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Vitamin K .Li'.lu cofactor ~a1~ty 
lutl{jfi~m y-carboxylation ~'3~~Ltl§t1u 
glutamic acid residues (Glu) lultl")Gl\J 

Ul'l'lfil~ lll'Li'.Ju y-carboxyglutamic acid 

. ( ) "' 1 ti .J 1,2 residues Gia ~'3ml~'3 u~ 'YI 1 

Osteocalcin l1~fl Bone Gia 

Protein (BGP) ~..:iaf1..:i~1n osteoblast Li'.Ju 

'ftl "" ,..$ C>I .J II CV 
L ")01\J'11Vlty'llfl'30")~~0'YIVI fl'3fl1flf.I 

t1nn~m'li1'3~u1um")Ltl§uu1ll'matj1u~tl 
~ii Gla lulimma fat1 Gia lulmamirl'~~ • • 
ii affinity ~..:ilum")~unu calcium LLa~ 

hydroxyapatite ~..:iLi'.lmb1Jtl"j~naua1~ty 
'llfl'3m~~n ~..:i'li1t1lum~u1um")a{1'3 

" 

protein precursors 

O")~~n 1~ ~'3if u vitamin K ~..:iliri11lJ~1 
~I 1 • 11 .J , 

LulJVlfln1")'Yl1l1\J1'Yl'llfl'I osteocalcm L \11")1~ 

'li1t11ll'Ln~ Gla residues ~'3mh1 2
-

6 

Vitamin K ~1~~1nifi")JJ'lf10lli 2 

~tlLLUU ~a vitamin K1 (phylloquinone) 

LLa~ vitamin K2 (menaquinone l1~fl MK) 

ITTVl")'3af1'3~'3ml~'31u~tl~ 2 vitamin K2 
q A ~ J oCio. t CLI .cJ 
JJl1a1f.l'lflJ~ L~f.ILLVI a~'lf1J~ LLVIO(ll 1'30\J'YI 

~1\J1\J prenyl unit 'llfl'3 side chain (ll")'3 
• • .J 

GJ1LLl1\J'3'YI 3 'llfl'3 quinone structure 
, • I A q I 

VItamm K2 LLV!a~'lf\J~fll~L")f.ln11 MK-n 
J ~I • I . LJJfl n Lu\J~1\J1\J preny umt m mena-

tetrenone l1~fl MK-4 Li'.Ju vitamin K2 

completed proteins 

~ 
CH2 
I 

gamma - carboxylation 

glutamic acid residues 
(Glu) 

VitaminK CH-COOH 
I 
COOH 

carboxyglutamic acid residues 

(Gia) 

~t.l~ 1 tlnn~m y-carboxylation ~~a..:imA't1 vitamin K Li'.lu cofactor 
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quinone structure 

.J"" 
lUJ prenyl unit 011-.:i side chain mi 4 unit 

" 
( ~'llEJtttLBtJVl 1 ul11'lla~m:trutm-.:iL~il) 

:: 
Yl-.:J vitamin K1 Llat vitamin K 2 

aim'loi1t11 um'lLnvii.J~n~m y-

carboxylation 1~ LLO'larl1-.:i 1 'l~O'lli.J vmi1 

vitamin K2 (menatetrenone) ilm1mL01n 

0'11-.:i'OJ1n vitamin K1 011-.:i~uan'OJ1n'"Jt'lf1t1 
lun'ltu1um1a{1-.:in1tvin~-.:inri11mliu-.:i 

" "' :: aii.111ot1ut1-.:in1tu1un11aa1t1n1tvinlvi" 
" 

"" " 7- 9 .. .J anvi1t1 'li'UVl'lJu-.:J vitamin K rtthi.11 l'lf 

L {I trn11um1i'nifl11~ O'ltVl OW'l\J lvi°'LLO " . 
vitamin K2 (menatetrenone) 

Menatetrenone (menaquinone-4 

'H~u MK ) """" """" -4 i.J'liuYll-.:JL~i.i~a 2-methyl-

3-tetraprenyl-1,4-naphthoquinone 1vit1il 

u0111~'l-.:iai'1-.:iri1-.:iL~il~-.:iuavi-.:i 1 u'li.J~ 3 
" 

