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Change in energy metabolism of in vitro produced embryos: an
alternative to make them more cryoresistant?
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Alteracao no metabolismo energético de embrioes produzidos in
vitro: uma alternativa para torna-los mais criotolerantes?
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Abstract

For the development of in vitro produced (IVP) as well as in vivo produced bovine embryos, it is
extremely important that their energy metabolism works properly because the embryo must be able
to metabolize energy substrates that are necessary for producing energy. Lipids play an important role
in early embryonic development, acting as source of energy for oocytes and embryos. However, it is
known that oocytes and embryos, mainly IVP, accumulate large amounts of lipids in the cytoplasm.
Although they are extremely important in embryonic development, lipids have been associated with
the reduced survival of bovine embryos following cryopreservation. There is evidence that at least
four different categories of lipids affect embryo survival after cryopreservation, including triglycerides
(TAG), free fatty acids, cholesterol and phospholipids. Thus, many studies are being conducted to
improve the resistance of [VP embryos to the cryopreservation process by reducing the concentration or
removing the source of serum from the medium or by reducing oocyte/embryo lipids using mechanical
or chemical means. Regarding the use of delipidating agents that reduce the uptake and synthesis of
fatty acids (FA) by cells, substances such as phenazine ethosulfate (PES), forskolin, L-carnitine and
isomers of conjugated linoleic acid (CLA) have been utilized. This review aims to address important
issues related to embryonic energy metabolism, the importance of lipid metabolism and its relation to
the cryopreservation of IVP bovine embryos by summarizing the latest research in this field.
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Resumo

Para o desenvolvimento de embrides bovinos produzidos in vitro (PIV) e in vivo, é extremamente
importante que o metabolismo energético funcione de maneira adequada, pois o embrido precisa ser
capaz de metabolizar os substratos energéticos necessarios para a produgdo de energia. Os lipidios
desempenham papel importante no desenvolvimento embrionario inicial, atuando como fonte de energia
para odcitos e embrides. Entretanto, sabe-se que odcitos e embrides bovinos, principalmente os PIV,
acumulam grande quantidade de lipidios no citoplasma. Apesar de serem extremamente importantes
no desenvolvimento embrionario, os lipidios tém sido associados com a reduzida sobrevivéncia apds a
criopreservacdo de embrides bovinos. Existem evidéncias de que pelo menos quatro classes de lipidios
afetam a sobrevivéncia embrionaria pos-criopreservagao, sendo os triglicerideos (TAG), acidos graxos
livres, colesterol e os fosfolipidios. Sendo assim, varios estudos estdo sendo realizados com o intuito
de melhorar a resisténcia dos embrides PIV ao processo de criopreservagao, realizando a redugdo ou
retirada do soro do meio ou a redug@o mecanica ou quimica de lipidios. Com relagdo ao uso de agentes
delipidantes que diminuam a captagdo e sintese de acidos graxos (AG) pelas células, substancias como
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fenazina etossulfato (PES), forskolin, L-carnitina e isomeros do acido linoleico conjugado (CLA) tem
sido utilizadas. O objetivo desta revisdo foi abordar aspectos importantes relacionados ao metabolismo
energético embrionario, a importancia dos lipidios no metabolismo e sua relagdo com a criopreservagao
de embrides bovinos PIV sumarizando os estudos mais recentes nessa area.

Palavras-chave: Criopreservagdo. Embrides bovinos. Lipidios. Metabolismo energético.

Introduction

For the development of in vitro produced (IVP)
and in vivo produced bovine embryos, it is extremely
important that their energy metabolism functions
properly so that they can metabolize the energy
substrates necessary for the energy production that
is required for their development (NELSON; COX,
2011).

However, there are differences between the
metabolisms of [VP embryos and embryos produced
in vivo that directly affect the response of these
embryos when submitted to the cryopreservation
process. IVP embryos accumulate large numbers
of lipid droplets within their blastomeres, mainly
from fetal calf serum (FCS) in the culture media,
making these embryos more sensitive to the
cryopreservation process (BARCELO-FIMBRES;
SEIDEL JUNIOR, 2007; SUDANO et al., 2012).

Therefore, strategies to these

problems that seek better and more stable results

overcome

regarding the cryopreservation of IVP embryos
have been proposed, focusing mainly on two areas.
The first refers to changes in cryopreservation
methods, such as changes in the concentration
and type of cryoprotectant, and changes in cooling
times and temperatures. The other refers to the
induction of modifications in embryo cells so that
they become more cryotolerant, such as changes in
culture conditions to minimize high lipid content
(PEREIRA et al., 2007, TAKAHASHI et al., 2013;
ABSALON-MEDINA et al., 2014; BATISTA et
al., 2014; LEAO et al., 2015). This review aims to
summarize the most recent studies of changes in
the cultivation system aimed at the production of
better quality embryos that are more resistant to
cryopreservation.

