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FLIE fEm

B I KIIREEE Z I VSN REBRZETHY  RRITHFEET 2842 I KL,
FT7 R X UBRICT A FAERABEICE O KL (ZorX 2, PK) & L= EE
MO K2 (A FF /> MK) IZhfEESND, MKiX, SHICHOESIZE > T
I, R&EMNe MK Th 25 MK-4 1%, g —EEEGE 4 >Ff>Tnw5b (Fig. 1) &

B IV Kid, v¥ I KIRFEEY 78 (VKDP) OFEREBEMICEEL T, 207
NI UM (Glu) FEMEZE y —HARF L T2 3 Ul (Gla) FEIEICE#HT 58 (Gla
b) T AOHKEFTH D, ZORISEMET H8ERE ©F I KIKFHEI LR XL T —
£ (GGCX) v, ZoEEFEITETS (hydroquinone form) O E X I K Z#HWTC,
VKDP O 7 V4 2 U iE I VRF AL LT Glafb 32 (HARE X 2 %4, 2000) , =
DR, Bt E X 2 KiZmARE v R (epoxide form) &78%, TARFY Mloe #
YK, B¥ I KTARF v RELEE#E (VKORC) IC X V@bl e ¥ I v K L7 o724,
BRI RKiICESNS (Fig. 2) . ZO—#HOKnE EZ I KA 71 &R,
BX v Kt ERNTHRISFIHEN TS (Suttie 5, 1980) .

MEEEER - Chsr7a hrr ey, FVIL HIX, FEXREFIeH I KIEFESY
NI THHZENMLNTEY, BZ I KBRRZT 5 L MKEEREN &z Sh,
AR A LR OBEEN MG ZiE Z &d (Puckett & Offringa, 2000) , Zi#
SIITPENREOTD, BAETIITHOZDIC, FAERY E —0 A B2 0B, #HAER
ICEX# IV K& LTMKA BEEIRTWD (ARED, 2012) , £7-, MRFERIEDO T -
BREE LTHWLRTWD UL T 7 U ik, VKORC #fETHZ ik T, BEX I
KYA 7 vamifil+% (Fig. 2) , ©4 20 K OWEERIIU LT 7 U v O R 2H S8
L7, INT7 7 U ORMBEIL, ZONARESCHEREOEXZ IV KA BEIZELR
A ZEICEIRT 52 2T TWD (=—V A st 2016) . £72. MREEHE
W7oz, EFEMETESN, BERO~—h—Lhd A AT 4+ E2 I K
RAFEMEZ X E LTHLRTERY,, B4 22 Kk, EFRERHOMEHCEETH D,
A R e Licak— MIZEICREW T, B2 I KERE LG E OfICAOHEEN
& % (Shiraki &, 2000, Geleijnse ©, 2004) , ‘5 HERIEET 7 LEMW) TH 5 INHELIFR (Akiyama
5, 1999) . A FHEEEIER (Iwamoto 5, 2003) £ X ONEAEM AEEEY (Kim 5, 2013 )
EHWEZERIZE T, %I KOBRD, BEERTZMET 52 LBHEILTH
Do Milicd, B I KL, HBRICBIT 57 A FAT7 v pEE (Shirakawa b, 2006)
Mz 31T BB AREROHERE (Vos B, 2012) | @ARAKILINHITER (Azuma 5, 2009)
E A RBEMERINTWD, ZOLH I LD, BEX I K Ot/ saike
DHEFFIT, RBERIBT 2 EEREO SO TH D,



@)
Vitamin K1 (Phylloquinone, PK)

@)
Vitamin K2 (Menaquinone-4, MK-4)

Vitamin K3 (Menadione, MD)

o)

Figure 1  Structures of vitamin K homologues.

Glu residues Gla residues
GGCX
Vitamin K Vitamin K
(hydrogquinone form) (epoxide form)

Vitamin K VKORC
(quinone form)
Warfarin

Figure2 Vitamin K cycle

Gla, y-carboxyglutamic acid; Glu, glutamic acid; GGCX, y—glutamyl carboxylase; VKORC, Vitamin
K epoxide reductose



I HNEFENCERTLEX I KORMZIEZPK TH5 (Kamao H, 2007) ,
X, M CRERA RIS R 2 R o TR\ e o iR EZ U AR & o7 BARGEN JZET?
LTw% (Lamon-Fava &, 1998) , R L7 PKIX, 2L AT m— /LA TH D =—
v By ClLEkZ 37 1 (NPCIL1) (Takada 5, 2015) . ABN2 ¥y —ZEA
77 AB %A1 (SR-B1) 3 X W cluster of differentiation 36 (CD36) 72 & D/NMGIZH
BT Ha b A7 a— VR RE LTI END LB X 5T 5 (Gonealves b, 2014)
MGTRIRENTZPKDIZEAEX, NI TUAZte— (TG) #8FICETeFr
7 1 N2 Ko THIE~E I L, & 512 VLDL B X O'LDL 24t L CHAMER A~ &Sl S b,
JOMHERR B < v PRI, IBHOAMN T ATV F > (MD) &720 | BHERETH D
UbiA 7'V=)V TV AT 2 TF—FB RAL VERX L NIE I(UBIADI) 2L - T, MK-4
~E#E N5 (Okano ©, 2008, Nakagawa o, 2010) , F7=. IZ7e b, BHRLE
PK /N TMD IZZE S 4L, U o3 29 L CARRKIC ﬁéhéfxi’tﬂﬁ wE s

(Hirota &, 2013) (Fig.3) .

£o, BX IV EKRBREEEFE L LTSNS CYP4F2 78, PK 3 XU MK-4 O /KR{EE
MY RTZ ENHRLE SN (McDonald 5, 2009, Edson &, 2013) . ©4 3 E & [FEEEIC
EZ I K H T CYPIRAAMERERIK I K » TR D 2 LR &7z (Fig. 4),
Pl CKER b & 52 1 7o PK X, £ D% D BEALO#E Y IR LIZ J o THIBHZFL < 7 o 7o RGETE
WoARE ST, BRPICHEIE & 415 (Shearer & Barkhan, 1973) . Z @ PK #EY D
JRPPEIED, PKEREZ KM 52 & bifE ST\ % (Harrington &, 2007) , &
2 I KMRHEME LT, MD BRFICHEE SIS Z & iR ST\ % (Thijssen &,
2006) ,

X IV KR E2EB SELR L LT, VL7 7 U ook )iyt oI5
TWDHH, m®a&iy%ﬁ%ﬁﬂﬁ8@ﬁ$l%’ DEBIZONTIX, O
TRV, A IIRBEREZRFDOERT D, I —DOREMD %ﬁ%fﬁﬁ?é_
LlFe< | MhooRESR %ﬁmﬁﬂﬁ&®ﬁ$l%&ﬂﬁ CERLTWD, 20D, B
2 v K O R F IR A MRS D72 0121E, Bl LZRFR Mo ESRE O R
%%Qi\mEW%%%L\%%i%%%ﬂiﬂ%b<iﬁTféﬂ%¢_owT%E¢
LB D, AR TIE, RRHCERT 28FE R 282 I KR@aL#h s, kN
DOEX IV KBEENRKESEBTIUE. BX I K ORENEELE ST D AlREMEZ BE L,
BHFERFICL>TEZ IV KORBPEE T 50 E I DNHALNIT L 2 HE LTz,

X IVEE, EXI VK ERIUIEREE X 0T, #ELEL LD, 72, BX
IVE X I UK, UARZ Y EIC X DlEGFERES, SEEEEA S L T D,
ZD7, RHOEE TAEWIEELZ KT T RERH D, H<hbmonTnhHEH

E R L 2 MIREEFREDIR OB B EER TR o s I v K RZASER (Horwit,
1976, Traber, 2008) DKL, X I ElCk > THERE X I v KIBENEET 57



DTIERNDE DRI AN Tz, 2T, F2ETIHENEY IV KREICRHTHEX
Y EEROEBEHALNITLIZEEHNE L,

Flo. TRETICHUEETIEL, IICEENLI B I, ¥ IV E BYLEEETH
% CYPAF ZfHETHZ LKLY, KRNOE X IV ERELZ ERHIELZ 2 A M LTY
% (Ikeda 5, 2002) , EX I KIFEX IV E LRA—DOfETHDH CYPAF2 (2 L » TR
fbasindled, B IiE, EXIVERITTRIEZ IV KO ELIHEL, AR
2 v KIREICREZ RITTRER S5, 2T, H3IETIIESY I KIREICKIET
S BROEELZFASNHCTHZ L2 L LT,

FAETIE, FH2RELFEIETHLALER O BAESN, BMAFICLIEXY IV
K S oZ@EHIc OV TREWIZEZE LT,
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Figure 3 Metabolic pathway of vitamin K.
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CM, chylomicron; CMR, chylomicron remnant; CYP4F2, cytochrome P450 4F2; Gla,
y-carboxyglutamic acid; Glu, glutamic acid; LDL, low density lipoprotein; MD, menadione; MK-4,
menaquinone-4; PK, phylloquinone; UBIADL, UbiA prenyltransferase domain-containing protein 1;

