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RESUMO

Os objetivos dos experimentos foram primeiro testar a presenca da
dimetilformamida (DF) nas solucdes crioprotetoras e segundo avaliar a viabilidade in vitro
pOs aquecimento de blastocistos Mus domesticus domesticus vitrificados em microcapilares
manufaturados industrialmente. O primeiro experimento testou a capacidade de vitrificacdo
das diferentes solucdes de vitrificacdo, compostas pelas combinagdes de etileno glicol (EG)
ou 1-2 propanediol (PROH) com as diferentes porcentagens de DF. No segundo
experimento se testou a toxicidade de 3 solugdes de equilibrio: ES1 (PBSm + 10% PROH +
10% DF + 0.5% PVA), ES2 (PBSm+ 10% EG+ 10% DF + 0.5% PVA), ES3 (PBSm +
10% PROH + 10% EG + 0.5% PVA), através da exposi¢do dos embrides durante 3
periodos de tempo (1, 3 e 10 min). O cultivo in vitro apds a exposi¢do as solucdes de
equilibrio foi realizado em meio de KSOM durante 72 h. Os resultados de re-expansao
foram semelhantes entre as trés solucdes, quando os embrides foram expostos por 1 ou 3
min. Por outro lado, a exposi¢do a ES3 por 10 min, revelou uma maior taxa de
sobrevivéncia dos embrides, em relacdio as outras solugdes testadas. No terceiro
experimento, apds expor-se os embrides as solugdes de equilibrio, ES1, ES2 e ES3 por 1
min, a vitrificacdo foi realizada utilizando-se as seguintes solugdes: VS1 (PBSm + 20%
PROH + 20% DF + 0.5% PVA); VS2 (PBSm + 20% EG + 20% DF+ 0.5%PVA) and VS3
(PBSm + 20% EG + 20% PROH + 0.5% PVA). Imediatamente apds a exposi¢cdo por 30 s
as solucdes de vitrificagdo os embrides foram envasados em micropipetas de vidro (GMPs)
e mergulhados em nitrogénio liquido superresfriado. As GMPs foram aquecidas no ar
durante 10 s e apds os embrides foram expostos durante 5 min ao PBSm + 0,25 M sacarose
a 37 °C, finalmente transferidos para gotas de meio KSOM e cultivados in vitro durante 72
horas. As taxas de re-expansdo dos embrides apds o cultivo in vitro foram as seguintes:
ES1/VS1 = 12% (13/108); ES2/VS2 = 38% (46/111) e ES3/VS3 = 84% (89/105). A
eclos@o dos embrides observada apds o cultivo in vitro foi de: ES1/VS1 = 3% (3/108);
ES2/VS2 = 17% (19/111) e ES3/VS3 = 70% (73/105). As taxas de sobrevivéncia
revelaram que a presenca da dimetilformamida na solugd@o crioprotetora reduz a viabilidade
embriondria e que a associacdo de EG + PROH ¢ eficiente na manutencdo da viabilidade

embriondria apds a vitrificagdo. O segundo artigo descreve os experimentos de vitrificacao,



utilizando-se para o envase dos embrides um microcapilar de vidro (GMC), produzido
industrialmente (Brand®). Blastocistos murinos apds a coleta foram divididos em trés
grupos: Controle, embrides cultivados in vitro em KSOM por 72 horas; Grupo 1,
vitrificados envasados em micropipetas de vidro (GMPs) esticadas manualmente; Grupo 2,
vitrificados envasados nas GMCs (Brand® - 5 puL). O procedimento de vitrificagdo foi o
seguinte: primeiro os embrides foram expostos a solucao de equilibrio (PBSm + 10% EG +
10% PROH and 0.5% PVA) por 1 min e ap0s transferidos para a solucdo de vitrificagdo
(PBSm + 20% EG + 20% PROH + 0.5% PVA) por 30 s, envasados nas GMPS ou GMCs e
imediatamente mergulhados em nitrogénio superresfriado. As taxas de sobrevivéncia dos
embrides apds o aquecimento e cultivo in vitro, ndo apresentaram diferencas significativas
entre os grupos. O envase dos embrides nas GMCs proporcionou sobreviénvia embriondria

similar a observada nos embrides envasados nas GMPs.

Palavras chaves: camundongo, blastocisto, vitrificagdo, dimetilformamida, microcapilares.



ABSTRACT

The aims of these experiments were first, determine the effect of
dimethylformamide (DF) into cryoprotectant solutions and sencondly, evaluated the in vitro
viability of blastocyst Mus domesticus domesticus vitrified into glass microcapillaries
(Brand®). The first article described the efficiency of DF in association with ethylene
glycol (EG) and 1-2 propanediol (PROH) on in vitro viability of vitrified mouse
blastocysts. Initially, the differents cryoprotectant solutions were tested on its capacities to
induce virification. In the second experiment to determine the cryoprotectant toxicity the
embryos were exposed during 1, 3 and 10 min to three different equilibrium solutions ES1
(PBSm + 10% PROH+ 10% DF + 0.5% PVA), ES2 (PBSm+10% EG+ 10% DF + 0.5%
PVA), ES3 (PBSm + 10% PROH + 10% EG + 0.5% PVA). After 72 hours of in vitro
culture in KSOM medium, re-expansion and hatching rates showed no differences among
the tested cryoprotectant solutions for 1 or 3 min exposition interval time. However, for the
10 min exposition interval time, ES3 was more effective to promote embryo survival than
the others tested cryoprotectant solutions. In the third experiment, blastocysts were vitrified
after been exposed to one of the equilibrium solutions (ES1, ES2 or ES3) during 1 min.
After that the embryos were transferred to one of the vitrification solutions (VS1 = PBSm
+ 20% PROH + 20% DF+ 0.5% PVA; VS2 = PBSm + 20% EG+ 20% DF+ 0.5% PV A and
VS3 = PBSm + 20% EG+ 20% PROH+ 0.5% PVA) during 30 s, loaded into glass micro
pipettes (GMPs) to be plungged into super-cooled liquid nitrogen. The GMPs were thawed
in air during 10 s, transferred into drops of PBSm + 0,25 M sucrose at 37 °C for 5 min, and
finally transferred to KSOM medium for in vitro culture. After 72 hours the expansion and
hatched rates were evaluated. Results demonstrated a significantly difference between the
vitrification solutions, showing better hatching rates the embryos vitrified into the ES3/EV3
solution. Therefore, these data shows that the cryoprotectants solutions containning
dimethylformamide have deleterious effects on the developmental competence of vitrified
mouse blastocysts, and the highest expansion and hatching rates were obtained when the
cryoprotectant solution containning an EG and PROH association. The purpose of the
second study was to determine the in vitro expansion and hatching rates of vitrified mouse

blastocysts loaded into commercially available glass micro-capillaries (GMC - Brand®5



uL). In the early morning at day 4 of the pregnancy, collected blastocysts were divided in
three groups: Control: embryos were in vitro culture during 72 hours into KSOM medium;
Group 1, blastocyst vitrified into glass micropipettes (GMP); Group 2, blastocyst vitrified
into GMC. The embryos were first exposed to the equilibrium solution (PBSm + 10% EG +
10% PROH + 0.5% PVA) for 1 min and then transferred into the vitrification solution
(PBSm + 20% EG + 20% PROH + 0.5% PVA) for 30 sec. Blastocysts were loaded into
GMP or GMC and plunged into super-cooled liquid nitrogen. Embryo warming was carried
out by plunging the narrowest end of the capillaries into droplets of 0.25 M sucrose
mantained at 37°C. After 5 min, embryos in vitro culture into KSOM medium for 72 hours.
Blastocyst survival rates did not show significant differences between the groups. The
tested manufacturated GMC (Brand®) showed the same efficiency as the GMP to load

mouse blastocysts for vitrification.

Keywords: Mouse, blastocyst, vitrification, dimethylformamide, glass micro-capillaries.
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1. INTRODUCAO

A criopreservacdo de gametas e embrides ¢ uma ferramenta empregada nos ultimos
60 anos na reproducdo assistida de diferentes espécies mamiferas, primeiro com o s€émen
(POLGE et al., 1949) e mais recentemente com embrides (WHITTINGHAM et al., 1972;
WILMUT, 1972).

Atualmente a vitrificacdo de embrides murinos, que foi descrita por Rall e Fahy
(1985), € uma das alternativas técnicas para a crioconservacao de embrides, principalmente
aqueles produzidos in vitro. A vitrificagdo de maneira geral consiste na transformacio do
estado liquido em vitreo pela exposi¢do a baixas temperaturas, produzida ndo pela
cristalizacdo, mas por uma extrema elevacdo na viscosidade durante o resfriamento. O
fendmeno mantém a distribui¢do molecular e idnica que existia no estado liquido, antes do

resfriamento (FAHY er al., 1987).

Massip (2001) ja destacava que os efeitos deletérios das solugdes de vitrificacdo
serdo limitados com a selecio e mistura criteriosa dos crioprotetores. Dessa forma
analisando as caracteristicas proprias de cada crioprotetor percebe-se que independente da
capacidade de cada um deles em induzir a formagdo do estado vitreo, todos apresentam
diferentes graus de toxicidade as células embriondrias (KASAI et al., 1990; MASSIP,
2001; VAJTA e NAGY, 2006).

Diferentes amidas, como a acetamida e a formamida, ja& foram utilizadas na
composi¢cdo da solugdo de vitrificagdo de odcitos e de embrides de mamiferos e peixes
(RALL e FAHY, 1985; JANIK et al., 2000; FAHY et al., 2004). Neste cenario de busca de
novas solucdes crioprotetoras, pode-se especular o emprego da dimetilformamida (DF),
potente indutor do estado vitreo, utilizada na composicdo de diluentes para a
crioconservagdo de s€émen em bovinos (GONZALES, 2004), em caprinos (FERREIRA et
al., 2006), em caninos (OLIVEIRA et al., 2006) e em eqiiinos (VIDAMENT et al., 2002;
SQUIRES et al., 2004; ALVARENGA et al., 2005).
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Outro ponto de interesse a ser estudado € o envase dos embrides para a
crioconservgdo. Além de proporcionar resultados favordveis o envase dos embrides deve
solucionar de maneira satisfatoria, outros dois aspectos importantes para a vitrifica¢do, que

sdo a facilidade de manipulacdo e a correta identificacdo das amostras criopreservadas.

Os objetivos dos experimentos foram testar a presenca da dimetilformamida nas
solugdes crioprotetoras e avaliar a viabilidade in vitro pés-aquecimento de blastocistos Mus

domesticus domesticus vitrificados em microcapilares manufaturados industrialmente.