Embryonic energy metabolism

Energy metabolism undergoes changes during
the stages of embryonic development. In the initial
phase, the metabolism is low, and the embryos
depend on oxidative phosphorylation to generate
adenosine triphosphate (ATP). In this phase, it is
extremely important for the embryo to metabolize
its external energy reserves and substrates, as the
activation of the embryonic genome in bovines
occurs precisely in the 8-cell phase, thus acquiring
its transcription capacity (THOMPSON, 2000;
NELSON; COX, 2011).

As the embryo develops, the need for energy
increases. Thus, in the stages of compaction and
blastocele formation, metabolism is high, and the
use of glycolysis also increases. This occurs in
conjunction with an increase in protein synthesis
and ion transport system activity, mainly by Na+/
K+ pumps, which are processes involved in the
blastocele formation (LIMA; SOUZA, 2009).

The formation of ATP in the embryo, as well as
in all eukaryotic cells, occurs through glycolysis and
oxidative phosphorylation. During phosphorylation,
a “break” of substrates, including glucose, pyruvate,
amino acids and free fatty acids, which are necessary
for the formation of acetyl coenzyme A (CoA),
occurs. Therefore, if the demand for ATP increases,
consequently, substrate consumption also increases
(NELSON; COX, 2011).

Glycolysis occurs in the cytoplasm and does
not require oxygen (O,) for enzymatic metabolic
reactions. For each glucose oxidization, the reaction
results in lactate and four molecules of ATP. The
oxidative route occurs in the mitochondria and
requires oxygen. Each reaction completely oxidizes
pyruvate, producing carbon dioxide (CO,), water
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(H,0) and 32 molecules of ATP via the Krebs cycle
and oxidative phosphorylation, which is the most
important route of ATP formation, as approximately
93-96% of ATP is produced during the pre-phase —
compaction (JOSEPH MCKEEGAN, 2015).

Despite its important role in ATP production,
oxygen, as an energy substrate, can result in the
formation of reactive oxygen species (ROS). ROS
is an electron acceptor and can take electrons from
other molecules, forming free radicals (HARVEY
etal., 2002).

Between the zygote and 8-cell phases, despite
the low levels of consumption, metabolism depends
on glucose, oxygen and pyruvate, the latter substrate
being essential for the first embryonic cleavage.
Up to the 16-cell stage, glucose and pyruvate
consumption remain low, but when the compaction
phases in the morula and blastocyst stages begin,
the consumption of these substrates increases along
with oxygen consumption (SOUZA et al., 2015).

A study carried out on ovine embryos at the
8-cell stage demonstrated that the oxidation and
production of CO, and lactate was higher in IVP
embryos than those produced in vivo. Regarding
glucose production, although no difference was
observed between the concentrations found, CO,
and lactate production was higher in the presence of
0.56 mmol L' of glucose (AZIZI-MOGHADAM,
2012). This shows that the concentration of one
energetic substrate in vitro is dependent on the
concentration of the other.

In the blastocyst the embryo is
characterized by trophectoderm (ET)
differentiation and internal cell mass formation
(ICM). Some studies have shown that the metabolic
profile is different in these two types of cells, and
trophectoderm consumes high levels of pyruvate
and produces lactate, whereas ICM consumes
more glucose (GOPICHANDRAN; LEESE, 2003).
In human blastocysts, it was demonstrated that
oxygen consumption in ICM and ET was identical
(YAMANAKA et al., 2011). However, in rats, the

stage,
cell

ET consumed more oxygen, which produced more
ATP and presented more mitochondria than ICM.
Additionally, the amount of amino acids was also
significantly higher in ET (HOUGHTON, 2006).

In addition to the substrates already mentioned,
amino acids are also essential for embryonic
development, especially in the 8-cell and compact
morula stages, when their greatest consumption
occurs. In IVP embryos, the presence of bovine
serum albumin (BSA) in culture media results in
differences in cleavage rates, as shown by BSA
replacement of polyvinyl alcohol. Additionally,
the amino acid concentration is altered in the
presence of BSA, as BSA can cause endocytosis in
ET cells, generating lysine, leucine and glutamate,
which are directly related to appropriate embryonic
development (SOUZA et al., 2015).

