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2021 FICHBEIERE AL 100 FERUEEEZE T, BARIZ. 2hd o AE 100 FERR A D
XL LTwd, EoMEEMILH 77 v TcdhRInTwd Lo, FHi-@#FEI L %
s L, EROBHBEEMOILHZX S Z L 23RKD LN T w5, [EFEFEG] &iX, 2000 FI1C
WHO 238208 L 7287 L Wi <, fEEAAR 21 (2X) <k MM EofEc B A58 23 R
Ehpz e ERTELIHM EERI TS, 2% 0, HEFGOIEM & I1Z, (@I
AR TE SR AT TEW®E D o, MEIFIC X 2K 30 FEi ittt S EFIC L 2 HAA
DIEFREFFA L, 2016 FOKRFECTHME  72.14 £ KM 7479 FlroTwb, Sk, Wk
ZIEEH D IER % X 2 7201, JEAEFEE 1RO 358 1) KIMRE2ED7-TRTDOAD
{2 7 AVEEEIE . 2) BW T B - EAEALTFG. 3) N THT - 7 LA xR, REGE T
i Zrhic BGHZHEE L T 5, (#FEFM 2 T 2 IR TN E P A EETH
%, HITCAE (2019) ANEBIREREE (FEEE) OMERIC X 5. iEFE 0 DA E DI O 5L
TR AEY). AL DR, AL EREETH Y, T OEBO FHiSHE L o T
Wb, NETFHHICECTIE 7 LA AVRRAE R & O ENEER 2 KRR S FRBBET
bHb, XHic, bBREOBELMLFESMICE T 2 EAGHE ORI, EELXE L LMo fFED
PREFEESR O HEER BT ONT WD, TN TA 72T =YL 3 ZEDMBBEREE%
HWE T 2D THE, THOHIHARLEDTHICIRR2 LMY MG L AEEL L EZ
T, ZZ TR T, KECEFEOBERTiZE x5 5 2T, HIENAMA L 72 50
AWFFEICETF L 7=,

F1ETIH, 347 V0RERE GEAR) 20 2468 e L <. Bi%E R (EMU)

CEHL, L R¥EEZNRIC, 7Y 724 (Na) HIREE (NaCl: 6g/d) @ EMU-3 + 7L
(Na, #U 7L [K]. AT T L [Cals =742 7 L [Mgl. Vv [Pl Hi$h [Zn]) HEiHE
ZUE L, IR (NaCl: 12g/d) @ EMU-2 3 7 VHEIEE & TR L 7z, I8E 3 4 7 VIR X
b P OEFEREAR R TIREO —D TH 223, EE MR O B IC X b | B IR A
FInhTwzizd, IA7VEREOEAREZRITREREOEGTFL Ll I 2 7 Vg
EERHWS Z 3 v, Lz23oT, IATZVOREBREZHEL, 347 r0f R
ERIRE DB FERENICHO 2 ICT 2 2 EXHETH L, TFE TIC, Na HllfR2S Ca &
Mg DI ZRT €. Ca & Mg D I3 FAMHIHICEWTAD AN VA% b 7263 & 238
Ll 7roTWB[1], £ 2 TARBFSETIE Na fillfR2 EMU-Ca & Mg 2 b % 5| %2 Z 3 n]RE
P2 H % &AL E 2T, Na il fR2S EMU 12 RIE 38T D W TR L 72,

02 moik, KrkEERREEET 2RI, KT RY) — oREHFEN TP ZHME L
T, ¥Z IV B, (VBy) * ¥ 3V E (a-TP) DHJhiE X OHHHERIC X 2R A2ITES 3
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o, MAMELRERMMLZ, 7A) — BT 3EITIE. BEFEFDO QOL ZIE T X ¢ 3
—HRTH L, B A7 O L 72 fafEiRFCH 2 FEL AT A4 v (HCY) ZAF A=V
KFIcH T 2 hREIEYITH 2 25, T DfGHICEED 52 MTHFR @ C677T %A HCY i
FEICKE LSS LT w3, 28T C677T DFER (TT) BLU~Fu#l (CT) %o
7P LRERHEF oMY HCY IREK T2 HIVE L. MTHFR Ol CTH 5 VB2 B XL U
Vil LaE 2 A3 % o-TP BIIC BT 2R 2 RET L 72,

F3EIT, PUBLEEEZAE T2 a-TP B X US-Fa Y=/ — (5-T3) olih@ifEs X O
MR - BB ~DHELZHL A ICT 22 L BN AN E Z1To 72, TNE T, [l
BRATEF ZRRIC §-T3 OIHEIREZ IS 20 ic L 28, 14 HEOEHEIIC X 3 o-TP
© 5-T3 DI FRELZ{L O 1Tk, 22T, BEAFERLEWNRIC, §-T3 BHUC X
% §-T3 DI ENEMIAZ HD—>2 & L5t 2 FEfi L 72, X 51T, invitro TIEMGMALICEE
BRLTWB I EARINT WD y-T3, §-T3[2-4]D 5 b, y-T3 X TG, HNEMGHIAE L HERT & 1<
T HEIHL IRV DODOH DB HDD[S, 6] T3 TOZNIEIKREARHAR LR S, L
L7235 a-T3 % y-T3 &£ 2 WHE 90%D 5-T3 25 7 » + e 2 A EICib & ¢
THY[7). AFETD 6-T3 DEHUC X Y v Miid TG X LDL-2L 277 —1 (LDL)
BEAKT IS0 LSS 5L FHIL7Z, 72, invivo TliX, TRF (o-, B-, y-, 5-T3 DR
&) BRI X 2 M IEEREME T ICET 2 #E1S <. & P ENRICL 72 §-T3 HMEE T
DHE TP T, Liedio T, AL T §-T3 BHUC X 2 M AREIEE DK T ZHH 5 2203
5L IHRMNEEETIMETCHLEEL, CNETH T3 RIMF L AT —AEKTIC
EH$2 2 EDBHL 2 TH 57285, T3 DHFThH, FRcmWITRRLEER B 2 §8-T3 ol =
LAT7Ta— UK T~OFHELZRT L I3ERED L LHE T,

¥ 70, ERAEEEERE CERK 28 ) I W CENEIC R 2 FH O 4 6712, 206D 12.1%
B 72 B - DD 5, BHRECEEEEN 2 & HFEHLRICRIEST 2 2 L D% n»
BB, HENP O DT ERTH B, Lzh> T, HEMI LB ORBELHER T2 &
THAER D O ZERNIC B T 2 BHBRERIESC Z LSS BT Y 27 2 KB ¢ 5 2 L ico
B BRI OEMIC O B L E X, L LAY, BT P EZHME L
T HFEERNRONAMIEIZIZ L A LR\, 2NE T VEIFEREREE L. BAREZo
B LR THON T & 7203, BHBRES BT P2 BRICEFEE~OM AZITH Z & TH
LWHIRZ GO A[REE D H 5, 2 Z TARIMIETIE, a-TP BL U S-T3 7Y A v b &
BEch 2 ERIC 14 HEERE ¢, 20ko7 v P A4 e LT, b MilA TG, LDL.
HDL & X NE R~ — 71— T»H % Ntx, total PINP, & 5IC HCY iREOLENICEH L., o-TP
BLU 5-T3 BEEOMERH - 5 RE~0FHELZIEHT 2 2 L% 2 DHO HINICA AWF
REFML 7=,
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F1E SEHRISBHAE_IRPD I I (Na, K, Ca, Mg, P, Zn) HEEIC G 2 2E

E1H S

KEFZTWHI) IATAEBRENICERINAZSETIR RV, KR TIZ I AT LEIK
F.RF, BR, @Z,«QODM&%LMMEE‘%@M%’H BT, bt s, b0 b, K
W clRFIcHEttE s, PV YL (Na), AV T4 (K, Arv v s (Ca), w7 %
v (Mg), Vv (P), High (Zn) © 6 LHEEMITTRE LT3,

JR Ca %2 Mg OHEM E, BEIRIE S SR 72 & O EEHER ORI T & LTaIS T
BY, INFETRFD Ca Mg 1Z= AL F—BIGEL 1,2 - AR R L Z[3,4]
WkoTEmL., EiEEERO PHRT L L CHION T BEGEB)[S]IC X » TRAD T 5 Z
EBMEINTVE, Ldo T, BEFEEROKREZZ 25 LT 14 7 EHIUTOWT
ERTHIELIFEETHS, CNET T IATNVOMEREERTELT H7-DIC, e MTkIT 3
1A TN ORBHHMOBED R I N TV B[69], FKAlZ, I 4 T7LORERE GARE) ©
BE L LT 220, flz 2L ~ a7z & &2 L & 72[10,11], M 2 z\ ?11/?&%
ke b of@FREXZ R THEEO -2 TH L2, 1A T LVOREBEE TR WA, I
WD AT VIREOZLIZRCHIFICE &5, DF 0, H %‘Iﬁ%ﬁh&%@%iﬂ
M 3 4 7 VBRI ICHEF S N T w3720, I3 7L DRBIREDOIEIE L Lﬁm{ﬁ 3
FINVEERZHGEZ EIZEI R\, LB >TIATADREBIREZHEL, 3I4AT1LD
WAL LR & OBRZEEIICHL 2T 3 2 A, L 25, 22T, AFETIZ S
FINDREIREER R TIEE L LCRF D I 42 FAPERICER Lz, K 2 4 7 A3kt
HIZHNZ# 25 Y, BEIcE ., REFICA W ERAONT WS, EHICRPIA TV
PR RII BT ORELZT 2720, FRRIIAHMICITE L Tk, 2 2T RIFgE Tt
ﬁ%ﬁ‘Eﬁi%ﬁﬁntﬂﬂ“ﬁaﬁ“@fﬁ‘aﬂéﬁf‘%5?@3%#& (EMU) %R L 7z, Mg 75>KEL
7= BH (160mg/d) Tlk. EMU-Mg (A EICHA L[12]. EMU X & 7 v DREIRAE D 5
THHuaEEEA R E Nz, L, ThETICF Y v a (Na) HIBRIZ Ca & Mg DWRIN %
ETF X272 L2 b[6].Ca & Mg HHICED T Y R ZFERI T L E Rz, LA > T,
Na ffllfR 1 EMU-Ca & Mg DZ8 bz 51 2 2 T a[ReME2 5 5, LEd DIRELICHE V>, Na HllRRAE

(NaCl : 6g/d) ® EMU-2 # 7L (Na, K, Ca, Mg, P, Zn) ZJlE L. XHEHE (NaCl : 12g/d)
D EMU-I A 7V & L 72,



E2fi Ak
1.2.1 #EREICD T

ARWFZEIE. ~v s v FES OBUEICHE - THEfE X ., EZEEE - KERTOMEZE S
DAGRE G- (HFEES 104003, AGEH 12004 7 A 18 H), #EH#E X 19 205 23 ROk
FR7e HARANLNE 11 4 TH o7z (Tablel-1), #ERF X R F, EZERE - REUIZCHTO
EEREAEHRICIHEL, 2 0027V —F ity ritz, 72— 713 Na flfREE (n= 5. NaCl
BEE 6g/d) & MEEEE (n=6., NaClf8EUE 12g/d) Ko b7,



Table 1-1. Characteristics of subjects (11females)

Age (years) Height (cm) Weight (kg) BMI
Mean + SD
Na restriction (n=5)
) 20.6+£0.5 160.8 £ 6.8 51.5+£52 199+ 1.1
(NaCl intake 6g/d)
Control (n=6)
20.8+1.3 159.4+5.9 53.1+6.6 20.9£2.1

(NaCl intake 12g/d)

Significant differences between the items were not observed.



1.2.2 FEERHAR
FhRIT 2004 4F 8 I X v, FEEIHREIZHEMI 16 HEZ & 21 HE <, H#HZIC 3
HfS o [lfEH#A % 5% 0 7= (Figure 1-1),



Experiment Design
One day (from 8:30 am to 8:30 next day)

Experimental day 0| 12|34 |5|/6|7|8|9|10|11[12]13(14|15]|16|17|18|19|20
Balance period .
Step (Stepl) (Step2) (Step3) (Step4) Recovery period
Menu number Al 121314112134 (1234123 ]4|1]2]3 |a1
NaCl intake of Na restriction group 6 g/d 12 g/d
NaCl intake of control group 12 g/d
Meal OO0 OO0 0000000000000 O0O0
Samples EMU*2 OO0 0000000000000 0O00OO0
Fasting blood @) O @) @) ®)
Data of intergroup comparison Na restriction (NaCl intake 6 g/d) vs. Control (NaCl intake 12 g/d)
Data of intragroup comparison NaCl intake NaCl intake
( within Na restriction group) 6 g/d 12 gd

*1:Ad lib

*2: Collected separately from 6:00 (Waking up) to 8:30 (Breakfast) (2.5hU)

Figure 1-1. Experiment protocol

period were used for the intragroup comparison.

This metabolic balance study consisted of two phases; the balance period (step 1, step 2, step 3, and step 4), and the recovery
period. The participants consumed a diet consisting of a 4-day-rotating menu throughout the study. The 24-h urine was collected from 8:30 am to 8:30 am the next
day as one day. The second voided fasting early morning urine (EMU) was obtained from 6:00 am (the first voiding in the morning: night urine) to 8:30 am (before
breakfast), collected separately from the other urine. In the morning of the days 1, 5, 9, 13, and 17, fasting blood samples were collected. The NaCl intake of the Na
restriction group was 6 g/d during the balance period, but it increased to 12 g/d during the recovery period. The EMU data during the balance period were used to
compare between the Na restriction group and the control group, as the intergroup comparison. In the Na restriction group, the EMU data in step 4 and the recovery



12.3 SHENRE X OREEIE

HARAN O BHEBIGEHE[13]5 L OHARR KD R[14)ICHE DWW T, EHRE12s EERIIH
HOERFEOBZZIER L. HEHRAL L 72, ZNE &L BFEY v I 28— Icfia T % 5 54
¢, NafilfREE (NaCl:6g/d) D4 Hlov—F—> a v A=a—%2HEL7-[15], L
. oPHEREIL Na $IBRE (NaCl @ 6g/d) LRI L NafllREIC, BR 2g DS %2EM (+6
g/d) L7=BHFamHEIL 72, NafilfREEE, HHHICIE NafIfREE (NaCl: 6g/d) Z1HHL
L7zA3, [BHEEICIZNERE (NaCl: 12g/d) ICZH L 7=, FEAMSic i s - gFzho
IANF—FB X OREREZ Tablel-2 1T T,



Table 1-2. Mean dietary composition of energy and nutrients

Energy Protein Lipid Carbohydrate
Items*!
(kcal/d) (g/d) (g/d) (g/d)
1.9x10° 7.3x10 4.3x10 3.0x102
Na*4 K Ca Mg P Zn
(mg/d) (mg/d) (mg/d) (mg/d) (mg/d) (mg/d)
Items*?
34.8x10°
2.4x10°3 6.0x10? 2.3%10? 1.1x103 9.2
*42.4x103

*1: Calculated by Standard Tables of Food Composition [14]
*2: Measured by Atomic Absorption method or Colorimetry [8]
*3: Control diet

*4: Na restriction diet
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1.2.4 SEEHR
1. JR
EMU (3. FCIKRFEFICHER . SARRNICERILL 72K % 2 FHICHEM L 2R TH 3,

2. Ik
HEAZEEREME >~ 7 v, EEH 1 HE. sHHEH. 9o HH. 13 HH. 17 HHICEL 7=
(Figurel-1),

1.2.5 BT
ST D I A 7 (Na, K. Ca, Mg, Zn) % RTINS (AAS, Varian AA-5, Australia)

TN L7ze ik % 0.5 mol/L DE T o i BRMEEIFA N D IEE IC AR L 7215, HEEIC
J& U ChHEE &gk F Tl L Tobr L 7z, P IRILESH (Y 757 v 7 —i%) <l
L7z, b MUBHIMEER T, i EMU- 2 4 7 VERBR O & 7=k AT D KR 72
FERMGF O NT2[15, 16], T /2. D FERSAM 1T O W TIZIEATIIIELS, 16,17]ICREHEH S T v
%, Mo I 470k, Bkathe— - =4 - 2L (BML,INC.) XUtz x7
— VT (SRL,Inc.) ICHEEAREL N ZFEIEL 72,

1.2.6 #RaTfENT

Na f8H{E & EMU-I £+ 74 (Na, K. Ca, Mg, P, Zn) & OBR%{KE (BW) H7-9H D
TR & LTt L 72[12]. BW (3., HE IR b D 4B o Py 70 FLEH 22 EIRF O BW TH %,
HAEART R © EMU-2 A 7 0D 7 — 21X, NaffilfREE (n=5) &XBEEE (n=6) & DEICH
Wiz SO 7\ ttest) o F 7z, BAKHINI (X7 v 774 1 NaCl 6 g/d) & [EEHA (NaCl 12
g/d) @ EMU-3 374D F — &, Na HlIREED EMU-3 3 7 A DI L 72 GHED
H % ttest) (Figure1-1), #ERHE (n=11) OF— X% \WwT, NafBIUE & EMU I % 7 v
DOHAHB % KD 72, HEHENTIC I IBM SPSS Statistics version 22, 24 L 7=, A E/K#E
13 5%Am & L7z,
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EIH AR
1.3.1 IM5E I 4 7 VIR L Na IBHE & 0Bt (A O BER L)

HUMIART 1 o Na $IEREE & 0RO MG X 4 7 VIR % Table. 1-3 12783, Na filfREF I
B K, Mg, PIIfIE#EL D D FREICE D > 72, £ 7z, IiE Na, Ca, Zn (ZMFFOMICHE
XTI o T,
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Table 1-3. Serum minerals at the inter group comparison

Serum-minerals

Na restriction (n=5)

Control (n= 6)

(NaCl intake 6g/d) (NaCl intake 12g/d)
Serum Na (mmol/L) 144 + 4 144+ 6 NS
Serum K (mmol/L) 4.6+0.3 43+0.3 <0.01
Serum Ca (mmol/L) 2.29+0.05 2.28+ 0.08 NS
Serum Mg (mmol/L) 0.90 +£0.04 0.83 £0.03 <0.001
Serum P (mmol/L) 1.34 £ 0.06 1.29 +£0.08 <0.05
Serum Zn (mmol/L) 126 +1.8 120+1.2 NS

(Mean £ S.D.)

