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Suhrn

V poslednom ¢ase sa prudko rozvijaju neinvazivne techniky merania
kostnej hmoty spolu s vyvojom senzitivnych a Specifickych biochem-
ickych markerov kostnej formacie a resorpcie. Najcitlivejsie a zaroven
najéastejSie pouzivané markery osteoformacie v sicasnosti sa oste-
okalcin a Kkostny izoenzym alkalickej fosfatazy. Pre osteoresorpciu sa
pouzivaji pyridinolinové prieénovizbové zluceniny alebo telopepti-
dové fragmenty kolagénu. KedZe jednolivé markery zachytavaji rozne
fazy kostnej remodelacnej aktivity, paralelné urcovanie viacerych
markerov, najmi kombindcia markerov osteoformicie
a osteoresorpcie najlepSie odraza charakter kostnej remodelacie.
Optimalna kombinacia markerov, ktora sa méze liSit podla druhu
choroby a terapie, nebola zatial urcena.

Uréovanie biochemickych markerov sa osved¢ilo pri diagnostike
roznych kostnych choréb, najmé vSak pri prognéze postmenopauzal-
nej osteoporozy a naslednych fraktir. U postmenopoauzalnych Zien
vzrast rychlosti kostného metabolizmu je priamo umerny strate kost-
nej hmoty. Lie¢ba antiresorpénymi liekmi, ako su estrogény, bifos-
fonaty a Kalcitonin, vyrazne zniZuje markery kostného metabolizmu
a tento pokles koreluje s dlhodobym efektom tejto liecby na kostnu
hmotu. Diagnosticka a prognosticka hodnota biochemickych mark-
erov je vSak relativna, a preto by sa mali vZdy hodnotit spolu
s vysledkami klinickych vysetreni, dalSich laboratérnych testov, ront-
genového, prip. denzitometrického vySetrenia alebo vysledkami vySe-
trenia kostnej biopsie.

Autori podavaju podrobny prehlad jednotlivych biochemickych mar-
kerov, ich charakteristiku, sposob stanovenia a klinicky vyznam.
KIiucové slova: kostny metabolizmus, biochemické markery, oste-
oporéza.

Summary

Remarkable advances have recently been witnessed in the develop-
ment of non-invasive techniques of bone mass measurements and of
sensitive and specific markers of bone formation and resorption. The
most sensitive and currently also the most frequently used markers of
osteoformation are osteocalcin and the bone isoenzyme of alkaline
phosphatase. Pyridinoline cross-linked compounds and telopeptide
fragments of collagen have been used for the evaluation of osteore-
sorption. Since individual markers reflect different phases in the re-
modeling activity of bones, the parallel determination of several mark-
ers, particularly the combination of markers of osteoformation and
osteoresorption, yields the most representative picture of bone remod-
eling. The optimal combinations of markers, adjusted to the type of
disease and therapy, have not yet been defined.

The analysis of biochemical markers has proved useful in the diagnosis
of different osteopathies and especially in the prognosis of postmeno-
pausal osteoporosis and subsequent fractures. In postmenopausal wom-
en, the increased rate of bone metabolism is in direct relation to the loss
in bone mass. Treatment with antiresportive drugs, such as estrogens,
biphosphonates and calcitonin, results in a marked decrease in bone
metabolism markers, which corresponds to the long-term effect of this
therapy on bone mass. Biochemical markers, however, have a relative
value and should thus always be assessed along with the results of clin-
ical examinations, other laboratory tests, radiographic and densitomet-
ric examinations and bone biopsy.

The paper presents a detailed overview of individual biochemical
markers, their characteristics, mode of determination and clinical im-
plications.

Key words: bone metabolism, biochemical markers, osteoporosis.



V priebehu Zivota sa kost podobne ako iné tkaniva ne-
ustale obmiena v dynamickom procese kontinualnej degra-
dacie (resorpcie) a obnovy (formacie). Specializované bun-
ky — osteoblasty kost obnovuju, osteoklasty naopak degra-
duju. Osteoresorpcia a osteoformacia tizko na seba nadva-
zuji v presnej ¢asovej naslednosti v mieste kostnej remode-
lacie v tzv. kostnej remodelacne;j jednotke. Rozsah novotvorby
kostného tkaniva zavisi od poctu tychto jednotiek, ktoré sa
v urcitej Casovej peridde na urcitom useku skeletu aktivuju,
a od rovnovahy medzi forméciou a resorpciou v ramci tychto
jednotiek. Pre osteopordzu je charakteristické narusenie
rovnovahy medzi resorpciou a formaciou v remodela¢nych
jednotkach, ako aj zvySena aktiva¢na frekvencia, ktora zod-
poveda za vyrazné zvySenie kostného obratu po menopauze.

Osteopordza moze byt dlho bez priznakov a ochorenie sa
obycajne diagnostikuje azZ po vzniku zlomeniny (najmé pri
senilnej osteopordze). Toto Stadium je vSak uz obycajne spoje-
nés hlbokym narusenim kostnej Struktury, perforovanymi tram-
cami a nenavratne stratenym podkladom pre ¢innost osteob-
lastov. Preto je pochopitelna snaha najst také ukazovatele, ktoré
by vyvoj osteopordzy vopred signalizovali, a tym umoznili
zavedenie véasnej a ucinnej terapie. Popri invazivnych
metddach, ako je histomorfometria lopaty bedrovej kosti, ce-
lotelova retencia znacenych bifosfonatov, sa dnes rozvijaju pre-
dovsetkym neinvazivne metddy, ktoré su lahsie uskutocnitel-
né, mozno ich pouzit podla potreby Castejsie a umoziuju dlho-
dobé monitorovanie pacienta. Od neinvazivnych metod sa oca-
kava nielen hodnotenie straty kostnej hmoty, ktord mozno ur-
¢it jednorazovym denzitometrickym meranim, ale aj urcenie
rychlosti jej ubytku. Preto sa dnes pouzivaji okrem beznych
laboratdrnych merani (napr. urovanie kalcitrie, vapnikaa fos-
foru v sére) $pecifické markery charakteristické pre osteofor-
maciu a osteoresorpciu, ktoré sa podla potreby mézu doplnit
hormonalnymi vysetreniami (kalciotropnych, hypofyzovych
a ovarialnych hormonov). KedZe jednotlivé markery zachyta-
vaju rozne fazy kostnej remodelacnej aktivity, paralelné urco-

Tab. 1. Biochemické markery kostného metabolizmu.

