et al., 2018; 
Spacek and Carnevale, 2018; Abdoon et al., 2018

Co-culture cumulus and 
oviduct cells

↑ development of oocyte to embryos Lee et al., 2018

Cumulus cells surrounding 
the oocytes

↑ development of oocyte to embryos Mohammed et al., 2005; Al Zeidi et al., 2022a, b; 
Mohammed, 2006; Mohammed et al., 2008, 2010

Follicular fluid variable effects due to follicle size 
and added %

Mohammed et al., 2005; Sinclair et al., 2008

Fetal calf serum ↑ development of oocyte to embryos Mohammed et al., 2005; Moulavi et al., 2019
IGF-1 and FF Variable effects Oberlender et al., 2013
Hormone ↑ development of oocyte to embryos Moulavi and Hosseini, 2019
Storage the ovaries at 30 
°C for 3-4 hours

↑ development of oocyte to embryos Luu et al., 2011
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Table 2: Timing (hr.) of oocyte maturation from germinal vesicle to metaphase II stage in vitro due to different treatments 
in different animal species and human.
Species Duration, h Treatments References
Sheep

24
Oxygen tension
C-type natriuretic peptide

Sánchez-Ajofrín et al., 2020
Zhang et al., 2018

Resveratrol Zabihi et al., 2021
Sericin and growth factors Tian et al., 2021

Goat
24

Cysteamine, leukemia inhibitory factor, and Y27632
Physiological oocyte maturation
Leptin

An et al., 2018; Suresh et al., 2021; 
de Senna Costa et al., 2022

Cattle
24

FF and FCS
Retinoic acid
Lycopene

Mohammed et al., 2005 
Borges et al., 2021
Residiwati et al., 2021

Buffalo
24

-
Brain-derived neurotrophic factor
Retinoic acid

Marin et al., 2019
Zhao et al., 2019b
Gad et al., 2018

Camel 42-48 -
Macromolecule
Roscovitine

Wani and Hong 2018, Wani et al., 2018
Moulavi and Hosseini 2019
Wani and Hong 2020

Pig
48

Dihydroartemisinin
Zearalenone
CRH and ACTH
Allicin

Luo et al., 2018
Wang et al., 2022
Gong et al., 2022
Li et al., 2022

Rabbit 24 Gonadotropin-releasing hormone
-

Yoshimura et al., 1991
Arias-Álvarez et al., 2017

Rodents

17

Cumulus cells
Cumulus cells
Cumulus cells
Perfluorooctane
CRH and ACTH

Grabarek et al., 2004;
Mohammed 2006, 2008, 2009, 2011;
Mohammed et al., 2008, 2010, 2019;
Wei et al., 2021;
Gong et al., 2022

Human
24

-
-
Coenzyme Q10
A fertilin-derived peptide

Chian et al., 2004
Baruffi et al., 2004 
Ma et al., 2020
Sallem et al., 2022

Multiple ovulation and embryo transfer
Multiple ovulation or superovulation protocol is a procedure 
meant that more than one oocyte is released by an ovary 
of different species and human as well (Mohammed et al., 
2011; Macmillan et al., 2018). Embryo transfer program 
allows animals’ producers to obtain multiple progeny from 
superior genetic females (Gordon, 2003; Mohammed et 
al., 2011) (Figure 4). The embryos can be recovered from 
fallopian tube or uterus of females through surgical or 
nonsurgical techniques depending on species. Thereafter, 
genetically superior collected embryos are transferred to 
recipient females of lesser genetic merit or cryopreserved 
(Neto et al., 2005; Mohammed et al., 2011).

The collected embryos could be manipulated as partial 
zona dissection or zona drilling to raise their chances of 
hatching and implantation (Edwards and Brody, 1995). 
Partial zona dissection improves hatching rate of bovine 
blastocysts in vitro (Loskutoff et al., 1999). In addition, 
the embryo could be split into two embryonic parts. Fifty 

percent pregnancy rate of splitting embryos compared 
to hundred percent of intact embryos has been reported 
(Gray et al., 1991).

Meiotic maturation of germinal vesicle oocytes 
in vivo and in vitro
The germinal vesicle oocyte resumes meiotic maturation 
after removing from ovarian antral follicle or after LH 
surge (Dieleman et al., 1983; Grynberg et al., 2022). 
Meiosis resumption of fully-grown germinal vesicle oocyte 
is initiated in vivo after LH surge (Mehlmann et al., 
2006). Several layers of compact cumulus-enclosed cells 
are surrounding the oocytes before LH surge. Numerous 
projections of the surrounding cells penetrate the zona 
pellucida through gap junctions and end on the oocyte 
oolemma (Gordon, 2003). Gap junctions disruption 
occur shortly after LH surge. Several changes occur in 
the GV nucleus and cytoplast of the fully grown germinal 
vesicle oocyte of pre-ovulatory follicle known as oocyte 
maturation. 
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Figure 3: Caprine reproductive system; cumulus-enclosed 
germinal vesicle oocytes aspirate from antral follicles for 
embryo production; (#) the place in fallopian tube where 
the 1-8 cell-stage developed embryos are collected or 
transferred; (*) the place in the uterine tube where the 
morula-blastocyst embryos are collected or transferred 
(Mohammed and Kassab, 2015).

Figure 4: Rabbit offspring obtained after transferred 
embryos to uterus of surrogate mothers (Mohammed et 
al., 2011).

The first sign of meiotic maturation is germinal vesicle 
breakdown (GVBD), which occurred approximately 
2-3h of starting maturation in rodent oocytes (Gao et 
al., 2002; Mohammed et al., 2019a, 2022; Al-Zeidi et al., 
2022a, b) and is continued to reach the MII stage (Liu et 
al., 2006). The oocyte remains arrested at the MII stage 
until activation or fertilization, which makes the oocytes 
complete the second meiotic division and follow the 

embryonic developmental competence. Simultaneously, 
cytoplasmic maturation of oocytes involves morphological 
and ultrastructural changes that support fertilization 
and further embryo development (Chang et al., 2005). 
Mitochondrial migration and organelles redistribution in 
addition to changes in mitogen activated protein kinase 
and maturation promoting factor. Factors affecting 
developmental competence (Mohammed and Attaai, 
2011; Mohammed and Al-Hozab, 2020; Mohammed et 
al., 2020) of aspirated oocytes in vitro are indicated in 
Table 1. In addition, duration of oocyte maturation in vitro 
from germinal vesicle to metaphase II stage using different 
treatments in different species is indicated in Table 2.

Figure 5: Micromanipulation of germinal oocytes, Pro-
Metaphase I and Metaphase II oocytes in addition to 
enucleolation of germinal oocytes (Mohammed 2006; 
Mohammed et al., 2008, 2010; 2019; 2022).

Nuclear transfer
Germ, embryonic, and somatic nuclear transfer were used 
for treatment of infertility and production of cloned and 
transgenic animals (Wilmut et al., 1997; Wani and Hong, 
2018). Cytoplasmic and nuclear maturation of intact 
and reconstructed oocytes control the developmental 
competence of embryos (Mohammed et al., 2019a, 2022). 
The nuclear and cytoplasmic maturation are essential for 
remodeling of the penetrated sperm or the introduced 
germ or embryonic or somatic nuclei in addition to further 
embryonic developmental competence (Mohammed et al., 
2008, 2010, 2022). The roles of germinal vesicle, nuclear 
sap and nucleoli, and surrounding cumulus cells on oocyte 
maturation and embryonic developmental competence 
were investigated through micromanipulation of germinal 
vesicle or metaphase II oocyte (Al-Zeidi et al., 2022a, b). 
The micromanipulation techniques applied to GV or MII 
oocytes help to explore cellular reprogramming of the 
introduced nuclei. Such assisted reproductive techniques 
of GV or MII oocytes are hypothesized to treat infertility, 
enhance meat and milk production, and save endangered 
species. Further studies are still required on gene expression 
of the manipulated oocytes.
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Different techniques were used to produce transgenic 
embryos and offspring including microinjection of nuclear 
of one-cell, two-cells, four-cells embryos ( Jura et al., 1994; 
Echelard et al., 2000). Furthermore, transfected somatic 
cells, embryonic cells, primordial germ cells after nuclear 
transfer might be used to achieve genetic modification in 
several species (Lee et al., 2000). Moreover, the transfected 
cells retained their developmental competence and when 
inserted into a developing embryo could contribute to all 
its tissues (McCreath et al., 2000; Robl et al., 2003).

