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IZZ <G FEN TV D V2, L-DOPA IZITMEEIHIZNR 2 ST L e sr— (fUEEH) bR,
ZINHETHH D720, FRIEE L TOFRIHMES &V, L-DOPA 1%, WiELBEMW) Cldm(=EME Th
L R=307 R U U ORIBRAE LTEETH LD, /S—F 0V UHOIREIE L LTHN
LD DD, FIUWIMATLYZ FTEIEF—BROG ERBRIZTZAESE, TASAL, BWRIE,
EAIVBLIUIRTILVEZEEICEALTRBY, EEREERE L COFHOMREELRH D, L
L. L-DOPA OFFE&EN 1.5g/day &b 9, —fiZt MANREHEET 2 S, FH, 040
ok, 5lERT2enmH55, LizhosT, Bfhe LTHHAT2HE1E. L-DOPA Ok
MOEZELV, TOHEE LT, —#iZiE, AKX 5RENMTOIL, Toftl, LS pH KT
YA ZOfEHS STV 6,

ZINETLY FEH OGRS T 2 FAENFTE O ¢ JHEREEIC X D L-DOPA OBk A EL
ELTORMHEEZI LN L TE D,

AW IR ML I ZBRA & S AP EIEHEICE R L. 27 T2 W THERMS Th
2R 2 FHEL L OMRFRIZIS 1T 5 L-DOPA & L OBIR(LIEEICBA L T O NCT 2 2 L2 BN
L7,

2. WHoEE

AEHI A7 FTHB X OKREZHW -,

BRMT OFRRT IR, KEH RN & UL SR 9%, BARGIE 11 (W10 0 B 1D AR LT,
BRI DRIy BT IE— W TR 8 ATATAE A 7> B BB T & T O IR R REAIZIE L7z,
IKOTTIRERLIRE TIT o 1o, REFRB LUK ERIT T NV F — Vil CRlE L, 2RISR
T OKEMEEROEIG T ME < HERR & Uiz, BL, ZRABITKRE 571, 57 F 1 546 &
U7z, B i3e— WiECHlE L=, pH X pH *—% — (D-51, &M 6252-10D, Horiba Ltd., Kyoto,
Japan) MW THIE L7z, BREEITEEL 10 g lTliA A7k 40 mL 2N LS E2208 5 0.1N K
fefb b U T ATHE L, WMEDMEIS pHT.0 £ TOMEMEZREE 1, pHT.0 7»5 pH8.3 Diff

EEARBEL & LTELE,

L-DOPA I%. Eiifefk7 n~ ~25 7+ (HPLC-LC-10AD, Shimadzu, Tokyo, Japan) =k ¥
HIE L7z, 7 201 Shodex RsPAK DE-613 (Showa Denko, K.K., Tokyo, Japan). & IX
200 nm & L7-, L-DOPA f|IEMIEHE & 100 g H7- 0 TR LT,

RY Tz /) —=AREZTTH—V 2« FAILMEZTHEL, WHEERE 100g 4720 Oh 7 *
VR E (mg) TELT,

PFLBALIEEIE, 2 RO T U B A EREHIEE TH S ORAC ¥ (oxygen radical absorbance
capacity method) 3 J O DPPH % (1,1-diphenyl-2-picrylhydrazyl method) % fH\TZ v /L



THEIEME 2 5 TAf L7,
M o D> —fi k53 3 KX OV L-DOPA & Dk RFZE (k% Table 1 12777,

Table 1 HEARFRICISIT 5 —KkEky 3 X O L-DOPA &0 %1k

N/ R=L R PNEL

My Tl 1 ] 0 14 28 90 0 14 28 90
Koy (%) 493  50.4 51.6 51.4 478 495  50.8 49.2
BHRE (%) 8.7 9.1
pH 58 56 53 5.0 5.9 5.8 5.6 52
735 03 43 5.9 7.4 0.2 5.1 73 9.9
i 5 11 03 44 5.9 7.9 0.5 7.0 9.4 11.0
SR B (%) 222 354 52.9 53.9 28.3 580 574 53.0
L-DOPA (%) 0.15  0.11 0.04 0

FEWEBRLARF D pH X, A7 T HRITE 5.8, RTKRIFIE 5.9 TH Y | BBRITHE- TR THFIZIE 5.0, 5.2
ASNEMERT L7, BRMNIFBLERICI T, BEBROMEIC L VMR T R ULy RS,
D ERBIE L T HMIEIEFLIEE I U CHLIE 2 E ORI FEA SN D, BBk T 1T
T —BICE o THEAESERXTF R, #EBET X BICoRInG, ZO7DIC, WO pH (33BN
HELHZON TR T2 9, A7 FEEME & Kbk & [AER 2 R ERaE 2 R 7= = L EZ S n b,

L7 F RN TR EEBR AR IS IIER S 1 38 X OEEE 1T OfIEAS KGRI & [AIBECTh o 723, BB T I
CIEBREE 1, RS & & IS RTRENT (9.9, 11.0) OHNLZ F Tk (7.9, 7.7) L& Rotz, Wk
FET . I, =7l el & OfaERe, HERY Vg, WY X BT T ROEAICE- T
FRATDEENTEY, BEPICKECHERE, WHEY X /B, ~7F FRL 7 T ElRg L0 £ < pEA
INTEEBEZLND,