Bone, similar to other tissues, undergoes constant rene-
wal as a dynamic process of continual degradation (resor-
ption) and restoration (formation) throughout the course of
life. Specialized cells called osteoblasts are involved in bo-
ne production, while osteoclasts are associated with its de-
gradation. Osteoresorption and osteoformation are tightly
coupled to an exact time sequence at the site of bone remo-
deling, in the so-called remodeling unit. The extent of bone
tissue remodeling depends on the number of these units,
which are activated in a defined area of the skeleton within
a given period of time, and on the balance between forma-
tion and resorption within these units. Osteoporosis is cha-
racterized by both an inbalance between resorption and for-
mation within bone remodeling units and by an increased
activation frequency, the latter being responsble for the
markedly enhanced rate of bone turnover after menopause.

Osteoporosis may remain asymptomatic over a long pe-
riod of time and often fails to be diagnosed unless the pa-
tient suffers a fracture (especially in senile osteoporosis).
This stage, however, is mostly associated with an already
severe derangement of bone structure, perforated trabecu-
lae, and an irreversibly lost basis for the activity of osteob-
lasts. The search for indicators signalling the development
of osteoporosis is thus conceivable as they would provide
the necessary information for introducing early and effecti-
ve therapy. Besides invasive methods, such as histomorpho-
metry of the iliac crest, whole-body retention of labeled
bisphosphonates, predominantly non-invasive methods are
currently being developed. These are easier to perform, can
be applied more frequently if required, and allow long-term
monitoring of the patient. Non-invasive methods are not only
expected to assess the loss of bone, which can be establis-
hed by a single densitometric measurement, but also to the
rate of loss. In addition to common laboratory measure-
ments (e.g. calciuria, serum calcium and phosphorus), spe-
cific markers are being used for this purpose, which are

Tab. 1. Biochemical markers of bone metabolism.

Osteoformacia Osteoresorpcia

Osteoformation Osteoresorption

Celkova a Specifickd Kysla fosfatdza

Total and bone specific Tartarate resistant

alkalicka fosfataza

Osteokalcin (BGP)
Prokolagén I peptidy

Iné nekolagénové bielkoviny

(osteonektin, sialoprotein II)

rezistentnd proti tartaratu

Telopeptidy kolagénu
v sére (ICTP)

V moci

Hydroxyprolin
Hydroxylyzinové glykozidy
Pyridinolin, deoxypyridinolin
a iné priecnovizbové peptidoveé

fragmenty kolagénu

alkaline phosphatase

Osteocalcin (BGP)
Procollagen I peptide

Other noncollagenous proteins

(osteonectin, sialoprotein II)

acid phosphatase

Collagen telopeptides
in serum (ICTP)

In urine

Hydroxyproline

Hydroxylysine glycosides
Pyridinoline, deoxypyridinoline
and other cross-linked peptide

fragments of collagen




vanie viacerych markerov, najma kombinacia markerov osteo-
formacie a osteoresorpcie najlepsie ozrejmi charakter kostnej
remodelacie. Zasadne vSak plati, Ze biochemické markery kost-
ného metabolizmu nie su $pecifické pre uréiti kostnu choro-
bu, ale informuju o celkovom metabolickom stave skeletu,
0 vzajomnom prepojeni osteoresorpcie a osteoformacie na
vSetkych miestach a vo vSetkych §tadiach kostnej remodela-
cie. Pretoze kostny metabolizmus sa s vekom vyrazne meni,
pri kazdom merani treba namerané hodnoty porovnat s hod-
notami véacsieho suboru jedincov danej vekovej kategorie a rov-
nakého pohlavia (skére Z a T).

Ako biochemické markery kostného metabolizmu sa
pouzivaju enzymy osteoblastov a osteoklastov, napr. alka-
lickd a kysla fosfatdza, a komponenty kostného matrixu,
ktoré sa do cirkuléacie uvoliiuju pocas kostnej formacie a re-
sorpcie. Biochemické markery, ktoré sa dnes pouzivaju na
sledovanie osteoformacie a osteoresorpcie, su v tabulke 1.

BIOCHEMICKE MARKERY KOSTNEJ FORMACIE

Sérova alkalicka fosfataza

Sérova alkalicka fosfatdza je velmi Casto pouzivanym uka-
zovatelom kostnej formacie. Pri osteopordze sa jej celkova
aktivita zvySuje len malokedy a ani v tychto pripadoch ne-
mozno vylucit, Ze zvysena enzymova aktivita odraza zvySenu
aktivitu pecenového izoenzymu. Ludské sérum obsahuje roz-
ne izoenzymy alkalickej fosfatazy: kostny, pecenovy, intesti-
nalny a pocas gravidity aj placentarny. Intestindlnu a placen-
tarnu formu mozno oddelit relativne lahko, va¢si problém spo-
sobuje odliSenie kostného a pecenového izoenzymu. Tieto dva
izoenzymy su produktmi jedného génu a liSia sa len posttrans-
la¢nou modifikaciou. Na selektivne stanovenie kostnej formy
boli vypracované rézne laboratorne metddy, ktoré vyuzivaji
rozdielnu citlivost tychto enzymov na inaktivaciu teplom, r6z-
ne inhibitory a aktivatory alebo delenie na zaklade odlisnej
hmotnosti a ndboja pomocou elektroforézy na polyakrylami-
dovom géli (22). Odlisnost sacharidovej zlozky v molekule
pecenového a kostného izoenzymu vyuZzivaji lektinové meto-
dy. Jednotlivé izoenzymy sa oddeluju pomocou Specifickych
lektinov, ako je WGA (wheat germ agglutinin) a konkanava-
lin. Ani jedna z tychto metdd vSak nema dostato¢nu citlivost,
$pecifickost, spolahlivosta zaroven jednoduchost potrebnu na
rutinnu aplikaciu. Aj nové metddy s monoklonovymi protilat-
kami viazu popri kostnom izoenzyme aj malé mnozstvo pece-
nového izoenzymu (5—15 %) a vyssia Specifickost tychto
metdd je Casto na ukor mensej citlivosti a naopak. Aktivita
kostného izoenzymu moze byt zvySena nad hornu hranicu
normy pri hypertyreéze, primarnej hyperparatyreéze a pri chro-
nickej oblickovej nedostatocnosti (6). Pri Pagetovej chorobe
koreluje s aktivitou choroby. Je citlivym markerom zvySené-
ho kostného metabolizmuu postmenopauzalnych zien a vhod-
nym indexom na posudenie ucinnosti antiresorpcnej liecby.

characteristic for osteoformation and osteoresorption. When
necessary, these can be supplemented by hormonal exami-
nations (calcitotropic, pituitary, ovarial, and other hormo-
nes). Since individual markers reflect different phases of
the remodeling activity of bone, a parallel determination of
several markers, particularly the combination of the mar-
kers of osteoformation and osteoresorption, can provide the
best insight into the nature of bone remodeling. Principally,
however, biochemical markers of bone metabolism are not
specific for a given bone disorder.

