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Summary	(1)	

•  Historical	aspects	
•  Physiology	of	embryo	development	in	mammals	
•  Embryo	metabolism		
•  Embryo	genome	ac<va<on	(EGA)	
•  In	vivo	embryo	culture	systems	
•  In	vitro	embryo	culture	systems		



Historical	aspects	

•  Sreenan,	1968;	Sreenan	e	Scanlon,	1968	
(first	reports	of	bovine	in	vitro	embryo	culture	up	to	the	blastocyst	stage)	

•  Adams,	1968	
(first	report	of	bovine	in	vivo	embryo	culture	in	rabbit	oviducts	up	to	the	hatching	

blastocyst	stage)	

•  Gandolfi,	1986;	Gandolfi	and	Moor,	1987	
(first	 reports	 of	 bovine	 in	 vitro	 embryo	 culture	 up	 to	 the	 blastocyst	 stage	 on	

oviductal	epithelial	cell	monolayers)	
 

Studies	on	embryo/oviduct	biochemical	interac<ons	



Physiology	of	embryo	development	in	the	
pre-implanta<on	period		

	

•  Oviductal	microenvironment		
•  Stages	of	embryo	development	
•  Cleavages		
•  Morula	forma<on	and	compac<on	
•  Blastocyst	forma<on	
•  Embryo	mortality	



Stages	of	embryo	development		
within	the	oviduct	



The	oviductal	environment	



Recently	decifered	oviductal	vesicles	content	in	
proteins,	mRNA	and	small	ncRNA	

across	the	estrous	cycle	in	the	cow	(13.197	genes)	

Stage of the estrous cycle:  
- stage 1 (S1): POST-OVULATORY showed recently ovulated follicle (d1 to 4 of estrous 
cycle);  
- stage 2 (S2): EARLY LUTEAL development with medium or large follicles or both present 
(d5 to 11);  
- stage 3 (S3): LATE LUTEAL fully functional CL yellow or orange in color (d11 to 17);  

- stage 4 (S4): PRE-OVULATORY regressing CL with little vasculature and a large 
preovulatory follicle present (d18 to 20). 



2PB 2PN 4 cell stage 8 cell stage 

morula blastocyst 

Stages	of	human	embryo	development		



Assessment	of	
bovine	embryo	
quality	as	a	
model	for	

human	embryo	
development	



The 
hatching 

process in 
a bovine 
embryo 



Embryo implantation to the 
uterine wall 



Times	of	arrival	in	the	uterine	cavity	and	
implanta<on	in	different	species	

Species Arrival (d) Implant (d) 

Bovine 3-4  12 

Bitch 5-8  13-17 

Queen 5-8  13-17 

Sheep  3  15 

Mare 5-6 25-30 

Sow  2  2 

Woman 4 5-6 



Causes	of	embryo	mortality		

•  Genetic factors:  

-  chromosomal abnormalities  

-  single gene defects 

•  Maternal age 

•  Endocrine factors 

•  Nutritional factors 

•  Stress factors 

•  Internal environmental factors 

•  External environmental factors 



Embryo	metabolism	

￼ 

 Sutton-McDowall and Thompson. Measuring metabolism in pre-implantation embryos. 
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IVP in larger animals (Gandhi et al., 2000).  
However, due to the static, yet highly 

chemically defined nature of culture systems, vs. the 
highly perfused and complex environments in vivo, 
there is room for improvement and consequently the 
compositions of IVP media suites are constantly 

evolving. To date, the most successful media suites 
include sequential media to accommodate changing 
metabolic needs (Summers and Biggers, 2003; Lane and 
Gardner, 2007), although this is challenged within the 
human IVF field, suggesting that single media systems 
are suitable (Cohen et al., 2008; Paternot et al., 2010).  

 

 
Figure 1. Changes in the metabolism of cumulus oocyte complexes (COCs) and preimplantation embryos. 2PN = 2 
pronuclei; GJC = gap junction communication; GV = germinal vesicle; HBP = hexosamine biosynthetic pathway; 
ICM = inner cell mass; OxPhos = oxidative phosphorylation and TCA cycle = tricarboxylic acid cycle. 
 
 
Table 1. Carbohydrate composition of the in vivo vs. in vitro environments that cumulus oocyte complexes (COCs) 
and embryos are exposed to. 