Recipient cytoplasts
Different stages of oocytes were enucleated including 
germinal vesicle, Pro-Metaphase I, Metaphase I and 
Metaphase II oocytes (Figure 5). The germinal vesicle or 
MII cytoplasts reconstructed with germ, germinal vesicle, 
embryonic and somatic nuclear transfer were used for 
meiotic maturation and further embryonic development till 
obtaining fetus (Wilmut et al., 1997; Mohammed, 2006; 
Mohammed et al., 2008, 2010, 2019a, 2022). The resulting 
embryos and offspring have the same genetic materials as 
the original donors, except for the mitochondrial DNA, 
which are derived from the recipient oocyte cytoplasts 
(Wolf et al., 2001; Yang et al., 2004). The cytoplasts of 
oocytes (Mohammed, 2006; Mohammed et al., 2008, 
2010, 2019a; Wani et al., 2010; Al-Zeidi et al., 2022a, b) or 
zygotes (Greda et al., 2006) were used over nuclear transfer 
for studying meiotic maturation, cellular reprogramming, 
pre- and post-implantation embryonic development.

Donor nuclei
Different types of donor nuclei (germ, germinal vesicle, 
cumulus, muscle, skin, fibroblast etc.) with different cell 
cycle stage (G0/G1, S-phase and G2/M stage) were used 
for introducing into enucleated oocytes (Mohammed, 
2006; Mohammed et al., 2008, 2010, 2019a, 2022; Al-
Zeidi et al., 2022a, b). The donor nuclei of G0/G1 stage 
could be introduced into germinal vesicle cytoplasts 
whereas donor nuclei of G2/M stage could be introduced 
into MII cytoplasts (Grabarek et al., 2004; Mohammed 
2014a, b). On the other hand, donor nuclei of interphase 
stage (S-phase) resulted in abnormalities in meiotic 
maturation and further developmental competence upon 
introducing into GV cytoplasts (Mohammed, 2006). The 
resulting artificial gametes could be subsequently activated 
or fertilized by spermatozoa (Polanski et al., 2005; 
Mohammed, 2006). The effects of the donor nuclei types 
and their cycle stages on the success of cloning has been 
confirmed (Lagutina et al., 2005).

Animal cloning
Animal cloning could be applied through embryo splitting 
or embryonic/somatic cloning (Willadsen, 1986; Wilmut 
et al., 1997). The resulting cloned animals were confirmed in 

several studies to be suffered from neonatal developmental 
and gestational abnormalities (Eckardt and McLaughlin, 
2004; Piedrahita et al., 2004) including abnormal placenta 
and large offspring syndromes (Wells, 2003). Hence, it has 
been suggested that nuclear transfer could be considered a 
useful strategy for cellular reprogramming basic research 
(Van Heyman, 2005). The interaction between the recipient 
cytoplasts and the donor nuclei is considered one of the 
fundamental questions in the field of assisted reproductive 
technology (Mohammed et al., 2022). 

Embryo sexing
Embryo sexing could be controlled through oocytes’ 
fertilization using sorted semen as well as insemination 
of cycled mammalian females using sorted semen 
(Mohammed and Al-Hozab, 2016). The semen sorting 
is still an uncommercial viable form made embryo sexing 
a major route of gender preselection. There are several 
methods for embryo sexing. The only method used 
routinely on a commercial scale is to biopsy embryos and 
amplify Y chromosome specific DNA using polymerase 
chain reaction (Martinhago et al., 2010; Zoheir and Allam, 
2010; Mohammed and Al-Hozab, 2016). 

Oocytes, embryo and tissues resource banking
Embryo storage and cryopreservation are allowing 
conservation of the full genetic complement of the dam 
and sire and thus has an enormous potential for managing 
and protecting species. The differences among mammalian 
embryos are substantial in cryo-sensitivity as demonstrated 
by the variance between the freezable bovine embryos 
versus the difficulties to freeze swine embryos (Nieman 
and Rath, 2001). Two embryo-freezing procedures were 
adapted including conventional freezing and vitrification 
protocols (Albarracin et al., 2005; Nicacio et al., 2012; 
Varago et al., 2014; Araújo-Lemos et al., 2015). The 
conventional freezing of embryos requires biological 
freezers or incubators and it is time-consuming, which 
replaced by a fast vitrification procedure (Araújo-Lemos 
et al., 2015). The procedures of freezing and vitrification 
were adapted to immature and mature oocytes of different 
species (Bautista and Kanagawa, 1998; Cetin and Bastan, 
2006). The studies in freezing and vitrification procedures 
for oocyte and embryos have made substantial progress in 
retaining the stability of cytoplast cytoskeleton (Ledda et 
al., 2019).

Gonadal tissues’ cryopreservation and transplantation offer 
fascinating opportunities for both animals and Humans 
as well (Mohammed, 2019). The recent developments in 
the auto-grafting and xeno-grafting of testes and ovaries 
demonstrate the potential values of cryopreserving 
gonadal tissues (Oktay and Yih, 2002; Tibary et al., 2005; 
Mohammed, 2019). Thawed ovarian tissues has been 
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transplanted into animals and humans as well resulting in 
the birth of normal young (Demirci et al., 2003; Donnez 
et al., 2004). Such helpful techniques give the females who 
suffer from caner the elixir of life through ovariectomy 
and cryopreservation before chemotherapy followed by 
re-transplantation after recovery. Furthermore, germ, 
embryonic, and somatic cells could be exploited for 
genome resource banking and used in the future for 
cloning conservation program (Wilmut et al., 1997). 

CONCLUSIONS AND 
RECOMMENDATIONS

The continuous progresses in assisted reproductive 
techniques are necessitated for both animals and human 
as well. There are differences among mammalian species to 
apply assisted reproductive techniques due to differences 
in anatomy of reproductive systems, duration of oestrous 
cycle, and gamete physiology, which require studies of the 
specific species. 

ACKNOWLEDGEMENT

This work was supported by the Deanship of Scientif-
ic Research, Vice Presidency for Graduate Studies and 
Scientific Research, King Faisal University, Saudi Arabia 
(GRANT2599).

NOVELTY STATEMENT

The continuous development of assisted reproductive 
techniques is necessitated to overcome the problems of 
reproduction.

AUTHOR’S CONTRIBUTION

Authors contribute equally in Conceptualization, writing 
and editing manuscript. All authors have read and agreed 
to the published version of the manuscript.

Conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Abdoon AS, Fathalla SI, Shawky SM, Kandil OM, Kishta AA, 
Masoud SR (2018). In vitro maturation and fertilization of 
donkey oocytes. J. Equine Vet. Sci., 65: 118–122. https://doi.
org/10.1016/j.jevs.2018.04.007

Al-Zeidi R, Al-Masruri H, Al-Mufarji A, Mohammed 
AA  (2022a). Role of cumulus cells and follicular fluid on 
oocyte maturation and developmental competence of 
embryos: Intact and reconstructed oocytes.  Adv. Anim. 
Vet. Sci., 10: 1219-1226. https://doi.org/10.17582/journal.
aavs/2022/10.6.1219.1226

Al-Zeidi R, Al-Masruri H, Al-Mufarji A, Mohammed AA, 
Mohammed H (2022b). Changes in nucleus and cytoplast 
during oocyte maturation: involvement in embryo 
production. Adv. Anim. Vet. Sci., 10: 2081-2089. https://
doi.org/10.17582/journal.aavs/2022/10.9.2081.2089

Albarracin JL, Morato R, Rojas C, Mogas T (2005). Effects 
of vitrification in open pulled straws on the cytology of 
in vitro  matured prepubertal and adult bovine oocytes. 
Theriogenology, 63: 890–901. https://doi.org/10.1016/j.
theriogenology.2004.05.010

Aller JF, Mucci NC, Kaiser GG, Ríosa G, Callejas SS, Alberio 
RH (2010). Transvaginal follicular aspiration and embryo 
development in super stimulated early postpartum beef cows 
and subsequent fertility after artificial insemination. Anim. 
Reprod. Sci., 119(1-2): 1-8. https://doi.org/10.1016/j.
anireprosci.2009.11.009

An L, Liu J, Du Y, Liu Z, Zhang F, Liu Y, Zhu X, Ling P, Chang 
S, Hu Y (2018). Synergistic effect of cysteamine, leukemia 
inhibitory factor, and Y27632 on goat oocyte maturation 
and embryo development in vitro. Theriogenology, 108: 56–
62. https://doi.org/10.1016/j.theriogenology.2017.11.028