In fact, they give information on the overall metabolic
state of the skeleton, on the relation of osteoresorption and
osteoformation at all sites and stages of bone remodeling.
With respect to the marked changes of bone metabolism
undergone through ageing, the values obtained at each me-
asurement need to be compared with values from a large
age and sex matched series of subjects (Z and T scores).

Biochemical markers of bone metabolism are enzymes
of osteoblasts and osteoclasts, e.g. alkaline and acid phos-
phatase, and components of the bone matrix released into the
circulation in the course of bone formation and reorption.
The biochemical markers currently used in investigating os-
teoformation and osteoresorption are given in Table 1.

BIOCHEMICAL MARKERS OF OSTEOFORMATION

Serum alkaline phosphatase

Serum alkaline phosphatase is the most commonly used
marker of osteoformation. Its overall activity is but rarely in-
creased in osteoporosis, and even in cases of enhanced enzy-
matic activity the involvement of increased activity of the he-
patic isoenzyme can not be excluded. Human serum contains
several isoenzymes of alkaline phosphatase: bone, hepatic, in-
testinal, and in pregnancy also placental. The intestinal and
placental forms can readily be distinguished, yet there are prob-
lems in differentiating bone from hepatic form. The latter two
are encoded by a single gene and they differ only by post-
translational modification. Several laboratory methods have
been developed for selective determination of the bone form.
They are based on the different sensitivity of these enzymes to
heat inactivation using several inhibitors and activators, as well
as electrophoretic separation on polyacrylamide gel based on
differences in weight and charge (23). The difference in the
saccharide component in the molecule of bone and hepatic
isoenzyme is used in methods with lectin. Individual isoenzy-
mes are separated by means of specific lectins, such as wheat
germ agglutinin (WGA) and concanavalin. However, neither
of these methods give adequate sensitivity, specificity or accu-
racy, nor is their utilization so easy as to be appropriate for
routine use. New methods using monoclonal antibodies also
bind a small amount of the liver isoenzymes (5—15 %) along
with the bone isoenzyme and their higher specificity is conco-
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Obr. 1. Struktiira prokolagénu a kolagénu s vyznacenymi propeptid-
mi a telopeptidmi. Modifikované podla podla Prockopa a spol. (17).

Fig. 1. Structure of procollagen and collagen; propeptides and telo-
peptides indicated. Modified from Prockop et al. (17).

Aktivita kostného izoenzymu po lie¢be bifosfonatmi a estro-
génmi po 1—2 mesiacoch klesa. Odporuica sa aj na sledovanie
fluoridove;j terapie, kde sa vSak naopak pri uspesne;j terapii jej
aktivita zvysuje.

Sérovy osteokalcin

Osteokalcin, nazyvany aj kostny Gla-protein (BGP, bo-
ne Gla-protein), je mald nekolagénova bielkovina (mol.
hmotnost 5800 Da) Specificka pre kostnu a dentalnu hmo-
tu. Tvori 1—2 % kostnych bielkovin a obsahuje 3 zvysky
kyseliny gamakarboxyglutdmove;j, ktoré sa syntetizuja v pri-
tomnosti vitaminu K a umoznuju jeho viazbu s vapnikom.
Prednostne sa syntetizuje v osteoblastoch pod kontrolou
1,25-dihydroxyvitaminu D3 a potom sa inkorporuje do ex-
tracelularnej kostnej hmoty. Cast novosyntetizovaného os-
teokalcinu sa uvoliiuje do cirkulacie a odzrkadluje intenzi-
tu kostnej formacie.

Osteokalcin je v sucasnosti popri kostnom izoenzyme al-
kalickej fosfatazy najviac pouzivanym markerom kostnej for-
macie. ZvySuje sa aj pocet kitov na uréovanie osteokalcinu,
ktoré sa liSia najmi Specifickostou a senzitivitou protilatky.
Urcovanie osteokalcinu komplikuje skutocnost, Ze protilatka
vychytava aj fragmenty osteokalcinu, ktoré sa uvoliuju do cir-
kulacie pri kostnej resorpcii. Osteokalcin sa navyse degraduje
proteindzami séra. Garnero a spol. (7) opisali, ze v sére sa na-
chadza priblizne jedna tretina intaktného osteokalcinu, tretina
malych fragmentov a dalSia tretina vacSieho fragmentu z N-
konca molekuly. Velky rozptyl hodnot osteokalcinu opisanych
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Obr. 2. Lokalizacia trojvalentnej pyridinolinovej prie¢nej vizby v ko-
lagénovych vlaknach.

Fig. 2. Localization of trivalent pyridinoline cross-link in collagen fib-
rils.

mitant with their lower sensitivity and vice versa. The activity
of the bone isoenzyme can exceed the normal upper limit in
hyperthyroidism, primary hyperparathyroidism and chronic
renal insuffuciency (6). In Paget’s disease its activity correla-
tes with the disease’s activity. It is a sensitive marker of incre-
ased bone metabolism in postmenopausal women and an in-
dex for assessing the efficacy of antiresorptive therapy. The
activity of the bone isoenzyme decrease after 1—2 months of
therapy with bisphosphonates and estrogens. It is also recom-
mended in the monitoring of fluoride therapy where, however,
successful therapy is manifested by its increase.

Serum osteocalcin

Osteocalcin, also called bone Gla-protein (BGP) is
a small non-collagenous protein (molecular weight 5800
Da), specific for bone and dental mass. It represents 1—2
% of bone proteins and contains 3 residues of gamma car-
boxyglutamic acid, which are synthesized in the presence
of vitamin K and allow its binding with calcium. Osteocal-
cin is predominantly synthesized in osteoblasts under the
control of 1.25-dihydroxyvitamin D3, to be then incorpora-
ted into extracellular bone matrix. A part of the newly syn-
thetized osteocalcin is released into the circulation and is
a marker of the intensity of osteoformation.

Along with the bone isoenzyme of alkaline phosphatase,
osteocalcin is currently the most frequnetly used marker of
bone formation. The increasing number of kits for osteocal-
cin determination differ particularly in the specificity and
sensitivity of the antibody. Osteocalcin determination is com-
plicated by the fact that the antibody also recognizes osteo-
calcin fragments released into the circulation at bone resor-
ption. Moreover, osteocalcin is further degraded by serum
proteinases. Garnero et al. (7) reported that one third of se-
rum osteocalcin is intact, one third is represented by several
small fragments and another third by a large N-terminal
molecule fragment. The great variety of osteocalcin values
reported in the literature is apparently caused by differences



nou citlivostou. Z hladiska validity, citlivosti a reprodukova-
telnosti merania osteokalcinu sa ako najperspektivnejsia zda
metdda vyuzivajuca dve monoklonové protilatky detegujice
intaktnu molekulu spolu s N-koncovym peptidom.