L7 FEHBRM O 7 i  BIRREIL, Table 1133 X O ICREEBHAARFD 22.2% 7 HHIN L, #lfk
TREZIX 53.9%IZEE LT, AL E [RERIC KGR T8 28.3%7 5 53.0%~E BN L7z, L2l HEIER
TR o> TRY , KGR T, Byl 14 BEIC AE < BERNEM L, TO%ITITIEMIE
WE TR o Te R AT T M TITRRRBHIA N G TR E TR R A R Lz, ZhITRGE L7 F
HT, GENLEAMEER T T T —ERNR s L EZ LD,

L7 Gk O L-DOPA B3 FRBEBHAARE, 0.156 g Th o722, Bykfk THECIXIZ L A ERit s e <
72ot, ZiUI L-DOPA N REEEHEFE CTHEA L TA T =B L L7 TH D LRSS,

INETIZA Y FHE A - THix OFFEL A2 BR%E L7223 J5EA O L-DOPA BIIRIESCHEA R ED
FHEREMEIZ X DT 2 OO, /N THAT O 25%ILFEAF LTV D, BRI L [6] CREER M CTh 5
LT FTGDOT T, AGDR) 30%D L-DOPA 23 FfE L T\ o Lt S Tngd 19, LivL, A
RS KD RN T35 & A7 T EEEICED LT L-DOPA Rl SN 8ol 2O b,
27 F 5.0 L-DOPA IR N TG0 THE T 5 2 & AU L=,

Fig.1 IR T X912, A7 FTEMMORAKRY 7 = ) — /LEIIIBEB M O KGR L v 9 3.7 %
%otz (p<0.05), BN, RY 7= ) — VEITABEICHIN L, REEK TIRHCIIEBEBI AT



AT A7 FEREIEH 1.7 510, KRERMIE 3.7 fFlc b 8L (p<0.05), L2vL, A7
HRRMORY 7= ) — VR, RBEEHE TRICB W T H KERIE X VK 1.7 55072 (p<0.05),

Fig.2 1278 L7= ORAC {EIZ L B Hil bimtE L, KEbkmg, A7 FElREWF b a8IC ES Lz
(p<0.05) . DPPH JEIZ X D il biE e 2 7 5 & KEMW CIIAER ER-1 A 6778 (p<0.05),

LT T TIIABRRZ LN A Do T2, Loy LREEBAAIRE S L OVSEERS T IRF O il (bis 14:
I%, ORAC £, DPPH i, WTHNOREIZL > THREHIG X U A7 FHREO S N EIZE) -
7= (p<0.05),

1000 20 &
- 2
£ 18 E
T-g = =
=
Ego@ = 16 %
et 2 56 -
£ g 14 z :
= & S :
E600 £ 12 -
2 g s ?
B S 10- T4
2 B = §
E400 s 8 =
= = = s
£ t 6 <
z = £z 0
%200 £ 4 z :
A = = :
g 2 z ;
= i
0 . 0 7 =0 v
o} 3 0 3
0 3
Orac
Polyphenol DPPH
Fig.1 BREORRY 7= ) — L& Fig.2 RO FiRebiFEM:

R Z VTR TiE, SRS Z T IR R EdL, B LT T F ROWRET < /7 BRAht
FAIEMEIC T 5T 2 2 MBI TN D, Eio, BBHETIENRTD2AT /A VB0 VYT IR
VENERIN DAL D XA BA T AT A U ER BUBKIEE DI S35 Wbt b,
INHEDOZENS, AT LRI KEH OWRMIZ BT D bSO ERIE, eI
TF RGBT I R, AT AT BABA L, F2RTA VR ENER LI EICk D L
BEND, . L7 TEHWEORY 7 = ) — /LR X OPIERCETE L K G H RN Tl
EaRLTEOX, 577508 L-DOPA 25102 &, S BICKRMOFIRLEFE T L-DOPA BEAS L, A
TIATANIE T HIERRESBEEG LTV EBZ D,

PUbEXv, a7 Frgomg~of i, L-DOPA &+ &ML L TLERL~LICE THRETSHZ
EMHEETH Y . L7 FHIRMIT KGRI NRY 7 ) — L EEB X ORBEENENZ & b
B &Mz 72577,

3. SHBOWFRICEIT 2 E £ 72 1T E A

PLEOBERARE LV A7 F EEMIIHREEMEICEN - & L CABROFHNIIRF SN D, L
L, ZZETOMETIE, &7 TR ZR A L2 OFRBEEA RV L SOMBRIZ OV TE
TS RBRRINTE R, SHROMFEOMETH D,

3k

1) Bell, E.A., and Janzen, D.H. (1971), Medical and ecological considerations of L-Dopa and 5-HTP in seeds,
Nature, 229, 136-137

2) Daxenbicheler. M.E., VanEtten. C. H. Hallinan, E. A. and Earle, F.R.(1971), Seeds as sources of L-Dopa, /.