13



132 EMU-3 A4 7 4 & Na 8GR & BRI o BER HE)

HIRAIRE o o Na FlFREE & 0THEEE D EMU-I % 7 V% Tablel-4 ISR L7z, K R FTXT
DR I A 7 VHREEIX, Na FilfREE L IR CHERE 2R Z2H V. Na FlfREED EMU-Na, P,
Ca. Mg, Zn \IMBEFEL U D HEICED2 072, 5, mEo2HE (0= 175) ZHWT,
Na ##E&E & EMU-2 4 7 VOB ZE L 7z, 2 Of5HE, Na {8HUE & EMU-Na, Ca. Mg,
P. Zn ORI A E R IEMBIZZE D b iz (22, p<0.001), L 2> L. Na $8HE & EMU-
K & OMHBIZAERE CTld 2 > 7 (Figurel-2),
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Tablel-4. EMU-minerals at the intergroup comparison

Na restriction (n=5) Control (n= 6) Unit p
EMU-Na 0.66+0.42 1.47+0.82 pumol/ kg BW/ min <0.001
EMU-K 0.43+0.17 0.39+0.15 pumol/ kg BW/ min NS
EMU-P 165+56 194+57 nmol/ kg BW/ min <0.05
EMU-Ca 19.3+11.3 33.0+16.6 nmol/ kg BW/ min <0.001
EMU-Mg 33.6+10.2 38.949.5 nmol/ kg BW / min <0.001
EMU-Zn 50.2+12.4 64.1+20.1 pmol/ kg BW / min <0.001
(Mean £ S.D.)
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E _—

E 8 - 022579+ 001855 R= 05758 p<0.001 (u - 175) g 2, .

= i1 E ——y = 04436 - 0,00049342x R= 0.0748 n.s. (u = 175)
a 6 Z1s/| .

s ' = :

s ¢ = R g s’

s 2 0.8 S ot

2 © ("/” A 0.5 t D B A

= 0 M‘ e = & 58 &2

Z 0 30 60 120 150 =0

- k3 0 30 60 90 120 150

Na-intake (mg/kg BW/d) Na-intake (mg/kg BW/d)

S100 5 4 E 200 .

8- Y SIS 63 TTa Ry G506 A (n + 379) E ey = 26.377 + 0.14046x R~ 03358 p<0.001 (n ~ 175)

= = ) -

z Z 150 |

Z 2 s

z = 100 | I

g g 58

= ; 50 L YR

= 2 0 - : -

= = 0 30 60 9 120 150
Na-intake (mg/kg BW/d) Na-intake (mg/kg BW/d)

= 800

= [y = 134,79 + 0,63967x R= 02661 p<0.001 (n = 175 —_

s 4 $ > 2 E 200

= g

= =

o = 150

g E

S = 100

s g

= =

5] = 50

3 S

— B ¢ [Ty =3611+030177x R=0.4001 p<0.001 (n = 175),

- ‘ =

= 0 30 60 90 120 150 = 0 30 60 /90 / 120 150
y v : ’ Na-intake (mg/kg BW/d)

.\a-lntﬂl\f (n‘gl‘g BW fd) @ Na restriction: NaCl 6 g/d (n = 80)

O Control: NaCl 12 g/d (n = 95)

Figure 1-2. Relationships between Na intake and EMU-minerals in the balance period (intergroup
comparison) The relationships between Na intake and EMU-minerals (Na, K, Ca, Mg, P, and Zn) were
analyzed as the parameter; /BW/min. The closed circles represent data from the Na restriction group, and
the open circles represent data from the control group. Significant differences in EMU-Na, Ca, Mg, P, and
Zn were observed between the two groups (p<0.001, p<0.001, p<0.001, p<0.05, and p<0.001, respectively),
but not in K (intergroup comparison). Further, significantly positive correlations were shown between Na
intake and EMU-Na, Ca, Mg, P, and Zn (each, p<0.001), but not in K.
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1.3.3 Na HI[REEIC 1) 2 Na BHUE & EMU-3 4+ 7 L OBfR (BEN LK)

[al#5H) (NaCl: 12g/d, 38 3 HREKR O 3 HRDFE) @ EMU-3 % 5 4%, HifhiR o
27 v 74 (NaCl: 6g/d) ® EMU-3 F I 4 & HEEL 72, [HIEI O EMU-Na, K. Ca.
Mg, Zn 1327y 74 DZx e L, AEICEWEZ /R L7225, EMU-P 3 EE Bl

~L 72 (Tablel-5),
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Tablel-5. EMU-minerals at the intragroup comparison in the Na restriction group

(mean for the 3d)

NaCl 6g/d NaCl 12g/d .
(n=15) Unit p
(Step4) (Recovery)
EMU-Na 0.78+0.34 2.12+0.82 pmol/ kg BW/ min <0.001
EMU-K 0.46+0.18 0.75+0.20 pmol/ kg BW/ min <0.001
EMU-P 176+37 152+40 nmol/ kg BW/ min <0.01
EMU-Ca 19.048.8 27.0+13.6 nmol/ kg BW/ min <0.001
EMU-Mg 34.418.2 40.9+8.8 nmol/ kg BW/ min <0.01
EMU-Zn 49.1+9.3 59.549.1 pmol/ kg BW/ min <0.001
(Mean £S.D.)
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A EE

1.4.1 IiE 2 4 7 4 & Na {BHUE OB

M D I A 7 VPRI EE MEHER AR IC X Y B I~ E o HIF N CHEFf I LT v 5 72
O I I AT EER S I A T VBIEEZ N 2 2 L IXEEETH B, RIFFEAER T
Na Hll R C I3 BRI L~ TG K. Mg, P IEEAERICE D - 72, M EBRUI IS
DI B 72 5 325 Na fBEUE QBN D NaJEfE 2 EEEIN X ¥ 2 b O TIL7R W [18],
g clc, fEERADIMNE K. Mg, PIREIC NafllfR2SET 2L 0IOMEIRIZLA LR
Vo ARIFFEIC BT 2 KIME I 4 7V OIRE T, BRI EIRIRE O FHEME[19] & 13— > Tw
7o L72H35 T, Na [ZE I 4 7 M ICHE R 5.2 223, FHEEOHIPANTEB L T 58
A RO MERE TlE I 4 7 VO RZEHE, EIREZ KM L2 VAL »ICLEZD T2
TERIIITTER W L ICHEERSNETH B,

1.4.2 Na fEHUE & EMU- 2 # 7 v D Bf#

FERIARI R, ZME 2B 28 Na LAMIFRIERD I A 7 A ZEIRLTW3ICb220b 56 F, Na
HIPREED EMU-Na, Ca, Mg, P, Zn 3R BEARHICH R CEEICK S 572, & 51T, EMU-Na,
Ca. Mg, P, Zn & Na 8BHE & OMICIFAE R IEOMHBEFED b7z (Figuel-2), 2D
&b, NaflfR#F (NaCl : 6g/d) Tl Na BHEEDSERRICIIARE L T2 729([8,20]. AWF
JEICH T2 Na REEEEDO VW O IIBEHN R T TR IBEM T ITbh AT LRB I
720 BT Na fCHIEHAIBEREIX FIc, L=y - TV VAT VLY - TAFRRTR VR E S
FU Y LRRRTF FRBMANL TS, TALFRT B VIE, BROKMEND Na & v 7
WAEF L C Na OFBINEZEET 221, SNOHDRITEHSHD Na HRINCHBES LTk
D[22]. ZOEHIZBICEHEEN T3 Na7Z 7 T7%&< Ca. Mg, P, Zn (BD I AT 1) (T
QWEL B Z 12 L BRBINT, 2, BIC K BEFEAON TV WEd, KL RIC
BT, EMUK EAELRZILZRI b ol b F 2T,

1.4.3 Na fill[RFEIC 3510 % Na BHUE & EMU- I % 7 LD BE{%

[EfEHAIC 51F 2 F4 EMU-Na, K, Ca, Mg, Zn (327 v 7 4 O I (NaCl : 6g/d) D
EMU-3 % 7L & B L AERICHE 2 2 7248, EMU-P I3 E (K2 - 72 (Tablel-5), FERILLE
WM DE X, EMU-K & EMU-P OZA{LTH 5, [IEH (NaCl:12g/d) KT 3
EMU-K O#1iZ, Na OEIES X CIRINEOHINCH: > K TINERINOFE L L <N
T% 5[20], EHEIHICE T 2 EMU-P O IZ, W O DERIC K > THIERZ I v7zn]
REEDH 5, IR D P DAL Ca DPINZIEIN T & 2 ek H 5, Ca D—HIL P & —
HIcHCEBRIN W3 ehob, BD P OBMEZR S 720 IR P 2534 LT 31
REMEDYE 2 BTz,
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1.44 Na #lfR23 EMU-Ca & Mg 28 3242 A 1 =X 4

Na f8HUE & Ca - Mg HINICITAE R IEOMHB2H 5 2 & 2 @& LT 5[6], HEH T~
7=k o, BEBENELR R (NaCl: 6g/d) &, BBED S D Ca -+ Mg DIRILANH] X 4,
FLEIAT (Ca*Mg) 25 Na &—#ICH2 TN 3[20], SRIOWHIZETlE, Na {8
HEBD R WSINE TIRIBE S 5 D Ca+ Mg DWIANH] & 41, M1 Ca - Mg B % #EHF &
% 72 DN T OHBINMEAES 2 Z LRI NFeo BEMKT 2 P Zn E, Ca® Mg &
FIRRIC, ZNOHLFRILAW=RLTHELEEZOND, L2L, AfECEINOLDA A=
ALEHLPICTEZ LI TERDP o7, LA >T, SHOMETIZ, EMU-I X T &
MRV RE L ORRP. Na 3Mhd I 2 I ARG 2 28 R E2HL I L Tw
SR D 5,

AWFFE Tl NaCl D 6g/d &\ 5K\ Na il 2 EMU-Na, K. Ca, Mg, P. Zn DZ{t%
FlERFTEHRO—D>TH 3 Lifiamo 7z, BFEHD Nald, Na. K. Ca, Mg, P, Zn DfR
Wrav e —AFrEELERDO—-DOTHELELIOND, T2, NafllRiZ, FEREK
T2IATAHMAPE FDIATNDOREBIRE~NEE L MTT 2 e b, BOBBOBA
225 b 7 Na fllfRIZEEICKRGT 32 XX IHHTH %,
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FT2E YXIVBBIWe-Fa7zuo—oBM-fFRABRIC K 2IMEREXT 4 ViE
FE{E T ofRET

BLHE #E

ZHAE AL DAKR =Y ~DFELAEE > T3 —77, #EENCHE S fEERRE D 8 2 <
Wb, FRICKWET 2 ) — Mgk 2 @EREIR, T2AArF—8BECR R [AR] [Fof
FE - B HERIE ] 2% b, 2453 American College of Sports Medicine (ACSM)IC & - T
2007 fFiC [T R Y — P o =F8 (FAT)) & L CRIBE 7z[1], FAT 3&ET XY —

oY | BTG Z B I T b, BRIICIE, LR EEREIIE S EIT O ) R 2 A
OB TH 5[2],

FTELZATA Vv (HCY) 3IEX v 52T 2 7 BTH Y BREIESE DAL L - a1
ELTHEINTEY, AP LRAEEI L OBEL R I N TV 5([3-8], HCY IXF4=
vObREYITCH Y, FICHERE, X VB (VBp). YR 77y (B4 3V By[V.B:)])
KIKIF L7 AF A= ~DFAF Ll v 2 IV Bs (VBe) ICKTEL 2o 2 ©
DI CTRB I N B[5]e AT AMREETIE, 5,10- A F 7 F 7 b F e iEEETHR
(MTHFR) IC X2 T5-XAF VT b+ Tk FRERH L X FALERMMEINTATF A=V 2B
%3 %[9]s MTHFR % 22— F 3 2 8{5 7 Cl. 677 #FIC (MTHFR C677T) # {51 %54 (SNP)
BHY, TN P vRF IVICEEZHZONZDDTH 5[9], C67TT ITXf3 5 kEH:
Hiks L U~T e 6K 1Z. MTHFR ORFEIGEELZ 2 E i 60~70% 3 X T 30~35% (KT
THLTEPMESINTWAB[9-11], & HIT, C677T I MTHFR DREEEMZET ¢, 5-
AFALT LT FuiEBoEE 2B X4 20D T, ZOfE, HCY 225 A F 4= v ~Df%
BAMHEL, [id HCY BE 0 EFICoAani 2 2 & 2VRE T\ 5[12-15], MTHER &5 1
D C67TTT DA R T, AP L AMEREBE#EL TH Y, ML 2R+ & L CRE S
T 5[16], MTHFR Dffili£3 TH % FAD OHISKATH %5 VB, 1, IE HCY L~ LDl
SVLERERFTHD Z EHRINTWB[17], LA L, K VB I (l.Lemg/H) <l
HCY LRV ERZ 5 2 02 & 5 5107 > T Y [18]. V.B, BH @ IMH HCY & T @
R EHERT 27203 E LR IMEPMBETH D,

T HIC, FERIT—RFEREE L CEEAFEEHZRZ LT Y A FMUKIEDERIC HCY
DAFA= Y ~DEWEET 5, W 22DffETE X Iy C (VO) LEBOMOME
TERDSE0R T T 325, AR X 7 = X L3R X T 7219, 20], HERE O HiRE(L
k. EBOFEBL L2 ES, M HCY LRVEET X425 5%Ee LR ah T/,
Tt E<H % VC. ©X IV E (VE) 2H5ORBFEOF 7Y A v ME, H D HCY L
NEETERZEPHEINTVDE21], T 5ic, HiibllREaotric L v, fifEdo ve v
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ROUIT HCY LRV EBDOEHERD 2 LRI NTWE[22], Lz T, Piligfbe % 3
v ORI G 1Z, EH HCY Lo EFICH 35 VB FEORNR 2 Hs 3 2 alaetE 235 5
EWIHIRFE LTz, L72d3o T, AFEDHIVIZ, C677T H Mo+ (TT) B L U~T
ol (CT) %o EREHEET oMY HCY IREICH 325 VB, B X W E 7213 VE (a-
Fa 7 xa—n:qTP) MEORNEEZRET S I EICH o7, AWFEDOIMEIL, EIEHZ R
ZEE L REBEHSRORIE~ORYEIRILL 201525 ¢ B2 TH Y. L1k LRI
BTOMRBEHICE T 2 8EMNE T2 EE L - AEEEYRORBICHFSTEILELT
W3,

