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Scope of the thesis

The overall aim of this thesis is to investigate the biochemical and neuronal pathways 
utilized by the central nervous system and more specifically the hypothalamus, to 
sense and control the daily fluctuations in peripheral glucose metabolism. First, with 
regard to the hypothalamic sensing of glucose metabolism I focused on the question: 
“How does the biological clock that is located in the hypothalamus and is responsible 
for all day/night rhythms in behavior and physiology, receive the necessary metabolic 
(feedback) information in order to be able to generate the appropriate output”? Our 
second aim was to unravel in part the complex hypothalamic control mechanisms 
involved in the control of glucose metabolism and studied which hypothalamic brain 
areas and neurotransmitter systems are in control of endogenous glucose production 
and peripheral glucose uptake. 
 In chapter 1 we focus on available data on the role of the autonomic innervation 
of the liver in relation to glucose and lipid metabolism as well as on how metabolic 
signals are integrated via the gut-brain-liver axis. In chapter 2, we describe how the 
biological clock controls the endocrine milieu via the paraventricular nucleus of the 
hypothalamus (PVN). The PVN is an important target area of the biological clock and 
it contains many neuroendocrine as well as pre-autonomic neurons, both providing 
an important gateway to peripheral organs. Recently there has been a revival of the 
interest in the CNS control of glucose metabolism. In fact this renewed interest was 
an important driving force to start the work described in this thesis.
 The research chapters of this thesis are divided in two parts, each describing several 
experiments devoted to the two research questions described in the first paragraph. 
The experiments in chapters 3-5 were initiated because we hypothesized that in order 
to synchronize energy homeostasis with the daily sleep/wake-cycle, the endogenous 
biological clock located in the hypothalamic suprachiasmatic nuclei (SCN) needs 
to be informed adequately about the peripheral metabolic situation. Therefore, in 
chapter 3, we investigated the projections of the arcuate nucleus (ARC) also known 
as the “window-of-the-brain”, because this brain area not only contains receptors for 
several peripherally circulating metabolic hormones, but is also thought to have a leaky 
blood–brain-barrier. Retrograde and anterograde tracing studies were performed to 
find out whether the ARC has direct anatomical projections to the SCN, which would 
enable a functional connection as well. To study a possible functional significance of 
the ARC-SCN projection, in chapter 4 we studied the effect of ghrelin, known for its 
role on food intake, as a metabolic challenge to test whether changes in ARC activity 
would also result in simultaneous changes in SCN activity. Chapter 5 describes the 
search for the anatomical origin of the neuropeptide FF (NPFF) containing terminals 
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in the SCN, as well as a first set of experiments to investigate the functional significance 
of this innervation. 
 Chapters 6-10 describe a number of experiments that were aimed at revealing brain 
areas and (peptidergic) neurotransmitter systems in the hypothalamus that provide 
input to the pre-autonomic neurons in the PVN that are in control of hepatic glucose 
production. In chapter 6 and chapter 7 we studied two peptidergic neurotransmitter 
systems, i.e., orexin and melanin-concentrating hormone (MCH) respectively, that 
have their origin in the lateral hypothalamus and both had been implicated in the con-
trol of feeding behavior and energy metabolism. The MCH studies were performed in 
mch precursor (Pmch) gene knockout rats in cooperation with the Hubrecht Institute. 
In chapter 8 we investigated the possible involvement of another peptidergic neuro-
transmitter system, i.e., pituitary adenylate cyclase-activating polypeptide (PACAP). 
The hypothalamus contains a high density of PACAP-containing fibers, but PACAP-
producing neurons can be found in different brain sides, both within and outside the 
boundaries of the hypothalamus. Our interest in PACAP was evoked by the strong 
metabolic phenotype of several PACAP and PACAP-receptor knock-out mice. In 
chapter 9, we investigated the role of local hypothalamic glucocorticoid signaling in 
the well known effects of systemic glucocorticoids on glucose homeostasis. In all of 
the above studies we used the tracer dilution technique with a stable glucose isotope 
to measure endogenous glucose production rates during the different experimental 
conditions. The tracer dilution studies were combined with either euglycemic hy-
perinsulinemic clamp conditions to study insulin sensitivity, specific denervation of 
the autonomic liver innervation to study the involvement of the autonomic nervous 
system in the effects observed, or neuroanatomical tracing studies and immunocyto-
chemistry to unravel further the hypothalamic pathways involved. 
 In chapter 10, a technical note on the measurement of glucose production profiles 
along the day/night cycle. Exactly 10 years ago our group clearly showed that there 
is a pronounced daily fluctuation in plasma glucose concentrations. At that time it 
was also shown that this rhythmic pattern is independent of the day/night-rhythm 
in feeding activity, but does need input from the SCN timing mechanism. To study 
the relative contribution of changes in glucose production versus changes in glucose 
uptake on these fluctuations in plasma glucose concentrations, we performed hourly 
blood sampling during infusion of a glucose isotope tracer along the day/night-cycle. 
 This thesis ends with a perspective and recommendations for future research to 
further unravel the role of the biological clock and hypothalamus in control of me-
tabolism.