Pri urovani osteokalcinu treba prihliadnut aj na to, Ze
tato bielkovina ma uréity cirkadianny rytmus, pricom naj-
vyssie hodnoty koncentracie dosahuje o 4. hodine nadra-
nom a o 17. hodine popoludni. Signifikantny uc¢inok na
kostny metabolizmus ma aj menstruacny cyklus. Najvyssia
koncentracia osteokalcinu sa namerala v lutealnej faze.

Sérovy osteokalcin koreluje s rastom skeletu v obdobi
puberty, zvySuje sa pri rézli¢nych poruchach kostného me-
tabolizmu spojenych so zvySenym kostnym obratom, napr.
pri primarnej a sekundarnej hypertyredze, hyperparatyred-
ze a akromegalii (2). Znizuje sa pri hypotyredze a hypopa-
ratyredze, u pacientov lieCenych glukokortikoidmi, pri os-
teopordze vyvolanej chorobami pecene a cukrovkou, u nie-
ktorych pacientov s viacnasobnym myeldomom a malignou
hyperkalciémiou. Zaujimavé je, Ze pri Pagetovej chorobe
sa koncentracia osteokalcinu zvysuje ovela menej ako hod-
nota kostného izoenzymu alkalickej fosfatazy.

Koncentracia sérového osteokalcinu sa zvySuje aj pri
niektorych formach osteoporézy, ale toto zvysSenie je oby-
¢ajne v ramci normalnych hodnét. Patologicky zvysSené
hodnoty sa namerali u postmenopauzalnych zien s rychlou
stratou kostnej hmoty. Z hladiska prognézy zlomeniny krc-
ka femuru u starSich zien sa ako perspektivne ukazuje me-
ranie dekarboxylovaného osteokalcinu (20).

Prokolagén I peptidy

Prekurzorom kolagénu pri biosyntéze je prokolagén, ktory
je priblizne o 50 % vicsi ako sam kolagén. Prokolagén ma
pridavné peptidy na N-konci aj na C-konci, preto sa hovori
o amino- (PINP) a karboxytermindlnych propeptidoch
(PICP) (obr. 1). Pred tvorbou kolagénovych fibril sa tieto ter-
minalne peptidy uvolfuji proteolytickym Stiepenim a dosta-
vaju sa do cirkulacie. Ako marker osteoformacie sa sleduje
karboxyterminalny propeptid kolagénu I, PICP (procollagen
I carboxyterminal propeptide) v sére. Propeptid PICP je gly-
koprotein s molekulovou hmotnostou priblizne 100 000.
U postmenopauzalnych zien sa jeho hodnota sice zvysuje,
toto zvySenie vSak zvyc¢ajne neprekro¢i 20 % pdévodnej hod-
noty. Estrogénovo-gestagénova terapia koncentraciu PICP
znizuje (11). Podobne ucinkuju glukokortikoidy. 48 hodin
po aplikacii prednizénu (60 mg) koncentracia PICP klesne
na polovicu. Koreldcia medzi PICP a histologickym obra-
zom kostnej formacie u Zien v menopauze je vsak slaba (14).
O tychto peptidoch je zatial v literature malo udajov, navyse
ich metabolizmus a klirens je zatial malo prebadany.

Dal3ie kostné bielkoviny
Osteonektin a sialoprotein II (BSP) st dve dalsie biel-
koviny kosti, ktoré uvoliiuji osteoblasty a st potencialny-

in poly- and monoclonal antibodies binding individual frag-
ments with different sensitivity. As to validity, sensitivity and
reproducibility of osteocalcin determination, the method using
two monoclonal antibodies to detect the intact molecule along
with N-terminal peptide appears to be the most promising.

In determinig osteocalcin, its circadian rhythm should
be taken into account with a nightly peak occurring at 4:00
a.m. and a nadir at 5:00 p.m. Bone metabolism is also sig-
nificantly affected by the menstrual cycle. The highest os-
teocalcin concentration was established in the luteal period.

Serum osteocalcin correlates with skeletal growth in the
period of puberty. It increases in different disturbancies of bo-
ne metabolism associated with increased bone turnover, e.g. in
primary and secondary hyperthyroidism, hyperparathyroidism,
and acromegaly (2). Conversely it is decreased in hypothyroi-
dism and hypoparathyroidism, in patients on glucocorticoids,
in osteoporosis induced by liver diseases and diabetes, as well
as in patients with multiple myeloma and malignant hypercal-
cemia. Interestingly enough, in Paget’s disease ostecalcin con-
centration exhibits a much slower increase than does the value
of the bone isoenzyme of alkaline phosphatase. Increased se-
rum osteocalcin concentrations are found also in some forms
of osteoporosis, though the increase is mostly within normal
limits. Pathologically increased concentrations were found in
postmenopausal women with rapid bone loss. Measurements
of undercarboxylized osteocalcin appear to have a high prog-
nostic value for hip fracture in elderly women (21).

Procollagen I peptides

The collagen precursor in biosynthesis is procollagen, who-
se molecule is by about 50 % larger than that of collagen. Pro-
collagen has additional peptides on its N- and C-terminal, refer-
red to as amino- (PINP) and carboxyterminal propeptides (PICP)
(Fig. 1). Before the formation of collagen fibrils, these terminal
peptides are split proteolytically and released into the circula-
tion. The procollagen I carboxyterminal propeptide — PICP —
is determined in serum as a marker of osteoformation. PICP is
a glycoprotein with a molecular weight of about 100,000. In
postmenopausal women its value increases, though it usually
does not exceed 20 % of the baseline concentration. Estrogen-
gestagen therapy reduces serum PICP concentration (11). Glu-
cocorticoids exert a similar effect. The concentration of PICP
drops by one half 48 hours after prednisone (60 mg) administra-
tion. Only a weak correlation was however found in postmeno-
pausal women between PICP concentration and the histomor-
phometric parameters of bone formation (14). Literature data
on these peptides, their clearance and metabolism are scarce.

Other bone protein

Osteonectin and bone sialoprotein II (BSP) are two major
bone-related proteins secreted by the osteoblasts. They are po-
tential markers of bone formation. They circulate in blood, and
they can be measured there by radioimmunoassay. Unfortunate-



mi markermi kostnej formacie. Cirkuluju v krvi, kde sa
meraji metédou RIA. Zial trombocyty obsahuju velké
mnozstvo tychto bielkovin a rusia ich uréovanie v sére. Sle-
dovanie tychto markerov je zatial predmetom vyskumu.

