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∫∑π”1-3

„π™à«ßµâπ∑»«√√…∑’Ë 1930 Henrich Dam ´÷Ëß‡ªìπ nutritional biochemist

™“« Danish æ¬“¬“¡∑’Ë®–· ¥ß„Àâ‡ÀÁπ«à“ cholesterol ‡ªìπÕ“À“√∑’Ë¡’§«“¡®”‡ªìπ

‚¥¬‡¢“‡≈’È¬ß≈Ÿ°‰°à¥â«¬Õ“À“√∑’Ë‡¢“ª√ÿß‡ªìπæ‘‡»…´÷Ëß‡ªìπÕ“À“√∑’Ë¡’‰¢¡—πµË”·≈–¢“¥

cholesterol ·≈–æ∫«à“≈Ÿ°‰°à¡’≈—°…≥–¢Õß‡≈◊Õ¥ÕÕ°º‘¥ª°µ‘ ·µà‡¡◊ËÕ‡µ‘¡ cholesterol

≈ß‰ª„πÕ“À“√°≈—∫ æ∫«à“‰¡à “¡“√∂√—°…“‡≈◊Õ¥ÕÕ°º‘¥ª°µ‘‰¥â ·≈– Dam (1934)

æ∫«à“°“√∑’Ë‡Õ“ cholesterol ÕÕ°®“°Õ“À“√π—Èπ ‡¢“‰¥â‡Õ“ “√Õ“À“√Õ◊ËπÊ∑’Ë¡’§«“¡

 ”§—≠ÕÕ°‰ª¥â«¬

¿“«–‡≈◊Õ¥ÕÕ°º‘¥ª°µ‘ “¡“√∂√—°…“‰¥â‚¥¬°“√‡µ‘¡ alfalfa meal (Õ“À“√∑’Ë

‡ªìπæ◊™µ√–°Ÿ≈∂—Ë«∑’Ë¡’Ωí°„π¬ÿ‚√ª„™â‡≈’È¬ß —µ«å)  °—∫Õ“À“√À√◊Õ‚¥¬°“√‡æ‘Ë¡‰¢¡—π∑’Ë °—¥

‰¥â®“°æ◊™„∫‡¢’¬« (lipid extract of green plants) ‡¢â“‰ª„πÕ“À“√ „π™à«ßªï§.». 1939

¡’°“√»÷°…“Õ¬à“ß¡“°‚¥¬ Dam ®“° Denmark  ‚¥¬ Almquist ®“° Berkeley ·≈–

Doisy ®“°¡À“«‘∑¬“≈—¬ St. Louis æ∫«à“¡’«‘µ“¡‘π™π‘¥Àπ÷ËßÕ¬Ÿà„π alfalfa ÷́Ëßªí®®ÿ∫—π

π’È‡√’¬°«à“ vitamin K
1
 À√◊Õ phylloquinone ´÷Ëß¡’‚§√ß √â“ß∑“ß‡§¡’§◊Õ 2-methyl-

3-phytyl-1,4 naphthoquinone ·µà«‘µ“¡‘π∑’Ë √â“ß¢÷Èπ‚¥¬·∫§∑’‡√’¬‡ªìπ series of

multiprenyl menaquinones ´÷Ëß¡’ unsaturated side chain ‡√’¬° vitamin K
2
 ®“°

°“√§âπæ∫π’È∑”„Àâ∑—Èß Dam ·≈– Doisy ‰¥â√—∫√“ß«—≈ Noble Prize ∑“ß°“√·æ∑¬å

√à«¡°—π„πªï§.». 1941 ¿“«–‡≈◊Õ¥ÕÕ°º‘¥ª°µ‘∑’Ë‡°‘¥¢÷Èπ®“°°“√¢“¥«‘µ“¡‘π‡§π—Èπ

„π‡∫◊ÈÕß·√°‡™◊ËÕ°—π«à“‡°‘¥®“°§«“¡‡¢â¡¢âπ¢Õß plasma clotting factor prothrombin

(factor II) µË” ·µà„π¿“¬À≈—ß “¡“√∂æ‘ Ÿ®πå‰¥â«à“‡°‘¥®“°°“√ √â“ß clotting factors

VII, IX, and X ≈¥≈ß ‡π◊ËÕß®“°¢“¥«‘µ“¡‘π‡§

«‘µ“¡‘π‡§·≈–§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥‚√§°√–¥Ÿ°æ√ÿπ
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Vitamin K antagonists (4-hydroxycoumarins) ∂Ÿ°§âπæ∫„π™à«ß∑»«√√…∑’Ë

1940  ́ ÷Ëß„π ¡—¬°àÕππ”‰ª„™â‡ªìπ¬“¶à“ÀπŸ·≈–¬—ß‡ªìπ¬“∑’Ëπ”¡“„™â°—∫ºŸâªÉ«¬®π∂÷ßªí®®ÿ∫—π

°“√„™â warfarin ·≈– 4-hydroxycoumarins ™π‘¥Õ◊ËπÊ¡“§«∫§ÿ¡°“√ √â“ß vitamin K-

dependent proteins ‡ªìπ°“√∑¥≈Õß∑’Ë ”§—≠ ‡æ◊ËÕ»÷°…“∂÷ß°“√∑”ß“π¢Õß«‘µ“¡‘π‡§

°“√¢“¥§«“¡‡¢â“„®„π¢∫«π°“√ √â“ß‚ª√µ’π∑”„Àâ°“√»÷°…“∑¥≈Õß‡°’Ë¬«°—∫¢∫«π

°“√ √â“ß vitamin K-dependent proteins „π√–¥—∫‡´≈≈å·≈–‚¡‡≈°ÿ≈‡ªìπ‰ª‰¥â¬“°

®π¡“‡¡◊ËÕµâπ∑»«√√…∑’Ë 1970 ‰¥â¡’°“√· ¥ß„Àâ‡ÀÁπ«à“«‘µ“¡‘ππ’È‡ªìπ “√µ—Èßµâπµ—«Àπ÷Ëß

¢Õß microsomal enzyme ∑’Ë‡°’Ë¬«¢âÕß„π¢∫«π°“√‡ª≈’Ë¬π·ª≈ß¿“¬„π‡´≈≈å¢Õß

vitamin K-dependent proteins ®“° inactive form ‰ª‡ªìπ active form

‚¥¬‡ÕÁπ‰´¡åµ—«π’È®–‡√àß°“√‡ª≈’Ë¬π·ª≈ß¢Õß specific glutamyl residues ‰ª‡ªìπ

γ-carboxyglutamyl (Gla) residues „π‚ª√µ’π∑’Ë‡ªìπ vitamin K-dependent ·≈–

¿“¬„π™à«ßµâπ∑»«√√…∑’Ë 1990 ‡ÕÁπ‰´¡å∑’Ë„™â«‘µ“¡‘π‡§‡ªìπ cofactor ‰¥â√—∫°“√æ‘ Ÿ®πå

·≈– “¡“√∂·¬°ÕÕ°¡“„Àâ‡ÀÁπ

«‘µ“¡‘π‡§‡ªìπ™◊ËÕ‡√’¬°∑—Ë«‰ª¢Õß 2-methyl-1,4-naphthoquinone ·≈–Õπÿæ—π∏å

∑—ÈßÀ≈“¬¢Õß “√µ—«π’È «‘µ“¡‘πµ—«π’È∑’Ëæ∫„π∏√√¡™“µ‘®–‡ªìπ™π‘¥ unsaturated isoprenoid

side chain ∑’Ëµ”·Àπàß C3 ¢Õß naphthoquinone nucleus ™π‘¥·≈–®”π«π¢Õß

isoprene units (‰¡à„™àÕ–µÕ¡¢Õß§“√å∫Õπ) ®–‡ªìπ§ÿ≥≈—°…≥–æ◊Èπ∞“π¢Õß side chain

·≈–∂Ÿ°‡√’¬°‡ªìπ vitamer

Phylloquinone group ª√–°Õ∫¥â«¬ phytyl side chains ·≈–∂Ÿ° alkylated

µàÕ°≈“¬‡ªìπÀ≈“¬Ê saturated isoprenoid units µ—« vitamer ¢Õß°≈ÿà¡π’È®–æ∫

double bond ‡æ’¬ßÕ—π‡¥’¬«„π side chains π—Ëπ§◊Õ proximal isoprene unit «‘µ“¡‘π‡§

™π‘¥π’È —ß‡§√“–Àå®“°æ◊™„∫‡¢’¬« ®÷ß∂Ÿ°‡√’¬°‡ªìπ phylloquinone ·≈–¬àÕ‡ªìπ K

Menaquinone group ª√–°Õ∫¥â«¬ vitamers ∑’Ë¡’ side chains ª√–°Õ∫

¥â«¬®”π«π¢Õß isoprenoid units ∑’ËÀ≈“°À≈“¬ ·µà„π·µà≈– isoprene unit ®–¡’

double bond. Vitamers ‡À≈à“π’È √â“ß¢÷Èπ®“° bacteria  ·≈–¬àÕ‡ªìπ MK ÷́Ëß‚¥¬

∑—Ë«‰ª®–À¡“¬∂÷ß vitamin K
2

K-n ·≈– MK-n „™â°—∫ phylloquinones ·≈– menaquinones ·µà≈–™π‘¥ ‚¥¬

§à“ n §◊Õ®”π«π¢Õß isoprenoid units (√Ÿª∑’Ë 1)

Menadione ‡ªìπ “√ª√–°Õ∫¢Õß 2-methyl-1,4-naphthoquinone ‚¥¬‰¡à¡’

side chain  “√µ—«π’È®–‰¡à¡’„π∏√√¡™“µ‘ ·µà “¡“√∂ÕÕ°ƒ∑∏‘Ï‰¥â‚¥¬∂Ÿ° alkylate „π

√à“ß°“¬¢Õß —µ«å°≈“¬‡ªìπ metabolites ∑’Ë‡√’¬°«à“ MK-4

√Ÿª∑’Ë 1 · ¥ß‚§√ß √â“ß¢Õß«‘µ“¡‘π‡§™π‘¥µà“ßÊ ‚¥¬ phylloquinone ª√–°Õ∫¥â«¬

phytyl side chains ·≈–∂Ÿ° alkylated °≈“¬‡ªìπÀ≈“¬Ê saturated isoprenoid

units ‚¥¬®–¡’ double bond ‡æ’¬ßÕ—π‡¥’¬«∑’Ë à«πµâπ¢Õß isoprene unit  à«π

menaquinone ®–¡’ side chain ∑’Ëª√–°Õ∫¥â«¬®”π«π¢Õß isoprenoid units ·µ°

µà“ß°—π‰ª ‚¥¬∑’Ë·µà≈–Àπà«¬¢Õß isoprene unit ®–¡’ double bond „π¢≥–∑’Ë

menadione ®–‰¡à¡’ side chain (¥—¥·ª≈ß®“° Suttie JW. Vitamin K. Stipanuk

MH,  editor. Biochemical and physiological aspects of human nutrition.

Philadelphia, Pennsylvania: W.B. Saunders Company, 2000)
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≈—°…≥–∑“ß‡§¡’¢Õß«‘µ“¡‘π‡§
Phylloquinone (K

1
) ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß®–¡’≈—°…≥–‡ªìππÈ”¡—π ’‡À≈◊Õß ·µà«‘µ“¡‘π‡§

™π‘¥Õ◊Ëπ®–‡ªìπº≈÷° ’‡À≈◊Õß «‘µ“¡‘π‡§∑ÿ°Õß§åª√–°Õ∫®–‰¡à≈–≈“¬„ππÈ” ≈–≈“¬‰¥â

‡≈Á°πâÕ¬„π ethanol ·µà®–≈–≈“¬‰¥âÕ¬à“ß¥’„π ether, chloroform, fats and oils.

«‘µ“¡‘π‡§‰«µàÕ· ß·≈–¥à“ß ·µà§àÕπ¢â“ß®–∑πµàÕ§«“¡√âÕπ·≈– oxidizing environment

æ◊™·≈– bacteria  “¡“√∂ —ß‡§√“–Àå«‘µ“¡‘π‡§‰¥â ·≈– —ß‡§√“–Àå¢÷Èπ¡“‡æ◊ËÕ°àÕ

„Àâ‡°‘¥°“√ àßºà“πÕ‘‡≈Á§µ√Õπ·≈–°“√ √â“ßæ≈—ßß“π ·µà —µ«å∑—Ë«Ê‰ª‰¡à “¡“√∂ —ß‡§√“–Àå

«‘µ“¡‘π‡§‰¥â ·µàµâÕß„™â«‘µ“¡‘π‡§‡æ◊ËÕ∑”„Àâ‡≈◊Õ¥·¢Áßµ—« ·≈– √â“ß°√–¥Ÿ°

Menaquinone ∑’Ë √â“ß¢÷Èπ®“° bacteria ∑’Ë≈”‰ â„À≠à¢Õß¡πÿ…¬å ·≈– —µ«å (™π‘¥

∑’Ë™Õ∫°‘π¡Ÿ≈ —µ«å‡ªìπÕ“À“√) ∑”„Àâ∑—Èß¡πÿ…¬å·≈– —µ«å‰¡à§àÕ¬¢“¥«‘µ“¡‘π‡§ ·µàÕ¬à“ß‰√

°Áµ“¡¬—ßæ∫«à“¡’°“√¢“¥«‘µ“¡‘π‡§„π —µ«å®”æ«° —µ«åªï°·≈– —µ«å∑’Ë¡’°√–‡æ“–‡¥’Ë¬«∑’Ë

‰¥â√—∫¬“ªØ‘™’«π–∑”„Àâ bacteria ∑’Ë≈”‰ â„À≠à≈¥≈ß ®÷ß —ß‡§√“–Àå«‘µ“¡‘π‡§πâÕ¬≈ß

„π‡¥Á°∑“√°‚¥¬‡©æ“–‡¥Á°∑’Ë§≈Õ¥°àÕπ°”Àπ¥ ¡’§«“¡‡ ’Ë¬ßµàÕ°“√µ°‡≈◊Õ¥‰¥âßà“¬

‡π◊ËÕß®“°«‘µ“¡‘π‡§‰¡àºà“π√°

·À≈àß¢Õß«‘µ“¡‘π‡§
º—°„∫‡¢’¬«®– —ß‡§√“–Àå phylloquinones ‚¥¬ phylloquinone ®–‡ªìπÕß§å

ª√–°Õ∫¢Õß chloroplasts ¢≥–∑’Ë bacteria ·≈– normal flora ¢Õß≈”‰ â„À≠à·≈–

spore-forming Actinomyces spp. ∫“ß™π‘¥ “¡“√∂ —ß‡§√“–Àå menaquinones

‚¥¬ à«π„À≠à®–‡ªìπ menaquinone 6-10 ·≈–∫“ß§√—Èß “¡“√∂æ∫‰¥â Ÿß∂÷ß 13

isoprenoid groups

„πº—°„∫‡¢’¬«®–æ∫«‘µ“¡‘π‡§„πª√‘¡“≥ Ÿß  „π¢≥–∑’Ë„πº≈‰¡â·≈–∏—≠æ◊™

®–æ∫πâÕ¬  à«π„π‡π◊ÈÕ·≈–πÈ”π¡®–æ∫«‘µ“¡‘π‡§„πª√‘¡“≥ª“π°≈“ß

„π≈”‰ â¢Õß¡πÿ…¬å®–¡’ª√‘¡“≥¢Õß menaquinone ®”π«π¡“°∑’Ë —ß‡§√“–Àå®“°

bacteria °“√¥Ÿ¥ ÷́¡«‘µ“¡‘π‡§∑’Ë∫√‘‡«≥π’È®–‡ªìπ·∫∫ passive diffusion

°“√¥Ÿ¥´÷¡«‘µ“¡‘π‡§
«‘µ“¡‘π‡§®–∂Ÿ°¥Ÿ¥ ÷́¡®“°≈”‰ â‡¢â“∑“ß∑àÕπÈ”‡À≈◊Õß‚¥¬°“√ form mixed

micelles ∑”„Àâ “¡“√∂≈–≈“¬„ππÈ”‰¥â ¥—ßπ—Èπ«‘µ“¡‘π‡§®–¥Ÿ¥´÷¡‰¥â¥’®–µâÕß¡’

pancreatic and biliary function ∑’Ë¥’¥â«¬ ‚¥¬∑—Ë«‰ªÕ“À“√∑’Ë√—∫ª√–∑“π¡—°®–¡’

Õß§åª√–°Õ∫¢Õß menaquinone ·≈– phylloquinone ́ ÷Ëß “¡“√∂∂Ÿ°¥Ÿ¥´÷¡„π≈”‰ â

‰¥âª√–¡“≥√âÕ¬≈– 40-70 ·µà°“√¥Ÿ¥´÷¡Õ“®‡°‘¥®“°À≈“¬Ê¢∫«π°“√¥—ßµàÕ‰ªπ’È

1. °“√¥Ÿ¥´÷¡ phylloquinone ·∫∫ active transport

°“√»÷°…“π’È∑”‚¥¬°“√ª≈‘Èπ≈”‰ â¢ÕßÀπŸ„Àâ mucosa Õ¬Ÿà¥â“ππÕ°·≈– serosa

Õ¬Ÿà¥â“π„π æ∫«à“°“√¥Ÿ¥´÷¡¢Õß phylloquinone ∑“ß≈”‰ â‡ªìπ°“√¥Ÿ¥´÷¡∑’ËµâÕßÕ“»—¬

æ≈—ßß“π  ́ ÷Ëß®–‡°‘¥¢÷Èπ∑’Ë∫√‘‡«≥ à«πµâπ¢Õß≈”‰ â‡≈Á° ·≈–°“√¥Ÿ¥´÷¡π’È®–‰¡à∂Ÿ°¢—¥¢«“ß‚¥¬

menaquinone or menadione ·µà®–∂Ÿ°¬—∫¬—ÈßÀ“°¡’°“√‡µ‘¡ short- ·≈– medium-

chain fatty acids ‡¢â“‰ª„π micellar medium.

2. °“√¥Ÿ¥´÷¡‚¥¬«‘∏’ passive diffusion

   Menaquinone ·≈– menadione ®–µà“ß®“° phylloquinone ‚¥¬®–∂Ÿ°¥Ÿ¥´÷¡

‡©æ“–·∫∫ passive diffusion Õ—µ√“°“√¥Ÿ¥´÷¡®–∂Ÿ°°√–∑∫®“°ª√‘¡“≥¢Õß‰¢¡—π·≈–

πÈ”¥’„π micellar °“√¥Ÿ¥´÷¡‚¥¬«‘∏’π’È®–æ∫„π à«πª≈“¬¢Õß≈”‰ â‡≈Á°·≈–„π≈”‰ â„À≠à

¥—ßπ—Èπ „π —µ«å∑’Ë‰¥â√—∫«‘µ“¡‘π‡§®“° bacteria „π≈”‰ â à«π≈à“ß ®–¡’°“√¥Ÿ¥´÷¡‚¥¬

«‘∏’π’È

‡¡◊ËÕ«‘µ“¡‘π‡§∂Ÿ°¥Ÿ¥´÷¡‡¢â“ Ÿà°√–· ‡≈◊Õ¥·≈â« ®–∂Ÿ° àß‰ª¬—ßµ—∫„π≈—°…≥–¢Õß

chylomicra ·≈–®–‡¢â“‰ªÕ¬Ÿà„πµ—∫Õ¬à“ß√«¥‡√Á« ·µà®–¡’™à«ß§√÷Ëß™’«‘µ∑’Ë§àÕπ¢â“ß —Èπ„π

µ—∫ (ª√–¡“≥ 17 ™—Ë«‚¡ß) °àÕπ∑’Ë very low-density lipoproteins (VLDLs) ·≈– low

density lipoproteins (LDLs) ®–æ“«‘µ“¡‘π‡§‰ªµ“¡πÈ”‡À≈◊Õß «‘µ“¡‘π‡§·µà≈–µ—«

®–‰¡à¡’µ—«æ“‡©æ“– √–¥—∫¢Õß phylloquinone „ππÈ”‡À≈◊Õß®–¡’§«“¡ —¡æ—π∏å°—∫

triglycerides ·≈– α-tocopherol „π§π∑’Ë¡’ ÿ¢¿“æ·¢Áß·√ß√–¥—∫¢Õß«‘µ“¡‘π‡§®–

Õ¬Ÿà„π™à«ß 0.1-0.7 ng/ml
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¿“¬À≈—ß®“°‰¥â√—∫ phylloquinone ·≈– menaquinone ¡—π®–∂Ÿ°π”‡¢â“‰ª

‡°Á∫„πµ—∫Õ¬à“ß√«¥‡√Á« „π∑“ßµ√ß°—π¢â“¡ menadione ®–∂Ÿ°‡°Á∫„πµ—∫‡ªìπ®”π«π

‡≈Á°πâÕ¬‡∑à“π—Èπ ·µà à«π„À≠à®–°√–®“¬‰ªµ“¡Õ«—¬«–µà“ßÊ∑—Ë«√à“ß°“¬ «‘µ“¡‘π‡§®–

∂Ÿ°π”ÕÕ°®“°µ—∫ ·≈–∂Ÿ°¢—∫ÕÕ°Õ¬à“ß√«¥‡√Á« ‡√“æ∫√–¥—∫¢Õß«‘µ“¡‘π‡§§àÕπ¢â“ßµË”