Eofi Ak
2.2.1 fifF e fmBe

AEIZ, ~ Ay Y FESKED LN P E2RNRE LEFFRICEAT 254 P74 vic
HPLL CHRIE I L, [HFERFEICH T 2 AR NR & T 2 EARMICICET 2 MiEERE R
HHERY T e b 2R e U7 - @RISR 2 fmBRig s ] ZE 2 OKE#FS 1 TU2016-
012 7#&FEH 2016 9 A 16 H. #&:2%F 5 TU2018-016 #&FAH 2018 4F 10 H 3 H) DGR %1%
Too AR ZEM ST 21CH72 0 fWELEE ZESHE e, BEE AN ZF Y A
FREABAE LR WL ) T+ ic BB L 72, BERE 2B ICARRBEN. NE. Kifko) 7, R
P, B, BPEER B LARRIIE S v 2 & 2 B X CHTHIC TR Z TV, i
DFExSCEICTE 2 ETEMEL 72,

222 R RHE

AIFFETIE, FElT=18 s D CUFERHE % i 72 T4 F R LBOETF 21 i xwiE e L C
L7z, 2O, AV IANZVFORERERT 4 HERIAL, KD D 17 fAERIC
MTHFR C677T %B®D TT ¥ 72 1% CT EI5 1B Z f#T L 7z. MTHFR C677T 4 BcH1F 5 TT
720k CTEEBEFHA AT 2 X1 L REHGEF I 11 &£ Th o7z, Hikld, LT D MTHFR
C677T U DFFNTICFLER L 720 L7223 5 T, REBRORMNAHERERIL 11 HTH - 72,
F v TAH A X 80%. a=0.05. =020 D XF A =X —%H\», HCY DT 7 = 7
b A XU 1.0 umol/L & L 72[23] #ERE O B AR IFRHE & BiH i % Table 2-1 ISR 3,
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Table 2-1. Physical characteristics of female track and field athletes with C677T genotype and their competition performance

Monthly
) ] SNPs . o Best record
Height Weight Number of stress running Competing in the
ID Sex Age (yr) MTHFR ) ] (3,000 m-
(cm) (kg) fractures distance track and field (yr) )
C677T) race) (min)
(km)
A F 21 156.0 45.0 18.5 2 CT 425 9 9.34
B F 21 165.2 49.5 18.1 1 CT 392 9 9.57
C F 21 162.8 42.4 16.0 2 CT 416 10 9.43
D F 21 150.0 42.0 18.7 0 CT 519 12 9.47
E F 20 160.0 42,5 16.6 0 CT 804 5 9.25
F F 20 160.0 46.5 18.2 0 TT 418 8 9.48
G F 19 163.0 47.5 17.9 0 CT 500 7 9.36
H F 19 158.3 385 15.4 0 CT 252 4 9.45
I F 19 157.3 45.9 18.6 0 CT 517 7 9.49
J F 19 163.5 53.0 19.8 0 CT 467 4 10.08
K F 19 171.0 49.0 16.8 0 CT 525 7 9.29
(Mean£S.D.) 199+09 160.6+52 456+39 17.7+13 05+£0.8 476 £ 128 75124 947 +21
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2.2.3 EHRHAR]
ARFEIX. 2018 4E 1 A2 5 2018 4F 11 A £ CoOMAMI <A L 72, FERWAMIZ, SRR
(2 v b a—rH), VB BEUAR (VB #). o-TP AR (o-TP #1) . HfFHEEUAR (V.B,
+0o-TP H) ® 4 DDHRICH 1T 7o, FFEHAMORIC 14 HA Lo v + v & 27 v + iR
DSEXVT B ATz, FRFEERWIR 12 HE T B o 7z, BAEGEHEIES X O, BRI EFERY e+ » v
NANTHEEL 72, EEEZ 0 b 2% Figure 2-1 178 L 72,
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.

V.B2+a-TP = 14days V.B: = 14days a-TP
supplementation supplementation | Wash-out supplementation

Wash-out

14days |4days 14days

Figure 2-1. Experiment protocol
Schematic showing the study period. The duration of the study was 12 weeks (four periods of 14 days for the various vitamin loading periods), including a 2-
week washout periods after each supplement period. The loading test was carried out in combination with V.B, and a-TP (concurrently intake), and another

loading test was conducted with each vitamin taken alone. Morning fasting blood collection before and after each vitamin period is shown in the arrows.
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2.2.4 WRERE O FEERIAR T D 45
BB I EBIAR T, S8R ERICTAEIE L 2. B L SE . IRITFRFLNICEI L 72
(& :7HF302>. B 12054000, 73090,

225 BEENB IO X I VAR

BB X R RER P CAERE L, iR e Y RIFE -0 BEAEIL 72, AFREICH 5
T, Bt nCcs b, HHEFE IR AN HARAD 1829 O FH % HEIITEE
LTz, RfFEICE T2 VB B XU TP @ 1 HO AR, HAANOREBIULHERS
(2015 FFhR) B LU nFE COMELZEZER L. VB2 28mg/H. o-TP % 60mg/H & L 72[24-
271 #EERF X, 1 H 2 [\, SRR Y BRFICH R Y X I v 2R OHEIL 72, BIgHEE L, I
Fov sz I VR EZER L CRELRZRS, 29, HFEXIVEHA 7L Aza—L LTS
MEDODR/EFE (= b, Y —, vy =Xy b, AL—V—) ICRE TR I 72 (Table
22), AV ru—AlE, ZROEMHEBINLTY S I, ©X I voamIEfL T\
Vo ¥, VBN (VA7 76V F) X o-TP A (i o-E K) 13, =2 (Y7 —
AR b DEMFH L 72,
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Table 2-2. Four menus of mixed with vitamin B; and/or a-TP

Menu/ ingredients 1 serving Menu/ ingredients 1 serving
Yoghourt Sorbet
Yoghourt (no fat) 50g 100% orange juice 100mL
Canned pineapple 20g Canned paineapple 50g
Marmalade 7g Sugar 9¢g
Orange jelly Smoothie

100% orange juice 130mL Yoghourt (no fat) 50g
Sugar 13¢g Banana 40g
Gelatin 2.5g Canned peach 25¢g
Canned orange 13g Canned orange 25¢g
Water 22¢g Honey 5g
Syrup 5g

These meals were prepared in the dorm kitchen. Each vitamin was mixed into these foods. Subjects
had taken these meals without knowing that they contained vitamins (V.B2 30mg/d, a-TP 60mg/d). We

provided these four menus as cycle menus.
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2.2.6 kkls L 7 — 2 BREL

1. BB X OKE

WERE D B B OMEE IR D R (K74 —avEY Y a v TF 74 % — Inbody
770, BEREtEA v R T 4 - vy R, HANCCTHGE L 72, REEDEICERL Tk,
PREEMEE, FEEIE T vy (Fv=v 2y ryy), FTEHR M —=v vz T72ERAL
HIE L7z REBEVERRICIE, KIROBEKZERZFE L. 500g 272 L5 CHlE L 72,

2. FRif

1) $RHG:

Fex 3 BN O IC 2 IERRIM 2 T 5 72 (Fig2-1), & & I VEIGIELHO
e B THROBHOHTH 5, BaF . FIMH SN ICR T RIS CES L -,
FEAZERER ORI D 720 #ERF ICIFROE AR L OKko 2 4HEGTRE) <, MK Z HFELL
7o MR OEREUE F B0 FIRIMBREGE I X 0 FEhi L 72, MMIZEMOE RS L CEEDO D &
RIMZEE (—MAEEEA EREEEE, BFREAZLEFR TMZ Y =y 7)) IKKEL, B
Rl B X ORI RATIC X 0 $BRE o BRIMAFEHE & 117z,

2) I LRE

SR A RIS 2 BRI 13 A 022 & EDTA-2K & 2 HE L 72, HECERIME <3 ID %23

LIEHC A R X D12 L7z, —RORIME 1 20mL/A & L7z, RILEIC DWW Tid, &
DfEFEZW B X OCHIMES, S #EA T, RINERZVETH VEYIETH 2, RIMFZBICHHE L 72
FRIMTE % %0 B% (As one Hsiang Tai Centrifuge) (< 3000rpm 10 73ff 3%.0 L | Il & X ONIER,
MiEs L CMmERICHHEL 72, FRIMY HAIC, ZNTONS 2108 - iEZ 1.5mL 52— 7
ICZENZENEL, HTE T-30°CTHRE L 72 (SANYO BIOCEMICAL FREEZER, — i 7E#E
Rt Rk, BHA),

3. R

BFRCIIREZFENRIHH ALK EFELZEME (BDHQ : brief-type self-
administered diet history questionnaire) % F\», #EERF ICFEA L TD W, 7 — X 7% DHQ
YAR— by X —IKEHL 72, BDHQ ZHELIOEME L IZIFF U2, b THICE
ZNUEE RO BEENEOEME & L CEEEE (30,311,

2.2.7 M
1. HIEEH
HIETEH X, WBRE © MTHFR @ SNP B, (1% o-Toc. I V.B,. I HCY. EMETH
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2. WIE S5

MTHFR @ C677T ® SNP (¥ PCR-Restriction Fragment Length Polymorphism 7% ¥ X VA
VKEDEICTHIE L 72, M o TP, HCY WREFFATHIALZ <27 7 4 — : High
performance liquid chromatography i% (HPLC i%) | I AESEMEIRFE |3 R4S & 2 oE i (ELISA
) CHIE L 7=,

2.2.8 MTHFR (C677T) @ SNP BHI|5E
1. MR DEREX

DNA £HXF » } Oragene® Discover kit, OGR-600 (DNA Genetek Inc., Ottawa, Canada) % >
T, HERE OMER Z PRI L 72, MER L v FNEEEZ T IRE ¢ 2 - o iERRM L., &
ERICBEF A 1.5mL F 2 — 71 600uL 707 L 7= (MRS~ 7' ), 5ohr £ cHIf2S & 3 35
A ITIE-30°CTHAELRTE L 72,

2. DNA fihitth - DNA &7

WER Y~ 7 A% 50°COTEERMICT 60 PRI 7L 4 v Fax—2av L, #Hitk 1.5mL F
2 — 7T 500uL 3%, FEEYAR 20ul 2N 2B L 72, 10 20, Ko Eclm#itg, &0
#E (25°C. 13,000rpm, 2min) L. EiEDOAHHT L 1L5mLICoFE L, IWBIZFEEL 72, >
FIT 100%T %/ —)b 600uL ZHM L., &2C 10 BIFEEEAEREAI L, =R T 10 [MEE
i@ L. DNA ZU# & 27, BE, @008 (25°C, 13,000rpm, 2min), biF % FEsE
L. MBI O AZETERL -, ZNIT T0%T X/ —) % 250uL B i L, EilicT 1 4
MIEHE L 7z, B, By ZFEZE L TEBuffer % 100pL 7500 L. 8P, 50°COEEM < 1 K
A vFax—1FL7z, ZOR, BEEREZ B ho7-, 2h%E DNAHIHOH v 7L L
72, DNA EOffFZicixF / Fa v 7 (NANODROP LITE spectrophotometer Thermo Fisher
Scientific K.K., Life Technologies Japan Ltd., Tokyo, Japan) ZfEF L. DNA 8% &% v 7L T
2[R L 72, # D%, % DNA ¥ v 71 ® DNA 2D ¥l % KD 72,

3.PCR (DNA D)

HY v 7D DNA BOFEfES S 100ng HHYE (L) ZEFE L. Sterile water & % 5 H
L 7z, Sterile water (Fill to 20pL) . 25uM Primer (1uM) . DNA template (1000 ng of equivalance) .
DNA polymerase (10uL) DJEFHF T PCR F=—7 (0.2 mL) C AL, PCR #%% (Biometra,
Tersonal thermocycler, BM Equipment Co.,Ltd., Tokyo, Japan) iZt v b L, RIGC X ¥ 72, KIGE
fF 13 Table2-3 /R L7z & &Y TH %, MIHFR C677T 7 7 4 = — & S; 5-
TGAAGGAGAAGGTGTCTGCGGGA-3' & X O MTHFR C677T Primer-AS; 5'-
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CCTCACCTGGATGGGAAAGATCC-3', DNA F Y X 7 — % (X Premix Tag ™ Version 2.0
(TAKARA BIO INC. Japan) % Fi\»CHilE L 7=,
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Table 2-3. The DNA amplification program

Temperature (°C) Time Cycles
Initial denaturation 94°C 5 min
Denaturation 94°C 30 sec repeated for
Annealing 60°C 60 sec 50 cycles
Extension 72°C 60 sec
Final extension 72°C 60 sec
Incubation 4°C (forever)

The procedure for amplifying DNA by the PCR method is shown. DNA was amplified at the

temperatures and times shown in order from the top of the table.
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4. DNA E iR

DNA EDMEZRICIZF/ Fuay 7%2EH L. DNA B2 &Y v 7 AT 2 iR L 72, £ D4,
% DNA ¥ v 7D DNA BDFHEfE %KD 72, T Z Tl TE buffer TiE 7z <. MilliQ % >
7z

5. DNA O YHT (il FREER KE)

1.5mL 5 = — 71 Sterile water (Full to 25uL). DNA template (1000ng of equivalence).
Buffer (2.5uL). Enzyme (Hinfl;0.1 pL New England Biolabs, USA) DJIEIC AfL7z, A v X
v VR, IR EZEILL . 37°CCHRE L %235 C677T % 2 4 v ¥ 2 _— b L 72,

6. EXUKE)

C677T @ SNP A T 572010, 3%DTHa— A7 VEIER L 7z, Agarose 0.6g IZXf
L IxTAE buffer 20mL. SYBR Green % 2uL CHFEZLICMEVILE L | SRR X 72, 7
NIRRT 40°CREFEIC AT L Nucleic Acid Gel A4, % —I1C 7 % £ TRE 2, £ D,
BTV b L AT L, EEIREET 20~30 DINE L, EE I A ZED 72, 7B
S EERMER L, TE~Y—AD—%S5SuL % T 774 L7, % PCR ¥ 7/ 10uL % 2uL
® Loading Buffer Lf&#E L., ZD 5B 10uL X7 VT 77 4 LTz, BRAIVKENE 1$EEEHRRE
TS50V - 90 7Dt e Lz, 2Dk, UV I (Alpha Innotech, Alpha imager Mini ¥4 7 & &
— FHRA &, . BHA) CRRHEEZT o 7%,

2.2.9 HPLC i£iC & 5 IfL#E HCY D #lE
1. I HCY ¥ ¥ 7ML

25uL DIIEY v 7 v % 1.5mL F 2 — 71 L, 0.3MPBS (pH7.4) % 205uL. 10uM NAC:
Nacetyl-L-cysteine (Sigma-Aldrich Japan K.K., Tokyo, Japan) % 25u @Il LR L 72, Kic,
60mM TCEP: Tris (2-carboxyethl) phosphine Hydrochloride (NACALAI TESQUE, INC., Kyoto,
Japan) % 10uL #H0 L. #PL. EEEBICTERIC30 OBEL 7z, TORK, A&Z2 v X —F
I3 L 72, & 51T, ImM EDTA-2Na (FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan)
% &1 100g/L TAC: Trichloroacetic acid (FUJIFILM Wako Pure Chemical Corporation, Osaka,
Japan) % 90uL #SHN L. #E¥RZICEOorEEZ EfE L 72 (20°C, 13000 G, 10min), i 90uL
BA—=IF VT T —HAL T AL, 1.55MNaOH % 7.5uL IR ICHERE Lz, 2h
% HPLC i v 7 & Lz,

2. HCY #MIE S EhRH 1 K
MilliQ 1000mL %} L NaH,PO4 % 12g AL 72, 2 517 L 72 Phosphoric Acid % ¥
L. pH2.5 DV YRR ZER L 720 % D, 10 %Methanol 10mL, SOS: sodium dihydrogen
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phosphate anhydrous (Kanto Chemical Co., Inc., Tokyo, Japan) 170mg., EDTA-2Na 5Smg % il 2.
720 RICDOFAEZEET 27204 —N—F 4 FMRITHERL 7=,

3. HCY DRSS S X O HPLC 2047 &1
1) HCY EEHEGASE o Gl

HCY DHiH A & v &£ — F 3 X U 10uM NAC (3 Table2-4, Table2-5 iC/n$ X 5 ICHHLL
ERR L 72 TERIR 1B AR L 72, BREHRICIZ 0. 1. 3. 15, 30pM Z w72, 0.3 MPBS %
PBS # 3mL & MilliQ # 7mL &b+ 72, 60mM TCEP IZ TCEP % 0.0172g & MilliQ % 1 mL
“bd7z, 100g/LTCA (1mMEDTA-2Na % &%) % 2.0g. EDTA-2Na0.0074 ¢ % MilliQ T
20mLICART v 7 L7z, 1.55MNaOH /¥ NaOH % 0.6200 g & MilliQ % 10 mL &b+ 7,
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Table 2-4. Preparation of Standard samples

Standard Tubes Concentrations DL-Homocysteine MilliQ (uL)
#1 <10-1 M> 0.0135¢g 1000
#2 <10-2M> 100 pL of Tubetl 900
#3 <10-4 M> 10 pL of Tube#2 990
#4 <30 upM > 300 pL of Tube#3 700
#5 <15uM> 400 pL of Tube#4 400
#6 <3 uM=> 200 pL of Tube#5 800
#7 <1 uM=> 250 pL of Tube#6 500

Seven concentrations of tubes were prepared as standard reagents. 0.0135 g of homocysteine was

weighed into standard tube # 1, 1000 uL of MilliQ was added, and then standard reagents of each

concentration was diluted from the previous standard tube and prepared.

