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Vitamin K and Bone Health

Sang-Dong Lim* and Kee-Sung Kim
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ABSTRACT

Vitamin K, which is a nutritional factor, play a role in the regulation of bone metabolism. Vitamin K exists naturally

in 2 forms, namely, vitamin K; (phylloquinone) in green plants and vitamin K, (menaquinone) in animals and bacteria.

Vitamin K; has an effect on bone metabolism. Vitamin K is essential for the 7 -carboxylation of osteocalcin, a bone matrix

protein containing 7 -carboxyglutamic acid (Gla) which is synthesized in osteoblast of bone tissues. This paper is to provide
the basic information of vitamin K by supplying function and biological activity of vitamin K together with vitamin K

producing lactic acid bacteria and it's utilization for the dairy products production.
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fr B AFAES i%% Za 5 Wil = A7l 838t
Al A= dTh Zg oo d71Ad T AS IR
3 A 24, Takada (1997)% i AR FHol| gog A7
T e A EAL, B Foldl & s FEld T2
= wld Z7keh o] ok siadvh 24 A7 73
AL F F5E JAstEd, E714 e E(MBP)
ojgtxl W I Utk AFAIAAA MBPE= A<l o149
ZUEE Z7HAoe et al., 2000 A1 713, A9 Ao 8% Z
HAAZA F24 A= E3K(Toba et al, 2001)E a4
fretule] dXel glycomacropeptide(GMP)= ZH50| 84S

S7HA i HA FolA & 45 A StH(Neeser ef al.,

2000). Tl g A5 A el oo YEHAFS F
A7kl o3 a3 Zteth e Fetol = o
akstol ofsf wE Foll A==, oAt A H A
Holl A&t ii%ﬁr 22 S ATToER A
715E 22T 4 A th(Fitzgerald®} Murray, 2006).

Caseinphosphopeptlde(CPP)T: THe] BE e 48 T
A2 (Chabance et al., 1998)%=H], 2ol Me] 24 HAS
e go 24 2 F5E S7H1Z1tH(Bennett ef al., 2000). Narva
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5(2004)2 Lactobacillus helveticus®l ©]3l o f#)&o] A
et FdA A7 Fos A3 24 B F vl =
o] Z7HENETS YR, FHolA= Kim 5(2009)°]
Lactobacillus casei 39322 A|Z¥ T3 {71 A AA F o
T3 W & &4 o A3t dokal Biek vp gtk

B e A7 et = 4staAl = MBP, GMP, CPP
oo HlERY KO 25 HIEH K, Aiktel tiek A5 S
AANTOZH F7tg Aol 712AEE AlFstaat gt

=
[

rhu

1. HIEf2I K2 RIAAZE

Ao M= BIER Ky(phylloquinone) 2 HTEF] Ky(menaquinone-
n)7t A=), B K> A EollA = 534 o) & s =7
of o] gfrEol om, HIER K= F& v =0l os)
THE oA I isophenyl 7] 3] 9] Aol whe} FFA 7t EA)
3le] menaquinone(MK) 1-14% &3 ¥ tH(Shearer, 1990).

e K 531, o5, 9, 2238, g F, A5 2
< Zaglo] B3 A4 Bo] FHEe] o, 53] v
EFY Ko+ nattool] 718 @o] o5 o] AtKTable 1)(Shearer
et al., 1996; Schurgers et al., 1999).

Vitamin K;
(Phylloquinone)

CHs
CHs

Vitamin K,

(Menaquinone-n)

Fig. 1. Chemical structure of vitamin K; and K, (Kaneki 5, 2006).

2. H|EtQl K, M4ibm o g

Tani 5(1986)< Flavobacterium meningosepticum mutant”}
ujokel] L MK &2Fo) 34 mgol 0L, HZ cell g & 5.5 mg
o)Ak 3T, Sato 5(2001) nattooll A F-21 3t B. subtillis
MH-12} diphenylamine W4 &AM o] #5331 D200-412 10%
N5FFEE, 5% glycerol, 0.5% yeast extract2} 0.05% K,HPO;4
(pH 7.3) ¥l Aol 37°CollA] 19 Wk wljf 5 45°C 59 A v
P& o Hol MK FaFe] 60 mg/Lel ATkl sHAth Tsukamoto
5(2002)< B EFY] Ky(menaquinone-7)7F = ¢Hil 1 osteocalcin
o] ZF2EAsle] Fa3 TS s, natto A|Fo] THE AF
o Blal EF2 MK7S $Hratal Qlthal skdch o152 B. subtiis
mutant 52 AJ2FE Natto A& <] MK7 ko] 1,719 pg
100 g natto 2 ZA] FATTE AZ=H natto Al E BIs) 24 Hf
=2 S By &9tk Hojo 5(2007) propionibacteria
7} 8 menaquinone(P1EFT K;)Q! tetrahydromenaquinone-9
(MK-9 (4H)= A4kstth 818 © ™| propionibacteria® W&