2. REVISAO BIBLIOGRAFICA

A organizacdo e a utilizagdo como rotina de um modelo experimental, permitiu que
Stefani (1983) obtivesse os primeiros nascimentos no Laboratério de Embriologia e
Biotécnicas de Reprodugdo da Faculdade de Veterindria da Universidade Federal do Rio
Grande do Sul, a partir das transferéncias de embrides Mus domesticus domesticus. Este
trabalho propiciou o inicio das atividades de pesquisas na drea da criopreservacdo de
embrides, envolvendo outras espécies domésticas, como por exemplo, o Bos taurus taurus

(GREGORY e RODRIGUES, 1985).

Posteriormente Lopes e Rodrigues (1988) vitrificaram embrides murinos nos
estddios de morula, blastocisto inicial e blastocisto, utilizando como solu¢@o crioprotetora
uma combina¢do de PBSm + 25% glicerol (GLY) + 25% 1,2-propanediol (PROH). Apés a
transferéncia dos embrides para fémeas receptoras as taxas de implantagdo foram de 27,5%
(22/80), 13,75% (11/80) e 5% (4/80), respectivamente. Diferentes experimentos foram
conduzidos procurando identificar solug¢des crioprotetoras adequadas, associadas aos
envases que permitissem a sobrevivéncia embriondria (ANDRADE e RODRIGUES, 1987;
PALHA et al., 1991; HOTZEL e RODRIGUES, 1992; BERTOLINI et al., 1994; AGUIAR
et al., 1997; CORTES e RODRIGUES, 2000; BERTOLINI ef al., 2005; ASSAF et al.,
2007; COSTA, 2007)

Recentemente Vieira et al. (2008), adotaram como envase de embrides bovinos para
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a vitrificacdo a micropipeta de vidro (GMP), com a utilizagdo de microvolumes de
crioprotetor e a exposi¢do ao nitrogénio liquido siperresfriado (SN») (-200 °C), que além de
proporcionar aumento nas taxas de resfriamento, também permite a reducdo da
concentracdo dos crioprotetores. Nivia (2008) realizou a comparacdo do envase em
macrovolume empregando palhetas com uma haste de ouro com o envase em microvolume,
utilizando as GMP. Os resultados revelaram que a vitrificacdo dos blastocistos murinos,
previamente desidratados por 3 min, foi mais eficiente em promover a sobrevivéncia dos
envasados nas GMP (60% ; 52/86) do que os mantidos nas palhetas com a haste de ouro

(4% ; 2/57).

Lange (2008) avaliou a taxa de sobrevivéncia de embrides murinos nos estagios de
2-células, 8-células e blastocisto, envasados em GMPs e vitrificados pela imersio em
nitrogénio superresfriado, ap6s 1 min de desidratacdo em solugdo crioprotetora constituida
por PBSm +10% EG + 10% PROH + 0.5% PVA, seguida da exposicao por 30 s a solugao
de vitrificagdo (PBSm + 20% EG + 20% PROH + 0,5% PVA). As taxas de eclosdo in vitro
dos embrides vitrificados nos estdgios de 2-células, 8-células e blastocistos, foram de

53,1% (60/113), 76,9% (117/152) e 68,3% (97/142), respectivamente.

2.1 Vitrificacao

A vitrificacdo € uma técnica de criopreservacao, definida por Fahy et al. (1984)
como um processo que permite a uma solucdo alcancar o estado vitreo, pela extrema
elevacdo da viscosidade durante o resfriamento sem a ocorréncia de cristalizacdo. As
curvas de resfriamento sdo mais rdpidas em comparagdo as do congelamento e usualmente
sdo associadas a utilizacdo de solugdes crioprotetoras mais concentradas. A formacgao do
estado vitreo promove a distribuicdo i6nica do liquido, o que impede a formacao de cristais
de gelo nos espacos intra e extracelulares, reduzindo a ocorréncia de danos quimicos e

mecanicos durante o resfriamento (RALL e FAHY, 1985; ARAYV, 1992; KASAI, 2002).

No entanto, a auséncia da formagao de cristais de gelo, ndo exclui a possibilidade da

ocorréncia de danos celulares, como por exemplo, de origem tdxica ou osmética. De acordo
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com Fahy (2007) existem trés tipos de efeitos toxicos dos crioprotetores sobre as células
embriondrias, o primeiro é a denominada toxicidade especifica que € préopria de cada agente
crioprotetor. Os efeitos quimicos, através de vias e sitios celulares definidos, destroem a
estrutura célular (p.e. organelas e membranas bioldgicas) e impedem processos enzimaticos
vitais (p.e. alteracdo hidrofébica da membrana, mudanga da constante dielétrica, potencial
redox, forca idnica, pH, tensdo de superficie); o segundo € a toxicidade indireta mediada
pelas alteracdes na localizagdo da dgua nas moléculas hidratadas; e o terceiro é o da

desnaturagdo de proteinas.

As lesdes toxicas sdo observacdes comuns no processo de vitrificacdo de embrides,
devido a necessidade do uso de altas concentragdes de crioprotetores. O grau de toxicidade
das solugdes crioprotetoras vai depender das propriedades dos crioprotetores, somadas ao

tempo e a temperatura de exposicao (FAHY et al., 2004; BERTOLINI et al., 2005).

Por sua vez as lesdes osmoticas s@o originadas por alteragdes do volume celular
durante a adi¢do e a dilui¢do das solugdes crioprotetores as células embriondrias (KASAI,
2002). A desidratacdo excessiva causa reducdo exagerada do volume das células e resulta
no denominado efeito da solug@o, que se caracteriza pela precipitacio dos componentes
celulares (MAZUR, 1966). O aumento exagerado do volume célular € observado mais
comumente durante o processo de retirada da solucdo crioprotetora das células, apos o
aquecimento. Na presenca de meios isotOnicos, a difusdo da dgua extracelular através das
membranas celulares € mais rdpida que a saida dos crioprotetores, o que pode causar lesoes
das membranas e organelas celulares (MAZUR, 1970). A estratégia de prevengdo
usualmente empregada € utilizar solugdes hipertdnicas com macromoléculas, como por
exemplo, a sacarose (KASAI e MUKAIDA, 2004). De acordo com Vajta e Nagy (2006)
estas alteracdes celulares podem ser controladas através do emprego de curvas de

resfriamento mais rdpidas e solugdes crioprotetoras mais estdveis € menos toxicas.
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2.1.1. Crioprotetores

De acordo com Mazur (1980), as células mamiferas, independente do grau de
desidratacdo, ndo sobrevivem a congelamentos abaixo dos -20 °C em fluidos teciduais ou
solugdes salinas, sem a presenca de um crioprotetor. Portanto, independente da velocidade
de resfriamento adotada na criopreservacdo de embrides, a adicdo de um crioprotetor €

fundamental para a sobrevivéncia das células embriondrias.

Os crioprotetores utilizados na vitrificacdo sdo os mesmos do congelamento, porém em
maiores concentragdes, pois alcancar o estado vitreo exige maior viscosidade das solugcdes
(KASAI e MUKAIDA, 2004; WOODS et al., 2004). Os crioprotetores podem ser divididos
em dois grupos, levando-se em consideracdo a permeabilidade a membrana celular: os
intracelulares que permeiam a membrana e exercem sua acdo no interior das células
embriondrias e os extracelulares que agem sobre a membrana celular sem ultrapassa-la

(KASAI e MUKAIDA, 2004; VAJTA e NAGY, 2006; PEREIRA e MARQUES, 2008).
2.1.1.1. Crioprotetores de agdo intracelular.

Os crioprotetores intracelulares sdo importantes constituintes da solucdo de
vitrificac¢do, sendo a presencga intracelular essencial na prevengdo da formacgdo de cristais de
gelo, impedindo também a ocorréncia de danos téxicos e osméticos (KASAIL 2002). Os
principais crioprotetores intracelulares utilizados na embriologia experimental e comercial

sao o DMSO, EG, GLY, PROH e as amidas.

-Dimetil sulfoxido (DMSO)

CHS3
O :S/
AN

CH3

O DMSO ¢é um dos crioprotetores intracelulares com alto peso molecular
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(PM=78.13) e foi a sua facilidade em induzir o estado vitreo, que o levou a ser um dos
primeiros crioprotetores utilizados nas solugdes de vitrificagdo de embrides (BAUDOT et

al., 2000).

O DMSO preserva a integridade de proteinas isoladas e das membranas lipidicas
durante o processo de resfriamento e aquecimento (ANCHORDOGUY et al., 1991). Essa
caracteristica faz com que seja o crioprotetor de eleicao na vitrificacdo de células e tecidos,
quando comparado com crioprotetores de menor peso molecular (DE LA TORRE e
STANLEY, 2007). Um dos exemplos da eficicia do DMSO na crioconservacdo de gametas
¢ o trabalho de Wood et al. (1993), que avaliaram a sobrevivéncia in vivo, pds fecundagio e
cultivo in vitro de ovocitos de camundongo vitrificados apds exposi¢do a solucdo
crioprotetora que continha 6.0 M de DMSO. A transferéncia dos embrides no estigio de 2-
células, para as fémeas receptoras sincronizadas, proporcionou taxas de implantacdo de
79% (190/240) no grupo dos ovdcitos vitrificados e de 84% (134/160) no grupo controle. O
nimero de fetos observados foi maior no grupo controle 61% (98/160) em comparacio ao
obtido no grupo dos ovdcitos vitrificados 40% (96/240). Vale a pena ressaltar que no grupo
dos ovdcitos vitrificados a perda pés implantacao foi de 49%, significativamente maior que

0s 27% observados no grupo controle.

A desvantagem do DMSO ¢ a toxicidade, além da dificuldade de seu emprego, ja
que apresenta a necessidade de preparo da solugdo no momento do uso, em fun¢do de sua
caracteristica higroscopica, o que prejudica sua aplicacdo nas rotinas de criopreservacao

(WERLICH et al., 2006).

- Etileno Glicol (EG)

OH OH

I I
CH2 — CH2

O EG € um dos crioprotetores intracelulares com menor peso molecular (PM=

62.02) e maior permeabilidade & membrana celular, o que lhe proporciona uma vantagem
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quando comparado a outros crioprotetores intracelulares de maior peso molecular, como o
DMSO e o GLY. Além disto, € um dos crioprotetores de menor toxicidade as células
embriondrias, utilizado com efetividade no congelamento (MIYAMOTO e ISHIBASHI,
1978) e vitrificacdo de embrides murinos (RALL e FAHY, 1985; EUM et al., 2008),
bovinos (VAITA et al., 1999; VIEIRA et al., 2008), suinos (CUELLO et al., 2008).