Table 2-5. Preparation of 10 uLL. NAC

Standard Tubes Concentrations NAC MilliQ (uL)
#1 <10-1M> 0.0163 g 1000
#2 <10-3M> 10 pL of Tubet#1 990
#3 <10-4 M> 10 pL of Tube#2 990

Three concentrations of tubes were prepared as standard reagents. 0.0163 g of NAC was weighed into

standard tube # 1, 1000 pL of MilliQ was added, and then standard reagents of each concentration was

diluted from the previous standard tube and prepared.
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2) HPLC @ HCY 7 ett:

Ii& ¥~ 7' i3 HPLC (JASCO Corporation, Tokyo, Japan) % F\»C4r#r L 7z, HPLC I X %
%% HCY 2t D5&ff% Table 2-6 ISR L7z, £72, 70~< 27 L LD HCY ODE—2 %
Figure 2-2 IC/R L 72,
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Table 2-6. Conditions for plasma HCY analysis by HPLC

Items

Equipment, Reagents and conditions

Pump

EP-700 (LIQUID CHROMATOGRAPH PUMP/Eicom)

Auto sampler

M-504 (Eicom)

Detector

Eicom ECD-700

Working electrode

Eicom WE-AU

Pre-column

Eicom PC-04 4.0mme>5mm

Column

Eicom-30DS (3.0 ¢x150 mm)

Column temperature

25°C

Buffer 99 % 0.1 M Sodium phosphate buffer (pH2.5) ,1 % Methanol, 170
mg/L Sodium Octansulfornate, 5 mg/L EDTA-2Na
Flow rate 500 pL/min
Injection volume 10 uL

38




Figure 2-2. Separation of Homocysteine in Human Plasma by HPLC
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This is a chromatogram of a standard reagent used when HCY of human serum was analyzed by the

HPLC method. The NAC appears around 7 minutes and the HCY appears around 13 minutes.
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2.2.10 HPLC 51 X 2 Ifl%E o-TP D HIE

1. 14 o-TP ¥ v~ 7 AAERK

IM%E 100pL I 100% Ethanol % 390uL, WEBEEXED 100uM di-Tocol (Tama Biochemical Co.,
Ltd., Tokyo, Japan) % 10uL il 2. i&.0508fE% (4°C. 15.000tpm. 15min) L 7z, i&.050HE%
I EEE ImL A ) VO TERIL, 02um 74V X —ZBLTH LW 1.5mL F 2 — 7icf
L7zo TUBWIZEE L 72, 2Dk, F2— 7HWEE (F250uL) 172 3 £ C, = Ok
TR X 72, 2D HPLC -S4 7uiC 100pL s0iEL, TA I VgL 7z, Zhzi
HEo-TP v & L7z,

2. o-TP HI5E FARSENFH D 15k
HPLC H Methanol & MilliQ {2 T 90% Methanol (prepared using HPLC grade methanol and
MilliQ water) ZfER L. BEIHE L7,

3. EEHEREEREL B X Ui &t
1) RHEEEE o FH R

o-TP M7 2 2 v £ — FiZ Table2-7 a), b) IC/n$ X 5 ICHERRIC 0. 10, 20, 30, 40,
50, 100uM @ 7 A B L 72, R ICiZ v 4 I v E EBMERERAK (ZF7r 10
7 — A&, HRL HA) . NIRRT dI- F 22— 100mg (£ ~ A bR att,
Fa. HA) ZHwiz,
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Table 2-7 a). 100uM Standard preparation for analyzing plasma vitamin E by HPLC

100uMao.,B,y,0-Tocopherol Mixed liquid and Internal standard preparation
Step Procedure Standard reagent Internal Standard
a-Tocopherol B-Tocopherol | y-Tocopherol d-Tocopherol Tocol

1 Weighed out 5.00mg 4.20mg 4.20mg 4.00mg 4.00mg

2 Add 100% Ethanol 1000uL to each tocopherol and tocol in each tube.

3 Agitation (10mM /1000pL) (10mM /1000pL) | (10mM /1000uL) | (10mM /1000pL) (10mM /1000uL)
(concentration/Volume)

4 dispensing 200uL 200uL 200uL 200uL 100pL

5 Mix each 200pL tocopherol and add 200uL of 100% methanol in a new 1.5 mL tube Add 100% Ethanol 900mL

inanew 1.5 mL tube

6 Agitation a,B,y,6-Tocopherol Mixed liquid (2mM/1000pL) (1mM/1000pL)
(concentration/Volume)

7 Dispensing 100uL to new 1.5mL tube 100uL to new 1.5mL tube

8 Add 100% Ethanol 900uL to each tocopherol and tocol in each step #7 tube

9 Agitation a,f,y,0-Tocopherol Mixed liquid (200uL/1000pL) (100uM/1000pL)
(concentration/Volume)

10 Dispensing 500uL to new 1.5mL tube

11 Add 100% Ethanol 500puL to step #10 tube

12 Agitation o,B,y,0-Tocopherol Mixed liquid (100pM/1000uL)
(concentration/Volume) v

13 Complete
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Table 2-7 b). 0 to 100uM Standard preparation for analyzing plasma vitamin E by HPLC

0, 10, 20, 30, 40, 50, 100 uM Standard samples

Standard concentrations

Step Procedure
Std_ OouM Std_10uM Std 20uM Std_30uM Std_40uM Std 50uM | Std_100puM
Dispensing
1 from a) #12 to 100uL 100uL 150pL 200uL 200uL
each new tube
2 Add 100%
900uL 400uL 350uL 300uL 200uL
Ethanol
3 Agitation (10uM/500uL) | (20uM/500uL) | (30uM/500uL) | (40uM/500uL) | (50uM/500uL) v
4 Dispensing Dispensing
from b) #3 to 100pL from
100uL 100puL 100puL 100puL 100puL
each new tube a)#12 to a new
tube
A
5 Add 10pL from 100uM Tocol (#9) to each standard concentration tube (#16)
6 Add 100%
490uL 390uL 390uL 390uL 390uL 390uL 390uL
Ethanol
7 Agitation
8 Concentrate to about half (Tomy, Micro Vac TM MV-100, Tomy medico co., LID. Tokyo, Japan)
9 Dispense 100uL into a vial for HPCL.
10 Complete Std_OuM Std_10uM Std_20uM Std_30uM Std_40uM Std 50uM | Std_100pM
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2) HPLC D a-TP 43Hr &ttt

I3+ v 7' 13 HPLC (JASCO Corporation, Tokyo, Japan) % Fi > T #T L 7z, HPLC IC X %
M%E HCY Hr D5t % Table 2-8 ISR L7z, £72, 78~ P J7 4D HCY DY —2 %
Figure2-3 IC78 L 7z,
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Table 2-8. Conditions for plasma o-TP analysis by HPLC

Items Equipment, Reagents and conditions
Pump EP-700 (LIQUID CHROMATOGRAPH PUMP/Eicom)
Auto sampler AS-4050 (Jasco)
Detector FP-2025 Plus Intelligent Fluorescence Detector  (Jasco)
Pre-column Eicom PC-04 4.0mme>5mm
Column COSMOSIL Packed column 5PFP 4.6mm [.D.x250 mm

Column temperature 40 °C

Wave length EX 292 nm/EM 325 nm
Buffer Methanol : MilliQ (v/v) =9:1
Flow rate 700 uL/min
Injection volume 20 uL
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Figure 2-3. Separation of Vitamin E (a-tocopherol) in Human Plasma by HPLC
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This is a chromatogram of a standard reagent used when tocopherols of human serum was analyzed
by the HPLC method. The tocol appears around 12 minutes, delta-tocopherol appears around14
minutes, beta-tocopherol appears around 16 minutes, gamma-tocopherol appears 18minutes and

alpha-tocopherol appears around 19 minutes.
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2.2.11 3R (ELISA i£>
IMAFEEREREEE D /311 1E, BEREE BMIE O 72 D i fy ELISA ¥ v I Folic Acid ELISA Kit
(Cell Biolabs, Inc, San Diego, USA) AW, #EFIEIZCoF vy b CleRE N EBYIC
1o 7z, BERISH T, LR (Sunrise™, Tecan Japan Co., Ltd., Kawasaki, Japan) (C
THK 450nm TH~A 707 2V OWOLEEZ FIAN Y | SERIRHEHR & O HBIC TR L
726

2.2.12 HEHfENT

o T — X ITHEEFY 7 b SPSS (Statistical Packed for the Social Ver. 26) % 7z, #X
I FEHEHERRZ (Mean+SD) TR L7z, M ARERDRIZILECIZ, IERPEDOHE (Shapiro-
Wilk) % FEfith, ERMESHEER I N D DGO H 5 ttest &, IEHEIZD bizn o
7= b DICiE Wilcoxon DRt ENEIRE 21T o 72, IREZ{LEICO VT, IERMEORIE

(Shapiro-Wilk) Stk ic A EHER DR &, —JoheE 2 E T (kruskal-wallis BE —JT
BLED /) v XT XA Y v 7)) BiTo7, BERTXCTHIRE ©. HEAKEIXS DARIE L
726

FEI3f MR
2.3.1 #ERHE D C67TT % B DIKTE & B (RAYFFE

fEEEZR 17 ZOWERE D 5> B, 11 L4208 C6TTT %% IR L, AWFZE T DM D 72 0 Ic 5 5E
L7ze 205 11 2 OBERE DERGIZ 19525 21 5 TH 0 | FBHEIR 7.5 FTh o 7=,
o DWERE D % Ofthd F R % Table 2-1 128 L 72,

2.3.2 REFREBEIRN

BDHQ D fER 13, BT A v ¥ — 12,145+ 572kcal, PFC R, & v 37 E 118.6+£2.4%.
HE'E @285 £ 6.0%. RAKMLY : 52.1 £ 7.6%. V.B2: 0.9 £ 0.2 mg/1000kcal, V.Bg: 1.0 + 0.2
mg/1000kcal. V.Bi2 : 9.1 + 2.5ug/1000kcal. Folic acid : 252 £+ 78ug/1000kcal, V.C : 95 + 38
mg/1000kcal, V.A : 825+ 310ugRAE/1000kcal, V.E : 5.2+ 1.4 mg/1000kcal TH -7z, Tl
DREEFR D HARANOBFHEIEUE 2020 FIROHRER OKMEZ W72 L T 72[32], =ALF
— B, KEFREIE% Table 2-9 IR L 72,
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Table 2-9. Dietary energy and nutrient intake of female athletes

Calculated values (Mean £ S.D.) DRIs
Energy kcal 2,145+ 572
Protein 18.6+2.4 13~20% PFC
Lipid (%) 28.5+6.0 20~30%  energy
Carbo 52.1+7.6 50~65% ratio
V.B2 0.9+0.2 0.6 RDA
mg/1000kcal
V.Bs 1.0+£0.2 0.55 RDA
V.B12 9.1+25 1.2 RDA
L ug/1000kcal
Folic acid 252 + 78 120 RDA
V.C mg/1000kcal 95 + 38 50 RDA
V.A ugRAE/1000kcal 825 + 310 325 RDA
V.E mg/1000kcal 52+14 2.5 RDA

Dietary protein, fat, and carbohydrates intakes were shown by the PFC Energy ratio. V.B; and V.E are

shown as intake per 1,000 kcal of energy.
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2.3.3 I V.B2 &

V.Bota-TP Hl, VB2 i, o-TP HIClid, HHAETE K L CHIUR DG V.B, IREAHEIC
5 U 7z (before versus after supplementation [ug/dL]: V.Bo+a-TP period, 20.3 + 3.4 versus 24.0 =
2.6,p <0.01; V.B; period, 17.4 £ 4.1 versus 22.4 £ 2.4, p < 0.001; a-TP period, 23.5 + 4.5 versus 19.5
+2.5p<0.05) (Table 2-10),

2.3.4 I8 o-TP §REE

V.Bota-TP . VB2l o TP #i-Ci3, HEET & H U CHERR O M  o- TP IRE AR
IZ 5 L 7z (before versus after supplementation [pug/mL]: V.Bo+a-TP period: 18.1 + 3.1 versus 20.7
+ 1.5, p < 0.05; V.B2 period: 25.2 £ 4.4 versus 20.6 = 3.9, p < 0.001; a-TP period: 19.5 £+ 4.1 versus
23.6+4.0,p<0.05) (Table2-10),

2.3.5 IMAErhEERE R R
V.Brt+a-TP #, VB, A, o-TP #ACix, BHET & L T b B & oicHEE ik
I3 Lo 72, (Table 2-10),
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Table 2-10. Serum V. B,, plasma o-TP and folate concentrations before and after V. B, and/or a-TP supplementation

(n=11) V.B2+ o -TP supplementation V.B; supplementation a -TP supplementation
Pre Post Pre Post Pre Post
Serum V. B2 (pg/dL) 203+34 240%26** | 174+41 224+24*%* | 235%45 19.5+25*
Plasma a-TP (umol/L) 18.1+3.1 20.7 £ 1.5* 252+44 206+3.9** | 195+41 23.6 £4.0*
Plasma folic acid (ng/mL) 9.5£5.0 10.7 £3.7 8.0+£4.1 6.8 3.8 7.7x£4.7 7.2+4.2

Values represent the mean + standard deviation of fasting blood samples, taken in 14 days each, before and after vitamin supplementation. Number of asterisks

in a row indicate the significant difference between the pre- and post-supplementation data, *p < 0.05, **p < 0.01, ***p < 0.001. Reference ranges for blood

tests are serum V. By: 12.8-27.6 pg/dL, plasma o-TP: 17.4-32.7 pmol/L, plasma folic acid: 3.6-12.9 ng/mL. All blood data were within the reference ranges.