VLDL, very low density lipoprotein.
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Figure 4 Cytochrome P450-dependent metabolic pathway of vitamin E and K.
CYP, cytochrome P450; y-CEHC, 2,7,8-trimethyl-2(2’-carboxyethyl)-6-hydroxychroman



2-1 H#

B2 v Kid, MEEEE S ICBEDORERTH D, FUEREEZ I THHEHX
Y EZWREHERT S L, B I KRR A & FamirfEfian ko, v
I K EEX I EOHAEERANHR SN TWS (Horwitt, 1976, Traber, 2008) .
=7 ~rU (March &, 1973, Frank &, 1997) X7 »  (Wheldon, 1983, Abdo &, 1986)
BT, a— FaZ=n—LOEBRERICLY . MEEBOERETHLFr bnr ey
R ZIEE L7 2 E RN HE SN Tuvd, Helson HiZ, & MIBWT, a— hra7xzua—/L
BERENMEZ D ZEICE-T, 7u har B U SRS e v R T T AT R
NIEETAHZ 2 RH LTS (Helson H, 1984) ., X512 Booth HiZ., B MIBWT,
a—baZzm—VORENEX I KRZOBELRDIEANVEF T m v
VR D Protein induced by vitamin K absence or antagonists (PIVKA-II) O %
EREELZEEREL TS (Booth 5, 2004) , £z, ©¥ I KITIEFHRERHO
MEFHC W THEELRRE Z R LTV D, a— b3 7 = v —/LO@RERIIMRE Ml 2
HEHAET 22 LIk T, vUART v FOFEEZKTIED Z LNTERESNLTND

(Fujita &, 2012) , B4 I E#RIC L 2 MiEEEFEERL L OVEEORTIE, eIV E
DEX IV KOEHEEZIKTIELZLICL 2D TIHERWNEEZ B XD,

EX I KM@ ex I ER#EICE, 2<od@nnidH 5 (Traber, 2008) , HLE
ERICAFET D 2 L AT v — Uik NPC1L1, SR-BI X 1'CD361%, 4 I E K&
W PK Oiklcfb 5 = L RHE SN T35 (Takada &, 2015, Goncealves &, 2014)
Fio, X IVE L X IV KIFMREEE Y I THY | MIIIRRIRRESG X N0 E
RMEAR A R 720 o | IEERHEX% % ) R 2 o R BITKFEL T D, EXIVE L
PK I TG # & & ZHir¥r 7 1 & VLDLIZ X - Tk & (Lamon-Fava &, 1998,
Erkkila 5, 2004) . /METRILSNIZBFHREOE S I E & PKOE L&, fHEEST
L7c URE Xy EliEfEReI £ o T, Ak ~EM =415 (Shearer &, 2012, Kayden
& Traber, 1993) ,

T B4 I EKBREEEFRE Th 5 CYP4F2 (Sontag & Parker, 2002) 73, PK (McDonald
5, 2009) & MK-4 (Edson 5, 2013) O/KERLIEME GRS Z EARESNTND, BX
SVE L EZ IV KRBT 4 FLEHRT L =80 o KERILS L, £ D% D Bk
B K> TRIEHDOFEWEEY & 720 | JaGE s L TRIZRPICHRtt S S (Fig. 4)

(Schultz &, 1995, Swanson &, 1999, Lodge &, 2001) ., 7 o4 F/LEHNEHL 2o 7=



PK OREBIED R 77 v gl bk e LT MRPICHFET HZ £ X (Shearer &
Barkman, 1973) . Z® PKAGHEM DR PR PK BIE A KT 5 Z & 3 57
272> TW% (Harrington 5, 2007) , 2D X952, ¥ IV E & Kid, flgasfi OEd
BLOR LOBEEZSOLRPEBEN ISP TnEZ e, EX¥IVELEXIVKED
NI Lo EERD & 5 2 & LR S LT,

INETIZ, X IV EEBRICEZERANE Y I v KEE~OREL R L 723 BR3 N <
OPREEINTWD, a-ba 7z —LEERSEZT v MIBWT, B - BE - Mo
PK. & L <IZMK-4REDEKTRRD iz (Tovar b, 2006) . 7=, 7 v MO FIZ
a—harvza—nLEEAEE LE 2 A1 HEE%OMED MK-4 EBEOK TREO LI
7= (Farley ©, 2012) ., L2 L., Z#UHIE—# MO e I v KIREZ R L72ERO
ﬁ%f%éo%ﬁﬁ&kLD\Eﬁ:/Ki\ﬁw%ibﬁ\ﬁﬁ&@%ﬁ&ﬁﬁfiﬁ
REEETILREFRTHD, FE2ETIE, 2HOFMEBMTOE X I KRFOLHZH 5

DT EIMERDDLEEZ, 7y MIEXI VK EEX IV EA2BRSEEEO, 250
BB TORNEZ I KBEICHT X2 I ERROEELZHAS/NCTHZ L2 I
&L,

2-2 REMEETE

RERMM & EREY

PKEBLUOMKAIL, v I7~TNVRY vF Iy mbiEALZ, EX IV KEROW
R L L CTHWE MK-3 IZ=— A RSt s, SRR a7 —1ThD
RRR—a—ba7zu0—VEBIXWNRRR— vy —ba7zo—Vic—H A T7—FK - rIhn
WS ttns, ffthsnzbox v,

Wistar SZHEMET v b BART AT L —blEA L, 12 OB 1 7 v (B 8~
20 fRf, BFHH 20~8 K) | IR 24°C, 1BSE 55% DB RN CRBIAGE L7z, flE MM
KB LOEEZ BBERE Lz, AERIT, 4 WEFPZ2RFEMEREZEEZOFFAIOEFAE
IR VAEGR S, [ TBFERFEERIES 285 L TYTo 7,

EE1: E4IVKEEICRETa—B&LUVry—ta7z0—)LEROFE
WD T~ M & SRR, B4 2 EEENGEE (F#,n=7 . RRER—oa— F=
7:nt1—/1/¥4"§jj[lﬁﬂ*>} (100 mg/kg fidl¥l) (A#E,n=7 . £7IFXRRR— vy — a7 xznu—

7



JVIRANEREE (100 me/kg fkE)  (GRE, n="7) &, ThTh 4 EMEIRS T, SPEHLR
I3 AIN93 KA BHZ ERL U 7=, B 1 kg 2720 OINE (g) 1E Table 1 Di#Y TH D,
AL U 72 S EH IR AE T —30°C TR E L, sifsg 1 HELINICER Lz, 7 v M
(TR B BER S, WIS LY B L, BT, EEL M DB, . BERB LU
2R L T30 CThRiFLI-E, EX IV KBLUEDOERICH LT,

%882-3: ¢— P2 T7zA—LEREDEWVIERZ IV KEEICRIZTESE
TR 2 TlE, 4O T v b 4R, EX I K ELTPK Zii0 (0.75 mg/kg
filkl) L, EX4IVEELTRRR—oa— ha7xua—)L% 0, 10, 50 £721% 500 mg/kg
(F. T10, T50 3 XU T100 &) W0 L 7=kl 2, 2 i 6 BB Sz, FAREE
DOFARK & fEFRARES X O OB 0 J5iEIE, Tablel ICREHE L2 THDH, 7 v b
IR A B B S, WEEIC K B Lo, E. PR BN M. DN, AR, R
BROMAZRRL, —30CTRIELIZ#E, EX¥ IV KBIOE OEEICHLT,

FBR 3 T, 4 BWED T v b & ARE (n=7HE) 20T, B I K& LTMKA4 Ziim
(0.76mg/kg fidkl) L, EX4IE L L TRRR—a— b7 xzu—/L% 0, 10, 50 £7=1%
500 mg/kg (F. T10, T50 L OT100 #%) i L7zt E2 ., i 6 BEEER S 7,
FEARER O & . BEFR R E X OV DI | F1EI, Tablel ICFE# L2 Y ThH D,
7w MOIEEE A A BB S, WEEc X B L, g, TR, BRI, bR, A
W, BRBIOMEERRL, —30C TR L%, EXIVKBIXOREDERICHLE,

£B4: a— FaT7z0—LORARENESF I VKEREICRIFIEZE
4D 7 v M # I K & E OEGRNE (Tablel) % 4 BMERIE2 2 LITX
ST, FHNOEZ I K EEEZRZIEL, D%, 7y & 6 BIZHITTz, 38 (n=6/
) 121X, PK02mg &, RRR—a— Fa7xzu—)10, 1 £721X10mg (PO, P1 B IO
P1O®) ZHRMLiz=~LYary 1mL %z, YoTaRAWTROKE L, VD38 (n
=T/8) 121X, MK-4%02mg &, RRR—a— h=27=x0—1 0, 1 £721% 10 mg (MO,
M1 BXOMIOR) ML~y ary1mL%z, YoTFZ2HWTROES Lz, T
TOZv LAY a Al Fyvea—@El ) v A200mg, U A LA 200mg, 707
I 50mg BLOKENMZ, BOBGOEANIHE L7 (Table2) ., 7> MIlZTm~v LY
3 CORORLGORTE Tk A B HERSE, #RORGRITHEEE Lz, BROKRS515 6
RIS T v MAWRBAIC L B L, My, AP, B, BIR. M. O, R RE KO
EERILTZ, ZhbOREHI—30CTRIFLI-#, EX IV KBLOEOERICH L,
E4XVEREDAE

