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ABSTRACT

CARRASCAL-TRIANA, Erly Luisana, D.Sc., Universidade feedl de Vigosa,
September, 201@&ffects of antioxidants ascorbic acid and dithiothreitol, oran
inhibitor of caspase-3 during cryopreservation of in itro produced bovine
embryos. Adviser: Ciro Alexandre Alves Torres.

Experiments described in this study were performedh wie overall objective to
evaluate whether the addition of antioxidants ascoalsid (AA) and dithiothreitol
(DTT), or inhibitor of caspase-3 (z-DEVD-fmk) during cryepervation could
improve the cryotolerance of vitro produced bovine embryos. Five experiments
were performed and represented as follows: experihetand 3 in Chapter 2 and
experiment 4 and 5 in Chapter Bor all experiments, cumulus oocyte complexes
were obtained from ovaries of slaughterhouse cowsytes were in vitro matured,
fertilized and cultured to day 7. Blastocysts and eglea blastocysts were randomly
assigned to be subjected to controlled-rate freeftigwing equilibration for 10
min in freezing medium (Hepes-TALP plus 1.5 M ethgeglycol and 0.1 M
Sucrose) with treatments as described below. For emeet 1, the embryos were
equilibrated in freezing medium containing 0.0; 0013 or 0.5 mM of AA. The
embryos into straws were then placed into programentabézing machine a0 °C

to -32 °C prior to being plunged into liquid nitroged 46 °C). Then, embryos were
thawed and cultured for 72 h in SOF-BE1 supplentenii¢h 10% (v/v) fetal bovine
serum at 38.5 °C in a humidified atmosphere of 5%,&% G and 90% N.
Embryos treated with 0.1 mM AA showed higher re-eygpan at 24, 48 and 72 h
and hatching rates at 72 h compared to control eosbfy<005), thus concentration
was considered as the optimal for the sequentialrarpets. For experiment 2 and
3, embryos were cryopreserved in freezing mediumtatning or not 0.1 mM AA,
then were thawed and cultured for 24 h. Intracellulactiee oxygen species levels
were reduced (P<0.001) by AA treatment (30.3 + 2.4)mared with control (49.3 £
1.9). There was no effect of the total cells numbeblastocyst (P>0.05). However,
0.1 mM AA reduced (P<0.001) the percentage of apaptoglls and DNA
fragmentation compared with the control group. Expenta 4 and 5 were
conducted to assess the effects of DTT or z-DEWIR-during cryopreservation.
Blastocyst and expanded blastocysts embryos werébegted in freezing medium
containing DTT (0, 50, 100 and 200 uM) or z-DEVD-fmk %0, 100 and 200 pM).

Xii



The embryos into straws were then placed into progralohenfreezing machine at -
6.0 °C to -32 °C prior to being plunged into liquidragen (-196 °C). Embryos were
thawed and then cultured for 72 h. Re-expansionhaching rates were recorded at
24, 48 and 72 h. There was no effect (P>0.05) of trewaitrwith DTT or z-DEVD-
fmk on re-expansion or hatching rates at 24, 48 or past-thaw. This is the first
report that used AA and DTT antioxidants or z-DEVD-fenkpecific inhibitor of the
apoptosis in the cryopreservation mediumirokitro produced bovine embryos. In
conclusion, addition of AA (0.1 mM) in slow-freezinghedium improves the
cryosurvival ofin vitro produced bovine embryos, reduces intracellukactive
oxygen species levels and DNA fragmentatibi.T and z-DEVD-fmk treatments

had no effect on post-thaw embryo survival.
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RESUMO

CARRASCAL-TRIANA, Erly Luisana, D.Sc., Universidade feedl de Vigosa,
setembro de 201@feito dos antioxidantes acido ascoérbico e ditiotreitolpu do
inibidor de caspase-3 durante a criopreservacdao de mbrides bovinos
produzidosin vitro. Orientador: Ciro Alexandre Alves Torres.

Os experimentos descritos no presente trabalho foralizagos com o objetivo
geral de avaliar se a adicdo dos antioxidantes &s$dorbico (AA) e ditiotreitol
(DTT), ou o inibidor da caspase-3 (z-DEVD-fmk), duraateriopreservacdo podem
melhorar o criotolerancia de embrides bovinos prodsaitdeitro. Foram realizados
cinco experimentos representados assim: experimgntd e 3 no capitulo 1 e,
experimento 4 e 5 no capituloRara todos os experimentos, os complexos cumulus-
odcitos foram obtidos a partir de ovarios de vacas dedburos. Os odécitos foram
maturados, fertilizados e cultivados vitro até o dia 7. Blastocistos e blastocistos
expandidos foram aleatoriamente submetidos ao congetancom taxa controlada
seguindo o equilibrio de 10 min em meio de congefdméHepes-TALP acrescido
de 1,5 M de etilenoglicol e 0,1 M de sacarose) csrtratamentos tal como descrito
abaixo. No experimento 1, os embrides foram equilitsaomeio de congelamento
contendo 0,0; 0,1; 0,3 ou 0,5 mM de AA. Os embriées palhetas foram entdo
colocados numa maquina de congelamento programéved,® °C a -32 °C antes de
ser mergulhado em nitrogénio liquido (-196 °C). Emugly os embrides foram
descongelados e cultivados durante 72 h em meio E¥1Fsuplementado com 10%
(v/v) de soro fetal bovino a 38,5 °C numa atmosfera ditédla de 5% de C£5%

02 € 90% N. Os embrides tratados com 0,1 mM de AA apresentaralor@sdaxa
dere-expansédo as 24, 48 e 72 h e na taxa de eclosé&lagm comparagdo coos
embridesdo controle (P<0,05), assim, essa concentracao foi cenasld como 6tima
para 0S seguintes experimentos. Para o experimento3, 208 embrides foram
criopreservados em meio de congelamento contendcdowri mM de AA, em
seguida foram descongeladas e cultivadas durante 24sh.concentracdes
intracelulares de espécies reativas de oxigénio famanzidos (P<0,001) pelo
antioxidante AA (30,3 + 2,4) em comparacao com o ctmt(49,3 + 1,9). N&o
houve efeito sobre o numero total de células deddessd P>0,05). Contudo, o AA
0,1 mM reduziu (P<0,001) a percentagem de célulagtapcas e a fragmentacao do
DNA comparado ao grupo control®s experimentos 4 e 5 foram conduzidos para
avaliar os efeitos do DTT ou z-DEVD-fmk durante a cregarvacao. Blastocistos e
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blastocistos expandidos foram equilibrados em meiodgelamento contendo DTT
(0, 50, 100 e 200 uM) ou z-DEVD-fmk (0, 50, 100 e 20@)uOs embrides em
palhetas foram colocados numa maquina de congelarpmygmmavel em -6,0 °C a
-32 °C antes de ser mergulhado em nitrogénio liquit®g( °C). Os embrides foram
descongelados e cultivados em seguida durante 72 taxas de re-expansao e
ecloséo foram registradas24, 48 e 72 h. Nao houve efeito (P>0,05) do tratament
com DTT ou z-DEVD-fmk nas taxas de re-expansao @séol as 24, 48 ou 72 h pos-
descongelamento. Este € o primeiro trabalho queaitilizantioxidantes AA e DTT
ou o inibidor especifico da apoptose z-DEVD-fmk naarae criopreservacdo de
embrides bovinos produzidos in vitro. Em conclusiadicdo de AA (0,1 mMho
meo de congelamento lento melhora a crio-sobrevivémi@aembrides bovinos
produzidosin vitro, reduz as concentracdes intracelulares decespéeativas de
oxigénio e a fragmentacdo do DNA. Os tratamentos DTT e z-DEVD-fndlo n
apresentaram nenhum efeito sobre a sobrevivéncia dogrides pos-

descongelamento.
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INTRODUCTION

Cryopreservation of embryos is a crucial step for thelespread and
conservation of animal genetic resources. All embryadfer considerable
morphological and functional damage during cryopnegesn but the extent of the
injury as well as differences in survival and develeptal rates may be highly
variable depending on the species, developmentglestd in vitro or in vivo
produced (Pereira and Marques, 2008) or perhaps theé imp®rtant, on the
conditions of culture and cryopreservation protocols.

The process of freezing and thawing increases ptimauof reactive oxygen
species (ROS). The three major types of ROS are sxigerdG;”), hydrogen
peroxide (HO;), hydroxyl (OH), an increase in these reactive species that exceed
the ability of theantioxidant system to counteract it leads to an “oxidative stress
state” (Agarwal et al., 2005), which, in turn, may affect original cell functions.
Normally the pathologic effects are exerted by varioesmanisms including lipid
damage, protein synthesis inhibition and ATP depte{iGupta et al., 2009). The
oxidative injury may induce release of apoptogeanictdrs from cell mitochondria
which eventually activate programmed cell death (Ou®set al., 2007). This type of
cell death may occur by two pathways: the extringcdptor-mediated) and intrinsic
(stress-mediated). In both pathways, initiator caspgsaspase-2, 8 and/or 10)
activates other effector caspases (caspase-3, 7 argléjng on blebbing of nuclear
membrane, and chromatin condensation and fragmentatfomking of the cell,
mitochondrial disintegration and formation of apoptdtadies (budding off cellular
portions) which ultimately leads to cell death (Xa& a&., 2001; Danial and
Korsmeyer, 2004; Hussein, 2005; Faustino et al.,120In order to minimize
oxidative damages, improvement of the cryopreservatmutions used is needed.
There are strong indications that injuries causedlipigd peroxidation may be
reduced by the use of antioxidants (Lane et al., 2002

Ascorbic acid (AA) is an antioxidant and it is invety in processes of
hormone production, gonadal tissue remodeling qagtasis by its ability to protect
cells from free radicals (Luck et al., 1995). Granulosa¢cdhand luteal cells, oocyte
and follicular fluid are exceptionally rich in AA (Luckt al., 1995; Behrman et al.,
1996). Studies report the direct effects of AA as andimt on the efficiency oin
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vitro andin vivo produced embryos of laboratory animals and démepecies. It
was demonstrated that embryos treated with AA impralesvage rates, blastocyst
rates and total cell numbers per blastocyst, redapeptotic index and intracellular
ROS levels and increases calving rates (Tarin and Tooud993; Tatemoto et al.,
2001; Lane et al., 2002; Wang et al., 2002; Jeorrd.,e2006; Korhonen et al., 2012;
Castillo-Martin et al., 2014a,b,c; Carrascal-Triand.e2815).