Araújo-Lemos PF, Freitas Neto LM, Moura MT, Melo JV, 
Lima PF, Oliveira MA (2015). Comparison of vitrification 
and conventional freezing for cryopreservation of caprine 
embryos. Zygote, 23(4): 594-602. https://doi.org/10.1017/
S0967199414000215

Arav A (2014). Cryopreservation of oocytes and embryos. 
Theriogenology, 81: 96-102. https://doi.org/10.1016/j.
theriogenology.2013.09.011

Arias-Álvarez M, García-García RM, López-Tello J, Rebollar 
PG, Gutiérrez-Adán A, Lorenzo PL (2017). In vivo and in 
vitro maturation of rabbit oocytes differently affects the gene 
expression profile, mitochondrial distribution, apoptosis and 
early embryo development. Reprod. Fertil. Dev., 29: 1667–
1679. https://doi.org/10.1071/RD15553

Baby TE, Bartlewski PM (2011). Circulating concentrations of 
ovarian steroids and follicle-stimulating hormone (FSH) 
in ewes with 3 or 4 waves of antral follicle emergence 
per estrous cycle. Reprod. Biol., 11: 19–36. https://doi.
org/10.1016/S1642-431X(12)60061-8

Baruffi RL, Avelino KB, Petersen CG, Mauri AL, Garcia JM, 
Franco JG (2004). Nuclear and cytoplasmic maturation of 
human oocytes cultured in vitro. Fertil. Steril., 82: S265–
S266. https://doi.org/10.1016/j.fertnstert.2004.07.709

Bautista JA, Kanagawa H (1998). Current status of vitrification 
of embryos and oocytes in domestic animals: Ethylene 
glycol as an emerging cryoprotectant of choice. Jpn. J. Vet. 
Res., 45: 183-191.

Blondin P, Bousquet D, Twagiramungu H, Barnes F, Sirad MA 
(2002). Manipulation of follicular development to produce 
developmentally competent bovine oocytes. Biol. Reprod., 
66: 38-43. https://doi.org/10.1095/biolreprod66.1.38

Blondin P, Beaulieu M, Fournier V, Morin N, Crawford L, Madan 
P, King WA (2009). Analysis of bovine sexed sperm for IVF 
from sorting to the embryo. Theriogenology, 71(1): 30-38. 
https://doi.org/10.1016/j.theriogenology.2008.09.017

Borges MA, Sousa FSS, Paschoal JD, Lopes IAR, Feijó ALS, 
Neto ACPS, da Silva Pinto L, Seixas FK, Collares T (2021). 
Effect of supplementation of medium with Bauhinia 
for ficata recombinant lectins on expression of oxidative 
stress genes during in vitro  maturation of bovine oocytes. 
Reprod. Toxicol., 103: 64–70. https://doi.org/10.1016/j.
reprotox.2021.05.012

https://doi.org/10.1016/j.jevs.2018.04.007
https://doi.org/10.1016/j.jevs.2018.04.007
https://doi.org/10.17582/journal.aavs/2022/10.6.1219.1226
https://doi.org/10.17582/journal.aavs/2022/10.6.1219.1226
https://doi.org/10.17582/journal.aavs/2022/10.9.2081.2089
https://doi.org/10.17582/journal.aavs/2022/10.9.2081.2089
https://doi.org/10.1016/j.theriogenology.2004.05.010
https://doi.org/10.1016/j.theriogenology.2004.05.010
https://doi.org/10.1016/j.anireprosci.2009.11.009
https://doi.org/10.1016/j.anireprosci.2009.11.009
https://doi.org/10.1016/j.theriogenology.2017.11.028
https://doi.org/10.1017/S0967199414000215
https://doi.org/10.1017/S0967199414000215
https://doi.org/10.1016/j.theriogenology.2013.09.011
https://doi.org/10.1016/j.theriogenology.2013.09.011
https://doi.org/10.1071/RD15553
https://doi.org/10.1016/S1642-431X(12)60061-8
https://doi.org/10.1016/S1642-431X(12)60061-8
https://doi.org/10.1016/j.fertnstert.2004.07.709
https://doi.org/10.1095/biolreprod66.1.38
https://doi.org/10.1016/j.theriogenology.2008.09.017
https://doi.org/10.1016/j.reprotox.2021.05.012
https://doi.org/10.1016/j.reprotox.2021.05.012


Advances in Animal and Veterinary Sciences

February 2023 | Volume 11 | Issue 2 | Page 259

Cavalieri FLB, Morotti F, Seneda MM, Colombo AHB, 
Andreazzi MA, Emanuelli IP, Rigolon LP (2018). 
Improvement of bovine in vitro  embryo production by 
ovarian follicular wave synchronization prior to ovum pick-
up. Theriogenology, 117: 57–60. https://doi.org/10.1016/j.
theriogenology.2017.11.026

Cetin Y, Bastan A (2006). Cryopreservation of immature bovine 
oocytes by vitrification in straws. Anim. Reprod. Sci., 92: 
29–36. https://doi.org/10.1016/j.anireprosci.2005.05.016

Chang EM, Song HS, Lee DR, Lee WS, Yoon TK (2014). In 
vitro  maturation of human oocytes: Its role in infertility 
treatment and new possibilities. Clin. Exp. Reprod. Med., 
41: 41-46. https://doi.org/10.5653/cerm.2014.41.2.41

Chang H.C., Liu H., Zhang J., Grifo J., Krey L.C. (2005). 
Developmental incompetency of denuded mouse oocytes 
undergoing maturation in vitro is ooplasmic in nature and 
is associated with aberrant Oct-4 expression. Hum. Reprod. 
20: 1958-1968.

Chian RC, Buckett WM, Tan SL (2004). In-vitro maturation 
of human oocytes. Reprod. Biomed. Online, 8: 148–166. 
https://doi.org/10.1016/S1472-6483(10)60511-1

Comizzoli P, Mermillod P, Mauget R (2000). Reproductive 
biotechnologies for endangered mammalian species. 
Reprod. Nutr. Dev., 40: 493–504. https://doi.org/10.1051/
rnd:2000113

Dalton JC, Robinson JQ, Price WJ, DeJarnette JM, Chapwanya 
A (2021). Artificial insemination of cattle: Description and 
assessment of a training program for veterinary students. 
J. Dairy Sci., 104(5): 6295-6303. https://doi.org/10.3168/
jds.2020-19655

de Senna Costa JA, Cezar GA, Monteiro PLJ, Silva DMF, Silva 
RAJA, Bartolomeu CC, dos Santos Filho AS, Wischral A, 
Batista AM (2022). Leptin improves in-vitro maturation of 
goat oocytes through MAPK and JAK2/STAT3 pathways 
and affects gene expression of cumulus cells. Reprod. Biol., 
22: 100609. https://doi.org/10.1016/j.repbio.2022.100609

Demirci B, Lorange J, Salle B, Poirel MT, Guerin JF, Franck 
M (2003). The cryopreservation of ovarian tissue: uses and 
indications in veterinary medicine. Theriogenology, 60: 999–
1010. https://doi.org/10.1016/S0093-691X(03)00121-3

Dieleman SJ, Kruip TAM, Fontijne P, de Jong WHR, van der 
Weyden GC (1983). Changes in oestradiol, progesterone 
and testosterone concentration in follicular fluid and in 
micromorphology of preovulatory bovine follicles relative to 
the peak of luteinizing hormone. J. Endocrinol., 97: 31-42. 
https://doi.org/10.1677/joe.0.0970031

Donà G, Tibaldi E, Andrisani A, Ambrosini G, Sabbadin C, 
Pagano MA, Brunati AM, Armanini D, Ragazzi E, Bordin 
L (2020). Human sperm capacitation involves the regulation 
of the tyr-phosphorylation level of the anion exchanger 1 
(AE1). Int. J. Mol. Sci., 21: 4063. https://doi.org/10.3390/
ijms21114063

Donnez J., Dolmans M.M., Demylle D., Jadoul P., Pirard C., 
Squifflet J., Martinez-Madrid B., Van Langendonckt 
A. (2004). Livebirth after orthotopic transplantation of 
cryopreserved ovarian tissue. Lancet. 364: 1405–1410.