One of the plasma folic acid data in the a-TP period was hemolyzed, so it was excluded from the data and is not shown in the table.
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2.3.6 If#EH HCY #E

AR HCY 32X 2 THEICK T L 7z (before versus after supplementation [pmol/L]: V.B>+o-
TP period: 6.4 £ 1.0 versus 4.2 + 1.1, p < 0.001; V.B; period: 10.1 + 0.7 versus 8.1 = 1.0, p < 0.001; a-TP
period: 8.7+ 1.1 versus 7.7 £ 1.2, p <0.05; Table 2-11.), & HIZ, V.By+a-TP #i & o-TP D M#E HCY
REOIKTRAIK L 72 25, VBy+o-TP & o-TP MO CHE 2 IMAE HCY ML DK T 2352
» btz (VBy+a-TP X o-TP #] : p<0.05 ;5 Figure 2-4),
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Table 2-11. Plasma HCY concentrations before and after V.B, and/or o-TP supplementation

( ) V.B, + a-TP supplementation V.B; supplementation a-TP supplementation
n=11

Pre Post Pre Post Pre Post
Plasma HCY (umol/L) 64+1.0 4.2 £ 1.1%** 10.1+£0.7 8.1 £ 1.0%** 87+1.1 7.7+1.2%

Values represent the mean = standard deviation of fasting blood samples, taken 14 days each vitamin before

and after vitamin supplementation. Number of asterisks in a row indicate significantly different from the

respective before supplementation, *p < 0.05, **p < 0.01, ***p < 0.001

(n=11)
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V.B,+0-TP V.B, o-TP

Figure 2-4. Comparison of reduction of plasma HCY concentration after V.B, and/or o-TP supplementation

There was a significant difference between the V. Bo+a-TP period and the a-TP period. The lowest plasma

HCY concentration was in the V. Bo+a-TP period.
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A EE

ARWFFEIE. FEHTEIBEERA T CH 2 HCY @ ERICBET % C677T oL A H T 2 K1
B FRIHEETF 20 R E Lz, RIFZETIE. VB, & HIEELWE o-TP Ofiifa 23 HCY DI L ~ v
ICRIE TR ZIE L T b, RIFFEORIRIE. VB, & TP D523, 15 HCY D L <)L %
DI FAT [EFED—2TH 2T BN Z T T 2l H 5 2 L R L7z, L7235 T, VB,
LHIRILWE CH % o-TP DI B0 ) 2 7 WFiE%E B & L& 7k FEF o QOL
i bEX ¢ 2 AREER S %,

WE 40 F, KHEDO AR =Y SINFIFZAEIC LR L TH D [33]. AKR—VICBE T 2 o
MED BETREDBDOIC A>T 0D, FRHICT A ) — MIHEWICEREDEH %175 720, H#Hi)
KXo THERINIMEIA P L RITBEHMRICOEEL 5 2 534, iLF, HCY 3Fa 7 -7 v~
PV 20a7 -7 vEBEHEL, BERZETIEENEHELT L2006, BITOMIL
fERIAT & ENTWVB[35], L7zdoT, 7RV — DI BINE FHi+ 2 HikxilErL+ %2
EVREETH B, AiFFEIZ, VB & o-TP I X 21 HCY IREK TR %ZFHME T2 2 L 2 HIv &
L7=b DT, 14 Hflo& e % 2 viEIE, X CofIicEs g HCY IBEAEEICET L
7z FHCEIAR O H T V.Bo+o-TP HH DI HCY IR ICERAR DK T 23320 b N7z, Il HCY IR
X HCY RIS 3 2 R o icEEE I s 2 L, HCY (REHICBE5 32 VB, VB, %%
ZIEIT 5 2 & TMAHCY BEMET T2 & L2598 TN T 5 [36-38], FFICEERE 13 FAD (MTHFR
DHHKT) & MTHFR DfEEZREN S S X 5 ThH V[39]. EMELEIFREETHNIT C67TT
ZRcHIf HCY EEA LR L AW & T I N Tw» 5[40-42], RIfEICE TS, HeEE
DEEME, VBe. VB OEIE MO CRIFTH Y, WIhd HRAOBHBIEEEB2]% 135
P ERZERETH o7z, INLDOE X I VARSI ERINTWT S, KIFFEICE VT VB,
& o-TP (FIMMEE HCY IREZ HREICK T 87,

FAD DHIEARTH 2 VB, 1F. IM5E HCY HICHE %2 5 2 5 2 & B33 T 5[43,44], Moat
Six, EREL VB, OEBEA M HCY EZ KT X2, VB, AL MH HCY i EA L BIE L
T3 Z xR L Tw3[45], Mot T, EEORT — X 2K, MTHFR T677T #{5T
BERFOSMEFECREINTVWEHATDH, VB, Offifilx HCY DK T IC DR o 7z L i &
T\ 3[46], AIFZETIE. V.B, D% 525 MTHFR C677T D IE HCY EE %K T & & 5 a[EME2s
BB EHEHIL, 28mg/d D V.B, % 14 HEE#EHR G L 7255, MTHFR Ofillsi i 23 iEEb L 7z 2
& TIMEHCY IBEME T L7z 2 F 272, — /T, 1.emg/d O VB, % 125 L T3 i HCY
HICHER G 20> 8 WO ME/BREIHRE SN TV B[18], LA > T, VB, DIdEH HCY
TEE DRI R A B S 2210 3 729 1T X, MTHFR (BG4 MAHELTW3E 2 EANETH B
L # %272, MTHFR B4 DO A %A L T2 8BE 2 /R E LA%E CTiE. VB, DRI%E
ZHOLPICT BT ERTE 2,

PR LIFR 2o v 2 I v id, EBONMAMEZ D, HCY DX F 4= v ~DZ iz L,
HREANEEE A L A2 T 2, M HCY IREZK T 24 2 2 L AR I T 3[19, 21, 47],
AHFFE T, o-TP 4 HCY IBEZ KT 2 2 L2 R L7z, X 2f@fric& Eh 5 VE #ifs
WFFE % X RICEN i X W% 7 7 — FRNT IR VE 2 20pumol/L LA F DREIC VE % %5
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L7856, MEREOEREREENZED b, X6, 14 VE B 21umol/L LA EOH#IC VE
G LT IMEREENRGE DRNR 1D b NR D - 72[48] AFRICSMLET 2 ) — b i, %
BLICXZ2HENRERZZ T, ALY e R 2KER (R, BB, 2 vos28E),
B, Py 2 I Vv EZHERNICESICBIL T, LaAL, BFECTVE 2 oI BIRL Tw
ICh b 63, MEE VE REAHBRT ORI EOBRMRTH 2 20uM Kili TH o727 — 2 b
Hotlo TNLOFERLS, 1| HORBREENEOFHMEANTIE, K72 ) —t0oGA, HXZOR
FH2b+oED VE #8IT 2 2 L8 L WAREER H 2 2 L BRI Nz, Lo T, 1 H
DREHIC 60mg D o-TP B TEIT 5 Z &<, A 400km DETHRECHEEIZIT> T 5L
TPE EREHEET CBs T, M5 o-TP R 20uM ML E %R 32 C L 23 0REL o7z, 2D
Lo, o-TP DFfEIZ. PL—= v 7 BOME(L X F L Z[49,50] % B8 L. 1B - REIEHHETF O
MAEHAREZ BT 2 AREMEN D 5 & L ARB S N7z,

AHFZEClE,. MTHFR &5 7D C677T I CT B X U8 TT Bl % ¥ 2 07 Pe L RIFEEHFOET %
HRIT, V.By & o-TP O 2N HCY HREEIC JUT 58 % 5l L 72, % DR, V.B, (28mg/d)
& o-TP (60mg/d) % HifiiZ 7z 13 ffFH < 14 HREHBIT 3 &, T X Coffic v CindE HCY HE
DEBICET Lz, 72, VByta-TP #Tid. o-TP H# & LLEE L T+ HCY REPR K2 OH
BTN L7z, V.By 1Z MTHFR D& 2 G L, o-TP IZZEMOHIE L 2 EEL X F4 =~
Rz &7 & T, I HCY IREMET L7z Efaw2 0 72e L7228 TARIFZE I &1
A EIEEETIC VB, & TP Z2ifa 52 2 & OB T CE A AEEME R R L2, AT
JEDOMRFIZ, C677T O TTRURFEE VR wizo, CT HlE X O TT B o Ll 23 © % 7x
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DWERE R A WL T HE LR D B, 72, KFEICE LT HCY BEDOR—2 74 viF—KLTw
ROA, Wb FRHEERN (5-15umol/L) TOEBITH -7z, HCY[51, 521 B ACH[53 )13 &t
eV EOBRESRRINTE Y, RS ORI MG HCY RIS % KT L 72 ATRe: &
BETE R,

St WHEEREEE & LN ARERE 1T 5 5ad. HERBIC O W CREMNICHE LRG3 2 03
BB b, T, AAFEOLR I TR LRIEHEET ©H 5 720, BMI Offilx, HAIEGHESDE
DT 5E [HEARE BMI18.5 DAL 25 K| X0 EWEE 72572, 51IE BMI & HCY L L
L OBRDIEET 2 2 LARD LD, RIFFE Tl KB L REHEEF ORI BT FRHICH L.
INTETHEVFHINTWARW VB, & o-TP OFFFHBIE WIH L WFEERET L LT
T, ZOMRE LT, C6TT DEIETH M2 RA T 5 L7k LRIFFEET oI fE+ HCY RE %
KFERHE, £/, SROMAE, BETEHHEEEL -7 EREHGET O/BEEEZT
ICH72 Y REEHEIEORIICHIT 2R AR o —in 2 24t 3 2 vlgetE 2 A L T\ 5, 7272
L. BFICLERREROREOHBLZIET 2101, T LRIMFABIMBETH 5,
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JEAE A (SRS EE R [ REE, R, RS, B, SN CoARTEEED, %
DFIE - HEITICBAG T 2 ERE] LR LT3, HARADF KD EA7ICH 2 0008 - NI
FERIZEEHEROLY FRA YV FTH B b TEY, 2N DEBIZEINRIE(L 255
FEtEr O — %K TH 5 [1], MENKMIIICEERRC 2 &, BtEhZ DL aL X7 —
ABMENETTT 7 =2 %2BR L. 20T 2 LEIIREE(L & 72 5, & DR, M N
~MEEOTFBMED—ONFELZT A v (HCY) £ ENTn3, HCY £ XV 2L D
e CHEAL R b LA CIE N EHIIE 2 fEE L, MR O R & 7 5[2-4], 7. BH
DHIZHEYET ) v 7L I L2 T, LA P L ABEa 7T VIR EEZ D
TEEDH B[5,6]e —/i. EXIVE (VE) (2, BT ) RE v A S7HEHEAELT
BY, MEEBEICHY AT NS Z & CHIRIEL O WA CONKRRERE Z [ < 2 & AT
% 2[7], EBRIC Suzukawa & 13, 8 ADEHEHICa-b =27 2@ — (o-TP) ZARF X+, LDL
721 Tld7x < HDL O#EEELIE S KT L. BiREEL 2 IHIIc Bt s 22 2 L 2L L
72[8]e ARBIBZE AR ICHE WTH, V. E BIE LBk BRE & 13HB 3 2 2 & 23R
INTW3B[9], 7. EFEYETALEZHVEHEICEWT, BLEHA%EZE 3 2% V.E (o-
TP) B OEFICHEMTH 5 2 & iR L 725134\ [10-12], X HiC, & FAAWIZE T,
o-TP SEHERED FHIICERNTH 2 2 EATREINT W B[13-16], L7228 T, PE{LiE
%> o TP 8HUL HCY DL % PG &, SR LB HRMELZ T L. HARADIER D
FAITH B ERECIHINERE L C 2 i3, ZoHiRLIEFHIcOWwT VE DFEfE
KD H TP XY ba b/ —n (T3) DIF 5 AL [17]. 40 205 60 5D 3871 ikl
WD B L bl T\ 5[18], ¥ 5IC TRF (o-, B-, -, 8-T3 DEA) 1, 2L AT =LA
REEFR D 3-t Fr ¥y 3-AF 72 Y LiEER (HMG-CoA) RItHRE 2 M L. RN O
L AT H—LVEERAET 2 2 EBLEERE I N TV B[19-22], Z2oHTdH, FFT §-T3
1% 0-T3 £V b HMG-CoA i=ITHEHRE ~DHFEM AR E < T3 0T ME W I3 2
RaHE 0 F oS A IHI L. HERME oA EZ KT 22 230835 5[23]. 7284, o-
TP EHEL, T3 237 ) —J ¥ A X 2 5GHUGE 2R L[24]. 8-T3 28 silin 21 o 5 RN
CELA P L RIS, XD EEAKEEZRZLTWE T ERHL2ICEINER5], L2 L, a-
y-B XV 8-T3 ORI TOMIANA T XATE) T4 IZZNETN 27.7%. 9.1%., 8.5%&
KL, —EERRWZ ERMEINTWB[26], TFE TIC, FIMEERFIC §-T3 % 125 »
5 750mg/d D L ~_vC 4B L 7256 0, BIEW~—h —Z(IcBid 2 i 27].
FE7s e MICRE 2 §-T3 #BEUC X % 10 FFfEfL T C BRI 8-T3 BifEoH[28]. —H
%720 1600mg D §-T3 % 2 HEICH 7 VB L 2560 R ZFEH L 72523 H 5[29].
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AT, BEAL, 77 e R, BERIC X 2 7 v 24— — gk & o 72
RTFHA Vv TH D, AFEEEMTZICHZN, ALY VFESCED LN F 2R E
L7=HRICBT 2 454 F o4 VICHEILL TEEI N, THFERFICET 2 AR L T 2E
FRWIEICBI T 2 BRI R b | BRI S R A s UK 5 1 TU2019-023  7&GE
H 2019 4 10 A 21 H. #&Z&ES TU2020-016 EZES 2020 £ 11 H9 H) 0EZEEH7=,
ARWFFEERITICER L . fBLEEZESBUE ICRE ., BEREE A OHER 257 ) . SIS 4 Uk
WX D T AICECE L e BURE 2 ISR H Y, AR, AT D Y R 7 O AP B A
EHEELICER L AR A e C & A E T B X HEHIC THAZ TV, HEBREORIE 2 CE
ICCfR72 ECEM L 72, EERHARIZ 2020 £ 1 H2 5 10 HE T 9I2H T, & I v
Wi 14 HREZ2 T & L, 3 WIRMSEME L 7=,

3.2.2 HERERE

SINFIX 21 BT, TRXTOEBRIARICSM L 298585 1351 6 4. &k 4 £ o510 4
THotzo BV 7 NP A4 XL a=0.05, BHT1=0.8. FREZ#EEORE OEAES 5 [30,31]
B L7, EBESNE 2B O HRFHES X O Table 3-1 a), b)IC/R L 72,
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Table 3-1 a). Characteristic of subjects (Male)

Age Height Weight
ID Sex BMI
(yr) (cm) (kg)
A M 21 174.4 63.6 20.9
B M 23 174.8 66.9 21.9
C M 28 175.2 56.4 184
D M 25 175.8 63.3 20.5
E M 25 180.4 73.4 22.6
F M 20 166.3 54.8 19.8
G M 19 168.7 535 18.8
H M 23 168.7 68.7 24.1
| M 23 176.0 70.7 22.8
J M 23 164.6 52.3 19.3
K M 22 174.2 61.2 20.2
(Mean £S.D.) 22924 1726 £4.6 62.3+6.9 20817

Table 3-1 b). Characteristic of subjects (Female)

Age Height Weight
ID Sex BMI

n (cm) (kg)
L F 22 163.3 53.3 20.0
M F 22 160.3 48.8 18.4
N F 29 160.4 46.9 18.2
0o F 20 155.6 48.5 20.0
P F 23 151.7 449 19.5
Q F 22 156.3 50.2 20.5
R F 22 163.2 54.9 20.6
S F 25 161.5 53.0 20.3
T F 22 166.4 60.4 21.8
U F 21 158.0 50.3 20.1

(Mean £S.D.) 228+24 159.7+4.1 51.1+4.2 199+10
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ERHMO S 5, av ba—al (CH) - o-TP EBEUH (o-TP #1) - 5-T3 EHUY (5-T3
W) #xhzhn 14 HEE L, Z ORiRICERINZ EhE L 72, PERPEIE, BAGHI% Ehi L
7o BRGHEL, BRIMIZEFERY IWEF ¥ v XZARNTEML 72, CHdB L o-TP, §-T3 D
T 1% 28 HLA E @ wash-out A 2 3% 1) 72, EB& 7w b 2V % Figure 3-1 I8 L 72,
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(n=11) STEP1 Wash-out STEP2 Wash-out STEP3

1 —————P 15 1T ——> 15 | 1 ———p 15
Yav | Neat
Days Tday :::‘ L4dayy z‘; Lédays day
Collecting blood ) | O ; = 28davs o] (o] = 28davs o | | O
Questionnaire o ? O ; ‘ | O
Group 1 Control a TP | 48-1T3
Group 2 a- TP | 4T3 Control
Group 3 ‘ 4-T3 Control u-TP

Figure 3-1. Experiment protocol Subjects were randomly divided into 3 groups. The experimental
period was divided into three periods, Steps 1 to 3, a Control period, an a-TP intake period, and a o-
T3 intake period, respectively. Early morning fasting blood was collected in the early morning of the
first day of each period and in the early morning of the following day of the last day (CB: Collecting
blood). Q: Questionnaire [BDHQ])

64



3.2.4 #RE O FERIAM b o B TE

W 1 BRI, £ B OEEGHCE I L7z, RELHUKIZEAMN I HEIEIE L,
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(Allergy Reseach Group, Vitamin E [d-alpha-tocopherol acid succinicinate]). &-T3: 250mg/d
(Allergy Research Group, Delta-Fraction Tocotrienols; Tocotrienols [as DeltaGOLDR containing
90% Delta-Tocotrienols and 10% Gamma-Tocotrienols]) T» 0, Zh 6 I EHEIFLHE (2020
ERR) BT CORITMER L EERLZHEHHNOR L L7227, 32], & I VB
W, BERE IR R., YBBICY 7Y A bR 1S (—HYZ0 280 BT L e
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#Fex I VBRI OFi# s X O CHAD R IC 22 IR I % 1T > 72 (Figure 3-1), & E X
IVEIEHRYHOH (7Y A v FMEEERD &, BEK THROBHOHTH 5, HHE
13, BRIME SRS T 2 RIMSIBICEA L, 3L % 12 Kl s o Fi 28 o i o
7. BERE ICITEHE OB R L DS T, UKD ZIBIATRE) . MR 2 $RILL 72, MK O
HUE i oo BRARIMEREGR I & 0 L 72, RIMIZEROR R L OCEED b &, FIN¥ES
(EEEANZLEFS TM 27 Y =y 7 — RN HAERHEASES) ki L, & &
B X OERARMRAERATIC X 0 $BE oI 2 EhiE < 7z,

