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Osteocalcin is a vitamin K dependent protein requiring vitamin K as a cofactor for the enzyme gamma

glutamyl carboxylase which converts the glutamate residues at 17, 21, 24 position of the molecule into gamma

carboxyglutamate or Gla residues.The carboxylation makes immature osteocalcin or undercarboxylated

osteocalcin (ucOC) into mature osteocalcin which enhances calcium binding in bone. The level of

undercarboxylated osteocalcin is recognized as a marker of vitamin K2 bone.The level of undercarboxylated

osteocalcin is recognized as a marker of vitamin K2 in blood necessary for this process. Mature osteocalcin

has a higher affinity for hydroxyapatite than undercarboxylated osteocalcin. Foreign studies have shown that

ucOC level is increased in elderly women and postmenopausal women in comparison with young, healthy,

reproductive women and level of ucOC is also the marker to predict the risk of hip fracture. The standard value

of undercarboxylated osteocalcin in Thai women is not available. The aim of the present study was to find the

level of ucOC in reproductive Thai females. 357 healthy female volunteers who had regular menstruation, 20-

50 years of age, average age 38.5 years old. The volunteers had no intake of any kind of medicine affecting

bone metabolism before blood examination.

The mean value of undercarboxylated osteocalcin is 2.69 ng/ml, median is 2.10 ng/ml standard

deviation=2.02, standard error=0.107 with 95% confident interval = 2.485 to 2.906 ng/ml. In the authors

previous pilot study in elderly and postmenopausal women, the authors found that the mean of ucOC in Thai

elderly and postmenopausal women was higher than that of reproductive women.
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Osteoblast synthesizes osteocalcin consist-

ing of 49 amino acids via many processes. The first

product is undercarboxylated osteocalcin (UOC, ucOC)

under the influence of active form of vitamin D, vitamin

C, and amino acids, then undercarboxylated osteocalcin

has to be changed to matured osteocalcin by carboxy-

lated process at the Glu positions at 17, 21, 24 of its

molecule respectively(1) which changes into Gla resi-

dues. The process of carboxylation is enhanced by

vitamin K2. So, the level of undercarboxylated

osteocalcin reflects the vitamin K2 level; the larger the

amount of vitamin K2 in the blood, the large the amount

of osteocalcin in bone or small amount of undercar-

boxylated osteocalcin in the blood. In addition, the

level of undercarboxylated osteocalcin is the marker to

predict hip fracture(2,3). The EPIDOS STUDY has shown

that increased levels of ucOC measured by ELISA were

associated with increased hip fracture risk with an odds

ratio (OR) of 1.9 (95% confidence interval, 1.2-3.0)(4).

Plantalach’s studies(5) have shown that serum ucOC

increases with aging in women. The present study

aimed at finding the ucOC level in reproductive women.

Preliminary Report
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Material and Method

Subject

The authors studied 357 healthy female volun-

teers, aged between 20-50 years old. Subjects were

recruited from 5 provinces (Bangkok, Khon Kaen,

Chiang Mai, Ubon, Phitsanulok). All volunteers did

not take any kind of medicine affecting bone metabo-

lism within one month before screening and their

menstruation was regular. At the screening visit, an

overnight fasting blood sample was collected, and

examined for liver and renal function, sugar, cholesterol,

and bone markers. Subjects who had an abnormal level

of chemistry in the laboratory test were excluded.

Method

Undercarboxylated osteocalcin

Undercarboxylated osteocalcin was measured

by enzyme immunoassay, Glu-OC EIA kitÆ, Takara. This

assay was monoclonal antibody specific to undercar-

boxylated osteocalcin. Undercarboxylated osteocalcin

(Glu-OC) EIA kit utilized a novel set of monoclonal

antibodies highly reactive to the decarboxylated

osteocalcin and less reactive to carboxylated at

position 17, 21, 24 form.3 ml of blood samples were

collected and centrifuged at 3000g for 15 minutes. All

serum samples were stored at -20∞C until assayed.

Statistical analysis

The sampling number of cases was calculated

based on the formula n = Z
(a/2)

2d2/ d2; from a previous

study (5), standard deviation = 0.5 and 95% of confi-

dential was equal to 1.96, acceptable error = 0.06. So

the sample size needed 267 at least. In the present study,

the sample size was 357 due to volunteers’ application.

Analysis of data was calculated by SPSS program.

Results

The mean  ucOC of 357 healthy and reproduc-

tive females with an average age of 38.5 years old

was 2.69 ng/ml, median = 2.10 ng/ml, SD = 2.02,

SE = 0.107 and 95% CI = 2.48 to 2.91 (Fig. 1).