„πÀ≈“¬ÊÕ«—¬«– ·µà∫“ßÕ«—¬«–®–æ∫√–¥—∫«‘µ“¡‘π‡§§àÕπ¢â“ß Ÿß ‡™àπ∑’ËµàÕ¡À¡«°‰µ

(adrenal gland) ªÕ¥ (lung), ‰¢°√–¥Ÿ° (bone marrow) ‰µ (kidney) ·≈–

µàÕ¡πÈ”‡À≈◊Õß (lymph node) ‡ªìπµâπ «‘µ“¡‘π‡§®–ºà“π√°‰¥â‰¡à¥’ ®÷ß¡—°‰¡à “¡“√∂

æ∫«‘µ“¡‘π‡§„π cord blood ®“°·¡à Ÿà≈Ÿ°

°“√ àßºà“π«‘µ“¡‘π‡§„π°√–· ‡≈◊Õ¥°√–∑”ºà“π lipoproteins ‚¥¬®–‡ªìπ

triglyceride-rich lipoproteins ¡“°°«à“ low-density lipoproteins ÷́Ëß ‘Ëßπ’È “¡“√∂

Õ∏‘∫“¬∂÷ß§«“¡ —¡æ—π∏åÕ¬à“ß¡“°√–À«à“ß plasma phylloquinone ·≈– plasma

triglycerides ·≈– æ∫«à“§«“¡‡¢â¡¢âπ¢Õß fasting plasma phylloquinone ‡°’Ë¬«¢âÕß

°—∫ genetic polymorphism ¢Õß apolipoprotein E (apoE) ‚¥¬®–æ∫ Ÿß∑’Ë ÿ¥„π

°≈ÿà¡∑’Ë‡ªìπ apoE2 √Õß≈ß¡“§◊Õ apoE3 ·≈– apoE4 πâÕ¬∑’Ë ÿ¥ ´÷Ëß ‘Ëßπ’È®– Õ¥§≈âÕß

°—∫§«“¡√Ÿâ∑’Ë«à“§«“¡ —¡æ—π∏å√–À«à“ß apoE phenotype ·≈–Õ—µ√“¢Õß hepatic clear-

ance of chylomicron remnants ®“°°√–· ‡≈◊Õ¥ ´÷Ëß®–æ∫«à“®–™â“∑’Ë ÿ¥„π°√≥’

¢Õß apoE2 ·≈–‡√Á«¢÷Èπ„π°√≥’¢Õß apoE3 ·≈–‡√Á«∑’Ë ÿ¥„π°√≥’¢Õß apoE4 ·≈–

°“√∑’Ë phylloquinone Õ¬Ÿà„π°√–· ‡≈◊Õ¥‰¥âπ“π®–‡ªìπ “‡Àµÿ ”§—≠ ”À√—∫°“√ àß∂à“¬

phylloquinone ‰ª¬—ß°√–¥Ÿ°

‡π◊ÈÕ‡¬◊ËÕ¢Õß —µ«å à«π„À≠à∑’Ë°‘πæ◊™‡ªìπÕ“À“√¡—°ª√–°Õ∫¥â«¬ phylloquinones

‡™àπ‡¥’¬«°—∫ menaquinones ∑’Ë¡’ isoprenoid side chain 6-13 units ∂÷ß·¡â«à“®–

„ÀâÕ“À“√∑’Ë¡’·µà MK-4 ·µà‡√“æ∫«à“„π‡π◊ÈÕ‡¬◊ËÕµà“ßÊ¢Õß —µ«å‡À≈à“π’È¬—ß§ß‡ªìπ à«π

º ¡¢Õß«‘µ“¡‘π‡§¥—ß°≈à“«¢â“ßµâπ  ‘Ëßπ’È· ¥ß„Àâ‡ÀÁπ«à“«‘µ“¡‘π‡§ à«π„À≠à„π‡π◊ÈÕ‡¬◊ËÕ

®–‡ªìπ«‘µ“¡‘π‡§∑’Ë √â“ß¢÷Èπ®“° bacteria „π≈”‰ â  à«π„π —µ«å∑’Ë‰¥â√—∫Õ“À“√∑’Ëª√–°Õ∫

¥â«¬ phylloquinone °≈—∫æ∫ MK-4 °√–®“¬Õ¬Ÿà∑—Ë«‰ª„π‡π◊ÈÕ‡¬◊ËÕ · ¥ß«à“ bacteria

„π≈”‰ â “¡“√∂‡ª≈’Ë¬π phytyl side chain ‰ª‡ªìπ geranylgeranyl side chain

‚¥¬®“°¢âÕ¡Ÿ≈≈à“ ÿ¥ “¡“√∂æ‘ Ÿ®πå°“√‡ª≈’Ë¬π·ª≈ßπ’È‰¥â„π‡π◊ÈÕ‡¬◊ËÕ¢ÕßÀπŸ ¥—ßπ—Èπ°“√

∑’Ë‡√“ “¡“√∂æ∫ MK-4 „π‡π◊ÈÕ‡¬◊ËÕπÕ°µ—∫¢Õß —µ«å∑’Ë‡≈’È¬ß¥â«¬ phylloquinone ‡ªìπ

‡æ√“–‡°‘¥ local interconversion.

°“√∑’Ë phylloquinone ‡ª≈’Ë¬π‡ªìπ menaquinone „π‡π◊ÈÕ‡¬◊ËÕ‰¥â‡π◊ËÕß®“°‡°‘¥

metabolic dealkylation ¢Õß phylloquinone side chain (‡ª≈’Ë¬π phylloquinone

‡ªìπ menadione) ·≈–µ“¡¥â«¬ dealkylation µàÕ‰ª‡ªìπ menaquinones

°“√‡ª≈’Ë¬π·ª≈ßπ’È®–‰¡à‡°‘¥¢÷ÈπÀ“°‰¡à‰¥â√—∫ phylloquinone ‚¥¬°“√√—∫ª√–∑“π

¥—ßπ—Èπ®÷ß‡™◊ËÕ°—π«à“ dealkylation π’È‡°‘¥®“° metabolism ‚¥¬·∫§∑’‡√’¬„π≈”‰ â

 à«π°“√‡°‘¥ dealkylation ¢Õß menadione ®–‡°‘¥¢÷Èπ¿“¬„π√à“ß°“¬ ‚¥¬¢—Èπ

µÕππ’È “¡“√∂æ‘ Ÿ®πå‰¥â‚¥¬„™â chick liver homogenates ·≈–„™â geranyl

pyrophosphate, farnesyl pyrophosphate À√◊Õ geranylgeranyl pyrophosphate

‡ªìπµ—«„Àâ alkyl group „πªØ‘°‘√‘¬“∑’Ë∂Ÿ°¬—∫¬—Èß‚¥¬ O
2
 À√◊Õ warfarin º≈≈—æ∏å∑’Ë‰¥â

®“°°“√‡°‘¥ alkylation ¢Õß menadione §◊Õ MK-4

dealkylation

liver enzyme

dealkylation

menadionePhylloquinone (orally) menaquinone

Gut microbes

√Ÿª∑’Ë 2 · ¥ß¢—ÈπµÕπ°“√‡ª≈’Ë¬π·ª≈ß®“° phylloquinone ‰ª‡ªìπ menaquinone

(¥—¥·ª≈ß®“° Gerald F. Combs Jr. The vitamins: fundamental aspects in

nutrition and health. 2nd edition. San Diego, California: Academic press, 1998)

Vitamin K epoxide
   Napthoquinone ring ¢Õß«‘µ“¡‘π‡§ “¡“√∂∂Ÿ°‡ª≈’Ë¬π‚¥¬√–∫∫‡ÕÁπ‰´¡å¢Õß

hepatic microsomal °≈“¬‡ªìπ 2,3-epoxide ‡√’¬°‡ªìπ vitamin K epoxide À√◊Õ

vitamin K oxide  ‚¥¬ vitamin K oxide π’È®–æ∫‰¥âª√–¡“≥√âÕ¬≈– 10 ¢Õß

«‘µ“¡‘π‡§∑—ÈßÀ¡¥„πµ—∫¢ÕßÀπŸª°µ‘ ·≈–®–‡æ‘Ë¡¢÷Èπ‡ªìπ “√À≈—°„πµ—∫¢ÕßÀπŸ∑’Ë‰¥â√—∫

°“√√—°…“¥â«¬ warfarin À√◊Õ coumarin anticoagulants µ—«Õ◊ËπÊ πÕ°®“°π’È¬—ß¡’
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metabolite Õ◊ËπÊ‡™àπ 3-hydroxy- 2,3-dihydrophylloquinone À√◊Õ hydroxyvitamin

K ∑—Èß vitamin K epoxide ·≈– hydroxyvitamin K ®–‡ªìπ degraded metabolite

°àÕπ®–∂Ÿ°¢—∫ÕÕ°®“°√à“ß°“¬ „π°≈ÿà¡∑’Ë√—°…“¥â«¬ warfarin  à«π„À≠à®–¢—∫ phyllo-

quinone metabolites ∑“ßªí  “«– „π¢≥–∑’Ë à«π∑’Ë∂Ÿ°¢—∫ÕÕ°∑“ßÕÿ®®“√–®–≈¥≈ß

   «‘µ“¡‘π‡§®–∂Ÿ° metabolized ‰ª‡ªìπ vitamin K epoxide ‚¥¬ºà“π vitamin K

hydroquinone ·≈–µ—« vitamin K epoxide ®–∂Ÿ°‡ª≈’Ë¬π°≈—∫‰ª‡ªìπ«‘µ“¡‘π‡§Õ’°

§√—Èß„πµ—∫µ—«∑’Ë‡ªìπ cofactor ¢Õß γ-glutamyl carboxylase ∑’Ë·∑â®√‘ß§◊Õ vitamin K

hydroquinone (√Ÿª∑’Ë 3)

√Ÿª∑’Ë 3 «ß®√¢Õß«‘µ“¡‘π‡§„πµ—∫ (DTT= dithiothreitol, NADH=reduced form of

nicotinamide-adenine dinucleotide) (§—¥≈Õ°®“° Miyake N, Hoshi K, Sano Y,

Kikuchi K, Tadano K, Koshihara Y. 1,25-dihydroxyvitamin D
3
 promote vitamin

K
2
 metabolism in human osteoblasts. Osteoporos Int 2001)

°“√¢—∫«‘µ“¡‘π‡§
   Menadione ®–∂Ÿ° metabolized ·≈–∂Ÿ°¢—∫ÕÕ°Õ¬à“ß√«¥‡√Á« ‡À≈◊Õ‰«â‡æ’¬ß‡≈Á°

πâÕ¬ ‡æ◊ËÕ‡ª≈’Ë¬π‰ª‡ªìπ MK-4 «‘µ“¡‘π‡§ à«π„À≠à∂Ÿ°¢—∫ÕÕ°∑“ßªí  “«– (ª√–¡“≥

√âÕ¬≈– 70 ¢Õß physiological dose Õ“®∂Ÿ°¢—∫ÕÕ°¿“¬„π 24 ™¡.) „π√Ÿª¢Õß

phosphate, sulfate, À√◊Õ glucuronide  ¢Õß menadiol πÕ°®“°π’È¬—ß∂Ÿ°¢—∫

ÕÕ°∑“ßπÈ”¥’„π√Ÿª glucuronide conjugate

°“√ ≈“¬ phylloquinone ·≈– menaquinone ®–‡°‘¥™â“°«à“¢Õß menadione

¡“° °“√ ≈“¬ menaquinone πà“®–‡°‘¥®“°°“√‡ª≈’Ë¬π·ª≈ß∑’Ë side-chain ‚¥¬

phylloquinone ®–∂Ÿ° oxidized ‡æ◊ËÕµ—¥ side chain „Àâ —Èπ≈ß ‡ªìπ carboxylic

acids ∑’Ë¡’§“√å∫Õπ 5 À√◊Õ 7 µ—« ‡ âπ∑“ß·√°¢Õß°“√¢—∫ metabolites ‡À≈à“π’È§◊Õ

∑“ßÕÿ®®“√– ÷́Ëß®–ª√–°Õ∫‰ª¥â«¬ glucuronic acid conjugates ÷́Ëß¢—∫ÕÕ°∑“ß

πÈ”¥’

Vitamin K-dependent Gla proteins
   «‘µ“¡‘π‡§ÕÕ°ƒ∑∏‘Ï‚¥¬°“√‡°‘¥ posttranslational carboxylation ·≈–‡ª≈’Ë¬π

specific glutamate residues ‰ª‡ªìπ γ-carboxyglutamate (Gla) residues æ∫

«à“¡’‚ª√µ’π‡ªìπ‚À≈Ê∑’Ë®—¥‡ªìπ vitamin K dependent „π®”π«ππ’È®–¡’ clotting factor

4 µ—«∑’Ë∂◊Õ‡ªìπ vitamin K dependent ‰¥â·°à prothrombin (factor II) and factors

VII, IX, X πÕ°®“°π’È¬—ß¡’ vitamin K-dependent coagulation-inhibiting proteins

Õ’° 4 µ—«∑’Ëæ∫„ππÈ”‡À≈◊Õß ‰¥â·°à proteins C, S, Z ·≈– M ́ ÷Ëß‚ª√µ’π‡À≈à“π’È®–®—∫°—∫

phospholipids ∑’Ë¡’ª√–®ÿ≈∫¥â«¬·¢π¢Õß Ca2+ ∑’Ë®—∫Õ¬Ÿà°—∫ Gla residues πÕ°®“°π’È

¬—ß “¡“√∂æ∫ vitamin K- dependent Gla proteins „π calcified matrices ÷́Ëß

‡™◊ËÕ«à“‡°’Ë¬«¢âÕß°—∫°“√§«∫§ÿ¡ calcification ‚ª√µ’π‡À≈à“π’È‰¥â·°à osteocalcin, matrix

Gla protein, and protein S „π°√–¥Ÿ° √«¡∑—Èß„πøíπ πÕ°®“°π’È¬—ß¡’ atherocalcin

„π atherosclerotic tissue √«¡∑—Èß Gla protein „ππ‘Ë«‰µ

   Vitamin K-dependent proteins ∑—Èß 8 µ—«®–¡’°√¥Õ¡‘‚π„π™à«ß 40 µ—«·√°∑’Ë

‡À¡◊Õπ°—π ∑—ÈßÀ¡¥µâÕßÕ“»—¬·§≈‡ ’́¬¡‡æ◊ËÕ„Àâ¡’ƒ∑∏‘Ï ‚ª√µ’π C ¬—∫¬—Èß°“√·¢Áßµ—«¢Õß

‡≈◊Õ¥·≈– àß‡ √‘¡°“√‡°‘¥ fibrinolysis ·≈–∂Ÿ°°√–µÿâπ‚¥¬ ‚ª√µ’π S
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    à«π clotting factor ¥—Ëß‡¥‘¡ 4 µ—«§◊Õ (factor II,VII, IX and X) ‡ªìπÕß§åª√–°Õ∫

¢Õß‚ª√µ’π∑’Ë§àÕπ¢â“ß —́∫´âÕπ ÷́Ëß¡’Àπâ“∑’Ë™à«¬ªÑÕß°—π‰¡à„Àâ‡≈◊Õ¥ÕÕ°·≈–∑”„Àâ‡°‘¥

thrombus  ‚¥¬‚ª√µ’π‡À≈à“π’È®–‰À≈‡«’¬π„π‡≈◊Õ¥„π√Ÿª¢Õß zymogens (inactive

precursors of the functional forms) ·µà≈–µ—«‡ªìπ serine protease ∑’Ë¡’ à«π√à«¡

„π¢∫«π°“√°“√°√–µÿâπ„Àâ‡°‘¥°“√ ≈“¬‚ª√µ’πÕ¬à“ß‡ªìπ√–∫∫ ́ ÷Ëß„π∑’Ë ÿ¥∑”„Àâ‡°‘¥°“√

‡ª≈’Ë¬π·ª≈ß¢Õß fibrinogen ∑’Ë‡ªìπ‚ª√µ’π∑’Ë≈–≈“¬πÈ”‰¥â ‰ª‡ªìπ fibrin ∑’Ë‡ªìπ‚ª√µ’π∑’Ë

‰¡à≈–≈“¬πÈ” ∑’Ë®–‡™◊ËÕ¡°—∫‡°√Á¥‡≈◊Õ¥°≈“¬‡ªìπ°“√·¢Áßµ—«¢Õß‡≈◊Õ¥

Vitamin K-dependent proteins in calcified tissues
‡´≈≈å √â“ß°√–¥Ÿ°®– √â“ß vitamin K-dependent Gla proteins 3 ™π‘¥§◊Õ

osteocalcin, matrix Gla protein ·≈– protein S  ‚¥¬∑’Ë osteocalcin ∂Ÿ° √â“ß

¢÷Èπ®“°‡´≈≈å osteoblast ·≈– odontoblast ‡∑à“π—Èπ „π¢≥–∑’Ë matrix Gla protein

 à«π„À≠à √â“ß¢÷Èπ®“° soft tissue  à«π protein S  √â“ß¢÷Èπ®“° hepatocytes,

megakaryocytes ·≈– endothelial cells

Osteocalcin ∫“ß§√—Èß‡√’¬°‡ªìπ bone gamma carboxyglutamic acid (bone

Gla protein) ‡ªìπ‚ª√µ’π¢π“¥‡≈Á° ¡’ amino acid 47-50 µ—«·≈–‰¡à¡’ à«π‡°’Ë¬«¢âÕß

„¥°—∫‚ª√µ’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√·¢Áßµ—«¢Õß‡≈◊Õ¥ ‚ª√µ’ππ’È‚¥¬ª°µ‘®–ª√–°Õ∫¥â«¬

3 Gla residues ∑’ËÕ¬Ÿà„°≈âÊ°—π ®—∫Õ¬Ÿà∑’Ë¥â“πÀπ÷Ëß¢Õß‚ª√µ’π ∑’Ëµ”·Àπàß∑’Ë 17, 21 ·≈–

24 ‚¥¬®–Õ¬Ÿà„π√Ÿª¢Õß glutamic acid ·≈–®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ gamma carboxy-

glutamic acid À√◊Õ Gla residue ‚¥¬µâÕßÕ“»—¬§«“¡™à«¬‡À≈◊Õ®“°«‘µ“¡‘π‡§ °“√

®—∫¢Õß osteocalcin °—∫ hydroxyapatite matrix ‡ªìπ°“√®—∫∑’Ë·πàπ¡“° ·≈–¢÷Èπ

Õ¬Ÿà°—∫ degree of carboxylation „π¡πÿ…¬å glutamate residue ∑’Ëµ”·Àπàß 17 ¡—°

®–‰¡à∂Ÿ° carboxylated ¥â«¬‡Àµÿπ’È°√–¥Ÿ°¢Õß¡πÿ…¬å®÷ß¡—°®–¡’√–¥—∫¢Õß osteocalcin

µË”°«à“ —µ«å™π‘¥Õ◊ËπÊ (‡æ’¬ßª√–¡“≥ 10-20% ‡¡◊ËÕ‡∑’¬∫°—∫ —µ«å„π species Õ◊ËπÊ)

(√Ÿª∑’Ë 4)

√Ÿª∑’Ë 4 · ¥ß‚§√ß √â“ß¢Õß osteocalcin (bone Gla protein) ∑’Ë¡’ Glu-residues ∑’Ë

µ”·Àπàß 17, 21 ·≈– 24 ¢Õß polypeptide chain (¥—¥·ª≈ß®“° Suttie JW. Vita-

min K. Stipanuk MH, editor.  Biochemical and physiological aspects of

human nutrition. Philadelphia, Pennsylvania: W.B. Saunders Company, 2000)

Osteocalcin „π™à«ß∑’Ë∂Ÿ° √â“ß¢÷Èπ„À¡à¬—ß‡ªìπ osteocalcin ∑’Ë‰¡à¡’ƒ∑∏‘ÏÀ√◊Õ‡√’¬°

‡ªìπ undercarboxylated osteocalcin (ucOC) ¿“¬À≈—ß®“° ucOC ∂Ÿ°

carboxylated „Àâ‡ªìπ mature osteocalcin À√◊Õ carboxylated osteocalcin (Gla

protein) ´÷Ëß®–‡°‘¥¢÷Èπ‰¥âµâÕßÕ“»—¬«‘µ“¡‘π‡§  ¥—ßπ—ÈπÀ“°√–¥—∫¢Õß ucOC ‡æ‘Ë¡¢÷Èπ

®– –∑âÕπ∂÷ß√–¥—∫¢Õß«‘µ“¡‘π‡§∑’ËµË”À√◊Õ°“√¢“¥«‘µ“¡‘π‡§ ´÷Ëß¡’º≈∑”„Àâ°“√ √â“ß

°√–¥Ÿ°‡ ’¬‰ª ‚¥¬ “¡“√∂¥Ÿ‰¥â®“°§à“¡«≈°√–¥Ÿ°∑’ËµË”·≈–∑”„Àâ‡°‘¥°√–¥Ÿ°À—°ßà“¬

‡√“ “¡“√∂„™â√–¥—∫¢Õß ucOC ∑’Ë Ÿßπ’È‡ªìπµ—«∫Õ°∂÷ß§«“¡‡ ’Ë¬ßµàÕ°√–¥Ÿ° –‚æ°À—°

„π µ√’ ŸßÕ“¬ÿ‰¥â

Matrix Gla protein ‡ªìπ‚ª√µ’πµ—«‡≈Á°¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 9.6 kDa ‡ªìπ‚ª√µ’π

∑’Ë‰¡à≈–≈“¬„ππÈ” ·≈– “¡“√∂®—∫‰¥âÕ¬à“ß‡Àπ’¬«·πàπ °—∫ bone matrix ∑’Ë‰¡à¡’·√à∏“µÿ

√«¡∑—Èß°√–¥Ÿ°ÕàÕπ∑’Ë¬—ß‰¡à¡’°“√ – ¡·§≈‡´’¬¡ æ∫¡“°„π°√–¥Ÿ°·≈–„π°√–¥Ÿ°ÕàÕπ

·µàÕ“®®–æ∫ mRNA ¢Õß “√π’È„π‡π◊ÈÕ‡¬◊ËÕ∑’Ë‰¡à¡’°“√ – ¡·√à∏“µÿ (noncalcified

tissue) Õ◊ËπÊ‰¥â
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Osteocalcin (Bone Gla Protein)
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Protein S ‡™◊ËÕ«à“πÕ°®“°®–‡°’Ë¬«°—∫°“√·¢Áßµ—«¢Õß‡≈◊Õ¥·≈â« ¬—ß¡’∫∑∫“∑„π