Energy metabolism undergoes modifications
depending on the way the embryo is produced.
For example, it is known that in the pre- and
post-compaction stages, glucose metabolism is
abnormal in I[VP embryos because it presents excess
metabolism of this substrate through glycolysis,
inhibiting oxidative phosphorylation in these
embryos. This is due to the lack of a natural regulator
of glycolysis, which is present in embryos produced
in vivo. Therefore, the glucose metabolism in these
embryos is normal (BAVISTER, 1995; GARDNER
et al., 2000). Additionally, in IVP embryos, glucose
metabolism increases in the presence of high O,,
called aerobic glycolysis (KHURANA; NIEMANN,
2000).

Another significant metabolic change in IVP
embryos is related to higher lactate production
and increased oxidative rates than in vivo,
suggesting higher metabolic rates in vitro. Thus,
the culture conditions may induce these rates, as
in vivo embryos, when exposed to extrauterine
environments, showed an increase in glycolysis and

CO, production (LEESE, 2012).

The number of substrates present in the two
methods of embryo production also differs. For
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example, in bovine embryos produced in vivo,
less amino acid is produced than in IVP embryos
(STURMEY et al., 2010).

However, energy metabolism directly interferes
with embryonic development. Metabolic rates may
predict embryo viability in vitro, as demonstrated by
pyruvate consumption in intermediate metabolism,
which is related to embryo morphological
progression (GUERIF et al., 2013).

These changes in metabolism are attributed to
different in vitro culture conditions during oocyte
maturation and embryonic development.

Problems related to metabolism

It is worth mentioning that embryos that
metabolize large amounts of glucose compromise
their capacity for development. Glucose is oxidized
via glycolysis or via the pentoses pathway. In the
glycolytic pathway, the result of this metabolization
is ATP formation, as the ATP/adenosine diphosphate
(ADP) ratio is low, and the reduced nicotinamide
(NADPH)/nicotinamide
adenine dinucleotide phosphate ratio (NADP) is
high. During the pentose pathway, when the ATP/
ADP ratio is high and the NADPH/NADP ratio
is low, a small amount of glucose is directed to
be metabolized by this route, resulting in ribose-
5-phosphate, which is used in the synthesis of
NADPH, which acts in cell membrane synthesis
(BEITZ, 1996; NELSON; COX, 2011).

adenine  dinucleotide

In IVP embryos, excess glycolysis stimulation
may lead to an increase in the precursors of protein
and lipid synthesis, favoring the formation of
intracytoplasmic lipids together with an imbalance
in the reduction-oxidation state of these embryos,
resulting in mitochondrial function disorder, which
results in lipid accumulation (DE LA TORRE-
SANCHEZ et al.,, 2006; BARCELO-FIMBRES;
SEIDEL JUNIOR, 2007).

Mitochondrial dysfunction is defined as any
change in the mitochondria’s ability to produce

sufficient ATP to meet the requirements of a
cell. Mitochondria also generate ROS as a toxic
byproduct in response to oxidative phosphorylation.
ROS includes superoxide, hydroxide and peroxide,
which are highly reactive and can cause damage
as oxidative stress to organelles, lipids, proteins
and deoxyribonucleic acid (DNA). However, ROS
performs important cellular functions, such as in
signaling pathways, calcium regulation, apoptosis,
mitochondrial translocation, and metabolism. The
failure of any of these functions leads to some types
of cellular dysfunction (BRAND; NICHOLLS,
2011).

Another important aspect to consider is the
stress that can be caused in the environment where
the embryo develops, which can directly affect
embryonic metabolism and cause changes in the
phenotype of these embryos, resulting in abnormal
growth of the fetus (LANE; GARDNER, 2004).

The embryo’s response to stress has been
described as the “tranquil embryo theory,” which is
the normal metabolic state during early embryonic
development. A low metabolic rate is a predictor of
viability of IVP embryos and is related to blastocyst
development, which is like that observed in in vivo
embryos, which are naturally “quiet” (LEESE,
2012).

Studies on bovine embryo pre-implantation
related DNA damage to the amino acid profile
and metabolism. The results demonstrated that
the quieter the embryonic metabolism, the less
susceptible they were to damage to their genome,
transcriptome and proteome. In contrast, when the
metabolism was more pronounced, higher levels of
damage as well as greater amino acid and energy
use were observed, which was aimed at the damage
repair (BAUMANN et al., 2007).

Notably,
embryonic metabolism, and once any failure occurs,

several problems are related to
the damage to the embryos may be irreversible.
A balance must be struck between the energy
production required for embryonic development

and the speed at which that energy will be used.
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Importance of lipids in embryonic development

Lipids are broadly defined as small hydrophobic
or amphipathic molecules and their major biological
functions include their central role in energy storage,
as structural cell membrane components and as
important signaling molecules. Biological lipids
are part of a group of natural molecules, including
FA, eicosanoids, monoglycerides, diglycerides,
triglycerides, phospholipids, sphingolipids, sterols,
terpenes, prenols and fat-soluble vitamins, such as
vitamins A, D, E and K (VANCE; VANCE, 2008;
FAHY et al., 2009).

