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Exposure to Excess Maternal Cortisol in Late-Gestation Prevents the Normal Metabolic Transition of the Heart at Birth

Walejko, J. (UF, Biochemistry & Molecular Biology, SECIM); Edison, A. (UGA, Genetics & Biochemistry & Molecular Biology) and Keller-Wood, M. (UF, Pharmacodynamics) 


Introduction
While cortisol is important for fetal heart maturation during late-gestation, little is known about the effects of maternal hypercortisolemia on the developing heart. Our laboratory has shown in an ovine model that maternal hypercortisolemia leads to increased fetal mortality during the peripartum period.1 In addition, transcriptomic analysis revealed alterations in fetal cardiac metabolism of fetuses in early labor.2 Therefore, I investigated the effects of chronic increases in maternal cortisol during late gestation on the global metabolic transition of the neonatal heart immediately following birth. 

Experimental
Heart samples were collected from left and right ventricles and intraventricular septum in 9 untreated fetuses at gestational day 142, 13 untreated neonatal lambs immediately following birth, and 4 neonatal lambs exposed to maternal cortisol (1 mg/kg/day, gestational day 115-birth). High-resolution magic angle spinning (HR-MAS) proton nuclear magnetic resonance (1H-NMR) spectroscopy was conducted on an Avance III 600 MHz spectrometer at the University of Florida Advanced Magnetic Resonance Imaging and Spectroscopy facility to gain metabolic profiles of heart samples. Significance of metabolites was determined using a 1-way MANCOVA adjusted for ewe effects of the area under the metabolite peak(s) of probabilistic quotient normalized spectra.

Results and Discussion
Lactate, along with myo-inositol and poly-unsaturated lipids, are significantly increased (p<0.05) in fetal heart at gestational day 142; whereas glutamate and taurine were significantly increased (p<0.05) in neonatal tissue (Table 1). In neonatal hearts from cortisol-exposed ewes, myo-inositol was significantly increased (p<0.05), whereas poly-unsaturated lipids, taurine and glutamate were decreased, as compared to control newborns (Table 2). 

Conclusions
Decreases in taurine and glutamate, along with elevations in myo-inositol, suggest altered TCA cycle flux and cardiac function at birth in excess-cortisol exposed neonates. Transcriptomic analysis revealed increases in peroxisome proliferator activated receptor, further supporting alterations in lipid metabolism. Our data suggests that fetal exposure to excess maternal cortisol prevents the fetal heart from undergoing normal metabolic transitions following birth, which may contribute to stillbirth during the peripartum period, or later life cardiomyopathies. 
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Table 1: Metabolites altered in the neonatal heart following birth in untreated animals
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Metabolite Relative Abundance | Log2 Fold | Birth

Change
Valine Cortisol>Control 1.47 N.S.
Myo-inositol Cortisol>Control 0.26 Fetus>Neonate
Taurine Control>Cortisol -0.29 Neonate>Fetus
Poly-unsaturated | Control>Cortisol -0.79 Fetus>Neonate
lipid(s)
Glutamate Control>Cortisol -0.27 Neonate>Fetus
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Metabolite Relative abundance | Log2 Fold change | p-value
Ethanol Neonate>Fetus 1.14 <0.001
3-hydroxbutyrate Neonate>Fetus 2.05 <0.001
Glutamate Neonate>Fetus 0.31 <0.001
a-ketoglutarate Neonate>Fetus 0.34 0.009
Taurine Neonate>Fetus 0.54 0.003
Alanine Fetus>Neonate -0.26 0.003
Pyruvate Fetus>Neonate -0.29 0.012
Myo-inositol Fetus>Neonate -0.37 <0.001
Glutamine Fetus>Neonate -0.29 0.039
Lactate Fetus>Neonate -0.37 <0.001
Poly-unsaturated Fetus>Neonate -0.22 0.038

lipid(s)










Metabolite	 Relative	abundance	 Log2	Fold	change	 p-value	

	

Ethanol	 Neonate>Fetus	 1.14	 <0.001	

3-hydroxbutyrate	 Neonate>Fetus	 2.05	 <0.001	

Glutamate	 Neonate>Fetus	 0.31	 <0.001	

α-ketoglutarate	 Neonate>Fetus	 0.34	 0.009	

Taurine	 Neonate>Fetus	 0.54	 0.003	

Alanine	 Fetus>Neonate	 -0.26	 0.003	

Pyruvate	 Fetus>Neonate	 -0.29	 0.012	

Myo-inositol	 Fetus>Neonate	 -0.37	 <0.001	

Glutamine	 Fetus>Neonate	 -0.29	 0.039	

Lactate	 Fetus>Neonate	 -0.37	 <0.001	

Poly-unsaturated	

lipid(s)	

Fetus>Neonate	 -0.22	 0.038	

	


image4.emf
Metabolite Relative abundance | Log2 Fold change | p-value
Ethanol Neonate>Fetus 1.14 <0.001
3-hydroxbutyrate Neonate>Fetus 2.05 <0.001
Glutamate Neonate>Fetus 0.31 <0.001
a-ketoglutarate Neonate>Fetus 0.34 0.009
Taurine Neonate>Fetus 0.54 0.003
Alanine Fetus>Neonate -0.26 0.003
Pyruvate Fetus>Neonate -0.29 0.012
Myo-inositol Fetus>Neonate -0.37 <0.001
Glutamine Fetus>Neonate -0.29 0.039
Lactate Fetus>Neonate -0.37 <0.001
Poly-unsaturated Fetus>Neonate -0.22 0.038

lipid(s)










Metabolite	 Relative	abundance	 Log2	Fold	change	 p-value	

	

Ethanol	 Neonate>Fetus	 1.14	 <0.001	

3-hydroxbutyrate	 Neonate>Fetus	 2.05	 <0.001	

Glutamate	 Neonate>Fetus	 0.31	 <0.001	

α-ketoglutarate	 Neonate>Fetus	 0.34	 0.009	

Taurine	 Neonate>Fetus	 0.54	 0.003	

Alanine	 Fetus>Neonate	 -0.26	 0.003	

Pyruvate	 Fetus>Neonate	 -0.29	 0.012	

Myo-inositol	 Fetus>Neonate	 -0.37	 <0.001	

Glutamine	 Fetus>Neonate	 -0.29	 0.039	

Lactate	 Fetus>Neonate	 -0.37	 <0.001	

Poly-unsaturated	

lipid(s)	

Fetus>Neonate	 -0.22	 0.038	

	


image5.jpeg
<