Med. Chem., 14, 463-465
3) Fujii, Y. (2003), Allelopathy in the natural and agricultural ecosystems and isolation of potent allelpchemicals
from Velvet bean (Mucuna pruriens) and Hairy vetch (Vicia villosa), Biological Sciences in Space, 17, 6-13

4) J Siddhuraju, P, and Becker,K. (2001), Effect of various Domestic Processing Methods on Antinutrients
and in Vitro Protein and Starch Digestibility of two Indigenous Varieties Indian Tribal Pulse, Mucuna Pruriens
Var. utilis, J. Agriculture Food Chemistry, 49, 3058-3067
5) Afolabi, O. A., Oshuntogun, B. A., Adewusi, S. R., Fapojuwo, O. O., Ayorinde, F. O., Grissom, F. E. and Oke,
O. L. (1985), Preliminary nutritional and chemical evaluation of raw seeds from Mucuna solanei: An
underutilized food source. J. Agric. Food Chem., 33,122—124
6) Teixeira, A. A., Rich, E. C. and Szabo, N. J. (2003), Water extraction of L-Dopa from Mucuna bean. 7rop.
Subtrop. Agroecosyst.T., 1, 159-171
7 BBAET, RiLEET, BJIFR, BEFERE, FEAED (2009), &2 TR~ AFEMEICBET 2098 B 1H)
- L UTORE - IEGA: -, AATHER SRS, 42, 93-101
8) HANF fm¥E (2005), [JFEEFEEE 1) , SLHk, O, pp. 323—351
9) Blois, M. S. (1958), Antioxdant determinations by the use of a stable free radical. Nature, 181, 1199-1200.
10) 14) HAAEGHE, WFEHLF, DR, BRESR (1996), ~_y E—rEFER LT 5T v oRE TR
(2B HUEHEY X BEOZAE, BARRMLT TR, 43, 188—193



~ A 7 aF -y TREREER S AT LA AT 5SS R O
shear stress (2% A 2 HIED

& (R 7 (CEmBEm AR R

1. WHEOTE &

HARNEERTORRE O 71T, 2016 4 3 I ST TSR EREGRHEHER ) (FEr %
B - NV RTRERIFZERT) IS JAUE, LA00s DEMSAEY (7)1, 260 TRE (S EREZBR<) |
3ALIE TIhZe). 4 Zid MM E P& 5 A2E [MREDFH Lo TWD (2014 FEE OFERHR AR
Z 2016 FICREKRLIZE D), —Ji. 65 Ll LD E OZRENEWVERIL, ABEE T 141
2 DDESRE] (NA 10 5 NS0 Tk 398, i 434), 2 (M4 () ) (RAd7
0 PE 395, £ 203) LApo T D, EASREE TIE, TEmEMEE) (R4 0 5% 1,373,
M 1,682) . THHEREE ] (4720 B¥E 975, &Pk 961) L7a->TWh, F7z 65wl Lo
DOFERIE, 10 T AHT= 0 TEMEFAEY ()] 930 TH DD LT, DEEA 533, MM
PR 302 L7 o TV D (Wb, PRk 29 SRSt B E. AR, DO & Dk
BHR 2D OESCIE e PIEERGRICB Z WA TH D Ly - mEH] X, BAANDERE
DIIFRIERN D) 25~30% % DT D, [y« WA | 1%, SERS O F FHIRAEIT L, Ik
KA ZALIFHEIE L TWD ZENREL, ALy b - FT7—) LT TW D, K i
R [hdfEzE) Loz [TREIND XD ZIMMERESCLEDER EO0 - ERIZ, BARDS
it LI 2 TR0, L - MW O TEI0RW & 2 VITRIBEICH H & 22 2 B o BissIE, ks
A OIEMIZRE S HIRT 2 LIS T\ 5,

(A8 PN BRI X L DB N K 2 3~ THE-> TV D 1 EORERMATH Y, (Ko THE—
MR EEE L T2/ CH 5, A NEIRIZ NS ONKRZE S HZRZ T 2R LTHD0
TR, —BbEHL NO), YrAE I 0T 4 O—fEThDH PGI2, = RE U L EDIW
(2 KD IMAE OPER - IHEAENICE S5 L5, £mENEME, [nEeEERAE RN T &I
TN D EER S NI BE S WL TV D, TIREERE R 1) 132 & D 5 7o O 2 Mk 2 e <
L5120 DRETTHY | FHERE T F - 7o fife 2 im0 U TR T 5720123 S bR+ Th 5
D, BEEERTH - TH IO DRI K o TIAFRE Tz T i DR &L IEENE £ TV D &5 %
HNTWND, £ LTOLEORERESR EMERK T ONT AR D & i O EGER RIS,
B 2O HIIAE D — BN F D3I TR IR D ML D FE R & e 0 FFE 2R D A SO ZE [ C BN D 8
ENRBD, EiE, BIREEL, BRI, 74 7 AZ A VOt GEEIA R, 8E OIFEERR:
ERAEERDOEN), ARV A, B LY | BEEBERIEFONT AR L, L - RO
UAIWEEDZ EDRINTND Y, HilE ClX, BRFEOMICIhD OBERNEHICKELH -
TofE R e LT D - MR ZBEICHIE L TV D0, FIE LG WIRILIC 2 > TW D fERR &, [T
ALV b XT—] THDHO - MEHROTIOZW & 2 WITRIF A H 7268 5 B i A faks 2% o
AT LORFE %, RAIeb D7 NN — T3 ETHNT CTE 2 209 9, KEFEIX, KRV AT L% HWT,
ME « MR XV BN 51T % shear stress (70 /1) 25, MAEWNESHIIRA B OEEEH7
R T DOBWMRLERIZED X D IZB G L TV DR OTHRET D, E-AFELIL, miREeE
BIRARIRT D9 B, FRICEERRT & STV 5 tissuettype plasminogen activator (t-PA) KO
plasminogen activator inhibitor-1 (PAI-1) D43 EIRECE R T-7BL)S shear stress (T L > TED