Dyer S, Chambers GM, de Mouzon J, Nygren KG, Zegers-
Hochschild F, Mansour R, Ishihara O, Banker M, Adamson 
GD (2016). International committee for monitoring 
assisted reproductive technologies world report: Assisted 
reproductive technology 2008, 2009 and 2010. Hum. 
Reprod., 31: 1588-609. https://doi.org/10.1093/humrep/
dew082

Echelard Y, Groen W, Destrempes MM, Ohlrichs C, Williams 
JL, Ziomek CA, Faber D, Meade HM, Behdoodi E (2000). 
Transgenic cow production from microinjection into in vivo 
derived embryos. Theriogenology, 53: 513.

Eckardt S, McLaughlin KJ (2004). Interpretation of 
reprogramming to predict the success of somatic cell 
cloning. Anim. Reprod. Sci., 82–83: 97–108. https://doi.
org/10.1016/j.anireprosci.2004.04.017

Edwards R, Brody S (1995). Principles and practice of assisted 
human reproduction. WB Saunders Company, Philadelphia, 
pp. 234–345.

Gad A, Hamed SA, Khalifa M, Amin A, El-Sayed A, Swiefy 
SA, El-Assal S (2018). Retinoic acid improves maturation 
rate and upregulates the expression of antioxidant-related 
genes in in vitro matured buffalo (Bubalus bubalis) oocytes. 
Int. J. Vet. Sci. Med., 6: 279–285. https://doi.org/10.1016/j.
ijvsm.2018.09.003

Gao S, Gasparrini B, McGarry M, Ferrier T, Fletcher J, Harkness 
L, De Sousa P, Wilmut I (2002). Germinal vesicle material 
is essential for nucleus remodeling after nuclear transfer. 
Biol. Reprod., 67: 928-934. https://doi.org/10.1095/
biolreprod.102.004606

Gong S, Jiang L, Cheng H, Pan LZ, Xu MT, Zhang M, Yuan 
HJ, Tan JH (2022). Effects of CRH and ACTH exposure 
during in vitro maturation on competence of pig and 
mouse oocytes. Theriogenology, 173: 211–220. https://doi.
org/10.1016/j.theriogenology.2021.06.025

Gordon I (2003). Establishing pregnancies with IVP embryos. 
Laboratory Production of Cattle Embryos (2nd) 303–321. 
https://doi.org/10.1079/9780851996660.0000

Grabarek JB, Płusa B, Modliński JA, Karasiewicz J (2004). 
Reconstruction of enucleated mouse germinal vesicle 
oocytes with blastomere nuclei. Zygote, 12: 163–172. 
https://doi.org/10.1017/S0967199404002746

Gray KR, Bondioli KR, Betts CL (1991). The commercial 
application of embryo splitting in beef cattle. Theriogenology, 
35(1): 37-44. https://doi.org/10.1016/0093-
691X(91)90146-5

Greda P, Karasiewicz J, Modinski JA (2006). Mouse zygotes as 
recipients in embryo cloning. Reproduction, 132: 741-748. 
https://doi.org/10.1530/rep.1.01204

Grynberg M, Sermondade N, Sellami I, Benoit A, Mayeur A, 
Sonigo C (2022). In vitro maturation of oocytes for fertility 
preservation: A comprehensive review. F and S Rev., 3(4): 
211-226. https://doi.org/10.1016/j.xfnr.2022.07.002

Hammoud I, Molina-Gomes D, Albert M, Bergere M, Bailly 
M, Wainer R, Selva J, Vialard F (2010). Are zona pellucida 
laser drilling and polar body biopsy safe for in vitro matured 
oocytes? J. Assist. Reprod. Genet., 27(7): 423-427. https://
doi.org/10.1007/s10815-010-9422-7

Hasler JF (1998). The current status of oocyte recovery, in vitro  
embryo production, and embryo transfer in domestic 
animals, with an emphasis on the bovine. J. Anim. Sci., 76: 
52–74. https://doi.org/10.2527/1998.76suppl_352x

Jiménez-Rabadán P, Ramón M, García-Álvarez O, Maroto-
Morales A, del Olmo E, Pérez-Guzmán MD, Bisbal 
A, Fernández-Santos MR, Garde JJ, Soler AJ (2012). 
Effect of semen collection method (artificial vagina vs. 
electroejaculation), extender and centrifugation on post-
thaw sperm quality of Blanca-Celtibérica buck ejaculates. 
Anim. Reprod. Sci., 132: 88-95. https://doi.org/10.1016/j.
anireprosci.2012.04.005

Johnston LA, Lacy RC (1995). Genome resource banking for 

https://doi.org/10.1016/j.theriogenology.2017.11.026
https://doi.org/10.1016/j.theriogenology.2017.11.026
https://doi.org/10.1016/j.anireprosci.2005.05.016
https://doi.org/10.5653/cerm.2014.41.2.41
https://doi.org/10.1016/S1472-6483(10)60511-1
https://doi.org/10.1051/rnd:2000113
https://doi.org/10.1051/rnd:2000113
https://doi.org/10.3168/jds.2020-19655
https://doi.org/10.3168/jds.2020-19655
https://doi.org/10.1016/j.repbio.2022.100609
https://doi.org/10.1016/S0093-691X(03)00121-3
https://doi.org/10.1677/joe.0.0970031
https://doi.org/10.3390/ijms21114063
https://doi.org/10.3390/ijms21114063
https://doi.org/10.1093/humrep/dew082
https://doi.org/10.1093/humrep/dew082
https://doi.org/10.1016/j.anireprosci.2004.04.017
https://doi.org/10.1016/j.anireprosci.2004.04.017
https://doi.org/10.1016/j.ijvsm.2018.09.003
https://doi.org/10.1016/j.ijvsm.2018.09.003
https://doi.org/10.1095/biolreprod.102.004606
https://doi.org/10.1095/biolreprod.102.004606
https://doi.org/10.1016/j.theriogenology.2021.06.025
https://doi.org/10.1016/j.theriogenology.2021.06.025
https://doi.org/10.1079/9780851996660.0000
https://doi.org/10.1017/S0967199404002746
https://doi.org/10.1016/0093-691X(91)90146-5
https://doi.org/10.1016/0093-691X(91)90146-5
https://doi.org/10.1530/rep.1.01204
https://doi.org/10.1016/j.xfnr.2022.07.002
https://doi.org/10.1007/s10815-010-9422-7
https://doi.org/10.1007/s10815-010-9422-7
https://doi.org/10.2527/1998.76suppl_352x
https://doi.org/10.1016/j.anireprosci.2012.04.005
https://doi.org/10.1016/j.anireprosci.2012.04.005


Advances in Animal and Veterinary Sciences

February 2023 | Volume 11 | Issue 2 | Page 260

species conservation: Selection of sperm donors. Cryobiology, 
32: 68–77. https://doi.org/10.1006/cryo.1995.1006

Jura J, Kopchick JJ, Chen WY, Wagner TE, Modlinski JA, 
Reed MA, Knapp JR, Smorag Z (1994). In vitro and 
in vivo development of bovine embryos from zygotes 
and 2-cell embryos microinjected with exogenous 
DNA. Theriogenology, 41: 1259–1266. https://doi.
org/10.1016/0093-691X(94)90483-Y

Kimura Y, Yanagimachi R (1995). Development of normal 
mice from oocytes injected with secondary spermatocytes 
nuclei. Biol. Reprod., 53: 855–862. https://doi.org/10.1095/
biolreprod53.4.855

Kushnir VA, Barad DH, Albertini DF, Darmon SK, Gleicher 
N (2017). Systematic review of worldwide trends in 
assisted reproductive technology 2004-2013. Reprod. Biol. 
Endocrinol., 15: 6. https://doi.org/10.1186/s12958-016-
0225-2

Lagutina I, Lazzari G, Duchi R, Colleoni S, Ponderato N, Turini 
P, Crotti G, Galli C (2005). Somatic cell nuclear transfer in 
horses: Effect of oocyte morphology, embryo reconstruction 
method and donor cell type. Reproduction, 130: 559-567. 
https://doi.org/10.1530/rep.1.00772

Ledda S, Kelly JM, Nieddu S, Bebbere D, Ariu F, Bogliolo L, 
Natan D, Arav A (2019). High  in vitro  survival rate of 
sheep  in vitro  produced blastocysts vitrified with a new 
method and device. J. Anim. Sci. Biotechnol., 10: 90. https://
doi.org/10.1186/s40104-019-0390-1