°√–¥Ÿ°¥â«¬ ·µà¬—ß‰¡à√ŸâÀπâ“∑’Ë™—¥‡®π ·µà¡’√“¬ß“π«à“„π‡¥Á°∑’Ë¢“¥‚ª√µ’ππ’È æ∫¡’ severe

undermineralization of bone

Atherocalcin ‡ªìπ Gla protein µ—«Àπ÷Ëß ∑’Ëæ∫„π calcified atherosclerotic

tissue ‡™◊ËÕ«à“ arterial vitamin K-dependent γ-glutamyl carboxylase ÷́Ëßæ∫∑’Ë

ºπ—ß¢Õß‡ âπ‡≈◊Õ¥·¥ß ·µà‰¡àæ∫„π‡ âπ‡≈◊Õ¥¥” ‡ªìπµ—«°“√ ”§—≠¢Õß°“√‡°‘¥ athero-

sclerosis πÕ°®“°π’È renal Gla protein ÷́Ëß∂Ÿ°¬—∫¬—Èß‚¥¬ PTH ·≈–«‘µ“¡‘π¥’¡’

∫∑∫“∑„π°“√¢—∫ Ca2+ „π‰µ πÕ°®“°π’È¬—ß “¡“√∂æ∫ Gla proteins µ—«Õ◊ËπÊ„π

sperm, urine, hepatic mitochondria,  shark skeletal cartilage and snake

venom ¥—ßπ—Èπ®÷ß‡ªìπ∑’Ë™—¥‡®π«à“«‘µ“¡‘π‡§¡’Àπâ“∑’Ë°«â“ß¢«“ß„π physiological

systems πÕ°®“°‡°’Ë¬«¢âÕß°—∫°“√·¢Áßµ—«¢Õß‡≈◊Õ¥

√–¥—∫¢Õß ucOC „π°√–· ‡≈◊Õ¥¢Õß µ√’ ŸßÕ“¬ÿ ·≈–§«“¡‡ ’Ë¬ßµàÕ

°“√‡°‘¥°√–¥Ÿ°À—°
Louisa Plantalech ·≈–§≥– (1991)4 µâÕß°“√æ‘ Ÿ®πå«à“°“√‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫

osteocalcin ®–‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥  carboxylation ∑’Ë‰¡à ¡∫Ÿ√≥åÀ√◊Õ‰¡à ‚¥¬∑”°“√«—¥

√–¥—∫ total and undercarboxylated osteocalcin „π°√–· ‡≈◊Õ¥„π µ√’ 72 √“¬

∑’Ë¡’Õ“¬ÿµà“ßÊ°—π: 22 √“¬‡ªìπ µ√’°àÕπÀ¡¥ª√–®”‡¥◊Õπ (Õ“¬ÿ‡©≈’Ë¬ 31±7 ªï) 20 √“¬

‡ªìπ µ√’¿“¬À≈—ßÀ¡¥ª√–®”‡¥◊Õπ (Õ“¬ÿ‡©≈’Ë¬ 54±3 ªï) ·≈–Õ’° 30 √“¬‡ªìπ µ√’ Ÿß

Õ“¬ÿ (Õ“¬ÿ‡©≈’Ë¬ 85±8 ªï)

   º≈∑’Ë‰¥â§◊Õ§à“ total serum osteocalcin ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠„π µ√’¿“¬À≈—ßÀ¡¥

ª√–®”‡¥◊Õπ„À¡àÊ·≈– µ√’ ŸßÕ“¬ÿ ·≈–æ∫«à“√–¥—∫¢Õß undercarboxylated osteocalcin

‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬„π early postmenopausal women ( 0.95±0.4 versus 0.65±0.5

ng/ml in premenopausal women) ·≈–æ∫¡’°“√‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡“°„π µ√’ ŸßÕ“¬ÿ

(1.59±1.1 ng/ml, p<0.001) ·≈–æ∫«à“√–¥—∫¢Õß undercarboxylated osteocalcin

¡’§«“¡ —¡æ—π∏å°—∫Õ“¬ÿ (r = 0.47, p<0.001) ·≈–‡¡◊ËÕ‡∑’¬∫°—∫ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√√—°…“

¥â«¬¬“ warfarin ‡ªìπ‡«≈“π“πÊ æ∫«à“ºŸâ ŸßÕ“¬ÿ¡’√–¥—∫¢Õß ucOC „°≈â‡§’¬ß°—∫

ºŸâªÉ«¬∑’Ë‰¥â√—∫¬“ warfarin (1.94±1.1 ng/ml)

®“°º≈∑’Ë‰¥â°≈à“«¢â“ßµâπ ®–æ∫«à“„π µ√’À≈—ßÀ¡¥ª√–®”‡¥◊Õπ„À¡àÊ√–¥—∫¢Õß

carboxylated serum osteocalcin  ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡“°·µà‰¡àæ∫≈—°…≥–‡™àππ’È„π

ºŸâ ŸßÕ“¬ÿ

‰¥â¡’°“√«—¥√–¥—∫¢Õß vitamin K
1
 ·≈–√–¥—∫¢Õß menaquinones 6, 7 ·≈– 8

„π µ√’«—¬ “«·≈–„πºŸâ ŸßÕ“¬ÿ∫“ß§π ‰¡àæ∫§«“¡·µ°µà“ß¢Õß√–¥—∫«‘µ“¡‘π‡À≈à“π’È

´÷ËßÕ“®À¡“¬§«“¡«à“«‘µ“¡‘π‡À≈à“π’È‰¡à„™à‡ªìπ vitamin K À≈—°∑’Ë¢“¥„πºŸâ ŸßÕ“¬ÿ

„π∑“ß°≈—∫°—π ¢âÕ¡Ÿ≈∑’Ë‰¥âπ’ÈÕ“®‡°’Ë¬«°—∫°“√‰¡à “¡“√∂π”«‘µ“¡‘π‡§¡“„™â„À¡à‰¥âÀ√◊Õ

‡°’Ë¬«°—∫§«“¡º‘¥ª°µ‘¢Õß‡´≈≈å √â“ß°√–¥Ÿ°„πºŸâ ŸßÕ“¬ÿ∑’Ë‰¡à “¡“√∂∑”„Àâ‡°‘¥ carboxy-

lation µàÕ osteocalcin

‚¥¬ √ÿª ®“°°“√»÷°…“§√—Èßπ’È‰¥â· ¥ß„Àâ‡ÀÁπ«à“ osteocalcin „π°√–· ‡≈◊Õ¥¢Õß

ºŸâ ŸßÕ“¬ÿ à«π„À≠à®–Õ¬Ÿà„π√Ÿª undercarboxylated ‚¥¬¬—ß‰¡à∑√“∫°≈‰° ∑”„Àâª√‘¡“≥

¢Õß osteocalcin „π°√–¥Ÿ°≈¥≈ß §«√®–¡’°“√»÷°…“µàÕ‡π◊ËÕß‡æ◊ËÕ®–¥Ÿ«à“§«“¡º‘¥ª°µ‘π’È

®–¡’§«“¡ ”§—≠µàÕ°“√ Ÿ≠‡ ’¬°√–¥Ÿ°∑’Ë‡°‘¥¢÷Èπ„πºŸâ ŸßÕ“¬ÿÀ√◊Õ‰¡à

®“°∑’Ë‰¥â°≈à“«¢â“ßµâπ·≈â««à“√–¥—∫¢Õß ucOC „π°√–· ‡≈◊Õ¥¢Õß µ√’ ŸßÕ“¬ÿ

®– Ÿß°«à“ µ√’°àÕπÀ¡¥ª√–®”‡¥◊Õπ4 πÕ°®“°π’È¬—ßæ∫«à“°“√„Àâ«‘µ“¡‘π‡§1 „π¢π“¥

1 mg/day  “¡“√∂≈¥√–¥—∫¢Õß ucOC „π°√–· ‡≈◊Õ¥≈ß‰¥â¿“¬„π Õß —ª¥“Àå · ¥ß

«à“°“√∑’Ë√–¥—∫ ucOC  Ÿß¢÷Èπ‡°‘¥®“°¢“¥«‘µ“¡‘π‡§ πÕ°®“°π’È¬—ßæ∫«à“«‘µ“¡‘π¥’ “¡“√∂

°√–µÿâπ„Àâ‡°‘¥ γ-carboxylation µàÕ osteocalcin ·≈–µàÕ Gla-containing proteins

µ—«Õ◊ËπÊ ∑’ËÕ¬Ÿà„π‰µ‰¥â¥â«¬‡Àµÿπ’È

Szulc P. ·≈–§≥– (1993)5 µâÕß°“√∑√“∫«à“ 1) °“√‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫ ucOC

„πºŸâ ŸßÕ“¬ÿ‡°’Ë¬«¢âÕß°—∫°“√¢“¥«‘µ“¡‘π¥’À√◊Õ‰¡à 2) °“√‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫ ucOC ®–

‡°’Ë¬«¢âÕß°—∫§«“¡‡ ’Ë¬ßµàÕ‚√§°√–¥Ÿ°æ√ÿπ·≈–∑”„Àâ°√–¥Ÿ° –‚æ°À—°‡æ‘Ë¡¢÷ÈπÀ√◊Õ‰¡à
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   °“√»÷°…“π’È‡ªìπ à«πÀπ÷Ëß¢Õß°“√»÷°…“¢π“¥„À≠à¢Õß Chapuy ·≈–§≥–6 ∑’Ë»÷°…“

‡°’Ë¬«°—∫°“√„Àâ·§≈‡´’¬¡·≈–«‘µ“¡‘π¥’«à“ “¡“√∂ªÑÕß°—π°√–¥Ÿ° –‚æ°À—°‰¥âÀ√◊Õ‰¡à

ºŸâ ŸßÕ“¬ÿ∑’ËÕ¬Ÿà„π°“√»÷°…“π’È‡ªìπºŸâ ŸßÕ“¬ÿ∑’ËÕ“»—¬Õ¬Ÿà·µà„π∫â“π ¡’Õ“¬ÿÕ¬Ÿà„π™à«ß 71-101 ªï

ºŸâ ŸßÕ“¬ÿ∂Ÿ°·∫àßÕÕ°‡ªìπ Õß°≈ÿà¡ °≈ÿà¡·√°„Àâ«‘µ“¡‘π¥’2 ¢π“¥ 800 IU µàÕ«—π√à«¡°—∫

·§≈‡´’¬¡¢π“¥ 1.2 °√—¡„π√Ÿª¢Õß‡°≈◊Õ·§≈‡´’¬¡øÕ ‡øµ „π¢≥–∑’ËÕ’°°≈ÿà¡Àπ÷Ëß‰¥â

√—∫¬“≈«ß ºŸâ ŸßÕ“¬ÿ„π°“√»÷°…“§√—Èßπ’È®”π«π 195 √“¬∑”°“√«—¥√–¥—∫¢Õß baseline

osteocalcin, PTH, 25(OH)D, alkaline phosphatase, calcium, phosphorus ·≈–

creatinine ·≈–µ‘¥µ“¡º≈‡ªìπ‡«≈“ 18 ‡¥◊Õπ ‚¥¬¡’«—µ∂ÿª√– ß§åÀ≈—°§◊Õµ‘¥µ“¡

Õÿ∫—µ‘°“√≥å¢Õß°√–¥Ÿ° –‚æ°À—°√«¡∑—Èß°√–¥Ÿ° à«πÕ◊ËπÊ∑’Ë‰¡à„™à°√–¥Ÿ° —πÀ≈—ßÀ—°√à«¡¥â«¬

µ‘¥µ“¡µ√«®«—¥√–¥—∫¢Õß osteocalcin ·≈– ucOC „π™à«ß 6 ·≈– 12 ‡¥◊Õπ„π 139

®“° 195 √“¬ (71 √“¬Õ¬Ÿà„π°≈ÿà¡‰¥â√—∫«‘µ“¡‘π¥’·≈–·§≈‡´’¬¡·≈– 68 √“¬‰¥â√—∫¬“

≈«ß) ∑”°“√‡ª√’¬∫‡∑’¬∫§à“ ucOC ¢ÕßºŸâ ŸßÕ“¬ÿ°≈ÿà¡π’È°—∫§à“ upper limit ¢Õß ucOC

ª°µ‘ (‰¥â¡“®“°°“√µ√«®«—¥§à“ ucOC, total OC „π µ√’°àÕπÀ¡¥ª√–®”‡¥◊Õπ™à«ßÕ“¬ÿ

21-44 ªï®”π«π 21 √“¬ ‚¥¬§à“ upper limit ‰¥â¡“®“°§à“‡©≈’Ë¬ + 2SD æ∫«à“§à“

upper limit ¢Õß total OC=13.9 ng/ml ¢Õß carboxylated OC = 12.5 ng/ml

·≈–§à“ ucOC = 1.65 ng/ml À√◊Õ 16.7% of total OC)

º≈°“√»÷°…“æ∫«à“ºŸâ ŸßÕ“¬ÿ¡’§à“ serum ucOC  Ÿß°«à“ µ√’«—¬°àÕπÀ¡¥ª√–®”

‡¥◊Õπ (1.22±1.00 vs. 0.65±0.5 ng/ml, p<0.01) ·≈–À“°„™â§à“ upper limit ¢Õß

§à“ª°µ‘§◊Õ 1.65 ng/ml æ∫«à“¡’ºŸâ ŸßÕ“¬ÿ 45 √“¬ (23%)∑’Ë¡’√–¥—∫¢Õß serum ucOC

 Ÿß°«à“§à“ upper limit ¢Õß§à“ ucOC ª°µ‘ ·≈–À“°‡∑’¬∫√–À«à“ßºŸâ ŸßÕ“¬ÿ∑’Ë¡’§à“

serum ucOC  Ÿß°«à“§à“ upper limit (®”π«π 45 √“¬) °—∫ºŸâ ŸßÕ“¬ÿ∑’Ë‡À≈◊Õ (®”π«π

150 √“¬) æ∫«à“ºŸâ ŸßÕ“¬ÿ∑’Ë¡’§à“ ucOC  Ÿß®–¡’§à“ serum PTH ·≈– alkaline phos-

phatase  Ÿß°«à“ ·µà°≈—∫æ∫«à“¡’§à“ 25(OH)D µË”°«à“°≈ÿà¡∑’Ë¡’§à“ ucOC µË” πÕ°®“°

π’È¬—ßæ∫«à“ ucOC ¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫§à“ PTH (r = 0.29, p<0.001), Õ“¬ÿ

(r = 0.23, p<0.002) ·≈–§à“ creatinine (r = 0.19, p<0.01) „π¢≥–∑’Ë¡’§«“¡

 —¡æ—π∏å„π‡™‘ßº°º—π°—∫√–¥—∫¢Õß 25(OH)D (r= -0.32, p<0.001) ·≈–¬—ß§ß¡’§«“¡

 —¡æ—π∏å‡™àπ‡¥‘¡∂÷ß·¡â®–‰¥â§«∫§ÿ¡º≈°√–∑∫®“°Õ“¬ÿ √–¥—∫¢Õß PTH ·≈–§à“ creatinine

‚¥¬«‘∏’ partial correlation (r= -0.24, p<0.002)

„π√–À«à“ßµ‘¥µ“¡º≈ 18 ‡¥◊Õπ æ∫«à“¡’Õ¬Ÿà 15 √“¬∑’Ë¡’°√–¥Ÿ° –‚æ°À—°·≈–

æ∫«à“§à“ baseline ucOC „πºŸâ ŸßÕ“¬ÿ‡À≈à“π’È¡’§à“ Ÿß°«à“°≈ÿà¡∑’Ë‰¡à¡’°√–¥Ÿ° –‚æ°

À—°Õ¬à“ß¡’π—¬ ”§—≠ (1.62 ± 1.16, 0.94 ± 0.93; p<0.01) „π¢≥–∑’Ë√–¥—∫¢Õß·§≈‡´’¬¡

øÕ ‡øµ alkaline phosphatase, creatinine, PTH, 25(OH)D, total and

carboxylated OC ‰¡à¡’§«“¡·µ°µà“ß°—π„π∑—Èß Õß°≈ÿà¡Õ¬à“ß¡’π—¬ ”§—≠ ·≈–æ∫«à“

ºŸâ ŸßÕ“¬ÿ∑’Ë¡’√–¥—∫¢Õß ucOC  Ÿß (>1.65 ng/ml) ¡’§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥°√–¥Ÿ°

 –‚æ°À—° Ÿß°«à“ºŸâ ŸßÕ“¬ÿ∑’Ë¡’√–¥—∫ ucOC µË”°«à“ (<1.65 ng/ml) ‚¥¬¡’§à“ relative

risk = 5.9, 99.9%CI 1.5-22.7, p<0.001 (¿“¬À≈—ß°“√§«∫§ÿ¡º≈°√–∑∫√–À«à“ß°“√

√—°…“¥â«¬«‘µ“¡‘π¥’·≈–·§≈‡ ’́¬¡°—∫¬“≈«ß·≈â«) ·≈–À“°„™â§à“ % ucOC ( (ucOC /

total OC)*100) ∑’Ë§«∫§ÿ¡º≈°√–∑∫®“°°“√√—°…“‡™àπ°—π æ∫«à“°≈ÿà¡∑’Ë¡’√–¥—∫ % ucOC

 Ÿß¬—ß§ß¡’§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥°√–¥Ÿ° –‚æ°À—° Ÿß°«à“°≈ÿà¡∑’Ë¡’ % ucOC µË”‡™àπ°—π

(RR = 3.1; 95%CI 1.8-5.9, p<0.05)

¿“¬À≈—ß°“√√—°…“¥â«¬·§≈‡´’¬¡·≈–«‘µ“¡‘π¥’‡ªìπ‡«≈“ 1 ªï æ∫«à“√–¥—∫¢Õß

ucOC ≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ·≈–≈¥≈ßÕ¬à“ß¡“°„π°≈ÿà¡∑’Ë¡’√–¥—∫ Ÿß„π

™à«ß·√° (>1.65 ng/ml ) ‚¥¬≈¥≈ß®“° 2.22±0.35 ‰ª‡ªìπ 1.41±0.29 ng/ml (p<0.005)

·µà‰¡à‡ª≈’Ë¬π·ª≈ß„π°≈ÿà¡∑’Ë¡’§à“ ucOC µË” (<1.65 ng/ml) „π∑“ßµ√ß°—π¢â“¡°—∫

°≈ÿà¡¬“≈«ß∑’Ë√–¥—∫¢Õß ucOC °≈—∫‡æ‘Ë¡¢÷Èπ (p<0.01)

 √ÿª‰¥â«à“ °“√‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫ ucOC „πºŸâ ŸßÕ“¬ÿ‰¡à‡æ’¬ß·µà®– –∑âÕπ∂÷ß°“√

¢“¥«‘µ“¡‘π‡§‡∑à“π—Èπ·µà¬—ß· ¥ß„Àâ‡ÀÁπ∂÷ß°“√¢“¥«‘µ“¡‘π¥’¥â«¬ πÕ°®“°π’È√–¥—∫ ucOC

∑’Ë‡æ‘Ë¡¢÷Èπ®–‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥°√–¥Ÿ° –‚æ°À—° · ¥ß«à“√–¥—∫¢Õß serum ucOC

 –∑âÕπ∂÷ß°“√‡ª≈’Ë¬π·ª≈ß∫“ßÕ¬à“ß„π bone matrix ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡æ‘Ë¡

§«“¡‡ª√“–¢Õß°√–¥Ÿ°

„πªï§.». 1997 VERGNAUD P ·≈–§≥–7 ∑”°“√»÷°…“„πºŸâ ŸßÕ“¬ÿ∑’Ë¡’ ÿ¢¿“æ

·¢Áß·√ß®”π«π 7,598 √“¬ ∑—ÈßÀ¡¥¡’Õ“¬ÿ¡“°°«à“ 75 ªï·≈–Õ“»—¬Õ¬à“ß‡ªìπÕ‘ √–µ“¡∫â“π

(°“√»÷°…“π’È‡ªìπ à«πÀπ÷Ëß¢Õß EPIDOS prospective study ) æ∫«à“ µ√’ ŸßÕ“¬ÿ®”π«π

104 √“¬‡°‘¥°√–¥Ÿ° –‚æ°À—°„π™à«ßµ‘¥µ“¡º≈ 22 ‡¥◊Õπ ∑”°“√®—∫§Ÿà°—∫ºŸâ ŸßÕ“¬ÿ∑’Ë
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‰¡à¡’°√–¥Ÿ°À—°∑’ËÕ¬Ÿà„π™à«ßÕ“¬ÿ‡¥’¬«°—π®”π«π 255 √“¬‡ªìπ°≈ÿà¡§«∫§ÿ¡ ®“°§ÿ≥≈—°…≥–

æ◊Èπ∞“π√–À«à“ß°≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡°√–¥Ÿ°À—°æ∫«à“‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬

 ”§—≠¢ÕßπÈ”Àπ—°µ—« √–¥—∫·§≈‡´’¬¡ √–¥—∫ creatinine, 25(OH)D √«¡∑—Èß total

alkaline phosphatase „π°√–· ‡≈◊Õ¥ ·µàæ∫«à“°≈ÿà¡∑’Ë¡’°√–¥Ÿ° –‚æ°À—°¡’§à“ BMD

µË”°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ πÕ°®“°π’È¬—ßæ∫«à“√–¥—∫¢Õß albumin „π°≈ÿà¡