These biomolecules are involved in signal

transduction as lipid mediators, including
phosphatidylinositol, sphingolipids and eicosanoids.
Additionally, they have biological functions, such
as cell proliferation, migration, differentiation,
pinocytosis, survival and metabolic alterations (DI
PAOLO, 2006). Above all, lipids serve as signaling
molecules that contribute to key events during
embryonic development, implantation, and post-

implantation growth (BURNUM et al., 2009).

The influence of the intracellular energy reserves
generated by FA is a wide area of investigation, as
most studies on energetic metabolism in embryos
have focused on the use of other nutrients provided
in the culture medium, such as pyruvate, glucose
and amino acids (STURMEY et al., 2009).

The main class of lipids found in mammalian
cell cytoplasm are triglycerides (TAGs), which
are stored in the form of lipid droplets and play an
important role in early embryonic development,
whereby they act as a source of energy for
oocytes and embryos. The cell membrane is
composed mainly of phospholipids, including
phosphatidylcholines,  phosphatidylethanolamine
and sphingomyelins, which are functional structural
units of the membrane. The composition of these
phospholipids determines the physicochemical
properties of the membrane, including fluidity,
permeability and thermal behavior. Thus, they are
important substances for embryonic development

(FERGUSON; LEESE, 2006; STURMEY et al.,
2009; AARDEMA et al., 2011).

The literature indicates that there is a variation
in the quantity and type of TAGs that integrate the
lipids of oocytes and embryos in different species.
Additionally, the time between ovulation and
embryo implantation determines the amount of
lipids that can be stored in an embryo, as the longer
this period is, the greater the need for energy, which
consequently leads to greater lipid accumulation.
However, it is known that bovine oocytes and
embryos accumulate large amounts of lipids in the
cytoplasm (STURMEY et al., 2009), mainly in IVP
embryos, where the lipid droplet concentration
within the blastomer is high. This is attributed to in
vitro culturing with fetal calf serum (DODE et al.,
2013).

Up to the 8-cell stage of fertilization, the amount
of lipids remains stable. Up to the blastocyst stage,
the TAG levels also remain stable, with most lipid
droplets located in the ICM. Additionally, the TAG
ratio may increase from the 8-cell stage to the
hatched blastocyst stage (SUDANO et al., 2012).

Although extremely important in embryonic

development, have been associated

with
cryopreservation. There is evidence that at least

lipids
reduced survival after bovine embryo
four classes of lipids affect post-cryopreservation
embryo survival, including GAD, free fatty acids,
(SUDANO et

al., 2013). Above all, the large accumulation of

cholesterol and phospholipids
cytoplasmic droplets in bovine IVP embryos has
been associated with the use of FCS in the culture
medium, as this substance increases the lipid
content in the embryo, either by the absorption of
its lipoproteins by the embryonic cells or by the
effect of P-oxidation in the mitochondria caused
by an imbalance in the oxidation-reduction process
(PEREIRA et al.,, 2007, BARCELO-FIMBRES;
SEIDEL JUNIOR, 2007).

Lipid droplets are the sites where lipids are
stored, and in the case of bovine embryos, TAGs
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make up the bulk of the lipids present in the
cytoplasm. As required by the body, these stored
lipids are used to produce energy, as membrane
components and in lipid signaling. As the most
important pathway for ATP production occurs in the
mitochondria through the Krebs cycle and oxidative
phosphorylation, any damage to this organelle can
result in changes in overall lipid metabolism. There
is evidence that these droplets have a protective
function for cells. This has been elucidated by
the fact that amphipathic molecules, which are
abundant in FA, can compromise the integrity of
the membrane and once transformed into TAGs,
the TAGs are incorporated into the droplets, which
can become innocuous. This fact can explain the
large accumulation of lipid droplets in bovine IVP
embryos because of the use of FCS in the culture
media in vitro due to the abnormal supply of lipids
contained in the serum. Thus, lipid droplets act as
modulators of protein availability and lipid signaling
in the nucleus (SOUZA et al., 2015).

However, the problems caused by lipids in
cryopreservation are not only localized to the
cytoplasm. Recent research has highlighted the
fact that the phospholipid composition present in
the cell membrane determines its physicochemical
properties. Thus, the lipid profile of the cell
membranes has been an object of study, as an
increase in FA unsaturation results in increased
membrane fluidity, which consequently decreases
the sensitivity of IVP embryos to cryopreservation
(LEAO et al, 2015; SPRICIGO et al., 2015;
SUDANO et al., 2016).