Another strong reducing agent is the DithiothreidITT), an antioxidant
used to reduce disulfide bonds quantitatively amghtain monothiols in the reduced
state (Cleland, 1964), it contains two thiol groups fequential thiol-disulfide
exchange reactions for direct scavenging of ROS (Rofhavad Scheraga 1992).
DTT protects cells from apoptosis by precluding thegpmorylation of protein
tyrosine residues (Watson et al. 1996), reduceshibedxidative damage caused by
diamide in zygotes and blastocysts (Liu et al., J98®reases fertilization rate, the
number of cells post-insemination and potential thewaent of oocytes to blastocyst
stage (Tarin et al., 1998) and blocks apoptosis irtlbgehe heat-shock (De Castro
e Paula and Hansen, 2008). Its action has not beetested in cryopreservation
protocols.

It is known that cryopreservation may result in fragragah of DNA even in
the absence of cellular morphology deformation, éwede changes can lead to delay
in the development or cell death. The cell death lwarcontrolled by a variety of
inhibitors of caspase that directly interact witle firotease. The caspase-3 inhibitor
(z-DEVD-fmk), a specific inhibitor of group Il caspas@s., caspase-2, -3 and -7;
Jousan et al., 2008) blocks the induction of apaptarsd DNA fragmentation caused
by heat-shock in the oocyte and preimplantationrgos(Paula-Lopes and Hansen,
2002; Roth and Hansen, 2004; Jousan and Hansen).20@#easonable to suppose
that the use of z-DEVD-fmk in freezing protocols nialyibit apoptosis, avoiding the
damage and compromising subsequent developmemabetence post-thawing of
embryos.

The purpose of the current studies is achieving crgapvation protocols
capable of maintaining the integrity and survivdl I¥P bovine embryos after
thawing. Thus, a review was done to describe thetsteicbiosynthesis, production
and distribution of AA and its main biological furmtis as antioxidant on the

reproductive activity. Five studies were conducteddtermine whether treatments



with the antioxidants AA and DTT, or z-DEVD-fmk durireggyopreservation might

improve the cryotolerancd m vitro produced bovine embryos.
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Introduction

Ascorbic acid (AA) is a hydrosoluble vitamin, clagsif as an antioxidant. It
is widely distributed in animal tissues and is préseainly in the pituitary, adrenal
and gonads (ovaries and seminal plasma; Padh, T&&let al., 1993). AA has three
biological actions of particular relevance to repraithn, each dependent on its role
as a reducing agent (Luck et al.,, 199B)is essential to prevent or reduce the
oxidation of biomolecules due to its ability to dae electronst is required for the
biosynthesis of collagen, important for follicular gitbw ovulation and corpus
luteum formation, additionally, AA positively inflmees the process of
steroidogenesis.

These biological actions play an important role he protection to the cell
including the prevention of mutations in DNA (Lindaand Wood 1999), protection
against lipid peroxidation (Kimura et al., 1992; Baghal., 1994), the repair of
oxidized amino acids for protein integrity maintenafBarja et al., 1994; Cadenas
et al.,, 1998), inhibiting apoptosis in bovine gramalacells and murine cumulus-
oocyte complexes (Tilly and Tilly, 1995 ; Eppig ét, 000; Murray et al., 2001),
expression of antioxidant enzymes, such as SOD1 @R&K1, which redue
intracellular levels of reactive oxygen species incpw@ blastocysts (Castillo-Martin
et al., 2014b) and reducing levels of heat shockepiofO (HSPA1A) in vitrified
embryos (Castillo-Martin et al., 2014c).

A great progress in this area of research has beeevadnn recent decades,
due to the interest of scientists in getting animgbroductive efficiency using

antioxidants in production protocols. The purpo$ehcs review is to describe the
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structure, biosynthesis, production and distributtdnAA and the main biological

functions of this antioxidant on the reproductivéiaty.

Ascorbic Acid Structure and Biosynthesis

Ascorbic acid (AA) is a hydrosoluble vitamin derivedorh glucose
metabolism. It is an unstable, easily oxidized agid can be destroyed by excess of
oxygen, alkali and high temperature (Igbal et al., 20lg chemical composition is
CsHsOs, with a molecular weight of 176. The AA moleculentains several reactive
hydroxyl groups, especially at the 2- and 3- posgicallowing a variety of
derivatives to be easily synthesized (Roomi et all520

In fish, amphibians and reptiles, the enzymes inubineAA biosynthesis are
located mainly in the kidneys, while in mammals &imd species these enzymes are
found mainly in the liver (Grollman and Lehninger, 19%hatterjee et al., 1961).
However, species such as teleost fish, some passetiiods, guinea pigs, and some
primates like humans, have lost the ability to sgstbe AA (Grollman and
Lehninger, 1957Linster and Van Schaftingen, 2007) due to the Idgbe terminal
enzyme in their biosynthetic pathway, L-gulonolaetooxidase. They therefore
require a dietary supply of the vitamin, mainly sysikhed by plants or fruits.

Interestingly, very different pathways have evolved A& biosynthesis in
animals, plants and yeasts (Arrigoni and Tullio, 200@ animals (Figure 1),
pathway starts with D-glucose-1-phosphate, whichagivated by binding of a
nucleotide (Uridine diphosphate-UDP) and is catalyagdhe enzyme UDP-glucose
pyrophosphorylase. The UDP-glucose then undergogdatoon to form UDP-
glucuronate, which is catalyzed by UDP-glucose debgenase enzyme. D-
glucuronate formed from the hydrolysis UDP-glucutteng the precursor of L-
ascorbic acid. On this pathway, D-glucuronate is ceduo the sugar L-gulonate by
glucuronate reductase. Subsequently, L-Gulonateorsvested to L-gulono-1,4-
lactone by a gulonolactonase and the last stepnasokidation of L-gulono-1,4-
lactone to L-ascorbic acid by L-gulonolactone oxalésinster and Van Schaftingen,
2007)
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Figure 1. Ascorbic acid structure, biosynthesis and oxidatiedguction reaction. The
reactions are catalyzed by the following enzymes: WDP-glucose
pyrophosphorylase; 2, UDP-glucose dehydrogenaseGl@¢uronate-1-phosphate
uridylyltransferase and Glucurono kinase; 4, Glucumnateductase; 5,
gulonolactonase; 6, L-gulonolactone oxidase.

AA is easily oxidized and converted to dehydroaswodeid (Figure 1). AA
may lose the hydrogen ions attached to one of itsibmizable groups located at
carbons 2’ and 3', generating ascorbate monoanion or dianion, dehydroascorbic acid
(Tolbert et al., 1975; Du et aRp12 Figueroa-Méndez and Rivas-Arancibia, 2Q15)
In many cells of different species, including mammigis,conversion is reversible to
some degree, and is catalyzed by a different enzysteyddoascorbate reductase.
That enzyme uses reduced glutathione (GSH) as a stoatd) and the products are
AA and oxidized glutathione (GSSG) (Englard and $eit986 Banhegyi et al.,
1997)

In vitro studies have found that dehydroascorbic amiters the cell via
nonspecific, low-affinity, high-capacity glucose traogprs (GLUTs - hexose
transporters) and is reduced intracellularly to L- ascaaloid. AA is also directly
taken up by the cells through specific, high-affinityw-capacity sodium ascorbate
transporters (SVCTs sodium-ascorbate cotransporter). SVCTs are expresshd in t
cells of spleen, brain, eye, pancreas, testis, owadsenal gland and lung (Agus et
al., 1997 Wilson, 200% Roomi et al., 2015).



Ascorbic Acid Production and Distribution

Some mammals synthesize AA, however the concemsatfound in the
body sometimes are not sufficient to nutritional amgroductive needs of the
animals. AA production is variable between speciesbi@d) and depend on
circumstances, in conditions of stress or infectiba, dynthesis of AA can be easily
multiplied (Holford, 1997).

Table 1. Ascorbic acid produced per day by different animalcsse(equivalent for
body weight of 10 Kg).

Animal species AA production
Goat 530-3090 mg
Rat 636-3230 mg
Rabbit 3593676 mg
Cow 255298 mg
Mouse 547-4473 mg
Sheep 403 mg
Cat 78651 mg

Source: Adapted from Holford (1997)
*adjusted for metabolic weigh®’

Plasma AA concentrations are maintained betweennt0180 mM in man
and highest amounts were found in adrenal gland8 (d&/kg), brain (140 mg/kg)
and liver (125 mg/kg), followed by lungs (70 mg/kg), kegs (55 mg/kg), heart (55
mg/kg), skeletal muscle (35 mg/kg) and skin (30 mg/kgd low levels in adipose
tissue (10 mg/kg) and blood (9 mg/kg); (Brown and Joh®86; Fuchs and Podda,
1997; Richelle et al., 2006)

The ovarian tissue, and especially the corpus lutemenexceptionally rich in
AA (up to 90 mg/100 g in cow ovaries), the folliculauid itself contain 0.8-3.0 mg
AA in 100 mL of fluid (Lutwak-Mann, 1954). AA is caentrated in granulosa cells,
theca cells, luteal cells, and the oocyte, andptsike is hormonally regulated (Luck
et al.,1995 Behrman et al., 1996