Lee CK, Moore K, Scales N, Westhusin M, Newton G, Im KS, 
Piedrahita JA (2000). Isolation and genetic transformation 
of primordial germ cell (PGC)-derived cells from cattle, 
goats, rabbits and rats. Asian–Aust. J. Anim. Sci., 13: 587–
594. https://doi.org/10.5713/ajas.2000.587

Lee SH, Oh HJ, Kim MJ, Kim GA, Choi Y, Bin, Jo YK, Lee 
BC (2018). Effect of co-culture canine cumulus and 
oviduct cells with porcine oocytes during maturation and 
subsequent embryo development of parthenotes in vitro. 
Theriogenology, 106: 108–116. https://doi.org/10.1016/j.
theriogenology.2017.09.015

Li Q, Zhang Y, Li W, Yan K, Liu Y, Xu H, Lu Y, Liang X, Yang X 
(2022). Allicin protects porcine oocytes against LPS-induced 
defects during maturation in vitro . Theriogenology, 182: 138-
147. https://doi.org/10.1016/j.theriogenology.2022.02.007

Liu Y, Sui HS, Wang HL, Yuan JH, Luo MJ, Xia P, Tan JH 
(2006). Germinal vesicle chromatin configurations of bovine 
oocytes. Microsc. Res. Tech., 69(10): 799-807. https://doi.
org/10.1002/jemt.20349

Loskutoff NM, Greve T, Betteridge K, Leibo S (1999). Co-culture 
conditions and partial zona dissection affect hatching rates of 
thawed bovine blastocysts produced in vitro. Theriogenology, 
39: 263. https://doi.org/10.1016/0093-691X(93)90118-O

Luo Y, Che MJ, Liu C, Liu HG, Fu XW, Hou YP (2018). Toxicity 
and related mechanisms of dihydroartemisinin on porcine 
oocyte maturation in vitro. Toxicol. Appl. Pharmacol., 341: 
8–15. https://doi.org/10.1016/j.taap.2018.01.002

Luu VV, Namula Z, Kaedei Y, Tanihara F, Otoi T (2011). Effects 
of ovary storage time on the quality and meiotic competence 
of cat oocytes. Reprod. Fertil. Dev., 24: 205–206. https://doi.
org/10.1071/RDv24n1Ab187

Ma L, Cai L, Hu M, Wang J, Xie J, Xing Y, Shen J, Cui Y, Liu 
XJ, Liu J (2020). Coenzyme Q10 supplementation of human 
oocyte in vitro maturation reduces postmeiotic aneuploidies. 
Fertil. Steril., 114: 331–337. https://doi.org/10.1016/j.
fertnstert.2020.04.002

Macmillan K, Kastelic JP, Colazo MG (2018). Update on multiple 
ovulations in dairy cattle. Animals (Basel), 8: 62. https://doi.
org/10.3390/ani8050062

Madkour A, Bouamoud N, Kaarouch I, Louanjli N, Saadani B, 
Assou S, Aboulmaouahib S, Sefrioui O, Amzazi S, Copin 
H (2018). Follicular fluid and supernatant from cultured 
cumulus-granulosa cells improve in vitro  maturation in 
patients with polycystic ovarian syndrome. Fertil. Steril., 110: 
710–719. https://doi.org/10.1016/j.fertnstert.2018.04.038

Manafi M (2011). Artificial insemination in farm animals. Intech 
Open. https://doi.org/10.5772/713

Marin DFD, da Costa NN, Santana PPB, de Souza EB, Ohashi 
OM (2019). Importance of lipid metabolism on oocyte 
maturation and early embryo development: Can we apply 
what we know to buffalo? Anim. Reprod. Sci., 211: 106220. 
https://doi.org/10.1016/j.anireprosci.2019.106220

Martinhago CL, Vagnini C, Petersen A, Mauri R, Baruffi R, 
de Oliveira, Franco J (2010). Development of a real-time 
PCR method for rapid sexing of human preimplantation 
embryos. Reprod. Biomed. Online. 20(1): 75-82. https://doi.
org/10.1016/j.rbmo.2009.10.008

Maylinda S, Sarah OL, Busono W (2018). Role of seasons on the 
production and reproduction performance of Kacang goats 
(Kambing kacang) in North Middle Timor Regency. Ind. 
J. Anim. Res., 52: 1-5. https://doi.org/10.18805/ijar.B-668

McCreath KJ, Howcroft J, Campbell KH, Colman A, Schnieke 
AE, Kind AJ (2000). Production of gene-targeted sheep 
by nuclear transfer from cultured somatic cells. Nature, 29: 
1066-1069. https://doi.org/10.1038/35016604

Mehlmann LM, Kalinowski RR, Ross LF, Parlow AF, Hewlett 
EL, Jaffe LA (2006). Meiotic resumption in response to 
luteinizing hormone is independent of a Gi family G protein 
or calcium in the mouse oocyte. Dev. Biol., 299: 345-355. 
https://doi.org/10.1016/j.ydbio.2006.07.039

Mohammed AA (2006). Meiotic maturation and developmental 
competence of mouse oocytes reconstructed with somatic 
nuclei. Biotechnology 2006, Scientific Pedagogical 
Publishing, Č. Budějovice, Czech Republic ISBN 8085645 
– 53 – X, pp. 1117-1120.

Mohammed AA (2008). Contributions of cumulus cells on 
timing of mouse oocytes maturation and developmental 
competence. Assiut. J. Agric. Sci., 39: 43-50.

Mohammed AA (2009a). Developmental potential of zona-free 
and zona-drilled and reconstituted mouse oocytes upon 
activation/fertilization. Assiut. Vet. Med. J., 55: 285-295. 
https://doi.org/10.21608/avmj.2009.174225

Mohammed AA (2009b). Developmental competence of 
immature cytoplasts upon somatic nuclear transfer before/
after maturation. Assiut. J. Agric. Sci., 40: 27-34.

Mohammed AA (2011). Anesthesia induction and reproductive 
performance in relation to diazepam and xylazine injection 
in mice. Egypt. J. Basic Appl. Physiol., 11: 1-10.

Mohammed AA (2014a). Is nucleo-cytoplasmic incompatibility 
the reason of acceleration polar body extrusion? Int. J. Curr. 
Eng. Technol., 4 (1): 287-291.

Mohammed AA (2014b). Maturation and developmental 
competence of selectively enucleated germinal vesicle 
oocytes of mammals upon nuclear transfer. Int. J. Curr. Eng. 
Technol., 4(1): 292-299.

Mohammed AA (2019). Nigella sativa oil improves physiological 
parameters, oocyte quality after ovarian transplantation, 
and reproductive performance of female mice. Pak. J. 
Zool., 51(6): 2225-2231. https://doi.org/10.17582/journal.

https://doi.org/10.1006/cryo.1995.1006
https://doi.org/10.1016/0093-691X(94)90483-Y
https://doi.org/10.1016/0093-691X(94)90483-Y
https://doi.org/10.1095/biolreprod53.4.855
https://doi.org/10.1095/biolreprod53.4.855
https://doi.org/10.1186/s12958-016-0225-2
https://doi.org/10.1186/s12958-016-0225-2
https://doi.org/10.1530/rep.1.00772
https://doi.org/10.1186/s40104-019-0390-1
https://doi.org/10.1186/s40104-019-0390-1
https://doi.org/10.5713/ajas.2000.587
https://doi.org/10.1016/j.theriogenology.2017.09.015
https://doi.org/10.1016/j.theriogenology.2017.09.015
https://doi.org/10.1016/j.theriogenology.2022.02.007
https://doi.org/10.1002/jemt.20349
https://doi.org/10.1002/jemt.20349
https://doi.org/10.1016/0093-691X(93)90118-O
https://doi.org/10.1016/j.taap.2018.01.002
https://doi.org/10.1071/RDv24n1Ab187
https://doi.org/10.1071/RDv24n1Ab187
https://doi.org/10.1016/j.fertnstert.2020.04.002
https://doi.org/10.1016/j.fertnstert.2020.04.002
https://doi.org/10.3390/ani8050062
https://doi.org/10.3390/ani8050062
https://doi.org/10.1016/j.fertnstert.2018.04.038
https://doi.org/10.5772/713
https://doi.org/10.1016/j.anireprosci.2019.106220
https://doi.org/10.1016/j.rbmo.2009.10.008
https://doi.org/10.1016/j.rbmo.2009.10.008
https://doi.org/10.18805/ijar.B-668
https://doi.org/10.1038/35016604
https://doi.org/10.1016/j.ydbio.2006.07.039
https://doi.org/10.21608/avmj.2009.174225
https://doi.org/10.17582/journal.pjz/2019.51.6.2225.2231