Thus, several studies are being carried out with
the aim of improving the resistance of the IVP
embryos to the cryopreservation process, such
as modification of the in vitro culture medium,
mechanical or chemical reduction of lipids and the
use of agents that decrease uptake and synthesis of
AG by thecells(OGAWA etal.,2010; TAKAHASHI
et al., 2013; BASTISTA et al., 2014).

It is unclear what the exact FCS composition
used in [VP media is, and as embryos that grow in
the presence of this substance have a higher lipid

content than those produced in vivo, the challenge
arises to replace culture media with substances
that can maintain embryonic development, such as
FBS. Additionally, in regard to cryopreservation,
research has been carried out that evaluated the
use of substances that reduce lipid content without
jeopardizing embryonic development. However,
the extent to which this lipid reduction could impair
embryonic development, as that these substances
are essential for this development, is not yet known.

Strategies for lipid content reduction in bovine
embryos

A culture medium modification using defined or
semi-desiccated media without serum did not affect
the blastocyst yield and increased their survival post
cryopreservation (MUCCI et al., 2006; BLOCK
et al, 2010; MOMOZAWA; FUKUDA, 2011).
According to Sudano et al. (2011), only a reduction
in the FCS concentration in the culture medium is
sufficient to decrease the lipid content and increase
post-cryopreservation embryo survival.

Some studies have shown that the use of
phenazine ethosulfate (PES) in the post-compaction
period reduces lipid accumulation and increases
survival after cryopreservation in embryos. This
substance promotes the balance of energetic
metabolism, in addition to favoring enzymatic
reactions of the pentose phosphate pathway (DE
LA TORRE-SANCHEZ et al., 2006; BARCELO-
FIMBRES; SEIDEL JUNIOR, 2007; SUDANO et
al., 2011).

The use of delipidating substances in the in
vitro maturation and culture media has been widely
approached, aiming to decrease the lipid content
in oocytes and embryos. In the present study, the
use of L-carnitine and linoleic conjugated isomers
(CLA) is most commonly used in studies aimed
at improving embryo quality and, consequently,
greater resistance to the cryopreservation process
(PEREIRA et al., 2007; TAKAHASHI et al., 2013;
ABSALON-MEDINA et al., 2014; BATISTA et al.,
2014; LEAO et al., 2015).
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The use of forskolin has been associated with
its action as an adenylate cyclase activator, which
stimulates lipase, through the cAMP pathway (cyclic
adenosine monophosphate), and protein kinase
activity (MEN et al., 2006; CUELLO et al., 2013).
Thus, supplementation with this substance in the in
vitro culture medium has produced positive results
regarding reduced intracytoplasmic lipids, resulting
in better quality bovine embryos that overcome the
damage caused by cryopreservation (SANCHES et
al., 2013; PASCHOAL et al., 2014).

L-Carnitine (L-3-Hydroxy-4-
trimethylammonium butanoate) is a
molecule that plays a role as a [-oxidation
cofactor in lipid metabolism. It is responsible for
the translocation of TAG into the mitochondria,
which is metabolized in the form of CoA through
B-oxidation and in the Krebs cycle and oxidative
phosphorylation, resulting in ATP (SUTTON-
MCDOWALL etal., 2012). In the translocation, first
carnitine-acyl transferase I transports the FA to the
intermembrane space of the mitochondria, and then

soluble

carnitine-acyl transferase II transports the same FA
to the mitochondrial matrix, which then undergoes
B-oxidation, as observed in Figure 1 (DUNNING;
ROBKER, 2012).

In addition to acting as a delipidating
agent, L-carnitine exhibits antioxidant activity,
which protects from damage
during cryopreservation, such as DNA damage
(ABDELRAZIK et al., 2009; MINGORANCE et
al., 2011). This activity reduces ROS and apoptosis

(PILLICH et al., 2005; YE et al., 2010).

cells caused

However, the efficiency in the use of L-carnitine
depends on some factors, such as the in vitro
production step, in which it is added, and the dose
used. Thus, many studies demonstrated that the
addition of 0.6 mg mL ! to the maturation medium
of porcine and bovine oocytes or in the bovine
embryo culture medium was able to reduce lipid
accumulation and the lipid droplet distribution
(SOMFALI et al., 2011; SUTTON-MCDOWALL
et al.,, 2012; CHANKITISAKUL et al., 2013;
TAKAHASHI et al., 2013).