2) MR
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SR 2 BREL 2 BRIMAE 13 B 045 & EDTA- 2K & 2 FHE L 72, HRNICERIME 112 ID % &
LilBHCRA D v X S I Lz, —FEIORIME X 20mL/ AL T & U 7z, il D2 I X
ORI 2> & A <, MR XD RTH VEYVIETH 5, FRIMEICHHE L 72 BRINE % =05

(As one Hsiang Tai Centrifuge, 7 X7 vk &k, K. HA) T 3000rpm - 10 730057
AL, IM%Eds X ONmER, 16 & X MmBRIC o EEL 72, RIS H e, AT 2 Mk -
MiE% 1.5mL F 2 — 7S Z N2 N3 L 5007 E T-80°CTHRE L 72 (SANYO ULTRALOW,
=B S KB BHA),

3. BEHEER

C . o-TP . 5-T3 Mo BTz Al AEFEEEME (BDHQ : brief-type self-
administered diet history questionnaire) TFHZ L. KEFR LR MIBICRILZ U2 L 7z, BDHQ
DT —ZHITDOWT, DHQ ¥ +F— b+t v X —IZ{KFE L 72, BDHQ I3FELIDOEMZE L1313
L2, £i3bTrcme2L4 itz RHoBFENEOEME L L CTEEMER R [33,34],

3.2.7 M5 HT
1. AEEH

HIEEHE X, o-TP, 8-T3. xEVR7T4 ¥ (HCY), ZL7F =" (Cre). RaL Zx7u
— v (T-Cho) . FH:AERG (TG). #2127 v — 2 (F-Cho), HDL-2 L 27 2 — /L (HDL),
LDL-2L 275 ur—) (LDL), a7 -7 VEEN-Tex7F F (NTx), 7 nas—7
Y N-7ua~*7FF (total PINP) TH > 7=,

2. WIET7 i

DHHED 5B, Cre (BEKiK), T-Cho (BE3RiK). TG (BEEik). F-Cho (B#3&i5). HDL
(B#sRi5-1EH:5) . LDL (FESRiE-EEEE) . NTx (EIA i), total PINP (ELISA %) 13
KL LSI X7 4 =V RICEBHEL L. THE L 720 o- TP, 8-T3, HCY 13 Z L ZNFEMIC
Tk v~ + 72 7 4 — : High performance liquid chromatography (HPLC) TZr#rilllE L
726

3.2.8 HPLC 7£iC X % % o-TP, §-T3 DHIE
1. 4% o-TP, 8-T3 ¥ v 7 AAERK

IMAE 100uL 1 100% Ethanol % 390uL, MEEEHED 100uM dI- F = —sv 100mg (Tocol X
~ AR S, HAL HA) % 10pl Iz, &0 8E (4°C. 15.000 rpm. 15min) L 7z,
BOSEERIC BiEE ImL B Y v O TERILL, 02um 7 4 V2 —ZEL TH L 1.5mL F
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2—7WHE LT, BMIIHEEL 7z, Z0H%, 72— 7HNPER (F250uL) €% % £ T,
AR ORI TR X B 72, £ D% HPLC N A 72 100pL 3 L, T = Vg L 7z,
ZNEIMIEVE v 7 e L,

2. 0-TP. &-T3 HIEFHZEHH D 1ERK
HPLC ] Methanol & MilliQ 1T 90% Methanol Z{ERL L. BEHE L 7=,

3. BEHEGASKER S b5 X O HPLC 204 4t
1) o-TP, 8-T3 FEHEZAIR o Hl

FHEGFERIc I v 2 I v E EEAEHEREE (227 I 7 —XAath, 1. BHA)
D.d-a-b 27z 8 —)b 250mg. d-5-F 2 + U T/ — 100mg (% <L L2 gk, B,
HA). dl-+F 2= 100mg % 7z, o-TP. 8-T3 0HTHA X v & — Fid Table2-7 /"3 & 9
IZ 0. 10, 20, 30, 40, 50, 100uM @ 7 FEEICHE LEMRICH W72, EHERSEOFHE %
Table 3-2a), b) 1T/~ L 72,
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Table 3-2 a). 100uM Standard preparation for analyzing plasma vitamin E by HPLC

100uM a-Tocopherol and 3-Tocotrienol Mixed liquid and Internal standard preparation
Step Procedure Standard reagent Internal Standard
a-Tocopherol d-Tocotrienol Tocol

1 Weighed out 5.00mg 4.00mg 4.00mg

2 Add 100% Ethanol 1000uL to each tocopherol and tocol in each tube.

3 Agitation (10mM /1000uL) (10mM /1000uL) (10mM /1000uL)
(concentration/Volume)

4 dispensing 200uL 200uL 100pL

5 Mix each 200puLa-tocopherol and 8-tocotrienol add 600uL of 100% methanol Add 100% Ethanol 900mL in

in anew 1.5 mL tube anew 1.5 mL tube

6 Agitation o -Tocopherol and 3-Tocotrienol Mixed liquid (2mM/1000puL) (1mM/1000pL)
(concentration/Volume)

7 Dispensing 100uL to new 1.5mL tube 100uL to new 1.5mL tube

8 Add 100% Ethanol 900uL to each tocopherol and tocol in each step #7 tube

9 Agitation a -Tocopherol and 8-Tocotrienol Mixed liquid Mixed liquid (200uL/1000uL) (100uM/1000puL)
(concentration/Volume)

10 Dispensing 500uL to new 1.5mL tube

11 Add 100% Ethanol 500uL to step #10 tube

12 Agitation a, B, v, 8-Tocopherol Mixed liquid (100pM/1000uL)
(concentration/Volume) v

13 Complete
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Table 3-2 b). 0 to100uM Standard preparation for analyzing plasma vitamin E by HPLC

0, 10, 20, 30, 40, 50, 100 uM Standard samples

Standard concentrations

Step Procedure
Std_OuM Std_10uM Std 20uM Std_30uM Std_40uM Std 50uM | Std_100uM
Dispensing from
1 a) #12 to each new 100uL 100uL 150uL 200pL 200pL
tube
Add 100%
2 900uL 400pL 350uL 300uL 200pL
Ethanol
3 Agitation (10pM/500pL) | (20pM/500uL) | (30uM/500pL) | (40pM/S00uL) | (50pM/500uL) v
Dispensing
Dispensing from
100pL from
4 b)#3 to each new 100uL 100uL 100puL 100pL 100pL
a)#12 to a new
tube
tube
5 Add 10puL from 100uM Tocol (#9) to each standard concentration tube (#16)
Add 100%
6 490uL 390uL 390uL 390uL 390uL 390uL 390uL
Ethanol
7 Agitation
8 Concentrate to about half by centrifugal concentrator (Tomy, Micro Vac TM MV-100, Tomy medico co., LID)
9 Dispense 100uL into a vial for HPCL.
10 completion Std_OuM Std_10uM Std 20uM Std_30uM Std_40uM Std 50uM | Std_100pM
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2) HPLC @ o-TP, §-T3 ZHrdeft:
IMi& ¥~ 71X HPLC (JASCO Corporation, Tokyo, Japan) % F\>CT3#7 L 7z, HPLC I X
5 M4 o-TP, §-T3 73T D5&ff% Table 3-3 IR L7z, $72, 7~} 74 EDHCY DOV
— 2 % Figure 3-2 1T/~ L 7=,
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Table 3-3. Conditions for plasma V.E analysis by HPLC

Items Equipment, Reagents and conditions
Pump EP-700 (LIQUID CHROMATOGRAPH PUMP/Eicom)
Auto sampler AS-4050 (Jasco)
Detector FP-2025 Plus Intelligent Fluorescence Detector  (Jasco)
Pre-column Eicom PC-04 4.0mme>5mm
Column COSMOSIL Packed column 5PFP 4.6mm [.D.x250 mm

Column temperature 40 °C

Wave length EX 292 nm/EM 325 nm
Buffer Methanol : MilliQ (v/v) =9:1
Flow rate 700 uL/min
Injection volume 20 uL
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Figure 3-2. Separation of a-TP and 3-T3 in Human Plasma by HPLC
This is a chromatogram of a standard reagent used when o-TP and 8-T3 of human serum was analyzed
by the HPLC method. The tocol appears around 12 minutes, 8-T3 appears around10 minutes, and o-

TP appears around 19 minutes.
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3.2.9 HPLC 7&IC & % 4 HCY D #IE
1. 4% HCY ¥ v 7 AAERK

25uL DIMHEY v v % 1.5mL F 2 — 71 L, 0.3MPBS (pH7.4) % 205uL. 10uM NAC:
N-Acetyl-L-cysteine (Sigma-Aldrich Japan K.K., Tokyo, Japan) % 25p #IIL#EEE L 72, KRIC,
60mM TCEP: Tris (2-carboxyethl) phosphine Hydrochloride (NACALAITESQUE, INC., Kyoto,
Japan) % 10uL AL, #HPHE, BEBICTERICI0DMEL 2, TO, AX v X—F
3 L 72, & 512, ImM EDTA-2Na (FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan)
% & 100g/L TAC: Trichloroacetic acid (FUJIFILM Wako Pure Chemical Corporation, Osaka,
Japan) % 90uL AN L . BEFRZICEOEEZ FEHE L 72 (20°C. 13000 G, 10min), 3 90uL
A —bH VT T —HANA T AL, 1.55MNaOH % 7.5uL dSR ICHERIE Lz, o
% HPLC fIZrtr s v 7 e Lz,

2. HCY #I7E R EhH F X

MillQ 1000mL (%} L NaH,PO4 % 12g ANHIHE L 72, 2 f5ICA ML 72 Phosphoric Acid % 7
L. pH2.5 © Y VERERZER L 72. % D%, 10%Methanol 10mL. SOS: sodium dihydrogen
phosphate anhydrous (Kanto Chemical Co., Inc., Tokyo, Japan) 170mg., EDTA-2Na 5mg % Jill 2.
Too RGCDOFHEZHT 27204 —N—F 4 FMRITHERL 72,

3. HCY DIFE#ERSERS I X O HPLC 2047 &
1) HCY HFHERASE o i

HCY DOt A % v £ — F ¥ X O 10uMNAC 3 Table 3-4, Table3-5 I3 9 X 5 ICfERK L
7o VERRITENCIRTE L7z RERRICIZ 00 1. 3, 15, 30 uM % \»7z, 0.3 M PBS |Z PBS
% 3mL & MilliQ # 7 mL &b+ 72, 60 mM TCEP i TCEP % 0.0172 g & MilliQ # 1 mL &
b7z, 100gL TCA (1 mMEDTA-2Na &%) % 2.0 g, EDTA-2Na0.0074 g % MilliQ T
20mL iC X 27 v 7 L7z, 1.55M NaOH IZ NaOH % 0.6200 g & MilliQ # 10 mL &b+ 7=,
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Table 3-4. Preparation of Standard samples

Standard Tubes Concentrations DL-Homocysteine MilliQ (uL)
#1 <10-1 M> 0.0135¢g 1000
#2 <10-2M> 100 pL of Tubetl 900
#3 <10-4 M> 10 pL of Tube#2 990
#4 <30 upM > 300 pL of Tube#3 700
#5 <15uM> 400 pL of Tube#4 400
#6 <3 uM=> 200 pL of Tube#5 800
#7 <1 uM=> 250 pL of Tube#6 500

Seven concentrations of tubes were prepared as standard reagents. 0.0135 g of homocysteine was

weighed into standard tube # 1, 1000 uL of MillQ was added, and then standard reagents of each

concentration was diluted from the previous standard tube and prepared.

Table 3-5. Preparation of 10 uLL. NAC

Standard Tubes Concentrations NAC MilliQ (uL)
#1 <10-1M> 0.0163 g 1000
#2 <10-3M> 10 pL of Tubet#1 990
#3 <10-4 M> 10 pL of Tube#2 990

Three concentrations of tubes were prepared as standard reagents. 0.0163 g of NAC was weighed into

standard tube # 1, 1000 pL of MillQ was added, and then standard reagents of each concentration was

diluted from the previous standard tube and prepared.
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2) HPLC @ HCY 7 ett:

IMi& ¥~ 71X HPLC (JASCO Corporation, Tokyo, Japan) % F\>CT3#7 L 7z, HPLC I X
% 14 HCY 0T D 5ff % Table3-6 ISR L7z, £72, 270~/ 7 L EOHCY DY —2 %
Figure3-3 IC78 L 7z,
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Table 3-6. Conditions for plasma HCY analysis by HPLC

Items

Equipment, Reagents and conditions

Pump

EP-700 (LIQUID CHROMATOGRAPH PUMP/Eicom)

Auto sampler

M-514 (Eicom)

Detector Eicom ECD-700
Working electrode Eicom WE-AU
Pre-column Eicom PC-04 4.0mme>5mm
Column Eicom-30DS (3.0 ¢x150 mm)

Column temperature

25°C

Buffer 99 % 0.1 M Sodium phosphate buffer (pH2.5) ,1 % Methanol, 170
mg/L Sodium Octansulfornate, 5 mg/L EDTA-2Na
Flow rate 500 pL/min
Injection volume 10 uL
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Figure 3-3. Separation of Homocysteine in Human Plasma by HPLC
This is a chromatogram of a standard reagent used when HCY of human serum was analyzed by the

HPLC method. The NAC appears around 7 minutes and the HCY appears around 13 minutes.
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3.2.10 #EHAENT
BoieT — X ITHEEFY 7 b SPSS (Statistical Packed for the Social Ver. 26) % Fi\ it aT g
W&k s ol BEIZ Y £ BEHERE (Mean+S.D.) TR L7z, /M ARBRD T ILE X,
IERPEDBUE (Shapiro-Wilk) % Fffitk, IEMPEDHERE S 172 b DIIRIGD H 5 ttest Z, 1E
HED RS b L7 d 5 72D DICTIE Wilcoxon D51 AN RIE 21T > 72, iIBEZE{LREICD
WL, IEREDORE (Shapiro-Wilk) FEfifkIC HEMEERE MR O —JTLhLE D BT
(kruskal-wallis BRE —JCACED / ¥ X T A b Y v 7) %47 o 7o E 13~ THIIRGE ©\
BKHEIX 5 %R & L7z,
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EIM R
3.3.1 SRR

FHMOWEHRE O E R - FAEDZE AR L7 (Table 3-7), T~ TOHIRICSANTE 724
BREZEME 6 £, KMk 4 c. SHROHIRE LU 3B owFoMIic b HEEEH) T

b o7z, WERHE O BMI 13 HAMRM ERAED T2 18.5 M1 25 Ko @Ak E] O
HFANTD > 72,
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Table 3-7. Weight and Height change of subjects

(n=10) Control a-TP 5-T3
Pre Post Pre Post Pre Post
Height (cm) 1693 +8.0 169.4+8.1 169.5+8.1 169.5+81 1694+82 169.5+8.2
Weight (kg) 58.9+9.8 588+10.1 594+97 5924102 593+102 59.2+10.3
BMI 204+2.0 203+2.1 20.6 £2.1 20.5+2.2 20.5+2.2 20.5+2.2
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3.3.2 RHELERHE

PR DI T A L F — 81, CHIL o-TP ¥, 5-T3 HliCH 12T 1861 +769kcal, 1812+441
kcal, 1947 + 487 kcal T PFC KT T CoWEICH VT, P : 13~20%. F: 20~30%. C:
50~65%DHEIFN TH - 72, VE OBHE I, #E3EE (RDA) OHUEZ 7~ L T\ 72[35], V.E
DEIEIX, o-TP, 5-T3 ¥ 7V A v F OEINEIREA TV, BERHCEHKE. HCY
B 2 R ER X, WINOHMTO AR ARZEITRD b Nkd ok, TALF— B,
RFEFZIBEUE 12O T Table 3-8 1T/ L 72,
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Table 3-8. Dietary energy and nutrition intake

Calculated values (Mean + S.D.) (n= 10)