Mg Lo ¥ 2 v BEREORIEIX, Ueda & Igarashi @ HiEIHE-72 (Ueda &
Igarashi, 1987) , BT X 2 v Eid, ~F Vo ait#g, mEREks7 o~ 75
74— (HPLC) {EICXVAE L7z, NEMEREIZIE, 2,2,5,7,8 X FAF -6 1~ /) —

8



LV (PMC) % Ao, fricfli i U7oksaRid, doemitias (B RF-10AKL, b & 298
nm, #tE 325 nm) {1 % HPLC % (& LC-10AD) Th v | /54 7 A1Zi% Wakosil
5SIL (4.6 X250 nm, FYEHESE) ZfEAH L7z, BWEERICII~FTY > 1,4- U4 FV 0 2-
TR ) —=494 : 5 : 1 & v, FEIT 1.2 mL/Ay & L,

E4 =Y KEEDRE

i & fggs @ PK 35 LU MK-4 £ OREIL, Yamamoto © D HIEIZHE - 7= (Yamamoto
5, 1997) . ERRETOE X I Kid, ~F ¥ itk HPLCIEIC KV MlE Lz, N
AR AR IT  MK-3 2 AV, o B RR I, ot Hids (B RF-10AKL, JihiEL i & 320 nm,
HEH R 430 nm) & HPLC 25{& (B LC-10AD) Th V., F'L I T L EHHH T AT
/% Luna 5 pm C18 (50X 4.6 mm, Phenomenex) 35 & 0" Luna 5um C18 (2) (250 X 4.6 mm,
Phenomenex) # MV, B Hh 7L (EA4% RC-10) . #1754 —7 2 (E#EH: CTO-20A)
EAER Uz, WEERICIZ =% /= AR ) —)b=5:95 & A, JitiElE 1.0 mL/i4sr & Lz,

T

AER OB, FIE AERERAZE T LT, RO BT, — el E 0 U0 #T & Tukey’s post
hoc test THENT L7z, 0 BSFHEFANCE L WA DWW TIE, — Bl 55 BT ORI
FERAE BB LT, P<0.05 %A EAZHV & LT, £2TOTF7—#%, GraphPad Prism 6
for Windows % H N CTHEMT L 7=,

2-3 #ER

R 1: EA4IVKREICRETa—B&Ur— a7z 00— LEROEE

FE 1T, EXIVKBEECHTS a—FaTvzae— bty —bhaTdzag—OEKTF
MBRERF Uiz, A OREBENSERL TWAIEX I KDIFEALIZPK THDHZ0H
(Kamao &, 2007) AFEBRTIEEEFOE X I K & LTPK %Mo, fEHRKT%
ORE, FIRERS L OEEHEREICIT, BERICZEN A S o7z (Table 3) . JHi.
B, DS L OMMD o — b 37 = m— VIREE T A BEAMILORE L ik L TR EICEE AR
L., INHOMED y — b7z o — VR, GRESMORE L i L CHRREICEEZ R
L7,

FTRTCOMED PK ZEN/ELWICHED LT, FRES il LT ABEORR, LFs X
U O PK R LB Ko MK-4 JREITIK T L, Mo PRIBEIIK T 2@m AR L7z (P
=0.063) (Tabled) . —Ji. G#EDONFHE, B, M, Ll Ak, FEB X OO PK R
L MK-4 BEIX FRLFARECTH 72 UL EORERN G 7 v MM D PKIBEE X,



EXIVE L L TCa—ba7zu— N 2EREIEEBIOMERNTA208, y—bha 7 xzuo—
NEERESEBRICIIEDb L RN ENH LN 5T,

EE2:a— a7z 00— )LEREDEVNT70x%/ VERBOEAR =

BEICRITTEE

FEBR1TIE, a— Fa7=z20—AEBRICE>TPKBLIOMKA4 BEEMNMETF L2, v
—hav7z2a— VEBERICLDIE NI ON -T2, FER2TE, a— ha7zm—/L4E
MEOEWS PKERT v hobv ¥ v KIBEICKIZTRELH, (KE, RS
FOREHERE X, FEMICEIT R oo 7= (Table4) . MiEDa— b2 7 xa—)L
PR IL, T50 FERB LN TH00 BECREIFLE CTH o728, RS BIEDO o« — F 27 = o — LR
F, a— ha7zo— U EBRENZWMNEE EF LTV,

MiE D PRIBEIZT X COFICETI R GNAT, It o PKIBEIX, FEICH~ST T500
BECLEA Lz (Fig.5) . ZAuTxr LT, g, i, O, AR, FEs KOO PKIRE
%, FRECH AT, T10 BETIEEN 2o 72y, TH0 RETITAFIIK T Lz, i, O, 75
W, FERIB L OO PKIRE X, T50 BEICH~T, T500 FETE LT T L7z,

PKEINT > FDiigE L OO MK-4 IR F FHZ A~ T T500 #£ T L5 L 72 (Fig.
6) . AR LT, BhE. KEIB L OO MK-4 #BRE1%, FRACH~T, T50 # & T500
HCTEFLE, a— ba7=a—EBEIZL D PKIBEDOIK T LD L MK-4 BE DK
TR TH T,

RER3:.a—FITJIO—)LEREDEVAATF/ V- 4ERMFOEZ S UK

BEICRITTEE

BFELLO MK-4 BHEIE, B4 I KOBEBIREDO DT ) 7.3%I2i8 7203 (Kamao
5, 2007) . LAETIE, MK-4 [3EAE LTHOY LTS, MK4 13, #FrAERSLILIED
EX I R RZEHM T OOICEE S TWDIED, BHBRERREDO AT~
vELTHRAESN TS, FEBi 3 Tk, MK4#T7 v b MK-4 BEICKkIE e — b=
7 xu— )V BIROZE AP, RE, IFEE SR L O EHEERE IS, HRETR LR
Mo7o (Table 5) . FEBR 2 OFEFR L FERIC, MIED o« — a7 o —/LREX, T50 B
K ONT500 BECTRIFRE CThH o722, HRE BO @ — b2 7z —VREIX, a— a7 =
o — /VERENHE 2 5122 T EA LTz,

FFli o> MK-4 #2513, F B3 L OV T10 B & b~ T50 #E3 L OV T500 B¢ LS L7 (Fig.
7 . LasL, MiF, B M. Ol R, RS XOMO MK-4 REIX, T XTORET
FIfRECTH -7, LLEOFER NG, MK-4 BHUf, o — Fa 7 = —/LIENO MK-4 2
WIZEAEREEZ G X002 ERA LN ST,
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B4 o— b2 7z0-LOBOKREAEFIIVKEEICRIITEE

FBR 2, 3OFERNDG, a— Fa Tz — L EBIUE, PKEIRT v OIFsMiEE O PK R
FEAZBBIR T S50 . MK-4 87 v hORFMERRO MK-4 JREIZITRE L2 &
ML o7, 2O OFREHEROERIZEH T 20 e ¥ I v KBEX, MHfk~o
B0 IARSCHEM 22 & 2 & B EEREE DR R T D, £ 2 T ER 4 Tl EX I K-
EXRZZ7> MI, PKELIIMK4 L, a— Fa7ove—LE2RO#&5 L, 6 K%
gD o — b 27 = v —/ L X, PO, P1, P10, MO, M1 BXO'MI0 BT, Tn<Th 9 =
0.5, 22 +1, 131 *£17, 9 =1, 26 =3 L1161 £15nmol/lg TH-7=, PO, P1 B X
O P10 O MyE 3 L OO PKIREIE, BRI EITX R OGN0 > 7ony, B, g, i
5 L OMO PK L, PO BEICHE~_T P10 BT F L (Fig. 8) .

Mg L ONEED MK-4 %X, PO, P1 BL O P10 ORI TEIZA LT, M0, M1
BLOMIO HOMICHETRAON 1> (Fig. 9) .

11



Table 1 Composition of experimental diets?