Figure 1. Mechanism of action of L-carnitine on lipid metabolism. In translocation, carnitine-acyl transferase
I promotes the displacement of fatty acids to the intermembrane space of the mitochondria. Then, carnitine-acyl
transferase II transports the same fatty acids to the mitochondrial matrix. They then undergo -oxidation, whose
product is Acetyl-CoA, which is later used in the Krebs cycle for ATP formation.
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Another lipid substance that has been used to
reduce lipid content in bovine embryos is CLA,
more precisely, its isomers (ANDRADE et al,
2012). The trans-10, cis-12 CLA isomer has
been cited for its inhibitory effect on the uptake
and production of lipids by cells through their
antiadipogenic properties, decreasing body fat and
increasing lean mass in various animal species.
This isomer reduces the expression of protein lipase
(LDL) mRNA, which is located on capillary walls
and is responsible for hydrolyzing extracellular
TAGs and releasing FA, which allows them to
be captured by the cells (Figure 2). Studies have
shown that a reduction of the mRNA expression of
this enzyme in different species and tissues was up
to 66% and the reduced TAG amounts were up to
55% (PARK et al., 1997, 1999; AZAIN et al., 2000;
BAUMGARD et al., 2002; BROWN et al., 2003).

Another important enzyme involved in the
synthesis of monounsaturated FA (FAMI) is stearoyl-
CoA desaturase (SCD), which is responsible for the
inclusion of a double bond in saturated FA, which
produces FAMI during TAG synthesis. Studies have

shown that trans-10, cis-12 CLA decreases SCD
expression by up to 75%, and inhibits its activity
(LEE et al., 1998; BRETILLON et al., 1999; CHOI
et al., 2000; PARK et al., 2000; BAUMGARD et
al., 2002). However, other authors have shown
increased mRNA expression of the same enzyme in
human adipocytes cultured in the presence of this
isomer (HERRMANN et al., 2009).

Although the exact mechanism by which
this CLA isomer acts in fat reduction has not yet
been fully elucidated, research suggests that it is
due to increased energy consumption, de novo
synthesis inhibition and increased FA oxidation.
Additionally, as well as the specific action of CLA
on adipocytes, it also decreases their size, inhibits
differentiation and induces apoptosis (BRODIE et
al., 1999; BAUMGARD et al., 2000; AZAIN et al.,
2000; WEST et al., 2000; OHNUKI et al., 2001;
EVANS et al., 2002; TERPSTRA et al., 2002). In
this study, the effects of CLA on lipid metabolism
depend on the type of isomer, dose and duration of
supplementation (PARK et al., 1997).

Figure 2. Mechanism of action of the trans 10, cis 12 CLA isomer in lipid metabolism by reducing the expression of
protein lipase (LDL) mRNA, which is responsible for hydrolyzing extracellular TAGs and releasing GA, allowing

them to be captured by cells.

trans-10cis- 12 CLA

Sy C1-

tr1o, c1z2 CLA
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Trans-10, cis-12, affects the lipid metabolism
of adipocytes, which reduces the absorption of free
fatty acids without increasing lipolysis. Studies have
shown that supplementation with this isomer does
not improve the embryo rate in D7. However, post-
cryopreservation re-expansion rates were higher
in bovine embryos that received supplementation
with 100 uM CLA during in vitro maturation or in
vitro culture. Additionally, the addition of the cis-
9, trans-11 and trans-10, cis-12 isomers at the same
time also improved post-cryopreservation embryo
survival (BATISTA etal., 2014; LEAO et al., 2015).
This is due to the incorporation of CLA into the lipid
bilayer of the embryonic cell membrane, which
increases the membrane fluidity and consequently

its resistance to cryopreservation (PEREIRA et al.,
2007; LEAO et al., 2015).

Table 1 shows the most recent results obtained
using substances in the [IVM, IVF and/or [IVC media.
These studies aimed at reducing the lipid content of
IVP bovine embryos, its greater cryoresistance and,
consequently, better post-cryopreservation embryo
development.

It is worth mentioning that in a study developed
in our laboratory using L-carnitine and the trans-10,
cis-12 isomer of CLA in the culture medium showed
a decrease in the lipid content of the cultured
embryos in the presence of L-carnitine. However,
the embryo rate at day 7 was lower than that of the
control group (DIAS, 2016).

Table 1. The different lipid contents used in different stages of in vitro production, D7/D8 embryo rates, lipid content
or lipid profiles, re-expansion rates and references that are cited in the literature.