Control a-TP 0-T3 DRIs
M) 2650
Energy (kcal) 1861 + 769 1812 + 441 1947 + 487
F) 2000
Protein (%) 14+£2 14+£2 14+3 13~20% c
PF
Lipid (%) 28+ 6 29+6 28+ 8 20~30%
energy ratio
Carbo (%) 56+6 55£6.5 54+9.5 50~65%
M) 2.0
n-3 (g) 22+1.2 2.1+£0.5 22409 Al
F) 1.6
M) 11
n-6 (g) 11.6+6.3 10.5+£2.7 11.5+4.3 Al
F)8
Cholesterol (mg) 277 £ 135 277 £120 338+150 -
M) 21
Fiber (g) 104 £6.1 93+2.7 99+338 DG
F) 18
M) 3000}
Na (mg) 4196 + 1957 3468 £1391 3975+ 1694 DG
F) 2600]
M) 800
Ca (mg) 383 +177 375+ 136 429 + 163 RDA
F) 650
M) 340
Mg (mg) 205 + 88 197 + 60 204 + 60 RDA
F) 270
M) 1000
P (mg) 848 + 383 863 £ 269 922 +259 Al
F) 800
M) 11
Zn (mg) 8+3 8+2 8+2 RDA
F)8
M) 1.6
V.B2 (mg) 1.1£0.5 1.2+0.5 1.2+0.3 RDA
F)1.2
M) 1.4
V.B6 (mg) 09+0.5 09+0.3 0.9+0.3 RDA
F) 1.1
V.B12 (ng) 48+22 5.6+2.0 54+1.6 2.4 RDA
Folate (ug) 200 + 100 207 £ 81 202 £ 67 240 RDA
V.D (ng) 5+3 5+2 6+3 8.5 Al
V.E (mg) 6.5+4.0 62+22 6.6+2.6 5~6
————————————————————————————— RDA
Male (n= 6) 35+1.9 32+13 33+£13 2.26 (mg/1,000 kcal)
Female (n=4) 3.8+£0.6 39+0.7 3.5+0.6 2.5
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3.3.3 IMRIEH
1. %% o-TP, §-T3 DAL
FHM O MEEH IC BT, o TP EBIUC X V| M5 o-TP BEE X, 15.7 £2.7 pmol/L 2> &

31.8 £ 9.6umol/L ICHEIWICHEML (p<0.001), X 51T, IMAES-T3 D 0.09 + 0.02 umol/L
225 0.15 £0.05 pmol/L I A E R MA D bz (p<0.01), §-T3 EHEUC X v, IM4E §-T3
JEFE 1T 0.11 £ 0.03 umol/L 2> 5 0.40 £ 0.19umol/L ICHEICH ML 72 (p<0.01), 7V AV
MBI ORI ZEDEMEIC BT, M5 o-TP I, o-TP HH (16.1£7.1umol/L) & CHH (0.4
+55umol/L) B XU S-T3 M (-04+3.1umol/L) &ML, ZNENHELRELED biL

(p<0.001,p<0.001), F 7z, IMEES-TIWEDZALED . 5-T3H (029+0.19 umol/L) &, C
# (0.00+0.06pmol/L) ¥ X ¥ a-TP #i (0.06+£0.04 pmol/L) & LB L., ZNZENHERED
W b7z (p<0.001, p<0.01), #5H % Table 3-9 IZ/R L 72,
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Table 3-9. Comparison of variations of concentration in blood analysis items. after a-Tocopherol and

d-Tocotrienol supplementation

a-Tocopherol 5-Tocotrienol
(n=10) Control Standard value
(a-TP) (6-T3)
Plasma o-TP (umol/L)
Pre 15.6+2.8 15.7+2.7 17.2+3.0
17.4t0 32.7
Post 16.0+54 31.8+9.6% 16.7 £3.5
Variations 04+55 16.1 +£7.1¢ -0.5+33
Plasma 6-T3 (umol/L)
Pre 0.10 £0.02 0.09 £0.02 0.11 £0.03
Post 0.10+0.05 0.15 +£0.05° 0.40 £0.19°
Variations 0.00 = 0.06 0.06 = 0.04 0.29 +0.194

The table shows changes and increases / decreases in blood items due to supplement intake. In addition,
a comparative study of pre and post by supplement intake and a comparison between the three groups
were shown. Those with significant differences are shown using the following alphabet. a: Significant
difference was observed before and after supplement intake (p <0.001), b: Significant difference was
observed before and after supplement intake (p <0.01), c: Significant difference was observed in
comparison with C period and 8-T3 period (p<0.001). d: Significant difference was observed in
comparison with C period and a-TP period (p<0.001, p<<0.01).
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2. EER#H BT 2HE

FHARI O IMEHEE IC BT, o-TPEBEIC K D Ra L A7 — REE, 171 £31 mg/dL
25 181 £ 26 mg/dL ICHEICHEML (p<0.05). X 5IC, LDLIEED 95 + 23 pmol/L 2> 5
101 + 23 pmol/L ICHE RIEMZD bz (p<0.05), 7z, 5-T3EHIC X Y HDL © L&
i % iR L 72 (p=0.063), #&%% Table 3-10 IR T

3. FfRENICEE 3 2 1HH
FHBOIMKIEHICOWT, WIS HEERZEIZRD SN d -7z (Table 3-11),
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Table 3-10. Comparison of changes in blood lipid items after supplementation of a-tocopherol and 3-

tocotrienol.
a-Tocopherol  d-Tocotrienol Standard
(n=10) Control
(a-TP) (0-T3) value
Total-cho (mg/dL)
Pre 175+£26 171 £31 176 + 30
120 to 219
Post 180 +32 181 £262 179 £ 30
Variations 52+19.8 10.8+11.9 2.8+£10.9
TG (mg/dL)
Pre 60+19 62 +29 76 +£25
30to 149
Post 62 +22 71429 69 +29
Variations 2.5+18.0 9.9+153 -6.8+229
F-cho (mg/dL)
Pre 437 41 +£38 42+7
34 to 66
Post 42 +38 437 44 +£38
Variations -02+39 1.9+29 1.7+3.5
HDL (mg/dL)
Pre 61+17 60+ 16 59+ 17 M 40 to 85
Post 64+ 16 6315 64 +20 F 40 to 95
Variations 2.7+4.0 25+58 43+64
LDL (mg/dL)
Pre 98 £ 16 95 +23 98 £21
65to 139
Post 101 £24 101 £232 101 £18
Variations 2.8+16.3 6.6 +9.0 2.7+10.1

The table shows changes and increases / decreases in blood items due to supplement intake. In addition,

a comparative study of pre and post by supplement intake and a comparison between the three groups

were shown. Those with significant differences are shown using the following alphabet.

a: Significant difference was observed before and after supplement intake (p <0.05).
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Table 3-11. Comparison of changes in blood lipid items after supplementation of a-tocopherol and 3-

tocotrienol.
(n=10) Control a-Tocopherol o-Tocotrienol Standard value
(a-TP) (6-T3)
HCY (umol/L)
Pre 9.9+26 10.7+2.9 10.8 £3.7 M7.0to17.8
Post 10.1 £3.1 10.7 £ 3.1 11.2+42 F53t015.2
Variations 03+1.5 0.0+1.7 04+2.0
NTx (nM BCE/L)
Pre 223+54 22.1+£53 223+53 M9.51t017.7
Post 21.7+48 21.1+£58 21.7£6.5 F7.5t016.5
Variations -0.7+£29 -1.0+£25 -0.6+2.5
Total PINP (ng/mL)
Pre 67.1+354 66.4+18.9 64.2+24.2 M 18.1 to 74.1
Post 68.0+32.1 60.8 £22.3 62.2+25.6 F 16.8t 0 70.1
Variations 0.9+8.1 -5.7+8.7 -2.0+8.6

The table shows changes and increases / decreases in blood items due to supplement intake. In addition,

a comparative study of pre and post by supplement intake and a comparison between the three groups

were shown. There is no significant difference.
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A EE
3.4.1 a-TP 3 X O 5-T3 BHUC X 2 MAFH)EEICDO T

AW ClE, T3 %@L e P 2EIL 2560 MABEELZHO 2235 2 & 2 HIIC
W% EMEL 72, -T3 BEUC X v, MAE S-T3 A IX 14 HM D 6-T3 OB cH &I
MEE3ZeBWOER>72, FIL XS o-TP BEIC X b, 1M o-TP EEF X O 6-T3

ICHBERBEMPED b,

INFET, T3OAAFTRATEY T4 I3RS, TP XV b RESHRR I b b T
Too ZHUIX, T3 XD D o-TP DT HHFIED -+ 27 20— X v o878 (aTTP) ~D
BRMEDE <. 2 DOFEE, o-TP IMFRICELIC T, T3 ol s ncwns
CICHENT 5 2 & 0[36]. T3 TP ICEMEI NG 720 TH B[37], EBIC, BELRFT v T
4 712 300mg DIRA T3 (a-T329%. v-T3 55%. 8-T3 14%) %5 L 7285460 o-T3. v-
T3. §-T3 O PR T Lot Em (T1/2) fEidznzih 44, 43, 23 KETH Y| o-
TP D 45~87 fEDH I TH 5[38], LA L&D H, AWFFETIE 250mg/d © 1 H 2 [ O#EEL
[FHEHCCHERGT O] 4 5 (0.40+£0.19umol/L) M ¥ 7z, T E TIT, §-T3 2B X &7z
B DI §-T3 AR I NG T WL 205 228, Wi, BIREOMHEICKR
o2& nAhohd, 36 A\OBM (21-30%) I T3IEAH 7Y AV % 320mg/d % (5-T3
& LC50mg/d).2 2> A5 L7z & & A M §-T3 IR EE 134 100ng/dL #4401 L 72 (0.25umol/L)
[39]c F7z. 250mg D 8-T3 7V AV b EIL AT 0 — )UIEOHERE I 8 EME X &
TR TIE T 7R L L, §-T3 DINHIREEIL 0.096 £ 0.068umol/L I L 72[30], & 5
I, BRI o i 12 38R 300mg H % 1% 600mg D §-T3 % BEL X & 7255 8T id, 12 HR
HoMH 5-T3 L Z I hoBIEOEA S | i §-T3 IREE T 3umol/L i D% 7~ L
[40]. 8-T3 DI L~V R ICKfEL 2 & 75%%3%7’:0 FHEO T3 #ECid T3
23 TP ICZ L L, HMG-CoA BILHR O ZFHEL, aL A7k ERI ¥ LED
NTWB7=-0[41]. 5-T3 DI L~ iR 13, TEHXﬂHF‘ﬁ&OTEHX%f:“H@i& (. ~Ho#&
HR[EIEOC B % 210 C v 2 aTREVE A B 5129, 38, 421,

INETIC, MILATE—VIMAEEREFIC AHA B L & bic, BREMIC 125, 250, 500,750
mg/d D §-T3 % 4 H[E Z & I X 2724558, 250mg/d @ §-T3 HBH2 & D Il @ LDL %K
T&72[43], X 5T, 4 BB (125, 250, 500, 750mg/d) D §-T3 % 4 HE[Eich7- v 59 3
&, 250 mg/d @T&’—?gﬁ ROMBIEA P L ZAANT A =2 —DETICRDFENTH Y, LI

EERIC B B RIEEANA A~ —H— (LY RF v, IL-la. IL-12. FGF-b, PDGF) %1%
T X E72[27], AWFZETD 14 HED §-T3 (250mg/d) EHUI e FMEHNICEH VT, Bk b L
A= =R TR RAEMNY A4 F A4 v OMHIEN R L C Wz rlfetEnid 5, 5%IL. 8-
T3 # B L 2856 0MAp §-T3 R L Hhic, 6 -T3 LA ICB#T 2 AT oERN KD LN D,

o-TP BHUI% K W CEIBI I, ZORNRIIHBAEE, EE. K - fRIEER,
H. IR R, GEBRAECGE L IR\ [44,45], ARIFFEIC B VT, o-TP % 268mg (4001U)
BEL 72455, BHGET & i L <#9 2 £5 (Pre:15.7 £ 2.7 to Post: 31.8 + 9.6umol/L, Variations:
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16.1£7. 1umol #§H1) DEFEEICH L 7z, TN F TIc, @A T 45 412, 4001U/d % 2 2 H
5 L7k, o o-TP IBEEIZ X — 2 74 v L R L. 15.0£2.2umol/L B8 L 72 [46], %
7oy BUBEE Tl d 5 53, 64 % D FIEIC, 400IU D o-TP % 2 FMEINE ¢7/2 L 2 A 548+1.33
mg/g LDL protein 2> 5 10.65 = 3.37 mg/g LDL protein & FEIC 2 50N %Z O 72[31], X bH
2. B2 36 NIT o-TP % 8 JE[H. 4001U 8 X &7 2 5, 22.7 + 48umol/L 25 35.1 +
5.95umol/L DHEE M Z R L72[47] TNE T > T b idFEIHTH 5 400IU/d D
3B D o-TP % BHLL 72 HFFE[48] Tl B 3 B DX REED o-TP EEE A 21.542. 7umol/L
THBEDICH L, o-TP AMEEIZ 33.9 £2.9umol/L TH o7z, TN b5 DI o-TP EE DR HE
X, R 14 HEEL 268mg/d @ o-TP BELE FL XL O BUHE, HEiNETHh S, 2L H., K
WFFETld. o-TP @ 14 HEOHEINT, 2 b oW DI L <L L FL <~V E CTHES 5
EERHLIC L, T/, LDL BILICBIS 20 IcE T 2 VE #iftoz%id 1 H 4001U

(268mg) DHETHRAITEDL T EARBIN TV B[S, 49], 400IU DIEILT, MAKT
RFIC I o-TP LA 30umol/L 2> & 40umol/L i35 TH - 7= 5eix. MEHN K DL & D
PREVEH[47]. LDL F{b D 7 7" 2 4 L D ILAH[48]. BHERELGE[50] & o 2R R S 7z,
L7z, —H%Y72 9 268mg @ o-TP EBHUL. 14 HREOFEHBINTH > Td ., FFEOR
REepnTAREER IR I Nz, $72, o TP EBIUC X Y, 3-T3 DAERMENAEH 572, Zh
F5ETICMEIN TR VFERTH 5, MAE TP, T3 REICHEEY 52 2013, 5E7
JTida L, BEENICE T 2 IEMRE SR D F @B & ETwB[51,52], 72, o-
TP ik % v X 78 (0-TTP) D T3 x5 2 BAIEIIK VW & Vb TE 7223, H&ilt, o-T3 I
FE a-TTP IKFFREIE 2 A L TN E N2 ATREMEDS B 2 L HEl S T B [53], £ D28, §-T3
b o-T3 &RIFRICIE oTTP IRTFRREE Z N L T B HTREME DS B 5, L7228 - T, RiffFEic ks »
T.o-TP DEBHCS-T3 2N L 72 JRR %2 A3 2 C L I TE WL d E N TOERMEC,
ERN ORISR EICB T 2EBELR PG L E 2T,

AL REOBROIERH TR E AL, ThE CICHE DD R WA FER LT 8-T3 & 14
HE# 5 L. MBI CcORE R §-T3 IREMMOGH & | 2 o B4kny it §-T3 IRE %R
L722&THhb, £72, o-TPICHBWTH, 4EBU EOBE L [E L~ Lol o-TP RE I
14 HECEET 2 2L 2L 2T LT, 2D EiE, §-T3 % o-TP DIH~DEFTHi%h
R REBUCEM R EIAEIC O EH T 2 a2 /R L7z, £72. 8-TP ¥ o-TP OffHiZk b
FENRE LA AMICE T, GHBERNT 244k 2,

