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Abstract

There is intensive application of biotechnology in the field of animal breeding. For instance, artificial insemination from elite males is
applied worldwide as the main tool for genetic improvement of productive traits (milk and meat production) several decades ago. In addition,
embryo production both in vivo and in vitro from selected females is an effective tool to accelerate genetic gain of preferable livestock
economic traits. These tools are among the assisted reproductive techniques that have been applied to improve reproductive efficiency
and outcomes of human as well as farm animal species. In vitro manipulation of gametes and embryos required optimized condition that
mimics in vivo culture of female reproductive tract. Recently, nanotechnology was introduced to provide chemicals at nanoscale size that
have high a wide range of biological activities and beneficial biomedical applications. Indeed, several nanoparticles have antioxidant effect
that could be beneficial in reducing or preventing oxidative stress during in vitro manipulation of mammalian cells, gametes and embryos.
Therefore, the supplementation of nanoparticles could be useful during in vitro culture of cells and embryos. Moreover, cryopreservation
of oocytes, sperm and embryos can be improved by supplementing nano protectants to freezing medium. Recent studies have evaluated
the supplementation of several nanoparticles among them zinc and selenium. However, there is still limitation for supplementation of
some nano chemicals due to of cytotoxic effect. The current application and future prospects of nanomaterials is the focus of this review.
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METHODOLOGY

Nanotechnology is used to manipulate materials at nanoscale size
approximately 1-100 nanometer (nm), which improve its reactivity
and solubility. The size and structure of NPs makes it easier to be
integrated into a number of biomedical application. The nanoparticles
(NPs) have become very attractive for their applications in the fields
of food, agricultural production, human health, disease control,
veterinary medicine, food and feed science.
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BACKGROUND

The research focused on the application of nanoparticles in
animal fertility improvement is still limited. For example, an early
study has indicated that Zn and is crucial for development and
spermatogenesis activity of testis [1-3]. Recently, Jahanbin, et al. [4]
have indicated that plasma membrane integrity and live spermatozoa
with active mitochondria was increased in bull semen treated
with Zn nanoparticles compared to untreated group. Moreover,
the profile of Malondialdehyde (MDA) was lower in buck semen
supplemented with Zn nanoparticles. On the other hand, progressive
motility, sperm total motility, sperm viability, fragmentation of
DNA, conception and pregnancy rate of cows inseminated with
treated semen were similar in Zn nanoparticles and control groups
[4]. Additionally, application of Zn nanoparticles during in vitro
maturation has enhanced preimplantation embryo development;
however, supplementation of Zn nanoparticles during fertilization
step has no effect on development of bovine embryos [4]. This study
highlight the importance on clarifying the mode of action of nano
form biological particles on embryo development

APPLICATION OFNANOPARTICLES DURING
PRE IMPLANTATION DEVELOPMENT

The production of Reactive Oxygen Species (ROS) during in vitro
culture of animal cells and embryos could exceeded their endogenous
antioxidant capacity; which cause oxidative stress that finally lead to
cell death [5]. The antioxidant effect of some nanoparticles support
the idea of their beneficial use as culture supplement during in vitro
manipulation of mammalian cells. For example, administration
of cerium dioxide nanoparticles into male rats for 10 days reduced
blood lipid peroxidation and elevated superoxide dismutase and
catalase activity that subsequently enhanced semen morphological
parameters such as sperm count, viability, motility [6]. Indeed,
nanoparticles have small size ranged from 1 to100 nm that applied
widely in a variety of biological as well as industry fields. In general,
nanoparticles can be classified into four groups: metals, natural
compounds, nanostructured materials and polymers [7]. Our research
group have reported an increase in bovine blastocyst development
rate when Zn nanoparticles was supplemented to maturation
medium at concentration of 10-6 M [8]. The positive impact of Zn
nanoparticles could be due to increased bioavailability of this metal
that be able to enhance the activity of antioxidant enzymatic system
in cumulus-oocyte complexes that support embryo cleavage [9].
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Another study has indicated a higher rate of embryo cleavage and
blastocyst formation and reduction in blastocyst apoptotic cells that
was linked with decreased level of ROS bovine oocytes supplemented
with nanoencapsulated melatonin during in vitro maturation [10].
The supplementation of antioxidants in organic form could be
useful for preimplantation development however; the efficiency and
bioavailability will be affected with in vitro condition, which gives the
supplementation of nanoparticles a priority to be tested as antioxidant
[11]. Noteworthy, the way by which nanoparticles is delivered to
animal cell culture have a profound effect on cellular response [12].

APPLICATION OFNANOPARTICLES DURING
CRYOPRESERVATION

Cryopreservation of sperm collected from genetically selected bulls
is a prerequisite for worldwide application of Artificial Insemination
(AI) in cattle breeding [13]. While, cryopreservation of oocyte is a key
process in propagating the genetic merit of female farm animals with
desired economic traits and conservation of local endangered species.
The routine procedure of assisted reproduction in human require
freezing of sperms, oocytes, embryos and ovarian tissue. Mammalian
gameteshaveahigh contentoflipidseitherin theirmembranesorinthe
cytoplasm. Spermatozoa have high lipid content in their membranes
in a form of polyunsaturated fatty acids that reduced membrane
integrity and viability when oxidized with ROS [14-20]. Indeed, the
high cytoplasmic lipid content of oocytes could be target of oxidative
stress induced by ROS, which compromised early preimplantation
development under in vitro environment [17-19]. Therefore, several
research groups have recommended supplementation of antioxidant
during cryopreservation of spermatozoa of bull [13], ram [20], boar
[21] and human [22]. Antioxidant supplementation after freezing
and thawing process has restored the developmental competence
of mice COCs [23]. While, addition of antioxidants in freezing
medium has improved quality and of vitrified mice embryos [24]
Viability of mammalian gametes after freezing can be improved by
supplementation of Nano protectants in cryopreservation medium.
Used to dilute sperm, extenders are buffering agents and provide
sperm with nutrients required for prolonged storage. Nanoparticles
could contain antibiotics that inhibit microbial growth and enhance
their viability after freezing of boar sperm [25] addition of selenium
nanoparticles at concentration of 1.0 pg/ml has enhanced the post-
thaw physical, biochemical quality and in vivo fertilizing capacity of
cryopreserved bull semen [26]. On contrast, there was a reduction
of human sperm motility when mixed with gold nanoparticles [27].

CONCLUSION

Research done in the application of nanoparticles on assisted
reproduction is still in the early phase of practice. However,
several studies have indicated the beneficial and side effects of
nanoparticle application on assisted reproductive techniques of
different mammalian species. This make the research in this area
of great interest to optimize the size, concentration and the way of
supplementation.
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