BIOCHEMICKE MARKERY KOSTNEJ RESORPCIE

Plazmova kysla fosfataza rezistentna proti tartaratu

Kysla fosfataza je lyzozomovy enzym nachadzajuci sa
v kostiach, prostate, krvnych dostickach, erytrocytoch a sle-
zine. M4 niekolko izoenzymov, ktoré mozno oddelit elek-
troforézou, no senzitivita a Specifickost separacie je mala.
Kostny izoenzym rezistentny proti L(+)tartaratu, tzv. kysla
fosfatdza rezistentna proti tartaratu sa do cirkulacie uvol-
nuje z osteoklastov a zodpoveda izoenzymu 5. Meranie
enzymu sa odporica v plazme, sérové hodnoty su obycaj-
ne vyssie v désledku enzymu uvolneného z krvnych dosti-
Ciek pri zrazani krvi. Aj stanovenie v plazme ma vSak svoje
uskalia: nizka aktivita, nestalost enzymu (aktivita enzymu
klesa aj v mrazenej plazme) a pritomnost inhibitorov. Oca-
kéva sa, Ze nové imunochemické metddy, ktoré pomocou
Specifickej protilatky deteguju bielkovinu enzymu, prinesu
viac informacii o moznostiach jej klinickej aplikacie. Do-
terajSie merania ukazali, Ze aktivita enzymu sa zvySuje pri
hyperparatyredze, Pagetovej chorobe, vertebralnej osteopo-
réze (16) a po chirurgickom odstraneni vaje¢nikov (19).

Hydroxyprolin v mo¢i

Hydroxyprolin predstavuje priblizne 13 % celkového
aminokyselinového zlozenia kolagénu. Tvori sa posttranslac-
nou hydroxylaciou prolinu v kolagénovom retazci. Hydro-
xyprolin, ktory sa tvori pri degradacii kolagénu, sa nemoze
reutilizovat pre jeho biosyntézu. Navyse az polovica celko-
vého kolagénu sa nachadza v kostiach, kde sa metabolizuje
rychlejsie ako v inych tkanivach, preto sa hydroxyprolin po-
vazuje predovSetkym za marker kostnej resorpcie. Hydro-
xyprolin obsahuje aj zlozka komplementu Clq a pri reuma-
toidnej artritide a inych zapalovych ochoreniach by sa ne-
malo zabudaf na to, Ze az 40 % hydroxyprolinu v moc¢i méze
pochadzat z C1q. Hydroxyprolin v telovych tekutindch mo-
ze byt volny alebo peptidicky viazay. 90 % hydroxyprolinu,
ktory sa uvolnuje po degradacii réznych tkaniv a najmi po
resorpcii kostného matrixu, cirkuluje v krvi, odkial sa filtru-
je a reabsorbuje oblickami. Va¢sina volného hydroxyprolinu
sa v peceni oxiduje na oxid uhli¢ity a mocovinu. Do mocu
sa dostéva len priblizne 10 % celkového hydroxyprolinu vzni-
kajuceho pri degradacii kolagénu.

Spektrofotometrické metddy, ako aj vysokoucinna kva-
palinova chromatografia pri ur¢ovani hydroxyprolinu vy-
chadzaju z hydrolyzovaného mocu a urcuju jeho celkové
mnozstvo. Hydroxyprolin patri aj dnes k Standardnym, fi-
nan¢ne menej naroénym metddam sledovania osteoresorp-

ly, platelets contain significant amounts of these proteins, which
disturb the determination of these proteins in serum. Determi-
nation of these markers is a subject of current research.

BIOCHEMICAL MARKERS OF BONE RESORPTION

Plasma tartrate-resistant acid phosphatase

Acid phsophatase is a lysosomal enzyme present in bo-
nes, blood platelets, erythrocytes, in the prostate and spleen.
It has several isoenzymes, which can be separated electrop-
horetically, yet the separation sensitivity and specificity is
only low. The bone isoenzyme resistant to L(+)tartrate, the
so-called tartrate-resistant acid phosphatase, is released into
the circulation from osteoclasts and presents isoenzyme 5.
Plasma measurements are recommended for determining en-
zymatic activity, since serum values tend to be higher due to
the enzyme released from blood platelets during the clotting
process. Measurements in plasma, however, also have their
pitfalls: low activity, instability of the enzyme (the enzymatic
activity keeps decreasing even in frozen plasma), and the pre-
sence of inhibitors. New immunochemical methods, which
detect the enzyme protein by means of a specific antibody,
are expected to yield useful information for clinical applica-
tion. Measurement of enzymatic activity have so far shown
elevated values in hyperparathyroidism, Paget’s disease, ver-
tebral osteoporosis (16) and after oophorectomy (20).

Hydroxyproline in urine

Hydroxyproline represents approximately 13 % of the
amino acid content of collagen. It is generated by post-trans-
lational hydroxylation of proline occurring within peptide
chain. Hydroxyproline yielded during the degradation of col-
lagen can not be reutilized for its synthesis. Moreover, up to
one half of total collagen is in the bones where its turnover is
probably faster than in other tissues and thus hydroxyproline
is regarded to be primarily a marker of bone resorption. The
Clq component of the complement also contains hydroxyp-
roline and in rheumatoid arthritis and other inflammatory
diseases Clq can be the source of up to 40 % of hydroxypro-
line in the urine. In body fluids, hydroxyproline may occur
both in its free and peptide-bound form. As much as 90 % of
hydroxyproline released by the breakdown of collagen in the
tissues and especially during bone resorption is in the blood
circulation from where it is filtered and reabsorbed by the
kidneys. The major part of hydroxyproline is oxized in the
liver and degraded to carbon dioxide and urea. Only approxi-
mately 10 % of total hydroxyproline yielded by collagen de-
gradation is excreted in the urine.

Spectrophotometric assays as well as high pressure liquid
chromatography used in determination of hydroxyproline are
usually based on a hydrolyzed urine sample and therefore ref-
lect the total excretion of hydroxyproline. Hydroxyproline is



cie. Postupne ho vsak nahradzuju citlivejsie a Specifickej-
Sie markery typu pyridinolinovych zli¢enin. Nevyhodou
ur¢ovania hydroxyprolinu je aj to, Ze metdda vyzaduje as-
pon 24 hodin trvajucu diétu (vysoky obsah kolagénu obsa-
huji najmi maéso, slachy a chrupky), pretoZe obsah kola-
génu v potrave moze ovplyvnit jeho koncentraciu v moci.