Expt. 1 Expt. 2 Expt. 3
F A G 0 10 50 500 0 10 50 500
o/kg diet
Casein 200 200 2000 200 200 200 200 200 200 200 200
L-Cystine 3 3 3 3 3 3 3 3 3 3 3
a-Starch 530 530 530 530 530 530 530 53 530 530 530
Sucrose 100 100 100 100 100 100 100 100 100 100 100
Cellulose 50 50 50 50 50 50 50 50 50 50 50
powder
Mineral 35 35 35 35 3 35 35 35 35 35 35
mixture
Vitamin 10 10 10 0 10 10 10 10 10 10 10
mixture
Choline
e 2 2 2 2 2 2 2 2 2 2 2
iitlr:pped om0 70 70 70 70 70 70 70 70 70 70
mg/kg diet

Phylloquinone 075 075 0.75 075 075 075 0.75 — — — —
Menaguinone-4 — — — — — — — 075 075 0.75 0.75
RRR a- — 100 — 0 10 50 500 0 10 50 500
Tocopherol
RRR y-
Tocopherol 100

LF, vitamin E-free diet; A, a-tocopherol containing diet; G, y-tocopherol containing diet; 0;
a-tocopherol-free diet; 10, a-tocopherol containing 10 mg/kg diet; a-tocopherol containing 50
mg/kg diet; a-tocopherol containing 500 mg/kg diet;

2 AIN93-MX

3 AIN93-VX

4 Stripped corn oil contained neither vitamin E nor K,



Table 2 Composition of test emulsion for expt. 4

Expt. 4
PO P1 P10 MO M1 M10
mg/ml/rat
Sodium taurocholate 200.0 200.0 200.0 200.0 200.0 200.0
Triolein 200.0 200.0 200.0 200.0 200.0 200.0
Albumin 50.0 50.0 50.0 50.0 50.0 50.0
Phylloquinone 0.2 0.2 0.2 — — —
Menaguinone-4 — — — 0.2 0.2 0.2
RRR a-Tocopherol 0 1.0 10.0 0 1.0 10.0

1P0, PK without a-tocopherol; P1, PK with 1 mg a-tocopherol; P10, PK with 10 mg a-tocopherol;
MO0, MK-4 without a—tocopherol; M1, MK-4 with 1mg o-tocopherol; MK-4 with 10 mg
a-tocopherol mg/kg diet; a-tocopherol containing 500 mg/kg diet.
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Table3  Body and liver weights, food intake, and a- and y-tocopherol, PK and MK-4
concentrations in rats fed a vitamin E-free diet or a diet containing either a.- or y-tocopherol for 4
weeks (F, A, and G, respectively; Expt. 1)

F A G
Initial body weight (g) 77+l 77+l T7£2
Final body weight (g) 189+2 18817 17916
Food intake (g/4 weeks) 340+7 334+10 329+11
Relative liver weight 28.2+0.5 29.2+0.8 30.4+0.7
(9/kg body weight)
a-Tocopherol (nmol/g)
Liver 6.7+0.5° 73.9+10.78 11.8+0.7°
Kidney 6.31£0.2¢ 39.4+1.32 10.4+0.3°
Heart 8.6+1.6° 51.3+11.78 13.6+2.5°
Brain 23.6+0.6° 40.5+0.5° 26.6+0.9°
y-Tocopherol (hmol/g)
Liver nd nd 33.3+£3.6
Kidney 1.17+0.21° 0.87+0.06" 9.9740.61%
Heart 0.6+0.2° 0.6+0.3° 12.0+2.3?
Brain 0.15+0.04° 0.13+0.06" 2.2340.217
PK (pmol/g)
Liver 43.3+3.1 41.5+2.7 34.1+3.0
Kidney 10.5+0.52 7.6+0.1° 9.2+0.6%
Lung 17.6£1.0 14.5+1.4 14.7+£1.0
Heart 45.5+4.32 28.3+3.5° 34.0+£3.9%
Muscle 7.61+0.752 4.58+0.79° 6.28+0.61%
Testis 3.88+0.63 3.25+0.54 3.4040.57
Brain 2.68+0.40 1.54+0.15* 2.46+0.39
MK-4 (pmol/g)
Liver 6.54+1.62 4.40+0.98 3.83+0.53
Kidney 32.0+1.02 25.1+0.5° 35.6+2.18
Lung 22.5+2.7 19.3+2.2 22.842.3
Heart 20.542.2 15.0+1.6° 21.0+1.28
Muscle 10.2+0.7% 7.8+0.9° 11.0+0.62
Testis 76.1+13.0 56.0+9.8 80.4+11.1
Brain 44.5+6.1 34.2+2.9 48.3

Values are means £SEM; n = 7; labeled means in a row without a common letter differ significantly,
P < 0.05; #PK concentrations in brain tended lower (P = 0.063) in A than in F group; and nd, < 0.1

nmol/g.
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Table 4 Body and liver weights, food intake, and a.-and y-tocopherol concentrations in rats fed a
diet containing PK with 0, 10, 50, or 500 mg a-tocopherol/kg for 6 weeks (Expt. 2)

a-Tocopherol in diet (mg/kg diet)

0 10 50 500

Initial body weight (g) 111+2 112+2 112+2 11142
Final body weight (g) 284+4 290+4 288+3 291+5
Food intake (g/6 weeks) 718+15 708+14 713+12 698+15
Relative liver weight
(kg body weight) 25.6+0.4 25.6+0.2 26.7+0.3 26.3+0.5
a-Tocopherol

Serum (pumol/L) 1.5+0.2¢ 7.2+0.5° 26.9+1.7° 29.5+1.5°

Liver (nmol/g) 3+0.2¢ 18+1°¢ 97+12b 185+6°

Kidney (nmol/g) 3.0+0.1¢ 11.840.2¢ 38.6+0.7° 48.1+1.22

Values are means £SEM; n = 6; and labeled means in a row without a common letter differ
significantly, P < 0.05.

Table 5 Body and liver weights, food intake, and a-and y-tocopherol concentrations in rats fed a
diet containing MK-4 with 0, 10, 50, or 500 mg a-tocopherol/kg for 6 weeks (Expt. 3)

a-Tocopherol in diet (mg/kg diet)

0 10 50 500

Initial body weight (g) 12143 12143 121+3 1212
Final body weight (g) 270+7 27445 27147 256+3
Food intake (g/6 weeks) 599+17 596+15 582+21 572+7
Relative liver weight 25.9+0.4 26.0+0.2 25.4+0.4 25.2+0.5
(g/kg body weight)
a-Tocopherol

Serum (pumol/L) 1.9+0.1¢ 5.7+0.3b 19.2+1.22 17.9+1.02

Liver (nmol/g) 4+0.24 15+1°¢ 69+6° 131£72

Kidney (nmol/g) 3.5+0.14 10.2+0.3¢ 33.0+1.0° 42.8+0.5°

Values are means SEM; n = 7; and labeled means in a row without a common letter differ
significantly, P < 0.05.
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Figure 5 PK concentrations in serum, liver, kidney, lung, heart, muscle, muscle and brain of
rats fed diet containing PK at 0, 10, 50, or 500 mg a-tocopherol (aT)/kg for 6 weeks (Expt. 2).
Values are means + SEM; n = 6; and labeled means without a common letter differ, P < 0.05.
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Figure 6 MK-4 oncentrations in serum, liver, kidney, lung, heart, muscle, muscle and brain of
rats fed diet containing PK at 0, 10, 50, or 500 mg a.-tocopherol (aT)/kg for 6 weeks (Expt. 2).
Values are means + SEM; n = 6; and labeled means without a common letter differ, P < 0.05.
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Figure 7 MK-4 oncentrations in serum, liver, kidney, lung, heart, muscle, muscle and brain of
rats fed diet containing MK-4 at 0, 10, 50, or 500 mg a-tocopherol (a.T)/kg for 6 weeks (Expt.

3). Values are means + SEM; n = 6; and labeled means without a common letter differ, P < 0.05.
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Figure 8 PK concentrations in serum liver, kidney, adrenal gland, heart, lung, testis and brain
of rats at 6h after vitamin K oral administration with or without a-tocopherol (Expt.4). Rats
administered 0.2 mg PK without a-tocopherol (P0), with 1 or 10 mg a-tocopherol (P1 and P10,
respectively), or 0.2 mg MK-4 without a-tocopherol (MO0), with 1 or 10 mg a-tocopherol (M1

and M10, respectively). Values are means + SEM; n = 6 (PO, P1, and P10) or 7 (MO, M1, and
M10); and labeled means without a common letter differ, P < 0.05.
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Figure 9 MK-4 co oncentrations in serum liver, kidney, adrenal gland, heart, lung, testis and
brain of rats at 6h after vitamin K oral administration with or without a-tocopherol (Expt. 4).
Rats administered 0.2 mg PK without a-tocopherol (P0), with 1 or 10 mg a-tocopherol (P1 and
P10, respectively), or 0.2 mg MK-4 without a-tocopherol (MO0), with 1 or 10 mg a-tocopherol
(M1 and M10, respectively). Values are means + SEM; n = 6 (PO, P1, and P10) or 7 (MO, M1,
and M10); and labeled means without a common letter differ, P < 0.05.
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2-4 EE

BAEETIC, B¥ I E OWREREERA, mikEEERL LOEEELRTI T2 2 LM
HEN TS (March &, 1973, Frank 5, 1997, Wheldon, 1983, Abdo &, 1986,
Fujita 5, 2012) ., T HDIERIT, EX IV KORZEHZAONDIEREBTND Z &
NoH, EXIVENRES I K ORISR EL MTTRREENREZ oD, £2TC, X
SUVEBRNEX IV KBEAZKTIELZOTII2VWNnEELZ, 7y hEHWT, KRNE
I KBEIZRIZT X 2 v EEBROZEL T,