LT 22O NT, A 7 aF v TREMEE R VAT L2 VT~ Tz,

2. WHoEE

[FiE] OMife : EBRCix, v MFE RN AL (Human umbilical vascular endothelial cell

(HUVEQ)) & 23 Affifia % @G S e 7 L7 EAhy 926 Hifid (ATCC, VA, USA) #ff L 7=, EA.hy
926 #fifii% Dulbecco’ s Modified Eagle Medium (DMEM) (SIGMA-ALDRICH Co., MO, USA)

(10% Fetal bovine serum (FBS) (SIGMA-ALDRICH Co., MO, USA)) Itz L., 37C
5%CO2 i FThiE L7, EAhy 926 #lfidz BASIRAF3 2B0E, MllafkfFiE (10% Dimethyl
sulfoxide (Merck Millipore Co., MA, USA) in DMEM) (%% L, —80°C CT—WrfR{F L7-1%. &K
HERPOREFELE,

O~ A 7 uF v FREHRIEE Y AT L& AW TCRERE R - BN OT VST (shear stress)

(T DINE M DI2D, THETICT TG LIeD LREBRIC~ A 7 0 F v TR AT
L HWTEBREZAT 72023, v~ A 70 F v T7OMBEROKIZLLTOMEY LigoTnd (ME :
AU AF L, it : 6em, ME : 300 pm, £ : 100 pm, Sumitomo BakeliteC., Ltd.), DMEM

(10% FBS) K3t 2X 107 cells/ml DAL FH®E L7 EAhy 926 filizH 6N Ha—T 1
T A LT~ A 7 aF v THENIZ 250 ul OV > Y (Hamilton Co., CA, USA) % W\ TE
A L7023, EAhy 926 flifldz 8 A%, EE =2 hr—F— (ITO temperature controller) ™t
— b7 L— & 3T5CIZRRE L, 2 RFRFFERE 21T o7, 2 FROFEREER, HOoNCOHE
LTEBW =) o oRy7 ED 5 ml v Y (Hamilton Co., CA, USA) HNiZH 5 DMEM (1%
FBS) K% 0.2 pl/min OFLH THt L 72705 b RWERRGEE 217 o 7o, BETLES 2R O RPN SRR IR
E LT, #EMEE%R O EAhy 926 ML PR3 BRI H Wz, SEBRIZHEH L7 shear stress
DfEIX 0.5 dyne/cm2 (static) . 3 dyne/ecm2 (Low shear stress) . 8 dyne/cm2 (Middle shear stress) .
15 dyne/cm2 (High shear stress) CT& ¥, 4 shear stress (ZfHY4 3 2 it I
Q=yra*b2/6 XvHEHLZ,

(Q= v (Lfs) , vy =shearrate (s-1) ,a= KD (cm) ,b= HKDOESE (cm))
(®Shear stress (kI L 2 MAENEMIED t-PA KON PAI-1 pbE D2t : EAhy 926 2~ 1 7 1
F v TPNTEA L 72 W OREGRE T 21T - 7212, MIEIC shear stress Afif 4 5- 2, Bkt
® t-PA Je N PAT-1 53ihi 4 ELISA {EIZ K 0 ai~7z,

(@Shear stress (2 & 2 I N EHIREH O t-PA J OV PAI-1 mRNA OFEBLiEHT : shear stress B fuf Al
AR OTF v 7RO G RNAFIU L WHEEZ21TV), Z D% Y 7V 2 A4 L RT-PCRIZ L % t-PA
O PAI-1 mRNA DR BUFNT 24T > 72,

[FER K OBEE] X 1 IR T X 912, shear stress 1., FEEKAFAI(E-PA (220 Tl R2=0.927, PAI-1
IZDWTIE R2=0.977) (21 NEHAR (EAhy 926 fifd) 225 0 t-PA KON PAT-1 Zpi i % 21k &
HETWDZEBRHLMNIRoT, FEMETFOREFRIUT OV THMATZR, THHIZHOV T
FWAEBITEITERD Heino 72, L L PAI-1 mRNA (2D TClL, shear stress 7% 3 dyne/cm?
& 0.5 dyne/em2 TORBLEDMICHEZRZEZNRD LN Z b, PAI-1IZOW CEEE 7RIS
shear stress DL ZIT 5 2 ENDholz, TNHOFENS, MFBEZHND A LA (FT0IG
1) A, MREEERRE R R 1 DS GEIZE o TXERKIZH) | D TR T2 % KIFET

NN /Rl e
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3. BB OMIEICIIT L & 7o LR A

A ENE I AE N BGHI A332 1T % shear stress (Z1ER U C, MU N BIIES G AL « 04 2 20 kE
R R R 1D mRNA R0 WEICKT T B4~ -, T ETIC, TERIFEDORIEIL, B
BRI DR KRNI R T L 2 LAmMb L TWD, ERRGICA LM R0E R (F—=227
— ) i R TR LA ZE L EOREERR Y T — LD EE TS, MIEDOZE{LIE
MO E L TEICREEST L0207, MitEDZElE b6 L, £l L > T shear
stress B2t T 5, SEIOERIL, TV IS OERIZ K o Tl REEERRIE R IE 1 O A R oW i H 5
RFFIICZ(E L, ENIC K-> T, ZHOHDKRF DT o AR, AR BRI R S 4 2 TRENE
HEZGD T EERB LTINS, 51%I1%, shear stress T L 2 MREERE SRS R K T DA AW A 77
= ALEHLNITHE L BIC, AETHER LI~ A 7 0Ty TRERE R AT DO o kh
AR A— 4 — A — REFRDOEISLODRETT 5 TETH D,