O EG tem répida difusdo através das membranas, o que determina tempos reduzidos
de exposi¢do necessdrios para seu equilibrio intracelular, além disso estabiliza a membrana
celular durante o processo de vitrificacio (KASAI et al., 1990). De acordo com
Sommerfeld e Niemann (1999) pode ser utilizado em concentragcdes que variam entre 1,8 e
8,9 M, sem causar danos nas células ou sobre a capacidade de desenvolvimento dos

embrides.

As vantagens acima descritas fazem do EG um dos crioprotetores mais utilizados na
formulacdo das solucdes de vitrificagdo, podendo ser utilizado em combinac¢do com outros
crioprotetores intracelulares (CORTES e RODRIGUES, 2000; EMILIANI et al., 2000;
LIEBERMANN et al., 2002; VAITA e KUWAYAMA, 2006; ASSAF et al., 2007;
VIEIRA et al., 2008).

- 1-2 Propanediol (PROH).

CH3 _CIH —CII-|2
OH OH

O PROH ¢ outro crioprotetor com alta capacidade de vitrificagdo e peso molecular
menor (PM=76.10) quando comparado com o DMSO. Na comparacdo com outros
crioprotetores se apresenta mais estdvel no estado amorfo e evita danos no fuso meiético.
Essas caracteristicas lhe t€ém permitido ser utilizado na vitrificagdo de ovdcitos bovinos,
substituindo o DMSO como crioprotetor intracelular nas solu¢des de vitrificacio
(BOUTRON, 1984; FULLER e PAYNTER, 2004; CHIAN et al., 2004). Na vitrificacdo de
embrides murinos tem sido utilizado associado ao GLY ou EG (ISHIMORI et al., 1992;
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CSEH et al., 1999).
-Dimetilformamida (DF)

O CH3

/2_N<

H CH3

A Dimetilformamida (DF) € um crioprotetor com baixo peso molecular (PM= 73,1),
quando comparado com o DMSO e PROH. Pertence ao grupo das amidas, potente
bloqueador da toxicidade do DMSO (FAHY et al.,1984). Sua configuragdo quimica
apresenta trés sitios de ligacdo do hidrogénio, que permite a ligacdo com as moléculas de
dgua, aumentando a solubilidade e proporcionando maior permeabilidade a membrana
célular (BAUDOT e BOUTRON, 1998; FULLER e PAYNTER, 2004). Da mesma forma,
essa unido com as moléculas de dgua proporciona um aumento na capacidade de inducao

do estado vitreo (BAUDOT e BOUTRON, 1998).

Diferentes experimentos tém revelado vantagens na criopreservacdo de tecidos e
células com a presenca das amidas na solucdo crioprotetora, tais como de mondcitos
(TAKAHASHI et al., 1986), cérnea humana (BOURNE e NELSON, 1994), ovarios de
camundongo (MIGISHIMA et al., 2003) e ovérios ovinos (BAUDQOT et al., 2007).

A DF por possuir um maior nimero de grupos metilo € uma molécula mais estavel e
com maior capacidade crioprotetora, uma vantagem frente as demais amidas anteriormente

utilizadas na vitrificacdo como acetamida e formamida (FAHY et al., 1987).

A utilizacido das amidas também € relatada na congelacio (OGAWA et al., 1977) e
na vitrificagdo (RALL e FAHY, 1985; NAKAO et al., 1997, PEDRO et al., 2005) de
embrides murinos, assim como na vitrificacdo de embrides de rato (KONO et al., 1988),

humano (MUKAIDA et al., 1998), bovino (FUKU et al., 1995; SIQUEIRA-PYLES et al.,
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2004), suino (YOSHINO et al., 1993) e peixes (CHEN e TIAN, 2005; DING et al., 2007;
LAHNSTEINER, 2008).

A DF também se caracteriza por apresentar eficiéncia na crioconservacao de sémen
de diferentes espécies como bovinos (GONZALES, 2004), caprinos (FERREIRA et al.,
2006), caninos (OLIVEIRA et al., 2006) e eqiiinos (SQUIRES et al., 2004; ALVARENGA
et al., 2005).

2.1.1.2. Crioprotetores de acdo extracelular

Os crioprotetores extracelulares sdo agentes de alto peso molecular,
macromoléculas, que ndo permeiam a membrana celular. Dois tipos de substancias

caracterizam esses crioprotetores, os polimeros e os sacarideos:

As macromoléculas sdo adicionadas as solucdes de vitrificacdo para promover
modificacdes na viscosidade, facilitando a inducdo do estado vitreo. A presenga de
macromoléculas age também, de forma indireta, na reducdo da toxicidade da solucdo
crioprotetora, pela exigéncia de uma menor concentracdo dos crioprotetores intracelulares

(KASAI e MUKAIDA, 2004).

- Polimeros

O primeiro polimero utilizado na composicdo das solugdes de vitrificagdo foi o
polietileno glicol (RALL e FAHY, 1985). Outros polimeros menos toxicos, também sdo
utilizados na vitrificacdo de embrides mamiferos, como por exemplo a polivinil pirrolidona
(PVP) (LEIBO e ODA, 1993; WOWK et al., 2000), dextran (SHAW et al., 1997;
KULESHOVA et al., 2001), e o dlcool polivinilico (PVA) (ASADA et al., 2002;
CHECURA e SEIDEL, 2007). Porém, o emprego de macromoléculas como substituto dos
crioprotetores intracelulares na composicao das solucdes de vitrificagdo ainda ndo oferece
resultados satisfatérios (KULESHOVA et al., 2001). A combina¢do mais comumente

utilizada destes polimeros na vitrificacdo de embrides murinos € a proposta por Kasai et al.
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(1990), que inclui EG, Ficoll e sacarose (EFS).

- Sacarideos

Compostos por mono e dissacarideos, sdo crioprotetores extracelulares capazes de
preservar a estrutura e a integridade funcional da membrana celular (HOTAMISLIGIL et
al., 1996). Diminuem os efeitos osmoticos e toxicos ao promover a desidratacdo e a
vitrificagdo intracelular, assim como reduzem a concentracdo de crioprotetor dentro da
célula (KASAI e MUKAIDA 2004; LIEBERMANN et al, 2002). Os sacarideos mais
efetivos sdo a sacarose, glicose, galactose, rafinose, trealose (KASAI, 1996; KULESHOVA
et al., 1999) e o Ficoll (KASAI ef al., 1990). Apesar de vdrios trabalhos demonstrarem a
superioridade da trealose ao preservar a membrana lipidica e permitir uma melhor
estabilizacdo no momento do resfriamento e aquecimento, a sacarose € a de maior

utilizacdo (SAHA et al., 1996; ARAV e ZERON, 1997, KULESHOVA et al., 1999;
ERGOLU et al., 2005; TANG et al., 2007).

Os sacarideos sdo igualmente importantes durante o processo de aquecimento,
funcionando como tampdes osmoticos, equilibrando as altas concentracdes dos
crioprotetores intracelulares e reduzindo as diferengcas de osmolaridade entre os
compartimentos intra e extracelulares. A sacarose € utilizada neste tipo de procedimento,
pois ndo apresenta efeitos toxicos sobre as células embriondrias, mesmo quando empregada

em altas concentragdes (KASAI et al., 1992; KULESHOVA et al., 1999).

2.1.1.3. Associacdes de crioprotetores

Ao analisar as caracteristicas proprias de cada crioprotetor intracelular percebe-se
que, independente da capacidade individual de induzir a formacdo de estado vitreo, todos
apresentam niveis de toxicidade. As associagdes de crioprotetores possuem a vantagem de
reduzir a concentragdo de cada crioprotetor na solu¢do, diminuindo a toxicidade (KASAI et

al., 1990; MASSIP, 2001; VAITA e NAGY, 2006).
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Um dos fatores da eficiéncia da vitrificacio € a formulacdo de solugdes de
vitrificacdo que contém pelo menos dois crioprotetores intracelulares (DMSO, EG, PROH,
GLY e amidas), e um crioprotetor extracelular (sacarideos, proteinas ou polimeros)

(PALASZ e MAPLETOFT, 1996).

Rall e Fahy (1985) descreveram a primeira solucio crioprotetora para a vitrificagcao
de embrides de camundongo utilizando a associacdo de trés crioprotetores intracelulares
(DMSO, acetamida e PROH), acompanhados de uma macromolécula (polietileno-glicol), e
obtiveram taxas de sobrevivéncia de 87,8% (301/343). Esta observacdo permitiu,
posteriormente, a reduc@o do potencial téxico dos crioprotetores, em especial do DMSO, o

que foi comprovado na presencga das amidas (FAHY et al., 1990).

Dentro das diferentes combinacdes de crioproterores nas solucdes de vitrificagdo de
embrides murinos, Ishimore ef al. (1992) vitrificaram morulas e blastocistos utilizando seis
diferentes misturas de crioprotetores intracelulares: 1) GLY + EG; 2) GLY + PROH; 3)
GLY + DMSO; 4) EG + PROH; 5) EG + DMSO e 6) PROH + DMSO. A concentragdo de
cada crioprotetor nas solucdes era de 25%. As taxas de sobrevivéncia das moérulas foram,
respectivamente, para as solugdes 1, 2, 3, 4, 5 e 6 de 51% (30/59), 16% (10/62), 78%
(47/60), 44% (27/61), 79% (50/63) e 50% (30/60), e no caso dos blastocistos, as taxas de
sobrevivéncia foram de 72% (61/85), 29% (25/85), 55% (47/85), 46% (39/84), 79% (70/89)
e 46% (41/89) para os seis grupos respectivamente. Pode-se observar que tanto na
vitrificagdo de morulas como na de blastocistos, as taxas de sobrevivéncia foram
significativamente maiores nos grupos que usavam GLY + DMSO (3) e EG + DMSO (9).
Levando-se em consideracdo os resultados acima, dentre todas as possibilidades de
combinacdo a mais freqiilentemente utilizada € a solucdo composta por EG, DMSO e
sacarose para as diferentes espécies como os camundongos (GRAVES-HERRING e
BOONE, 2008), coelhos (VICENTE e GARCIA-XIMENEZ, 1994), suinos (CUELLO et
al., 2008) e bovinos (VIEIRA et al., 2008).
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2.1.1.4. Procedimentos de adi¢do e retirada dos crioprotetores:

O procedimento de exposicdo dos embrides as solucOes crioprotetoras pode
determinar uma maior ou menor taxa de sobrevivéncia a vitrificacdo (KASAI et al., 1990;
PALASZ e MAPLETOFT, 1996, VAJTA, 2000). O tempo e a temperatura de exposi¢ao
sdo as principais varidveis, determinando os efeitos osmoticos e toxicos sobre as células

embrionarias (MAZUR e SCHNEIDER, 1986; ARAV, 1992).