Advances in Animal and Veterinary Sciences

February 2023 | Volume 11 | Issue 2 | Page 261

pjz/2019.51.6.2225.2231
Mohammed AA, Farghaly MM (2018). Effect of Nigella sativa 

seeds dietary supplementation on oocyte maturation and 
embryo development in mice. Egypt. J. Anim. Prod., 55(3): 
195-201. https://doi.org/10.21608/ejap.2018.93241

Mohammed AA, Abd El-Hafiz GA, Ziyadah HMS (2012a). 
Effect of dietary urea on ovarian structures in Saidi ewes 
during follicular and luteal phases. Egypt. J. Anim. Prod., 
49(1): 29-35. https://doi.org/10.21608/ejap.2012.94345

Mohammed AA, Abdelnabi MA, Modlinski JA (2012b). 
Evaluation of anesthesia and reproductive performance 
upon diazepam and xylazine injection in rats. Anim. Sci. 
Pap. Rep., 30: 285-292.

Mohammed AA, Al-Mufarji A, Alawaid S (2022). Developmental 
potential of ovarian follicles in mammals: Involvement in 
assisted reproductive techniques. Pak. J. Zool., 54(6): 1-11. 
https://doi.org/10.17582/journal.pjz/20220128140127

Mohammed AA, Al-Hozab A (2016). Preselection of off spring 
sex at the time of conception in mammals. Aust. J. Basic 
Appl. Sci., 10: 17-23.

Mohammed AA, Al-Hozab AA (2020). + (-) catechin raises 
body temperature, changes blood parameters, improves 
oocyte quality and reproductive performance of female mice. 
Ind. J. Anim. Res., 54: 543–548. https://doi.org/10.18805/
ijar.B-981

Mohammed AA, Al-Suwaiegh S, Al-Shaheen T (2019b). 
Effects of follicular fluid components on oocyte maturation 
and embryo development in vivo and in vitro. Adv. Anim. 
Vet. Sci., 7(5): 346-355. https://doi.org/10.17582/journal.
aavs/2019/7.5.346.355

Mohammed AA, Al-Suwaiegh S, Al-Shaheen T (2020). 
Changes of follicular fluid composition during estrous cycle, 
The effects on oocyte maturation and embryo development 
in vitro. Indian J. Anim. Res., 54(7): 797-804. https://doi.
org/10.17582/journal.aavs/2019/7.5.346.355

Mohammed AA, Attaai AH (2011). Effects of dietary urea 
on timing of embryo cleavages and blood components in 
mice. Vet. World, 4(8): 360-363. https://doi.org/10.5455/
vetworld.2011.360-363

Mohammed AA, Karasiewicz J, Modlinski JA (2008). 
Developmental potential of selectively enucleated immature 
mouse oocytes upon nuclear transfer. Mol. Reprod. Dev., 
75(8): 1269-1280. https://doi.org/10.1002/mrd.20870

Mohammed AA, Karasiewicz J, Papis K, Modlinski JA (2005). 
Oocyte maturation in the presence of randomly pooled 
follicular fluid increases bovine blastocyst yield in vitro. 
J. Anim. Feed Sci., 14: 501. https://doi.org/10.22358/
jafs/67048/2005

Mohammed AA, Sayed MAA, Abdelnabi M (2011). A new 
protocol of anesthesia using thiopental, diazepam and 
xylazine in white New Zealand rabbits. Aust. J. Basic Appl. 
Sci., 5: 1296-1300.

Mohammed AA, Al-Suwaiegh S, Al-Shaheen T (2019a). Do 
the cytoplast and nuclear material of germinal vesicle oocyte 
support developmental competence upon reconstruction 
with embryonic/ somatic nucleus. Cell. Reprogram., 21(4): 
163-170. https://doi.org/10.1089/cell.2019.0032

Mohammed AA, Karasiewicz J, Kubacka J, Greda P, Modlinski 
JA (2010). Enucleated GV oocytes as recipients of 
embryonic nuclei in the G1, S, or G2 stages of the cell cycle. 
Cell. Reprogram., 12(4): 427-435. https://doi.org/10.1089/
cell.2009.0107

Moulavi F, Hosseini SM (2019). Effect of macromolecule 

supplement on nuclear and cytoplasmic maturation, 
cryosurvival and in vitro embryo development of dromedary 
camel oocytes. Theriogenology, 132: 62–71. https://doi.
org/10.1016/j.theriogenology.2019.03.027

Neto AS, Sanches BV, Binelli M, Seneda MM, Perri SH, Garcia 
JF (2005). Improvement in embryo recovery using double 
uterine flushing. Theriogenology, 63: 1249-1255. https://
doi.org/10.1016/j.theriogenology.2004.03.022

Nicacio AC, Simões R, de Paula-Lopes FF, de Barros FR, 
Peres MA, Assumpção ME, Visintin JA (2012). Effects of 
different cryopreservation methods on post-thaw culture 
conditions of in vitro produced bovine embryos. Zygote, 20: 
117-122. https://doi.org/10.1017/S0967199410000717

Nieman H, Rath D (2001). Progress in reproductive 
biotechnology in swine. Theriogenology, 56: 1291–1304. 
https://doi.org/10.1016/S0093-691X(01)00630-6

Oberlender G, Murgas LDS, Zangeronimo MG, da Silva 
AC, de Alcantara Menezes T, Pontelo TP, Vieira LA 
(2013). Role of insulin-like growth factor-I and follicular 
fluid from ovarian follicles with different diameters on 
porcine oocyte maturation and fertilization in vitro. 
Theriogenology, 80: 319–327. https://doi.org/10.1016/j.
theriogenology.2013.04.018

Oktay KH, Yih M (2002). Preliminary experience with 
orthotopic and heterotopic transplantation of ovarian 
cortical strips. Sem. Reprod. Med., 20: 63–74. https://doi.
org/10.1055/s-2002-23520

Palma GA, Olivier NS, Neumüller C, Sinowatz F (2008). Effects 
of sex-sorted spermatozoa on the efficiency of in vitro  
fertilization and ultrastructure of in vitro  produced bovine 
blastocysts. Anat. Histol. Embryol., 37(1): 67-73.

Piedrahita JA, Mir B, Dindot S, Walker S (2004). Somatic cell 
cloning: The ultimate form of nuclear reprogramming. J. Am. 
Soc. Nephrol., 15: 1140–1144. https://doi.org/10.1097/01.
ASN.0000110183.87476.05

Polanski Z, Hoffmann S, Tsurumi C (2005). Oocyte nucleus 
controls progression through meiotic maturation. Dev. Biol., 
281: 184-195. https://doi.org/10.1016/j.ydbio.2005.02.024

Raj MP, Naidu GV, Srinivas M, Raghunath M, Rao KA (2018). 
Effect of preovulatory follicle on fertility in Graded murrah 
buffaloes (Bubalus bubalis). Ind. J. Anim. Res., 52: 834–838. 
https://doi.org/10.18805/ijar.B-3302

Residiwati G, Azari-Dolatabad N, Tuska HSA, Sidi S, van 
Damme P, Benedetti C, Montoro AF, Luceno NL, Pavani 
KC, Opsomer G (2021). Effect of lycopene supplementation 
to bovine oocytes exposed to heat shock during in vitro 
maturation. Theriogenology, 173: 48–55. https://doi.
org/10.1016/j.theriogenology.2021.07.014

Robl JM, Kasinathan P, Sullivan E, Kuroiwa Y, Tomizuka 
K, Ishida I (2003). Artificial chromosome vectors and 
expression of complex proteins in transgenic animals. 
Theriogenology, 59(1): 107-113. https://doi.org/10.1016/
S0093-691X(02)01262-1

Sallem A, Denizot AL, Ziyyat A, L’Hostis A, Favier S, Burlet 
P, Lapierre JM, Dimby SF, Patrat C, Sifer C (2022). A 
fertilin-derived peptide improves in vitro maturation and 
ploidy of human oocytes. F and S Sci., 3: 21–28. https://doi.
org/10.1016/j.xfss.2021.10.004