Biological Functions of Ascorbic Acid

AA has three biological functions of particular relevancereproduction,

each dependent on its role as a reducing agentredgisred to 1) prevent or reduce
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the oxidation of biomolecules; 2) for the biosynthesiscollagen and 3) for the

steroidogenesis process (Luck et al., 995

Role of ascorbic acid as antioxidant

Oxidation and reduction (Redox) reactions representrinsfer of electrons
from an electron donor (reduction agent) to an ed@ctcceptor (oxidation agent).
The cellular redox environment is a balance betwedenproduction of reactive
oxygen species (ROS), reactive nitrogen species,tlaid removal by antioxidant
enzymes and small molecular-weight antioxidantsg&& et al., 2009). The three
major types of ROS are: superoxide,;{{) hydrogen peroxide (¥D,), hydroxyl
(OH), an increase in those reactive species that exteedgbility of the antioxidant
system to counteract the increase of ROS leads to an “oxidative stress state”
(Agarwal et al., 2005). Oxygen radicals and ROS playhba physiologic and
pathologic role in the female reproductive tract. Ndiynthe pathologic effects are
exerted by various mechanisms including lipid damaigdibition of protein
synthesis, and depletion of ATP (Gupta et al., 20(RDS affects multiple
physiological processes from oocyte maturation to iestion, embryo development
and pregnancy (Agarwal et al., 2005). The propagatiooxidative stress can be
prevented by AA antioxidant. AA stops the perosinvka process due to its abilitp t
donate electrons from both the second and third caPadayatty et al., 2003
Mahfouz and Kummerow, 2004). AA also helps recyckdigzed vitamin E and
glutathione (Chan, 199%enereo Gutiérrez, 200Agarwal et al., 2005) and’ita
cofactor in the biosynthesis of L-carnitine a molectgquired for the oxidation of
fatty acids (Oguntibeju, 2008). L-carnitine has beeed strategically to reduce
embryo lipid content and improve cryotolerance obgyos (Ruiz et al., 203Zolini
et al., 2015).

Ascorbic acid in embryo production

Rizo et al. (2003) compare bovine oocyte maturation,iligation and
embryo culture in vivo anth vitro and demonstrated that the origin of the oocyte
the main factor affecting blastocyst yield while tlp@st-fertilization culture
environment is critical in determining blastocystatijty, measured in terms of

cryotolerance. In vitro produced embryos are less clg@ots compared to those
11



vivo produced due to differences in the biochemicahposition especially the

amount of lipids within the cytoplasm, and an imsed susceptibility to low

temperatures or an increase in cellular damage (Kaidi.e2001; Lonergan et al.,

2003; Seidel, 2006). Moreover, the embryonic genome aabnatembryonic

compaction and hatching are processes that demaateg amounts of energy (Gott

et al.,

1990). The embryo produces energy via ATénegation through

mitochondrial oxidative phosphorylation and glycotygiAgarwal et al., 2014)

Processes of developing embryo usually generate RO&lIdition, the reproductive

technology procedures (technigues and conditionsagma@) contribute to the higher

levels of oxidative stress. The accumulation afispand consequent increase in lipid

peroxidation caused by ROS are largely responsible fataegrance reduction and

lower development of IVP embryos (Nedambale et 2006) To reduce damage

induced by oxidative stress, antioxidant AA hasmofbeen used as a supplement in

embryonic development and cryopreservation systemdifterent species. Key

findings of studies using antioxidant AA in mediune summarized in Table 2.

Table 2. Studies involving antioxidant AA in embryo produti of different animal

Species AA Conc

Results

species.
References Biotechnical
Tarin and
Trounson, 199: IVC
Tatemoto et al.
2001 VM
Wang et al.,
2002 Jie
Lane et al., frg(laozvi\gg-
2002 Vitrification
Tao et al., 2004 VM
Dalvit et al.,
2005 VM

Mouse 62.5uM

Porcine 250 uM

Mouse 50 uM

Mouse 0.1 mM

Porcine 250 uM

Bovine 5mM

AA increased embryo survival to tt
freezing-thawing stress, blastocy
on Day 5 and implantations rates.
AA2G protects oocytes again
oxidative stress and post-cleave
development to the blastocyst stac
AA is effective to reverse ROS
induced embryo toxicity an
improve embryo development.

AA reduced the levels of hydroge
peroxide, increases inner cell mk
development and rates
metabolism.

AA promotes the development
denuded oocytes from Ml to M
and prevents cumulus cell DN
fragmentation.

AA maintained the antioxidar
capacity of the alpha-tocopher
incorporated to cumulusocyte
complexes membranes.
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Jeong et al.,
2006 e
Hossein et al.,
2007 Ve
Ferro et al.,
2009 e
Coérdova et al.,
2010 VM
Korhonen et al. Biopsy;

2012 Slow-freezing
Kere et al., ]
2013 IVM; IVC
Castillo-Martin IVC;

etal.,, 2014a Vitrification

Castillo-Martin IVC:
etal., 2014b Vitrification

Castillo-Martin IVC;
etal., 2014c Vitrification
Carrascal-
Triana et al.,
2015

Porcine

Porcine

Bovine

Bovine

Bovine

Porcine

Porcine

Porcine

Porcine

Slow-freezing Bovine

100 uM

100 pM

10 pg/mL

100
pg/mL

0.1 mM

50 pg/mL

100 uM

100 pM

100 uM

0.1 mM

AA improves blastocyst formatioi
number of total cells and reduces"
number of apoptotic blastomeres.
AA supplements at 0 and 96 h
culture improves embry
development and quality.

The addition of AA to BARC
culture medium during 5 to 72
post-insemination increased vitro
embryo production.

AA plus insulin-transferrin-
selenium supplementation durii
the first 12 h of IVM improve:
cytoplasm maturation and
developmental of embryos.

If biopsy and freezing are used pr
to embryo transfer, addition of A
into the media could result in ¢
appreciable increase in calving rat
AA  supplementation  improve
blastocyst rates and total c
numbers, reduces apoptotic indice
ROS levels and survival rates af
vitrification—warming were
significantly improved in embryo
cultured with AA.

AA increases gene expression
antioxidant enzymes SOD1 a
GPX, improve redox balance a
embryo cryosurvival.

AA enhances survival rates
blastocysts, suggesting
relationship with HSPAL/
expression.

Embryos frozen in freezing mediu
containing AA had increased r
expansion and hatching rates at
48 and 72 h post-thaw.

AA: ascorbic acid; AA2G: ascorbic acid 2#glucoside; IVM:in vitro Maturation; IVC:in vitro
Culture; BARC: Betsville Agriculture Research Center medium.

Studies report the direct effects of AA as antioxidamtthe efficiency of in

vitro and in vivo produced embryos in laboratory angr@nd domestic species. It

was demonstrated that embryos treated with AA imprelemsvage rates, blastocyst

rates and total cell numbers per blastocyst, redapeptotic index and intracellular

ROS levels and increases calving rates. However, entlopbic effects continue to

be discussed because it has not been defined thlecioiecentration and duration of
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AA supplementation in the different stages of embryweduction. Higher
concentration than 200 puM produces toxicity in moes#ryos (Wang et al., 2002)
and bovine oocytes (Dalvit et al., 2005) and dodsimprove blastocyst formation
nor the blastocyst quality in porcine (Hossein et 2007). Tatemoto et al. (2001)
found that higher concentrations (500 and 750 uM) obdmsc acid 2-Oe-glucoside
(AA-2G), a stable AA derivative, showed no effect on thduction of oocyte
maturation, however, they suggested the additio?56f uM AA-2G for supporting
cytoplasmic maturation in porcine oocytes. YearserlatTao et al. (2004)
demonstrated an increased atypical oocyte percemthge supplemented AA at 250

MM in cumulus-enclosed oocytes and 750 uM in dedudeytes.

Ascorbic acid in preantral follicles

The development of in vitro culture systems thdovalpreantral follicles
growth could revolutionize in vitro embryos prodoctidue to the thousands of
oocytes present in the ovary. Excellent results hbgen obtained in embryos
production of different species (Porcine: Wu et alQD0 (Bubaline Gupta et al.,
2008, (Caprine Saraiva et al.2010 Magalhdes et al., 2011), (Ovingrunakumari
et al., 2010; Luz et al., 2012), (Bovine: McLaugh¢imal., 2010), (Canine: Serafim et
al.,, 2010) and (Human: Telfer et al., 2008he birth of mouse oocytes from
primordial follicles represent the highest advance made to the present (O’brien,
2003).

The continuous improvement of the culture medium tsucial point for the
efficiency of the manipulation of oocytes enclosegbieantral follicles. In the search
for an ideal system, substances and intraovarian tat@ve been studied, among
which can mention the AA, which has shown itselfadsle of maintaining follicular
integrity through regulation and remodeling of the ecdtlar matrix and reduced
apoptosis rates in cows (Thomas et al., 2001) andvatgay et al., 2001). The use
of ascorbic acid provides protection to tissuesireg§jaROS molecules and metal-
oxygen that can cause damage to DNA, proteins, bgdvates, lipids and biological
membranes (Frei et al., 1989).

Rossetto et al. (2009) evaluated the effects of AA isdhteraction with
FSH on the morphology, activation aidvitro growth d in-situ caprine preantral

follicles and the results showed that after 14 daysutifire, medium supplemented
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with 50 pg/mL of AA alone or combined with FSH promoted higher rates of
follicular survival, increased oocyte and folliculaadheter and maintaed follicular
integrity. Similar results were demonstrated by Saval. (2011), the AA improved
the survival and in vitro development of isolatempiine preantral follicles, and
increased the production of the matrix metalloprase-9 (MMP-9) and their tissue
inhibitor-2 (TIMP-2) by the cultured follicles, whicimplicates the effect of this
vitamin in regulation of collagen on the basemenminne. The addition of AA at
a concentration of 50 pg/mL was also studied in cattle by stimulating the activation,
growth and viability ofin vitro cultured primordial follicles (Andrade et a2012)
and in in vitro culture system for equine ovarian tissue calldctirom a
slaughterhouse (Gomes et al., 2015).