∑’Ë¡’°√–¥Ÿ° –‚æ°À—°¬—ßµË”°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠‡™àπ°—π  π”‡≈◊Õ¥∑’Ë‰¥â„π™à«ß·√°

°àÕπ‡°‘¥°√–¥Ÿ°À—°‰ª∑”°“√«—¥ total OC and ucOC µ√«®«—¥‚¥¬«‘∏’ HAP binding

assay ÷́Ëß‡ªìπ«‘∏’¡“µ√∞“π∑’Ë„™âÕ¬Ÿà ·≈–‚¥¬«‘∏’ enzyme-linked immunosorbent

assay (ELISA) ́ ÷Ëß‡ªìπ°“√µ√«®·∫∫„À¡à «‘∏’ direct ELISA π’È„™â human recombinant

noncarboxylated OC ‡ªìπ¡“µ√∞“π ·≈– 2 monoclonal antibodies, Àπ÷Ëß„π

 Õßµ—«π’È®–®”‡æ“–°—∫ 14-30 Glu synthetic peptide ‡√“æ∫«à“§à“ intra-and interassay

variations πâÕ¬°«à“√âÕ¬≈– 11 ·≈–°“√µ√«®¥â«¬«‘∏’π’È®–¡’ cross-reactivity °—∫

purified human bone osteocalcin ‡æ’¬ß√âÕ¬≈– 5 √–¥—∫¢Õß ucOC ∑’Ë«—¥‚¥¬

ELISA π’È¡’§«“¡ —¡æ—π∏åÕ¬à“ß¥’°—∫ HAP binding assay ∑’Ë ÿà¡»÷°…“„π°≈ÿà¡

ª√–™“°√®”π«π 359 √“¬ (r=0.82, p<0.0001) º≈°“√»÷°…“æ∫«à“§à“‡©≈’Ë¬¢Õß√–¥—∫

total OC „π°≈ÿà¡°√–¥Ÿ° –‚æ°À—°‡∑à“°—∫ 28.0±12.5 ng/mL ¢≥–∑’Ë°≈ÿà¡§«∫§ÿ¡

‡∑à“°—∫ 27.5±11.2 ng/mL (p=0.70) ·≈–√–¥—∫ ucOC ∑’Ë«—¥‚¥¬«‘∏’ ELISA „πºŸâ ŸßÕ“¬ÿ

∑’Ë¡’°√–¥Ÿ° –‚æ°À—°‡∑à“°—∫ 6.7±4.8 ng/mL „π¢≥–∑’ËºŸâ ŸßÕ“¬ÿ∑’Ë‡ªìπ°≈ÿà¡§«∫§ÿ¡¡’§à“

‡©≈’Ë¬¢Õß ucOC ‡∑à“°—∫ 5.8±4.1 ng/mL (p=0.09) ·≈–À“°«—¥‚¥¬«‘∏’ HAP binding

assay (hydroxyapatite binding assay) §à“ ucOC ‡©≈’Ë¬„πºŸâ ŸßÕ“¬ÿ∑’Ë¡’°√–¥Ÿ°

 –‚æ°À—°®–‡ªìπ 5.1±3.7 ng/mL ·≈–„π°≈ÿà¡§«∫§ÿ¡®–‡ªìπ 4.4±3.3 ng/mL (p=0.13)

√–¥—∫¢Õß ucOC «—¥‚¥¬∑—Èß HAP binding assay À√◊Õ ELISA æÕÊ°—π„π∑—Èß Õß°≈ÿà¡

·µàÀ“°„™â —¥ à«π√–À«à“ß ucOC (HAP method)/total OC (%ucOC) æ∫«à“¡’

§à“‡©≈’Ë¬ Ÿß°«à“„π°≈ÿà¡∑’Ë¡’°√–¥Ÿ°À—°Õ¬à“ß¡’π—¬ ”§—≠ ‚¥¬æ∫«à“„π°≈ÿà¡°√–¥Ÿ°À—°¡’§à“

% ucOC (§◊Õ§à“¢Õß ucOC ∑’Ë«—¥‚¥¬«‘∏’ HAP binding assay ∑’Ë· ¥ß‡ªìπ√âÕ¬≈–

¢Õß total OC) ‡∑à“°—∫ 17±7.5 „π¢≥–∑’Ë°≈ÿà¡§«∫§ÿ¡¡’§à“‡∑à“°—∫ 15.1±6.8 (p=0.04)

   ‡¡◊ËÕ„™â§à“ ucOC „π√–¥—∫ highest quartile ¢Õß°≈ÿà¡§«∫§ÿ¡®”π«π 255 √“¬

À“§à“ odds ratio æ∫«à“ ucOC ∑’Ë«—¥‚¥¬«‘∏’ ELISA ¡’§à“ odds ratio µàÕ°“√‡°‘¥

°√–¥Ÿ° –‚æ°À—° = 2.0 (95%CI, 1.2-3.2; p<0.008)  „π¢≥–∑’Ë odds ratio ¢Õß

ucOC ∑’Ë«—¥‚¥¬«‘∏’ HAP binding assay = 1.6 (95%CI, 0.9-2.7; p=0.07) ·≈– odds

ratio ¢Õß %ucOC HAP = 2.0 (95%CI, 1.3-3.3; p<0.004) ·≈–æ∫«à“√–¥—∫¢Õß

ucOC ∑’Ë«—¥‚¥¬∑—Èß Õß«‘∏’¡’§«“¡ —¡æ—π∏å‡™‘ßº°º—π°—∫§à“§«“¡Àπ“·πàπ¢Õß§Õ

°√–¥Ÿ°µâπ¢“ (p<0.0002; r=-0.19) ‡æ◊ËÕ®–¥Ÿ«à“§«“¡ —¡æ—π∏å√–À«à“ß ucOC ·≈–

§«“¡‡ ’Ë¬ßµàÕ°√–¥Ÿ° –‚æ°À—°‡°‘¥¢÷Èπ®“°§«“¡ —¡æ—π∏å√–À«à“ß ucOC ·≈–¡«≈

°√–¥Ÿ°À√◊Õ‰¡à ∑”‚¥¬ª√—∫„Àâ§à“¡«≈°√–¥Ÿ°§ß∑’Ë ¿“¬À≈—ßª√—∫§à“ femoral neck BMD

·≈â«æ∫«à“ ucOC (ELISA method) ·≈– % ucOC (HAP method) levels „π°≈ÿà¡

highest quartile ¬—ß§ß¡’§«“¡‡ ’Ë¬ßµàÕ°√–¥Ÿ° –‚æ°À—°∑’Ë‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠ ‚¥¬

¡’§à“ ORs = 1.8 (95%CI, 1.1-3.0) and 1.8 (95%CI, 1.1-2.9) µ“¡≈”¥—∫ · ¥ß«à“§à“

ucOC (ELISA method) ·≈– %ucOC (HAP method)  “¡“√∂æ¬“°√≥å§«“¡

‡ ’Ë¬ßµàÕ°“√‡°‘¥°√–¥Ÿ° –‚æ°À—°‰¥â‚¥¬‰¡à¢÷Èπ°—∫§à“¡«≈°√–¥Ÿ°¢Õß§Õ °√–¥Ÿ°µâπ¢“

„π¢≥–∑’Ë total OC ‰¡à “¡“√∂∑”‡™àππ’È‰¥â ·≈–À“°„™â√à«¡°—π√–À«à“ß°“√«—¥√–¥—∫

ucOC ·≈–°“√«—¥¡«≈°√–¥Ÿ° ‚¥¬„™â lowest quartile ¢Õß§à“ BMD √à«¡°—∫√–¥—∫

highest quartile ¢Õß ucOC (ELISA method) À√◊Õ %ucOC (HAP method) æ∫

«à“ “¡“√∂‡æ‘Ë¡§«“¡ “¡“√∂„π°“√ª√–‡¡‘π§«“¡‡ ’Ë¬ßµàÕ°√–¥Ÿ° –‚æ°À—°„π µ√’ Ÿß

Õ“¬ÿ‰¥â ‚¥¬¡’§à“ odds ratio = 5.5 (95%CI, 2.7-11.2) ·≈– 4.4 (95%CI, 2.3-8.4)

µ“¡≈”¥—∫

‚¥¬ √ÿª §≥–ºŸâ»÷°…“‰¥âæ—≤π“°“√µ√«®«—¥ ucOC „À¡à‚¥¬„™â specific ELISA

for serum ucOC «‘∏’π’È®–¡’ cross-reactivity °—∫ carboxylated OC µË”·≈–‡æ‘Ë¡

sensitivity and specificity ¡“°¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫ HAP assay πÕ°®“°π’Èæ∫«à“ ucOC

(ELISA method) À√◊Õ %ucOC (HAP method)  “¡“√∂∫Õ°∂÷ß§«“¡‡ ’Ë¬ßµàÕ

°√–¥Ÿ° –‚æ°À—°‰¥â‚¥¬‰¡à¢÷Èπ°—∫§à“¡«≈°√–¥Ÿ° „π¢≥–∑’Ë total OC ‰¡à “¡“√∂∑”

‡™àππ—Èπ‰¥â ·≈–À“°„™â§à“„™â lowest quartile ¢Õß§à“ BMD √à«¡°—∫ √–¥—∫ highest

quartile ¢Õß ucOC (ELISA method) À√◊Õ % ucOC (HAP method) ®– “¡“√∂

ª√–‡¡‘π§«“¡‡ ’Ë¬ßµàÕ°√–¥Ÿ° –‚æ°À—°‰¥â¥’¬‘Ëß¢÷Èπ
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   G.Liu ·≈–§≥– (1998)8 µâÕß°“√∑√“∫∂÷ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß

serum total osteocalcin ·≈– undercarboxylated osteocalcin µ√«®«—¥‚¥¬«‘∏’

two-site immunoassay °—∫§à“§«“¡Àπ“·πàπ¢Õß°√–¥Ÿ° (BMD) ∑’Ë§Õ°√–¥Ÿ°µâπ¢“

(femoral neck) ·≈– ultrasonic transmitted velocity (UTV) ∑’Ëµ”·Àπàß os calcis

„π µ√’®”π«π 257 √“¬∑’Ë¡’Õ“¬ÿµ—Èß·µà 60-99 ªï ‚¥¬ 22 √“¬¡’°√–¥Ÿ° –‚æ°À—°

æ∫«à“°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ serum total osteocalcin  ·≈–§à“ undercarboxylated

osteocalcin  ¡’§«“¡ —¡æ—π∏å°—∫Õ“¬ÿÕ¬à“ß¡’π—¬ ”§—≠ (r=0.19, p=0.003 ·≈– r=0.20,

p=0.002 µ“¡≈”¥—∫) §à“ serum total osteocalcin ¡’§«“¡ —¡æ—π∏å„π‡™‘ßº°º—π°—∫

§à“ BMD ¢Õß§Õ°√–¥Ÿ°µâπ¢“ (r = -0.23, p=0.0001) ·≈–§à“ os calcis UTV (r = -0.29,

p=0.0001) ·≈–®“° partial correlations æ∫«à“§«“¡ —¡æ—π∏å∑—Èß Õßπ’È‰¡à∂Ÿ°√∫°«π

¥â«¬Õ“¬ÿ πÕ°®“°π’È¬—ßæ∫«à“§à“ undercarboxylated osteocalcin ¡’§«“¡ —¡æ—π∏å

‡™‘ßº°º—π°—∫§à“ os calcis UTV (r = - 0.21, p=0.001) ·µà¡’§«“¡ —¡æ—π∏å°—∫§à“ BMD

¢Õß§Õ°√–¥Ÿ°µâπ¢“‡≈Á°πâÕ¬‚¥¬‰¡à¡’π—¬ ”§—≠ (r = - 0.13, p=0.052) ¿“¬À≈—ß®“°

°“√ª√—∫§à“¢ÕßÕ“¬ÿ æ∫¡’‡æ’¬ß§«“¡ —¡æ—π∏å√–À«à“ß undercarboxylated osteocalcin

°—∫§à“ os calcis UTV ∑’Ë¬—ß¡’π—¬ ”§—≠ (r = -0.16, p = 0.017)

®“°°≈ÿà¡ºŸâ ŸßÕ“¬ÿ∑’Ë¡’°√–¥Ÿ° –‚æ°À—°®”π«π 22 √“¬π’È ∑”°“√»÷°…“·∫∫ case

control ‚¥¬„™â°≈ÿà¡°√–¥Ÿ°À—°∑’Ë¡’Õ¬Ÿà 22 √“¬ ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡∑’Ë¡’Õ“¬ÿ·≈–

πÈ”Àπ—°Õ¬Ÿà„π‡°≥±å„°≈â‡§’¬ß°—π®”π«π 43 √“¬ (1:2) º≈°“√»÷°…“æ∫«à“∑—Èß Õß

°≈ÿà¡¡’Õ“¬ÿ  à«π Ÿß ·≈–πÈ”Àπ—°‰¡à·µ°µà“ß°—π „π¢≥–∑’Ë§à“ BMD ∑’Ë¢âÕ –‚æ°·≈–§à“

UTV ∑’Ë âπ‡∑â“„π°≈ÿà¡∑’Ë¡’°√–¥Ÿ° –‚æ°À—°µË”°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠

·µà°≈—∫æ∫«à“∑—Èß serum total osteocalcin  and undercarboxylated osteocalcin

„π°≈ÿà¡∑’Ë¡’°√–¥Ÿ°À—°∂÷ß·¡â®–¥Ÿ Ÿß°«à“°≈ÿà¡§«∫§ÿ¡·µà‰¡àæ∫§«“¡·µ°µà“ß°—πÕ¬à“ß¡’

π—¬ ”§—≠

 √ÿª‰¥â«à“„π µ√’∑’Ë¡’Õ“¬ÿ¡“°°«à“ 60 ªï °“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ serum total

osteocalcin ®– –∑âÕπ∂÷ß°“√ª√—∫·µàß°√–¥Ÿ°∑’Ë Ÿß¢÷Èπ‡¡◊ËÕ¡’Õ“¬ÿ‡æ‘Ë¡¢÷Èπ „π¢≥–∑’Ë

°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ undercarboxylated osteocalcin   –∑âÕπ∂÷ß√–¥—∫¢Õß«‘µ“¡‘π

‡§∑’Ë≈¥≈ß‡¡◊ËÕ¡’Õ“¬ÿ‡æ‘Ë¡¢÷Èπ ·≈–®“°§à“§«“¡ —¡æ—π∏å∑’Ë™—¥‡®π°«à“√–À«à“ß§à“

undercarboxylated osteocalcin °—∫§à“ UTV ‡¡◊ËÕ‡∑’¬∫°—∫§à“ BMD · ¥ß„Àâ‡ÀÁπ

«à“°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ undercarboxylated osteocalcin πà“®–¡’º≈µàÕ§ÿ≥¿“æ¢Õß

°√–¥Ÿ°¡“°°«à“ª√‘¡“≥¢Õß·√à∏“µÿ„π°√–¥Ÿ° „π¢≥–∑’Ë„π°≈ÿà¡∑’Ë¡’ª√–«—µ‘°√–¥Ÿ° –‚æ°

À—°¬—ß‰¡à “¡“√∂™’È™—¥≈ß‰¥â«à“®–¡’√–¥—∫¢Õß§à“ serum total osteocalcin ·≈–§à“

undercarboxylated osteocalcin ‡æ‘Ë¡¢÷Èπ Ÿß°«à“§πª°µ‘À√◊Õ‰¡à

Sugiyama T ·≈–§≥–(2001)9 µâÕß°“√»÷°…“À“§«“¡ —¡æ—π∏å√–À«à“ß°“√‡°‘¥

carboxylation ¢Õß osteocalcin °—∫§ÿ≥¿“æ¢Õß°√–¥Ÿ° ‚¥¬∑”°“√µ√«®À“

serum bone marker µ√«®«—¥§ÿ≥¿“æ¢Õß°√–¥Ÿ°‚¥¬„™â ultrasound velocity ´÷Ëß

æÕ∑’Ë®–∫àß™’È∂÷ß§ÿ≥¿“æ¢Õß°√–¥Ÿ°‰¥â ‚¥¬∑”°“√»÷°…“„π‡¥Á°∑’Ë¡’ ÿ¢¿“æ·¢Áß·√ß™à«ß

Õ“¬ÿ√–À«à“ß 7-12 ªï ®”π«π 14 √“¬ ‡ªìπ‡¥Á°™“¬®”π«π 8 √“¬·≈–‡¥Á°À≠‘ß®”π«π

6 √“¬  ∑”°“√µ√«®‡≈◊Õ¥„π™à«ß‡«≈“ 8.00 - 9.00 π. ¿“¬À≈—ß®“°Õ¥Õ“À“√À≈—ß‡∑’Ë¬ß§◊π

µ√«®À“√–¥—∫¢Õß intact, carboxylated ·≈– undercarboxylated osteocalcin,

bone-specific alkaline phosphatase ·≈– type I procollagen carboxyl extension

peptide  ”À√—∫°“√µ√«®«—¥∑“ß ultrasound ®–µ√«®À“ speed of sound ∑’Ë

Àπâ“·¢âß¢«“ ‚¥¬„™â SoundScan 2000 Compact (Myriad Ultrasound System,

Rehovot, Israel) º≈°“√»÷°…“ ‰¡àæ∫§«“¡ —¡æ—π∏åÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘√–À«à“ß

serum bone markers ·≈– Z score ¢Õß speed of sound ·µà°≈—∫æ∫«à“  —¥ à«π

√–À«à“ß serum carboxylated osteocalcin µàÕ serum intact osteocalcin ¡’

§«“¡ —¡æ—π∏å„π‡™‘ß∫«°°—∫§à“ Z score ¢Õß speed of sound (r = 0.621, p = 0.016)

°“√æ∫§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“ °“√‡°‘¥ carboxylation of osteocalcin ∑”„Àâ

°√–¥Ÿ°¡’§ÿ≥¿“æ¥’¢÷Èπ ·≈– ‘Ëßπ’È®–‡ªìπÀ≈—°∞“π„À¡à‡°’Ë¬«°—∫°“√ÕÕ°ƒ∑∏‘Ï¢Õß«‘µ“¡‘π‡§

„π°“√√—°…“‚√§°√–¥Ÿ°æ√ÿπ

º≈¢Õß MK-4 „π —µ«å∑¥≈Õß
®“°∑’Ë‰¥â°≈à“«¡“¢â“ßµâπæÕ®–∫Õ°‰¥â«à“ºŸâ ŸßÕ“¬ÿ¡’·π«‚πâ¡®–¢“¥«‘µ“¡‘π‡§ ´÷Ëß

 “¡“√∂µ√«® Õ∫„π∑“ßÕâÕ¡‰¥â‚¥¬¥Ÿ∑’Ë√–¥—∫ undercarboxylated osteocalcin „π

°√–· ‡≈◊Õ¥ ·≈–°“√¢“¥«‘µ“¡‘π‡§ ∂◊Õ‡ªìπªí®®—¬‡ ’Ë¬ßÀπ÷Ëß¢Õß‚√§°√–¥Ÿ°æ√ÿπ ·≈–
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‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥°√–¥Ÿ°À—°  ‘Ëß∑’Ë®–°≈à“«µàÕ‰ªπ’È‡ªìπ°“√»÷°…“∂÷ß°“√‡ √‘¡

«‘µ“¡‘π‡§ ∑—Èß„π¬“©’¥·≈–√ŸªÕ“À“√‡ √‘¡ ∑—Èß°“√»÷°…“„πÀâÕß∑¥≈Õß »÷°…“°—∫ cell

culture »÷°…“°—∫ —µ«å∑¥≈Õß·≈– ÿ¥∑â“¬§◊Õ°“√„™â¬“„π¡πÿ…¬å ‡æ◊ËÕæ‘ Ÿ®πå«à“°“√‡ √‘¡

«‘µ“¡‘π‡§  “¡“√∂∑”„Àâ°√–¥Ÿ°·¢Áß·√ß¢÷ÈπÀ√◊Õ‰¡à·≈– “¡“√∂ªÑÕß°—π§«“¡‡ ’Ë¬ßµàÕ

°√–¥Ÿ°À—°µàÕ‚√§°√–¥Ÿ°æ√ÿπ‰¥âÀ√◊Õ‰¡à

Yasuhiro Akiyama ·≈–§≥– (1993)10 ∑”°“√»÷°…“„πÀπŸ ‚¥¬«—µ∂ÿª√– ß§å

¢Õß°“√∑¥≈Õßπ’È§◊ÕµâÕß°“√ª√–‡¡‘πª√– ‘∑∏‘º≈¢Õß¬“ menatetrenone µàÕÀπŸ∑’Ë¡’