Leibo (1984) realizando experimentos de congelacdo de embrides bovinos, propos a
exposicdo em etapas dos embrides a concentracdo final da solucdo crioprotetora. Este
procedimento diminuiu o estresse osmotico e permitiu as células embriondrias uma melhor
resposta as trocas hidricas que ocorrem através da membrana celular. O principio também é
valido ap6s o aquecimento, no momento da retirada da solucdo crioprotetora das células
embriondrias (VAJTA e NAGY, 2006; EL-GAYAR et al., 2008). A restri¢cdo da quantidade

e da velocidade com que os liquidos atravessam a membrana celular vai permitir que ocorra

uma rehidratacio praticamente indcua, preservando a viabilidade das células embriondrias.

As técnicas de vitrificagdo incorporaram estes procedimentos de adicdo e retirada
em etapas dos crioprotetores, na procura de alcancar maior eficiéncia na sobrevivéncia dos
embrides (LIEBERMANN et al., 2003). Vale a pena ressaltar que a exposicdo dos
embrides as denominadas solugdes de equilibrio, que sdo aquelas onde os crioprotetores
estdo presentes em baixas concentragdes e que conferem a protegcdo as estruturas celulares,
usualmente ndo trazem prejuizos a integridade dos embrides (SHAW e JONES, 2003;

VAJTA e KUWAYAMA, 2006).

Outra etapa importante € a exposi¢do dos embrides a solucdo de vitrificagdo, que
contém 0s crioprotetores em altas concentracdes e que possui efeitos toxicos importantes
sobre a viabilidade embrionédria (PALASZ e MAPLETOFT, 1996). De uma maneira geral
os embrides sdo expostos a solucdo de vitrificagdo por periodos curtos de tempo e em
temperaturas que podem variar de acordo com o procedimento preconizado (KASALI et al.,

1992).
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Solugdes que contém substincias ndao permedveis a membrana celular sdo
usualmente empregadas na remog¢do dos crioprotetores, como por exemplo, a sacarose ou
trealose, que reduzem o estresse osmotico e toxico das células embriondrias ao permitirem

um menor fluxo de dgua através das membranas celulares (KASAI e MUKAIDA, 2004).

O procedimento de diluicdo em meio suplementado com sacarose € frequentemente
utilizado apds o aquecimento de embrides vitrificados (VIEIRA et al., 2008; GRAVES-
HERRING e BOONE, 2008; MORATO et al, 2008). Por outro lado, recentemente foi
demonstrado que os danos osmoéticos das membranas das células embriondrias, provocados

por solucdes sem a presenga de sacarose ¢ minimo (EL-GAYAR et al., 2008).

2.1.2. Recipientes para o envase dos embrides:

Rall e Fahy (1985) realizaram os primeiros experimentos de vitrificacdo de
embrides mamiferos empregando palhetas de 0,25 mL ou criotubos para o
acondicionamento. Os autores obtiveram altas velocidades de resfriamento (2.550°C/min)
ao mergulhar as palhetas diretamente no nitrogénio liquido. Considerando estas
observacdes iniciais, diferentes procedimentos foram descritos para vitrificar embrides
mamiferos (VAJTA, 2000; KASAI, 2002; YAVIN e ARAV, 2007). No entanto, esses
envases devido a utilizacdo de amostras em volumes maiores que 150 pL limitam o

aumento das velocidades de resfriamento (PALASZ e MAPLETOFT, 1996).

Landa e Tepla (1990) vitrificaram embrides murinos utilizando microvolume, sem
envasar, provocando contato direto da amostra com o nitrogénio. O procedimento
possibilitou uma redu¢@o na concentragdo dos crioprotetores, a0 mesmo tempo em que a
velocidade de resfriamento foi acelerada. A dificil manipulacio, identificacdo, seguranga
sanitiria e a necessidade de usar amostras maiores de 5 pl, fizeram com que o

procedimento ndo se tornasse uma opc¢ao vidvel (VAJTA e NAGY, 2006).

Outras técnicas como o tamanho mimino da gota (MDS) (ARAV, 1992) e as grades

de microscopia eletronica (electron microscope grids- EM) (MARTINO et al., 1996),
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proporcionando novas ferramentas permitiram a utilizacdo de volumes menores que 10 pL.
que ao mesmo tempo aceleraram as velocidades de resfriamento (=3000°C/min). A partir
do dominio desses procedimentos, a pesquisa se dirigiu na procura de envases que

permitissem uma melhor manipulacdo e armazenamento.

Vajta et al., (1998) descreveram o procedimento da palheta aberta esticada (open
pulled straws - OPS). As OPS foram baseadas na idéia de diminuir o didmetro das palhetas
tradicionais, minimizando ainda mais o volume das amostras (< 5uL) e a concentracdo
requerida de crioprotetores, aumentando assim as taxas de resfriamento (> 20000 °C/min).
Sua utilizacdo na vitrificagdo de blastocistos bovinos confirmou a superioridade deste
envase ao obter taxas de sobrevivéncia de 94% (104/111) das OPS quando comparadas

com o 70% (48/69) das palhetas convencionais.

Diferentes experimentos demonstraram que microrganismos sobrevivem por longos
periodos de tempo, quando expostos ao nitrogénio liquido (RUBIN er al., 2005 e
BIELANSKY et al., 2000). Bielansky et al. (2000) e Bielansky et al. (2003) quantificaram
o potencial da transmissd@o de virus em amostras de embrides vitrificados em envases
abertos e fechados. Determinaram um percentual de 21% de contaminacdo das amostras

nos envases abertos € 0% nos sistemas fechados.

Lane et al., (1999) descreveram um sistema fechado denominado Cryoloop, que
consiste em uma alca de fibra sintética (nylon curvado de 20 um de comprimento e 0,5-0,7
mm de largura), adaptado a um tubo de ago o qual € inserido na tampa de um criotubo. A
partir deste novo envase foram vitrificados com sucesso embrides de camundongo e
humanos. Os embrides de camundongo alcangaram uma taxa de eclosdo de 95,5%
(153/160), ndo sendo diferente da taxa observada com os embrides do grupo controle
87,5% (140/160). Na avalia¢do da sobrevivéncia in vivo, as taxas de implantagdo foram de
85% (51/60) com os embrides crioconservados em cryoloop e 78,1% (46/60) com os do
grupo controle. O percentual de fetos foi de 58,3% (35/60) e 55% (33/60),
respectivamente. A vitrificacdo de embrides humanos proporcionou taxas superiores de

eclosdo 73,3% (13/18) e implantagdao 60% (11/18) quando comparado aos resultados do
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grupo controle de 63,6% (8/12) e 36% (5/12), respectivamente. As vantagens da técnica sdo

a utilizacdo de minimos volumes, manipulagdo, identificacdo e armazenamento da amostra.

Diferentes tipos de envase, associados a sistemas de armazenamento foram descritos
com os objetivos de primeiro atingir maiores velocidades de resfriamento e segundo evitar
contaminacdes provenientes do N>L, como por exemplo, o sistema da meia palheta (hemi-
straw system) (VANDERZWALMEN et al., 2000), a palheta esticada fechada (closed-
pulled straw- CPS) (CHEN et al., 2001), a nylon mesh (MATSUMOTO et al., 2001) e a
palheta esticada selada (sealed open-pulled straws) (LOPEZ-BEJAR e LOPEZ-GATIUS,
2002).

Chen et al., (2001) compararam a eficiéncia da CPS, através da sobrevivéncia de
odcitos murinos vitrificados, com as palhetas de inseminacao (0,25mL), com as OPS, com
as CPS e nas grids. As taxas de sobrevivéncia dos ovdcitos, verificada pelo
desenvolvimento pés-fecundagdo até o estadio de blastocisto foram de 79% (215/273) nas
CPS, 77% (198/257) nas palhetas de inseminacao 63% (171/271) nas OPS e 39% (141/362)

nas grids.

Por sua vez outros autores continuaram na procura de envases de volume minimo
baseados na reducdo dos diametros. Entre estes procedimentos se encontram os envases de
ponteiras de gel (gel loading tips) (TOMINAGA e HAMADA, 2001), a sterile stripper tip
(KULESHOVA e LOPATTA, 2002), a flexipet denuding pipette (FDP) (LIEBERMANN
et al., 2002), as palhetas super finas esticadas (super-finely pulled straw) (ISACHENKO et
al., 2003), a fine diameter plastic micropipette (CREMADES et al., 2004), a ponteira de
pipeta de 100ul (100 pl pipetting tip) (HREDZAK et al., 2005), o cryotip e “cryotop”
(KUWAYAMA et al., 2005, MORATO et al., 2008), e a malha metalica (metal mesh)
(FUJINO et al., 2008), melhorando a manipulagdo e o armazenamento das amostras,
diminuindo as concentragdes toxicas dos crioprotetores e chegando a taxas de resfriamento

estimadas de quase 180.000°C/min (FUJINO et al., 2008) .

Kuwayama et al. (2005) desenvolveram dois sistemas que denominaram “cryotip” e
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“cryotop”, sendo os mais amplamente utilizados na vitrificacio de embrides humanos. O
cryocip consiste em uma palheta com uma parte fina, conectado a uma base maior adaptada
a um protetor de metal removivel e o cryotop consiste em uma tira de polipropileno
adaptada a uma palheta. Os embrides vitrificados com cryotips foram expostos a solucio
crioprotetora (1 uL) e envasados em palhetas para posteriormente serem lacradas nos dois
extremos por calor e mergulhada em nitrogénio liquido. Os envasados no cryotop foram
colocados em volumes menores que 0,1 pL da solug¢@o e mergulhado em nitrogénio liquido.
As taxas de sobrevivéncia dos embrides vitrificados nos dois sistemas ndo apresentaram
diferencas, proporcionando o cryotop 90% (5695/6328) e cryotip 93% (82/88). As taxas de
gestacdo foram de 53% (2516/4745) e 51% (42/82) e as de parto de 45% (2138/4745) e
48% (39/82), respectivamente.

