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Therapies designed to target the anaerobic metabolism of tumours may preferentially kill 

malignant cells exhibiting this metabolic alteration. Promising experimental results in the 

treatment of certain types of tumours have been obtained with inhibitors of glycolysis [6] or 

of the pentose phosphate pathway [10], and with ketogenic diets [11]. Most malignant 

tumours are largely dependent on glucose for their growth and survival, but they are unable to 

metabolise ketone bodies for energy production [11]. A ketogenic diet restricts the glucose 

supply while providing the body with adequate energy substrates in the form of fat for 

generating ketone bodies. In 1995 Nebeling and coworkers described the long-term 

management of paediatric astrocytoma patients by a ketogenic diet. In addition to its 

beneficial effect on tumour growth, the diet improved the patients’ nutritional status [12].  

 

Ketogenic diets aim to induce ketosis, a physiological response of the body to limited dietary 

carbohydrate intake with consequent exhaustion of the glycogen content in liver and skeletal 

muscle resulting in the body’s use of fat for energy. During ketosis, the liver starts to degrade 

fatty acids and to form acetyl-CoA in fatty acid oxidation. Acetyl-CoA can then be diverted 

into the ketone bodies acetoacetate and b-hydroxybutyrate (b-OHB), the major ketone body in 

plasma [13]. Ketone bodies are transported from the liver to other tissues where they can be 

reconverted to acetyl-CoA. Although glucose is the preferred fuel, ketone bodies can supply 

2% to 6 % of the body’s energy needs after an overnight fast and 30% to 40% after a 3-day 

fast. The brain can also utilise ketone bodies to supply up to 60% of its metabolic energy 

needs [13]. 

 

When applied under caloric restriction, different ketogenic diets supplemented with either lard 

or soybean oil have been shown to have an inhibitory effect on tumour growth [14, 15, 16]. 

However, under caloric restriction the diets led to a dramatic weight loss in contrast to ad 

libitum feeding. Several groups have focused on the impact of lipid oils on both tumour 
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(Glut-1; G3900-01, US Biologicals, Swampscott, MA, USA), final dilution 1:100. The slides 

were washed in PBS, incubated with biotinylated anti-mouse and anti-rabbit 

immunoglobulins (LASB-kit, DAKO), and treated with streptavidin-peroxidase (LASB-kit, 

DAKO) according to the manufacturer’s protocol. After development in 5% 3,3´-

diaminobenzidine (DAKO) and counterstaining with haematoxilin, the sections were 

dehydrated in graded ethanol and embedded in Vitro Clud (Langenbrinck, Emmendingen, 

Germany). 

 

Microvessel analysis  

Cryosections of dissected tumours were stained with a rat anti-mouse CD34 antibody 

(RAM34, BD Pharmingen, Heidelberg, Germany), final dilution 1:100. Microvessel density 

was qualitatively assessed by examining the entire vital cellular zone of the tumours with a 

light microscope at 100x magnification. 

 

Determination of the size of necrosis in tumours of the KD and SD group 

Sections corresponding to the median line were stained with haematoxyline-eosine and 

photographed at a magnification of 4x with a digital camera. Images of each whole section 

were imported into Microsoft PowerPoint and all areas with morphologically well-defined 

necrosis were circled using the free-hand drawing function of the program at high 

magnification. The complete area of necrosis per section was quantified using the “analyse 

particles” option of the public domain Java image processing program ImageJ 1.34s 

(downloaded from the National Institutes of Health (NIH), Bethesda, MD, USA) and 

expressed as percentage of the section’s total area. 

 

 

 
