°“√ Ÿ≠‡ ’¬°√–¥Ÿ°‡π◊ËÕß®“°∂Ÿ°µ—¥√—ß‰¢à °“√∑¥≈Õßπ’È‰¥â«“ß·ºπ∑”‰«â 3 °“√∑¥≈Õß

∑’Ë¡«—µ∂ÿª√– ß§å∑’Ë·µ°µà“ß°—π§◊Õ

°“√∑¥≈Õß∑’Ë 1 µâÕß°“√¥Ÿª√– ‘∑∏‘º≈¢Õß¬“µàÕ early metaphyseal bone

loss ¢Õß°√–¥Ÿ°µâπ¢“ ∑¥≈Õß„πÀπŸ®”π«π 30 µ—«‚¥¬·∫àßÀπŸ‡ªìπ 3 °≈ÿà¡ °≈ÿà¡≈–

10 µ—« ÀπŸ∑ÿ°µ—«‰¥â√—∫Õ“À“√µ“¡ª°µ‘  °≈ÿà¡·√°∑” sham operation °≈ÿà¡∑’Ë Õß

µ—¥√—ß‰¢àÕÕ°∑—Èß Õß¢â“ß·≈–„Àâ¬“≈«ß‡√’¬°°≈ÿà¡§«∫§ÿ¡ ·≈–°≈ÿà¡∑’Ë “¡µ—¥√—ß‰¢àÕÕ°

∑—Èß Õß¢â“ß·≈–„Àâ¬“ menatetrenone ‚¥¬‡µ‘¡ 20 mg menatetrenone µàÕ 100 g

¢ÕßÕ“À“√ ‡ªìπ‡«≈“ 2  —ª¥“Àå ‡√‘Ë¡µ—Èß·µà«—π·√°À≈—ßºà“µ—¥ ‡√’¬°°≈ÿà¡√—°…“ ‡¡◊ËÕ

§√∫ Õß —ª¥“Àåæ∫«à“°≈ÿà¡§«∫§ÿ¡¡’§à“πÈ”Àπ—°°√–¥Ÿ°·≈–§«“¡Àπ“·πàπ¢Õß°√–¥Ÿ°

¢Õß∑—Èß whole femur ·≈– femoral metaphysis µË”°«à“°≈ÿà¡ sham Õ¬à“ß¡’π—¬

 ”§—≠ ‚¥¬‡©æ“–∑’Ë femoral metaphysis „π°≈ÿà¡√—°…“æ∫«à“∑—Èß§à“πÈ”Àπ—°·≈–

§«“¡Àπ“·πàπ¢Õß°√–¥Ÿ° whole femur ®– Ÿß°«à“°≈ÿà¡§«∫§ÿ¡·µà‰¡à¡’π—¬ ”§—≠

·µàæ∫«à“∑’Ë femoral metaphysis ¢ÕßÀπŸ°≈ÿà¡√—°…“¡’§à“§«“¡Àπ“·πàπ¢Õß°√–¥Ÿ°

 Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05)

°“√∑¥≈Õß∑’Ë 2 µâÕß°“√¥Ÿª√– ‘∑∏‘º≈¢Õß¬“µàÕ°“√ Ÿ≠‡ ’¬°√–¥Ÿ°∑’Ë‡°‘¥®“°

°“√∂Ÿ°µ—¥√—ß‰¢à„π√–¬–‡«≈“ 6 ‡¥◊Õπ ∑¥≈Õß„πÀπŸ∑—ÈßÀ¡¥ 28 µ—«  ·∫àßÀπŸÕÕ°‡ªìπ

4 °≈ÿà¡ °≈ÿà¡·√°®”π«π 7 µ—«∑” sham operation ÀπŸ à«π∑’Ë‡À≈◊ÕÕ’° 21 µ—«

∑”°“√µ—¥√—ß‰¢à∑—Èß Õß¢â“ßÕÕ°·≈–·∫àßÕÕ°‡ªìπ 3 °≈ÿà¡§◊Õ°≈ÿà¡§«∫§ÿ¡ °≈ÿà¡

menatetrenone 3 mg/kg/day ·≈–°≈ÿà¡ menatetrenone 30 mg/kg/day ÀπŸ

∑—ÈßÀ¡¥‰¥â√—∫Õ“À“√ µ“¡ª°µ‘ ÀπŸ„π°≈ÿà¡ menatetrenone „ÀâÕ“À“√∑’Ëª√–°Õ∫¥â«¬

menatetrenone ‡ªìπ‡«≈“ 6 ‡¥◊Õπµ—Èß·µà«—π·√°À≈—ßºà“µ—¥ º≈°“√∑¥≈Õßæ∫«à“√–¥—∫

plasma alkaline phosphatase „π°≈ÿà¡§«∫§ÿ¡ Ÿß°«à“°≈ÿà¡ sham Õ¬à“ß¡’π—¬ ”§—≠

·≈–°“√‡æ‘Ë¡π’È∂Ÿ°¬—∫¬—Èß≈ß‰¥â‚¥¬°“√„™â menatetrenone 30 mg/kg/day  ”À√—∫

§«“¡·¢Áß·√ß¢Õß°√–¥Ÿ°«—¥∑’Ë°√–¥Ÿ°µâπ¢“¢«“¢ÕßÀπŸ ‚¥¬„™â«‘∏’ 3-point bending

test ‚¥¬«“ß°√–¥Ÿ°µ“¡·π«πÕπ√–À«à“ß·°π Õß·°π·≈–«—¥·√ß°¥∑“ß·π«¥‘Ëß∑’Ë

µ√ß°≈“ß¢Õß °√–¥Ÿ°µâπ¢“®π∑”„Àâ°√–¥Ÿ°À—° æ∫«à“°≈ÿà¡§«∫§ÿ¡¡’§«“¡·¢Áß·√ß≈¥

≈ß ‚¥¬‡À≈◊Õ‡æ’¬ß √âÕ¬≈– 81 ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡ sham „π¢≥–∑’Ë„π°≈ÿà¡√—°…“∑—Èß

 Õß°≈ÿà¡¡’§«“¡·¢Áß·√ß¢Õß°√–¥Ÿ° Ÿß°«à“°≈ÿà¡§«∫§ÿ¡ ·µà‰¡à¡’π—¬ ”§—≠ πÕ°®“°π’È

æ∫«à“ª√‘¡“≥·§≈‡ ’́¬¡ ·≈–ª√‘¡“≥¢Õß hydroxyproline „π‡π◊ÈÕ°√–¥Ÿ° diaphysis

¢Õß°√–¥Ÿ°µâπ¢“ (femur) ´÷Ëß«—¥‚¥¬µ—¥ à«π¢Õß diaphysis ¢Õß°√–¥Ÿ°µâπ¢“´â“¬

¢ÕßÀπŸ¡“∫¥„Àâ≈–‡Õ’¬¥·≈–π”ºß°√–¥Ÿ°∑’Ë‰¥â®“°°“√‡µ√’¬¡¡“ hydrolyze ‚¥¬ 6 N

HCL π” hydrolysate ∑’Ë‰¥â¡“«—¥ª√‘¡“≥¢Õß·§≈‡ ’́¬¡·≈– hydroxyproline ‚¥¬

ª√‘¡“≥·§≈‡´’¬¡ «—¥‚¥¬«‘∏’ Calcium C-test ·≈– hydroxyproline «—¥‚¥¬«‘∏’ Kivirikko

º≈°“√«—¥æ∫«à“ ª√‘¡“≥·§≈‡ ’́¬¡„π diaphysis ¢Õß°√–¥Ÿ°µâπ¢“¢Õß°≈ÿà¡

menatetrenone 30 mg/kg/day  Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ ·≈–ª√‘¡“≥

¢Õß hydroxyproline „π diaphysis ¢Õß°√–¥Ÿ°µâπ¢“„π°≈ÿà¡√—°…“∑—Èß 3 ·≈– 30

mg/kg/day ®– Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠‡™àπ°—π · ¥ß«à“ menatetrenone

∑—Èß 3 ·≈– 30 mg/kg/day  “¡“√∂¬—∫¬—Èß°“√≈¥≈ß¢Õß hydroxyproline „π

diaphysis ¢Õß°√–¥Ÿ°µâπ¢“‰¥â

   °“√∑¥≈Õß∑’Ë 3 µâÕß°“√»÷°…“∂÷ß§«“¡ “¡“√∂„π°“√√—°…“¢Õß¬“µàÕ°“√ Ÿ≠‡ ’¬

°√–¥Ÿ°‡ªìπ‡«≈“ 6 ‡¥◊ÕπÀ≈—ß∂Ÿ°µ—¥√—ß‰¢à·≈–‰¥â√—∫Õ“À“√∑’Ë¢“¥·§≈‡ ’́¬¡ °“√∑¥≈Õßπ’È

„™âÀπŸ®”π«π Ÿß∂÷ß 122 µ—« ·∫àß‡ªìπ 2 °≈ÿà¡§◊Õ °≈ÿà¡∑’Ë∂Ÿ°µ—¥√—ß‰¢à∑—Èß Õß¢â“ß®”π«π

89 µ—« Õ’°°≈ÿà¡Àπ÷Ëß∑” sham operation ®”π«π 33 µ—« ¿“¬À≈—ßºà“µ—¥ÀπŸ∑’Ë∂Ÿ°µ—¥

√—ß‰¢à®–‰¥â√—∫Õ“À“√∑’Ëª√–°Õ∫¥â«¬ 0.01% calcium and 0.67% phosphorus ‡ªìπ

‡«≈“ 3 ‡¥◊Õπ „π¢≥–∑’ËÀπŸ°≈ÿà¡ sham ‰¥â√—∫Õ“À“√ª°µ‘ ·∫àßÀπŸ¡“°≈ÿà¡≈– 6 µ—«

«—¥§«“¡·¢Áß·√ß¢Õß°√–¥Ÿ°·≈–ª√‘¡“≥·§≈‡´’¬¡„π°√–¥Ÿ°µâπ¢“ ®“°π—Èπ·∫àßÀπŸ

°≈ÿà¡∑’Ë∂Ÿ°µ—¥√—ß‰¢à·≈–‰¥â√—∫·§≈‡ ’́¬¡µË”ÕÕ°‡ªìπÕ’° 3 °≈ÿà¡§◊Õ°≈ÿà¡§«∫§ÿ¡ °≈ÿà¡
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menatetrenone 30 mg/kg/day ·≈–°≈ÿà¡ menatetrenone 100 mg/kg/day „π

∑—Èß “¡°≈ÿà¡π’È®–‰¥â√—∫Õ“À“√∑’Ëª√–°Õ∫¥â«¬·§≈‡ ’́¬¡ 0.17% ·≈–øÕ øÕ√—  0.67%

·≈–„π°≈ÿà¡ menatetrenone „Àâ¬“π’È‡ªìπ·∫∫Õ“À“√‡ √‘¡ „Àâ‡ªìπ‡«≈“ 6 ‡¥◊Õπ ∑”°“√

¶à“ÀπŸ°≈ÿà¡≈– 6-7 µ—«„π‡¥◊Õπ∑’Ë 1, 2, 3 ·≈– 6 ·≈–µ√«®«—¥§à“µà“ßÊ æ∫«à“§«“¡

·¢Áß·√ß¢Õß°√–¥Ÿ°¢ÕßÀπŸ„π°≈ÿà¡ sham §àÕ¬Ê≈¥≈ß „π‡¥◊Õπ∑’Ë 2-6 „π¢≥–∑’Ëæ∫«à“

bone strength ‡æ‘Ë¡¢÷Èπ„π‡¥◊Õπ·√°¢Õß∑—Èß “¡°≈ÿà¡∑’Ëµ—¥√—ß‰¢à ·µàÀ≈—ß®“°π—Èπ bone

strength ®–§àÕ¬Ê≈¥≈ß®π∂÷ß‡¥◊Õπ∑’Ë 6 ·µàæ∫«à“„π∑—Èß “¡°≈ÿà¡≈—°…≥–°“√≈¥≈ß¢Õß

bone strength ®–‡À¡◊Õπ°—π„π™à«ß 3 ‡¥◊Õπ·√°  à«π¿“¬À≈—ß®“°π—Èπ°≈ÿà¡

menatetrenone ∑—Èß Õß°≈ÿà¡®–≈¥≈ßπâÕ¬°«à“°≈ÿà¡§«∫§ÿ¡ ‚¥¬∑’Ëæ∫«à“°≈ÿà¡

menatetrenone 30 mg/kg/day ®–¡’ bone strength  Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’

π—¬ ”§—≠„π‡¥◊Õπ∑’Ë 6 „π¢≥–∑’Ë°≈ÿà¡ 100 mg/kg/day ‰¡àµà“ß°—∫°≈ÿà¡§«∫§ÿ¡ ≈—°…≥–

‡™àππ’Èæ∫‰¥â°—∫ calcium content ¢Õß°√–¥Ÿ° femur ·µà„π‡¥◊Õπ∑’Ë 6 °≈ÿà¡ treatment

∑—Èß Õß°≈ÿà¡ calcium content  Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠  ”À√—∫ hydroxy-

proline content ¢Õß femur ¡’√Ÿª·∫∫‡™àπ‡¥’¬«°—∫ calcium content ‚¥¬„π‡¥◊Õπ∑’Ë

6 °≈ÿà¡ treatment ∑—Èß Õß°≈ÿà¡¡’ª√‘¡“≥¢Õß hydroxyproline  Ÿß°«à“°≈ÿà¡§«∫§ÿ¡

Õ¬à“ß¡’π—¬ ”§—≠ ª√‘¡“≥¢Õß Gla-osteocalcin „π°√–¥Ÿ° femur „π‡¥◊Õπ∑’Ë 6

≈¥≈ßÕ¬à“ß™—¥‡®π„π°≈ÿà¡§«∫§ÿ¡‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡ sham ·≈–æ∫«à“ª√‘¡“≥¢Õß

Gla-osteocalcin „π°≈ÿà¡√—°…“ Ÿß°«à“°≈ÿà¡ §«∫§ÿ¡Õ¬à“ß™—¥‡®π‡™àπ°—π √–¥—∫¢Õß serum

alkaline phosphatase „π°≈ÿà¡§«∫§ÿ¡ Ÿß°«à“°≈ÿà¡ sham (8.6±1.2 ·≈–7.3±0.8 µ“¡

≈”¥—∫) „π¢≥–∑’Ë„π°≈ÿà¡√—°…“∑—Èß Õß°≈ÿà¡¡’√–¥—∫ serum alkaline phosphatase

 Ÿß°«à“°≈ÿà¡§«∫§ÿ¡ (10.2±1.0 for 30 mg/kg, 10.0±0.9 for 100 mg/kg) ·µà∑—ÈßÀ¡¥

‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘

®“°º≈°“√»÷°…“∑’Ë‰¥âπ’ÈæÕ®–∫Õ°‰¥â«à“ MK-4 (menatetrenone)  “¡“√∂ªÑÕß°—π

°“√ Ÿ≠‡ ’¬°√–¥Ÿ°∑’Ë‡°‘¥®“°°“√∂Ÿ°µ—¥√—ß‰¢à‰¥â ·≈–§ß§«“¡·¢Áß·√ß¢Õß°√–¥Ÿ°

√«¡∑—Èß “√∑’Ë¡’§«“¡®”‡ªìπµàÕ°“√ √â“ß°√–¥Ÿ°‰«â‰¡à„Àâ≈¥≈ß

Kuniko hara ·≈–§≥– (1993)11 µâÕß°“√»÷°…“«à“¬“ menatetrenone  “¡“√∂

¬—∫¬—Èß°“√ ≈“¬°√–¥Ÿ°‰¥âÀ√◊Õ‰¡à ‚¥¬∑”°“√»÷°…“„π mouse calvarial culture

system ‚¥¬π” mouse calvaria ∑’Ë¡’Õ“¬ÿ„π™à«ß 4 - 5 «—π ∑”°“√‡µ√’¬¡µ“¡

¢∫«π°“√·≈– incubate „πÕÿ≥À¿Ÿ¡‘ 37oC ¿“¬À≈—ß®“°∑”°“√ incubate ‡ªìπ‡«≈“

6 ™—Ë«‚¡ß π” calvaria ‡À≈à“π’È‰ª‰«â„π media ∑’Ëª√–°Õ∫¥â«¬ PTH, 1,25-(OH)
2
D

3
,

PGE
2
, interleukin-1α (IL-1α) ∑’Ë¡’·≈–‰¡à¡’ menatetrenone ∑”°“√ incubate µàÕ

π“π 168 ™—Ë«‚¡ß ∑”°“√«—¥°“√ ≈“¬°√–¥Ÿ°‚¥¬«—¥√–¥—∫·§≈‡´’¬¡·≈– hydroxypro-

line „π culture media ∑’Ë 96 ™—Ë«‚¡ß·≈–„π calvariae ∑’Ë 168 ™—Ë«‚¡ß º≈°“√

»÷°…“æ∫«à“ ¿“¬„µâ§«“¡‡¢â¡¢âπ¢Õß PGE
2
 ∑’Ë·µ°µà“ß°—π (10-8, 10-7, 10-6 M) §«“¡

‡¢â¡¢âπ¢Õß·§≈‡´’¬¡·≈– hydroxyproline „π media ‡æ‘Ë¡¢÷Èπ„π¢≥–∑’Ë„π calvariae

®–≈¥≈ß ‡¡◊ËÕ‡∑’¬∫°—∫ intact culture À¡“¬§«“¡«à“‡¡◊ËÕ„ à bone resorption agent

‡¢â“‰ª„π media ®–¡’°“√ ≈“¬·§≈‡ ’́¬¡·≈– hydroxyproline ÕÕ°®“°µ—«‡´≈≈å

‡¢â“‰ª„π media

®“°π—Èπ‡æ◊ËÕ®–æ‘ Ÿ®πå«à“°“√ ≈“¬°√–¥Ÿ°∑’Ë∂Ÿ°°√–µÿâπ‚¥¬ “√¥—ß°≈à“«¢â“ßµâπ

‡°‘¥¢÷Èπ‡π◊ËÕß®“°¡’°“√ √â“ß PGE
2
 „π calvariae ‚¥¬„ à “√∑’Ë¡’°“√ ≈“¬°√–¥Ÿ°

IL-1α 2 ·≈– 3 U/ml, 10-10 ·≈– 3x10-10 M 1,25-dihydroxyvitamin D
3
 [1,25-

(OH)
2
D

3
] 3x10-7 M prostaglandin E

2
 (PGE

2
), and 3x10-7 M parathyroid

hormone (PTH), ·≈–‡µ‘¡ indomethacin ‡æ‘Ë¡‡¢â“‰ª·≈–¥Ÿ°“√‡æ‘Ë¡¢÷Èπ¢Õß·§≈‡ ’́¬¡„π

media æ∫«à“∑’Ë 10-7 M indomethacin  “¡“√∂¬—∫¬—Èß°“√ ≈“¬·§≈‡´’¬¡®“°

°√–¥Ÿ°‚¥¬ IL-1α ·≈– “¡“√∂¬—∫¬—Èß‰¥â‚¥¬ ¡∫Ÿ√≥å∑’Ë 10-6 M ¢Õß indomethacin

„π¢≥–∑’Ë indomethacin  “¡“√∂¬—∫¬—Èß°“√ ≈“¬°√–¥Ÿ°∑’Ë‡°‘¥®“°°“√°√–µÿâπ‚¥¬

1,25-(OH)
2
D

3
 ‰¥â∫“ß à«π ·µàæ∫«à“ indomethacin ‰¡à “¡“√∂¬—∫¬—Èß°“√ ≈“¬

°√–¥Ÿ°∑’Ë‡°‘¥®“°°“√ÕÕ°ƒ∑∏‘Ï¢Õß PGE
2
 or PTH ·≈–‡π◊ËÕß®“°ºŸâ»÷°…“‡™◊ËÕ«à“°“√

 ≈“¬°√–¥Ÿ°∑’Ë‡°‘¥®“° IL-1α ‡°‘¥®“°°“√ √â“ß PGE
2
 ¥—ßπ—Èπ‡æ◊ËÕæ‘ Ÿ®πå«à“‡ªìπ®√‘ß

À√◊Õ‰¡à‚¥¬∑”°“√«—¥§«“¡‡¢â¡¢âπ¢Õß PGE
2
 „π media ¿“¬À≈—ß®“°„ à IL-1α º≈

°“√»÷°…“æ∫«à“§«“¡‡¢â¡¢âπ¢Õß PGE
2
 „π media ‡æ‘Ë¡¢÷Èπµ“¡§«“¡‡¢â¡¢âπ¢Õß

IL-1α ∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–°“√‡æ‘Ë¡¢÷Èπ¢Õß PGE
2
 „π media ¢π“π§«∫§Ÿà‰ª°—∫°“√‡æ‘Ë¡

¢÷Èπ¢Õß·§≈‡´’¬¡∑’Ë∂Ÿ°À≈—Ëß‡¢â“¡“„π media
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°“√»÷°…“∂÷ßº≈¢Õß¬“ menatetrenone  ‚¥¬°“√‡µ‘¡ menatetrenone ‡¢â“‰ª

„π media ∑’Ë‡≈’È¬ß calvariae ∑’Ë§«“¡‡¢â¡¢âπ 3x10-6, 10-5, 3x10-5 M æ∫«à“„π media

∑’Ë¡’ 2 U/ml IL-1α  ®–¡’√–¥—∫·§≈‡ ’́¬¡„π media  Ÿß°«à“ media ∑’Ë‰¡à¡’ IL-1α
145±4% ·≈–≈¥ª√‘¡“≥·§≈‡ ’́¬¡„π calvariae ≈ß‡À≈◊Õ 68±4% À≈—ß®“°

incubate 96 ™—Ë«‚¡ß ·µà‡¡◊ËÕ‡µ‘¡ menatetrenone ‡¢â“‰ªæ∫«à“ menatetrenone

 “¡“√∂¬—∫¬—Èßª√“°Ø°“√≥å∑’Ë‡°‘¥¢÷Èπ∑—ÈßÀ¡¥‰¥â‚¥¬‡ªìπ dose dependent ·µà¡’π—¬

 ”§—≠∑’Ë 3x10-5 M ∑—Èß§«“¡‡¢â¡¢âπ¢Õß·§≈‡ ’́¬¡„π media ·≈–„π calvaria (p<0.01)