A7l X2 % Norwegian Jarlsberg X| =<} ojdlgr X] =7} o}

Vitamin K, Vitamin Kj

Table 1. Dietary sources of vitamin K (1g/100 g)
Food source Vitamin K, Vitamin K
Meat 0.5~5 1~30
Fish 0.1~1 0.2~4
Fruit 0.1~3 -
Green vegetable 100~700 -
Grains 0.5~3 -
Natto 20~40 900~1,200
Cheese 0.5~10 40~90
Other milk products 0.5~15 0.2~50
Eggs 0.5~25 10~25
Margarin and plant oils 50~200 -
- 1 Not detected.
Table 2. Property of vitamin K
25 Vitamin K,
Source 2 & oa Ay s
AF F 1ol 24 59
BFF NEA, BREEY, 54 a5, diE

U wAE S 93 §A
A a5 13 Vitamin K,©ll ]3] 28] o)A &4

o
S5, ©82]F, Natto -

4 A

o o Mo fol
e oX & Kl ooff

ofN ot oX
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AR e =Y 1%
ng/gl 2A w9 w2 FES YERAATL sl

HIERY KE AAkehs
(1999)°] L3I =

o]

X ZH T MK-9 3o 200~650 S A FthMerle Delmas, 1990). wabA] d ol 2ol under
carboxylated osteocalin®] Z7+= HIEFR] Ko AE 2 BA = o]
ZAktol #ek A4 2= Morishita 5 AL A AFaFA th(Price, 1988; Vermeer, 1990). HEFT] K<}k

2SR Qe 2EES] HaE 4oy

dl, Lactococcus lactis ssp. cremoris YIT = A7kl #SF AEFZANTable 3)2F ZFoll v X|= < 3HTable
200134} Leuconostoc lactis YIT 3001 571 Q€A FU F 4)0l thall ZALSH blol] w2 BlEl K A3
FrafA] ol i k=) 212 Wl menaquinone( B EFY] Ky) ko] 29~

2 osteocalcin®]
=49 9¥A

123 pg/lL® Yy, fAlFold 718 215 2ad 2EE R AL = S7H71H, Bl KE 9 A3 =W gyl =
3 F do= AAIATE FHolAE Lee 5(1998)°] =1+ A 1A Frket 2T SA T v shsith

A S EAS AWAVSE Bacillus sp. LAM 97-44 57} Bacillus HE K= ZZAEE %L Aslela, wel FAS =78

& M2l 352l isoprenoid 4171 77121 menaquinone(MK-7) = 985 st=l, I 7171 7 -carboxylase] cofactorZ A

= 7 =S B3 ok ok osteocalcin®] glutamine acid residue S 7’-carboxy1 glutamic acid

& ZH= 7 -carboxylated osteocalcing THE Y, ©]= hydroxyapatite

3. HIEIR Ko7t & Aol o|x|= F& o} Agtate] W o] M3)5tE =7 ghrH(Hauschka et al., 1989;

ueb K o
(carboxylation)A] 7] 2,

EEBE L

3L
I
=

Eoel 289 42

012 Well glutamic acidS 7H&-41 3}

SFoh(Sadowski et

Shearer, 1995). Szulc 5(1994)= & <H 2] under carboxylated
thAtoll 9lo) A osteocalcin®] 2H= & osteocalin®] FE7} H& T80] W& 1Eo vlsle] UL}
22 AoZ B TE TS Lambert 5(1986)3 Sadowski
al., 1993; Kohlmeier et al., 1996). Wjol] £ 3}= osteocalcin 5(1993)°] AollA= P el HlERRl K

3 FTE7F A"
A bone Gla( 7 -carboxyl glutamic acid) protein®| 27 & Aol quk HAstdt foF 22 A+ Ades

]}

g GARAN Zgd A8 F Ae Glas 37 E3 9 K7 2R G MAE A% A S AlAlekeE
sta Ql=Hl, HIER K7F 2ol 29d ¢ AEE BEd Zolgtyl & 4 Sth