A utilizacio de novos materiais € outra das modificacdes realizadas nos
procedimentos de envase, que permite o incremento das taxas de resfriamento, ao aumentar
a troca térmica entre a amostra e o nitrogénio liquido. Materiais com maior capacidade de
condutividade que o pldstico, menor didmetro interno e paredes mais finas, como as
micropipetas de vidro (GMP) (MEZZALIRA et al., 1999), apresentaram melhores taxas de
vitrificagdo, quando comparadas com as OPS (KONG et al., 2000; CHO et al., 2002).
Assim como, o uso das palhetas metdlicas (BUNN et al., 2006), ou os microcapilares de
quartzo (QMC) que permitem curvas de resfriamento com velocidades superiores a

100.000°C/min (HE et al., 2008).

Kong et al. (2000), fizeram uma comparacdo entre as GMP e as OPS para
determinar a eficiéncia entre os dois envases. Por meio da vitrificagdo de blastocistos
murinos, avaliaram as taxas de sobrevivéncia dos embrides vitrificados nas OPS ou nas
GMP, obtendo resultados semelhantes com os dois envases. A taxa de re-expansdo dos
embrides vitrificados nas OPS foi de 93,5% (58/62), similar aos 95% (57/60) observados
com as GMP. As taxas de eclosdo foram de 88,7% (55/62) e 90,0% (54/60),

respectivamente.
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2.1.3. Nitrogénio superresfriado

A reducdo da temperatura do nitrogénio liquido € uma das estratégias que visam
aumentar as taxas de resfriamento. A eliminacdo dos vapores de nitrogénio, que se formam
no contato das amostras com a superficie do gas liquefeito, confere uma maior eficiéncia na
transferéncia de calor entre as amostras e o nitrogénio liquido (VIEIRA et al., 2008). Dessa
forma um aumento na velocidade de resfriamento proporcionard, de acordo ARAYV et al.
(2002), uma reducdo na probabilidade de ocorréncia da desvitrificacdo e recristalizagdo

durante o aquecimento.

Martino et al. (1996) vitrificaram odcitos bovinos colocados sobre microgrades de
microscopia eletronica, que foram imersas em nitrogénio liquido superresfriado com o
auxilio de vacuo. Uma bomba de vicuo foi conectada a um dissecador, que continha o

nitrogénio liquido, o que permitiu o aumento das taxas de resfriamento.

Dinnyes et al., (2000) utilizaram um procedimento para a eliminag@o dos vapores de
nitrogénio durante o processo de vitrificagcdo. A vitrificacdo em superficie sélida (solid
surface vitrification), que permite que os embrides contidos em uma microgota, sejam
depositados em uma superficie solida metdlica, mantida a -180 °C. Porém, as dificuldades
desta técnica sdo a manipulacdo, identificacdo, armazenamento e controle sanitdrio dos

embrides.

Estes principios fisicos foram aperfeicoados e utilizados por Arav et al. (2000) para
desenvolver o Vitmaster®. Este aparelho igualmente baseado na reducio da temperatura do
nitrogénio liquido até -210°C, com o auxilio do véacuo, evita a ebulicdo do nitrogénio
liquido, impedindo a sublimacio do gés ao redor da amostra, acelerando as velocidades de

resfriamento.

Santos et al. (2006), testaram uma alternativa técnica, que denominaram
Nitrocooler®. O equipamento para a producdo de SN, (-210 °C), consiste de um sistema

de vacuo produzido por um compressor de geladeira acoplado a um recipiente vedado. O



32

objetivo dos autores foi determinar as taxas de fecundag@o e desenvolvimento embrionério,
utilizando nitrogénio superresfriado ou nitrogénio liquido, na vitrificagdo de oocitos
bovinos. As taxas de desenvolvimento dos oocitos vitrificados através da imersdo em SN,
foram maiores 9,7% (33/346), que as observadas com os odcitos submetidos ao nitrogénio
liquido 5,4% (19/345), demonstrando a vantagem da diminuicao dos vapores de nitrogénio.
Em experimentos posteriores realizados pela equipe (WERLICH et al., 2006; VIEIRA et
al., 2008), os resultados do primeiro experimento ndo puderam ser alcangados, apresentado

o nitrogénio superresfriado eficiéncia semelhante ao nitrogénio liquido.
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3. Artigos:

3.1. MOUSE BLASTOCYSTS VITRIFICATION USING
DIMETHYLFORMAMIDE ASSOCIATED WITH ETHYLENE GLICOL OR 1-2
PROPANEDIOL AS CRYOPROTECTANT SOLUTION
Paula Rodriguez Villamil, Felipe Ledur Ongaratto, Daniela Scherer da Silva, Berenice de

Avila Rodrigues and José Luiz Rodrigues.
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ABSTRACT

The aim of this study was to determine the effect of dimethylformamide (DMF) associated
with ethylene glycol (EG) or 1-2 propanediol (PROH) during vitrification, on the
development of mouse blastocysts. Cryoprotectant toxicity was determined exposing the
embryos for 1, 3 and 10 min to three different equilibration solutions composed with PVA
0.5% (v/v) and either DMF, EG or PROH mixtures (10% v/v of each). After 72 hours of in
vitro culture, the survival rates were similar for the three solutions during interval times of
1 or 3 min, except for blastocysts exposed for 10 min to EG-PROH, which displayed higher
survival rates (P<0.05). Blastocyst vitrification was performed bringing the embryos to
three equilibration solutions and then to vitrification solutions composed by mixtures of
DMF, EG or PROH (20% v/v each), using glass micropipettes (GMP). Fresh and vitrified
blastocysts were cultured for 72 h, and survival rates were evaluated. Some expanded
blastocysts were differentially stained using fluorochromes, Hoecht 33342 and propidium
iodide to determine embryo cell number. The survival rate for the three vitrification
solutions was different (P<0.05), with lower rates for blastocysts vitrified into solutions
composed with DMF. Vitrified and fresh embryos had different mean number of cells
(P<0.05) and cell proliferation rate was lower after vitrification. In conclusion,

cryoprotectants solutions containing dimethylformamide have deleterious effects on the
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developmental competence of vitrified mouse blastocysts; and highest survival rates were
obtained with embryos put through cryoprotectant solution containing EG and PROH
association.

Keywords: mouse, blastocyst, vitrification, dimethylformamide, glass micro pipettes.

INTRODUCTION

Over the last 20 years, embryo cryopreservation processes have introduced abundant
changes, aimed to improve survival rates and simplifying procedures. Vitrification is an
inexpensive and simple method for cryopreservation of mammalian embryos. Rall and
Fahy (1985) described vitrification as the physical process that solidifies a solution at low

temperatures not by crystallization but by extreme viscosity increase during cooling.

According to Woods et al. (2004) to obtain this amorphous state, a higher concentration of
cryoprotectant agents (4 to 8 M) than needed for traditional freezing (1 to 2 M) is required.
These concentration levels would prevent ice crystal formation, by hydrogen-bonding with
water molecules or by colligative interference; however this would probably cause cell

damage due to osmotic and cytotoxic injuries (Kasai and Mukaida, 2004).

Many strategies have been developed to minimize these harmful effects, based on the use
of lower toxicity cryoprotectants, and establishing optimal sample volume, concentration

levels, temperature and interval of time of exposure (Liebberman et al., 2003).

The use of cryoprotectants solutions with lower molecular weight is one of these strategies,
allowing to minimize exposure time, reducing cryoprotectant concentration and preventing
osmotic swelling (Shaw and Jones, 2003; Kasai and Mukaida, 2004). Among permeable
cryoprotectants, EG (w= 62.02), DMF (w=73.1) and PROH (w=76.10) have lower
molecular weight as compared with DMSO (w=78.13) and GLY (w=92.10) (Baudot et al.,
2000). The association of two or more of these agents should decrease individual specific
toxicity. According to some researches, the mixture permeability is higher than that of its

individual components (Vajta and Nagy, 2006). However, for the success of these
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cryoprotectant association solutions, it is important to combine low and high molecular
weight permeating cryoprotectants, in order to prevent ice crystal formation and also

minimizing toxicity during freezing and thawing process (Palasz and Mapletoft, 1996).

The most common association for vitrification solutions contains EG and DMSO (Vajta
and Nagy, 2006). Such components could be associated or replaced by other higher
molecular weight cryoprotectants such as PROH and DMF, taking into account their
similar glass forming with DMSO. PROH is one of the most stable glass forming agents
(Boutron, 1984), being also less toxic and more permeable than DMSO. PROH has been
previously used on mouse embryo and bovine oocyte vitrification and in association with
other cryoprotectants (Ishimori et al, 1992; Chian et al, 2004). DMF is another
cryoprotectant with a high glass-forming trend (Baudot and Boutron, 1998). DMF was
previously successfully used in slow freezing of stallion semen (Squires et al., 2004) and
for vitrification of bovine oocytes (Siqueira-Pyles et al., 2004) and fish embryos (Ding et
al., 2007). However, the effects of DMF on mouse embryo vitrification and its toxicity

levels in association with other cryoprotectants are still unknown.

The aims of these experiments were to determine cryoprotectant toxicity and efficiency of
DMF associated with EG or 1-2 propanediol PROH on in vitro viability of vitrified mouse

blastocysts.

MATERIALS AND METHODS

Except where otherwise indicated, all chemicals were obtained from Sigma Chemical Co.
(St. Louis, MO, USA). Culture media and solutions were prepared using water purified by
Milli-Q synthesis system (Millipore, Bedford, MA, USA).

The study followed the guidelines for animal care and animal use introduced by Sociedade

Brasileira de Ciéncias em Animais de Laboratério (SBCAL).
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Vitrification test of solutions

This setup was used to determine threshold (minimum) cryoprotectant concentration
required to completely avoid opacity during cooling of different cryoprotectants solutions.
Vitrification test solutions were prepared using dimethylformamide (10%, 15%, 20% and
25% vlIv), associated with 20% of EG or 20% of PROH diluted in PBS supplemented with
0,5% PVA. Each solution was tested for its ability to vitrify after loading into 0.25 ml
transparent straws (IMV®, France) and glass micropipette (GMP), and then plunging into
liquid nitrogen (LN). Straws were then warmed in air at room temperature (22°C).
Vitrification was assessed by direct ocular inspection (Kasai et al., 1990; Seki and Mazur,
2008); solutions remaining transparent trough cooling and warming were considered to

have vitrified completely, while those becoming milky were considered not vitrified.