‚¥¬‡æ‘Ë¡ª√‘¡“≥¢Õß·§≈‡´’¬¡„π calvariae ‡ªìπ 90±3% ¢Õß intact calvariae

πÕ°®“°π’È¬—ßæ∫«à“ menatetrenone  “¡“√∂¬—∫¬—Èß°“√ ≈“¬¢Õß hydroxyproline

ÕÕ°®“° calvariae ‰¥â„π≈—°…≥–‡¥’¬«°—∫·§≈‡ ’́¬¡

«—¥§«“¡‡¢â¡¢âπ¢Õß PGE
2
 „π media ‡æ◊ËÕª√–‡¡‘πº≈¢Õß menatetrenone

µàÕ°“√ √â“ß PGE
2
 ∑’Ë∂Ÿ°°√–µÿâπ®“° IL-1α ∑’Ë§«“¡‡¢â¡¢âπ¢Õß IL-1α 2 U/ml ®–æ∫

PGE
2
 „π media  Ÿß°«à“ media ∑’Ë‰¡à¡’ IL-1α ∂÷ß 4.8 ‡∑à“ ·µà„π media ∑’Ë¡’

menatetrenone º ¡Õ¬Ÿà§«“¡‡¢â¡¢âπ¢Õß PGE
2
 „π media ®–≈¥≈ßµ“¡ª√‘¡“≥

¢Õß menatetrenone ∑’Ë„ à‡¢â“‰ª„π°√≥’¢Õß·§≈‡ ’́¬¡ ®–¡’≈—°…≥–°“√µÕ∫ πÕß

µàÕ menatetrenone ‡™àπ‡¥’¬«°—∫ PGE
2

 ”À√—∫ 1,25-(OH)
2
D

3
 ∑’Ë§«“¡‡¢â¡¢âπ 3x10-10 M æ∫«à“§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡

„π media ‡æ‘Ë¡¢÷Èπ‡ªìπ 120% ‡¡◊ËÕ‡∑’¬∫°—∫ media ∑’Ë‰¡à¡’ 1,25-(OH)
2
D

3
 ·µàæ∫«à“

√–¥—∫ PGE
2
 ¡’√–¥—∫„°≈â‡§’¬ß°—∫°≈ÿà¡∑’Ë‰¡à¡’ 1,25-(OH)

2
D

3 
(105%) „π°√≥’π’Èæ∫«à“

menatetrenone  “¡“√∂¬—∫¬—Èß°“√‡æ‘Ë¡¢÷Èπ¢Õß·§≈‡´’¬¡„π media ‰¥â ‚¥¬®–¡“°πâÕ¬

‡æ’¬ß„¥¢÷Èπ°—∫¢π“¥¢Õß menatetrenone ∑’Ë„ à‡¢â“‰ª ·≈–æ∫«à“ menatetrenone

 “¡“√∂¬—∫¬—Èß°“√ √â“ß PGE
2
 ‰¥â∫“ß à«π „π¢≥–∑’Ë indomethacin  “¡“√∂¬—∫¬—Èß

°“√ √â“ß PGE
2 
‰¥âÕ¬à“ß¡“° ‚¥¬‡À≈◊Õ‡æ’¬ß 12% ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¡à¡’ 1,25-(OH)

2
D

3

„π¢≥–∑’Ë≈¥ª√‘¡“≥·§≈‡ ’́¬¡„π media ‰¥â‡æ’¬ß‡≈Á°πâÕ¬ (ª√–¡“≥ 10%)

 ”À√—∫°“√ ≈“¬°√–¥Ÿ°∑’Ë‡°‘¥®“° PGE
2
 (10-7 M) ·≈– PTH (3x10-7 M) æ∫«à“

menatetrenone „π¢π“¥ 10-5, 3x10-5 M  “¡“√∂¬—∫¬—Èß°“√‡æ‘Ë¡¢÷Èπ¢Õß·§≈‡´’¬¡

∑’Ë‡°‘¥®“°°“√ ≈“¬°√–¥Ÿ°≈ß‰¥â √«¡∑—Èß “¡“√∂≈¥°“√ ≈“¬ hydroxyproline ≈ß‰¥âµ“¡

dose dependent ‚¥¬°√≥’¢Õß PTH- induced bone resorption ®–æ∫π—¬ ”§—≠∑’Ë

10-5 ·≈– 3x10-5 M ¢Õß menatetrenone

°“√»÷°…“ ÿ¥∑â“¬§◊Õ‡æ◊ËÕ¬◊π¬—π«à“°“√≈¥≈ß¢Õß°“√ ≈“¬°√–¥Ÿ°‰¡à‰¥â‡°‘¥®“°æ‘…

¢Õß menatetrenone µàÕ‡´≈≈å ‚¥¬æ‘ Ÿ®πå«à“‡¡◊ËÕÀ¬ÿ¥¬“ menatetrenone ·≈â«

º≈°“√¬—∫¬—Èß°“√ ≈“¬°√–¥Ÿ°®–À“¬‰ª‡™àπ°—π À≈—ß®“°µ√«® Õ∫ media „π 96 ™—Ë«‚¡ß

·≈â« ‡ª≈’Ë¬π media „À¡à∑’Ë‰¡à¡’ menatetrenone ·≈–µ√«® Õ∫ media Õ’°§√—Èß„π

72 ™—Ë«‚¡ß æ∫«à“ °“√ ≈“¬°√–¥Ÿ°∑’Ë‡°‘¥®“°∑—Èß IL-1α ·≈– PTH °≈—∫¡“‡ªìπª°µ‘

Õ’°§√—Èß πÕ°®“°π’È¬—ßæ∫«à“ √–¥—∫¢Õß LDH  „π media ∑’Ë¡’·≈–‰¡à¡’ menatetrenone

‰¡àµà“ß°—π

®“°°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“ IL-1α   “¡“√∂ ≈“¬°√–¥Ÿ°‰¥â‚¥¬ºà“π°“√ √â“ß

PGE
2
 ́ ÷Ëßƒ∑∏‘Ï°“√ ≈“¬°√–¥Ÿ°π’È “¡“√∂∂Ÿ°¬—∫¬—Èß‰¥â‚¥¬ ‘Èπ‡™‘ß‚¥¬ indomethacin ·≈–

menatetrenone  “¡“√∂¬—∫¬—Èß°“√ √â“ß PGE
2
 ·≈–¬—∫¬—Èß°“√ ≈“¬°√–¥Ÿ°∑’Ë‡°‘¥®“°

IL-1α  ‰¥â‡™àπ°—π πÕ°®“°π’È¬—ßæ∫«à“ menatetrenone  “¡“√∂¬—∫¬—Èß°“√ ≈“¬°√–¥Ÿ°∑’Ë

‡°‘¥¢÷Èπ®“° PTH, 1,25-(OH)
2
D

3
, ·≈– PGE

2 
‚¥¬‰¡à¢÷Èπ°—∫°“√ √â“ß PGE

2
 ·≈–

°“√»÷°…“π’È “¡“√∂æ‘ Ÿ®πå‰¥â«à“°“√∑’Ë menatetrenone  “¡“√∂¬—∫¬—Èß°“√ ≈“¬

°√–¥Ÿ°‰¥â ‚¥¬‰¡à¡’æ‘…µàÕ‡´≈≈å æ‘ Ÿ®πå®“°‡¡◊ËÕÀ¬ÿ¥¬“ menatetrenone §«“¡ “¡“√∂

°“√ ≈“¬°√–¥Ÿ°¢Õß “√µà“ßÊ “¡“√∂°≈—∫¡“‡ªìπª°µ‘ πÕ°®“°π’È¬—ßæ∫«à“√–¥—∫ LDH

„π media ́ ÷Ëß‡ªìπ¥√√™π’∑’Ë∫Õ°∂÷ß cell lysis ‰¡à¡’§«“¡·µ°µà“ß°—π√–À«à“ß media ∑’Ë

¡’·≈–‰¡à¡’ menatetrenone

 √ÿª menatetrenone  “¡“√∂¬—∫¬—Èß°“√ ≈“¬°√–¥Ÿ°∑’Ë‡°‘¥®“° resorptive agent

·≈–º≈¢Õß menatetrenone µàÕ IL-1α   à«πÀπ÷Ëß¡“®“°°“√¬—∫¬—Èß°“√ √â“ß PGE
2

·≈– æ∫«à“ menatetrenone  “¡“√∂¬—∫¬—Èß°“√ ≈“¬°√–¥Ÿ°∑’Ë‡°‘¥®“°µ—« PGE
2
 ‚¥¬µ√ß

   Takashi Tomiuga ·≈–§≥– (1994)12 µâÕß°“√»÷°…“∂÷ßº≈¢Õß vitamin K
2
 homologue

(MK-4) µàÕ calcium balance „πÀ≈“¬Ê ∂“π°“√≥å °“√®–¥Ÿ‡™àππ’ÈµâÕß∑”°“√

∑¥≈Õß¿“¬„µâ 2  ¿“«–§◊Õ

1. „ÀâÕ“À“√∑’Ë¢“¥«‘µ“¡‘π‡§·≈–©’¥¬“ªØ‘™’«π–°—∫ÀπŸ (‡ªìπ°“√∑¥≈Õß∑’Ë 1)

2. „ÀâÕ“À“√∑’Ë¢“¥«‘µ“¡‘π‡§√à«¡°—∫‡æ‘Ë¡ sodium chloride ‡¢â“‰ª„πÕ“À“√

(°“√∑¥≈Õß∑’Ë 2 ·≈– 3)
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°“√„Àâ¬“ªØ‘™’«π–‡æ◊ËÕ¶à“·∫§∑’‡√’¬„π≈”‰ â ∑”„Àâ‰¡à “¡“√∂ √â“ß«‘µ“¡‘π‡§‰¥â

·≈–°“√„Àâ sodium chloride ‡æ◊ËÕ°√–µÿâπ„Àâ‡æ‘Ë¡°“√¢—∫·§≈‡´’¬¡ÕÕ°∑“ßªí  “«–

°“√∑¥≈Õß∑’Ë 1: (·∫∫®”≈Õß¢Õß°“√„Àâ¬“ªØ‘™’«π–) ·∫àßÀπŸÕÕ°‡ªìπ 4 °≈ÿà¡

§◊Õ °≈ÿà¡ª°µ‘‰¥â√—∫Õ“À“√µ“¡ª°µ‘ Õ’° “¡°≈ÿà¡∑’Ë‡À≈◊Õ§◊Õ°≈ÿà¡§«∫§ÿ¡ °≈ÿà¡∑’Ë‰¥â√—∫

MK-4 ¢π“¥ 1 mg/kg/day ©’¥∑“ß subcutaneous ·≈–°≈ÿà¡∑’Ë‰¥â√—∫¬“ MK-4 ¢π“¥

10 mg/kg/day ©’¥∑“ß subcutaneous ‰¥â√—∫Õ“À“√∑’Ë¢“¥«‘µ“¡‘π‡§·≈–‰¥â√—∫°“√

©’¥¬“ªØ‘™’«π–∑ÿ°«—π ‡ªìπ‡«≈“ 7 «—π ∑”°“√∫—π∑÷°Õ“À“√∑’Ë‰¥â√—∫∑ÿ°«—π ∫—π∑÷°ª√‘¡“≥

ªí  “«–·≈–πÈ”Àπ—°Õÿ®®“√–·≈–ª√‘¡“≥·§≈‡´’¬¡∑—Èß„πªí  “«–·≈–Õÿ®®“√–  ¡¥ÿ≈

·§≈‡´’¬¡§”π«≥‰¥â®“°§«“¡·µ°µà“ß√–À«à“ß·§≈‡´’¬¡∑’Ë√—∫ª√–∑“π°—∫·§≈‡´’¬¡∑’Ë∂Ÿ°

¢—∫ÕÕ°∑“ßªí  “«–·≈–Õÿ®®“√– „π«—π∑’Ë 7 ¥Ÿ¥‡≈◊Õ¥®“° abdominal aorta ®“°

ÀπŸ∑ÿ°µ—« (¿“¬À≈—ß«“ß¬“ ≈∫¥â«¬ ether) º≈°“√»÷°…“æ∫«à“ „π«—π∑’Ë 7 §à“ blood

coagulation time „π°≈ÿà¡§«∫§ÿ¡π“π°«à“°≈ÿà¡ª°µ‘Õ¬à“ß¡’π—¬ ”§—≠ (p<0.01) „π

¢≥–∑’Ë°≈ÿà¡ MK-4 ∑—Èß Õß°≈ÿà¡¡’§à“„°≈â‡§’¬ß°—∫°≈ÿà¡ª°µ‘ √–¥—∫·§≈‡ ’́¬¡„π°√–· 

‡≈◊Õ¥„π∑—Èß 4 °≈ÿà¡¡’√–¥—∫‰¡àµà“ß°—π „π¢≥–∑’Ë√–¥—∫ serum alkaline phosphatase

„π°≈ÿà¡ MK-4 10 mg/kg ¡’√–¥—∫µË”°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) §à“

calcium balance ‡ªìπ∫«°„π∑ÿ°°≈ÿà¡ ·µà§à“ cumulative calcium balance „π

°≈ÿà¡§«∫§ÿ¡®–µË”°«à“°≈ÿà¡ª°µ‘ ·≈–µË”°«à“°≈ÿà¡ MK-4 ∑—Èß Õß°≈ÿà¡Õ¬à“ß™—¥‡®π (p<0.05)

„π«—π∑’Ë 7

°“√∑¥≈Õß∑’Ë 2: (·∫∫®”≈Õß¢Õß sodium-loaded) ·∫àßÀπŸ‡ªìπ 4 °≈ÿà¡‡™àπ

°—π§◊Õ °≈ÿà¡ª°µ‘‰¥â√—∫Õ“À“√µ“¡ª°µ‘ °≈ÿà¡§«∫§ÿ¡„ÀâÕ“À“√∑’Ë¢“¥«‘µ“¡‘π‡§·≈–‡ √‘¡

sodium chloride 4.6%  °≈ÿà¡‰¥â¬“ MK-4 1 mg/kg „ÀâÕ“À“√∑’Ëª√–°Õ∫¥â«¬ MK-4

2 mg µàÕ 100 g ¢ÕßÕ“À“√∑’Ë¢“¥«‘µ“¡‘π‡§√à«¡°—∫‡ √‘¡ sodium chloride Õ’° 4.6%

·≈–°≈ÿà¡‰¥â√—∫¬“ MK-4 10 mg/kg/day ®–‰¥â√—∫Õ“À“√∑’Ëª√–°Õ∫¥â«¬ MK-4 20 mg

µàÕ 100 g ¢ÕßÕ“À“√∑’Ë¢“¥«‘µ“¡‘π‡§√à«¡°—∫‡ √‘¡ sodium chloride Õ’° 4.6% ∑”°“√

µ√«®«—¥ Forty-eight-hour calcium balance  —ª¥“Àå≈–Àπ÷Ëß§√—Èß‡ªìπ‡«≈“

6  —ª¥“Àå  æ∫«à“§à“ ¡¥ÿ≈·§≈‡´’¬¡„π°≈ÿà¡§«∫§ÿ¡¡’§à“µË”°«à“°≈ÿà¡ª°µ‘µ≈Õ¥°“√

∑¥≈Õß ‚¥¬¡’π—¬ ”§—≠„π —ª¥“Àå∑’Ë 3 ·≈– 5 „π¢≥–∑’Ë°≈ÿà¡ MK-4 ∑—Èß Õß°≈ÿà¡¡’§à“

 ¡¥ÿ≈·§≈‡´’¬¡ Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠„π —ª¥“Àå∑’Ë 3 ∂÷ß —ª¥“Àå∑’Ë 5 ¡“°

πâÕ¬‡æ’¬ß„¥¢÷Èπ°—∫ª√‘¡“≥¢Õß MK-4 ∑’Ë„Àâ  ”À√—∫§à“ cumulative calcium balance

„π°≈ÿà¡§«∫§ÿ¡„π Õß —ª¥“Àå·√°‰¡àµà“ß®“°°≈ÿà¡ª°µ‘ ·µà„π°≈ÿà¡§«∫§ÿ¡§à“ cumu-

lative calcium balance ®–§àÕ¬Ê≈¥≈ß®π¡’§à“µË”°«à“°≈ÿà¡ª°µ‘Õ¬à“ß¡’π—¬ ”§—≠

„π —ª¥“Àå∑’Ë 5 „π¢≥–∑’Ë„π°≈ÿà¡ MK-4 ∑—Èß Õß°≈ÿà¡¡’§à“ Ÿß°«à“°≈ÿà¡§«∫§ÿ¡µ—Èß·µà —ª¥“Àå∑’Ë

3 ‚¥¬∑’Ë°≈ÿà¡ MK-4 10 mg/kg ®– Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠µ—Èß·µà —ª¥“Àå

∑’Ë “¡‡ªìπµâπ‰ª „π¢≥–∑’Ë°≈ÿà¡ MK-4 1 mg/kg ®–¡’≈—°…≥–°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ cu-

mulative calcium balance „°≈â‡§’¬ß°—∫°≈ÿà¡ª°µ‘·≈–®–µà“ß®“°°≈ÿà¡§«∫§ÿ¡

Õ¬à“ß¡’π—¬ ”§—≠„π —ª¥“Àå∑’Ë 5

°“√∑’Ë ¡¥ÿ≈·§≈‡ ’́¬¡≈¥≈ß®–¡’º≈°√–∑∫µàÕ°√–¥Ÿ°À√◊Õ‰¡à º≈°“√»÷°…“‰¡àæ∫

§«“¡·µ°µà“ß°—π∑—Èß„πª√‘¡“≥·≈–¡«≈°√–¥Ÿ°√–À«à“ß°≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡ª°µ‘

·µà°“√‰¥â√—∫ sodium chloride ‡ªìπ‡«≈“ 6  —ª¥“Àåæ∫«à“§«“¡Àπ“·πàπ¢Õß°√–¥Ÿ°

¡’·π«‚πâ¡≈¥≈ß ·µà¬—ß‰¡à¡’π—¬ ”§—≠ (p<0.10)

°“√∑¥≈Õß∑’Ë 3: (°“√∑¥≈Õß°“√¥Ÿ¥´÷¡·§≈‡ ’́¬¡∑“ß≈”‰ â) ∑”≈—°…≥–§≈â“¬Ê°—∫

°“√∑¥≈Õß∑’Ë 2 ‚¥¬·∫àßÕÕ°‡ªìπ 4 °≈ÿà¡ °≈ÿà¡ª°µ‘„ÀâÕ“À“√µ“¡ª°µ‘ °≈ÿà¡§«∫§ÿ¡

„ÀâÕ“À“√∑’Ë¢“¥«‘µ“¡‘π‡§·≈–‡µ‘¡ 4.6% sodium chloride °≈ÿà¡ MK-4 ‡µ‘¡ 4.6%

sodium chloride „πÕ“À“√·≈–‡ √‘¡ MK-4 20 mg µàÕÕ“À“√ 100 g °≈ÿà¡∑’Ë 4 §◊Õ

°≈ÿà¡ 1-α-OH-D
3
 „ÀâÕ“À“√∑’Ë¢“¥«‘µ“¡‘π‡§ ‡µ‘¡ 4.6% sodium chloride ·≈–©’¥

1-α-OH-D
3
 1 µg/kg intraperitoneum ∑ÿ°«—π‡«âπ«—π À≈—ß 6  —ª¥“Àå π”≈”‰ â¢Õß

ÀπŸ∑ÿ°µ—«∑”°“√µ√«® intestinal calcium transport ‚¥¬«‘∏’ everted gut-sac technique

æ∫«à“°“√¥Ÿ¥´÷¡·§≈‡´’¬¡ „π°≈ÿà¡§«∫§ÿ¡¡’§à“µË”°«à“„π∑—Èß “¡°≈ÿà¡Õ¬à“ß¡’π—¬ ”§—≠

(p<0.05) „π¢≥–∑’Ë∑—Èß°≈ÿà¡ MK-4 ·≈–°≈ÿà¡«‘µ“¡‘π¥’¡’§à“„°≈â‡§’¬ß°—∫°≈ÿà¡ª°µ‘

º≈∑’Ë‰¥â‡À≈à“π’È· ¥ß„Àâ‡ÀÁπ«à“°“√¢“¥«‘µ“¡‘π‡§∑”„Àâ cumulative calcium balance

≈¥≈ß ‚¥¬‰ª≈¥°“√¥Ÿ¥´÷¡·§≈‡ ’́¬¡„π≈”‰ â ·≈–°“√‡ √‘¡ MK-4  “¡“√∂·°â‰¢ªí≠À“

‡À≈à“π’È‰¥â

¡’√“¬ß“π«à“ menatetrenone (MK-4) √à«¡°—∫ 1,25-(OH)
2
D

3
  °√–µÿâπ„Àâ‡°‘¥

mineralization ·≈–‡æ‘Ë¡ osteocalcin ∑’Ë¡’ γ-carboxyglutamic acid (Gla) „π

cultured human osteoblasts
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N.Miyake ·≈–§≥– (2001)13 µâÕß°“√»÷°…“«à“ MK-4 ∑’Ë∂Ÿ° metabolized „π

‡´≈≈å √â“ß°√–¥Ÿ°¢Õß¡πÿ…¬å∑”Àπâ“∑’Ë‡ªìπ cofactor ¢Õß γ-glutamyl carboxylase

®“°°“√»÷°…“„π cultured human osteoblasts ®“°°“√»÷°…“„π‡´≈≈å∑’Ë·¬°¡“®“°

cultured human osteoblasts æ∫¡’°“√‡ª≈’Ë¬π·ª≈ß®“° MK-4 ‰ª‡ªìπ MK-4 2,3-

epoxide (epoxide) ·≈–®“° epoxide ‰ª‡ªìπ MK-4

°“√»÷°…“π’ÈµâÕß°“√¥Ÿº≈¢Õß 1,25-(OH)
2
D

3
  ·≈– warfarin µàÕ«ß®√¢Õß«‘µ“¡‘π‡§

„π cultured osteoblasts ‚¥¬°“√‡µ‘¡ 1 nM 1,25-(OH)
2
D

3
 À√◊Õ 25 µM warfarin

‡¢â“‰ª„π cultured osteoblasts æ∫«à“ MK-4 ∂Ÿ°‡ª≈’Ë¬π‡ªìπ epoxide ‡æ‘Ë¡¢÷Èπ

·µà°“√‡ª≈’Ë¬π·ª≈ß®“° epoxide ‰ª‡ªìπ MK-4 ∂Ÿ°¬—∫¬—Èß‚¥¬°“√‡µ‘¡ warfarin (2.5-

25 µM) ‡¢â“‰ª„π cultured human osteoblasts „π¢≥–∑’Ë°“√‡ª≈’Ë¬π·ª≈ß„π¢—Èπ

µÕππ’È‰¡à∂Ÿ°¬—∫¬—Èß ‚¥¬ 1,25-(OH)
2
D

3
 ‡æ◊ËÕ®–Õ∏‘∫“¬ª√“°Ø°“√≥å∑’Ë‡°‘¥¢÷Èππ’È ∑”°“√

»÷°…“„π cell-free assay system ‚¥¬ incubate osteoblast microsomes °—∫

10 µM epoxide ∑’Ë¡’·≈–‰¡à¡’°“√‡µ‘¡ warfarin ·≈– 1,25-(OH)
2
D

3
 º≈°“√»÷°…“

æ∫«à“ epoxide reductase ´÷Ëß‡ªìπ‡ÕÁπ‰´¡å µ—«Àπ÷Ëß„π«ß®√¢Õß«‘µ“¡‘π‡§∂Ÿ°¬—∫¬—Èß

≈ßÕ¬à“ß¡“°‚¥¬ warfarin (2.5-25 µM) „π¢≥–∑’Ë 1,25-(OH)
2
D

3
 (0.1-1 nM) ‰¡à¡’