Vitrification is an important tool for preservation @dllicular morphology
and viability over long periods, however, this pracesuses damage to the follicular
structure due to formation of ROS that cause limtbgidation (Frei et al., 1989). In
order to minimize oxidative stress Melo et &0{1)demonstrated that adding AA to
the vitrification solution preserved the follicular rpbology in ovine ovarian tissue
but did not improve the viability or developmentahpacity of the follicles.
Carrascal-Triana et al2Q12) indicated that antioxidant AA improves survival rates
and maintains the morphological integrity during ttefication of bovine preantral

follicles.

Role of ascorbic acid in the biosynthesis of collagen

One important function of AA is in the formation amdaintenance of
collagens, which are found in skin, ligaments, cayélg vertebral discs, joint
linings, capillary walls, bones, teeth (lgbal et 2004), the extracellular matrix and
basement membrane (Du et al., 2012). Type | collagémei major structural protein
in the interstitial extracellular matrix, while type [\ prevalent in basement
membrane (Egeblad et al., 2010). In the ovary, theudpaa cell layer of each
ovarian follicle is surrounded by a follicular baseterembrane, which separates
the follicles of the stromal elements or theca calisund them (Van Wezel and
Rodgers, 1996).

For the type IV collagen synthesis is necessary yueoxylation of proline

and lysine amino acids forming the hydroxyproline amgroxylysine. In this
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reaction, AA is a cofactor for the enzyme prolyl hyddase, which catalyzes the
hydroxylation, reduces the iron and facilitates télease of the enzyme (Myllyla et
al.,, 1978). Collagen subunits are formed with fitkasbs as procollagen, which are
excreted into extracelular spaces (Igbal et al., 2084).is required to export the
procollagen molecules out of the cell. The final ctuwe of the collagen is formed
after pieces of the procollagen are enzymaticallsvae (Gaby and Singh, 1991).
Adequate turnover of components of the extracellulatrimaf the follicle is
essential for normal follicle growth, follicle repair @ftovulation (Himeno et al.,
1984) and subsequent development of the corpus luteumk(and Zhao, 1993)
Silva et al. (2011) demonstrated the importance of dmAthe viability, growth,
antrum formation and regulation of the enzymes MMB&rR@ TIMP-2 involved in
remodeling of the extracellular matrix of caprine preanfollicles after long-term
culture in vitro. These results are in agreemeith wther previous studies in vitro
which have demonstrated promotion of follicle integehd survival by the presence
of AA in cultured mouse and bovine follicles (Murray al., 2001 Thomas et al.,
2002D.

Role of Ascorbic Acid in the Steroidogenesis

The adrenal glands are composed of the cortex andli@medgions. The
adrenal cortex consists of three zones that secldbstarone, cortisol and adrenal
androgens. The adrenal medulla is functionallyteglao the sympathetic nervous
system and secretes the catecholamines, epinepdmthenorepinephrine (Rosol et
al., 2001).

The concentration of AA in the adrenal glands is agthe highest in the
body. Interestingly, both the adrenal cortex andrtezlulla accumulate such high
levels of AA (Patak et al.,, 2004). The AA functiomthe adrenal medulla can be
conceptualized in three general areas: as a cofactor for dopamine B-hydroxylase in
the conversion of dopamine to norepinephrine; asofactor for an amidation
enzyme, AA may donate electrons for synthesis of otfmemones, proteins, or
peptides in chromaffin cells; and other function asexreted neuromodulator
(Levine and Morita, 1985) uck and Jungclas (1987) have obtained evidencééor t
involvement ofAA and catecholamines on bovine granulosa cells ingtpelation of

luteal oxytocin secretion. Oxytocin inhibits LH+stilated prostacyclin production in
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luteal cells of cows. Oxytocin may induce the redead PGF-2 alpha or lipo-
oxygenase products from the ovary (Fuchs, 1988). Tiegnitude of the
catecholamine effect strongly suggests a neuroendodrigelvement in the
regulation of ovarian peptide secretion, although téretthis may be through
circulating catecholamines or through those derifredn the sympathetic nerves
which directly supply the ovary is not yet clear.

In adrenal cortical cells a major function of AA is poeserve cytochrome
P450 levels that play important roles in the synthessteroid hormones (Hornsby,
1985) Particularly, the cytochrome P450 11B1 (11b-hydrosg)ais subject to
destruction or inactivation through interaction wittbthydroxylated steroids, ie. the
enzyme products, which act as pseudosubstrates.rifvgrgs on fetal human
adrenocortical cells in culture demonstrated the ptiote effects of AA during
cortisol-induced loss of 11b-hydroxylase activity (Hsioy, 1980). On the other
hand, Pintauro and Bergan @2 support a possible regulatory role of AA on the
conversion of pregnenolone to delta-4 and deltaéyogls (Progesterone and

dehydroepiandrosterone, respectively) with the aoiditif 0.5 mM AA.
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Abstract

Antioxidants may be beneficial additives to crygmevation media due to
their ability to reduce oxidative stress caused lagtiee oxygen species. The aim of
this study was to determine if ascorbic acid additio freezing medium improves
the survival of IVP bovine embryos, through re-ex@an and hatching rates,
intracellular reactive oxygen species levels, totaktocyst cells number and DNA
fragmentation after cryopreservation. Cumulus oocyte ptexes were obtained
from ovaries of slaughterhouse cows. Oocytes wenatro matured, fertilized and
cultured to day 7. Blastocyst and expanded blastsestage embryos were randomly
assigned to be subjected to slow freezing. For exyaai 1, embryos were frozen in
Hepes-TALP with 1.5 M Ethylene Glycol, 0.1 M Suceand different ascorbic acid
concentrations (0.0; 0.1; 0.3 and 0.5 mM). Embryosewkawed and then cultured
for 72 h. Embryos treated with 0.1 mM ascorbic aciovwstd higher re-expansion at
24, 48 and 72 h and hatching at 72 h compared moraloembryos (P<0.05), thus
concentration was considered as the optimal for tlugiesgial experiments. For
experiment 2 and 3, embryos were cryopreserved azifilg medium containing or
not 0.1 mM ascorbic acid, then were thawed andupedt for 24 h. Intracellular
reactive oxygen species levels were reduced (P<p.®@phscorbic acid treatment
(30.3 + 2.4) compared with control (49.3 £ 1.9). Theraswo effect on the
blastocyst total cells number blastocyst. Howevet, @M ascorbic acid reduced
(P<0.001) the percentage of apoptotic cells and DNAnfrantation compared with
the control group. In conclusion, addition of astoracid (0.1 mM) in slow-freezing
medium improves the cryosurvival of in vitro produdeavine embryos, reduces
intracellular reactive oxygen species levels and Cifdgmentation.

Key words: Antioxidant; Blastocyst; Cryopreservatidn;vitro produced.
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Introduction

In vitro production (IVP) of embryos has being used sssitdly to meet the
needing for multiplication of bovine animals of superjenetics. This reproductive
technique is able to accelerate the genetic gaishoyten the generation interval
since at the estrous cycle only one oocyte devetopmrds ovulation (Fortune,
1994). With the use of IVP, it is expected to getngnaocytes, which will be
degenerated normallg vivo that could be converted to embryos.

It is possible to preserve embryos from animals igh lgenetic value by
cryopreservation method. However, events during thecquure as exposure to
cryoprotectants, temperature reduction and subsedo@wing of embryos can lead
to cell damage by means the increase in reactiygesxspecies (ROS; Tatone et al.,
2010). ROS are free radicals produced as by-productexmfation-reduction
reactions. When the physiological balance between p@8uction and antioxidant
defenses is lost, oxidative stress will result inlenolar damage to DNA, proteins
and lipids within the cell (Gupta et al., 2009). Ttvedative injury may induce
release of cytochrome ¢ and other apoptogenic fafrtmms cell mitochondria which
eventually activate programmed cell death, apopt@€genius et al., 2007).
Therefore, in order to minimize such damage, improvegméthe solutions used in
cryopreservation is needed. There are strong indicatihat injuries caused by lipid
peroxidation can be reduced by the use of antioxsddsatne et al., 2002).

Ascorbic acid (AA) is an antioxidant and it is invetV in processes of
hormone production, gonadal tissue remodeling qagtasis by its ability to protect
cells from free radicals (Luck et al., 1995). It has &leen demonstrated the efficient
action of AA in embryos production. AA improved cytlapmic maturation of
bovine oocytes (Coérdova et al., 2010); the developraEambryos in mouse (Wang
et al., 2002; Lane et al., 2002), porcine (Jeond.e2@06; Hossein et al., 2007; Kere
et al., 2013, Castillo-Martin et al., 2014a) and beviRerro et al., 2009; Cordova et
al.,, 2010) and also results in a significantly incréagenbryo survival to the
freezing-thawing stress (Tarin and Trounson, 1993)pibe¢he advantages offered
by addition of AA in embryo production protocolbgtideal concentration of AA in
cryopreservation solutions of bovine embryos hasbean defined yet. Lane et al.
(2002) indicate that the addition of 0.1 mM of AA tetbryopreservation solutions
significantly enhanced the ability of mouse embrymsth at the cleavage and

blastocyst stages to survive cryopreservation. tluced the levels of hydrogen
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peroxide and increased inner cell mass developmebtastocyst stage embryos.
Therefore, it is plausible that use of the sameifferént AA concentrations in the
bovine specie may help in maintaining cryopresetvé#lembryo viability.

The aim of this study was to determine if AA additito freezing medium
improves the survival of IVP bovine embryos, througtamination of embryo
quality parameters, such as re-expansion and hatchias, intracellular ROS levels,

total blastocyst cells number and DNA fragmentatifier cryopreservation.

Materials and Methods

All experimental procedures were approved by thecBffommission in use
of Production Animals of Universidade Federal de VacdBrazil (process number
41/2014).

Experimental Design

Experiment 1. Effect of AA antioxidant on re-expansion and htching rate of

cryopreserved IVP bovine embryos.