FER 1.2 BL O3 THW=EEID PK & MK-4 iINE X, AIN93 &lEHIEV 0.75 mg/kg
fikl & L7z (Reeves 5, 1993) , £7=. AIN93 filkBHI BT 5 4 2 E iish&ElT 75 IU/kg
ikt cdh ., 2Lt RRR—a— b 27 =12 —/L 50 mg/kg fBHIFAY T 5, L7=AN-T, FE
B 10 RRR—a— ha 7 =0 —/VBL W RRR— vy — F 27 = v —/LOfGERINE (100
mg/kg fEL) X, AIN93 kD 2 (5 &ETH D, FERkIZ, EBR2BLOVO3 THW-a— k=
7 = v —)Ui| IREE, @R WEIEE (o — h a7 e — A ZNEN 10, 50, 100 mg
kg fdkh) O a— a7 zo—LRMNEIEX, AIN9S Btz nEn 5450 1 &, FE, 10
FETHD, 7v ML, €% IEARK (PKO0.75 mg/kg filkl) L% o7 ERFET
HDHHYA HK (PKO0.16 mg/kg fiEl) @ PK %2 4&37F 0.91 mg/kg fift &iefiklz, 1
HY7-0 20 g RIS 5720, 1 HO PKEREITN 0.02mg &72b, Lo T, &
B4 O PK & MK-4 O D# 58 (0.2mg/7 v M) iX.1 HO PKEREDH 10 {5 ThH 5.
Fio, E2 L 3T, A ~Da— a7 zo—iRINE, EEEET 50 mgkg, iHE
fil £} C 500 mg/kg THY .7~ bN—HU72V 20 g OEFZEE L 72546 @5 GEC 1 mg/
H., @R C10mglmg/HDa — a7z —LE2ERT 52 Ll b, FEid4 THOY
TRRORBRIED o — ha7xm—1 1 BLO 10 mg (X, FEBr 2, 3 Tl kit & i b
BHEN 1 HCTHER L/ — havza—L&lFMULTHD, X I Eid, Hibaen—
BIZHIE< BN TS Z D, 7Y A M LTHHAIN TS, EBRIZ, 74
TAND 10%08 HFENZEH 2 E % 276 mg/ HERL L TH Y (Ford 5, 2005), = D&,
KERZT BT —EEEATED 2 HERE R (RDA) 15 mg/HZ K& B TWD, A
ZTHWEZ Iy EmERT, MEEO 10F&THLH7-H, B NTHERT 221
WIELETH D,

FBR 1 OFERND, EXIVEEBRICEST, 7y MRNEXY IV KBEEIXMETFL, &
S5l a—hravzo— it y—Fravzo— 150 PREFEOE FENRAI N L
RSN (Table3) , a— ha7zwu—bly — ha7 o —LO&GERMEILR T T
HoTIZHBEbLT, a— ha 7z — LEBREEOKENe — ha 7 za— VRBED RN,
y—hazzo— A BEREOEKRNy — Fa7oa—/LEELY &) -7- (Table3) . 2
Da—hravdza—)by—rarzZzo—LOKRNREEDOEDFKE LT, ¥4I E%
M T2DIC0E R o — b a7 = o —/L#E X )78 (a-TTP) & OB kD EN
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L (Hosomi 5, 1997) . BEALOHALGEE M TH D CYPAF 12 X B KAV DZ 09 XD
EWVE 2 572 (Sontag B, 2007) .

TR 2, 3OMEEND, a— F a7 xo—/LEERH PK EBEFREOIHO PK #E, MK-4
B OO MK-4 B4 LA SE5 2 L2 /Al L7z (Fig. 5~7) . 2V, a— F=
Z7xua—VOERIZL-T, EXIVKELTPK & MK4DOWTNAEEBREEZT v b
TH, FlEOE % > KIBEN ERT2Z ERHALNIR -T2, BRI bR X 51z,
X IV E ¥ I KL TET CYPAF (KRNI SN D, o — Fa 7 = w—/uid,
PK @ o KFBALEGNZ BT % Vmax 20T 0K F S50, Km QT 2L 5 2 /a2
L (Farley ©, 2014) . 7 v bOEX IV KRGO RTHEHEIT, o — b7 =m—1
DR THEHNOFREZL > TE L2 ERHESN TS (Farley B, 2012) , Z#hH
DFEREZBETDHE, a—bavzu— b X I KEZRFHER LIS, sy
T, EXIVEIEEZ IV KOBUIZHEZ RITIenwEBbh s, B4 I KIEFE
WREEEIR 1%, IR CAER SN TIRICHEH SN THEL T\ D, B7ebiX, a— a7
= —/LREERIC L > THMO EX 2 v KIBEDOIK TR Y, Thne ¥ v KRS
PE MR EEE K F DA AR A B & 2T & W ORI A LTy, ARWFZEORERITZ DG
EFWTHoT, TDOED, a— Fa7Zzo—LiREERICL 52BN EX L K LoyLd
EENT, € I K RZMH MO EZR 2R TIIan & HE S n e,

EB212BWT, —EEOPK &, B8O a— ha 7z — L ERNLEEEZ
v MZ 6 HEERIS TR, o — Fa 7o — L EBREOHINT L > T, JFECMmEo
PKIREIMET Lieh ol b B 57, ISRk PKIREIXIK T L7z (Fig.5) . PK#
HURE D MK-4 JEE I3 ECMTIE T Lz (Fig. 6) ., ZHE, PK & a— ha 7z o —/LofiF
BHARIN &SR B WIS 872 5 5 TIT o 7238k (Tovar &, 2006) & 7 AMHEIEFE L TH -
oo Flo, ~EEOPK LR L8O X IV E 25 elBrfakt 2 miklmickogks L, 6
el D PKIREE A HIE LT, 2 ORER. MO PKIEEIIK T Lo 7223 IFFMERED
PKIEEMET L7 (Fig.8) . Z ORFOIFMEELD MK-4 JBEIIE D S -o 12728 (Fig.
9) . a— ha7=z=wv—LE, PKOIFIMAKIZKIT 5 PK O MK-4 ~OZEWIZ 8L 5 %2
PNEEZ LN, L EOREND, o — b a7 = a—L)s PK SR OFFED S TR
~OBITEIAET 22 LI2L o> T, MO Y v KIBEZK T SEL0TIERND
EHERIS T,
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E£3F OVEmRICEDIELZIVKEREDLR
3-1 BH

H2ETHLHELIBRRZEBY, ¥4IV E 0L v 4 IV KOoREHTE < oA
Wb, NMENPHERINLIZEZ IV EREX IV KDIFEALIE, TG EEEICEDF
7 AZEE LT NI S TR E ) S 41D (Traber & Sies, 1996, Abe &,
2007, Traber & Arai, 1999), —J7., Wl ¥ I ERE# I Kid, ThET o K2
b, BERILIZ X - THREHEMZ 3 if S CTIRIMC BRI <41 5 (Fig. 3) (Shearer & Barkhan,
1973, Schultz ©, 1995, Swanson o, 1999, Lodge ©. 2001), E# I E /KE&{LEESR
L LTHmbND CYP4F2 (%, PK 5 XU MK-4 O/KEE{LIEM: 7~k L (McDonald &, 2009,
Edson &, 2013) . B4 I E EFEFRICE X 2 K &, BT CYP EAFEAREIRRIE 12 &
>THEILEND (Fig. 4) .

I BV I v YD R EORHER ) I (F< S
FV) BEENTHD, A~IEF I~V 7T, K1%EEN TS, I~ U 7 F o
THEH I (Fig 11) 1 ZFAVITHRBELGENLTWD, V7 FUiE pE Fr¥xi T
=N Ta R OBE v 7Y 7 ko TER SN IR e TH Y (Fig. 12)
Z< OHEMNCHER D & LTEENTWD, A~V 7T 03, @EICH LTS EIERA
WHEZ RO EMMBILTN D, I CH B I T NEERHUEER (Sirato-Yasumoto
5,2001) 2T L, %4@$ﬁ@%nﬂ%ﬂﬁﬁz’%@A5-Kﬁ@Whﬁ%é’%@Bﬁi{’ﬁﬁﬁ (Shimizu 5, 1991) ,
A 3t ) A ROFEEMGEER (Gu b, 1995) . 7 v MIBIFHEX I > C ARRHEITE
HiaEnbsZ ERHEInNTns (Ikeda 5, 2007) .

Flo, B IV B MFBOI 7 e Y —AZBITS Fa v = — oK {EERE L

(Sontag & Parker, 2002), ¥ I &5 b=ty — (KCZ) 1%, b Miifld ERHIlET
o5 ABA9 FRUZIVNT 6 — b b U =/ — VOBV AR ERAFRICIEE L7 (You &,
2005), & 52 McDonald 5%, & MFEI 7 7 Y —2% W T, &% I & KCZ 7 CYP4F
IZ&% PKD oKt EST L2 &2 LT\ 5 (McDonald &, 2008) .

