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MICROSCOPIA ELECTRONICA DE EMBRIONES PRODUCIDOS IN VITRO

Sabine Kolle
& Fred Sinowatz

Microscopia electrénica de barrido (MEB)

La técnica de MEB permite observar estructuras de la superficie de los complejos ovocito-
cumulus y de embriones producidos in vitro con alto grado de resolucién. La topografia y morfologia
de estructuras caracteristicas se hacen visibles en forma imponente.

Para preparar a los espermatozoides, ovocitos y embriones para la evaluacion con un
microscopio de barrido, deben ser fijados, deshidratados, secados, colocados sobre una base y
cubiertos con oro-paladio.

La fijacion se lleva a cabo con 1% glutaraldehido en buffer Soerensen pH 7,4 (1:5 mezcla de
0,07 M KH,PO, y 0,07 M Na,HPO4-2H,0) o en 2,5% Glutaraldehido en 0,1 M buffer fosfato pH 7,2.
Alternativamente se puede emplear también 2,5% glutaraldehido en 0,1 buffer cacodilato pH 7,2
(Kolle y col., 2004, Haenisch-Woehl y col., 2003). La fijacion se lleva a cabo durante 1h, 24h 6 48h a
4C° o a temperatura ambiente. Antes de la fijacion los espermatozoides, ovocitos 0 embriones deben
ser lavados cuidadosamente 2 a 3 veces en buffer. La deshidratacién se lleva a cabo con una
secuencia incrementada de acetona (10%, 20%, 30%, 40%, 50%, 60%; 2x5 minutos cada paso, 70%,
80% y 90% 60 minutos y 100% 12 horas aproximadamente), (Kolle y col., 2004). Alternativamente es
posible también emplear una serie de concentraciones incrementadas de etanol para la
deshidratacién. El punto critico de secado ocurre con CO, en varios pasos con diferentes
temperaturas y relaciones de presion. La fijacion mecanica se lleva a cabo colocando la muestra en
un soporte de aluminio. Luego, se cubre la muestra con una capa de 12nm de una mezcla de oro y
paladio con ayuda de un “recubridor” Sputter (Kdlle y col., 2000). Los ovocitos o embriones pueden
ahora ser observados en el microscopio electronico de barrido.



404 Kolle & Sinowatz
Bibliografia

Abe H, Yamahita S, ltoh T, Satoh T, H Hoshi (1999a) Ultrastructure of bovine embryos developed
from in vitro-matured and —fertilized oocytes: Comparative morphological evaluation of embryos
cultured either in serum-free medium or in serum-supplemented medium Mol Reprod Dev 53, 325-
335

Abe H, Yamahita S, Itoh T, Satoh T, H Hoshi (1999a) Ultrastructure of bovine embryos developed
from in vitro-matured and —fertilized oocytes: Comparative morphological evaluation of embryos
cultured either in serum-free medium or in serum-supplemented medium Mol Reprod Dev 53, 325-
335

Abe H, Otoi T, Tachikawa S, Yamahita S, Satoh T, H Hoshi (1999b) Fine structure of bovine morulae
and blastocysts in vivo and in vitro Anat Embryol 199, 519-527

Albihn A, Rodriguez-Martinez H, H Gustafsson (1990) Morphology of day 7 bovine demi embryos
during in vitro reorganization Acta Anat (Basel) 138, 42-49

Allworth AE, DF Albertini (1993) Meiotic maturation in cultured bovine oocytes is accompanied by
remodeling of the cumulus cell cytoskeleton. Dev Biol 158, 101-121

Anderson E, DF Albertini (1976) Gap junctions between the oocyte and companion follicle cells in the
mammalian ovary J Cell Biol 71, 680-686

Assey RJ, Hyttel P, B Purwantera (1993).Oocyte morphology in dominant and subordinate follicles
during the first follicular wave in cattle Theriogenology 39, 183

Berger T, Turner KO, Meizel S, JL Hedrick (1989) Zona pellucida-induced acrosome reaction in boar
sperm Biol Reprod 40, 525-530

Betteridge KJ, JE Flechon (1988) The anatomy and physiology of pre-attachment bovine embryos
Theriogenology 29, 155-187

Van Blerkom J, Bell H, D Weipz (1990) Cellular and developmental biological aspects of bovine
meiotic maturation, fertilization, and preimplantation embryogenesis in vitro J Electron Microscopy
Technique 16, 298-323

Brackett BG, Oh YK, Evans JF, WJ Donawick (1980) Fertilization and early development of cow ova
Biol Reprod 23, 189-205

Cross NL, Morales P, Overstreet JW, FW Hanson (1988) Induction of acrosome reactions by the
human zona pellucida Biol Reprod 38, 235-244