Production of Mouse Embryos

Mus dosmesticus domesticus, swiss albino strain, fertile males aged between two and ten
months and fertile females aged between six and eight weeks were used in the experiments.
Animals were kept under controlled temperature (22+2°C) and light (14h light/10h dark
cycle) conditions. Food and water were provided ad libitum. Females were superovulated
by intraperitoneal 10 IU injection of equine chorionic gonadotropin (eCG - Folligon®,
Intervet) followed 46 h later by intraperitoneal 10 IU injection of human chorionic
gonadotropin (hCG - Chorulon®, Intervet), then donors were mated overnight with intact
males. Early next morning, females with a vaginal plug were selected for embryo
collection. Nighty-six hours after hCG injection, females were subjected to cervical
dislocation and uterine horns were flushed individually with 0.5 mL PBSm medium. Only
embryos at blastocyst and expanded blastocyst stages of excellent morphological quality

were randomly allocated into experimental groups.

Toxicity Test of Vitrification Solution

Selected groups of embryos were exposed at 37°C for 1, 3 or 10 min in one of the
following equilibration solutions: ES1 (10% PROH + 10% DMF + 0.5% PV A + PBS), ES2
(10% EG + 10% DMF + 0.5% PVA + PBS) or ES3 (10% PROH + 10% EG + 0.5% PVA +

PBS). After exposure, embryos were transferred to PBSm medium supplemented with 0.5
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M sucrose, and after 5 min, embryos were washed in PBSm and placed into KSOM
medium droplets (100 pL) for in vitro culture. Embryos from control group were
transferred to KSOM medium and in vitro cultured without any treatment immediately after

collection. Re-expansion and hatching rates were evaluated after 72 h of in vitro culture.

Vitrification and warming procedure

The vitrification procedure was based on open pulled straw (OPS) technology originally
described by (Vajta et al. 1998), with modifications. OPS plastic straws were substituted by
glass micro pipettes (GMP). The GMPs were made from capillary tubes softened by heat,
and pulled manually until its outer diameter reached approximately 0.6 mm. Embryos were
distributed into three different vitrification experimental groups and a control group.
Control group: embryos were transferred to KSOM medium drops for in vitro culture
without any treatment immediately after collection. Group 1: embryos were exposed to ES1
(10% PROH + 10% DMF + 0.5% PVA) for 1 min, followed by VS1 (20% PROH + 20%
DMEF + 0.5% PVA) for 30 sec; Group 2: embryos were exposed to ES2 (10% EG + 10%
DMF + 0.5% PVA) for 1 min followed by VS2 (20% EG + 20% DMF+ 0.5% PVA) for
30 sec; and Group 3: embryos were exposed to ES3 (10% PROH + 10% EG + 0.5% PVA)
for 1 min, followed by VS3 (20% EG+ 20% PROH + 0.5% PVA) for 30 sec. After
exposure at 37°C, embryo was loaded by capillarity, placing the narrowest end of capillary
tubes into 2ul. VS droplets, to be plunged into super-cooled nitrogen (LN;). Embryo
warming and cryoprotectant dilution were carried out by plunging the narrowest end of the
capillaries into 300 pL droplets of PBSm supplemented with 0.25 M sucrose, and finally

embryos were transferred to 100pl KSOM medium droplets for in vitro culture.

Assessment of in vitro embryo development

Control group non-vitrified (n=123) and vitrified embryos (n= 324) were in vitro cultured
in 100 pL droplets of KSOM medium supplemented with 0.4% of BSA, under oil, at 37°C,
5% COs, 5% O, and 90% N, and saturated humidity. The re-expansion and hatching rates

were examined at 24 h intervals during 72 h.
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Differential ICM and TE cell counts

Some expanded and hatched embryos were considered viable, and also were differentially
stained for counting trophectoderm (TE) and inner cell mass (ICM) nuclei. Blastocysts
were differentially stained using ionic detergent, Triton-X 100 and fluorochromes, Hoechst
33342 and propidium iodide, as previously described (Thouas et al., 2001). Stained
blastocysts were mounted on a glass slide containing a drop of glycerol and gently flattened

with a coverslip before being examined under fluorescence microscopy.

Statistical analysis

Re-expansion and hatching rates were compared by Chi-square test, for a significance level
of (P<0.05). ICM and trophectoderm mean cells numbers were compared by ANOVA
(P<0.05).
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RESULTS

Vitrification test of solutions

Results in Table 1 showed that 10% and 15% DMEF concentrations were not able to induce
vitrification in the solution containing EG or PROH. On the other hand, the cryoprotectant
solutions containing 20% DMF associated with EG or PROH have solidified without

crystallization.

Table 1. Occurrence of vitrification state for different solutions during cooling and

warming
Test Solution Procedure
Cryoprotectant 1 Cryoprotectant 2 Vitrification Warming
10% DMF 20% EG - -
20%PROH - -
15% DMF 20% EG - -
20%PROH - -
20%DMF 20% EG + +
20%PROH + +
30%DMF 20% EG + +
20%PROH + -

(-) Not vitrified, milky appearance; (+) Vitrified, transparent appearance.
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Embryo in vitro survival rates after exposure to different equilibrium solutions are shown in

Table 2. No relevant differences were observed between blastocysts re-expansion or

hatching rates, after 1 or 3 min exposure to different cryoprotectant solutions. However, 10

min exposure time to DMF containing cryoprotectant solutions led to a significant

reduction in embryo re-expansion and hatching rates.

Table 2. Embryo re-expansion and hatching rates after exposure to equilibration solution

at three different time intervals (5 replicates).

N°. of embryos re-expanded

/ N° of embryos treated (%)
Solutions

No. of embryos hatched
/ N° of embryos treated (%)

Exposure time

Exposure time

1 min 3 min 10 min

1 min 3 min 10 min

ES1 49/51° (96)  47/56°(84) 0/49° (0)d

ES2 56/57°(98)  57/57°(100)  15/56° (26)c

ES3 53/53*(100)  58/58" (100)  56/58" (96)b

36/51° (70)  42/56° (75) 0/49° (0)

50/57* (87)  46/57°(80) 8/56° (14)

43/53* (81)  47/58° (81)  44/58° (76)

Control

47/52* (92)

ES1= 10% PROH + 10% DMF + 0.5% PVA, ES2= 10% EG + 10% DMF + 0.5% PVA, ES3=10% PROH +

10% EG + 0.5% PVA.

4> Numbers in same column without common superscripts differ, P<0.01.
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Assessment of in vitro embryo development

Embryo viability observed 72 h after thawing and in vitro culture are summarized in Table
3. Blastocysts vitrified after exposure to ES3/VS3 solutions showed similar survival rates to
embryos in control group. On the other hand, DMF containing cryoprotectant solutions led
to a significant reduction in embryo re-expansion and hatching rates, when compared to

control group and to ES3/VS3 vitrified embryos.

Table 3. Embryo re-expansion and hatching rates after vitrification (5 replicates).

Embryos Re-expanded embryos Hatched embryos

Treatments N N (%) N (%)
ES1+ VS1 108 13¢(12) 31 (3)
ES2+VS2 111 46" (38) 19 (17)
ES3+VS3 105 89 (84) 73" (70)

Control 123 113%(92)

ES1=10% PROH + 10% DMF + 0.5% PVA, VS1=20% PROH + 20% DMF + 0.5% PVA; ES2=10% EG +
10% DMF + 0.5% PVA, VS2=20% EG + 20% DMF + 0.5% PVA; ES3=10% PROH + 10% EG + 0.5%
PVA, VS2=10% EG + 10% DMF + 0.5% PVA.

04 Numbers in same column without common superscripts differ, P<0.01.
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Differential ICM and TE cell counts

Embryos in control group were significantly constituted by more cells (total, ICM and TE
cells) when compared to the number of cells observed in vitrified embryos (Table 4).
Hatched embryos after vitrification by exposure to ES1/VS1 solutions were not stained

after re-warming and in vitro culture, due to low survival rates.

Table 4. Mean inner cell mass (ICM), trophoectoderm (TE) and total cell number in

mouse blastocysts.

N° No. Cells
Treatment Total TE ICM
Embryos
(Mean+SD) (MeanzSD) (Mean+SD)
ES2+VS2 15 72.9 £4.3 51.5+£2.7° 21.4 £23.0°
ES3+VS3 18 73.9 +£4.8 52.5+3.9" 214 +2.6°
Control 31 87.4 £7.49° 63.7 £5.3° 23.7+£3.1°

ES1=10% PROH + 10% DMF + 0.5% PVA, VS1=20% PROH + 20% DMF + 0.5% PVA; ES2=10% EG +
10% DMF + 0.5% PVA, VS2= 20% EG + 20% DMF + 0.5% PVA; ES3=10% PROH + 10% EG + 0.5%
PVA, VS2=10% EG + 10% DMF + 0.5% PVA.

> Numbers in same column without common superscripts differ (ANOVA), P<0.05.
DISCUSSION

Since the first successful embryo vitrification (Rall and Fahy, 1985), the description of
cryoprotectant associations, nontoxic and stable enough to avoid ice formation and preserve
embryo viability, has been challenging. In order to find a suitable association, our study
tested DMF associated with EG or PROH to vitrify mouse blastocysts. First we examined
the DMF glass-forming ability in association with EG or PROH. The vitrification tendency
of cryoprotectant solutions were evaluated through visual inspection, as previously reported
(Kasai et al., 1990; Titterington et al., 1995; Mukaida et al., 1998; Jin et al., 2008; Seki and
Mazur, 2008). Our results (Table 1) showed that a DMF presence of 20% in vitrification
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solutions was sufficient to achieve vitreous state. Higher DMF concentrations such as 30%
in association with PROH (20% v/v), were unstable and crystallized during the warming
process, probably due to elevated glass forming tendencies of these two cryoprotectants
(Baudot et al., 2000). This result was not similar for DMF (30% v/v) and EG (20% v/v)
association due to the fact that EG is weak glass-forming, and showed lower presence of
hydrate forms. Taking into account these observations, in order to avoid toxicity and
osmotic stress, but ensuring adequate vitrification on the medium, we decided to use the
minimal cryoprotectant concentration required for satisfactory vitrifying after exposure to

LN,.

Cryoprotectant toxicity is another important factor for successful vitrification. It is difficult
to predict responses of individual cryoprotectant agents or mixtures, depending on multiple
variables as concentration, exposure time, temperature, and embryo traits such as

developmental stage and membrane permeability (Fahy et al., 2004; Bertolini et al., 2005).