Sánchez-Ajofrín I, Iniesta-Cuerda M, Sánchez-Calabuig MJ, 
Peris-Frau P, Martín-Maestro A, Ortiz JA, del Rocío 
Fernández-Santos M, Garde JJ, Gutiérrez-Adán A, Soler AJ 
(2020). Oxygen tension during in vitro  oocyte maturation 
and fertilization affects embryo quality in sheep and deer. 

https://doi.org/10.17582/journal.pjz/2019.51.6.2225.2231
https://doi.org/10.21608/ejap.2018.93241
https://doi.org/10.21608/ejap.2012.94345
https://doi.org/10.17582/journal.pjz/20220128140127
https://doi.org/10.18805/ijar.B-981
https://doi.org/10.18805/ijar.B-981
https://doi.org/10.17582/journal.aavs/2019/7.5.346.355
https://doi.org/10.17582/journal.aavs/2019/7.5.346.355
https://doi.org/10.17582/journal.aavs/2019/7.5.346.355
https://doi.org/10.17582/journal.aavs/2019/7.5.346.355
https://doi.org/10.5455/vetworld.2011.360-363
https://doi.org/10.5455/vetworld.2011.360-363
https://doi.org/10.1002/mrd.20870
https://doi.org/10.22358/jafs/67048/2005
https://doi.org/10.22358/jafs/67048/2005
https://doi.org/10.1089/cell.2019.0032
https://doi.org/10.1089/cell.2009.0107
https://doi.org/10.1089/cell.2009.0107
https://doi.org/10.1016/j.theriogenology.2019.03.027
https://doi.org/10.1016/j.theriogenology.2019.03.027
https://doi.org/10.1016/j.theriogenology.2004.03.022
https://doi.org/10.1016/j.theriogenology.2004.03.022
https://doi.org/10.1017/S0967199410000717
https://doi.org/10.1016/S0093-691X(01)00630-6
https://doi.org/10.1016/j.theriogenology.2013.04.018
https://doi.org/10.1016/j.theriogenology.2013.04.018
https://doi.org/10.1055/s-2002-23520
https://doi.org/10.1055/s-2002-23520
https://doi.org/10.1097/01.ASN.0000110183.87476.05
https://doi.org/10.1097/01.ASN.0000110183.87476.05
https://doi.org/10.1016/j.ydbio.2005.02.024
https://doi.org/10.18805/ijar.B-3302
https://doi.org/10.1016/j.theriogenology.2021.07.014
https://doi.org/10.1016/j.theriogenology.2021.07.014
https://doi.org/10.1016/S0093-691X(02)01262-1
https://doi.org/10.1016/S0093-691X(02)01262-1
https://doi.org/10.1016/j.xfss.2021.10.004
https://doi.org/10.1016/j.xfss.2021.10.004


Advances in Animal and Veterinary Sciences

February 2023 | Volume 11 | Issue 2 | Page 262

Anim. Reprod. Sci., 213: 106279. https://doi.org/10.1016/j.
anireprosci.2020.106279

Seidel Jr, GE, Seidel SM (1991). Training manual for embryo 
transfer in cattle. Food and agriculture organization of the 
United Nations, Rome, © FAO 1991. 

Senosy W, Kassab AY, Mohammed AA (2017). Effects of feeding 
green microalgae on ovarian activity, reproductive hormones 
and metabolic parameters of Boer goats in arid subtropics. 
Theriogenology, 96: 16–22. https://doi.org/10.1016/j.
theriogenology.2017.03.019

Senosy W, Kassab AY, Hamdon HA, Mohammed AA 
(2018). Influence of organic phosphorus on reproductive 
performance and metabolic profiles of anoestrous Farafra 
ewes in subtropics at the end of breeding season. Reprod. 
Domest. Anim., 53: 904–913. https://doi.org/10.1111/
rda.13183

Shabankareh HK, Azimi G, Torki M (2014). Developmental 
competence of bovine oocytes selected based on follicle 
size and using the brilliant cresyl blue (BCB) test. Iran. J. 
Reprod. Med., 12: 771.

Sinclair KD, Lunn LA, Kwong WY, Wonnacott K, Linforth RST, 
Craigon J (2008). Amino acid and fatty acid composition of 
follicular fluid as predictors of in-vitro embryo development. 
Reprod. Biomed. Online, 16: 859–868. https://doi.
org/10.1016/S1472-6483(10)60153-8

Spacek SG, Carnevale EM (2018). Impact of equine and bovine 
oocyte maturation in follicular fluid from young and old 
mares on embryo production in vitro. J. Equine Vet. Sci., 68: 
94–100. https://doi.org/10.1016/j.jevs.2018.04.009

Suresh A, Shukla MK, Kumar D, Shrivastava OP, Verma N 
(2021). Simulated physiological oocyte maturation (SPOM) 
improves developmental competence of in vitro produced 
goat embryos. Theriogenology, 172: 193–199. https://doi.
org/10.1016/j.theriogenology.2021.06.003

Taylor TH, Gilchrist JW, Hallowell SV, Hanshew KK, Orris JJ, 
Glassner MJ, Wininger JD (2010). The effects of different 
laser pulse lengths on the embryo biopsy procedure and 
embryo development to the blastocyst stage. J. Assist. 
Reprod. Genet., 27(11): 663-667. https://doi.org/10.1007/
s10815-010-9461-0

Tian H, Qi Q, Yan F, Wang C, Hou F, Ren W, Zhang L, Hou 
J (2021). Enhancing the developmental competence of 
prepubertal lamb oocytes by supplementing the in vitro 
maturation medium with sericin and the fibroblast growth 
factor 2-leukemia inhibitory factor-insulin-like growth 
factor 1 combination. Theriogenology, 159: 13–19. https://
doi.org/10.1016/j.theriogenology.2020.10.019

Tibary A, Anouassi A, Khatir H (2005). Update on reproductive 
biotechnologies in small ruminants and camelids. 
Theriogenology, 64: 618–638. https://doi.org/10.1016/j.
theriogenology.2005.05.016

Ugur MR, Saber Abdelrahman A, Evans HC, Gilmore AA, 
Hitit M, Arifiantini RI, Purwantara B, Kaya A, Memili E 
(2019). Advances in cryopreservation of bull sperm. Front. 
Vet. Sci., 6: 268. https://doi.org/10.3389/fvets.2019.00268

Van Heyman Y (2005). Nuclear transfer: A new tool for 
reproductive biotechnology in cattle. Reprod. Nutr. Dev., 45: 
353–361. https://doi.org/10.1051/rnd:2005026

Varago FC, Moutacas VS, Carvalho BC, Serapião RV, Vieira F, 
Chiarini-Garcia H, Brandão FZ, Camargo LS, Henry M, 
Lagares MA (2014). Comparison of conventional freezing 
and vitrification with dimethylformamide and ethylene 
glycol for cryopreservation of ovine embryos. Reprod. 

Domest. Anim., 49(5): 839-844. https://doi.org/10.1111/
rda.12376

Volpes A, Sammartano F, Rizzari S, Gullo S, Marino A, Allegra 
A (2016). The pellet swim-up is the best technique for sperm 
preparation during in vitro  fertilization procedures. J. Assist. 
Reprod. Genet., 33: 765-770. https://doi.org/10.1007/
s10815-016-0696-2

Waberski D (2018). Artificial insemination in domestic and 
wild animal species. In: Niemann, H., Wrenzycki, C. (eds) 
Animal Biotechnology 1. Springer, Cham., https://doi.
org/10.1007/978-3-319-92327-7_3

Wang Y, Xing CH, Chen S, Sun SC (2022). Zearalenone 
exposure impairs organelle function during porcine oocyte 
meiotic maturation. Theriogenology, 177: 22–28. https://
doi.org/10.1016/j.theriogenology.2021.10.008

Wani NA, Hong S, Vettical BS (2018). Cytoplast source 
influences development of somatic cell nuclear transfer 
(SCNT) embryos in vitro  but not their development to 
term after transfer to synchronized recipients in dromedary 
camels (Camelus dromedarius). Theriogenology, 118: 137–
143. https://doi.org/10.1016/j.theriogenology.2018.05.021

Wani NA, Hong SB (2020). Effect of roscovitine pretreatment 
on in vitro  maturation of oocytes and their subsequent 
developmental after chemical activation in dromedary 
camel (Camelus dromedarius). Theriogenology, 157: 176–180. 
https://doi.org/10.1016/j.theriogenology.2020.07.025