º≈µàÕ‡ÕÁπ‰´¡åµ—«π’È  πÕ°®“°π’È∂÷ß·¡â®–„Àâ 1,25-(OH)
2
D

3 
„π¢π“¥ 1 nM °—∫‡´≈≈å

 √â“ß°√–¥Ÿ°°àÕπ°Á‰¡à¡’º≈„π°“√¬—∫¬—Èßƒ∑∏‘Ï¢Õß epoxide reductase ·µàÕ¬à“ß‰√ ·µà

æ∫«à“ƒ∑∏‘Ï¢Õß epoxidase ́ ÷Ëß°Á§◊Õ γ-glutamyl carboxylase ®–∂Ÿ°°√–µÿâπ‚¥¬°“√„Àâ

1,25-(OH)
2
D

3
 „π¢π“¥ 1 nM °—∫‡´≈≈å √â“ß°√–¥Ÿ°°àÕπ

º≈°“√»÷°…“∑’Ë‰¥â§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“«ß®√°“√‡ª≈’Ë¬π·ª≈ß¢Õß«‘µ“¡‘π‡§ “¡“√∂

‡°‘¥¢÷Èπ‰¥â„π‡´≈≈å √â“ß°√–¥Ÿ°‡™àπ‡¥’¬«°—∫∑’Ë‡°‘¥¢÷Èπ„πµ—∫„π™à«ß post-translation ‚¥¬

æ∫«à“°“√‡°‘¥ mineralization ‡°‘¥®“°°“√∑”ß“π√à«¡°—π¢Õß«‘µ“¡‘π¥’·≈–«‘µ“¡‘π‡§2

(√Ÿª∑’Ë 5)

√Ÿª∑’Ë 5 «ß®√¢Õß MK-4 ∑’Ë‡™◊ËÕ«à“®–æ∫„π‡´≈≈å √â“ß°√–¥Ÿ° ‚¥¬æ∫«à“¡’≈—°…≥–∑’Ë§≈â“¬

°—∫∑’Ëæ∫„πµ—∫ ®“°°“√»÷°…“π’Èæ∫«à“ 1,25-(OH)
2
D

3 
 ‡ªìπµ—«°√–µÿâπƒ∑∏‘Ï¢Õß γ-glutamyl

carboxylase (epoxidase) (§—¥≈Õ°®“° ®“° Miyake N, Hoshi K, Sano Y, Kikuchi

K, Tadano K, Koshihara Y. 1,25-dihydroxyvitamin D
3
 promote vitamin K

2

metabolism in human osteoblasts. Osteoporos Int 2001)

Yoshiko Iwasaki ·≈–§≥– (2002)14 æ∫«à“ªí≠À“Àπ÷Ëß∑’Ë¡—°æ∫„ππ—°∫‘πÕ«°“»§◊Õ

°“√ Ÿ≠‡ ’¬¡«≈°√–¥Ÿ°„π™à«ß∑’ËÕ¬Ÿà„πÕ«°“»‡ªìπ‡«≈“π“π °“√»÷°…“§√—Èßπ’ÈµâÕß°“√¥Ÿº≈

¢Õß°“√„™â¬“vitamin K
2
 µàÕ§«“¡º‘¥ª°µ‘¢Õß°√–¥Ÿ°„πÀπŸ∑’Ë∂Ÿ°®—∫À“ßÀâÕ¬Õ¬Ÿà°≈“ß

Õ“°“» ́ ÷Ëß‡ªìπ°“√‡≈’¬π·∫∫π—°∫‘πÕ«°“» „π≈—°…≥–π’È®–æ∫¡’°“√‡æ‘Ë¡°“√ ≈“¬°√–¥Ÿ°

·≈–≈¥°“√ √â“ß°√–¥Ÿ°∑”„Àâ¡’°“√ Ÿ≠‡ ’¬°√–¥Ÿ°Õ¬à“ßµàÕ‡π◊ËÕß„π 4  —ª¥“Àå ÷́Ëß¡’

≈—°…≥–§≈â“¬°—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√–¥Ÿ°„π¡πÿ…¬å√–À«à“ßÕ¬Ÿà„πÕ«°“» ‚¥¬æ∫«à“¡’

Vitamin K epoxidase
Stimulation

γ-glutamyl carboxylase

Glutamic acid
residue (Glu)

γ-Carboxy glutamic 
acid residue (Gla)

InhibitionInhibitio
n

DTTH2
or NADH

MK-4

DTT
or NAD+

Vitamin K
reductase Vitamin K epoxide

reductase

MK-4 hydroquinone MK-4 epoxide

CH3

DTTH3

DTTR

CH3

OH

OH
R

O

O

CH3

R
O

O

CO2 O2

O

Osteocalcin Osteocalcin

Warfarin

1.25 (OH)2D3
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°“√≈¥≈ß¢Õß BMD Õ¬à“ß™—¥‡®π πÕ°®“°π’È¬—ßæ∫¡’°“√≈¥≈ß¢Õß mineral apposition

rate (MAR), ¡’°“√‡æ‘Ë¡®”π«π¢Õß‡´≈≈å ≈“¬°√–¥Ÿ°µàÕ bone perimeter (N.Oc/

B.Pm) ¡’ °“√‡æ‘Ë¡ osteoclast surface per bone surface (Oc.S/BS) ·≈– ‘Ëß

‡À≈à“π’È “¡“√∂ªÑÕß°—π ‰¥â‚¥¬√—∫ª√–∑“π vitamin K
2
 (menatetrenone, 22 mg/kg

body weight) ·≈–®“°°“√»÷°…“‚¥¬ microfocus computed tomography (CT)

·≈– node-strut analyses æ∫«à“∑—Èß‚§√ß √â“ß·≈–ª√‘¡“µ√¢Õß trabecular bone

 “¡“√∂√—°…“„ÀâÕ¬Ÿà„π ¿“æ∑’Ë„°≈â‡§’¬ß°—∫ª°µ‘‰¥â‚¥¬°“√√—∫ª√–∑“π vitamin K
2
 ®“°

º≈°“√»÷°…“π’ÈæÕ®–∫Õ°‰¥â«à“ vitamin K
2
  “¡“√∂ªÑÕß°—π°“√ Ÿ≠‡ ’¬°√–¥Ÿ°·≈–

 “¡“√∂§ß ¿“«–¢Õß‚§√ß √â“ßª°µ‘¢Õß trabecular structure ‰¥â„π√–À«à“ß∑’ËÕ¬Ÿà

„πÕ«°“»

°“√»÷°…“∑“ß§≈‘π‘°¢Õß MK-4

®“°°“√»÷°…“„πÀâÕßªØ‘∫—µ‘°“√·≈–„π —µ«å∑¥≈Õß∑’Ë°≈à“«¡“∑—ÈßÀ¡¥¢â“ßµâπ æÕ®–

∫Õ°‰¥â«à“ menatetrenone ¡’§«“¡ “¡“√∂ªÑÕß°—π°“√ ≈“¬°√–¥Ÿ°·≈–‡æ‘Ë¡§ÿ≥¿“æ

¢Õß°√–¥Ÿ°‰¥â µàÕ‰ªπ’È®–‡ªìπ°“√»÷°…“„π∑“ß§≈‘π‘°‡æ◊ËÕæ‘ Ÿ®πå«à“ menatetrenone

 “¡“√∂ªÑÕß°—π·≈–√—°…“‚√§°√–¥Ÿ°æ√ÿπ·≈–‡æ‘Ë¡§ÿ≥¿“æ¢Õß°√–¥Ÿ°‰¥â„π¡πÿ…¬å

Hajime Orimo ·≈–§≥– (1998)15 µâÕß°“√ª√–‡¡‘πª√– ‘∑∏‘º≈¢Õß

menatetrenone µàÕ cortical bone mineral density ·≈–§«“¡ª≈Õ¥¿—¬¢Õß¬“

∑”°“√»÷°…“·∫∫ double-blind placebo controlled π“π 24  —ª¥“Àå »÷°…“„π

ºŸâªÉ«¬‚√§°√–¥Ÿ°æ√ÿπ®”π«π 80 √“¬ ·∫àß‡ªìπ Õß°≈ÿà¡ °≈ÿà¡§«∫§ÿ¡®”π«π 41 √“¬

·≈–°≈ÿà¡√—°…“ („™â¬“ menatetrenone „π√Ÿª·∫∫ Hard capsule ¢π“¥ 90 mg/

day) ®”π«π 39 √“¬ °“√ª√–‡¡‘π bone density „™â X-ray film ¢Õß right second

metacarpal bone „π∑à“ AP „™â«‘∏’ microdensity ‡ª√’¬∫‡∑’¬∫§«“¡Àπ“·πàπ°—∫

reference aluminum step wedge

º≈°“√»÷°…“æ∫«à“„π°≈ÿà¡«‘µ“¡‘π‡§ “¡“√∂‡æ‘Ë¡§à“ BMD ‡¡◊ËÕ‡∑’¬∫°—∫°àÕπ√—°…“

‰¥â 2.20%±2.48% „π¢≥–∑’Ë„π°≈ÿà¡§«∫§ÿ¡≈¥≈ß -7.31%±3.65% ‡¡◊ËÕ‡∑’¬∫°—∫°àÕπ

√—°…“ (p=0.037, K
2
vs placebo) §à“ urinary excretion of γ-carboxyglutamic

acid (Gla) „π°≈ÿà¡√—°…“‡æ‘Ë¡¢÷Èπ®“° 72.61±4.08 nmole/mg  creatinine „π™à«ß

°àÕπ√—°…“‰ª‡ªìπ 88.36±5.35 „π —ª¥“Àå∑’Ë 24 ¢Õß°“√√—°…“ (p=0.008) ¢≥–∑’Ë„π

°≈ÿà¡§«∫§ÿ¡‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß urinary Gla excretion „π°√≥’¢Õß urinary

calcium/creatinine ratio „π°≈ÿà¡√—°…“≈¥≈ß®“° 0.137±0.018 ‰ª‡ªìπ 0.118±0.016

„π¢≥–∑’Ë°≈ÿà¡§«∫§ÿ¡°≈—∫‡æ‘Ë¡¢÷Èπ®“° 0.153±0.018 ‰ª‡ªìπ 0.189±0.029 (p=0.028,

K
2
vs placebo)  à«πº≈¢â“ß‡§’¬ß æ∫‡æ’¬ß‡≈Á°πâÕ¬

‚¥¬ √ÿª menatetrenone „π√Ÿª·∫∫ Hard capsule ¢π“¥ 90 mg/day

 “¡“√∂§ß§«“¡Àπ“·πàπ¢Õß peripheral cortical bone ·≈–ª≈Õ¥¿—¬„π°“√

√—°…“‚√§°√–¥Ÿ°æ√ÿπ

Yoshinori Tsukamoto ·≈–§≥– (2000)16 ∑”°“√»÷°…“µ√«®«—¥À“°“√

‡ª≈’Ë¬π·ª≈ß¢Õß√–¥—∫§«“¡‡¢â¡¢âπ¢Õß«‘µ“¡‘π‡§ 2 (menaquinone-7, MK-7) „π

§π∑’Ë¡’ ÿ¢¿“æª°µ‘ ·≈–√—∫ª√–∑“π natto ‚¥¬»÷°…“„π∫ÿ√ÿ…Õ“ “ ¡—§√®”π«π 8 §π

‚¥¬„Àâ§π∑—Èß 8 √—∫ª√–∑“π natto ∑’Ë¡’ à«πº ¡¢Õß MK-7 ·µ°µà“ß°—π ®”π«π 3 §√—Èß

‚¥¬Àà“ß°—π§√—Èß≈– 7 «—π ¥—ßµàÕ‰ªπ’È

Regular natto ª√–°Õ∫¥â«¬ MK-7  „πª√‘¡“≥ 775 µg/100 g(MK-7 x 1)

Reinforced natto ª√–°Õ∫¥â«¬ MK-7 „πª√‘¡“≥ 1,298 µg/100 g (MK-7 x 1.5)

Reinforced natto ª√–°Õ∫¥â«¬ MK-7 „πª√‘¡“≥ 1,765 µg/100 g (MK-7 x 2)

º≈°“√»÷°…“æ∫«à“√–¥—∫¢Õß MK-7 ·≈– γ-carboxylated osteocalcin „π°√–· 
‡≈◊Õ¥¿“¬À≈—ß√—∫ª√–∑“π natto ‡æ‘Ë¡¢÷Èπ (MK-7 1,298 or 1,765 µg/100 g) √–¥—∫

¢Õß serum undercarboxylated osteocalcin ≈¥≈ßÕ¬à“ß™—¥‡®π„π§π∑’Ë√—∫√–∑“π

MK-7 „πª√‘¡“≥ 1,765 µg/100 g
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®“°°“√»÷°…“„π§πÀπÿà¡ “«∑’Ë¡’ ÿ¢¿“æ·¢Áß·√ß®”π«π 134 √“¬ (∫ÿ√ÿ…®”π«π

85 √“¬ ·≈– µ√’®”π«π 39 √“¬) ‚¥¬æ‘®“√≥“§«“¡∂’Ë¢Õß°“√√—∫ª√–∑“π natto 3

°≈ÿà¡§◊Õ

1. ‰¡à√—∫ª√–∑“π natto

2. √—∫ª√–∑“π natto ‡ªìπ∫“ß‡«≈“(‡¥◊Õπ≈– Õß “¡§√—Èß)

3. √—∫ª√–∑“π‡ªìπª√–®” ( —ª¥“Àå≈– Õß “¡§√—Èß)

∑—ÈßÀ¡¥√—∫ª√–∑“π MK-7 „πª√‘¡“≥ª°µ‘ (775 µg/100 g) º≈°“√µ√«®«—¥

√–¥—∫¢Õß MK-7 ·≈– γ-carboxylated osteocalcin  „π∫ÿ√ÿ…∑’Ë√—∫ª√–∑“π natto
‡ªìπ∫“ß‡«≈“ ·≈–‡ªìπª√–®” ¡’√–¥—∫ Ÿß°«à“°≈ÿà¡∑’Ë‰¡à‰¥â√—∫ª√–∑“πÕ¬à“ß¡’π—¬ ”§—≠

º≈°“√»÷°…“∑’Ë‰¥âπ’ÈÀ¡“¬§«“¡«à“°“√√—∫ª√–∑“π natto  “¡“√∂‡æ‘Ë¡√–¥—∫¢Õß

MK-7 ·≈– γ-carboxylated osteocalcin „π§πª°µ‘‰¥â
Masataka Shiraki ·≈–§≥– (2000)17 ∑”°“√»÷°…“‡æ◊ËÕæ‘ Ÿ®πå«à“°“√√—°…“¥â«¬

vitamin K
2
 (menatetrenone)  “¡“√∂ªÑÕß°—πÕÿ∫—µ‘°“√≥å°√–¥Ÿ°À—°„À¡à®“°‚√§°√–¥Ÿ°

æ√ÿπ‰¥â ‚¥¬»÷°…“„πºŸâªÉ«¬‚√§°√–¥Ÿ°æ√ÿπ®”π«π 241 √“¬ ºŸâªÉ«¬®–∂Ÿ°«‘π‘®©—¬«à“‡ªìπ

‚√§°√–¥Ÿ°æ√ÿπ‡¡◊ËÕ§à“ lumbar BMD ¡’§à“µË”°«à“ young adult mean 70% À√◊Õ¡’

nontraumatic vertebral fracture µ—Èß·µà 1 ª≈âÕß¢÷Èπ‰ª√à«¡°—∫ lumbar BMD <80%

¢Õß young adult mean ∑”°“√»÷°…“·∫∫ randomized open label study ‡ªìπ

‡«≈“ 2 ªï ·∫àßºŸâªÉ«¬ÕÕ°‡ªìπ 2 °≈ÿà¡ °≈ÿà¡·√°‡√’¬°°≈ÿà¡§«∫§ÿ¡ ‰¥â√—∫ elementary

calcium 150 mg/day ®”π«π 121 √“¬ ·≈–°≈ÿà¡∑’Ë Õß‡√’¬°°≈ÿà¡√—°…“‰¥â√—∫

menatetrenone 45 mg/day ·≈– elementary calcium 150 mg/day √—∫

ª√–∑“π∑ÿ°«—π µ‘¥µ“¡º≈‡ªìπ‡«≈“ 2 ªï ‚¥¬µ√«®«—¥§à“ lumbar BMD ¥â«¬‡§√◊ËÕß

DXA ∑’Ë 6, 12 ·≈– 24 ‡¥◊Õπ  à«π°“√ª√–‡¡‘π°√–¥Ÿ° —πÀ≈—ßÀ—°„Àâ∂à“¬¿“æ√—ß ’¢Õß

thoracic and lumbar spine ∑—Èß AP and lateral °àÕπ√—°…“ 1 ªï·≈– 2 ªïÀ≈—ß

√—°…“ ·≈–µ‘¥µ“¡°“√‡°‘¥°√–¥Ÿ°À—°„À¡à µ√«®«—¥§à“ Glu-osteocalcin (ucOC) ·≈–

menaquinone-4 level „π«—π ‘Èπ ÿ¥°“√√—°…“  à«π§à“ bone marker total osteocalcin

·≈– urine deoxypyridinoline µ√«®«—¥°àÕπ·≈–À≈—ß„Àâ°“√√—°…“

º≈°“√»÷°…“æ∫«à“ Õÿ∫—µ‘°“√≥å°√–¥Ÿ°À—°„π™à«ß Õßªï„π°≈ÿà¡§«∫§ÿ¡ Ÿß°«à“°≈ÿà¡

√—°…“Õ¬à“ß¡’π—¬ ”§—≠ (chi-square = 10.935; p=0.0273) ·≈–æ∫«à“„π°≈ÿà¡§«∫§ÿ¡¡’°“√

≈¥≈ß¢Õß§à“ lumbar spine BMD „π™à«ß 6,12 ·≈– 24 ‡¥◊Õπ‡¡◊ËÕ‡∑’¬∫°—∫°àÕπ√—°…“

¥—ßπ’È§◊Õ -1.8±0.6%, -2.4±0.7% ·≈– -3.3±0.8% µ“¡≈”¥—∫ „π¢≥–∑’Ë°≈ÿà¡√—°…“‡ªìπ

1.4±0.7%, -0.1±0.6% ·≈– -0.5±1.0% µ“¡≈”¥—∫ ·≈–°“√‡ª≈’Ë¬π·ª≈ß„π·µà≈–™à«ß‡«≈“

¢Õß°≈ÿà¡√—°…“πâÕ¬°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ (p=0.001 for 6 months, p=0.0153

for 12 months, and p=0.0339 for 24 months)  ”À√—∫§à“ serum Glu-osteocalcin

„π«—π ‘Èπ ÿ¥°“√√—°…“„π°≈ÿà¡√—°…“µË”°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ (p<0.0001)  à«π§à“

total osteocalcin „π°√–· ‡≈◊Õ¥¢Õß°≈ÿà¡√—°…“„π‡¥◊Õπ∑’Ë 24 ‡æ‘Ë¡¢÷Èπ®“°°àÕπ√—°…“

¡“°°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ (p=0.0081) „π¢≥–∑’Ë„π°≈ÿà¡√—°…“§à“ urinary

deoxypyridinoline ‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ßÕ¬à“ß¡’π—¬ ”§—≠

®“°º≈°“√»÷°…“· ¥ß„Àâ‡ÀÁπ‰¥â«à“°“√„™â¬“ menatetrenone  “¡“√∂ªÑÕß°—π

Õÿ∫—µ‘°“√≥å¢Õß°√–¥Ÿ°À—°„À¡à‰¥â ∂÷ß·¡â®–‰¡àæ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß¡«≈°√–¥Ÿ° —πÀ≈—ß

Õ¬à“ß¡’π—¬ ”§—≠°Áµ“¡ πÕ°®“°π’È«‘µ“¡‘π‡§¬—ß™à«¬‡æ‘Ë¡ γ-carboxylation µàÕ‚¡‡≈°ÿ≈¢Õß

osteocalcin

‡ªìπ∑’Ë∑√“∫°—π¥’·≈â««à“°“√„™â¬“°≈ÿà¡ glucocorticoid  “¡“√∂∑”„Àâ‡°‘¥‚√§°√–¥Ÿ°

æ√ÿπ‰¥â‚¥¬¢—¥¢«“ß°“√ √â“ß°√–¥Ÿ° ·µàº≈¢Õß glucocorticoid µàÕ°“√ ≈“¬°√–¥Ÿ°¬—ß

‰¡à‡ªìπ∑’Ë™—¥‡®π  K.Yonemura ·≈–§≥– (2000)18 µâÕß°“√æ‘ Ÿ®πå«à“°“√„™â«‘µ“¡‘π‡§

´÷Ëß‡ªìπ¬“∑’Ë™à«¬ àß‡ √‘¡°“√ √â“ß°√–¥Ÿ°  “¡“√∂ªÑÕß°—π°“√ Ÿ≠‡ ’¬°√–¥Ÿ°∑’Ë∂Ÿ°°√–µÿâπ