Bovine embryos were produced by vitro fertilization of oocytes obtained
from abattoir-collected ovaries. Immature cumulusyb® complexes (COC's) were
obtained by slicing follicles. Presumptive zygot&8-20 h post-insemination were
placed in groups of 230 in 50 uL dropsof synthetic oviduct fluid-bovine embryo 1
(SOF-BE1- Fields et al.,, 2011). At day 7 after inseminatittme embryos at the
blastocyst and expanded blastocyst stage evala@st€drade 1 and 2 (according to
the IETS manual, Stringfellow and Seidel, 1998) weeasvésted from culture.
Embryos were subjected to controlled-rate freezidtpviaong equilibration for 10
min in freezing medium (HepéByrode’s Albumin Lactate Pyruvate (Hepes-TALP)
with 1.5 M ethylene glycol, 0.1 M Sucrose) and différéd® concentrations 0.0
mM, 0.1 mM, 0.3 mM and 0.5 mM (in AnnexAfter exposure, the embryos were
loaded in groups of six to 10 per straw of 0.25 mLe €kperiment was replicated 10
times; harvested embryo578) were used to determine re-expansion and hatching
rates of bovine embryos during 24, 48 and 72 h gwsi+t There were between 141

and 148 embryos for each treatment.
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Experiment 2: Effects of AA antioxidant on intracellular ROS levels of

cryopreserved IVP bovine embryos.

Bovine embryos were produced vitro using abattoir-derived ovaries. At
Day 7 after insemination, Grade 1 and 2 blastocystisexpanded blastocysts stage
embryos were harvested and frozen conventionallyeezing medium containing or
not 0.1 mM of AA (based on results of survival ptsiw from first experiment).
Embryos were thawed and then cultured for 24 h. Haedesmbryos (63) in total
(30 for the control and 33 embryos for AA) were analybgdCellROX Green
reagent to determine the oxidative stress causenhtlgcellular ROS levels. The

experiment was replicated 6 times.

Experiment 3: Effects of AA antioxidant on total cells number & blastocysts

and DNA fragmentation of cryopreserved IVP bovine embyos.

Bovine embryos were produced in vitro using abatieirived ovaries. At
Day 7 after insemination, Grade 1 and 2 blastocystisexpanded blastocysts stage
embryos were harvested and subjected to slow frgezimedium containing or not
0.1 mM of AA (based on results of survival post-théiem first experiment).
Embryos were thawed and then cultured for 24 h. Héeves

d embryos (166; 79 for the control and 87 embryog\fsy were amalyzed by
the terminal deoxynucleotidyl transferase dUTP niok-&abelling (TUNEL) assay
to detect the total cell number of the blastocystd &NA fragmentation. The

experiment was replicated 6 times.

In vitro Embryo Production

Bovine embryos were produced by in vitro fertilizatiohoocytes obtained
from abattoir-collected ovaries. All procedures forbeyo production followed
techniques previously described by Fields et al. 20COC's were obtained by
slicing follicles from 2 to 10 mm in diameter on thefage of ovaries into a beaker
containing oocyte washing medium (Mofa, Verona, WEA). Groups of 10 COC's
were matured in 50 pL droplets of oocyte maturation medium [tissue culture
mediumd199 with Earle’s salts (Invitrogen, Carlsbad, CA, USA), 10 % (v/v) bovine
steer serum, ag/mL estradiol 178, 20 pg/mL bovine follicle stimulating hormone

35



(Bioniche Life Sciences, Ontario, Canad2), pg/mL sodium pyruvate, 50 pg/mL
gentamicin sulfate and 1 mMslutaMAX™ (Life Technologies, Carlsbad, CA,
USA)] covered with mineral oil for 20 hours at 38.5 &d in a humidified
atmosphere of 5 % (v/v) COFollowing maturation, COC’s were washed once in
Hepes-TALP (Caisson Laboratories, Inc., Logan, UT, UB&yish et al., 1986) and
then transferred in groups of 200-300 to 35 mm Pesheal containing 1.7 mL of in
vitro fertilization-TALP (Caisson Laboratories, Intggan, UT, USA; Parrish et al.,
1986) and 120 pL of a mixture of 0.5 mM penicillamine, 0.25 mM hypotaurine and

25 uM epinephrine in 0.9% (w/v) NaCl and fertilized with 1 x 40mL spermatozoa
purified from a pool of frozen-thawed conventionaihnen from three bulls using
Isolaté separation gradient (Irvine Scientific, Santa Ana, OS8A) for 18 - 20 h at
38.5 °C in a humidified atmosphere of 5% (v/v) LO®lature oocytes were denuded
after fertilization by vortexing in 600 uL. Hepes-TALP containing 10,000 U/mL
hyaluronidase and placed in groups of 25-30 inyhOmicrodrops of SOF-BE1
(Fields et al., 2011) covered with mineral oil at 3835in a humidified atmosphere
of 5% O, and 5 % CQand 90% N. At Day 7 after insemination, embryos were

harvested and subjected to slow freezing.

Slow-freezing procedure

Blastocyst and expanded blastocysts grade 1 ando2dieg to the guidelines
of the International Embryo Transfer Society (IETS; $fi@iow and Seidel, 1998)
were harvested from culture on Day 7 (Day 0 = dawafitro fertilization), washed
three times in Hepes-TALP at room temperature aed tlansferred directly into the
freezing medium (Hepes-TALP plus 1.5 M ethylene gly(Sigma Aldrich, St.
Louis, MO, USA) and 0.1 M Sucrose (Sigma Aldrich, [Siuis, MO, USA)] with
AA treatments (A7631 Sigma Aldrich, St. Louis, MOSA). Embryos were loaded
in groups of six to 10 per straw of 0.25 mL with thoedumns of freezing medium
separated by 5 mm air columns and embryos were loatiedhie middle column of
straws and allowed to equilibrate for 10 min.

The embryos into straws were then placed into the bkanof a
programmable freezing machine (CryoLogic Freeze Control®600, Victoria,
Australia) set at -6.0 °C and after 2 min, straws weesded by touching the top

column of medium with a cotton swab dipped in ldjmitrogen. The straws were
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maintained at this temperature for 10 min, and thenedot -32 °C at 0.5 °C per
min and then held for 10 min prior to being plunged iiquid nitrogen (-196 °C).
The slow freezing method was chosen over vitriforatibecause frozen
embryos through this technique can be thawed wititbe need of laboratory
conditions and specialized technicians. Thereforetentikely to be used in farm

conditions.

Post Thaw Embryo Survival

At the time of thawing, embryos were removed froguid nitrogen and held
in the air at room temperature for 5 seconds, followgdmmersion into a water-
bath at 30 °C for 20 seconds. Embryos were washed tinnes in Hepes-TALP at
room temperature and cultured for 72 h in groups ofi8A125 pL microdrops of
SOF-BE1 supplemented with 10% fetal bovine serum aikrvith mineral oil at
38.5 °C in a humidified atmosphere of 5 % (v/v) £8% (v/v) Q and 90% N. Re-
expansion and hatching rates (including both hatchimg) hatched embryos) were

recorded at 24, 48 and 72 h post-thaw.

Oxidative stress analysis by CellROX Green

CellROX® Green Reagent (Molecular Probes, Eugene, @) is a DNA
dye, the fluorescent probe penetrates the cell ahdnwxidized by intracellular free
radicals, binds to DNA, emitting an intense greamorfescence. For this assay,
embryos were washed twice in PBS and incubated with 5 uM (final concentration) of
cellROX® for 30 minutes in the dark at 38.5 °C and 5%, @Ohumidified air.
Further, they were washed twice in PBS and were glat8.7% formaldehyde for
15 minutes at room temperature. Following fixatiembryos were washed again in
PBS and mounted on glass slides surrounded with Sul. of ProLong® Gold antifage
around the embryo and then carefully covered wittoger slip. Stained embryos
were immediately evaluated in inverted microscope @mlyzed by epifluorescence

program Image J.
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TUNEL and Hoescht 33342 Labeling

The terminal deoxynucleotidyl transferase dUTP nicll-ibelling (TUNEL)
assay was used to detect DNA fragmentation thadssaated with the late stages of
apoptosis. The enzyme terminal deoxynucleotidyl dfenase was used to catalyze
the transfer of a fluorescein isothiocyanate-cgatied dUTP nucleotide to the free 3’
hydroxyl group that is exposed after DNA cleavage bBms were removed from
SOF-BE1 and washed two times in pD-drops of PBS-PVP by transferring the
embryos from drop to drop. Embryos were fixed in Gub drop of 4% (w/v)
paraformaldehyde in PBS for 1 hour at room temperaturehedaswvice in PBS-
PVP. Embryos were then permeabilized in 50 pL drop of 0.5% (v/v) Triton X-100,
0.1% (w/v) sodium citrate for 30 min at room temperainra humidified box. After
permeabilzation, embryos were washed three times in 50 puL drops of PBS-PVP.
Embryos cultured under standard conditions were wsegositive and negative
controls for the TUNEL procedure. Positive and negativatrols were treated in 50
uL drops of RQ1-RNase-free DNase (50 U/mL; Promega, Madison, WI, USA&)j7a
°C in the dark for 1 h. Positive controls and experitmeaembryos were washed in
PBSPVP and incubated with 25 pL. of TUNEL reaction mixture (In Situ Cell Death
Detection Kit, Fluorescein: Roche Diagnostics Coapion, Indianapolis, IN, USA)
(containing fluorescein- conjugated dUTP and theyereterminal deoxynucleotidyl
transferase) for 1 h at 37 °C in the dark. Negative ottwvere incubated in the
absence of terminal deoxynucleotidyl transferase. Fotbwere washed three times
in PBSPVP and incubated in a 25 pL drop of Hoechst 33342 (1 pg/mL) for 15 min
at room temperature. Embryos were washed three timesnted on a microscope
slide using ProLong® Gold Anti-Fade mounting mediurnéimo Fisher Scientific
Inc), and fluorescence was visualized using a Zeiseplan microscope (Zeiss,
Gottingen, Germany) with a 20x objective and the FIDBPI, and DIC filter sets.
Digital images were acquired using the AxioVisiorftwsare and a high-resolution

black and white AxioCam MRm digital camera (Zeiss).