Yamashita 51X, I~V 7 F BTy hOFBRNOEX IV ERELY EHIE5Z L2
£ L7z (Yamashita &, 1992, Yamashita ©, 1995), G~<ca~ U 7 OFRIZE -
T, 7y hOMFEBLIOCHE#MDO « —BL Py — Fa 7o —VREFPEZELS EFL, &6

WEALIEE O EROIRIE TH D T AV By — BSOS (TBARS) 23 L7z,
_@H%E\ faZze—nWREHCTHDL LR =T Le Fekd /7 r~r (CEHC)

R ES D L s, I~V 7 Fun, 40 E RBLERE CThH D CYPAR
ZHETL2ZLICL T, BMNOEZ IV ERELY EHIELZ LRI (Tkeda
5, 2002) , EX I KIFEHX IV E LRI-DOERETHD CYPAF2 I k> THELEND
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7o, B I, EXIVERTTRIEZIVKOEMLBIEEL, ANOEZ I K
WA RITT RN H D, RETIX, I~ 1 712k b CYPAF OBREN, KN
PRKIREAZ LR SEHOTERWNEDIGEENT T, EX I v KIBEICKIET I~ EBROE
BERE Lz, FEBR1TIET7 y MBI U2 7 HEEREE, B9 I UMERNoE 4
KRB EE RETNE D) pEfat Ui, F25R 2 CTlde MRFEERICAANE TEIL T
WpHIvE 3 HEEIR S, 51053 Tk, HEOREIECHEMICI 2 EBIT
HZEEMBEL, A% 40 BRI EZEDO, 7> hOFNE S I KREZFH~T,
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Figure 12  Pathway of lignan synthesis
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3-2 REMHBETE

EERMM & EREY

PK. MK-4, CYPHEA|TH D7 ba) Y —n, BLXOCEHC EEOWNEMERE L LCTH
U7z Trolox (6-& R %3-257,8T hTAF /LT a~-2-HVRER) (X, ¥/ ~<T VR
VoFTVxNUnbliifALT, B IV KEEONEHEESE LTHWEMK3 &, v — |
a7z —REHEMTHD 27,8 8 AF-22- I NVRF L TF)N)6-8 Rux rn
~> (y —CEHOC) I, =¥ A&t biG S, RRR—y — ha 7 = a—/U,
T—HPA T — R TINS5 Inic, £72, BN L7ty I v Ll
0 <, IARHIERR S L St ES» S ehehfits Sz, B vdxa~n
SBHHLZbOTHY, B Itz I A EEREELLOTHD, HI~IL,
o THIN S I LI= b O 2 fEHIEIN LTz, I~IcEEnd 2o "7 g8, FEE,. v
# IV ERIE, FAE—E Yy 7 AL—ik BIXOHPLCEIZE > TERERERL
2o EXZIVKIE, I=ITRFEAEEER TR T2,

Wistar REEVET > & BART AT V= BEEA LTS, 12 RRIOWIRS 1 70 (B4 8
~20 I, K5 20~8 BF) | IRJE 24°C, 1JE 55% OfE BN CERBIEGE L7, filE 8 i,
KB L OETEZ BB S S, RERIT, 4 WBFERFEVEREZESOFEAIOFAE
IZ ko THERIN, T4 HRFPERFEYERES 285F L TiTo 7

EE 1 E4IVKEBEICRETEYI VEROEE

S8IEMD T v N 3EET/T, AR (CB,n=4). &I iFNEE (2 g/kg ik
(SHE,n=6), £721X7 baF Yy —wmtet (1 ghkg fkh) (KCZ#,n=6) %, i
Zh T BEHER S, ks, ARBREVERLEKIL Table 6 (27 L7, JRIT, fH&H D 24 B
L, ZEHEHEL —80°C TIRIFE L7=1%. CEHC E&ICHWV=, T v MIIWrEEIc & v B
L. MR LA L7z, EHT—30CTHRFL, EX IV KBXOWE OEREICHE
L7,

(B8R 2 E4IVKREICREIEHBOIVEROZE
3HHHDZ v Mz # I K+ E ERINGE A 4 BRERISE2Z LIk > T, AN
ZIVKEERZRZIEE, £0%, 7> M 5T, 4% I K- E BERNETE
(F#E,n=17), JEAREGE (CH,n=T7), 1, 5, £721T 10% I~ @Ik (S1, S5, B &
NS108E, n=7) Z., 121 3 HEHEER S, el Table 6 IR L7z, I~IC
X5 NI BB, BEOy — baT=n—AREERTN S0, I TGRS
TA U AN v T Ra—rlBLOy — ba7zo—LORMEEZS L, C B, S1 A,
S5 #B LU S10 OB Oz ZNOEAREEZFE L Lic, CHE. S1H#E, S5 IV
S10 BEDfAEIHFH D y — a7 = v —/LE&ElX, 60 mglkg TH-o7- (Table6), JRIZ2 HE
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|2 10 BEEREL L, R EH% —80°C THRIEL 72, CEHC E&IZHW=, T v MIIXaE
LKA EHMEBRESE, WEEIC L BE UL, mE. IS X OBEA2 R L., —30°C TF
FL, B2 KBXOE OEREICHWE,

X3 EAIVKEEICRIEITIRAMO IVEROFZE

4 WD 7 MZ, BX v E BERNETE (EF #f, n=5) . EAEE (CHE, n=5). 20%
IR (S20 8, n=6) F/21X RRR— v — F 27 = v — Lishfaek (500mg/kg £l
B (G#E,n=6) %, T4 40 AMEHRE 72, fEHLRIX Table 6 (/R L7z, TEA
YBXORA MY vy Fa— U MORMEEZRET 5 Z LIZX o T, TN TOREEOZ 3

BLIREOEELZH L L, £/, CHBIO S20 HEOfEIOHEy — a7 zr—

NE R, 50 mg/kg T o7 (Table 6), FHH L 72 flEHIBEGIREE THURERAF L. 1 1 fH
UNIZEE U7z, JRIZ. BRI 10 Rl L, EHREHZIC - 80C TR{FEL. CEHC &
BICHW, Ty MOREE L K E B BB S, B L0 B Lz, mig. I B
Bk, O, fifi, FEERB I OMMAZERRL, —30CTHRIFLE%E, B4 IV KBIONEOER
WL 72

l:\\g 2 Ej F'O)/E'IE
2 EEFEERICIT T2,

CEHC iR EDBIE
R OCEHCHRE ORIEIL, Kiyose b D Ji{E (Kiyose H, 2001) (-7, R DCEHC
%«ﬁe%x?ﬁhﬂj L7=#%., HPLCIEIZ X 0 JIE L7z, PEREHEIZ I3 Trolox % IV o, ik e
. EXILFMHE (Coulochem 1) {7 OHPLCH#E (BEHLC-10Ai) THY . 459 Hh 7 A
LODS-%@E?H L7z, ke H— RELiE, 4048 L 040.45VE L7, AEERIZIZ50
nmoLiBEFERET ~ U 4/33%7 & b=k UL pH3.6% H\ ., #ii#E0.3 mL/%y TH#r L7=,

E2I2KEEDAE
W2 B L RREICAT o 72,

fRat

FEROMEIT, P R E TR LT, EROAMEOREIZIT Kolmogorov-Smirnov
FRIE &V, fEROREIX—IThLE 2 0 HT & Tukey’s post hoc test THENT L7, 438
FEETHNCEE L < RWIEEIR. —JoRE /BT O RN R 2 e BB U 7o, BB e
e SN T2 E 12V TiE, Kruskal-Wallis 7€ & Dunn BEIZ K o THE SR 2 fENT
L7z, P<0.05%HEEZHY & LT, &£CTHOFT—#I|L, GraphPad Prism 6 for Windows
Z W TRRMT LT,
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3-3 R

FER 1 EAIVKEEIZRIEFTEY I VEROEE

IvICEENDL BRI R EDIY ISR, X IV E BLOEEBEETHD
CYPAF #[HEL. 7 v MANE X IV EREAX R SEL 2L L, B4 I EREEY
ORPHMEZF ST ENHEONE A>T 5 (Yamashita &, 1992, Yamashita &,
1995, Tkeda 5, 2002) , HITIZ720 ., CYP4F 73, B4 IV EFIJTRAEZI VKD
FAL B S Z ERH LM o7 (McDonald 5, 2009) , £ZC, VI BLONCYP
FREHID KCZ 25 v MIBIRESE, B4 30 KIBENEET 5008 9 a7, E5
IS T3 DI HAE, ITIRE Bd L OEEHERE 1T, BFERICZEIT R b Rdr>72 (Table
7 o MBI OHEDO y — ha 7 = —/REE, CHICHATSHTER LTV, i
D> PK B L UOMK-4 2E . CHRECHARTSHTEA L (Fig. 13) . KCZ BT, i
i Dy-CEHC #2E & y—CEHC DRt &2 C L LN THEIIL T L (Table 7) | il
® PK 1T BRI HMHH (P=0.090) TH-o7= (Fig. 11) , YU EOFE RS, I
BRICE->T, EXIVERTTREEZIVKOBEEYL FHT5Z ERHLMNCRD,
y—bhazzo—nLrOEALN, B I Lo THEINA AR N,

FE 2 EAIVKEEIZRIFITEEHBOIVEROEZE

FER 1 OFERND, B I OB L > TIFIRO B4 I KIREN B35 2 L3
Loz (Fig1d) , £2°C, WIZ, A~V 7P ragiead~a 7 v MRS HE, (K
NOEZ IV KIBENEENT 50089 MhEadi T, SEERE, IFEE RS L ORBHEIRE
ZiE, BERIC TR 780 o 72 (Table 8) , Mg, IFlEE L OOy — a7 zm—
JVIEREIL, CREL LB L T S1, ShBLUNSI0HET LR L, S1FEICHAT S5 L1US10
BECEBIZ ER L, IS X OO PR IR C BE L ik LT S1, S5 18S10 #f
TEFL, S1, S5LVUS10 B0 PKREIZFRE CH -7 (Fig. 14) . fiFligis L O
> MK-4 #2F1%. C. S1, S5 B LU S10 FEORIZZEIX /A S e h - 7= (Fig.15) , y-CEHC
DR FHEI L, CRECHARTSIOM TR L2, SIBIU S, HTIFHEEITIALN
727z (Table 8) . LA EDFRNG, I~vZ&2D72< &b 1%L, EAIN L 7=kt OIS
LoT, B XOBEOEZ I v KIREN EAT5Z LR LNTR -T2,