Suwimon Jat11poomdecha 

prenyl unit 
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"' ... "' C)tlti'nl~UHl?i'l'nfll 

CH3 

(CH2CH=CCH2)4H 
I 

CH3 

~nMrutdl~C\J'iJU-.:J 1 'l~n1:;vi nw1tJ " . 
(osteoporosis) ~a ilm1avia-.:i'lJu-.:iLifa 

mt~n n11 iin'l:;~m U'l1tU1-.:JLLtitl1'n 1~ 
I .. d 

-.:i1t1 LnviLua-.:i'OJ1nm'lLauai.i~a'lJa-.:in1tu1u 
" ... "" m1a'l1-.:iLrntaa1umtvin~ai.in1tu1um'l 

v 
II II I 

a'l1-.:itJau011m:;u1um1aait1
6

'
10 

m 

menatetrenone aanqri~1vit1'lf1m~-.:im'l 
" "' :: a'l1-.:JO'lt~nLLattJUtl-.:Jn11a'tl1UO'ltVl0 n1 

" 
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1-M'Ln~fl112Hl>J~rn'llu'l~·HHNfi")::U1'\Jn1") • 
~..:imt~..:il'\J"jtl~ 4 

" 

1. 
,,( r II 

f]'ni5L 'j·mT'iff"i'Nn''i::~n (acceleration 

of bone formation) 

- ~lnm")Am:n 1m'1'\J~ono1~-!..:i l'li 
" " 

I I .J_,. 1" 
WU11 fi(;l>Jfl>Jfil") 'Hf.11 menatetrenone • 
'\Jl'\J 6 L~u'\J )jtl~>J1ru 'llu'l Gia l'\J femur 

a.:Jni1n~>Jf11Ufl>Jmh..:i)jU'mh~fll11 
LLa:: 

" ' • •t:J 

r.rnm")Am:nlm'2f"aLw1::L~t.1'l'llu'l human 

1 .. c1 I 

osteoblasts LLa'~'l l1L'H'\J11 menatetrenone 

a'l>Jl")OL~>Jfil")a'::a'>J'llu'l Gla-osteocalcin 

1~ '\Jun~1nif u..:i'li1m~.:Jfil") mineralization 

1. ·hLtluui'iln1iflfi~ 

Gia residues 

2. Li~n1i mineralization 

3. ni::Pj'u osteoblast 

Osteoporosis 

Bon~tlon -----6 

l 

79 

I .:: .,J 1" m~::Lw>Jtl~mru osteocalcin fl'lL>Ju 'H 

menatetrenone L~t.111 'H~ull1'~1>.Jnu 
1,25(0H)2D3 1~mwui1 fil"jll-1 

menatetrenone ~1>.Jnu 1,25(0H)2D3 ~:: 

'li1m~'lfi1") mineralization Lrn::L~_>Jtl~mru 
osteocalcin 1~&1niln1")1l1' menatetrenone 

L~t.11 1 12,13 

- ~1n clinical trial phase III WU 

11 ~U1ti~1~-!u menatetrenone )j~1 
" J' I .,...,A., 

serum osteocalcin U'l 'll '\Ju f.ll'l >J'\J tJ '11 fl fY 

1Vc1 I .J' V 

LLa'~'l l'1L'H'\J11 t.11'\Ja'l>Jl")(lfi")::~'\J • 
""- !fl ., " . 1 "H osteoblast 'll''l L u'\J~1a''il'l osteocalcm ~ 

Menatetrenone 
"" ~ I ..,, .. • 

1. tl1HN bone resorption 'tl{lnLWUtl'l'U1 

tf!tl IL-1a,PGE2,1,25(0H)p3,PTH 

~ 
{ \ ~ 2. ifulf~ differentiation 

80'\8 resor~tion 'll'il~ mature osteoclast 
'- ../ 

3. L\.ldmtl1'l.XLiifl 
osteoclast apoptosls 
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J'., lJ 
2. f]'YlfifltJtNnl'jffenfln"i::~n (Inhibition 

of bone resorption) 