Furthermore, we examined embryo survival rates after exposure at three different time
intervals (1, 3 or 10 min) to the equilibration solutions. Results from 1 and 3 min exposure
times reflected no significant differences in embryo re-expansion and hatching rates
between experimental groups, showing that these exposure times were harmless to embryo
development ability. However, embryos exposed for 10 min to DMF containing
cryoprotectant solutions showed significantly lower survival rates. These findings indicated
that DMF specific toxicity is higher than that of other cryoprotectants. Nevertheless, this
could be controlled, as previously described, by reducing embryo exposure time (Kasai and
Mukaida, 2004; Liebberman et al., 2003). Therefore, the EG presence in cryoprotectant
solutions showed lower toxicity effects on in vitro embryo development ability, with higher

survival rates observed with PROH (Emiliani et al, 2000; Massip, 2001; Chian et al, 2004).

In vitro embryo survival rates after vitrification showed that the cryoprotectant solutions
ES3/VS3 were most suitable to preserve embryo development ability (Table 3). The
observed re-expansion rate (84%) of ES3/EV3 differed from that showed by embryos
exposed to ES1/VS1 (12%) and ES2/VS2 (38%) solutions. When we focused on embryo
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hatching rates, regardless rate of embryos exposed to ES3/VS3 solution (70%) differed
from control group (92%), the result was significantly higher than observed after using
ES1/VS1 (3%) or ES2/VS2 (17%) solutions. These data demonstrated EG efficiency
associated with PROH as cryoprotectant solution for blastocysts vitrification, and
confirmed previously reported observations (Ishimori er al, 1992; Lange, 2008; Nivia,
2008). Nevertheless, hatching rate of vitrified blastocysts in our experiment, 70% (73/105),
was higher than reported by Ishimori er al. (1992) (46%), Lange (2008) (42,9%) and Nivia
(2008), that used 1 min (37%) or 3 min (60%) exposure to equilibrium solution.

Furthermore, cryoprotectant solutions containing DMF (ES1/VS1 and ES2/VS2) were not
appropriate to vitrify mouse blastocysts, since embryo in vitro hatching rates were 3%
(3/108) and 17% (19/111), respectively. The most probable reason for this viability
decrease could be due not only to the toxicity of such cryoprotectant, but possible solution
crystallization during warming procedure. These crystallization process was clear on
solutions with 30% DMF in association with 20% PROH during thawing process.
However, transparent appearance for 20% DMF solutions does not exempt from
crystallization, since visual inspection does not detect devitrified samples when crystals are
smaller than wavelength for visible light rays; they may be present, but not visible (Jin et

al., 2008).

The DMF had a higher glass-forming tendency than glycerol and ethylene glycol, due to
higher water bonding compounds (Baudot and Boutron, 1998). According with Sukhno et
al. (2008), the common association of DMF with water is a stable combination containing
two or three molecules of water DMF-(H ,0), or DMF-(H ,0)3, increasing the incidence of
hydrates forms. The stoichiometry studies demonstrated that water-DMF system is quite
similar to the water-DMSO system, showing that DMF could be a efficient glass former,
despite hydrates forms observed in DMF solutions showing thermograms more
complicated than DMSO. Due to hydrates formation, two melting points could appear
during warming process; one at temperatures of -49.5°C and the second at -47,7°C,
represented a crystallization peak of solution, and probably a devitrification due to the

presence of ice forms (Baudot and Boutron, 1998). However, It may be possible to
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circumvent these two melting peaks of ice and hydrate forms, using higher warming rates
(>20.000°C/min). According to Seki and Mazur (2008) the rapid warming would minimize
both the formation of intracellular ice crystals by devitrification and their growth to lethal

size by crystallization.

Harmful effects of vitrification solutions or vitrification procedure per se may impair
development kinetics, causing viable embryos to delay development (Bertolini et al., 2005).
Taking into account this information, we have differentially stained embryos to obtain more
accurate information about embryo quality and embryo cell differentiation. Results showed
that vitrified embryos, disregarding cryoprotectant solution, had lower ICM and TE cells
counts than embryos in control group. Cell membranes suffering cryoinjuries during
cooling and warming procedures (Mazur, 1970) are probably the cause for cell number in
embryos after vitrification, which could impair further embryo development (Kaidi et al,

2001).

CONCLUSION
Cryoprotectants solutions containing dimethylformamide have deleterious effects on
developmental competence of vitrified mouse blastocysts, with highest expansion and

hatching rates obtained when cryoprotectant solution included EG and PROH.
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ABSTRACT

The purpose of this study was to determine the in vitro expansion and hatching rates of
vitrified mouse blastocysts loaded into glass micro-capillaries (Brand® - 5 pL). Early
morning on day 4 of pregnancy, blastocysts were collected from donors, morphologically
evaluated, and then allocated in three groups: Group 1 (Control): embryos were transferred
into 100 uL. of KSOM medium drops and in vitro cultured during 72 h; Groups 2 and 3:
embryos initially exposed to the equilibration solution (PBSm + 10% EG + 10% PROH and
0.5% PVA) for 1 min, and then to vitrification solution (PBSm + 20% EG + 20% PROH +
0.5% PVA) for 30 sec. After that, blastocysts were loaded into glass micropipettes (GMP)
or glass microcapillaries (GMC) and plunged into super-cooled liquid nitrogen (-200°C).
Embryo warming and cryoprotectant dilution were carried out by plunging the narrowest
end of the capillaries into 500 pL droplets of PBSm supplemented with 0.25 M sucrose
maintained at 37°C. After 5 min embryos were transferred to 100 uL droplets of KSOM
medium and cultured in vitro for 72 h. Blastocyst expansion rates after in vitro culture were
77% (138/177) and 74% (131/175), for blastocysts vitrified in GMP and GMC,
respectively. Blastocyst hatching rate (control group) was 91% (134/146), which was
higher than for embryos loaded in GMP 61% (108/177) and GMC 53% (93/175). ICM
number in control group embryos contained 25.7 + 2.5 cells and did not differ from the
mean cell number observed in vitrified embryos loaded in GMP (24.2+2.3) or GMC
(22.5+2.59). Regarding the trophoectoderm cell number, Group 1 embryos displayed
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63.1£3.0 cells, and also not differ from the cell numbers of the embryos loaded into GMP
(58.0%£1.8) or GMC (58.0+.3.7). In conclusion, manufactured GMC (Brand®) tested in this

study showed same efficiency as GMP for vitrification of mouse blastocysts.

Keywords: Mouse, blastocyst, vitrification, glass micropipettes, micro capillaries.

INTRODUCTION

The first container successfully used for vitrification of mouse oocytes and embryos was
the French insemination straw (Rall and Fahy, 1985), which uses large volume samples
(>20 pL) and achieves =2500°C/min cooling and warming rates (Palasz and Mapletoft,
1996).

According to He et al. (2008) containers have been significantly improved since then,
leading to the development of more efficient devices. Almost all devices attempt to use
minimum volumes to provide low or non-toxic cryoprotectants concentration and higher
cooling rates in order to minimize cell injury and toxicity damage caused by vitrification
process. these devices include minimum drop size (MDS) (Arav, 1992), electron
microscopic grids (Martino et al., 1996; Arav and Zeron, 1997), cryoloops (Lane et al.,
1999), hemi-straw system (Vanderzwalmen et al., 2000), gel loading tips (Tominaga and
Hanada, 2001), nylon mesh (Matsumoto et al., 2001), fine diameter plastic micropipette
(Cremades et al., 2004), and 100 uL pipetting tip (Hredzdk et al., 2005). The most
commonly used is the open pulled straw (OPS) method, which raised cooling and warming

rates (over 20,000 °C/min), decreasing toxic and osmotic cell damage (Vajta, 1997).

However, plastic materials have lower heat conductivity (0.2 WmK), what limits cooling
rates. Using other materials with higher heat conductivity such as glass (0.8 WmK), could
enhance heat transfer and achieve faster cooling rates, to attain more than 20.000°C/min
(He et al., 2008). Kong et al. (2000) demonstrated that glass micropipettes (GMP) allowed
higher cooling and warming rates when compared to OPS, due to higher heat conductivity

of glass and lower volume of cryoprotectant solution containing embryos. Also, GMP size
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can be reduced more than OPS (i.d 0.3 mm vs 0.8 mm), avoiding embryo damage and

increasing viability rates (Kong et al., 2000; Cho et al., 2002).

Nevertheless, GMPs are handmade containers, and do not allow to control loaded volumes
and standard parameters among pipettes. Glass microcapillaries (GMC) of 5 pL produced
by Brand® provide standard volumes (2 pL), avoiding handmade GMP; and a convenient
manipulation either during stepwise procedure or under liquid nitrogen, indicated that it can
be considered as tool for murine embryo vitrification. The aim of this study was to
determine in vitro survival of mouse blastocysts loaded into standard micro-capillaries

(Brand®, Germany) and plunged directly into super-cooled LN2..

MATERIALS AND METHODS

Except where otherwise indicated, all chemicals were obtained from Sigma Chemical Co.
(St. Louis, MO, USA. Culture media and solutions were prepared using water purified by
Milli-Q synthesis system (Millipore, Bedford, MA, USA).

This study followed the guidelines for animal care and animal use introduced by Sociedade

Brasileira de Ciéncias em Animais de Laboratério (SBCAL).

Production of Mouse Embryos

Fertile male mice, aged between two and ten months and fertile females aged between six
and eight weeks of Mus dosmesticus domesticus, swiss albino strain, were used in the
experiments. Animals were kept under controlled temperature (22+2°C) and light (14h
light/10h dark cycle) conditions. Food and water were provided ad libitum. Females were
superovulated by intraperitoneal 10 IU injection of equine chorionic gonadotropin (eCG -
Folligon®, Intervet) followed 46h later by intraperitoneal 10 IU injection of human
chorionic gonadotropin (hCG - Chorulon®, Intervet). Afterwards, donors were mated
overnight with males. Early next morning those females with a vaginal plug were selected
for embryo collection. Ninety-six hours after hCG injection, females were subjected to
cervical dislocation and uterine horns were flushed individually with 0.5 mL PBSm
medium. Only embryos at blastocyst and expanded blastocyst stages of excellent

morphological quality were randomly allocated into experimental groups.
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Preparation of GMP and GMC characteristics

GMC (5 pL) manufacturated by Brand® (Germany), has 1.0 mm outer and 0.6 mm inner
diameter. GMP were made according Vajta et al. (1998), using capillary tubes with
outer/inner diameter of 1.5/1.0 mm, respectively (microhematocrit tubes, Perfecta®). They
were softened by heat, and pulled manually until outer central part diameter decreased from
1.0 mm to approximately 0.6 mm. Then the hand pulled GMPs were cooled in air, broken

at the narrowest point after being scribed with a diamond tip and sterilized by heat as

described by Viera et al. (2008).