Hydroxylyzinové glykozidy v moci

Hydroxylyzin sa v kolagéne nachadza v glykozylova-
nej forme a po degradacii kolagénu sa do mocu dostavaji
glykozidy hydroxylyzinu. Pomer galaktozylhydroxylyzinu
a glukozylgalaktozylhydroxylyzinu je vSak v jednotlivych
tkanivach rozdielny. Galaktozylhydroxylyzin je zastupeny
prevazne v kostiach. Jeho koncentracia v moci sa s vekom
zvysuje a zvySené hodnoty sa namerali aj pri osteopordze
(13). V klinickej praxi sa zatial tato metdda nerozsirila.

Pyridinolinové priecnovizbové zliceniny a peptidy
kolagénu

Pyridinolin a deoxypyridinolin, nazyvané aj hydroxylyzyl-
pyridinolin a lyzylpyridinolin, su dve neredukovatelné priec-
novézbové zluceniny kolagénu (5). Vznikaji z lyzinovych
a hydroxylyzinovych zvyskov kolagénu a su charakteristické
pre kolagén a elastin (obr. 2). Molekula kostného kolagénu
typu I obsahuje dva refazce O (I) a jeden refazec O (I), ktoré
spolu vytvaraju $piralu (0 hélix) kratkymi nehélixovymi usek-
mi na oboch koncoch molekuly (obr. 1). Tieto kratke koncové
useky, tzv. telopeptidy su dolezitym miestom, kde sa vytvaraju
stabilizujuce intermolekulové a intramolekulové priecne véz-
by. Intermolekulové priecne vézby pyridinolinového typu sa
tvoria na oboch koncoch molekuly, ako sa vSak ukazalo viac
na N-koncovych telopeptidoch. Tieto trojvalentné zli¢eniny
spajaju dva retazce o susednych molekul kolagénu (prednost-
ne dva retazce 0.(I)) , pri¢om dalSie vizbové miesto zasahuje
do $piralovej domény kolagénu. Koncentracia pyridinolinu
a deoxypyridinolinu v spojivovom tkanive je velminizka a me-
ni sa podla druhu tkaniva (4). Prie¢ne vézby pyridinolinového
a deoxypyridinolinového typu sa vyskytuju v kostnom kola-
géne typu I, v chrupkovom kolagéne typu II a v kolagénoch
typu III a IX. Pomer deoxypyridinolinu k pyridinolinu 1:3,5
je najvyssi v kostnom kolagéne. V ostatnych kolagénoch je
tento pomer mensi ako 1:10. Preto sa deoxypyridinolin pova-
zuje za $pecifickejsi marker kostnej resorpcie ako pyridinolin.
Pyridinolin a deoxypyridinolin sa vylucuji do mocu volné
(priblizne 40 %) alebo peptidicky viazané (priblizne 60 %).
Vylu€ovanie ma urcity denny rytmus a pokles v koncentracii
medzi 6. hodinou rano a 12. hodinou na obed méze byt az 30
%. Odbery mocu by sa preto mali $tandardizovat. Hodnoty
v prvom rannom moc¢i a v druhom rannom moci signifikant-
ne koreluju a podstatne sa neliSia.

Vécsina udajov tykajucich sa pyridinolinu a deoxypyri-
dinolinu sa namerala metddou vysokoucinnej kvapalinovej
chromatografie (metddou HPLC). Tato metdda je sice velmi

a traditional, still largely used and cost-effective indicator of
osteoresorption. However, it is gradually substituted by more
sensitive and more specific markers of the pyridinoline-rela-
ted compounds. A disadvantage of hydroxyproline assay lies
in the need of at least 24-hour diet, since the food rich in colla-
gen could influence its concentration in the urine (meat, ten-
dons and cartilage contain high amount of collagen).

Hydroxylysine glycosides in urine

In collagen, hydroxylysine occurs in glycosylated form
and, following collagen degradation, glycosides of hydroxy-
lysine reach the urine. However, the ratio of galactosyl hyd-
roxylysine and glucosyl-galactosyl hydroxylysine in indivi-
dual tissues differs. Galactosyl hydroxylysine occurs predo-
minantly in bones. Its concentration increases with age and
elevated values were found also in osteoporosis (13). In cli-
nical practice, this method has not been widely used so far.

Pyridinoline crosslinks compounds and associated
peptides

Pyridinoline and deoxypyridinoline, called also hydro-
xylysylpyridinoline and lysylpyridinoline, are two non-redu-
cible cross-linked compounds of collagen (5). They are ge-
nerated from lysine and hydroxylysine collagen residues and
are unique for collagen and elastin (Fig. 2). The bone type
I collagen molecule contains two O, chains and one 0, chain,
which together constitute a helix with short non-helix seg-
ments at both ends of the molecule (Fig. 1). These short ter-
minal segments, called telopeptides, are an important site of
production of stabilizing inter- and intramolecular cross-links.
Intermolecular cross-links of the pyridinoline type are for-
med at both ends of the molecule, yet predominantly on the
N-terminal telopeptides. These trivalent compounds join two
o chains of vicinal collagen molecules, with a further bin-
ding site in the helical domain of another molecule. The con-
centration of pyridinoline and deoxypyridinoline is very low
in connective tissue and changes with the tissue type (4).
Cross-links of pyridinoline and deoxypyridinoline type oc-
cur in type I bone collagen, in type II cartilage collagen, and
in types III and IX collagen. The highest ratio of deoxypyri-
dinoline to pyridinoline of 1:3.5 is found in bone collagen. In
other collagen types, this ratio is less than 1:10. Deoxypyri-
dinoline is thus considered to be a more specific marker of
bone resorption than pyridinoline. Both pyridinoline and de-
oxypyridinoline are excreted into urine either in the free form
(approximately 40 %) or peptide-bound (approx. 60 %). Ex-
cretion undergoes a circadian rthythm and the concentration
drop between 6:00 a.m. and 12.00 a.m. may amount to 30 %.
Urine sample collecting should therefore be standardized. The
values obtained in the first and second morning urine are
highly correlated and not significantly different.