Discussion

The level of undercarboxylated osteocalcin

reflects the status of vitamin K2 in blood. If there is a

lot of undercarboxylated osteocalcin in the blood that

means the vitamin K2 level is low. However, the stan-

dard value of undercarboxylated osteocalcin in Thai

women is not available. Reproductive women are con-

sidered as having a healthy status of bone and the

ucOC level in this group is considered as the standard

value of ucOC in Thai women for comparison with

other groups of women such as postmenopause, and

the elderly. In a previous pilot study of postmenopausal

and elderly women (age>=75), the authors found that

the mean ucOC in 6 years of postmenopausal (n=60)

and elderly women (n=117) was 3.4 ng/ml and 3.0 ng/ml

respectively which was higher than for reproductive

women significantly (p = 0.001).
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»÷°…“§à“√–¥—∫ Õ—π‡¥Õ√å§“√å∫ÁÕ°´‘‡≈‡µÁ¥ ÕÕ µ‘‚Õ§—≈ ‘́π „π µ√’‰∑¬«—¬‡®√‘≠æ—π∏ÿå

≥√ß§å ∫ÿ≥¬–√—µ‡«™, »ÿ¿»‘≈ªá  ÿπ∑√“¿“,  —µ¬“ ‚√®π‡ ∂’¬√, π‘æ—∏ °‘µ‘¡“ππ∑å, ∑√ß‡°’¬√µ‘ ‡≈Á°µ√–°Ÿ≈

ÕÕ µ‘‚Õ§—≈´‘π (Osteocalcin) ‡ªìπ‚ª√µ’π∑’Ë®”‡æ“–µàÕ°√–¥Ÿ° ª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π 49 µ—« Osteoblast

®–º≈‘µ osteocalcin ´÷Ëß‡√‘Ë¡·√°®–º≈‘µ‰¥â‡ªìπ Õ—π‡¥Õ√å§“√å∫ÁÕ°´‘‡≈‡µÁ¥ ÕÕ µ‘‚Õ§—≈´‘π (undercarboxylated

osteocalcin, ucOC) µàÕ¡“®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ mature osteocalcin ‚¥¬¢∫«π°“√ carboxylation ´÷ËßµâÕßÕ“»—¬«‘µ“¡‘π

‡§ ‡ªìπµ—«‡√àß¢∫«π°“√π’È  Mature osteocalcin ¡’§«“¡ “¡“√∂„π°“√®—∫°—∫ hydroxyapatite ‰¥â¥’°«à“

undercarboxylated osteocalcin ®“°°“√»÷°…“„πµà“ßª√–‡∑»∑’Ëºà“π¡“æ∫«à“√–¥—∫ ucOC ®– Ÿß¢÷Èπ„π µ√’ ŸßÕ“¬ÿ

·≈– µ√’«—¬À¡¥ª√–®”‡¥◊Õπ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫√–¥—∫ ucOC „π µ√’«—¬‡®√‘≠æ—π∏ÿå ·≈–æ∫«à“√–¥—∫ ucOC ‡ªìπ marker

∑’Ë “¡“√∂∑”π“¬§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥°√–¥Ÿ° –‚æ°À—° ‡π◊ËÕß®“°¬—ß‰¡à¡’§à“¡“µ√∞“π¢Õß√–¥—∫ ucOC „π µ√’‰∑¬

°“√»÷°…“π’È®÷ß¡’«—µ∂ÿª√– ß§å∑’Ë®–À“√–¥—∫ ucOC „π µ√’«—¬‡®√‘≠æ—π∏ÿå·≈–§à“ Ÿß ÿ¥¢Õß√–¥—∫ ucOC

„π™à«ßª°µ‘¢Õß µ√’«—¬‡®√‘≠æ—π∏ÿå ‡æ◊ËÕ„™â‡ªìπ§à“¡“µ√∞“π„π°“√‡ª√’¬∫‡∑’¬∫°—∫√–¥—∫ ucOC „π µ√’«—¬Õ◊ËπÊ

°“√»÷°…“π’ÈÀ“§à“√–¥—∫Õ—π‡¥Õ√å§“√å∫ÁÕ°´‘‡≈‡µÁ¥ ÕÕ µ‘‚Õ§—≈´‘π „π µ√’‰∑¬«—¬‡®√‘≠æ—π∏ÿå 357 √“¬ Õ“¬ÿ 20-50 ªï

Õ“¬ÿ‡©≈’Ë¬ 38.5 ªï ¡’§à“‡©≈’Ë¬ mean ucOC 2.69 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√ median 2.10 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√

§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π‡∑à“°—∫ 2.02 §à“‡∫’Ë¬ß‡∫π ‡∑à“°—∫ 0.107 ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95 ‡ªÕ√å‡´Áπµå ‡∑à“°—∫ 2.485 ∂÷ß

2.906 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√ ®“°§à“∑’ËÀ“‰¥â¡’ª√–‚¬™πå∑’Ë®–π”‰ª‡ª√’¬∫‡∑’¬∫°—∫ µ√’«—¬Õ◊Ëπ«à“·µ°µà“ß°—π‡æ’¬ß„¥ ®“°

pilot study ∑’Ë»÷°…“„π µ√’«—¬ ŸßÕ“¬ÿ·≈– µ√’«—¬À¡¥ª√–®”‡¥◊Õπ æ∫«à“§à“‡©≈’Ë¬¢Õß√–¥—∫ ucOC = 3.0 ·≈–3.4

ng/ml µ“¡≈”¥—∫„π µ√’∑—Èß Õß°≈ÿà¡π’È Ÿß°«à“§à“‡©≈’Ë¬ ucOC „π µ√’«—¬‡®√‘≠æ—π∏ÿå

5. Plantalech L, Guillaumont M, Vergnaud P, Leclercq

M, Delmas PD. Impairment of gamma carboxyla-

tion of circulating osteocalcin (bone gla protein)

in elderly women. J Bone Miner Res 1991; 6: 1211-6.


