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Maternal deprivation and milk replacement affect the integrity of gray and white matter in the developing lamb brain

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Morphometric and microstructural MRI data indicate that maternal deprivation and milk replacement affect and delay lamb brain maturation from as early as 1.5 weeks of age.

ABSTRACT

The psychoendocrine evaluation of lamb development has demonstrated that maternal deprivation and milk replacement alters health, behavior and endocrine profiles. While lambs are able to discriminate familiar and non-familiar conspecifics (mother or lamb), only lambs reared with their mother develop such clear social discrimination or preference. Lambs reared without mother display no preference for a specific lamb from its own group. Differences in exploratory and emotional behaviours between mother-reared and mother deprived lambs have also been reported. As these behavioural abilities are supported by the brain, we hypothesize that rearing with maternal deprivation and milk replacement leads to altered brain development and maturation. To test this hypothesis, we examined brain morphometric and microstructural variables extracted from in-vivo T1-weighted and diffusion-weighted magnetic resonance images acquired longitudinally (1 week, 1.5 months and 4.5 months of age) in mother-reared and mother-deprived lambs.

From the morphometric variables the caudate nuclei volume was found to be smaller for mother-deprived than for mother-reared lambs. T1-weighted signal intensity and radial diffusivity (RD) were higher for mother-deprived than for mother-reared lambs in both the white and gray matters. The fractional anisotropy (FA) of the white matter was lower for mother-deprived than for mother-reared lambs. Based on these morphometric and microstructural characteristics we conclude that maternal deprivation delays and affects lamb brain growth and maturation. 
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  Abbreviations: CN, caudate nucleus; RD, radial diffusivity; EE, early experience; FA, fraction of anisotropy; HIPP, hippocampus; OB, olfactory bulb; PAG, periaqueductal gray; T, timepoint.

Brain structure Timepoint Mother-reared lambs Mother- deprived lambs ANCOVA analyses results

  

	T1	T2	T3	
	Mother			
	reared			
	Mother			
	deprived			
	2 cm			
			n	9	7	p
			Caudate nucleus	

EE <0.001 (F (1,27) =14.86) p T =0.014 (F (1,27) =6.97)

  

	Optic chiasm	Corpus callosum		WM cerebellum
	2 cm					
		CN		PAG	Hipp	Hipp	CN	OB
	2 cm	Hipp				
	2 cm					
		T2	675.47±72.17	600.64±29.33	
		T3	859.87±102.11	763.91±48.03	p EExT =0.41 (F (1,27) =0.69)
		n	7		7	p EE =0.89 (F (1,23) =0.02)
	Hippocampus	T2	519.36±38.26	518.13±14.59	p T =0.001 (F (1,23) =39.09)
		T3	616.65±56.88	629.49±64.05	p EExT =0.56 (F (1,23) =0.35)
		n	6		6	p EE =0.42 (F (1,19) =0.68)
	Olfactory bulb	T2	221.54 ±49.98	246.58±33.73	p T =0.88 (F (1,19) =0.68)
		T3	346.27±52.19	354.23±54.93	p EExT =0.73 (F (1,19) =0.73)
	Periaqueductal gray	n T2	9 223.88±21.54	7 199.96±15.74	p EE =0.13 (F (1,27) =2.45) p T =0.79 (F (1,27) =0.07)
		T3	250.63±21.11	244.51±35.64	p EExT =0.23 (F (1,27) =1.36)
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