A} 98 SHok(Vermeer, 1990; Hauschka ef al., 1989). Y] €} HIEFY] Ko+ osteocalcin®] Glad}t o] o= & 2o %
9l Ké] F-=olu AR O R QlEte] AL HA] oL 2 A AEgete AR GHAL Uk HE K, xﬂxﬂ( i
2| 2 ZH4(under carboxylated osteocalin) ZF3 A HEH] Kpd)e SoaZe] 2% 9 EE9] /A oA
4 $191, under-carboxylation AE]Z o £0 7 S} olu] o] &H 7 9lo] T 2L 1A oJekaTAl oW &
Table 3. Epidemiologic studies of vitamin K and bone health®

Subjects Variables studied Outcome Reference

113 postmenopausal
women

UcOC, BMD

UcOC and BMD inversely related

Jie et al.(1996)

72,327 women

Vitamin K intake, hip

Vitamin K intake of >109 rg/day reduced risk of hip fracture by

Feskanish et al.

fracture rate, BMD 30%; no correlation between vitamin K and BMD (1996)
888 men and Vitamin K intake, hip 65% reduced risk of fractures in highest quartile of vitamin K intake ~Booth et al.
women fracture rate, BMD compared with lowest quartile (2000)

104 elderly women
with hip fractures;

UcOC, hip fracture rate,

UcOC (not total OC) predicted fracture risk independently of femoral

Vergnaud et al.

255 controls BMD BMD (1997)
195 elderly . Fracture risk 5.9 times higher in women with elevated UcOC at start ~ Szulc et al.
b UcOC, hip fracture rate
women of study (1993)
183 elderly . Fracture risk 3.1 times higher in women with elevated UcOC at start Szulc et al.
. UcOC, hip fracture rate
women of study (1996)
212 women UeOC, BMD UcOC was independent marker for BMD in women 1~10 yr Knapen et al.

postmenopause

(1998)

* UcOC=undercarboxylated osteocalcin level, BMD=bone mineral density, OC=osteocalcin level.
® 18-month prospective study.
¢ Three-year follow-up study.
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Table 4. Intervention Studies of Vitamin K’s Effect on Bone Variables®

Subjects Treatment

Outcome Reference

Group D: Vitamin D3 0.75 x£g/day
Group K: Menaquinone 45 mg/day
Group DK: D and K treatment
Group C: Calcium 2 g/day

All treatments for 2 yr

92 postmenopausal
women with
osteoporosis

BMD improved more in group DK than in

group D or group K; increase in lumbar spine Iwamoto et al.
BMD significantly greater in group DK than (2000)

group C

219 healthy men

and women Phytonadione 1 mg/day for 2 wk

In all treated groups, mean UcOC decreased
from 7.6% to 3.4%; age and sex did not affect
the decrease

Binkley et al.
(2000)

100 healthy adults

Phytonadione 250, 375, 500, or 1,000 .g/day or Phytonadione 1,000 z2g/day produced greatest

Binkley et al.

placebo for 2 wk carboxylation of OC (2002)
21 healthy older Phytonadione 18 zzg/day for 4 wk, then 86, 200, Carboxylation of OC not restored by phytonadione  Booth et al.
women and 450 x«g/day, each for 2 wk 450 p g/day (2003)
23 postmenopausal Phytonadione 80 /£ g/day, vitamin D; 350-400 Phytonadione at study dosage needed to attain  Schaafsma et al.
women units/day, both, or placebo for 1 yr premenopausal %carbOC (2002)

46 ith .
women wi Menaquinone 45 mg/day for 2 yr

Treated group had fewer new vertebral fractures  Shiraki et al.

osteoporosis (13) than placebo group (30) (2002)

20 elderly women Calcium 200 mg/day for 2 wk with or without Menaquinone group had reduction in UcOC Miki et al.
with osteoporosis menaquinone 45 mg/day without change in OC (2003)

20 postmenopausal Phytonadione 1 mg/day for 2 wk with or Carboxylation of OC improved in both groups; Douglas et al.

women without vitamin D, 400 units/day

vitamin D, had no effect (1995)

113 women with
fractures and 91 women

) , th for 4 wk
without fractures day, or both for 4 w

Menaquinone 45 mg/day, vitamin D3 1 g/

UcOC decreased in menaquinone groups but not Takahashi et al.
group receiving vitamin D3 only (2001)

94 postmenopausal

(84 controls, 10 treated) acetate 2.5 mg/day for 1 yr

Menaquinone 45 mg/day with either conjugated
women with osteoporosis  estrogens 0.625 mg/day or medroxyprogesterone

Menaquinone-hormonal treatment improved
BMD that had been decreasing during hormonal
treatment alone

Hidaka et al.
(2002)

* BMD=bone mineral density, UcOC=undercarboxylated osteocalcin level, OC=osteocalcin level, %carbOC=percentage of total osteocalcin that is

carboxylated.
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