Crozet N (1984) Ultrastructural aspects of in vivo fertilization in the cow Gamete Res 10, 241-251

Dudkiewicz A, W Williams (1977) Fine structural observations of the mammalian zona pellucida by
scanning electron microscopy Scanning Electron Microsc Vol Il, 317-324

Flechon JE, JP Renard (1978) A scanning electron microscope study of the hatching of bovine
blastocysts in vitro J Reprod Fert 53, 9-12

Greve T, Avery B, H Callesen (1993) Viability of in-vivo and in-vitro produced bovine embryos Reprod
Dom Anim 28, 164-169

Hasler JF, Henderson WB, Hurgen PJ, Jin ZQ, McCauley AD, Mower SA, Neely B, Shuey LS, Stokes
JE, SA Trimmer (1995) Production, freezing and transfer of bovine IVF embryos and subsequent
calving results Theriogenology 43, 141-152

Haenisch-Woehl A, Kolle S, Neumuller C, Sinowatz F, J Braun (2003) Morphology of canine cumulus-
oocyte-complexes in prepubertal bitches Anat Histol Embryol 32, 1-5

Heyman Y, Degrolard J, Adenot P, Chesne P, Flechon B, Renard JP, JE Flechon (1995) Cellular
evaluation of bovine nuclear transfer embryos developed in vitro Reprod Nutr Dev 35, 713-723

Hyttel P (1987) Bovine cumulus-oocyte disconnection in vitro Anat Embryol 176, 41-44

Hyttel P, Callesen H, T Greve (1986a) Ultrastructural features of preovulatory oocyte maturation in
superovulated cattle J Reprod Fertil 76, 645-656

Hyttel P, Xu KP, Smith S, T Greve (1986b) Ultrastructure of in vitro oocyte maturation in cattle J
Reprod Fert 78, 615-625

Hyttel P, Greve T, H Callesen (1988a) Ultrastructure of in-vivo fertilization in superovulated cattle J
Reprod Fertil 82, 1-13

Hyttel P, Xu KP, T Greve (1988b) Ultrastructural abnormalities of in vitro matured bovine oocytes Anat
Embryol 178, 47-52

Hyttel P, Xu KP, T Greve (1988) Scanning electron microscopy of in vitro fertilization in cattle. Anat
Embryol 178, 41-46



Microscopia electronica 405

Hyttel P, Callesen H, T Greve (1989) A comparative ultrastructural study of in vivo versus in vitro
fertilization of bovine oocytes Anat Embryol 179, 435-442

Jolliff WJ, RS Prather (1997) Parthenogenic development of in vitro-matured, in vivo-cultured porcine
oocytes beyond blastocyst Biol Reprod 56, 544-548

Keefe D, Tran P, Pellegrini C, R Oldenbourg (1997) Polarized light microscopy and digital image
processing identify a multilaminar structure of the hamster zona pellucida Hum Reprod 12, 1250-
1252

Kélle S, Dubois CS,Caillaud M, Lahuec C, Sinowatz F, Goudet G (2006) Equine zona protein
synthesis and ZP structure during folliculogenesis, oocyte maturation and embryogenesis Mol
Reprod Dev (In press)

Kolle S, Stojkovic M, Reese S, Reichenbach HD, Wolf E, F Sinowatz (2004) Effects of growth
hormone on the ultrastructure of bovine preimplantation embryos Cell Tiss Res 317,101-108

Kolle S, Stojkovic M, Prelle K, Waters M, Wolf E, F Sinowatz (2001) Growth hormone (GH)/GH
receptor expression and GH-mediated effects during early bovine embryogenesis

Kolle S, Stojkovic M, Boie G, Wolf E, F Sinowatz (2000a) Effects of growth hormone on in vitro
embryogenesis Reprod Dom Anim 35, 33

Kolle S, Neumiiller C, Stojkovic M, Wolf E, F Sinowatz (2000b): Comparative ultrastructure of bovine
embryos obtained by in vitro fertilization, by parthenogenesis and by uterine flushing. Reprod Dom
Anim 35, 33-34

Koyama H, Suzuki H, Yang X, Jiang S, RH Foote (1994) Analysis of polarity of bovine and rabbit
embryos by scanning electron microscopy Biol Reprod 50, 163-170

Leibo SP, NM Loskutoff (1993) Cryobiology of in vitro-derived bovine embryos Theriogenology 39, 81-
94

Linares T, Ploen L (1981) On the ultrastructure of seven day old normal blastocysts and abnormal
bovine embryos Anat Histol 10, 212-226

Lindner GM, Wright RW (1983) Bovine embryo morphology and evaluation. Theriogenology 20, 407-
416

De Loos F, van Vliet C, van Maurik P, Kruip ThAM (1989) Morphology of immature bovine oocytes.
Gamete Res 24, 197-204

Massip A, Mulnard J, Huygens R, Hanzen C, van der Zwalmen P, Ectors F (1981) Ultrastructure of the
cow blastocyst J Submicros Cytol 13, 31-40.