Sk (REEIIRIT - TREMBLTHD)

1) B BB, AT 2 (2015) TMIROEERE - EE A X AR v 7 v v Ra—h AEEER] B L 4w 53
% p.374-380, AARREE(LYR

2) Tazawa H, Sato K, Tsutiya A, Tokeshi M, Ohtani-Kaneko R. (2015) A microfluidic cell culture system for
monitoring of sequential changes in endothelial cells after heat stress. Thromb Res.136:328-34

3) Tazawa H, Sunaoshi S, Tokeshi M, Kitamori T, Ohtani-Kaneko R.(2016) An Easy-to-Use Polystyrene
Microchip-based Cell Culture System. Anal Sei. 32:349-53

4) Ohtani-Kaneko R, Sato K, Tsutiya A, Nakagawa Y, Hashizume K, Tazawa H. (2017) Characterisation of

human induced pluripotent stem cell-derived endothelial cells under shear stress using an easy-to-use

microfluidic cell culture system. Biomed Microdevices. 19:91-101.






TNEBSOIa A N—07 ] 7 N—TOWIEIEE)

SA4 T4 ) _R— 9 UHF5EET WFREE
TN—TEEE WRE E

BAEDANOERESCHEMICES Hbo TWnHZ E1EE ) ETH ARV, WABEDKERO EALIZ72 2
Ay AR D REZE DB AT, BAETEOR VI X o THl S 2 S D HERWECm MLELE, i
BREEREOWDDLAEEEIER NS L, £, SHREFLOEMAEA 2thafE e e b
MR SN TV DREEIC S ATHEENELS Bbo T D Z ERNEILOFENHLH LN E o
W5, L7edo T, BEibita i W CREEFEMIEMIZ AT 2 0 A L LT, 4% AR L
WCHEDSWIERBEOMN EHEENETERE E VWD (A—=8—5), £70, BIRLEEL 28R A0
HBEHNTED XS REMZ ST OO TONSE (BA—N) b AEEEER ORI & TR OBk
MHEETH D, IFERNMEESEIGER 2 Ro7210 T2 BRMIC RIS b e I R
THZERWLNE SNTND, FHIGNMEREDNT o A% BIFIZRO Z L3 kA 72 A R L AT
HTHLVYZUAICKESEHMRT 2 ZETHEAINTEY, T X IR EFRFOBHH T LA
TT 4 7 RO & OKEERHMET A2FE b EEE /059,

PUbDX 5723 Gms, A TAERBODIZ 0 R b—2 | BT V—TTlE, SFEELTFOWIEEIT

277,

- BNHIBEICIRBIT 20 7 2 A4 L OEBEZONWT] L0 H T —~ T, Fillh 7 = A VilittEALEEEE
DH T A VTHEREOFG 21T -7 (=),

c THARANDEIZ DD /T 72l ) A7 BR & U TRl e FEEWIZEAT 2458 &
T—~ T, HRADBEET M EOMERBEICE EN L RIKFEM e FIFE O 1 HEIE &l
27 ORI 1T -T2 (FK),

- TEIREEL PRAICRB T A ARY 7= ) — L D&EE] L0 HT—~T, FkxRBHPORY 7= /) —
IVt EHULER ORIEZ1TV, BREE(L TBAIZE L 7= M ORF 21T o 72 GI) .

- A H kIR S L O O NOREFE~OIEH ] L9 7 —~ T, @FIEDZKIZHW D
ZEDOTEDLAMBIED 2V AT 0 — VA X X =B OB E TV AL T 4 7 2AHROH
LR OKRGEC L HAFEE AR GEA),

c [TER VAV TRIZEERS] LW )T —~ T, FAENTEDEND I 32T ARG O FE A B E
DL~ (FEARHE),

TR 7V kb v P AERO A EOR ) L) T—~T, FL7 U oy 7 2AR/RIE

A ZN—""y M 2R EZMOT, BAELENROH LY 7V A b [ 7=V T—F] @

T AR~ DR AT L (BR),



INEBEDODZa A RN—7 |

W 7R S



BRI T D0 7 = A DR

S CEMEREIIS AR

. WO R

7J7I/f/i1‘lﬁ% KGIMTHEEMEDT Va4 RTHY | PHEEE(EH M A OULHEE R 72 &
DAE 3 &)%Z"LE% ELTHIHENTE T, L L, B 7 = A AT & - TEREE RITT,
T 7 A N K DAY ORI IR B Dictyostelium discoideum \Z 3. 5 BRI X - TR S Tz,
T VEDOMIIHEREE I U CER A2 E T 2 IV T, [T 3 B UG il R s 1k )
AR LT, @IREDON 7 = A HPICEKEIR LTH, Ml ER2NWZ ENER I, SHICH
E*ﬂi IBEWTE, A7 =2A o TT IR RUBPREAISNDZ L, T 7% RUBEINBLTINL
TS A TR MEE S D Z L 2B B L, MRS EICIB W TT X% U 7 = A T &
5flﬂﬂﬁﬁﬁéﬁﬁb’(b‘5 EERIRI LTz, 72720, MIRMEREEICIE T ANR—8] ICLAT AR F—T R
BN 2N LD ZOREKIE AR—BIHKFRRMIE CTH H Z LA PRSI, A THREED
FEREGI2O, ZOMBIEITMN T n—F 282 2HAMEICHELD 2 ENBEX LD,

