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ABSTRACT 

Low birth weight is associated with an increased risk of impaired glucose tolerance and type 2 diabetes 

and with signs of increased hypothalamic pituitary adrenal axis activity in later life (1, 2). Low birth 

usually weight reflects a reduction in fetal growth, which largely depends on an adequate supply of 

nutrients and oxygen. Variations in supply modify the metabolic and neuroendocrine characteristics of 

the fetus, which in turn modulate the pattern of functional development as well as growth (3). An 

adverse fetal environment, evident as low birth weight, is therefore proposed to alter functional 

development with long term effects for the function and risk of disease in the individual later in life (4, 5). 

Increased HPAA impairs metabolic homeostasis and could therefore mediate effect of prenatal 

challenge on later metabolic control (6). It was therefore hypothesised that restriction of fetal growth, 

increases circulating cortisol and/or alters sensitivity to cortisol, which increases fasting blood glucose, 

and impairs glucose tolerance in the young adult. Large litter size in the guinea pig is characterised by 

reduced placental and fetal growth, reduced size at birth and insulin resistance in offspring in later life, 

providing a suitable model to test this hypothesis. 

 

Spontaneous restriction of fetal growth in the guinea pig, evident as small size at birth, was associated 

with increased salivary cortisol, in both sexes but at different stages of postnatal life. In males, salivary 

cortisol was increased with small size at birth in early and adult life, but reduced later with ageing. In 

females however, salivary cortisol was increased in juveniles and in aged adults, possibly reflecting the 

impact of the oestrus cycle on cortisol production in mature cycling females. Altered activity of the 

HPGA, which can influence that of the HPAA, has also been reported to be programmed by prenatal 

restriction. In the guinea pig, salivary testosterone in males increased with age and small size at birth in 

juveniles, young and aged adults. In females, salivary progesterone increased with age up to 300 days, 

and decreased with size at birth in the young guinea pig. Although testosterone inhibits HPAA activity, in  
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males, mean salivary cortisol correlated positively with mean salivary testosterone at 100 and 300 days 

of age. In contrast, progesterone may enhance HPAA activity, and consistent with this, in females, 

mean salivary progesterone correlated with mean salivary cortisol at 400 days of age. Therefore, 

salivary testosterone in the male and salivary progesterone in the female guinea pig changes with 

maturation and has previously reported in this or other species, but small size at birth increases salivary 

testosterone in males with modest effects in early life in females. This together with the unexpected 

positive associations of salivary cortisol with testosterone in males, suggests that programming of the 

HPAA makes little contribution to that of the HPAA as indicated by salivary cortisol.  

 

Here we show that low birth weight is associated with increased fasting blood glucose and impaired 

glucose tolerance in both male and female young adult guinea pigs aged 100 days. Fasting and mean 

(during IVGTT) plasma cortisol was reduced in low birth weight female adult guinea pigs, and is not vary 

with size at birth at this age in males. This suggests that circulating cortisol does not contribute to the 

impaired glycaemia associated with small size at birth in the guinea pig. Glucose tolerance was 

increasingly impaired in males but not females, as mean plasma cortisol increased. This is consistent 

with cortisol impairing glycaemia in the guinea pig as in other species, in males at least. 

 

To assess the role of cortisol in prentally programmed impairment of glycaemia directly, metyrapone or 

vehicle containing 24% ethanol was administered to young adult guinea pigs for 3 days. Treatment with 

the latter impaired fasting blood glucose and glucose tolerance in females and the latter in males 

compared to a previous IVGTT and this was exacerbated in low birth weight females. Metyrapone 

prevented this impairment of fasting glycaemia and glucose tolerance in the low birth weight adult 

female guinea pig and in the male guinea pig regardless of birth weight class. Neither vehicle or 

metyrapone altered plasma cortisol, before or during a second IVGTT. Limited numbers of animals, 

particularly females, limited this study however and additional investigation is required. Nevertheless  
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this shows for the first time that inhibition of glucocorticoid synthesis in the guinea pig improves glucose 

control. Furthermore this suggests that the low birth weight guinea pig may be more sensitive to cortisol, 

have increased cortisol synthesis or reduced inactivation of cortisol in peripheral tissues, leading to 

increased local cortisol action. 

 

In conclusion, alterations in peripheral HPAA activity in the guinea pig due to restricted fetal growth may 

contribute to their prenatally programmed development of impaired glucose tolerance as young adults, 

but the extent of that contribution may vary with age and gender. 
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