Statistical analysis

For data analysis, the Statistical Analysis Syst&AS, version 9.3; SAS
Institute Inc., Cary, NC, USA) was used. Re-expansiod hatching rates were

evaluated by logistic regression considering treatnagi replication effects. For
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discussion of results only the effect of treatment v@ssidered. Intracellular ROS
levels, total cells number of blastocyst and DNA fegtation obtained were
subjected to analysis of variance using the genexhlimear model procedure
(PROC GLM). Replicate was considered a random variable tegadment was
considered a fixed variable in all models. Differentestreatment means were
determined using a t-test in the PDIFF option. Resarle presented as least squares

means + SEM. The level of significance used in adllgses was 0.05.

Results

Experiment 1. Effect of AA antioxidant on re-expansion and htching rate of

cryopreserved IVP bovine embryos.

Re-expansion and hatching rates for I[VP embryos cryopreden freezing
medium containing or not AA are shown in Table 1.lEyons in the presence of 0.1
and 0.3 mM AA exhibited higher (P<0.05) re-expansioegat 24 and 72 h post
thawing, however no differences (P>0.05) were obseretdden 0.3 and 0.5 mM
AA at same time of culture. There were no differences0(05) among AA
treatments at 48 h of re-expansion and 48 and 7#zhhtohing. As 0.1 mM AA was
the only treatment that showed betieexpansion at 24, 48 and 72 h and hatching at
72 h compared with those embryos cryopreserved bserrce of AA, it was

considered as the better AA concentration for the esatipl experiments.

Experiment 2: Effects of AA antioxidant on intracellular ROS levels of

cryopreserved IVP bovine embryos.

Embryos cryopreserved in the absence of AA (controljilied in higher
intracellular ROS levels (P<0.001) compared to the OM. AA treatment at 24 h
post-thaw (Figure 1).

Experiment 3: Effects of AA antioxidant on total cells numberof blastocyst and

DNA fragmentation of cryopreserved IVP bovine embryos

The TUNEL assay revealed the percentage of DNA fraxgatien, presence
of apoptotic cells and total cells number of embrgogpreserved in slow freezing
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containing or not AA (Table 2). There was no effecttba total cells number of
blastocyst at 24 hours of culture after thawing. Heeve 0.1 mM AA
supplementation during the cryopreservation reduced.(®d) the percentage of

apoptotic cells and DNA fragmentation compared whig control group.

Discussion

In the present study, the antioxidant AA was te$tedhe first time in slow
freezing solutions of IVP embryos in bovine speciBe Toncentrations of AA (0.1
and 0.5 mM) used herein were chosen based on prestudies that showed
satisfactory results after slow-freezing of mouse ewbit the 2-cell and blastocyst
stages (Lane et al., 2002). In addition to theseaanations, it was also included 0.3
mM intermediate concentration of AA to provide a ela®ncentration curve, which
had not been elucidated yet. Cryopreserved bovirestddyst and expanded
blastocysts in the presence of low AA concentratidri, mM in slow freezing
solutions, significantly increased re-expansion drwadching rates, reduced ROS
production and DNA fragmentation compared with theticd treatment.

Cryopreservation has emerged as an acceptable miihqueservation of
reproductive cells. However, the process of freezm@jthawing affects cell function
by increasing the generation of ROS, thereby creatmglative stress and
augmenting oxidative metabolism (Agarwal et al.120 Oxidative stress can cause
damage to cellular macromolecules, including nuckstds, phospholipids, and
proteins (Gupta et al., 2009). Oxidative damage tAAdduses modification of the
purine and pyrimidine bases, the deoxyribose backbd@S induces lipid
peroxidation and oxidation of proteins leads to lostheir normal functions and to
enhanced susceptibility to proteolytic degradatiomrénius et al., 2007). Despite the
occurrence of the cellular events mentioned abovés ¢teve natural defense
mechanisms against oxidative stress comprising ¢heraof antioxidants, which act
inhibiting ROS production or capturing and inactivgtithem (Veal et al., 2007).
Antioxidant supplementation has been used duringréiftestages ah vitro embryo
production to minimize the effects of oxidative stressthe inclusion in the culture
medium of melatonin (Dall’ Acqua et al., 2015), a-tocopherol (Hossein et al., 2007,
Saikhun et al., 2008), cysteamine (de Matos et @02p, catalase (Rocha-Frigoni, et
al., 2013), b-mercaptoethanol (Kitagawa et al., 2@ ascorbic acid (Wang et al.,
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2002; Jeong et al., 2006; Hossein et al., 2007; Fetriad., 2009; Kere et al., 2013).
Nevertheless, there are few studies found in theatilee about modification of
freezing medium with antioxidants. In this study tethylene glycol (1.5 M) was
used as intracellular agent cryoprotectant which fpateeinside the cell preventing
the formation of ice crystals, the sucrose (0.1 Mexzsacellular agent that do not
penetrate the cell membrane and act to improve thetasmmbalance that occurs
during freezing and AA (0.1 mM) as antioxidant to metvoxidative stress and
DNA fragmentation that ultimately improves survival P bovine embryos. This
result was similar to that found by Lane et al. (2002)mouse embryos. For
freezing, blastocysts were placed initially in MOIER medium (3IN-morpholino)
propanesulphonic acid with 0.1 and 0.5 mM of AA) ph% glycerol and 0.1 M
sucrose for 10 min followed by 7 min incubation in M®&2 with 10% glycerol
and 0.2 M sucrose. Blastocysts were then loadedan®.25 mL straw and placed
into the freezing machine at6 °C to-32 °C, before being plunged into liquid
nitrogen. They indicate that the addition of 0.1 nMA to the cryopreservation
solutions significantly enhances the survival ofus® embryos, reduced the levels of
hydrogen peroxide and also stimulated the developriiee inner cell mass of
embryos. Korhonen et al. (2012) based on the encowgagsults of Lane et al.
(2002) selected 0.1 mM AA exposure during biopsy aedZing medium of bovine
embryos producenh vivo. After biopsy, embryos were frozen individuaity straws
either with 1.5 M ethylene glycol (control group) ethylene glycol supplemented
with 0.1 mM AA using a bath freezer at °C to-35 °C. Then, female embryos
were transferred to recipients. The results showeapgneciable increase in calving
rate (22% for control embryos and 31% for AA embryos).rétoee, the addition of
AA into the freezing medium is beneficial for survivaid implantation of embryos
regardless of the freezing method used.

It is known that AA is involved in many cellular reets, as protection
against lipid peroxidation, the repair of oxidizeshino acids for protein integrity
maintenance (Barja et al., 1994), inhibition of apagtosbovine granulosa cells and
murine cumulus-oocyte complexes (Tilly & Tilly, 199Bppig et al., 2000, Murray
et al, 2001), increase gene expression of antiokidamymes, such as SOD1 and
GPX1, which reduce intracellular levels of ROS in IpBtcine blastocysts (Castillo-
Martin et al., 2014b) and reduces levels of heat shwokein 70 (HSPA1A) in
vitrified embryos (Castillo-Martin et al., 2014c). Addnally in the present study it
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was demonstrated that AA is able to act on intralzllROS levels, promoting
embryo survival after cryopreservation by the DNA fragtation protection that is
associated with the late stages of apoptosis. Theieftiaction of AA could be
explained because it is a reducing agent. AA mag the hydrogen ions attached to
one of its two ionizale groups located at carbons 2’ and 3’, generating ascorbate
monoanion or dianion, dehydroascorbic acid (Tolbertl.etl875; Du et al., 2012,
Figueroa-Méndez and Rivas-Arancibia, 2015). Furthermthés conversion is
reversible and catalyzed by dehydroascorbate reductsmyme or through
spontaneous reaction with glutathione (Englard ande8€i986; Banhegyi et al.,
1997; Linster and Van Schaftingen, 2007h vitro studies have found that
dehydroascorbic acid enters the cell via high-capagitcose transporters (GLUFs
hexose transporters) and is reduced intracellularhAAo Ascorbic acid is also
directly taken up by the cells through specificwioapacity sodium ascorbate
transporters (SVCTs sodium-ascorbate cotransporter; Agus et al., 199TsoWi
2005; Roomi et al., 2015) and in this way confers amtmdrial protection against
oxidative injury (Sagun et al., 2005).

Conclusion

The present study provides the first evidence traude of 0.1 mM of AA in
slow-freezing medium improves the survival of boviog/opreservedin vitro
produced embryos; AA antioxidant supplements carugedintracellular ROS

production and DNA fragmentation.
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Tables

Table 1. Effect of AA antioxidant on re-expansion and hatchingte of

cryopreserved IVP bovine embryos.

Treatment Re-expansion rates (%) Hatching rates (%)
Embryos (n)

AA (mM) 24h 48h 72h 24h 48h 72h
0.0 144 61.1° 639° 715" 17.4* 326° 424°
0.1 148 77.7° 80.4% 87.8° 257* 439*® 5612
0.3 141 68.1* 716%™ 794%™ 234 447*° 546%
0.5 145 67.6° 71.7* 752 17.2% 345® 46.2®

abwithin a column, different subscribed letters indiadiféerence (P<0.05).

Table 2. Effects of AA antioxidant on total cells number anN®fragmentation of

cryopreserved IVP bovine embryos.

