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CHAPTER 1 

 

General Introduction 
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ENERGY MAKES THE WORLD GO ROUND 

 

 

Energy is defined as the capacity of a physical system to perform work. Energy is 

essential for life: without energy life would not be possible and the earth would be cold, 

dark and empty. Energy can, according to the laws of thermodynamics, not be created 

nor destroyed. It can only flow from one place to another or be transformed from one 

form into another. This implies that in situations of energy demand it has to be collected 

from available sources and in situations of excess it has to be transformed into other 

forms for storage. The “basic sources” of energy on earth are heat derived from 

geothermal sources and from the sun. The latter is, by far the most important source for 

life on the surface of the earth. Sun-derived energy is transmitted as light and 

subsequently captured and converted into chemical energy by a variety of life forms, 

mainly by plants. 

The conversion of radial into chemical energy requires the process of 

photosynthesis. In this process, radial energy, carbon dioxide and water are converted 

into oxygen and energy-rich compounds, i.e., carbohydrates, which can be processed to 

form fats. These products can be used for growth, reproduction and movement, whereas 

the surplus is stored. Mammals that are not able to use radiation directly as source of 

energy have to obtain their energy by eating energy stored in plants (herbivores) and/or 

other animals (omni/carnivores). Food is not always available to mammals, including 

humans, and often they have to spend a substantial amount of energy to find food. As a 

result, a mode of energy metabolism has developed that uses the gathered energy very 

economically. The surplus of energy is stored efficiently into the different tissues as 

glycogen or fat. During periods in which no food is available, the stores can be recruited 

to generate the energy required. Thus, during evolution, a metabolic system has been 

developed in mammals in which energy is handled with caution.  

During the last decades, however, humans in the western world have become 

exposed to an excess of (processed) food that is broadly available. Overall, this has 

resulted in excess energy intake over shorter periods of time. This, in combination with a 

sedentary life style, induces overfilling of energy stores in the body that might result in 

obesity. The combination of reduced energy expenditure and overfilled energy stores is 

often seen as the starting point of insulin resistance and type II diabetes.  

In the twentieth century, the metabolic pathways involved in synthesis and 

breakdown of energy-rich compounds like carbohydrates and fatty acids have been 

elucidated in great detail. They consist of a large number of reactions catalyzed by 
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proteins (enzymes and transporters). The flux of compounds through these pathways 

depends on the presence (amount) and activity of each of the enzymes/transporters 

involved. Regulation can be established at multiple levels, varying from DNA 

transcription to activation of proteins, e.g., by phosphorylation. Disturbances in fluxes 

can be induced by the absence or inappropriate function of one of the 

enzymes/transporters. This can be due either to inherited causes, as in the case of 

glycogen storage diseases, or be acquired due to life style factors as in type II diabetes. 

In countless studies, relevant metabolic fluxes are “estimated” from the amount 

of mRNA transcribed or from the activity of isolated enzymes. It is, however, 

questionable whether these parameters correlate with the actual flux through the 

respective metabolic pathways in vivo. The studies presented in this thesis focus on the 

use of stable isotopes to assess the magnitude of in vivo fluxes in carbohydrate 

metabolism. Stable isotopes were employed because these are non-harmful, can be used 

in animals as well as in humans but also because their use is much more informative 

when appropriate algorithms for calculations are used.  

 

Aim of the Thesis 

This thesis describes the development and application of several novel techniques to 

quantify specific pathways of carbohydrate metabolism in peripheral tissues as well as in 

the liver and intestine. A number of existing techniques were introduced and validated in 

our laboratory, with some relevant modifications. In addition, a number of new 

techniques have been developed. 

The aim of the thesis is twofold. Firstly, since the methodology and mathematical 

derivations used are rather complex, every consecutive step is explained in a simple and 

sometimes relatively naïve detail. This serves the purpose that the thesis should be used 

to introduce the methodology to new generations of (young) researchers in our 

laboratory and/or other laboratories with a similar focus. In Chapter 2, metabolic 

pathways in hepatic carbohydrate metabolism and peripheral glucose metabolism 

relevant for this thesis are discussed detail. In Chapter 3, a number of isotope 

techniques applicable to in vivo experiments and the measurements involved are 

discussed. In Chapter 4, the algorithms used in calculations of carbohydrate fluxes are 

discussed. Next to equations used in isotope dilution techniques, equations for mass 

isotopomer distribution analysis, glucose absorption kinetics and in first-order in one 

compartment kinetics are presented.  

Secondly, the thesis comprizes five experimental chapters, in which different 

techniques have been applied to quantify carbohydrate metabolism in rats and mice. In 

Chapter 5, changes in hepatic carbohydrate metabolism that occur after acute inhibition 
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of the glucose-phosphatase flux are quantified, using Mass Isotopomer Distribution 

Analysis. The pharmacological approach using the chlorogenic acid derivative S4048 in 

rats provided an experimental model of glycogen storage disease type Ia in humans. In 

Chapter 6, validation of a miniaturized sampling procedure is presented that allows 

stable isotope dilution and incorporation experiments in small animals (mice) and very 

small children. In Chapter 7, the hyperinsulinemic euglycemic clamp technique has been 

applied in conscious, freely moving mice to test the influence of pharmacological 

activation of the Liver X Receptor (by GW3965) on insulin sensitivity in a diabetic mouse 

model, i.e., the ob/ob mice. In Chapter 8, glucose absorption rates in Farnesoid X 

Receptor knockout mice, a mouse model with an unexpected fasting hypoglycemia, were 

calculated using the well-known Steele method in combination with multi-compartmental 

kinetic modeling. In Chapter 9, a kinetic model to assess hepatic and peripheral glucose 

metabolism is presented, making use of numerical modeling in combination with HOMA 

algorithms. This method allows to estimate the influence of insulin resistance on blood 

glucose kinetics Without perturbation of glucose metabolism in serial experiments over 

time. Finally, the presented methods and results obtained are discussed in Chapter 10. 
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