WEEEE DI N T, Feald, U7 = A UMHERLIRE YSAKL Bk & YKP4 BROHUFIZRD) L Tz
ZEEHRELE, IROOKIEX, BT oA 2 1% AT, pH3 IZBWTAERE 80%LL . N TR THY
JERIRE C D, & BT 28k & HIT Lactobacillus paracasei T 5 & [RE Sz, £ 2T, BHNMEICE T
N7 = A CMHEREDORET, & 51, YSAKI KR, YKP4KRODO D 7 = A U fREEORG 2 HHY & LT,

2. ARSI X OWHEER
O MRS T COBNMEE, W7 = A iEABEEIC T 25 7 = A VilittEEE O fET

YSAK1 K, YKP4 ki LU () BRUGEFAME T A (Nite) 7225 OBtk (18 #K) 4 20 IFfH]
AiEE#E (130 tpm, 30°C) L7z, 20k, 7 =A 2 (0, 1. 1.5, 2%) WINFEREFHC E8 ik A BePERY
AR U 72k A 10 pl AR v b L, 20 FffE, BIRECan =—BRRBE ik L7z (AR v ME),
AT CHWTZERIX Lactobacillus J&. Lactococcus J&. Streptococcus J&. Enterococcus J&% R\ Tz, Z @
BE. BHERICI T DHEEE 2 T2, KSR, TNy 7 (ZET A{beRart) 2T
FEREEHTIT o T,

YSAK1 #, YKP4 Bk, SRREBRICKIT 2 ARy b
(EMBEDD YSAKL B, YKP4 BE, XTRREERE. 7 =1 v 0%, 1%, 1.5%. 2%)
ZOFER IENAE 18 R 1S FRICB W T W 7 =4 v 1L SWIFE(E F CHEIC 2 0 =—82d L,
L72rL., YSAKI #RIE 1.5%., YKP4 #Ki% 2%, KW L. fermentum NBRC100933 (377 7 = A > 2%, T®
an=—OBO NN o Tz, —F7, SHWREK Lactobacillus paracasei NBRC15889" (%, B & 72



0.5%TFE FCAEBIEN AL, ZOFREIY, IBNMEDOL 1L, 7 =4 K> TADRE
BT TCNWDHI ENBZONT-, ZORRRIT, VEFEERSE LIRS T ORI RN A LT,

© YSAKI1 #k, YKP4 k& XIHERD B 7 = A AifERE D Hiik

YSAKI1 ¥k, YKP4 #k3 X OSKTR K Lactobacillus paracasei NBRC15889" %71 7 =1 > (0, 1. 2%)
RN MRS WAL T 20 BFEIES R LT, £ D%, B 7 = o VIR R Z B 38 & Be PRI 7R L
Te ARk A2 10 wl AR > b L, 20 FEfife, BIRECan=—liEL Ik LT, B T7 =14 1%
#IN MRS (RT3 ISR EEHIE (ODggo) & m =—A 0 b 24TV, iR & B &
BE L,

ZORER, YSAKIL ¥k, YKP4 BRICBWTIE, &0 7 = A VIRE COWRKEE#E%, 17 = A » BERINES
HCTOan =—TENRLNIRDo T, —T7. BT =A 2 1%IFE F COMRIKEZETIE, WIRERE X
0 b SRR DYEIMD T BTz, BMEBIEE 21T > TR, BIROIRIC K E BT R 6720
ofio

BT, MEERICBWT, 200WEEOBMA RS NIZICHLEb LT, a2 =—5onnias
NIRRT Z L X0 AT oA ridan=—BRREIZEEL 52 TWD A REENE Z b,

@ BT =AU HREEDRKGT

YSAK1 ¥k, YKP4 £k, xTHREHKZ U 7 =4 » 1%A0 MRS & IARG# T 20 FiffIRG &R %, £ O8E LiF
MmOV I/ R Z N THT = A Offi 21T > 72, £ Ofhiti % TLC ot (RBIEEE : 7 o
AL AL —=10:1) X VET LT, BiE UV B CiT o 72,

TORER, TLC IZXDH T =24 L DARy FOPREEIL, SHRERR & ol L TEITA B3, YSAK]
Kk, YKP4 KD N 7 = A VO fRREIIBIER CTE o T, ZOFER LD YSAKL R, YKP4 #KIZ, 717 =
AV EBEERNICE AR, BEEZTHRET D, MV AE RN & TlEE A LT 5 afHErED
Ex b,

3. A% OFFRICE T DR E 7 XA

BIfE, YSAKI #E, YKP4 RO 7 = A Uit L LT, 1 DAL LT THENIC AT 7 = A
Z RSN 238 N1 72 AR T2 H LT D 0, HDHWE, 225 E LT, EHICENT, arn=
—R AT AR, (NU T O XS ERI 2 LR E R ETEDNTWAD LEZ TN,

F T, A%, A ST 5720, T rTF 4 —AMRITC XA A o5y IEE O, £
R - BEMEE (SEM) & H\WC om0 g2, TLC & FHW 7= /Mg O /2 8 2175 TETH
Do

3k

1) Summers RM, Louie TM, Yu CL, Subramanian M. (2011) Characterization of a broad-specificity non-haem
iron N-demethylase from Pseudomonas putida CBB5 capable of utilizing several purine alkaloids as sole
carbon and nitrogen source., Microbiology, 157 (Pt 2) : 583-92.