Embryo cells N % DNA
Treatment n TUNEL positive cells _
number fragmentation
Control 79 132.3+3.7 12.4 +0.6 9.6 +4.8
0.1 mMAA 87 130.3+3.5 9.0 +0.6 7.1+4.8

Data represent least-squares means + SEM

aPyv/alues within a column with different superscripteti significantly (P<0.001).
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Figure

AA CONTROL

Figure 1. Intracellular ROS levels expressed as fhamece intensity in
cryopreserved embryos in the presence or absence ah Aldw freezing solutions.

aP |ndicate difference (P<0.001) between groups.
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Abstract

In order to improve the cryotolerance iof vitro produced bovine embryos, two
experiments were conducted to assess the effectstiobireitol (DTT) and the
caspase-3 inhibitor (z-DEVD-fmk) during cryopreservatiéior the experiments,
cumulus-oocyte complexes were obtained from ovaokeslaughterhouse cows;
oocytes werein vitro matured, fertilized and cultured to day 7. Bbagst and
expanded blastocysts embryos were randomly assigmdie subjected to slow
freezing. Embryos were slow-frozen in Hepes-TALRhwi.5 M Ethylene Glycol,
0.1 M Sucrose and DTT (0, 50, 100 and 200 pM) in erpent 1 or z-DEVD-fmk
(0, 50, 100 and 200 uM) in experiment 2. Embryos weasved and then cultured
for 72 h. Re-expansion and hatching rates were reca@tl2d, 48 and 72 h. There
was no effect (P > 0.05) of treatment with DTT or z-[ME¥nk on re-expansion or
hatching rates at 24, 48 or 72 h post-thaw. Thisesfirst report that indicates the
use of antioxidant reagent (DTT) and the specific bitbr of the apoptosis (z-
DEVD-fmk) in the cryopreservation medium. In conclusi T and z-DEVD-fmk
treatments do not improve the survivaliofvitro produced bovine embryos during

slow freezing in the concentrations employed.

Key words: Caspase inhibitor; Cryopreservation; Dithiothreitahliyos.
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Introduction

Cryopreservation is an important alternative for the gmesgion of embryos,
however, the cells are subjected to different steps:effliilibration period; (2)
cooling; (3) storage and (4) thawing (Faustino et &10). These conditions can
compromise cell recovery due the production of rgaatixygen species (ROS). The
accumulation of these substances can induce massiivdar damage (Mignotte and
Vayssiere, 1998) by releasing proteases, lipases runcleases within the
mitochondria, culminating in cell death (Fiers et 4B99). Efforts to improve the
survival rates ofn vitro produced bovine embryos have been restriptedarily to
changes in maturation and culture systems (Block antsétg 2007; Block et al.,
2009; Pryor et al., 2009; Ruiz et al., 2014; Zoliniaét 2015; Block et al., 2015).
Therefore, there is little information available abounbdifying cryopreservation
solutions.

Dithiothreitol (DTT) is a small- molecule redox reagenAt low
concentrations, DTT stabilizes enzymes that podsesssulthydryl groups (Klonne
and Johnson, 1988) and by this way protects thes ceim apoptose. The
environment of culture is an important determinant aointinued embryonic
development. Experiments using DTT have revealedsitime of the actions of heat
shock on development involve ROS production in aestggecific manner and that
ROS are importanto trigger the induction of the apoptotic cascade. tedu
apoptosis was blocked or greatly reduced by adddfddTT to culture medium (De
Castro e Paula and Hansen, 2008). In others studiesals® showed DTT actions,
DTT protects cells from apoptosis by precluding thegphmorylation of protein
tyrosine residues (Watson et al. 1996); reduceshibeoxidative damage caused by
diamide in zygotes and blastocysts (Liu et al., J98®reases fertilization rate, the
number of cells pst-insemination and potentiate the oocytes to develop
blastocysts (Tarin et al., 1998). However, the modectibn of DTT in protection of
cells during cryopreservation has not been demondtrate

Apoptosis has traditionally been considered an inslike process with
caspase activation committing the cell to deathwéwer, previous studies have
shown that inhibition of apoptosis responses whih ¢aspase-3 inhibitor, z-DEVD-
fmk, exacerbates effects of heat shock on embryo dewednt (Paula-Lopes and

Hansen, 2002) as well as the DTT completely blodkedinduction of apoptosis
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caused by heat shock (De Castro e Paula and Han@68).2z-DEVD-fmk, a
specific inhibitor of group Il caspases, blocks thduiction of apoptosis and DNA
fragmentation in the oocyte and preimplantation embiPaula-Lopes and Hansen,
2002; Roth and Hansen, 2004; Jousan and Hansen).20&/likely that the use of
these two substances in cryopreservation mediuntralees excessive ROS
production preventing it from damaging the cellulrusture of embryos submitted
to freezing protocols.

For the current studies, two hypotheses were raisedVR embryos are
highly susceptive to cryopreservation processesgtbee, modification of freezing
medium by the addition of DTT protects cells by treduction of ROS and
consequently improves re-expansion and hatching pagtsthaw; 2) The addition of
z-DEVD-fmk in the freezing medium, blocks the actioh group Il caspase to

apoptosis inhibition improving re-expansion andchatg rates post-thaw.

Materials and Methods

All experimental procedures were approved by thecElommission in use
of Production Animals of Universidade Federal de VagdBrazil (process number
41/2014).

Experimental Design

Experiment 1. Effect of DTT on re-expansion and hatching rate of

cryopreserved IVP bovine embryos.

Bovine embryos were produced by in vitro fertilizatiohoocytes obtained
from abattoir-collected ovaries. Immature cumulusyt® complexes (COC's) were
obtained by slicing follicles. Presumptive zygot&8;20 h post-insemination were
placed in groups of 250 in 50 uL dropsof synthetic oviduct fluid-bovine embryo 1
(SOF-BE1- Fields et al., 2011). At Day 7 after inseminatiomg £mbryos at the
blastocyst and expanded blastocyst stage evalaat€srade 1 and 2 (according to
the IETS manual; Stringfellow and Seidel, 1998) weesvésted from culture.
Embryos were subjected to controlled-rate freezirtpwiong equilibration for 10
min in freezing medium (HepéByrode’s Albumin Lactate Pyruvate (Hepes-TALP)
with 1.5 M ethylene glycol, 0.1 M Sucrose) and diéfar Dithiothreitol (DTT;
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D5545 Sigma Aldrich, St. Louis, MO, USA) concentraidh uM, 50 uM, 100 uM
and 200 pM (in Annex). After exposure, the embryosaweaded in groups of six to
10 per straw of 0.25 mL. The experiment was replicltéiches; harvested embryos
(243) were used to determine re-expansion and megatates of bovine embryos
during 24, 48 and 72 h post-thaw. There were betvi€eand63 embryos for each

treatment.

Experiment 2. Effect of Caspase3 inhibitor (z-DEVD-fmk) on re-expansion and

hatching rate of cryopreserved IVP bovine embryos.

Bovine embryos were produced by in vitro fertilizatiohoocytes obtained
from abattoir-collected ovaries. COC's were obtaineg dicing follicles.
Presumptive zygotes, 18-20 h post-insemination yéeed in groups of 25-30 in
50 uL dropsof SOF-BE1. At Day 7, the embryos at the blastocyst expanded
blastocyst stage (Grade 1 andETS; Stringfellow and Seidel, 1998) were harvested
from culture. Embryos were subjected to controlle@-rdteezing following
equilibration for 10 min in freezing medium (Hepes-TAM®th 1.5 M ethylene
glycol, 0.1 M Sucrose) and different Caspase-3 inhifzgeDEVD-fmk; FMK004
R&D System, MN, USA) concentrations 0 uM, 50 uM, 10@ and 200 uM (in
Annex). After exposure, the embryos were loadedrdnigs of six to 10 per straw of
0.25 mL. The experiment was replicated 7 times; haedesmbryos (227) were used
to determine re-expansion and hatching rates ofnleogmbryos during 24, 48 and

72 h post-thaw. There were between 55 and 59 emlioyesch treatment.

In vitro Embryo Production

Bovine embryos were produced by in vitro fertilizatiohoocytes obtained
from abattoir-collected ovaries. All procedures forbeyo production followed
techniques previously described by Fields et al. {20COC's were obtained by
slicing follicles from 2 to 10 mm in diameter on thefaae of ovaries into a beaker
containing oocyte washing medium (Mofa, Verona, WEA). Groups of 10 COC's
were matured in 50 pL droplets of oocyte maturation medium [tissue culture
mediumd99 with Earle’s salts (Invitrogen, Carlsbad, CA, USA), 10 % (v/v) bovine
steer serum, ag/mL egradiol 178, 20 pg/mL bovine follicle stimulating hormone

(Bioniche Life Sciences, Ontario, Canada), pg/mL sodium pyruvate, 50 ug/mL
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gentamicin sulfate and 1 mMlutaMAX™ (Life Technologies, Carlsbad, CA,
USA)] covered with mineral oil for 20 hours at 38.5 &d in a humidified
atmosphere of 5 % (v/v) COFollowing maturation, COC’s were washed once in
Hepes-TALP (Caisson Laboratories, Inc., Logan, UT, UB&yish et al., 1986) and
then transferred in groups of 200-300 to 35 mm Pesheal containing 1.7 mL of in
vitro fertilization-TALP (Caisson Laboratories, Intggan, UT, USA; Parrish et al.,
1986) and 120 pL of a mixture of 0.5 mM penicillamine, 0.25 mM hypotaurine and

25 uM epinephrine in 0.9% (w/v) NaCl and fertilized with 1 x 1¢° /mL spermatozoa
purified from a pool of frozen-thawed conventionalhren from three bulls using
Isolaté separation gradient (Irvine Scientific, Santa Ana, OS8A) for 18 - 20 h at
38.5 °C in a humidified atmosphere of 5% (v/v) LO®lature oocytes were denuded
after fertilization by vortexing in 600 pL Hepes-TALP containing 10,000 U/mL
hyaluronidase and placed in groups of 25-30 inyhOmicrodrops of SOF-BE1
(Fields et al., 2011) covered with mineral oil at 38%in a humidified atmosphere
of 5% &, and 5 % CQ@and 90% N. At Day 7 after insemination, embryos were

harvested and subjected to slow freezing.

Slow-freezing procedure

Blastocyst and expanded blastocysts grade 1 ando2dag to the guidelines
of the International Embryo Transfer Society (IETS; $ffélow and Seidel, 1998)
were harvested from culture on Day 7 (Day 0 = dayafitro fertilization), washed
three times in Hepes-TALP at room temperature aed transferred directly into the
freezing medium (Hepes-TALP plus 1.5 M ethylene gly(Sigma Aldrich, St.
Louis, MO, USA) and 0.1 M Sucrose (Sigma Aldrich, [Siuis, MO, USA)] with
dithiothreitol (DTT), or caspse3 inhibitor (z-DEVD-fmk) treatments. Embryos
were loaded in groups of six to 10 per straw of 0.25 with three columns of
freezing medium separated by 5 mm air columns andyashbwere loaded into the
middle column of straws and allowed to equilibratelfdmin.