‚¥¬ prednisolone ‚¥¬∑”°“√»÷°…“·∫∫ randomized, prospective, controlled

study „πºŸâªÉ«¬®”π«π 20 √“¬∑’Ë‡ªìπ‚√§ chronic glomerulonephritis ‰¥â√—∫°“√

√—°…“¥â«¬¬“ prednisolone ºŸâªÉ«¬∑ÿ°√“¬‡√‘Ë¡„Àâ¬“ prednisolone „π¢π“¥ 0.8 mg/

kg body weight/day (maximum of  40 mg) ‡ªìπ‡«≈“ 4  —ª¥“Àå ·≈–≈¥≈ß‡À≈◊Õ

20 mg/day „πÕ’°ª√–¡“≥ 6  —ª¥“ÀåµàÕ‰ª ·∫àßºŸâªÉ«¬ÕÕ°‡ªìπ Õß°≈ÿà¡‚¥¬°≈ÿà¡

·√°¡’ 10 √“¬‰¥â√—∫ prednisolone ‡æ’¬ßÕ¬à“ß‡¥’¬« „π¢≥–∑’Ë°≈ÿà¡∑’Ë Õß®”π«π 10

√“¬‡™àπ°—π‰¥â√—∫ prednisolone √à«¡°—∫ menatetrenone (15 mg) «—π≈– 3 ‡«≈“

°“√ª√–‡¡‘πº≈∑”‚¥¬«—¥§«“¡Àπ“·πàπ¢Õß°√–¥Ÿ°∫√‘‡«≥ lumbar spine ‚¥¬ DXA
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·≈–µ√«®«—¥§à“ biochemical markers of bone metabolism ¢Õß∑—Èß‡≈◊Õ¥·≈–

ªí  “«– ‚¥¬°“√µ√«®°àÕπ·≈– 10  —ª¥“Àå¿“¬À≈—ß‰¥â√—∫¬“„π∑—Èß Õß°≈ÿà¡ æ∫«à“

„π°≈ÿà¡·√°§à“ BMD ¢Õß°√–¥Ÿ° —πÀ≈—ß≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠®“° 1.14±0.12 g/cm2

‰ª‡ªìπ 1.10±0.11 g/cm2 (p=0.0029) §à“ serum intact osteocalcin ·≈–

procollagen type I C-peptide (PICP) ́ ÷Ëß‡ªìπµ—«∫Õ°∂÷ß°“√ √â“ß°√–¥Ÿ°≈¥≈ßÕ¬à“ß

¡“° (≈¥≈ß®“° 5.2±2.8 ‰ª‡ªìπ 1.0±1.4 ng/ml; p=0.0014 ·≈–90.4±31.7 ‰ª‡ªìπ

67.6±15.2 ng/ml; p=0.0194 µ“¡≈”¥—∫)  à«π§à“ deoxypyridinoline „πªí  “«–

´÷Ëß‡ªìπµ—«∫Õ°∂÷ß°“√ ≈“¬°√–¥Ÿ°°Á≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠‡™àπ°—π (®“° 6.1±1.8 ‰ª

‡ªìπ 4.9±1.3 nM/mM creatinine; p=0.0233) „π°≈ÿà¡∑’Ë Õßæ∫«à“§à“ BMD ‰¡à≈¥≈ß

(1.09±0.09 ‰ª‡ªìπ 1.07±0.07 g/cm2, p=0.153) πÕ°®“°π’È¬—ßæ∫«à“§à“ PICP ‰¡à

≈¥≈ß‡™àπ°—π (®“° 93.1±38.1 ‰ª‡ªìπ 67.9±15.8 ng/ml; p=0.076) ·µàæ∫«à“§à“

serum intact osteocalcin ·≈– deoxypyridinoline „πªí  “«–¬—ß§ß≈¥≈ßÕ¬Ÿà (®“°

4.8±2.8 ‰ª‡ªìπ 0.8±1.7 ng/ml; p=0.008 ·≈– 6.0±2.5 ‰ª‡ªìπ 4.3±1.0 nM/mM

creatinine; p=0.007 µ“¡≈”¥—∫)

®“°º≈°“√»÷°…“∑’Ë‰¥âπ’ÈæÕÕ∏‘∫“¬‰¥â«à“°“√√—°…“¥â«¬¬“ prednisolone ®–∑”„Àâ§à“

BMD ¢Õß°√–¥Ÿ° —πÀ≈—ß≈¥≈ß ÷́Ëß‡°‘¥®“°°“√¬—∫¬—Èß°“√ √â“ß°√–¥Ÿ°·µà‰¡àæ∫°“√‡æ‘Ë¡

°“√ ≈“¬°√–¥Ÿ° „π¢≥–∑’ËÀ“°„Àâ√à«¡°—∫ menatetrenone  “¡“√∂ªÑÕß°—π°“√≈¥

≈ß¢Õß BMD ·≈–¢Õß PICP ‰¥â ·µà°≈—∫‰¡à “¡“√∂À¬ÿ¥¬—Èß°“√≈¥≈ß¢Õß serum intact

osteoclcin ∑’Ë‡°‘¥®“°¬“ prednisolone ‰¥â ´÷Ëß°“√∑’Ë‡°‘¥§«“¡‰¡à Õ¥§≈âÕß°—π‡™àππ’È

‡™◊ËÕ«à“§à“ intact osteocalcin πà“®–‡ªìπµ—««—¥°“√ √â“ß°√–¥Ÿ°∑’Ë‰¡à‰«‡æ’¬ßæÕ

 √ÿª«à“°“√√—°…“¥â«¬¬“ prednisolone ®–∑”„Àâ§à“ BMD ¢Õß°√–¥Ÿ° —πÀ≈—ß

≈¥≈ß ‚¥¬‰ª¬—∫¬—Èß°“√ √â“ß°√–¥Ÿ° ·≈–‡¡◊ËÕ„Àâ¬“ menatetrenone √à«¡¥â«¬

 “¡“√∂ªÑÕß°—π ‘Ëßπ’È‰¥â

Jun Iwamoto ·≈–§≥– (2000)19 µâÕß°“√ª√–‡¡‘πº≈¢Õß°“√„™â«‘µ“¡‘π¥’3·≈–

«‘µ“¡‘π‡§2 µàÕ§à“ BMD ¢Õß°√–¥Ÿ° —πÀ≈—ß„π µ√’¿“¬À≈—ßÀ¡¥ª√–®”‡¥◊Õπ·≈–‡ªìπ

‚√§°√–¥Ÿ°æ√ÿπ ‚¥¬∑”°“√»÷°…“„π µ√’∑’Ë‡ªìπ‚√§°√–¥Ÿ°æ√ÿπ®”π«π 92 √“¬À¡¥

ª√–®”‡¥◊Õππ“π°«à“ 5 ªï ™à«ßÕ“¬ÿµ—Èß·µà 55-81 ªï  ·∫àßÕÕ°‡ªìπ 4 °≈ÿà¡‚¥¬«‘∏’ ÿà¡§◊Õ

°≈ÿà¡∑’Ë 1 ‡√’¬°°≈ÿà¡ D ®”π«π 29 √“¬ „Àâ«‘µ“¡‘π¥’3 Õ¬à“ß‡¥’¬« (1-α (OH) D
3

0.75 µg/day)

°≈ÿà¡∑’Ë 2 ‡√’¬°°≈ÿà¡ K ®”π«π 22 √“¬ „Àâ«‘µ“¡‘π‡§ 2 Õ¬à“ß‡¥’¬« (menatetrenone,

45 mg/day)

°≈ÿà¡∑’Ë 3 ‡√’¬°°≈ÿà¡ DK ®”π«π 21 √“¬ „Àâ«‘µ“¡‘π¥’3 ·≈– «‘µ“¡‘π‡§2

°≈ÿà¡∑’Ë 4 ‡√’¬°°≈ÿà¡ C ®”π«π 20 √“¬ „Àâ·§≈‡´’¬¡‡æ’¬ßÕ¬à“ß‡¥’¬« (calcium

lactate, 2g/day)

«—¥§à“ BMD ¢Õß lumbar spine (L2-L4) ‚¥¬ dual energy X-ray absorptiometry

„πªï∑’Ë 0,1 ·≈– 2

   º≈°“√»÷°…“ ‰¡àæ∫§«“¡·µ°µà“ß°—π¢ÕßÕ“¬ÿ BMI, ®”π«πªï¿“¬À≈—ßÀ¡¥ª√–®”

‡¥◊Õπ ·≈–§à“ BMD ‡∫◊ÈÕßµâπ„π∑—Èß ’Ë°≈ÿà¡Õ¬à“ß¡’π—¬ ”§—≠

®“°°“√«‘‡§√“–Àå‚¥¬ ANOVA with repeated measurements æ∫°“√≈¥

≈ß¢Õß§à“ BMD „π°≈ÿà¡ C Õ¬à“ß¡’π—¬ ”§—≠ (p<0.001)

®“°°“√«‘‡§√“–Àå‚¥¬ Two-way ANOVA with repeated measurements

æ∫¡’°“√‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠¢Õß§à“ BMD „π°≈ÿà¡ D ·≈–°≈ÿà¡ K ‡¡◊ËÕ‡∑’¬∫°—∫

°≈ÿà¡ C (p<0.05 and p<0.001 µ“¡≈”¥—∫) ·≈–æ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ BMD Õ¬à“ß

¡’π—¬ ”§—≠„π°≈ÿà¡ DK ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡ C, D, ·≈– K (p<0.0001, p<0.05 and

p<0.01 µ“¡≈”¥—∫)

®“°º≈°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“°“√„™â«‘µ“¡‘π¥’ À√◊Õ«‘µ“¡‘π‡§ °—∫ºŸâªÉ«¬‡ªìπ

‡«≈“ 2 ªï “¡“√∂‡æ‘Ë¡¡«≈°√–¥Ÿ°¢Õß°√–¥Ÿ° —πÀ≈—ß„π µ√’¿“¬À≈—ßÀ¡¥ª√–®”‡¥◊Õπ

√à«¡°—∫‡ªìπ‚√§°√–¥Ÿ°æ√ÿπ‰¥âÕ¬à“ß¡’π—¬ ”§—≠ „π¢≥–∑’Ë°“√„Àâ·§≈‡´’¬¡‡æ’¬ßÕ¬à“ß

‡¥’¬«°≈—∫∑”„Àâ§à“ BMD ≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠‡™àπ°—π ·≈–À“°„Àâ«‘µ“¡‘π¥’√à«¡°—∫

«‘µ“¡‘π‡§ “¡“√∂‡æ‘Ë¡§à“¡«≈°√–¥Ÿ°¢Õß°√–¥Ÿ° —πÀ≈—ß¢÷Èπ‰¥â¡“°°«à“∑—Èß “¡°≈ÿà¡Õ¬à“ß

¡’π—¬ ”§—≠

·µà‡ªÑ“À¡“¬¢Õß°“√√—°…“‚√§°√–¥Ÿ°æ√ÿπ∑’Ë·∑â®√‘ß§◊ÕªÑÕß°—π°√–¥Ÿ°À—°®“°‚√§

°√–¥Ÿ°æ√ÿπ ·µà®“°°“√»÷°…“π’È‰¡à “¡“√∂ª√–‡¡‘πÕÿ∫—µ‘°“√≥å¢Õß°√–¥Ÿ° —πÀ≈—ßÀ—°‰¥â

´÷Ëß§«√®–¡’°“√»÷°…“„À¡à∑’Ë„À≠à°«à“π’È ‡æ◊ËÕ¥Ÿ∂÷ßª√– ‘∑∏‘º≈¢Õß°“√„™â«‘µ“¡‘π¥’√à«¡°—∫

«‘µ“¡‘π‡§µàÕÕÿ∫—µ‘°“√≥å¢Õß°√–¥Ÿ°À—°®“°‚√§°√–¥Ÿ°æ√ÿπ
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»®.πæ.≥√ß§å ∫ÿ≥¬–√—µ‡«™·≈–§≥– (2001)20 ∑”°“√»÷°…“∂÷ßª√– ‘∑∏‘º≈·≈–

º≈¢â“ß‡§’¬ß¢Õß«‘µ“¡‘π‡§2 µàÕ√–¥—∫¢Õß undercarboxylated osteocalcin ·≈–

§à“¡«≈°√–¥Ÿ°„π µ√’‰∑¬À≈—ßÀ¡¥ª√–®”‡¥◊Õπ ‚¥¬»÷°…“„π µ√’‰∑¬∑’ËÀ¡¥ª√–®”

‡¥◊ÕπÕ¬à“ßπâÕ¬ 6 ªï ·≈–§à“ BMD ∑’Ë∫√‘‡«≥ distal end of radius T-score µâÕß¡’

§à“µË”°«à“ -2.5 ≈ß‰ª ·∫àßºŸâªÉ«¬ÕÕ°‡ªìπ Õß°≈ÿà¡ °≈ÿà¡·√°®”π«π 40 √“¬‰¥â√—∫

elemental calcium 800 mg/day „π√Ÿª calcium carbonate  ·≈–°≈ÿà¡∑’Ë Õß

‰¥â√—∫ elemental calcium 800 mg/day √à«¡°—∫ menatetrenone ¢π“¥ 45 mg/

day ®”π«π 43 √“¬ º≈°“√»÷°…“æ∫«à“°≈ÿà¡∑’Ë‰¥â√—∫°“√√—°…“‚¥¬ menatetrenone

¡’§à“ ucOC ≈¥≈ßµ—Èß·µà —ª¥“Àå∑’Ë Õß·µà¬—ß‰¡à¡’π—¬ ”§—≠ ·≈–≈¥≈ßÕ¬à“ß¡’π—¬

 ”§—≠„π‡¥◊Õπ∑’Ë 3 ‚¥¬≈¥≈ß 49.19% (p=0.0001) ‡¥◊Õπ∑’ËÀ°≈¥≈ß 60.16% (p=0.0001)

·≈–‡¥◊Õπ∑’Ë ‘∫ Õß≈¥≈ß 87.08% (p=0.0001)‡¡◊ËÕ‡∑’¬∫°—∫°àÕπ‰¥â√—∫¬“ ∑—Èß Õß°≈ÿà¡

‰¡àæ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß¡«≈°√–¥Ÿ° –‚æ°Õ¬à“ß¡’π—¬ ”§—≠„π‡¥◊Õπ∑’ËÀ°·≈–‡¥◊Õπ∑’Ë ‘∫ Õß

·µà°≈ÿà¡∑’Ë‰¥â√—∫ menatetrenone æ∫¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß¡«≈°√–¥Ÿ°¢Õß°√–¥Ÿ° —πÀ≈—ß

0.6% ·≈–æ∫°“√≈¥≈ß¢Õß°“√ ≈“¬°√–¥Ÿ°¡“°∂÷ß  58.84% (p=0.0001) ‡¡◊ËÕ‡∑’¬∫

°—∫°≈ÿà¡∑’Ë‰¥â√—∫·§≈‡´’¬¡‡æ’¬ßÕ¬à“ß‡¥’¬« ‡¡◊ËÕ„Àâ menatetrenone °—∫°≈ÿà¡∑’Ë‰¥â√—∫

·§≈‡ ’́¬¡‡æ’¬ßÕ¬à“ß‡¥’¬«‡¡◊ËÕ ‘Èπ ÿ¥‡¥◊Õπ∑’ËÀ° æ∫«à“¡’°“√≈¥≈ß¢Õß§à“ ucOC „π

≈—°…≥–‡¥’¬«°—∫°≈ÿà¡∑’Ë‡§¬‰¥â√—∫ menatetrenone   ”À√—∫º≈¢â“ß‡§’¬ßæ∫¡’ºŸâªÉ«¬

‡æ’¬ß Õß√“¬∑’Ë‡°‘¥º≈¢â“ß‡§’¬ß§◊Õ¡’ mild skin rash ÷́Ëß “¡“√∂À“¬‰¥â‡Õß‡¡◊ËÕÀ¬ÿ¥¬“

Takami Miki ·≈–§≥– (2003)21 µâÕß°“√»÷°…“∂÷ßº≈„π√–¬– —Èπ¢Õß

menaquinone 4 (MK4 or menatetrenone) µàÕ undercarboxylated osteocalcin

„π°√–· ‡≈◊Õ¥¢Õß µ√’ ŸßÕ“¬ÿ∑’Ë‡ªìπ‚√§°√–¥Ÿ°æ√ÿπ ‚¥¬∑”°“√»÷°…“„π µ√’ ŸßÕ“¬ÿ

∑’Ë‡ªìπ‚√§°√–¥Ÿ°æ√ÿπ ·≈–¡’°√–¥Ÿ° —πÀ≈—ßÀ—°®”π«π 20 √“¬ (§à“ BMD ¢Õß lum-

bar spine ¡’ T-score<-1.5) ™à«ßÕ“¬ÿµ—Èß·µà 71-81 ªï (‡©≈’Ë¬ 75.8 ªï) ∂Ÿ°·∫àßÕÕ°

‡ªìπ Õß°≈ÿà¡·∫∫ ÿà¡ °≈ÿà¡·√°‰¥â√—∫ MK4 „π¢π“¥ 45 mg/day ·≈–·§≈‡ ’́¬¡ ‡ªìπ

‡«≈“ 2  —ª¥“Àå „π¢≥–∑’Ë°≈ÿà¡§«∫§ÿ¡‰¥â√—∫‡©æ“–·§≈‡´’¬¡ 2  —ª¥“Àå‡™àπ°—π

√–¥—∫¢Õß serum intact osteocalcin (OC) and undercarboxylated

osteocalcin (ucOC) «—¥‚¥¬«‘∏’ immunoradiometric assay and enzyme

immunoassay µ“¡≈”¥—∫ ‚¥¬«—¥„π«—π·√°∑’Ë‡¢â“‚§√ß°“√ «—π∑’Ë 7 ·≈–«—π∑’Ë 14 µ“¡≈”¥—∫

æ∫«à“„π™à«ß‡√‘Ë¡‡¢â“‚§√ß°“√°≈ÿà¡ºŸâ ŸßÕ“¬ÿ∑—Èß Õß°≈ÿà¡¡’§à“ baseline data Õ—π

‰¥â·°à Õ“¬ÿ πÈ”Àπ—° √–¥—∫¢Õß phylloquinone, menaquinone 4, menaquinone

7, OC and ucOC √«¡∑—Èß§à“ BMD ¢Õß lumbar spine and distal radius „π

∑—Èß Õß°≈ÿà¡‰¡à·µ°µà“ß°—π

„π™à«ß ‘Èπ ÿ¥‚§√ß°“√°≈ÿà¡∑’Ë‰¥â√—∫ MK4 ¡’√–¥—∫¢Õß MK4 ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬

 ”§—≠®“° 0.2±0.1 (mean±SE) pg/ml ‰ª‡ªìπ 15.09±5.62 pg/ml (p<0.04) ·≈–

√–¥—∫¢Õß ucOC ≈¥≈ß®“° 2.8±0.93 ng/ml ‰ª‡ªìπ 1.76±0.56 ng/ml (p<0.05)

µ“¡≈”¥—∫ „π¢≥–∑’Ë°≈ÿà¡§«∫§ÿ¡‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠ „π¢≥–∑’Ë√–¥—∫¢Õß

serum OC „π∑—Èß Õß°≈ÿà¡‰¡à¡’§«“¡‡ª≈’Ë¬π·ª≈ßµ≈Õ¥‚§√ß°“√

®“°°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“°≈ÿà¡ MK4  “¡“√∂≈¥√–¥—∫ ucOC ¿“¬„π

 Õß —ª¥“Àå ‚¥¬‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß√–¥—∫ total OC · ¥ß«à“µ—« ucOC ∑’Ë

≈¥≈ß„π°≈ÿà¡π’È‰¥â∂Ÿ°‡ª≈’Ë¬π‰ª‡ªìπ carboxylatged OC

 √ÿª‰¥â«à“°“√‰¥â√—∫ MK4  “¡“√∂≈¥√–¥—∫¢Õß undercarboxylated osteocalcin

„π°√–· ‡≈◊Õ¥‰¥â¿“¬„π‡«≈“‡æ’¬ß 2  —ª¥“Àå

 √ÿª

   ®“°∑’Ë°≈à“«¡“∑—ÈßÀ¡¥¢â“ßµâπ· ¥ß„Àâ‡ÀÁπ‰¥â«à“ºŸâ ŸßÕ“¬ÿ¡’·π«‚πâ¡¢“¥«‘µ“¡‘π‡§

·≈–‡ªìπªí®®—¬‡ ’Ë¬ßÀπ÷ËßµàÕ°“√‡°‘¥‚√§°√–¥Ÿ°æ√ÿπ °“√‡ √‘¡«‘µ“¡‘π‡§∑—Èß„π —µ«å∑¥≈Õß

·≈–„π¡πÿ…¬å “¡“√∂æ‘ Ÿ®πå‰¥â«à“«‘µ“¡‘π‡§ “¡“√∂≈¥°“√ ≈“¬¢Õß°√–¥Ÿ°  ‡æ‘Ë¡§ÿ≥¿“æ

¢Õß°√–¥Ÿ°·≈– “¡“√∂≈¥Õÿ∫—µ‘°“√≥å¢Õß°√–¥Ÿ°À—°®“°‚√§°√–¥Ÿ°æ√ÿπ‰¥â
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