2) 2014 B FERL [h 7 = A VIEREZ AT 2 IME OWRE]  AF A

3) 2016 £ FAERL HNMEICE T2 7oA L OB KIFEH



HARNDEIZ) O D7) 2 7 BRI E L COIRERNE e FLEWIC

B9~ i 5E

Ek 1 AR A RRERD

BYOPIIZTIEIEREFEAYNHFHELTND Z ENLATL Y X< MBN TV, b hofdik
2L THERS DITERK L F2T T, 2omoFHe BEMOBEMEITE b TRW ERM#E N T
7o BARADNSZRET ZHMESCUBRIIIIZNENT L ) RE A v B EREE VO KIEEAH e FEb
BRI EIREIAAEL, 2O ZNOEBMEZNTH2HARADO L FEBREIZZ DO TE LIV E D,
INOEHE FLEMOFEHITIZEA ERNWEDIZ, B FOREEY A7 XFEA LRV, L LAERD
T g o TR MR T E T 2 A e BLEWO—fi L L TR S IFEMED v Rk
EDiemniz, EbO THRWMEE 2SO RWE S (Meyer et al., 2014), 1 (AR
EFLEMO—FETH D RILAFEN e FIFE (AsHC) Oflz/r1, ZDHH AsHC332 & AsHC360
ISR EEMEDS RN EE TV D, £ TR TIE, ~—7 v MRy FakBhE VT, fREMEE &
bEMOEREEZITV, BRANO—RHEREEZORBMHEZ EONREPFOMNIZT D L L BT, Meyer et
al. Q01 DHIEFNET — & 06, HARNIEIT S AsHC O Y A7 OHEE 1T - 72,

AsHC Ot & L7zdDix, 2015

A?;TNJ\/\WVAVKMW 12 HIZE TN CIEA L7Z 162 BEah A 17 &L
O=As BRI L, BMENORMLZIRA L TR L 72
o 17 Boar Ry y b ThD, BfEmR L VR
e Dy NEAK )T mm A H L LRE D L,
0o NN AsHC Zfiiti L7z, Wil ks v~ 757
e MO E 4 LT ICP EE/SHAEE L = L
AsHC 444 7 hu AT L— A FALE T DERESHTEE O
xgﬁww\f\/\/mvmvﬂvﬂ»w\/\/\/m i 571238 A3 % HPLC-ICP-MS/ESI-MS/MS 12
CHy Ko ThHtEEER T2 (—A MU 7T +Graz K
B 1 BALAKSRE v RIEE O 2 L IR

AsHC P& =oix TfandE) & NMEEE) oWt R Yy hORT, ZOMo 15 &bt
aVIRY Y MBS0 o7, AsHC ITEFEM OB SN Z ENRHL ML RoT-, £ 11Z
AsHC BEEZ/R LT, BEIIE AsHC 0P D As BEL L THOHb LT, AsHC444 I~ TH -
7=,



~~NH, wash
" 5‘;@?} —Pre wash
" s e
W ) ok
— 110 éﬁg y H3% | §$§§§ i
% " ’ ¥ H

Retention time [min]

2 fa o HPLC-ICP-MS 7 1~ K77 A

ZHAUCHARANOfIE, BEO— BRI (21241 66.3 g/H ., 10.9 g/ H : [E RAEFREFAERE R L)
Z T CRO 7fE, #EE) D O AsHC332, AsHC360 0 — HEEE & 11R Lz, MlaEto H
% AsHC332,360 O — HIEREITMAN I, BEOEF T, T2 1.57T ngAs/H, 0.42 pg As/H & HEE
i,

Meyer et al. (2014) T AsHC332, 360 ™t kIl K& OB HEMAE~D FEE 1L ICso filE (B5 ik Hh i
) TRENTWD, £ 1LIRLZAAAD AsHC EEEHETE S HEE SN DR AsHC #RE &
ICs0 il & DR A RO T, KETIREDOHEE T, OEWT AsHC T LENTHOMT 52 472, @
100% 3L S 4L, @FN TR Z 2112, @MLRIZ O > THONITERNIZEIZZ 0T 5, &) 4
OOIREZEFT =, 7efe MLEEIZ 5L LE LT,

# 1 AsHCs ORE L —HERE

AsHC #2J% (ng As/g fresh) AsHC & (ug As/day)
AsHC332 | AsHC360 | AsHC444 | AsHC332 | AsHC360 | AsHC444
A 23 4.6 <0.8 1.53 0.31 0
PSR 3.7 10.3 <0.8 0.04 0.11 0
At — — — 1.57 0.42 0

HEE X7 IR AsHC332, AsHC360 JEEIXZ41E41 0.004, 0.001 yM &72 0, 2 d ICso
ECdH D 9.2, 4.8uM (Meyer et al., 2014) L DA ES &, 2300 (9.2/0.004), 4800 (4.8/0.001) &
7o loe —MRIALFWE O U 2 7 Gl W T etk i BREE 2 100 2 FEIS & U A7 H 0 |
EHIEZND, ASHC IOV THRyMNEERIZE 2B O T 2D ARBFE T ICs0 2 VTV 523,
W ICso>> i/ Nt TH D EE 2 B, AEIORE T 2300, 4800 &L K&\ ~—T Vil - 7273,
TR o LS VWATREER B D, L, AEORE T AsHC — HERED SHEEH TH 5, EEED
HAND AsHC — BB 1T, ARECHFREOREEE = & OWREE O\ & A ORI O A