- Lrlt1Anm~rn?Jt.N menatetrenone 

1m'Zfa~L'Vfl~L~tl'3 (mice calvaria culture 

) .J.. .. .J ·1""' system l'U.Jn1'HVl>Jal'HWtm1'U1 'HLnVI 

bone resoprtion a-31 tl ~'31~mi 
interleukin- la (IL- la), prostaglandin E2 

(PGE2), l,25(0H)2D3 LLa~ parathyroid 

hormone (PTH) wu11 menatetrenone 
QI:: .J.ct. 

mm·rnt1lJt1'3 bone resorption nLnvi;;i1n 

·m~Lmi1iflvi.,.5 

- trnn;;i1nd ;;i1nnT'iAm:nlm'l1a~ 
J' "" ' ' LWl::Lat1'3tltJ 1 WU11 menatetrenone 'lf1tl 

tJU~'3nT'HflVI bone resorption 1~'11nn1")~ 
., :; 

t11'al>Jl")t'l£.1Ut1'3 differentiation ?HN 

""i'.J"'• 8 mature osteoclast 'Zf'3L tJGl1Yllalt1m::vin 
" 

.. .J • 1""" "a::>Jr.JaL'HtJt11u1 'HLnvin1")Gllt1?Jt1'3 

osteoclast ( osteoclast apoptosis) 
16 

.... .. 
L.na'lf;;imm1aU1'l 

;;i1nnl")1 lf t11a1aiJ~n~?Jmw~-ru 

U")~YlltJUl menatetrenone (15 mg) LLUU 

single dose 'Ha'3tlll11") wu11")~~um~'3 

~viluwa1a>J1 (c",.,) Lvi1nu 253.2 + 
82.4 ng/ml, nai~1\.;'")~~um~'3~Vl1u 

-::1 1 (T ) L...:1nu 4. 72 + 1.52 -i1 wa1~12J max " 

l>J-3 LLa~vi1 area under the plasma 

concentration-time curve (AUC) Lvi1nu 

870.7 + 149.6 ng.hrtmt1
7 

tll'Hl")ii 

r.Jat1tl1'3>J1noit1m")VIVl~>J?Jt1'3m Tvit1wu11 
" 

cmax ?Jt1'3n1")-rutl")~YlltJm lu?Jru~nt1'311'3 

( t1V1t11'Hl")>Jl 1 ~lJ) iivi1LWt1'3 9% ?Jt1'3 

emu '1lnm'j-rutJ")~'Y11tJ£.11'Ha'3t11'Hl") LLa:: 
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AUe0 _12 hr ?Jt1'3m")-rutJ")~'YlltJmlu?Jru~ 

nt1'311'3 (t1V1t11'Hl")>Jl 1 ~u) iivi1LWt1'3 

15% ?Jtl-3 AUC0-12 hr ;;i1n-rutl"j~'YJ1\Jtl1 
.., 18 J'.... ' "" 'Het'3tll'Hl") 1rnn;;i1ntJt1'3WlJ11L>Jt1 

tl"' 1 ., 1 .r • 1 " "j>Jlru ?J>JtJ tJtll'Hl")>Jln?Ju;;i~m 'Hmt'ln 
" 

vivi'S>J 1~>J1ntu~1t119 
iim")Anl.flr.Ja?Jt1'3 

" 
mt1oit1m")vivi:S>J?Jt1'3ml1a'3lt1m 7 i'u&lvi 

' " 
oit1nu tvimm11 lmnaiaiJmi't1mi>Ja11 

I tV 1" :; m Cmu: LLa~ AUC0_12 hr 'HCl'3'1ln 'Hf.11~")'3 

avin1t1;;i~ lnaL~t1'3nu'Ha'3 llfm~~'3LL'ln LLoi 
' 

1 ti I I 

tJ~~'3tllQ WU11 m emu LLa~ AUC0_12 hr 

"'1" :; tJ I ""'1" :; 'Ha-3 'Ht1l~")'3avin1t1a'3n11'Ha'3 'Ht1l~'l'3 
' " 