Vitrification procedure

Vitrification procedure was based on OPS technology originally described by Vajta et al.
(1998), with modifications. Equilibration solution (VS;) was PBSm added with 10% EG +
10% PROH + 0.5% polyvinyl alcohol (PVA). Embryos were kept at 37°C into VS, for 1
min before being transferred and maintained during 30 s into vitrification solution (VS,)
made of PBSm supplemented with 20% EG + 20% PROH + 0.5% PVA. Five embryos
were loaded into each GMP or GMC by capillarity, placing the narrowest end of capillary
tubes into 2ul VS droplets, which were immediately plunged into super-cooled nitrogen

(LNy).

Embryo warming and cryoprotectant dilution

Embryo warming and cryoprotectant dilution were carried out by plunging the narrowest
end of the capillaries into 300 pl droplets of PBSm supplemented with 0.25 M sucrose at
37°C, and after 5 min embryos were transferred into 100ul KSOM medium droplets for in

vitro culture.

Assessment of in vitro development

Control group (non-vitrified) and vitrified embryos were in vitro cultured into 100 pL
droplets of KSOM medium supplemented with 0.4% of BSA, under oil, at 37°C, 5% CO,,
5% O, and 90% N, under saturated humidity. The re-expansion and hatching status of

embryos were examined at 24 h intervals during 72 h.
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Differential ICM and TE cell counts

All embryos that re-expanded and hatched were considered viable and were differentially
stained to count trophectoderm (TE) and inner cell mass (ICM) nucleus. Blastocysts were
differentially stained using ionic detergent, Triton-X 100 and fluorochromes, Hoechst
33342 and propidium iodide, as previously described (Thouas et al., 2001). Stained
blastocysts were mounted on a glass slide containing a 10uLL drop of glycerol. Counts were
performed on blastocysts which were gently flattened with a cover slip and examined under

fluorescence microscopy.

Statistical analysis

Re-expansion and hatching rates were compared by Chi-square test, for a significance level
of (P<0.05). ICM and trophectoderm mean cells numbers were compared by ANOVA
(P<0.05).

RESULTS

The embryo recovery rate after warming was 95.67% (177/185) of those loaded into GMP,
and 94.5% (175/185) into GMC, showing that procedure efficiency was similar in both
containers. Embryo viability after warming, observed at 24 and 72 h after in vitro culture is
summarized in Table 2. After 24 h of in vitro culture, re- expanded mouse blastocysts rates
did not differ whether loading embryos into GMP (77%) or GMC (74%). Table 2 shows
same results on embryo viability after 72 h of in vitro culture. Hatching rates were similar
among two experimental groups, 53% and 61%, achieved by embryos loaded into GMC
and GMP, respectively.

Hatched blastocysts from control group showed significantly more cells when compared to
vitrified, warmed and in vitro cultured hatched blastocysts (Table 3). However, embryos
loaded into GMP showed similar ICM cell number when compared to control group. Cell
numbers (total number, ICM and TE) did not differ among vitrified embryos loaded into

GMP or GMC.
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Table 1. Embryo re-expansion and hatching rates after vitrification in two different

containers.
Embryos Re expanded embryos Hatched embryos
Treatment
N° N° (%) N° (%)
Control 146 134 (91)
GMP 177 138 (77)" 108 (61)°
GMC 175 131 (74)* 93 (53)°

GMP: Glass micro-pipette; GMC: micro-capillary

> Numbers in same column without common superscripts differ, P<0.05

Table 2. Mean inner cell mass (ICM), trophoectoderm (TE) and total cell number in

mouse blastocysts.

Cells N°
Treatment Embryos N° Total TE ICM
(Mean+SD) (Mean£SD) (Mean£SD)
Control 21 88.80+3.30° 63.13+3.00° 25.68+2.50°
GMP 18 82.20+3.73° 58.05+1.80° 24.1542.30%
GMC 12 80.46+4.70° 58.00+3.50° 22.46+2.59°

GMP: Glass micro-pipette; MC: micro-capillary

“> Numbers in same column without common superscripts differ (ANOVA), P < 0.05.

DISCUSSION

It is known that increasing cooling rates results in higher embryo survival (Vajta et al.,
1998, He et al., 2008). The increase of cooling rates is an important parameter of
vitrification process, because passage through critical low temperature is more rapid when

compared with conventional vitrification methods (Vajta, 1997).

Cooling rate is directly influenced by temperature, thermal conductivity of containers, and

related holding volume of medium surrounding the embryos (Bunn et al., 2006; Sun et al.,
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2008). Minimum vitrification volumes increment cooling and warming rates and decrease
chances of crystal nucleation formation in small samples (Rall, 1987). Procedures like
loading embryos into OPS could diminish vitrification solution volumes and lead to higher
embryo survival rates. OPS allows to obtain faster cooling rates (>20,000°C/min) than
French conventional straws (2,500°C/min), decreasing cell chilling and toxicity. However,
it has been shown in previously experiments that GMP improved embryo survival rates
when compared to OPS (Kong et al, 2000; Cho et al, 2002). GMP and GMC also allow an
increase cooling rate due to higher heat conductivity of glass and a smaller volume of
frozen sample. These two vessels can be reduced more than OPS, for example the inner
diameter of GMP can be reduced to 0.3 mm, GMC has 0,6 mm of inner diameter, compared

to 0.8 mm of OPS straws, minimizing dimension and loaded volumes inside the container.

In this study, the results confirm these observations showing that the two glass capillary
systems are efficient for vitrification of murine embryos. The pos warming embryo
recovery rates of 95.67% (177/185) observed with the GMP and 94.5% (175/185) obtained
with GMC did not differ, showing easy embryo manipulation and similar efficiency as
embryo containers. The in vitro survival rates after vitrification observed with embryos
loaded into GMP or GMC did not differ. The re-expanded showed similar results using the
GMP (77%) or the GMC (74%) to load the embryos, and the hatching rates (61% and 53%,

respectively) were also similar among the embryos loaded into the two different containers.

However, differences between GMP and GMC survival rates are probably due to
dimension differences. GMP and GMC contain same loading volumes, but wall thickness
causes different heat conductivity. Nevertheless, these two containers had inner diameter
less than 0.4 mm and could achieve higher cooling rates, better than other vessels like OPS

(He et al., 2008; Sun et al., 2008).

Harmful effects of vitrification solutions or vitrification procedure per se may impair
development kinetics, causing viable embryos to delay development (Bertolini et al., 2005).
Taking into account this information, we used differential staining to obtain more accurate

information about embryo quality and embryo cell differentiation. Results showed that
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vitrified embryos disregarding embryo container, have lower cell numbers than embryos in
control group. Cell membranes suffering cryoinjuries during cooling and warming
procedures (Mazur, 1970) are probably responsible for this cell number reduction showed
by vitrified embryos, which could impair further embryo development (Kaidi et al, 2001).
ICM cell number of embryos loaded into GMP or GMC survival rate after warming, did
not differ from ICM cell number in control group embryos. This observation shows that
ICM cells of embryos loaded into GMP or GMC were well protected against the
cryoinjuries during vitrification (He et al, 2008). However vitrified embryo TE cells were
not well protected like the ICM cells, when we looked at control group TE cell numbers.
On the other hand, cell number (total number, ICM and TE) did not differ among vitrified
embryos loaded into GMP or GMC.

CONCLUSION
Manufacturated GMC (Brand®) tested showed same efficiency as GMP to load mouse

blastocysts for vitrification.
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4. CONSIDERACOES FINAIS E PERSPECTIVAS

A vitrificagdo mostrou ser um processo eficaz e promissor na manutencdo e
preservacdo de material genético. A busca por metodologias que permitam o aumento das
taxas de sobrevivéncia embriondria faz com que a criacdo de novos protocolos baseados na
associacdo de crioprotetores seja um ponto importante no desenvolvimento de futuros

experimentos.

O conhecimento das caracteristicas bioquimicas dos crioprotetores é essencial para
o entendimento dos mecanismos de acdo deles sobre as células. Isto facilitard a
implementacdo de novas combinagdes que visem diminuir a toxicidade e aumentar as taxas

de sobrevivéncia embriondria apds a exposicdo a diferentes solucdes de vitrificagao.

Futuras pesquisas devem ser conduzidas para determinar as velocidades adequadas
de resfriamento e aquecimento, das solugcdes compostas com dimetilformamida,
direcionadas para evitar a formagdo de hidratos. Com isto, viabilizar o emprego destas

solugdes na vitrificagdo de embrides mamiferos.

Por outro lado, torna-se necessdrio também avaliar o efeito crioprotetor de outras
combinacdes de solucdes de vitrificagdo compostas com dimetilformamida, realizando
modificacdes tanto na concentracio, tempos e temperaturas de exposi¢do, como no tipo de
crioprotetores permedveis € nao permedveis. A utilizagdo de crioprotetores extracelulares
da classe dos sacarideos é uma das possibilidades a ser testada visando controlar a entrada
da dimetilformamida nas células, simultaneamente protegendo a membrana plasmatica,
como € o caso da trealose. Dessa forma, as solugdes crioprotetoras terdo influéncia sobre as

taxas de sobrevivéncia embrionaria diminuindo o efeito toxico sobre as células.
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ANEXOS

PROTOCOLO COLORACAO DIFERENCIAL

Descrita por Thouas 2001. Simplified technique for differential staining of inner cell mass

and trophectoderm cells of mouse and bovine blastocyst.

PREPARACAO SOLUCOES

e SOLUCAO1.
o Solucdo de PBS + BSA (3 mg/ml)
o 1% Triton X
o 100 pg/ml de Iodeto de Propideo

e SOLUCAO2.
e 25 ug/ml de Hoechst diluidos em 100% Etanol

METODOLOGIA

¢ Dentro de uma placa NUNC de 4 pogos, se colocam cada uma das solucdes, dentro
dos pocos 1 e 3.

e Os embrides sao colocados na solucdo 1 por um periodo de 10 seg

e Posteriormente sdo transferidos na solucdo 2 e colocados a incubar a 4 °C durante a
noite

e No dia seguinte sdo retiradas da solu¢do e colocadas sobre uma lamina com uma
gota de glicerol, e fixadas com uma laminula.

e Ler na hora com microscopio de fluorescéncia

® As células que ficam de vermelhas pertencem as células do trofoectodermo e as que

ficam azuis pertencem as células da massa interna do embrido.