Mohr LR, Trounson AO (1982) Comparative ultrastructure of hatched human, mouse and bovine
blastocysts J Reprod Fert 66, 499-504

Moor RM, Smith MW, RMC Dawson (1980) Measurement of intercellular coupling between oocytes
and cumulus cells using intracellular markers Exp Cell Res 126, 15-29

Nikas G, Paraschos T, Psychoyos A, AH Handyside (1994) The zona reaction in human oocytes as
seen with scanning electron microscopy Hum Reprod 9, 2135-2138

Nottola SA, Makabe D, Stallone T, Familiari G, Correr S, Macchiarelli G (2005) Surface morphology of
the zona pellucida surrounding human blastocysts obtained after in vitro fertilization Arch Histol
Cytol 68, 133-141

Philipps D, R Shalgi (1980) Surface properties of the zona pellucida J Exp Zool 213, 1-8

Plante L, WA King (1994) Light and electron microscopic analysis of bovine embryos derived by in
vitro and in vivo fertilization J Assist Reprod Genet 11, 514-529.

Pollard JW, SP Leibo (1993) Comparative cryobiology of in vitro and in vivo derived bovine embryos
Theriogenology 39, 287

Presicce GA, X Yang (1994) Parthenogenetic development of bovine oocytes matured in vitro for 24 hr
and activated by ethanol and cycloheximide. Mol Reprod Dev 38, 380-385 Riddell KP, Stringfellow
DA, Gray BW, Riddell MG, Wright JC, PK Galik (1993) Structural and viral association comparisons
of bovine zonae pellucidae from follicular oocytes, day-7 embryos and day-7 degenerated ova
Theriogenology 40, 1281-1291

Sathananthan AH (1997) Ultrastructure of the human egg Hum Cell 10, 21-38

Shamsuddin M, Larsson B, H Rodriguez-Martinez (1993) Culture of bovine IVM/IVF embryos up to
blastocyst stage in defined medium using insulin, transferrin and selenium or growth factors
Reprod Dom Anim 28, 209-210

Shamsuddin M, H Rodriguez-Martinez (1994). Fine structure of bovine blastocysts developed either in
serum-free medium or in conventional co-culture with oviduct epithelial cells J Vet Med 41, 307-316

Suzuki S, Kitai H, Tojo R, Seki K, Oba M, Fukiwara T, R Izuka (1981) Ultrastructure and some biologic
properties of human oocytes and granulosa cells cultured in vitro Fertil Steril 35, 142-148



406 Kolle & Sinowatz

Suzuki H, Presicce GA, X Yang (1996) Analysis of bovine oocytes matured in vitro versus in vivo by
scanning electron microscopy Theriogenology 43, 271

Suzuki H, Yang X, RH Foote (1994a): Surface alterations of the bovine oocyte and its investments
during and after maturation and fertilization in vitro Mol Reprod Dev 38, 421-430

Suzuki H, Yang X, RH Foote (1994b) Surface characteristics and size changes of immature, in vitro
matured and in vitro fertilized bovine oocytes Theriogenology 41, 307

Schwartz P, Magerkurth C, HW Michelmann (1996) Scanning electron microscopy of the zona
pellucida of human oocytes druing intracytoplasmic sperm injection (ICSI) Hum Reprod 11, 2693-
2696

Swenson CE, DS Dunbar (1982) Specificity of sperm-zona interaction J Exp Zool 219, 97-104

Thompson JG (1997) Comparison between in vivo-derived and in vitro-produced pre-elongation
embryos from domestic ruminants Reprod Fertil Dev 9, 341-354

Xu KP, T Greve (1988) A detailed analysis of early events during in vitro fertilization of bovine follicular
oocytes J Reprod Fertil 81, 501-504

Vanroose G, Nauwynck H, Van Soom A, Ysebaert MT, Charlier G, Van Oostveldt P, A de Kruif (2000)
Structural aspects of the zona pellucica of in vitro-produced bovine embryos: A scanning electron
and confocal laser scanning microscopic study Biol Reprod 62, 463-469

Wassarman PM (1982) Fertilization In: Cell Interactions and Development: Molecular Mechanisms
(Yamada K ed) New York, Wiley, 1-27





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


