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Maternal physiology in pregnancy

• Substantial changes in endocrine milieu and adjustments in 
carbohydrate, lipid and protein metabolism

• Metabolic adaptations occur in response to hormonal 
changes associated with fetal nutrient demand and 
maternal supply essential for fetal growth

• Interindividual variation in metabolic responses to 
pregnancy has long been recognised

• Environmental or genetic factors ?



Evolution, fitness and ideas

• Maternal genome and conceptus genome have shared 
interests but are also in conflict
(Haig 1993, Q Rev Biol 68:495-532)

• Fetal-maternal communication is via the placenta
(Haig 1996, J Evol Biol 9:357-380)

•



Animal resources and previous work



Embryo-fetal and maternal resource

• 16-20 month old heifers, managed as one herd

• Purebred and reciprocal cross concepti (n = 60, 100)

• Concepti, maternal blood at Day 48 and 153 of gestation

• Phenotype including hormone profiles, clinico-chemical screen

• Embryo-fetal growth driven by the conceptus

Bos taurus taurus  (Bt)                              Bos taurus indicus (Bi) 



Role of the placenta
• Direct interaction of maternal and conceptus genomes, nutrient 

provision - extraction 

• Significant source of hormones such as placental lactogen and 
prolactin-related proteins, with growth hormone and prolactin 
like activity (Gootwine 2004, Anim Reprod Sci 82:551-556)

• The placenta drives fetal growth and development, and is a 
major factor in modifying maternal environment 

Placenta materna and fetalis in 
bovine Day 153 pregnancy 



Significant variation in placental phenotype
Day 153 resource collection



Placenta and embryo-fetal growth

Estrella et al. 2017, 
Placenta 55:37-46 

Day 153Day 48



The placenta is sexually dimorphic

Estrella et al. 2017, submitted 

Day 153 of gestation



… as is the fetus 

Day 153 of 
gestation

Estrella et al. 2017,
submitted 



Sex-specific fetal growth strategies
Day 153 of gestation

Estrella et al. 2017, submitted 



Insulin-like peptide 3 in maternal serum
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Female



Anand-Ivell and Hiendleder et al. 2011, PLoS ONE 6(5) e:19821

Genetic differences in fetal INSL3



Thyroid hormones and
insulin-like growth factors



Forhead and Fowden 2014, J Endocrinol 221:R87 

THs and IGFs in growth and development



TH and IGF assays

• Total thyroxine (T4),  free thyroxine (fT4), total triiodothyronine 
(T3) and free triiodothyronine (fT3) assayed using coated tube 
radioimmunoassay IM 1447,  IM 1363, IM 1699 and IM 1579 
(Immunotech/Beckman Coulter, Prague, Czech Republic). 
Reverse triiodothyronine (rT3) assayed using reagents from 
double antibody radioimmunoassay kit BC 1115 (Biocode-Hycel, 
Liege, Belgium).

• Insulin-like growth factor 1 and 2 (IGF1, IGF2) and total IGF 
binding proteins (tIGFBPs) were measured by RIA following 
separation of IGFs and IGFBPs by size-exclusion HPLC under 
acidic conditions as described previously. Total IGFBPs 
obtained here is reflecting the total amount and binding affinity of 
IGFBPs present in plasma.
(Sullivan et al. 2009, J Anim Sci 87: 3304-3316)



Statistical analyses

yij = Intercept + Si + Cj + Si x Cj +MW + MaxT +MinT + eij

• Angus and Brahman dam parameters analysed separately with 
GLM procedures in SPSS using the model: 



Effects of conceptus sex and genetics on 
maternal hormones - Angus



Effects of conceptus sex and genetics on 
maternal hormones - Brahman



Magnitude of sex effects on maternal hormones
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Magnitude of genetic effects on maternal 
hormones
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Sex effects on metabolites
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Relevance



Fetal growth, maternal growth, lactation

• Thyroid hormones and insulin-like growth factors affect 
embryo-fetal growth, postnatal growth and lactation



Conclusions

• The synepitheliochorial bovine placenta enables extensive 
fetal-maternal communication with significant effects on the 
maternal endocrine system

• Conceptus sex and genetics impact hormones and clinical- 
chemical parameters crucial for growth and development, 
including the mammary gland, but in a dam genetics 
dependent manner

• Current data may help explain discrepant results for effects 
of conceptus sex on milk yield 
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