FE 3 EAIVKEEIZRIZITREMOIOVEROEE

FBR 3 TlX, FEBEORAETIVEEBRT 52 L2 E L, 40 HREO T UEINfEE O
WA E S L v KIBEICKIETHEZHA-, YEETIE I E TIZ, 20% 3~ E0
faktZ 7 > MRS E 5 2 & T, MiE. s L O, Kz EopbEfko e % I v E
BENEATHZEZRAHLTWS (Ikeda B, 2002) , &2 T, AEBRTIE 20% 2~k
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a2 Vet 21T o 72, £, A<8BIUE ANy — Fa7zep— L REEZREL
FAESED, MNEZ I KREED BRI, I~ERICE D CYPAF OFFEICL D H D72
DO, y—bharzzo—ky e v KOBERGEAIE SN0 R00E BT
H7eDIT, y— ha7Zza—/LEEFO 10 58 Th 5 500 mg/kg BN L7-#E (G #E)
AT T, AEREMET T, TRTOHOMRIZEITRL LN > T2hy, ITIRE T,
EF BB L OV C BEICHER LT, S20 BECAHRICHM L= (Table 9) ., MiF®R L OFFIED v
— a7z LREIL CREL L C S0 BB LG RET LA L G BEL Hifig LT S20
HTIBICER L, BhE, O i, BEBIOMO PRIEE L IO MK-4 21X, C
FE L R L S20 #EC B L7z (Fig.16, 17) . B, (st fifi, K5I KO PKIREE & |
D MK-4 #2E1%, CREE LR LT GRETIK T L7z (Fig.16,17) ., y-CEHC O JR gkt &
1L, CRECLHARTS20 B CIK T L72DIZk L, GEETIZER L7 (Table9) . UL EDOFER
26 40 A0 T~EBRICE > THERNEZ IV KEEN ERT5 2 R LMNNR o717,
F£72. 500 mg/kg kO y — h a7 o — BRI, o — ha T o o—/L & RERICIHIME
O PKIBEEAZIKTIELZ ENRHLNTRST,
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Table 6 Composition of experimental diets?

Expt. 1 Expt. 2 Expt. 3
c S  KCz F C s1 S5 S10 EF c 520 G
a/kg diet

Casein 2000 2000 200.0 2000 2000 1980 190.2 180.3 2000 2000 160.0 200.0
L-Cystine 30 30 30 30 30 30 30 30 30 30 30 30
o-Starch 5299 5279 5289 4750 4749 4727 4639 4529 4950 4949 4350 4945
Sucrose 1000 1000 100.0 1000 1000 1000 100.0 100.0 1000 1000 1000 100.0
Cellulose 500 500 500 500 500 500 500 50.0 500 50.0 500 50.0
powder
Mineral

ineral) 350 350 350 350 350 350 350 350 350 350 350 350
mixture
Vitamin 100 100 100 100 100 100 100 100 100 100 100 100
mixture
Choline 20 20 20 20 20 20 20 20 20 20 20 20
bitartrate
gitlrjppe‘j om0 700 700 700 700 700 700  70.0 700 700 700 700
Sesamin — 2.0 — — — — — — — — — —
Ketoconazole — — 1.0 — — — — — — — — —
Sesame seed® — — — — — 10.0 50.0 100.0 — — 200.0 —

mg/kg diet
Phylloquinone 075 075 075 075 075 075 075 075 075 075 075 075
RRR 1000 1000 100.0 — 600 574 470 339 — 500 62 5000
y-Tocopherol
Estimated
amounts®
g/kg diet
Protein 200 200 200 200 200 200 200 200 200 200 200 200
Fat 70 70 70 125 125 125 125 125 105 105 105 105
mg/kg diet

v-Tocopherol 100 100 100 — 60 60 60 60 — 50 500 500

1 C, control diet; EF, vitamin E-free diet; G, y-tocopherol-rich diet; KCZ, ketoconazole diet; S,
sesamin diet; S1, 1% sesame seed diet; S5, 5% sesame seed diet; S10, 10 % sesame seed diet; S20,
20% sesame seed diet.

2 AIN93-MX

3 AIN93-VX

4 Stripped corn oil contained neither vitamin E nor K,

5Sesame seed used in Expt. 6 contained 197 mg protein/g, 582 mg lipids/g, and 0.261 mg
y-tocopherol/g. Sesame seed used in Expt. 7 contained 200 mg protein/g, 500 mg lipids/g, and 0.219
mg y-tocopherol/g.

6 Estimated amounts of protein, fat, and y-tocopherol were calculated from contents in sesame seed
and amounts of casein, stripped corn oil, and RRR-y-tocopherol.
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Table 7 Body and liver weights, food intake, and vitamin E and its metabolite levels in rats fed a
control diet, a diet with 0.2% sesamin, or 0.1% ketoconazole for 7 days (Expt. 1)

C S KCZ
Initial body weight (g) 22242 22242 22342
Final body weight (g) 247+6 245+3 240+3
Food intake (g/7 days) 107+6 103+3 90+5
Relative liver weight 41.4+1.3 44.8+1.0 41.1+1.3
(g/kg body weight)
Serum y-tocopherol (umol/L) 23430 105+82 87112
Liver y-tocopherol (nmol/g) 12.941.3° 77.6+8.42 67.6+8.6%°
Liver y-CEHC (nmol/g) 14.3+2.52 5.4+0.9 1.2+0.1°
Urinary y-CEHC excretion 2.93+0.20? 1.8440.15% 0.81+0.11°
(umol/24h)

! Values are means + SEMs, n =4 (C) or 6 (S and KCZ). Data were analyzed by nonparametric tests.
Labeled means in a row without a common letter differ, P < 0.05. C, control diet; y-CEHC,
2,7,8-trimetyl-2(2’-carboxymethyl)-6-hydroxychroman; KCZ, ketoconazole diet; S, sesamin diet.

Table 8 Body and liver weights, food intake, and vitamin E and its metabolite levels in rats fed a
vitamin K-and E-free diet, a control diet, or a diet with 1, 5, or 10% sesame seed for 3 days (Expt.

2)!
F C S1 S5 S10

Initial body weight (g) 203+6 203+5 20345 20345 203+4
Final body weight (g) 220+£5 218+4 222+4 22343 21943
Food intake (g/3 days) 46.2+1.2 44.6+1.1 45.8+1.3 46.7+1.1 45.4+0.8
Relative liver weight 41.4+0.8 41.5+0.7 41.4+1.0 41.0+0.8 40.9+0.6
(g/kg body weight)
Serum y-tocopherol nd 4.8+0.4° 14.2+0.8° 18.6+0.9 18.8+0.9°
(pmol/L)
Liver y-tocopherol? (nmol/g) nd 13.0+0.4° 37.1£1.1° 45.0+1.72 47.7+2.32
Kidney y-tocopherol? 0.15+0.09¢ 3.6+0.2¢ 11.3+0.6° 15.0+0.7° 15.6+0.7
(nmol/g)

Urinary y-CEHC excretion? 0.014+0.001¢  0.757+£0.104*  0.277+0.034®  0.183+0.038%®¢  0.081+0.016"
(umol/24h)

! Values are means + SEMs, n = 7. Labeled means in a row without a common letter differ, P < 0.05.
C, control diet; y-CEHC, 2,7,8-trimetyl-2(2’-carboxymethyl)-6-hydroxychroman; F, vitamin K- and

E-free diet; nd, < 0.1umol/L serum and < 0.1 nmol/g liver; S1, 1% sesame seed diet; S5, 5% sesame
seed diet; S10, 10% sesame seed diet.

2 Data were log-transformed prior to ANOVA.

3 Date were analyzed by nonparametric tests.
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Table 9 Body and liver weights, food intake, and vitamin E and its metabolite levels in rats fed a
vitamin E-free diet, a control diet, a diet with 20% sesame seed, or a y-tocopherol-rich diet for 40
days (Expt. 3)!

EF C S20 G
Initial body weight (g) 86+3 86+2 86+3 86+3
Final body weight (g) 24745 24146 239+10 240+7
Relative liver weight 27.74+0.5° 27.1+0.3° 29.7+1.0° 28.0+0.5
(g/kg body weight)
Serum y-tocopherol? nd 1.4+0.4¢ 21.2+2.52 3.0+1.2°
(umol/L)
Liver y-tocopherol? (nmol/g) nd 2.3+0.5¢ 28.7+1.7° 7.0£0.4°
Urinary y-CEHC excretion 0.010+0.001¢  0.55+0.07° 0.35+0.06¢ 3.15+0.27°
(umol/10h)

! Values are means + SEMs, n = 5 (EF, C and S20) or 6 (G). Labeled means in a row without a
common letter differ, P < 0.05. C, control diet; y-CEHC,

2,7,8-trimetyl-2(2’-carboxymethyl)-6-hydroxychroman; EF, vitamin E-free diet; G, y-tocopherol rich

diet.; nd, < 0.1umol/L serum and < 0.1nmol/g liver; S20, 20% sesame seed diet.
2 Data were log-transformed prior to ANOVA.