LL")ntl"j~>J1ru 1.3 ua~ 1.5 Lvi1on>Ja1~u 

~'3tl1'1L~tl'32Jl'11n non-linear pharmaco­

kinetics 1uij~'3t11Q20 

'11n01")An1fll tJ'HtJ'Ha'3'11n 1 lf m 
" 

menatetrenone Tvit1m")-rutl")~'YlllJ wu11 

d 1tl_.j J' "" I 1 Vd I 
£.112Jnl")n")~'11£.I '1LlJtlLtltlGl1'31 VIVI L'lftJ 

" 
~u, "l>J, oit1>J'H>J1n 1GJ ua~ adipose 

tissue ut1n;;i1ndmv'3m~;;i1t1 ltladlt1 
" .J 

m~vinn bone marrow LLa~ calcellous 
" 

tissue ?Jtl~ femur 1~~Tvit1iim1m?i>J?itJ 

?Jt1~ma'3n111 tma1am ua~ml>JL?i>J?iu 
" 
1 J' J' .f,,J .... 

?Jt1'3m mut1m~~nu;;i~~'3?J'UL")t1£.11 'Ha-3 

'11niim")l\.;'mJ1 (repeated adminis­

tration)21 lua1u?Jt1'3nl")fll;Jvim1fuwu11 

"" 1 V • l tl I urn 'H£.11LLUU smg e dose 'Yl1'3 lnLLn'HlJ 

LLa~lVIU~>Jl rum~ t'l n f11;Jvi ti ti n'110~1'3 nltl 
" 

~'3 LLoi L~>J 1\.;'m;;iu0'3itJ~ 7 'H a-31 \.;'m WU 

11 1 .8% t'lnn1;Jvim'3uaa11~ ua~ 
" 

88.2% t'l0rll;j'Vl'Yl1'3t1'1'11")~ ")12J~'3~tJ 
" ' 

.J • .., 22 "" 1 .., 96.0% n~nm;;ivi L>Jt1nviat1'3 uantlru~ 

L~U101J1 tJ au?JWUll'Yl1'3rll;JVlm'Han~ ti 
' 

Tvit1 2.3% t'IO 
" 
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GlTH·~~ 1 Final global improvement LLt1nvi1mnmvihri • 

.. .r .... J' I ., I \I .. J' .. ..J' I ., 

Osteoporosis Vl'lJlHNVl'lJlHltll\l'lfVIL"'U VI tl'U'lJl\IVl'lJ'U tNVl'lJ'U tlf.11\l'if Vl L "'U 
primary 164/316 (51.9%) 267/316 (84.5%) 

secondary 17 /55 (30.9%) 33/55 (60.0%) 

m'lAm:nn1\I Yiiiiln 

- ~Hl'llti\lm'l1"1m menatetrenone 
., I J' 
1ua:: 45 mg vitim'lVl\IG'ftnW'lltl\ILlrn 

m::V1nua::m'laV1mm'lu1V1m::V1n ('niJ 
" " 

LU'U final global improvement) 1u 

primary osteoporosis (~thuhrin'l::~n 
.J,. • I • "" .. 

vqu YliJG'fl L "'Vl"l n m'll1 i-i VI u 'l::"1 LVI au l1'lt1 

L'li1~1£J'lf'l1) ua:: 1u secondary osteopo­

rosis (renal osteodystrophy, alcoholic and 
.d . ) ., .J 10 stero1 osteopema LLG'fVl\IVl\IVITnrn 1 

- 1um'lAffH1l'l1\IVl~iln (phase 

III controlled study) LLUU double blind 

wui11\Jthunai-iffi'li'm menatetrenone " . 
.J .. .1 ., 

LVlm 1 iJtl1n1'lu1V1l1a\laV1a\I 57 .2% 

(871152 'l1u) ri1u1\Jthunai-itl'li'm " . 
menatetrenone ~ii,inumLLnU1V1 ih:nm'l 

iJ1V1l1~\laV1a\I 61.1% (661108 'l1£J)
23 

- r.Ja'lltl\IAff\flLLUU double blind 

L~tlLU1£JuLn£JUU'l::aYJfin1w'llt1\I 
menatetrenone 45 mg!i'lJ nu alfacalcidol 

"' 1 ".'I 'I .Ja 1.0 µgnu lJ~u1£JL'lVln'l::<{]nW1'UYli-J 

a1 L l1V1"1nm'll1i-JVIU'l::~1 L~ mrn~m'li1ri1u . " 
'if'l1 LLG'fV1'11 "1Li~u111u~1lJnl'lU'l'lLY11 