3.420-TP, &-T3 iC X 2 M RE R DFE
1) a-TP & BB

AT OXRD BRI, o- TP, §-T3 DIMHFAEFEEE~DOFELZRN T2 TH o7, #
LA 268mg (4001U) /d D o-TP %3 14 HREHEHL L 72§55 Total-cho. LDL I & 7
MmaH s (p<0.05), ZNF T, ity 2 I voBEEHEMIC L, BlEGERD
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T, FEILIE LR O FAEME 2B S 5 2 &35, EHWIE[54-56]F & + 3Bk T & 2
ICENTE 21, 72, MEENTEEIC 120 HRE o-TP % 4001U/d #ifs & 2728561, &
IZ LDL L _L2ME N L[57]. & &1 8 E[MICH 72 % 4001U/d @ o-TP #5713, LDL O
LMD T 23538 b, LDL BRALSZ AR T IC 2 7 i AKFR @ o-TP 1% 400IU T 5 C
EAREINTWAB[B2], Lo T, RifEICHE VTS, o TP % 268mg (400I1U) HHT 3
Zlick s, IFEHEHHDK T 2R LBGET 21T o 7. fRIE, o TP HEUNIC LDL REEHS 4
7Y A FBEET (Pre) @ 95+23mg/dL 2 HEH# (Post) 101+23mg/dL ICHEICHEM L
2o LU, CHEB X TS-T3 HiD Post ® LDLIEEDOfED . 101 + 24 mg/dL, 101+ 18 mg/dL
& o-TP BHEUAD Post DIE & 1ZIF7EA 72, 2 F 0, o TP BHUC X O LDL BEEE 2B L 72
LFEZICC W, R L AT a— VREEICH [FERRIC o-TP HHEUAIC Pre & Post TH & N
DBERD HNT=A (p<0.05). 2L ZF v — LT LDL & TG & HDL DfEis bHuE s 3 72
B, FNOOMHEDOEIMNIC X B EEZZ T - LB E L LN, METHD LDL ® TG 1T+
V¥ —{BIE L RYIMIHESS, 591, n-3 RIEHIIR[60]1DHEIE ICEEZZ T 5 2 LMo T
Wb, REFZECIREHARICHEBRE S ER L 22 L F -5 L REROPHEICEE 1 £
X707, Ledo T, IBEHEH IFTHOBEORE X Z T - rlgeEdrH 5, —RIVICH
B2 HE R 1A 2 10~14 BB oMo © & 2 L. AIFSCIC B T, HERH 13 H A
EHERFRI O 3 X Z 12 KRR BE2FIE T2, L L, JBETEH D %2 T b FFiC TG
FEFEOFELZIPT. Bk 9 HHTH-> TH RO TG OEL Y @Vt d b 5
[61], L7243 T, FEAEIGHRHRINZ K 2 1CH 7z > T, FEHRML 0 12 B ERTIC
HREZFEEE S LMt 3 2 0B WEIRR I N,

F7-. VE IRV Rx v irgeiiceBicEiIns 2, VE2REI ¢3¢, =27u7 7
—IC X % LDL HUD JAADE X iz & 3 285 S H 5[62]. & 61, VE IC X Y B
PO ENG a L 2T e — ki (CETA) O&E23WA L, MmiEd CETP it I ET
T 25729, invivo THEHEH 2 BRI BEEUC B W CUSE HDL 13 EAF L, LDL (MK T %2/7R L
72[63] TNHDZ L b, o TP OIFEMTEM L, Mt L 72 s G IEEHEIUR G D /EH
TRHEEED D B, RKFFEOWHRE T T d PEC LRIIHEE[ENTH 72225, o
TP ® LDL K FERD A b ind o 7z AlfgtEd3 ® 5, & 51T o-TP 13 LDL *° HDL % $ilE{t
T2 729[8, 64-66]. LDL % (LA M2 SBAHIT 2 & & ic X Y BIAREEL ~ O W1 BRS % il
THZ IO D, LaL, LDL ML 7V =V AN T il thoIET ¥ h g
{EWE % A L - ORI CHET L. VEIZ 7 ) — 7 P An %N LEBRILICH L CoRER
THLIEREZLNTWEZERE, K£Fe FTD VE O LDL ~DHiELIEHIC—H L
TAERBPB/ LN THRV[67], 5tk d. o-TP ® LDL, HDL X3 2 JiE{L/ERICEH L T
IS BERD 5,

2) 8-T3 & BB
AL TD §-T3 L IFHIRE & DRIfRICE VT, §-T3 (250mg/d) BHLL 728541, HDL I
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BhMER 254 b7z (p=0.063), T E TTRF (a-, p-, y- 8-T3 DRA) 1F, 2L AT 80—
MERERED 3-t Fa ¥y 3.2 F L2702 ) LR A RITEESR (HMG-CoA) % 1] L |
AN aL 2T7a—VEAZEET 2 2 EPEEMEINTVS[1922], HILATH—
JUIIE IS & 20 2 B D 2 % F 13, HMG-CoA IZTTI#E SR & HMG-CoA & Dt & % 54
FHL, 2L A7 —LE&KZIHl LDL ZERERZIEET 5[68], —77 T3 I HMG-CoA
RICIHE R DR ERINGENICES L TH Y. HMG-CoA RITIHEFRE DI IC#E 7 {69, 70]= L
ZT7a—AEREMNHEE 5, £72 T3 DR TH 8-T3 1F HMG-CoA iEITEEHE ~ D E 7S
RKEW/ADO[23], LDLAETFFT 2L FHILZ, LA L, KR CIE, HEEBLICNT S
3-T3 (250 mg/d) 1BHXL®D LDLIK FIEFIZA b N8 d o 72, AIFFEOHERE O LDL L~
HEENTH Y, BELRLZHDA LN - AR S 5,
FaLRATH—ADOUEICHUS SN R ET v RIEH DR &2 DiF HMG-CoA iEIT
BETH D, K72, EmORMITD 205, A v Vgkkike o= v %4 4 Q10 (CoQl10) D
RIS X — TR DRI L C w3720, 22 F Vv RIEANIZ, 3L AFu—AFIFTlik
<, CoQl0 DEWMBIKET T2 LT, —HDRAXF VIRAEZICED b BE b hE
FE D 17 AR R RO RE (IS B 5- L TV B W O & S H B[71-73]s I HICA X F VIT X
% HMG-CoA ZTTHR O Z M2 & A0 7 4 — F Yy Z{EHIC X D . HMG-CoA &
TUHEEDO RSN T 2 2 L BAHONTWB[74], L7z 5> T, T3 DI L AT B — KT
ER e A RBREZ RS 2 L id, BFHO 2 WEREEC T ~HIkTE 229, 5% D
Bt & & 5, £72. 8-T3 (250mg/d) BHLL 72354 1C. HDL ICHEI{ERI 234 & #17-, HDL
DIEALIE, R D ORISR a L AT o= Z AT 2 DIE T~ 2% Y | Bk
b DJEREICE{ HDL 2B 5 LT3 Z & ¥t ST 5[75, 76], Framingham Heart
Study[77]CiZ. HDL % Img/dL $28h4 2 Z & i, wE#REE (CAD) V) 2 7 8B H:T
2%. KYET3%IAPT 52 &5 5 HDL L_IZCAD Y X2 0F 7 THIRFTH 5 2 &
DIRENT=, L7zA > T, LDL 721 T/ { HDL DR F i h SR 7B ic G %h T
HHZEIHLITH D, SRV T TIEZ <, HDL LIV ZHEINI & 5 RKER L
LTCST3ICFEH Lz,

3.4.3 a-TP. 8-T3 IT X 2 H#H~DE

LA ML AR 7= VICREZL 20T L THEEOALBIZILEE 2 05,
AW TIE a-TP °° §-T3 BEFEFICE T 2 FEHLTHi®. & O@REHRE~0H Atk
AED FEREL 72, B~ — A — 1B FHRTFcH O BEHEE L 3L 2B o KT
TH 5[78-80], AMFIEClE, MIEFWIN= —H —IC NTx, MIEEIEK~ — 7 —IC total PINP
AL, EoicB~tr ) vy 2 2~ —A—¢ LTHCY 28H L7z, —HY72 Y 268mg
D o-TP 5 X U, 8-T3 % 14 HEE#EGBIL 7256, HEECEEREH~—»—, HCY EE
CHEBERELIIED bNAh o T,

91



it~ ZICEHE VE 215 L 72856, 8RR e X3, BEEx Vo3 7 H 2 N
SEFEBLOEX v ICHEE R EN N WRE12] A v 2 —w 4 F V-1 (IL-1)
TR L 72~ v ZBHAMIIE & 5 < S IE FEFMIEO LR ICH VT, o TP AEFMIEICE
7 5 RANKL OFBEAET X &, BEMlaoRE2IE3+2 2 & 25512 LTWw3[81],

—J T, o-TP 1ZHHEE (BMD) ~DEE ConTh, —HLEZRAMRELNTHARN,
V.E OEFHEI S EHEREDOFIEY A 7 % LR & 2E D H 2 23[82]. M o-TP fHLMEK
s BIEIFEEE R P L 2235 <. BMD MK L [83]1fiE o-TP & KERESHE BMD o ]I 1E
DOEHEMEAD 2 2 & BFR I N2 [84], AT, o-TP ZEIRBIC O HIE AR LR L /-
[85]c L7223o T, a-TP IC X 2 HRHF~DHEIBEOHA L LT BHRE~DHELEDT-
ORIV BETH S, AFFRICE LT, NTx ZWITNWOHED B L b IcKHEfE X
D b EMED 21~22 nM BCE/L f1i %7~ L7z, BIfE. EWNDOERK CTH W o T 2 I3 NT x
D FEHEH 13 5 1:(40~59 7%):9.5~17.7 nM BCE/L . &t (BHRRHT 40~44 J%):7.5~16.5 nM
BCE/L . (FA% 45~79 1#%):10.7~24.0nMBCE/L T® %, #74FEDIiFE NT x O FLHEH |3 HHE
b DR, 20 KHITERDO HAADHE T2 F —HFD L — X v 4 7 DIiE NT x TR D
RRF LR L VD 2344477 nmBCE/L %/~ L T\ 72[86], & 51 OSTEOMARK® NTx
Serum ¥ v MIC X ZIMIF NTx OX#E CEEEN 35 . 24 5 49 5%) 3. HIET 54~
24.2 nmol BCE/L, & M:T 6.2~19.0 nmol BCE/L T& 3% (2021 4 1 ATE), U Eoz &»
5. KRIFFEOWERE O NTx (ZIHME[ENEEZ 5 2L b TE S, MIHFEFEEENRE Lz
HNTx L_RVDT =2k, Dl AFROBUHIZSH. T IEAMRICHTHED
MiE NT x ZaHli g 2 BRIcikio e E 2 bz,

InECiL, IFERFEEDIHFEICE CHOOLN TR RXF VA B EREL., &3F
FHRE D AL % (et & BB % S0 = ME L BB 5[87-92], b &iF, HREICE
STANT VIBERIEHPEETH L L ERBL TS, T3 bAXF Vv EREHEZELT
F 0. HMG-CoA EIUHHE % /3RS % Z & T HMG-CoA &EICHERE DIGTEZ KT X 8 3 [74],
T HIC T3 (10%y-T3 & 90%8-T3 2267 5) 1x. HEABLEE (LT O ZREST 5 Z &
T, =7 ZBFEMIEOBBGEIE 2D 5 2 & #FEIEL 72[93], L2 L. BiE IRl
HINTWBEHLDD, BMD ZEjf~—7—& LTHWV 720 i3BED S 1 FEOBIZHIM
BRETZL bl Tw b, i LT, BRE~ — 7 — [ ZRER R co B o REL 3 2
2. BR#~— A —2HCEAOMRZBE T 256 Th, 6 2AMOBENHEEZ L 2
[94], L7=235 T, KRifFZEToOMAMIMIZ §-T3 DIEAMUH~— 7 —~ KX hCT\nind
o7z AlREMER B 5, T3 LA & DREfRIZ. X vm VEERIESETFOETH B EE LT
b, A0 VEERIKICET L7 7 =T 7= v Y Vil (GGPP) 23VEIFMIIEe. BRE i
mEDHLICEDb o TE Y BIEREEER X A N vBR#ZHEST 2 2 12X ) GGPP
BREDAY TV A FOFEARIAET 2 & T, BEMIEOIRK OB M % FHE L.
LN TOBRENEE L 5 2 5[9597]. BAFRA(L —EHER Y 7 & Fatieii <, PR
OEMFRIEDO LT 12D 7 F F—T3 (10% y-T3 &£ 90% §-T3) ¥ 7'V X v + ORFR
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S N7z, T3 B EZ I BRELETIR, 77 e R HIRLCER T A ) S 27
7 X —+ (BALP) NTx HICHEREME Bt~ — 71— TH % 8-OHdG IREIHA R s
TW3[25], 72, KAChan 5[98]i%. 60 & Lo EicitZ 2 fEEIC R £ 5 v # 5 Otk
Diap ol iR L <, 13 B ED R 2 F v %5 %2 =& tix. IERETFO Y %
WY LT Ly A2 F vidEin D IFREAR AT icn L CTR#ENTH 5 L H It
bhdeEL TS, UEhoZ eh o, T3 (8-T3) FEIFFMINICH L COREMFHMEM L
T3, b MW T T3 DfFHIZEIZEO B RENCF RN TH 2 AlREM: b R T %
%, T3 Ot b OFRH~DIEHZIMHT 21ICIX, EHRE T —Z2OEBBLEICKR S,
WeBRE OFln, MR, MR VIBE, 370 A v b RGHRICESEET 5 2L T 8-T3
DERHBAE~DHFBL VAL ICR D EEZ D,

3.4.4 0-TP * 8-T3 #HHUC X % HCY ~D %

AL D 2 BT OB TIX, VEHBEUC X 0 I8 HCY BEIXAEREICET L 225, Kifse
BT, o-TP, §-T3 OBHUC X 2 IMHE HCY IREEICHE R ZLIZRR® b N dh o7z, 5Hl
WRELZDIR, BEALEFEALTHY, F2HOLTHELETRFELETEH 228, K
RO & g L, JEEEE BRI ELS B B, AT, KTPELET 2T & L
7% 2 FETlX, MTHFR © 4 (SNP) 2| ~7nMlofNfEchH 72, &
DHEERH D MTHFR © SNP 1T HE L CH 53 KT 5 & & 13 TE 03 k5 #H © MTHFR
D SNP 32 L7z v]RElE D H 5, £ 7z, M HCY L_VZ—MRALE TR Y — P R L 72
BT, TAY —FDIE ) BMEL RV TH 2HED D 5[99], Rousseau H 1X[100]. FWe25H
BE{To727 2 ) — b RRELETFO HCY L viE, JEEEIECL 2 ) v 2708 F 5 L L
fRwx& L, 5 SemaCan H[101)IC k2L, FETRIV —F XV DT RY — b+ TIRERAN
FL ==V ZUIKF L T HCY LMK 7 2 afREME 2R L7z, JEBj L HCY L _LICD
W, HE—HLZHEREIEONA TRV, Ihbicil Twb0ld, HCY LD
ZENCEHL T, TRV =P LIETRY — P CHTTHRFITI2RLEDRHZ L5 L TH D,
¥ 722 BTk FREHHET O REFRBIGE X HCY RF#ICBIS 3 2 V.B6(2.0£0.5mg) .
VB (19.0+6.2 ng). HEMAEEE (528+169 ug) I#EEEE (RDA) D 2 %5225 8 {58 % 8HL
LTz, —J. RIFFED#ER#E Tld, VBRIt DWW Tld RDA %iii7=L T3 H DD, VB
LIERE Y RDA 1T 72 7200 o 72, IflH HCY L =_vid, HCY A3 L 5 L T\ 2 fliEEE 0%
EIRREITIKIE L T 3[102, 103], L2 L7ads s, HCY fR#HCEI S5 3% VBs 3 X U V.B;, D
Y7V A MEEERTo L A, BIRBRLEICS W TRIREEHEHIA LA T2 L w)
WE D H B[104], L7223> T, AIFFEIZ HCY L~ ER7 B2 m R H L oBIfRICIZHRE
RORZDOHKRIHEREHTEDOTII R GEHECSNPs b HFEITRETHLI LR LT,
lEoz b b4m, o-TP, 8-T3 IC X o> CEHIRRD bk oD, EHEES XU
R OKBIRED ~ DO HERNTH 2,
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ARETIX, o-TP B LU S-T3 Z{@EHEA e F 2L 28550 EIEZIHAL 2 icT 22 L
ZHWE L, Ex B ho7, ZOFER, I 6-T3 B XLV o TP IREIZHEICHEML 72,
Thbb, AWFEAERIL, 6-T3 % o-TP 28 14 HEOEHAEIE ., AEZAR L v ol nTEE
THBLRAALZZFETH S, LzA > T, o-TP B X U 8-T3 DEEREM: IZ IO
ATH, b FOERNITECTHEINICERT 2 MIEEEZGIHL 72, 72, 6-T3 HHUC X 210
Hi HDL DI % B & 21 L 8-T3 HUC X 2 BYREE(L 785 o ATREME VR & e, L
L. AFEORR AL, & bD §-T3 OHMEEEZ R L 72T — X 03707 i, i oI
§-T3 DREEORFENTE oWV &, T HIT, §-T3 DAEMMEREN IR Z R T OICHEHE S h
% T3 DI EEHTICH 2 2 OHEMACTE R 2722 L TH D, S, ST3 DA 4T
RATEY T AL, XD EMRBIUTECEINEZ RS L, & P ORI O%
BFEDO—DE LTI\,
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