The majority of data on pyridinoline and deoxypyridinoli-
ne was obtained by high performance liquid chromatography



citlivia objektivna, no pre klinickii biochémiu zdihava. V po-
slednom case sa vypracovalo niekolko efektivnych imuno-
chemickych metdd s protilatkami namierenymi proti volné-
mu pyridinolinu (Pyrilink™) a deoxypyridinolinu (Pyri-
linkD™) od firmy Metra (USA). Dalsie metédy pracujii s pro-
tilatkami viazucimi r6zne peptidové fragmenty telopeptidov
z lokality prie¢nych vizieb. Komeréne pristupny kit Osteo-
mark® NTx (Ostex Iternational, USA) deteguje peptidovy
prie¢novazbovy fragment z N-koncového telopeptidu pocha-
dzajuceho z refazca a.(I) kolagénu. Specifickost metédy
zvySuje skutocnost, Ze tento fragment, ktory sa dalej neme-
tabolizuje, je charakteristickym produktom osteoklastovej
degradacie kolagénu a odraza aktualnu, celkovu aktivitu os-
teoklastov v tele (1, 18). NTx velmi rychlo a vyrazne odpo-
veda na antiresorpénu terapiu. CrossLaps™ (Osteometer,
Daénsko) pracuje s protilatkou namierenou proti syntetické-
mu peptidu so sekvenciou aminokyselin, ktora je Specificka
pre C-telopeptid o (I) retazca kolagénu. Vyhodou vSetkych
tychto metdd je Standardna technika ELISA, Tahk4 prisposo-
bitelnost bez predchadzajticej upravy mocu. Sérova imuno-
radioizotopova metdda (ICTP) od firmy Orion Diagnostika
(Finsko) deteguje C-telopeptidovu priecnovézbovi doménu
kostného kolagénu typu I. Ukazuje sa vsak, Ze tento marker
nie je dostato¢ne citlivy na sledovanie malych zmien v kost-
nom metabolizme a s dal$imi markermi kostnej resorpcie
koreluje slabo (12).

Klinicky vyznam tychto markerov sa moze lisit, preto
je potrebné ich pri réznych kostnych chorobach najskor
overit. Ukazuje sa, Ze imunochemicky stanovené hodnoty
volného deoxypyridinolinu, NTx a CrossLaps sa zvysuju
po menopauze (30—40 %) a st signifikantne vyssie u zien
tzv. ,,fast loosers®. Vyssie hodnoty sa namerali aj u pacien-
tov s hypertyredzou, primarnou hyperparatyredzou a Pa-
getovou chorobou (8, 12, 17). Po antiresorpénej liecbe es-
trogénmi a bifosfonatmi sa znizuja.

Prognostickd hodnota biochemickych markerov kost-
ného metabolizmu a ich vyuzitie v diagnostike a terapii
osteoporézy

Moderné denzitometrické techniky a biochemické mar-
kery kostného obratu poskytuju dblezité informacie o ak-
tudlnom mnozstve kostnej hmoty a urovni kostného meta-
bolizmu. V klinickej praxi sa tieto metody navzajom dopl-
nuju. Denzitometria poskytne kvantitativne idaje o momen-
talnom stave skeletu, o jeho hustote, biochemické markery
vypovedajui o intenzite a smere kostnej remodelacie. Na to,
aby sa mohla posudit zvySena aktivacia kostného metabo-
lizmu a pomer resorpcia—novotvorba sa obyc¢ajne pracuje
s ukazovatelmi kostnej resorpcie aj formacie. Kazdy z nich
vypoveda o intenzite uréitého Ciastkového deja: o tvorbe
kolagénu (propeptid kolagénu), syntéze nekolagénovych
bielkovin a mineralizacii (osteokalcin), o degradacii kola-
génu a anorganickej zlozky (hydroxyprolin, pyridinolino-

(HPLC). This method is very sensitive and reliable but it is too
time demanding for clinical biochemistry. The Metra compa-
ny (USA) has recently developed some effective immunoassa-
ys with antibodies directed against free pyridinoline (Pyrilink™)
and deoxypyridinoline (PyrilinkD™). Further methods use
antibodies directed against different peptide fragments from
the cross-linking locality of telopeptides. The commercially
available kit Osteomark® NTx (Ostex International, USA) de-
tects the cross-linked peptide fragment from the N-terminal
telopeptide-to-helix derived from the o, (I) chain of collagen.
This fragment, which does not further metabolize, is a typical
product of osteoclast degradation of collagen and it reflects
the given total osteoclast activity in the body (1, 18). NTx yields
a rapid and marked response to antiresorptive therapy. Cros-
sLaps™ (Osteometer, Denmark) uses the antibody directed
against the synthetic peptide with an amino acid sequence spe-
cific for a part of C-telopeptide o (I) of the collagen. The ad-
vantages of such immunoassays lie in the standard ELISA tech-
nique and the easy adaptability requiring no urine pre-treat-
ment. The serum radioimmunoassay (ICTP) available from the
company Orion Diagnostika (Finland) detects the C-telopepti-
de cross-linked domain of bone collagen type 1. This marker,
however, has failed to prove sensitive enough for studying small
changes in bone metabolism and correlates only weakly with
other markers of bone resorption (12).

Since the clinical value of the above given markers may
differ, they have first to be verified in each bone disorder. It
appears, that the values of free deoxypyridinoline determi-
ned immunochemically by NTx and CrossLaps increase by
approximately 30—40 % after menopause and significan-
tly higher values were determined in so-called “fast looser*
women. In patients with hyperthyroidism, primary hyper-
parathyroidism and Paget’s disease the values were also re-
ported to be higher (8, 12, 18). After antiresortive therapy
with estrogens and bisphosphonates the values decrease.

Biochemical markers of bone metabolism — their
prognostic value and use in the diagnosis and therapy of
osteoporosis

Modern densitometric techniques and biochemical mar-
kers of bone turnover provide important information on the
given amount of bone mass and on the level of bone turno-
ver. In clinical practice these methods are mutually comple-
mentary. Densitometry yields quantitative data on the given
state of the skeleton and its density, while biochemical mar-
kers are indicative of the intensity and direction of bone re-
modeling. To assess the enhanced activation of bone metabo-
lism and osteoresorption-osteoformation rate, indicators of
both the former and the latter process have to be taken into
account. Each of them yields information about the intensity
of a specific process: on collagen formation (collagen pro-
peptide), synthesis of non-collagenous proteins and minera-
lization (osteocalcin), the degradation of collagen and bone



vé zluceniny, vapnik). V praxi sa osvedcili ako markery
osteoformacie osteokalcin a kostny izoenzym alkalickej
fosfatazy a na zhodnotenie osteoresorpcie sa pouzivaju
pyridinolinové zluceniny, Casto este aj dnes hydroxyprolin.