a1 m 'l L ~u iJ1 VI if u £11 ~'I aeN Gl'1 ijiJ 'l::al'l fi 

mw hhLviMh'ln'U LLVILlJ~llJnl'lLLnl?Ju-ru 

U1'1i-l1am::<{]n (bone density improve­

ment) wui1 menatetrenone 1 l1'1\.rn~n11 
I .. ., .... "'"" .J :: 

tltll\li-J'U£JG'f1Vlf1Jl'l1\IG'ftlVI Li-ltl'l1i-J1\JaYl\I 
v " QJ ~I Gltl\IL'll1V11£JnlJLu'U final global improve-

I .. 

ment WU11 menatetrenone " final global 
. .J • . 14 
improvement rate Y1U\ln11 alfacalc1dol 

- Lrlt1Afftflf.Jf;l'lltl\I menatetrenone 

oia metabolism 'lltl\ln'l::Vlmrn:: calcium 
" 

1ur.Jtl1u hrim::VlnW'llJ wui1 menatetre-
" " . 

none Gl1"1'ltl'1VIU~"1tu calcium 1u 

.Qf ..J "' • 1 " .J .f1 uG'fal1::Li-Jt!Ll'1£JUnunt1lJ l1£Jl 'lf\ltll"LulJ 
J' 

r.Ja"1nm'laV1 bone resorption 1rnn"1nu 

U\IWUil menatetrenone ijf.Ja-Yi11"1i.Bmtu 

1 .Qf J' d d ., I 1" Gia uuaai1::Gl\l'lJlJLlJt!Ll'l£JUnunau 1'1£11 
" 

.J 1"~ I 'lf\ILLG'fVl\I l1L'HlJ11 menatetrenone GlllJl'ltl 

n'l::~unTHnVlui}n~m y-carboxylation 

'llt1\l L u'l&iulVl"24 

- wui1 menatetrenone Gll"1'ltl 
., :: 
£JU£J\lm"iaV1a\l'lltl\I bone mineral density 

(BMD) 'llt1\ln'l::<{]mlul1~\l LlJ~l1cY'li't.1 

l'tiJV1th::~1 L~ au l~~ n11n~i,i~lij1Vl"l'lim 
LLoilij~LYhn~i,i~1~-ru hormone replace-

2s 
ment therapy 
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?Ym.fo'li, '2.lu1~ua:::1fili1°·23 
I OI l: .r 
~1uuuu~n11avia'3'llv'3Luan1:::vin 

" 
.,, I • I .... .... ..i 

LLa:::lJ~a~1uavimm1u1vi~a'3vULU8'3"lln 

hvin1:::vinw1u (osteoporosis) " . 
'llu1via1~-rrnJl~qJ 1\1 menatetre-

none iua::: 45 mg 1viuLLt.i'31\1 3 nai~a-3 

mm1 

qn thJw'3th:::a'3~.-i1. 1a, 20, 23, 2• 

~u1u~~aa1a1a"vi1a?Jn1w~a1u " . 
1~ajnu~mn1~~ hiwumm1ti'u hM-3 
· ' .. .J 'I" ... 1. u1:::a'3VIYl1ULL 1'3"l10n11 L~f.Jl B1n118U lJ 
.... I .. .J 1" I .I v ..i 1" W'3u1:::a'3V1l'IWU ~HLn u1Vll18'3 Viau a 

"' v ~ .,,.,j ..J' .,J..,. ., .I mL"lf.J\J l18'3L«f.J lJ~ULLW'lJUYIN1~U'3 u1Vl 

~hu::: Liuu~hu::: ~'3WU 1vi'1ih.iau ri1u~1 
m'3\1a'3ui)u0im1~m"li-lviun0i1~uri m"l 
"" cl. J' iJnl'lLWlJ'lJU'lJtl-3 glutamic oxaloacetic 

transaminase (GOT), glutamic pyruvic 

transaminase (GPT), alkaline phospha­

tase (Al-P), y-glutamyl transferase (y­

GTP), blood urea nitrogen (BUN) 
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