The embryos into straws were then placed into the bkanof a
programmable freezing machine (CryoLogic Freeze Conti©l®5500, Victoria,
Australia) set at -6.0 °C and after 2 min, straws weesded by touching the top

column of medium with a cotton swab dipped in ladymitrogen. The straws were
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maintained at this temperature for 10 min, and thenedot -32 °C at 0.5 °C per
min and then held for 10 min prior to being plunged iiquid nitrogen (-196 °C).

Post Thaw Embryo Survival

At the time of thawing, embryos were removed froguid nitrogen and held
in the air at room temperature for 5 seconds, follolwgdmmersion into a water-
bath at 30 °C for 20 seconds. Embryos were washed tinnes in Hepes-TALP at
room temperature and cultured for 72 h in groups 006A125 puL microdrops of
SOF-BE1 supplemented with 10% fetal bovine serum aikrvith mineral oil at
38.5 °C in a humidified atmosphere of 5 % (v/v) £®% (v/v) Q and 90% N. Re-
expansion and hatching rates (including both hatchimg) hatched embryos) were
recorded at 24, 48 and 72 h post-thaw.

Statistical analysis

For data analysis, the Statistical Analysis Syst&AS, version 9.3; SAS
Institute Inc., Cary, NC, USA) was used. Re-expansiod hatching rates were
evaluated by logistic regression considering treatnag replication effects. For
discussion of results only the effect of treatment wassidered. Significant level

adopted was a = 0.05.

Results

Experiment 1. Effect of DTT on re-expansion and hatching rate of

cryopreserved IVP bovine embryos.

The results of IVP embryos cryopreserved in slowzireg medium with or
not DTT antioxidant are show in the Table 1. The itwid of DTT during
cryopreservation did not affect re-expansion and lagchates at 24, 48 and 72 h
post-thaw compared with embryos that were not tceatieh DTT. Supplementation
with 200 uM DTT increased (P<0.05) hatching rates ah tdmpared with 50 pM
group, but did not differ from control and 100 uM DT&atments.
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Experiment 2. Effect of Caspase-3 inhibitor (z-DEVD-fmk) orre-expansion and

hatching rate of cryopreserved IVP bovine embryos.

Data for the re-expansion and hatching rates of boverebryos
cryopreserved in slow freezing medium with z-DEVD-fan#dition are presented in
Table 2. There was no effect (P>0.05) of z-DEVD-fmkeexpansion and hatching
rates during 24, 48 and 72 h post-thaw.

Discussion

The protection against ROS can be provided by enagnugradation,
removal by antioxidants and molecular repair. In tres@nt study, DTT was used as
an antioxidant because it is a strong reducing agerg used to reduce disulfide
bonds quantitatively and maintain monothiols in thduced state (Cleland, 1964),
contains two thiol groups for sequential thiol-digigf exchange reactions for direct
scavenging of ROS as well as regeneration of redgbeththione from oxidized
glutathione (Rothwarf and Scheraga 1992). In this sttiy,addition of DTT in
slow-freezing medium had no effects on re-expansiah taiching rates, probably
that concentrations used were not sufficient to exaterthe oxidation caused by
cryopreservation, harming the developmental poteafiambryos. However, Liu et
al. (1999) demonstrated the effective against thiol-atki¢ damage using the same
concentrations of DTT in zygotes and blastocyst®yTihduced apoptosis in mouse
zygotes and blastocysts by Diamide, a SH-specKidamt that can inhibit embryo
development and provoke cell cycle arrest, apoptasid/or cell death. On the other
hand, when Tarin et al., (1998) used 50 and 500 uMITdf, fertilization rate was
increased and number of cells at 81 h post-inseromatiso, both age-associated
fragmentation at 24 h post-insemination and decregsd#dntial of oocytes for
development to the blastocyst stage were prevenyeduliuring oocytes in the
presence of 50 uM of DTT. Castro e Paula and Ha(&08) demonstrated that the
heat-shock induced apoptosis was blocked by cultulew oxygen (5% oxygen)
and by addition of DTT to culture medium. The thepnutective effect of DTT
depended on the stage of development, for the twoemmbryo the degree of
inhibition of blastocyst development caused by tsbaick in the presence of DTT
(500 uM) was 77.3% compared to 95.5% in the absehBd T, in contrast for the

Day 5 was 26.6% compared to 70.8% of control embryos
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Redox imbalance is an important apoptotic pathway ¢bald occur during
cryopreservation and embryo development. The capéaithlastocysts to undergo
further development is related to degree of groumsépase activity (ie., caspase-2, -
3 and -7; Jousan et al., 2008). The caspases taaeealular proteases that exist in
the cells as inactive precursors. Caspase activaaonoccur by two pathways: the
extrinsic (receptor-mediated) and intrinsic (stressliated). In both pathways,
initiator caspases (caspase-2, 8 and/or 10) actieties effector caspases (caspase-
3, 7 and 6) resulting in membrane blebbing, nuclearclindmatin condensation and
fragmentation, shrinking of the cell, mitochondriasidtegration and formation of
apoptotic bodies (budding off cellular portions) whidtimately leads to cell death
(Xu et al., 2001; Danial and Korsmeyer, 2004; Huss#005; Faustino et al., 2011).
There are evidence that mouse embryos express mRN&spéses 2, 3, 6, 7, and 12
(Exley et al., 1999), apoptosis genes (survivin, fF&sp 70 and caspase-3) were
expressed in frozen-thawed bovine blastocysts (Paak,e2006) and that apoptosis
is dependent on embryonic developmental stage sthadard culture (Matwee et al.,
2000). To investigate the relationship between argsgrvation and apoptosis, z-
DEVD-fmk was used in slow freezing medium in differeaincentrations 50, 100
and 200 puM to treat bovine embryos. There was awisstally significant difference
in the percentage of re-expansion and hatching g2y 48 and 72 h post-thaw
between the control and those treated with caspdmieitors; Effective action of z-
DEVD-fmk has already been evidenced in other studies not in embryo
cryopreservation. Paula-Lopes and Hansen (2002), denabted that z-DEVD-fmk,
blocks the heat induced caspase activity and ptevthe increase in TUNEL-
positive blastomeres observed after heat shock. fibtswas confirmed years later
by Roth and Hansen (2004) and Jousan and Hansen (20GFg oocyte and
preimplantation embryo.

Conclusion

This study provides the first evidence of DTT an®EVD-fmk impacts
when added in slow-freezing medium. In the concéptia employed, DTT and z-
DEVD-fmk do not improve the survival of bovine cryopeevedin vitro produced

embryos.
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Tables

Table 1. Effect of DTT on re-expansion and hatching rate of gopreserved IVP
bovine embryos.

Treatment Embryos Re-expansion rates (%) Hatching rates (%)
DTT (uM) (n) 24h 48h 72h 24h 48h 72h
0 63 66.7 73.0 76.2 15.9 33.3 46.0°
50 61 60.7 67.2 67.2 13.1 21.3 29.5°
100 56 69.6 71.4 78.6 7.1 196  32.1%
200 63 73.0 77.8 825 22.2 38.1 50.8°

ab\ithin a column, different subscribed letters indiagiféerence (P<0.05).

Table 2. Effect of Caspase-3 inhibitor (z-DEVD-fmk) on reexpansion and

hatching rate of cryopreserved IVP bovine embryos.

Treatment Re-expansion rates (%) Hatching rates (%)
Embryos
z-DEVD-fmk
(n) 24h 48h 72h 24h 48h 72h
(UM)
0 59 69.5 79.7 78.0 20.3 39.0 45.8
50 55 745 81.8 83.6 20.0 45.5 52.7
100 57 719 80.7 80.7 29.8 40.4 45.6
200 56 76.8 85.7 85.7 21.4 44.6 60.7
(P>0.05)
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CONCLUSION

This is the first report that used AA and DTT antdadts or z-DEVD-fmk a specific
inhibitor of the apoptosis in the cryopreservatioedmm ofin vitro produced bovine
embryos. The addition of AA (0.1 mM) in slow-freezimgedium improves the
cryosurvival ofin vitro produced bovine embryos, reduces intracelluéactive

oxygen species levels and DNA fragmentation. DTT amdEVD-fmk treatments

have no effect on post-thaw embryo survival in theceatrations employed.
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ANNEX

e ASCORBIC ACID (AA)
1 M=198,11 mg/mL
Stock solution: 0.09905 g of AA dilute in 5 mL HepBALP
(Filter — Aliquots of 250 uL)

0.1mM AA: 100mM x X =0.1mM x5mL
X=0.005mL

0.3mM AA: 100mM x X =0.3mM x5mL
X=0.015mL

0.5mM AA  100mM x X =0.5mM x5mL
X=0.025mL

e DITHIOTHREITOL (DTT)

1 M = 154.25 g/Mol

50 uM = 0.00005 Mol

(1000x)=0.5 Mol

Stock solutions: 1M .V =0.05M x 160 pL
V=8 uL; 10 Aliquots (16 uL)

50uM DTT  0.05 M. V = 0.00005M x 2000 pL
V=2 pL
100pM DTT 0.05 M. V = 0.0001M x 2000 pL
V=4 pL
200uM DTT 0.05 M. V = 0.0002M x 2000 pL
V=8 uL
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e CASPASE-3 INHIBITOR (z-DEVD-fmk )
NW: 668 Da
1mg

Reconstitution: 75 pL of DMSO to vial yield a 20 mM.

Stock solution

1. Dilute 675 pL of freeze solution in z-DEVD-fmk rectituted.

750 pL; Aliquots (92 pL) and store at -20 °C.
2. Dilute 675 pL of freeze solution with 75 pL of DMSO.
750 pL; Aliquots (120 pL) and store at -20 °C.

1:10 = 200 pL
1:20 = 100 pL
1:40 =50 pL
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