 COC Fertilisation Embryo 
In vivo In vitro In vivo 

(Oviduct) 
In vitro In vivo 

(Uterus) 
In vitro 

(Cleavage) 
In vitro 

(Post-Compaction) 
Glucose 
(mM) 

1.4-2.31 
2-3.8 2 

1.5 (SOFM) 
5.6 (M199) 

 

2.4-33 
0.5-3.114 

 

2.8 (HTF) 
0 (Fert TALP) 

0.55 
0.02-0.046 

3.15 4 

1.5 
(SOFC1) 
0.5 (G1.2) 

3 (SOFC2) 
3.2 (G2.2) 

        
Lactate 
(mM) 

3-6.41 
5-14.42 

 2.57 
4.9-10.54 

21.4 (HTF) 
10 (Fert TALP) 

8.65 
5.94 

10.5 (G1.2) 5.9 (G2.2) 

        
Pyruvate 
(mM) 

0.4 1 0.33 (SOFM) 
0.2 (M199) 

0.27 
0.244 

0.33 (SOFM) 
0.3 (HTF) 

0.2 (Fert TALP) 

0.175 
0.14 

 

0.33 
(SOFC1) 

0.32 (G1.2) 

0.33 (SOFC1) 
0.1 (G2.2) 

SOF = Synthetic Oviductal Fluid; HTF = Human Tubal Fluid (Quinn et al., 1985); Fert TALP = Modified Tyrode’s 
Medium (Gardner et al., 2004); G1.2/G2.2 (Lane et al., 2003). 1Sutton-McDowall et al., 2005; 2Leroy et al., 2004; 
3Lippes et al., 1972; 4Gardner et al., 1996; 5Dickens et al., 1995; 6Carlson et al., 1970 and 7Lopata et al., 1976.  
 
 
Pre-ovulation: the cumulus oocyte complex 
 

Historically, the carbohydrate metabolism of 
the oocyte has been described (Biggers et al., 1967; 
Rieger and Loskutoff, 1994; Bavister, 1995; Krisher and 
Bavister, 1999; Spindler et al., 2000). However, in the 
last decade, the importance of the cumulus cells 
supplying the oocyte with nutrients and substrates to 

achieve developmental competence has emerged 
(Dumesic et al., 2015), as a consequence of 
understanding the importance of the bi-directional 
communication between the oocyte and cumulus 
vestment (Eppig, 1991; Albertini et al., 2001; Matzuk et 
al., 2002). Thus, characterisation of the metabolic 
profile of the COC as a whole is essential in our view. 
However, the COC contains two distinct cell types with

Sutton-McDowall & Thompson, 2015 



Embryo	metabolism:	
the	importance	of	glucose	levels	

Uhde	et	al.,	2018	



Embryo	metabolism:	
FaLy	acid	metabolis	(Prates	et	al.,	2014)	



Embryo	genome	ac<va<on	(EGA)	
and	the	developmental	arrest	

•  Embryo	genome	ac<va<on,	in	different	species,	
occurs	at	different	developmental	stages		

-	Mouse,	Goat,	Hamster:	2	cell	stage	
-	Cow,	Sheep:	8-16	cell	stage	
-	Pig:	4	cell	stage	
-	Human:	4-8	cell	stage		



Embryo differentiation  
Hierarchic	organiza<on	of	genes	coding	for	factors		

involved	in	the	differen<a<on		processes:	

•  Maternal	 effects	 genes	 (expressed	 in	 the	 stages	 comprised	 from	
oocyte	matura<on	to	ini<al	embryo	cleavages)		

•  Gap	 genes	 (expressed	 in	 subsequent	 stages	 and	 coding	 for	 basic	 cell	
func<ons,	 such	 as	 nucleus	 func<ons,	 cytoskeleton	 elements,	 membrane	
channels,	 ion	 transporters,	 surphace	 or	 secretory	 proteins,	 growth	 factors,	
receptors,	…)		

•  Genes	 for	 segmenta<on	 and	 embryo	 polarity	 (genes	
controlling	the	forma<on	pa^ern	of	the	embryo	antero-posterior	axis)	

•  Homeo<c	 genes	 (homeo-box	 containing	 genes,	 for	 segment-specific	
genes)	

•  Tissue-specific	genes	



Embryo	genome	ac<va<on	and	
developmental	arrest		

Dean	J,	NIH	Research	Images	



Early	embryo	genome	ac<va<on	
and	developmental	arrest		



Epithelial	markers	in	murine,	porcine	
and	bovine	OECs	

(Chen	et	al.,	2017)	



Embryo quality assessment 

•  Morphologic	and	morphometric	analysis	
•  Correspondence	between	the	culture	<me	and	the	

embryo	developmental	stage	(<me	course)	
•  Correspondence	between	the	number	of	blastomeres	

and	nuclei	
•  Blastocyst	expansion	and	hatching		
•  Metabolic	tests	
•  Genomics	
•  Transcriptomics	
•  Proteomics	
•  Metabolomics	



Conventional embryo morphology 
assessment (CMA) 

  Regular	size	blastomeres/no	fragments	

  Regular	size	blastomeres/some	fragments	

  Irregular	size	blastomeres		

Reg-irreg	blastomeres/many	fragments	

Few	blastomeres/severe	fragmenta<on	



Non invasive pre-implantation 
genetic screening (NIPGS) 



Metabolic	tests	to	evaluate	
embryo	viability	

•  Lac<c	dehydrogenase	(LDH)	ac<vity		
•  Glucose,	Glutamine,	Pyruvate	uptake	
•  Oxygen	uptake		
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