Substance IVP stage Embryo rate Lipid content/ Post-cryf) Reference
altered profile = Re-expansion
L-carnitina IVM e/ou IVC  L-carnitina > L-carnitina < L-carnitina > Taka(l;z:)s{l ;)et al.
. o . Phongnimitr et al.
L-carnitina IVM L-carnitina > Not measured without # (2013)
L-carnitina IVM without # without # L-carnitina > Chank;tzl(s)?l;)ll ctal
CLA(trans-10 Stinshoff et al.
cis-12) IvC CLA< Not measured Not measured (2014)
CLél(Z?;)S -10 IvC without # Not measured CLA > Batista et al. (2014)
CLA(cis-9 without Control < Control >
trans-10 e IVM ou IVC (IVM) CLA 25uM C(LQ‘? ]1)01%24 Absa;;’“('zl\gfj;na ot
trans-10 cis-12) CLA<(IVC (9,11) Sem # ' '
Sem #
CLA(cis-9 altered lipid pro-
trans-10 e IVM e/ou IVC  without # piap CLA > Ledo etal. (2015)
. file
trans-10 cis-12)
. . Paschoal et al.
Forskolin IVM without # Not measured Not measured

(2015)

IVM = in vitro maturation; [IVC = in vitro culture; CLA = conjugated linoleic acid; “Without #” = no difference between treatments;
<= Treatment cited presented lower rate in relation to the others; > = Treatment cited presented higher rate in relation to the others.
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Genetic markers related to lipid metabolism

Gene  expression  analysis  contributes
significantly to the evaluation of embryonic quality
at the different stages of embryo development
and various events that occur during embryonic
development. Additionally, many studies have been
carried out to identify genes of interest, according to
the literature of the field (OROZCO-LUCERO et al.,
2014; SPRICIGO et al., 2014; LEME et al., 2016).
In the case of IVP bovine embryos, it is known that
the expression of genes important for embryonic
development is different from those produced in
vivo (MUNDIM et al., 2009). For detailed study
of these differences related to molecular aspects in
vitro and in vivo, the bovine transcriptome has been

used (CLEMENTE et al., 2011).

Thus, the evaluation of the expression of genes
related to lipid metabolism has been performed to
predict the ability of embryos to respond to different
treatments during maturation and in vitro culture,
such as the use of substances that can generate
positive responses to the resistance of [VP embryos
to the cryopreservation process (TAKAHASHI et
al., 2013; BATISTA et al., 2014; GHANEM et al.,
2014; BALDOCEDA et al., 2015). Among these
studies, the CPT2 gene was cited for generating
carnitine palmitoyltransferase 2 formation, which
is essential for the FA oxidation that occurs inside
the mitochondria. Carnitine binds to long chain FAs
that are translocated into the mitochondria. After
this process, the enzyme in question removes the
carnitine and adds the acetyl CoA, with consequent
energy production (DUNNING; ROBKER, 2012).

A study evaluated the effects of two lipid
metabolism regulators, L-carnitine and PES, on
the embryonic development of IVP embryos in the
expression of genes regulating lipid metabolism.
The results showed that the relative abundance of
CPT2 mRNA was increased in embryos cultured in
the presence of L-carnitine and PES when compared
with the control group (GHANEM et al., 2014).

In another transcriptome study, bovine embryos
were submitted to L-carnitine treatment during in
vitro culture to observe the effect of this substance
on different lipid levels and mitochondrial activity.
However, CPT2 expression with and without
L-carnitine treatment did not differ ( BALDOCEDA
et al., 2015).

Acyl CoA  expression:  Diacylglycerol
acyltransferase 2 (DGAT2) has also been reported
in IVP embryos. This membrane protein catalyzes
TAG synthesis through the diacylglycerol and AG-
CoA substrates and is present in the endoplasmic
reticulum. However, when cells are incubated with
FA, this protein interacts with lipid droplets to
catalyze the synthesis of TAG and thus to expand
such droplets. It has been shown that DGAT2
interacts with proteins that synthesize the AG-CoA
substrate. Additionally, the use of disuccinimidyl
suberate (DSS) as a cross-linking agent has
demonstrated that DGTA2 is part of a protein
complex in both lipid and droplet membranes (JIN
et al., 2014).

In mammalian somatic cells, various proteins
are involved in lipid droplet formation, including
the enzymes, DGAT1 and DGAT2 (HARRIS et
al., 2011). In a study by Ghanem et al. (2014), the
regulatory genes of these lipid droplet-forming
enzymes were down-regulated in embryos
supplemented with L-carnitine and PES compared
with the control group. This result demonstrated that
these genes are promising candidates as biomarkers

of lipid content in bovine I[IVP embryos.

Another gene related to the formation of
lipid droplets is PLIN2, which encodes a protein
belonging to the perilipin family that is responsible
for the intracellular coating of lipid droplets. This
protein is related to the surface membrane material
of the lipid globule and possibly to the development
and maintenance of adipose tissue. Additionally,
it can be found in cultured cell lines, including
fibroblasts, endothelial cells, epithelial cells, Sertoli
cells, Leydig cells, and hepatocytes in the liver
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and in tissues such as the mammary gland and
adrenal cortex. PLIN2 is responsible for limiting
interactions between lipases and the neutral lipids
of the droplets, resulting in lipid accumulation and
increasing the number and size of lipid droplets
in the cell. Thus, its identification may serve as a
marker of lipid accumulation (BICKEL et al., 2009).