Zanik funkcie vaje¢nikov u Zien po menopauze (1—3
roky) ma za nasledok dramatické zrychlenie kostného ob-
ratu. ZvySuju sa markery nielen kostnej resorpcie, ale aj
kostnej formacie. Vystupiiovanie kostného obratu je vSak
velmi individualne. Priblizne 30 % Zien patri medzi tzv.
“fast loosers® (zeny s rychlym ubytkom kostnej hmoty)
s extrémne vystupfiovanym kostnym obratom a vyraznou
prevahou osteoresorpcie, u ktorych ro¢ny ubytok kostnej
hmoty méze byt az 6 %. Ukazuje sa, Zze medzi rychlostou
kostného obratu a stratou kostnej hmoty u postmenopau-
zalnych Zien je priama umera. 2—4-ro¢né sledovanie ne-
liecenych zien ukazalo, Ze zvySené hodnoty osteokalcinu,
pyridinolinu a hydroxyprolinu merané na zaciatku $tudie
velmi dobre korelovali s denzitometricky zistenou stratou
kostnej hmoty na konci $tudie (9). Aj dlhodobé studie po-
tvrdili va¢si rozsah straty kostnej hmoty a zvySeny pocet
fraktar u zien identifikovanych ako “fast loosers* na za-
klade biochemickych merani. Biochemické markery sa
osvedcili pri monitorovani antiresorpénej lie¢by u indivi-
dualnych pacientov, umoziuju sledovat odpoved pacienta
na liecbu a stanovit minimalnu G¢innu davku (estrogény,
bifosfonaty). Biochemické markery signalizuju zmeny uz
po 3—6 mesiacoch (markery osteoresorpcie reaguju skor
ako markery osteoformacie), kym na denzitometrické hod-
notenie sa musi ¢akat aspon rok. Po hormonalnej terapii
sa markery osteoformacie a osteoresorpcie vyrazne zni-
zuju. UZ po 3—6 mesiacoch dosahuji hodnoty premeno-
pauzalnych zien. Denzitometrické merania po roku uka-
zuju jasnu pozitivnu korelaciu medzi poklesom hodndt
biochemickych ukazovatelov a prevenciou straty kostnej
hmoty (3, 21). Kratkodobé studie s bifosfonatmi (aledro-
natom) svedc¢ia o zavislosti medzi davkou podavaného lie-
ku, poklesom biochemickych ukazovatelov a ochranou
kostnej hmoty pred ubytkom (10). Ukazuje sa, Ze priazni-
vy ucinok kalcitoninu na narast kostnej hmoty sa prejavu-
je najmé u zien so zvysenou rychlostou kostného meta-
bolizmu.

Ako rizikovy faktor vzniku zlomenin u starSich Zien sa
ukazuje zvySena koncentracia dekarboxylovaného osteokal-
cinu. Vysledky merani u starSich zien so zlomeninou krcka
femuru ukazali, Ze u tychto zien na rozdiel od postmeno-
pauzalnych Zien je nizSia hodnota osteokalcinu, ¢o pouka-
zuje na znizenu kostnu formaciu. Hodnoty pyridinolinovych
zlt¢enin v moci s vSak naopak zvysené. Zvysuje sa aj kon-
centracia dekarboxylovaného osteokalcinu. Vysledky pro-
spektivnej Stadie star§ich pacientok zo socialnych tstavov
(18 mesiacov) ukazali, Ze u pacientok s vy$sim obsahom
dekarboxylovaného osteokalcinu v sére bol vyssi vyskyt
fraktur krc¢ka femuru (20). Predpoklada sa, Ze ¢asty nedos-

inorganic component (hydroxyproline, pyridinoline compo-
unds, calcium). As markers of osteoformation, osteocalcin
and the bone isoenzyme of alkaline phosphatase have proved
to be useful in clinical practice, while pyridinoline compo-
unds have served for the assessment of osteoresorption and
even hydroxyproline is frequently used at the present time.

Ceasing of ovarian function in women 1—3 years after
menopause results in a dramatic acceleration of bone turno-
ver. Not only the increase of the makers of bone resorption,
but also those of bone formation was observed. The enhance-
ment of bone turnover is, however, determined individually.
Approximately 30 % of women are so-called fast loosers (wo-
men with a rapid loss of bone mass) with extremely accelera-
ted bone turnover rate and marked predominance of osteore-
sorption, whose loss in body mass may amount to 6 % per
year. A direct correlation was established between increased
bone turnover and body mass loss in postmenopausal women.
Two- and four-year follow-up of untreated women showed a go-
od correlation between increased values of osteocalcin, pyridi-
noline and hydroxypyridinoline established at the beginning
of the study and the loss of body mass determined densitomet-
rically at the end of the study (9). Long-term studies also con-
firmed higher body mass losses and increased number of frac-
tures in women identified as fast loosers on the basis of bio-
chemical measurements. Biochemical markers have proved
useful in monitoring antiresorptive therapy in individual pa-
tients. They allow both study of the patient’s response to treat-
ment and establishing of a minimal effective dosage (estro-
gens, bisphosphonates). Biochemical markers indicate chan-
ges as early as within 3—6 months of therapy (markers of os-
teoresorption responding earlier than those of osteoformation),
while densitometric evaluation requires at least one year. Hor-
mone replacement therapy results in a rapid decrease of oste-
oresorption and osteoformation markers. Premenopausal va-
lues can be reached after 3 to 6 months. Densitometric measu-
rements after a year exhibited an unequivocally positive cor-
relation between reduced values of biochemical markers and
prevention of bone mass loss (3, 22). Short-term studies of
bisphosphonate therapy (alendronate) provided evidence of
a relation between the dosage of the drug administered, decre-
ase in the values of biochemical markers and the protection
against loss of bone mass (10). The beneficial effect of calcito-
nin on bone mass increase appears to become manifest parti-
cularly in women with high bone turnover.

Raised concentrations of undercarboxylated osteocalcin
were found to be a risk factor of fracture development in el-
derly women. Unlike postmenopausal women, measurements
in elderly women with hip fracture showed lower osteocalcin
values, indicative of reduced osteoformation. The values of
urinary pyridinoline compounds, on the other hand, were in-
creased, along with elevated concentrations of undercarbo-
xylated osteocalcin (3). Results of a prospective study of el-
derly institutionalized women (18 months) showed that pa-
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tatok vitaminu K v starSom veku, ktory je nepostradatel-
nym faktorom karboxylacie osteokalcinu, je hlavnou prici-
nou tohto fenoménu (15).

Biochemicky skrining spolu s denzitometrickym mera-
nim pri osteopordze sluzia predovsetkym na to, aby sa medi-
kamentdzna liecba a celd komplexna “antiporoticka® terapia
zamerana na prevenciu rozvoja porotického procesu zacala
¢o najrychlejsie po jeho nastupe. VEasna terapia umoziuje
osteoporoticky proces nielen brzdit, ale méze priniest aj me-
ratelny prirastok kostnej denzity. Diagnosticka hodnota bio-
chemickych markerov je vSak relativna a mali by sa vzdy
hodnotit spolu s vysledkami klinickych vySetreni, dalSich
laboratérnych testov, rontgenového, prip. denzitometrického
vySetrenia alebo vysledkami vySetrenia kostnej biopsie.
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