Wani NA, Hong SB (2018). Source, treatment and type of nuclear 
donor cells influences in vitro  and in vivo development of 
embryos cloned by somatic cell nuclear transfer in camel 
(Camelus dromedarius). Theriogenology, 106: 186–191. 
https://doi.org/10.1016/j.theriogenology.2017.10.010

Wani NA, Skidmore JA (2010). Ultrasonographic-guided 
retrieval of cumulus oocyte complexes after super-
stimulation in dromedary camel (Camelus dromedarius). 
Theriogenology, 74(3): 436-442. https://doi.org/10.1016/j.
theriogenology.2010.02.026

Wani NA, Wernery U, Hassan FAH, Wernery R, Skidmore JA 
(2010). Production of the first cloned camel by somatic cell 
nuclear transfer. Biol. Reprod., 82: 373–379. https://doi.
org/10.1095/biolreprod.109.081083

Wei KN, Wang XJ, Zeng ZC, Gu RT, Deng SZ, Jiang J, Xu 
CL, Li W, Wang HL (2021). Perfluorooctane sulfonate 
affects mouse oocyte maturation in vitro by promoting 
oxidative stress and apoptosis induced by mitochondrial 
dysfunction. Ecotoxicol. Environ. Saf., 225: 112807. https://
doi.org/10.1016/j.ecoenv.2021.112807

Wells DN (2003). Cloning in livestock agriculture. Reprod. 
Suppl., 61: 131–150. 

Wheeler MB, Rutledge JJ, Fischer-Brown A, VanEtten T, 
Malusky S, Beebe DJ (2006). Application of sexed semen 
technology to in vitro embryo production in cattle. 
Theriogenology, 65(1): 219-227. https://doi.org/10.1016/j.
theriogenology.2005.09.032

Wildt DE, Rall WF, Crister JK, Monfort SL, Seal US (1997). 
Genome resource banks: living collections for biodiversity 
conservation. Bioscience, 47: 689–698. https://doi.
org/10.2307/1313209

Willadsen SM (1986). Nuclear transplantation in sheep embryos. 
Nature, 320: 63-65. https://doi.org/10.1038/320063a0

Wilmut I, Schnieke AE, McWhir J, Kind AJ, Campbell KHS 
(1997). Viable offspring derived from fetal and adult 
mammalian cells. Nature, 385: 810-813. https://doi.
org/10.1038/385810a0

https://doi.org/10.1016/j.anireprosci.2020.106279
https://doi.org/10.1016/j.anireprosci.2020.106279
https://doi.org/10.1016/j.theriogenology.2017.03.019
https://doi.org/10.1016/j.theriogenology.2017.03.019
https://doi.org/10.1111/rda.13183
https://doi.org/10.1111/rda.13183
https://doi.org/10.1016/S1472-6483(10)60153-8
https://doi.org/10.1016/S1472-6483(10)60153-8
https://doi.org/10.1016/j.jevs.2018.04.009
https://doi.org/10.1016/j.theriogenology.2021.06.003
https://doi.org/10.1016/j.theriogenology.2021.06.003
https://doi.org/10.1007/s10815-010-9461-0
https://doi.org/10.1007/s10815-010-9461-0
https://doi.org/10.1016/j.theriogenology.2020.10.019
https://doi.org/10.1016/j.theriogenology.2020.10.019
https://doi.org/10.1016/j.theriogenology.2005.05.016
https://doi.org/10.1016/j.theriogenology.2005.05.016
https://doi.org/10.3389/fvets.2019.00268
https://doi.org/10.1051/rnd:2005026
https://doi.org/10.1111/rda.12376
https://doi.org/10.1111/rda.12376
https://doi.org/10.1007/s10815-016-0696-2
https://doi.org/10.1007/s10815-016-0696-2
https://doi.org/10.1007/978-3-319-92327-7_3
https://doi.org/10.1007/978-3-319-92327-7_3
https://doi.org/10.1016/j.theriogenology.2021.10.008
https://doi.org/10.1016/j.theriogenology.2021.10.008
https://doi.org/10.1016/j.theriogenology.2018.05.021
https://doi.org/10.1016/j.theriogenology.2020.07.025
https://doi.org/10.1016/j.theriogenology.2017.10.010
https://doi.org/10.1016/j.theriogenology.2010.02.026
https://doi.org/10.1016/j.theriogenology.2010.02.026
https://doi.org/10.1095/biolreprod.109.081083
https://doi.org/10.1095/biolreprod.109.081083
https://doi.org/10.1016/j.ecoenv.2021.112807
https://doi.org/10.1016/j.ecoenv.2021.112807
https://doi.org/10.1016/j.theriogenology.2005.09.032
https://doi.org/10.1016/j.theriogenology.2005.09.032
https://doi.org/10.2307/1313209
https://doi.org/10.2307/1313209
https://doi.org/10.1038/320063a0
https://doi.org/10.1038/385810a0
https://doi.org/10.1038/385810a0


Advances in Animal and Veterinary Sciences

February 2023 | Volume 11 | Issue 2 | Page 263

Wolf DP, Meng L, Ely JJ, Stouffer RL (2001). Recent progress in 
mammalian cloning. J. Assist. Reprod. Genet., 15: 235–239. 
https://doi.org/10.1023/A:1022575923493

Yang CX, Kou ZH, Wang K, Jiang Y, Mao WW, Sun QY, 
Sheng HZ, Chen DY (2004). Quantitative analysis of 
mitochondrial DNAs in macaque embryos reprogrammed 
by rabbit oocytes. Reproduction, 127: 201–205. https://doi.
org/10.1530/rep.1.00088

Yoshimura Y, Nakamura Y, Yamada H, Nanno T, Ubukata 
Y, Ando M, Suzuki M (1991). Gonadotropin-releasing 
hormone agonists induce meiotic maturation and 
degeneration of oocytes in the in vitro perfused rabbit ovary. 
Fertil. Steril., 55: 177–183. https://doi.org/10.1016/S0015-
0282(16)54079-5

Zabihi A, Shabankareh HK, Hajarian H, Foroutanifar S (2021). In 
vitro maturation medium supplementation with resveratrol 
improves cumulus cell expansion and developmental 
competence of Sanjabi sheep oocytes. Livest. Sci., 243: 
104378. https://doi.org/10.1016/j.livsci.2020.104378

Zhang T, Fan X, Li R, Zhang C, Zhang J (2018). Effects 

of pre-incubation with C-type natriuretic peptide 
on nuclear maturation, mitochondrial behavior, 
and developmental competence of sheep oocytes. 
Biochem. Biophys. Res. Commun., 497: 200–206. https://
doi.org/10.1016/j.bbrc.2018.02.054

Zhao L, Sun L, Zheng X, Liu J, Zheng R, Yang R, Wang 
Y (2019a). Alterations in complement and coagulation 
pathways of human placentae subjected to in vitro 
fertilization and embryo transfer in the first trimester. 
Medicine (Baltimore), 98: e17031. https://doi.org/10.1097/
MD.0000000000017031

Zhao X, Du F, Liu X, Ruan Q, Wu Z, Lei C, Deng Y, Luo 
C, Jiang J, Shi D (2019b). Brain-derived neurotrophic 
factor (BDNF) is expressed in buffalo (Bubalus bubalis) 
ovarian follicles and promotes oocyte maturation and 
early embryonic development. Theriogenology, 130: 79–88. 
https://doi.org/10.1016/j.theriogenology.2019.02.020

Zoheir KM, Allam AA (2010). A rapid method for sexing 
the bovine embryo. Anim. Reprod. Sci., 119(1-2): 92-96. 
https://doi.org/10.1016/j.anireprosci.2009.12.013

https://doi.org/10.1023/A:1022575923493
https://doi.org/10.1530/rep.1.00088
https://doi.org/10.1530/rep.1.00088
https://doi.org/10.1016/S0015-0282(16)54079-5
https://doi.org/10.1016/S0015-0282(16)54079-5
https://doi.org/10.1016/j.livsci.2020.104378
https://doi.org/10.1016/j.bbrc.2018.02.054
https://doi.org/10.1016/j.bbrc.2018.02.054
https://doi.org/10.1097/MD.0000000000017031
https://doi.org/10.1097/MD.0000000000017031
https://doi.org/10.1016/j.theriogenology.2019.02.020
https://doi.org/10.1016/j.anireprosci.2009.12.013

