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Summary. Receptors for insulin are widely distributed 
in the brain and pituitary. The current hypothesis on 
receptor function in these regions points to a role of 
insulin as a mediator in the communication of the 
peripheral endocrine system with the brain via various 
steps of the neuroendocrine axis.  Recent data 
demonstrate that receptor-positive neurons in the brain, 
i.e. in the hypothalamus, and secretory cells in the 
anterior pituitary gland possess specific proteins that are 
thought to be involved in key steps of post receptor 
signal transduction, in particular insulin receptor 
substrate-1 and phosphatidylinositol 3'-kinase (PI3k). 
PI3k is a critical enzyme of the intracellular signaling 
pathway that is activated by a number of receptor 
tyrosine kinases, including receptors for insulin and IGF- 
1. This information further completes the framework 
indicating in vivo activity of insulin receptors in central 
neuroendocrine cells and their involvement in one 
branch of several physiological mechanisms that control 
body metabolism and nutritional behaviour. 
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Introduction 

Receptors for insulin and the closely related insulin- 
like growth factor-1 are found in numerous cells and 
tissues of mammals. Because of this close relationship, 
the two hormones can act on each other's receptor, 
although in a dose-dependent manner (Ullrich et al., 
1985, 1986). In this review we will focus predominantly 
on insulin receptors. However, it appears necessary to 
compare the cellular presence of the two receptors and 
correlate their occurrence with biological functions. In 

addition, both are receptor tyrosine kinases that use the 
same protein substrates in key steps of receptor signal 
transduction pathways, as demonstrated by in vitro 
studies (Shemer et al., 1987; McElduff et al., 1988). This 
raises the question of receptor signal specificity in an 
intact organism. In order to address this issue, the 
identification of post-receptor substrates at the cellular 
level provides an important insight into the in vivo 
situation of a biological system, such as the brain and 
pituitary gland. 

Insulin and the brain 

The source of insulin, the B-cells of the islets of 
Langerhans, release the hormone to the well-known 
target tissues, primarily adipose tissue, liver and muscle 
(Fig. 1). The brain has been regarded for a long time to 
be insulin-independent, a dogma which is still true 
concerning the neuronal glucose metabolism in most 
parts of the central nervous system (Crone, 1965; Hom 
et al., 1984; Grunstein et al., 1985). Nevertheless, insulin 
receptors are present in abundance in a variety of 
specific brain regions, in particular in areas involved in 
the regulation of central autonomic activity. Earlier 
binding assays and autoradiographic investigations as 
well as more detailed histological mapping studies, 
carried out with immunocytochemistry using specific 
receptor antibodies, demonstrated dense receptor 
staining in neurons in many brain areas including limbic- 
hypothalamic nuclei (example, see Fig. 5a), such as the 
arcuate and paraventricular nuclei, amygdala, hippo- 
campus and autonomic brainstem areas, i.e. nucleus of 
the solitary tract (Baskin et al., 1987; Werther et al., 
1987; Unger et al., 1991). These findings, in conjunction 
with experimental data from animal studies have 
indicated an endocrine role of insulin in the adult central 
nervous system (Schwartz et al., 1992a,b). 
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