Liver PK Liver MK-4
2001 a 157
T ab a
150+ - o -T-
2 o 107
8 100 b g
;’: < ab
v 51 - -
% 50 = b
0 0 [ ]

C S KCZ C S KCZ

Figure 13 PK and MK-4 concentrations in liver of rats fed either control diet, a diet containing

0.2% sesamin, or a diet containing 0.1% ketoconazole for 7 days (Expt. 1). Values are means +

SEMs, n =4 (C group) or n = 6 (S and KCZ group). Data were analyzed by nonparametric tests.

Labeled means without a common letter differ, P < 0.05. C, control diet; KCZ, ketoconazole diet;

MK-4, menaquuinone-4; PK phylloguinone; S, sesamin diet.
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Figure 14 PK concentrations in liver and kidney of rats fed either a vitamin K-and E-free diet,
a control diet, or a diet containing 1, 5, or 10% sesame seed for 3 days (Expt. 2). Values are
means + SEMs, n = 7. Liver PK concentration in liver was log-transformed prior to ANOVA.
Labeled means without a common letter differ, P < 0.05. C, control diet; F, vitamin K- and
E-free diet; PK, phylloguinone; S1, 1% sesame seed diet; S5, 5% sesame seed diet; S10, 10%

sesame seed diet.

Liver Kidney
20 100 a
a ab ab

b__@ 154 T a Q 80 b - = -
(o] ab a _T (o] p—
g _— £ 60
:? 10- T :?
M b N/ 401 ¢
= = = 20-

0 0

F C S1 S5 8S10 F C S1 85 s10

Figure 15 MK-4 concentrations in liver and Kidney of rats fed either a vitamin K-and E-free
diet, a control diet, or a diet containing 1, 5, or 10% sesame seed for 3 days (Expt. 2). Values are
means + SEMs, n = 7. MK-4 concentration in liver was analyzed by nonparametric tests and in
kidney was log-transformed prior to ANOVA. Labeled means without a common letter differ, P
< 0.05. C, control diet; F, vitamin K- and E-free diet; MK-4, menaquinone-4; nd, <1 pmol/g; S1,
1% sesame seed diet; S5, 5% sesame seed diet; S10, 10% sesame seed diet.
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Figure 16 PK concentrations in serum, liver, kidney, heart, lung, testis, and brain of rats fed
either a vitamin E-free diet, a control diet, or a diet containing 20% sesame seed, or a
y-tocopherol-rich diet for 40 days. (Expt. 3). Values are means + SEMs, n =5 (EF, C, and S20
group) or n =6 (G group). PK concentrations in serum and liver were analyzed by nonparametric
tests. Labeled means without a common letter differ, P < 0.05. C, control diet; EF, vitamin E-free
diet; G, y-tocopherol-rich diet; PK, phylloquinone; S20, 20% sesame seed diet.
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Figure 17 MK-4 concentrations in serum, liver, kidney, heart, lung, testis, and brain of rats fed
either a vitamin E-free diet, a control diet, or a diet containing 20% sesame seed, or a
y-tocopherol-rich diet for 40 days (Expt. 3). Values are means + SEMs, n =5 (EF, C, and S20
group) or n = 6 (G group). MK-4 concentrations in serum was log-transformed prior to ANOVA.
MK-4 concentrations in liver was analyzed by nonparametric tests. Labeled means without a
common letter differ, P < 0.05. C, control diet; EF, vitamin E-free diet; G, y-tocopherol-rich diet;
MK-4, menaquinone-4; S20, 20% sesame seed diet.
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3-4 EE

3%Tm\ﬁvUﬁfymiofPKmﬁmﬁm%én\%@%%\wmmPK%Wﬁ
AT DLVIIEROIIT, BF I L IvOBRMNEANO X I v KIREIZKIZTREIC
D2NT, 7y FEHWTIRT,

FER 1~3 THWZfEO PR IRINEIX, 0.75 mg/kg fikt L L=, KETIZ, X I E
LT E2ETHW:-RRR—a— +a7=2u0— LTI RRR— vy — Fa7xzu—)%
MW, ZOEMEIE, vy —baZzv—iE, a— ba 7z — Ll THLOIZ CYP
KR RIS (Abe B, 2007), F~ Y 7 J @ CYPAF [HEMEH 2RI RV~ —
N—TodldThd, FHR1TIX, A~V 7 LTI vEHW, T~ITid,
1%BREO I~ Y 7P U REENTWD, £k 3 THWZ 20% T~ IRIEEHZIX, I~V 7
FUB02%EENLFHEL 0D, FB 1 THWZ 0.2% 4 I iRIfEEHL, £ 3 TH
W2 20% I ESINETEL L RIEO I~ U 7 F U B LD, YUHIEEICBIT S 2 E TORE
T, 0.2% W I RIS 20% 2~ IRINEDERCIE, MyEOMMRD y — a7 = v —/LiR
D ERSHREE . R y-CEHC it & OB NRRFRETHH Z L& LTS
(Tkeda &, 2002),

B 1IZBWT, 0.2% 8V I U Iniakta 7 HREBIREE7- & 2 A, SPIEE L e THF
gy — a7 ze—/RED EH PK B IOMK-4 BED EFNRED Lz (Fig. 13).
(Table 5), Bk 2 TiX. 1%. 5%. £7-1% 10% T~ MR Z 3 HRERES - L 25,
KEHRHE & FL TS & B> PR IREEDS R L7c (Fig. 14), 2Bk 3 TlX, 20% =~ IANEA
A 40 BB SE- L 2 A, ARBHCH TR, Ol B, RS J OO PK EE
N EFAL (Fig. 16), WMo MK-4RES FA L7z (Fig. 17), L EOFRERNS, I~ &
Ot I OERICE-T, haZ=w—VREZT TR PRIRES ERT22 2%, 4
HTHBLMNZ LT,

A EREOENN, EXIVKBLOEZ IV EREICHZDEEERZE DS,
DTN 1%D AL ST, 7y POPKEBEIWNy — havzo— LR RENEH L
(Fig. 14), L2°L, 7 v bO 1% I~ B OEBEN, & M TIXEORED I~ EBEEIZH
MBI LM EHET HOIIRS T, Wu bk, RO LEicEl 2~ 50g % 5 #Hf
BRSELZLICL-T, MFDy —bhaT7zo—VRER EFT2Z 2R E L (W
5, 2006), Frank b & F£72, @ERMRABMEICTAY 7185 mg %5752 LTk
ST,y — Fa7Z=m—1DyCEHC ~OREMBHEFEEND Z & 2R LT (Frank 5, 2008),
U EDOKRENG, I~V 7 FroBRuL, 7y MG ThR<e ho v ¥ I E G i
THEEZLND, LTzo T, A~vOBEIC L > T O PRIBELHELZITHZ L0
FRINDN, BIEOLE Z AL FO PRIEE L IV EBIOBEIZOWTORE TRV,
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FEBR1IORYT 4 7arbo—n et LTHWEKCZIZ A IFY— L RZAEEETHY |
A XY= VERD CYP O~ LEEEFNIFERT D Z &2 K- T, CYP BERTEMEZPRLE T 5,
KCZ X, t Mg 7 1 Y — A28 5 CYPAF (/7D PR KER{LA#BLEL, B b & T
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DR STz,
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D PR PREEIL A LTz (Fig. 16) . LSO 2 6 OfflfgkD MK-4 EEICIE, I~
BROAEIZELENR LN o7 (Fig. 17), ZOFENG, I~V 7 u0d, g
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y —bhazzm— LD b RO PK QAR LN 0KV, 512, B
V%i@ﬁv®ﬁﬁi)Wﬁ¢@V*F37:H~W%E%%L<Lﬁéﬁkﬂwmﬂ9%
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. RO PKIREDS A Licagtk b B2 oivic, Lo, vy — ha 7z e — /L OmEHE
HUZy-CEHC DR ¢%ﬁi%%b<£ﬂéﬁﬁ@(%ﬂew MG+ L OO PK IR
y — ha7zm— /RREEERIC L 28R b o T, T~BEIC L 5 PKIEE DO LA
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BEN/, y— ha7zwe—LOBRRFREBEIZ LY, MO PK JREIHITT LA
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S,

AREIZBITHFERIT, I~BXPT~V 7 FroBRICE - T, 7y bO PKEEN LA
TLZEEMDTHLNILIE LD THD, I~ 7 F U0, CYPAF2 {K{FMED PK KE2
{EREZEBLET 5 Z &2 X - THAMERR O PR IR % LR X2 Z L3l S iz, Z oHE
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Figure 18 Effects of a-tocopherol and sesame lignan on vitamin K metabolism.

CM, chylomicron; CMR, chylomicron remnant; CYP4F2, cytochrome P450 4F2; Gla,
y-carboxyglutamate; Glu, glutamate; LDL, low density lipoprotein; MD, menadione; MK-4,
menaquinone-4; PK, phylloquinone; UBIADL, UbiA prenyltranserase domain-containing protein 1;

VLDL, very low density lipoprotein.
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