SUMMARY

After the discovery of the unusual aminoacid gamma-carboxyglutamate in 1974, the function of vitamin K has been extensively studied, and vitamin K-dependent carboxylase has been found in liver and in a large number of extrahepatic tissues. The number of Gla-containing proteins that have been identified and characterized has remained surprisingly low thus far. Osteocalcin and MGP are two examples of Gla-proteins. The molecular structure is precisely known, but their mode of action in regulating bone formation and tissue mineralization has remained obscure. It is generally accepted, however, that their biological activity depends on the presence of three (osteocalcin) and five (MGP) Gla-residues per molecule.

Once it has been formed, Gla cannot be metabolized or re-used so that after protein degradation Gla is excreted in the urine, mostly as the free aminoacid, a minor part as short peptides. In a steady state situation, the urinary Gla-concentration may therefore reflect the turnover of the total body pool of Gla-proteins. In chapter 2 we have compared two animal models for vitamin K-deficiency: rats receiving a diet deficient in vitamin K and rats treated with coumarins (vitamin K antagonists). The major difference between both models is that in the former one the vitamin K cycle is operational, so that supplemented K-vitamins are recycled and utilized 500 to 1,000 fold more efficiently than in the coumarin-treated model. In these models we have compared the ability of various K-vitamins to function as a cofactor in the blood clotting factor synthesis. Moreover, we have tested whether urinary Gla-excretion may be used as a sensitive overall marker for vitamin K status.

In chapter 3 we address the question of how to define and measure human vitamin K status, and it appeared that the hydroxyapatite binding capcity (HBC) of serum osteocalcin was the most sensitive marker for human vitamin K status available at that moment. Accurate measurement of serum osteocalcin concentrations is a critical step in this technique. Therefore, we have developed an automated enzymatic assay for the quantitative determination of osteocalcin in human serum.

Chapter 4 is based on a review article which forms the problem statement for this thesis. Based on the concept of tissue-specific vitamin K requirement we hypothesize that for optimal carboxylation of Gla-proteins in bone tissue a higher nutritional vitamin K intake is needed than for the carboxylation of the clotting factors in the liver. This implies that in the apparently healthy population sub-groups may be at risk for developing subclinical vitamin K-deficiency, possibly leading to poor bone development and accelerated bone loss. If so, these sub-groups should be identified to find out the effect of vitamin K-supplementation on bone markers, bone mass, and bone strength. 
In the subsequent chapters we describe an inventory of other potential candidates for further evaluation. The studies presented are relatively small, cover widely different subjects, and were ment as exploratory studies before placebo-controlled clinical trials might be initiated. In the same chapter we report the effect of vitamin K-administration to female elite athletes. The training and work load of these women is high and frequently leads to long lasting amenorrhea and rapid loss of bone mass. A special study of bone markers and vitamin K status was performed in a unique experiment onboard the Russian space station MIR. It is well known that during microgravity conditions astronauts undergo rapid loss of bone mass, which may be as high as several percent per month. During the 6-month flight we performed a 3-month intervention study with 10 mg/day of vitamin K and regular onboard venipunctions and urine collections to monitor the biochemical bone markers.

In chapter 5 we have investigated institutionalized children living in Romanian children's homes. Since prophylactic vitamin K administration in small children is not common in Romania, vitamin K insufficiency can be studied in a non-supplemented population. 

In chapter 6 we have investigated bone formation markers dependant on vitamin K (osteocalcin) and bone resorption markers in Gaucher disease, characterized by a genetic deficiency of glucosylceramidase that affects to a certain extent bone tissue.

In chapter 7 we report results that encourage us to continue the study of the role of vitamin K at extrahepatic level, in connection with chronic inflammatory diseases. Our study reported for the first time in the literature the presence of uncarboxylated MGP in the synovial fluid of patients with inflammatory arthritis, opening a broad filed of further clinical investigations.