The first expression analysis of the PLIN2 and
PLIN3 proteins in in vitro maturation and initial
embryonic development in cattle was performed
by Sastre et al. (2014). The study demonstrated
that PLIN2 expression was not altered after in vitro
maturation but that PLIN3 was down-regulated.
Regarding embryo development, PLIN2 and PLIN3
expression increased considerably until the morula
and blastocyst stages, respectively. This coincided
with increased lipid droplet numbers from the two-
cell to the blastocyst stage in IVP embryos (LEROY
et al., 2005).

In a study by Ghanem et al. (2014), PLIN2
expression in bovine IVP embryos was also
evaluated in the presence of L-carnitine and PES.
The expression was down-regulated in embryos
supplemented with substances compared with the
control group, which associated the gene with lipid
droplet formation.

PLIN2 expression was also evaluated in murine
oocytes. The results showed that the expression of
this gene was higher in murine COCs matured in
lipid-rich follicular fluid than in mature follicular
cells (YANG et al., 2012).

As several articles have shown, the use of
gene expression analysis may predict the use
of potential lipid accumulation biomarkers and,
consequently, post-cryopreservation embryonic
quality. Additionally, all genes mentioned above
were altered after the use of substances that were

proposed to alter lipid metabolism.

Genetic markers of energy metabolism

Regarding substrates used in the energy

formation process for embryo development,

glucose is of extreme importance and the literature
has cited theSLC2A4 gene, which encodes a
glucose transporter protein 4 (GLUT4) that is one
of the main glucose carriers. This protein is highly
expressed in adipose tissue and skeletal muscle, and
it exhibits a unique characteristic of dynamism in
its intracellular arrangement. Moreover, it is well
distributed in the cytoplasm in the non-stimulated
state, and it is redirected to the plasma membrane
in response to insulin and other stimuli. GLUT4
contains unique sequences in its N-terminal
cytoplasmic domain and carboxylic acids (COOH),
which direct its characteristic membrane transport
capacity (HUANG; CZECH, 2007). In cattle,
GLUT4 has been detected in the pre-implantation
period of embryonic development (SANTOS et al.,

2000).

The oxidative stress repair system consists of a
defense system of the cell by means of antioxidants.
It is induced when any substance is present in low
concentrations in relation to a oxidizable substrate,
and it slows or inhibits the oxidation of these
substrates. The manganese superoxide dismutase
gene (MnSOD) encodes an antioxidant enzyme
(SOD2) that in turn protects cells from oxidative
damage. It transforms two molecules of superoxide
anion into water and hydrogen peroxide, which
protects the mitochondria from superoxide release
as a product of respiration; therefore, it is the
primary defense of cells against damage by free
radicals (MUNDIM, 2008).

The production of free radicals has pronounced
effects on DNA, RNA and protein synthesis. This
process, which is considered physiological, can also
alter the cell membrane, increase intracellular pH
and interfere with mitochondrial function (LEME,
2008). Excess free radicals can cause cell damage
leading to oxidative stress and delayed embryonic
development, and they can cause metabolic
dysfunction and even accelerate and increase
apoptosis (GUERIN et al., 2001), which can
generate a poor or unviable embryo (RIZOS et al.,
2002; MUNDIM et al., 2009).

Semina: Ciéncias Agrdrias, Londrina, v. 38, n. 4, p. 2237-2254, jul./ago. 2017

2247



2248

Dias, L. R. O.; Pivato, |.; Dode, M. A. N.

A study evaluated the effect of in vitro culture
systems using low and high voltage O2, and it
indicated that MnSOD gene expression was more
abundant in embryos that were cultured in a system
using high O, voltage (CORREA et al., 2008).

Final Considerations

Several alternatives to improve the cryotolerance
of IVP bovine embryos that aim primarily to lower
lipid content and improve embryo quality are
available. This can be done by changing the culture
medium, such substitution and/or withdrawal of
FBS or the use of delipidating substances. Notably,
according to the literature, both strategies can be
used successfully to increase the resistance of [VP
embryos to the cryopreservation process. However,
it should be noted that when lipid substances are
used, the amount of lipids that can be removed
from embryos without impairing post-hatching
development is not known. Therefore, as lipids
are important sources of energy for embryonic
development, it is more convenient to use FBS
withdrawal from the IVP media and its substitution
with BSA, for example, or another synthetic
substance, to avoid possible metabolism energy
changes in [VP embryos, thus allowing for adequate
post-hatching embryo development.
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