BOMAERENZL > TRERBAMEINHD LBZZOND, KT —HEREO S MAHETE L, 95
Nt Z A NMEITE T DN mtE R E DILRZ b > THEM VNV OREY 27 2HET L& TH
%, HIBRBBC TR TH, RbMEMZEMTLIRBEDOO L S>TH L AARNT, AsHC HEUZ K DY
A7 R bBETHNERKETLH D, AsHC —HEREO S MOHEE L, SEIY 27 DHEEZT DI
Bl > TR T ERRDEO~@DREE L fFE T, ARV MRS EBERETHLLBHEAOND,

SCHR

Meyer, S., Matissek, M., Miiller, S.M., Taleshi, M.S., Ebert, F., Francesconi, K.A., Schwerdtle, T., 2014. In vitro

toxicological characterization of three arsenic-containing hydrocarbons. Metallomics 6: 1023—1033.



R TFEHICRBITARY 7 = ) — L DOIEE

Uik Rt (RERBIFLFI R TR

ﬁ?‘\z@;{bi

FREE(LIE A ARNDSER OKIN 5y D—% b 0B E, M ERBORER & X, EORIEITITRE
%ﬂk%<%bofméo%&i\ﬁ$ﬁ®$_ﬁmm%%ﬁﬁéﬁmﬁ%%%%%LWDAMé_&
2, B THICBWTEECTH DL LB X, RICR) 7o/ — /oW TRt EERTE T,

RN T =/ =X, 7=/ = EOKBEZER L MEMDOZ LT, 20D, R 7=/ —)b
ORI EER TN D, ﬁ’z—t—%%%\%%\%i%mgwoﬁ97;/—wm%
& EOREMN S, WS DOV T I Z R TONDN, mbZNLONRT TR A NET, O
X, 7=/ VBRE, VU AFARVERERDH D, KU 7= — L OABEEE LTI, 7
= ) — KRR X DB GNE, Wb S FIILIER 2 PO E b CE -,

AU 7z —v EBRIEL & OB ER SAO DX, 7T ATIERIEMERENRZ W
Bo 6 PEBINREEDIFEC RN DRV NS FEN, 7L FNRT Ry 7 AL LTERERERD | R
A NCEAPNEFT 72 IR ERTDH, ARHRIIZEIX, 4T %D Zutphen elderly study
MBI THY, 7TR A4 ROBRENSZ O CEEBIREE CORCEPAF RN LIVRE
Nz V. FD%, Seven countries study Tld, 7 IR /A FOEBHE & EERE BT RORBIC
AOMHENED v, HHENEFENER SNDMmEE 20 P, 74Ty ROWERIZBW T,

7 F R 7 A ROBERPEIRGEIZ T < 2 & 2rndRRsmE st ¥, 2ok 5 7% 1990
EROEEFFEOREEZT, R 7 = ) — L OREREVEICBIT e N Aukicite 2 & L 2r o7z,

EIREE (LR IZ VT, LDL 2 VAT o — LRENENZ L2 TR <, LDL OFLEMERE#TH D
TEMEEESN Y, FIBEHEOENER SITA LY, LDL 238 L, I TOMBERERFAE < 72
% &, LDL (FMAEFREONE FICHEAL, 7V —F V72 EIR{EA b L AIC L VLA Z0T 5, B
L LDL X LDL L7 Z —TIIBLTE o ed, kA~ n 77—Vl AR Ty —L BT %

—Z LTI EN D08, R0 Tl & 72 0 BIREENICHERE L BIIRBE(LIRZ BT 5, RY 7=

J =V OHUEINREERIX, 2O LDL Ozl 425 2 LISERT 2 O TRV 0B 21D, #f
BTN TE T,

2. PRAHE B L O RS
SR, FEREICHEWT, R 7=/ =250 2 LIS W < OO RS OFEIE
FIZOWTHRE L= T, ZOEE T 5,
(1) BRIZEENDLRY 7=/ — /L& L FIRILIER OB
FEANC DWW CTAEEE I, IR O e 2 28 2 LU R 21T o 7= FhHIRERT 30 B4 - 60 Fo4hiH -
120 2 2T E 20 B -1 H -2 BE L9FEZ Y 7L & LTHWE, SO O
ZAbTIE, 60 Fhfilith, 120 Al CIX 30 P E s LAR Y 7 = 7 — /L&, PilR{bRE & 12 < B
DETIEFRY 7= 7 —)viE, filR(big & HICRE 2B bITR bienoTz,
TI—b—ZOWVWTEARE, 2—b—ED7 T T2 T O LERAD, w2 T U OB LA
0D AFEZE VTG L7y, FEHL ORLY J7OEWIZE T 2 Pi(LEEO A EEITRO b o7,



EHIDITERD KO ARY 7= ) =V ERAENEL, 12777713~ TV 0 b EPZVIER
ThHol,

FLRICOWTIE, =YV 7= A TV LD 3F (TTHF v ALHIEEST) &L, %
NENLG, 34, 5T LebDEHWe, ¥—Y U v - 7= 7L A - T oA, wWihd
RV Tz ) —NaGgh, FU(bEELZ R LTe, FUBILEEE R Y 7 = /) — LV EDENEN->ToDIL, 7 —
T LA Thot,

(2) FHickiTF 29t bae Ot

BRFIIE, RERE OUE) . r—n (B R, BES) ., PRE (1 Fx27) ok
RKENTODEME 100%D D% HN, DPPH 7 2 4 VHHERE Tk, KELHE 0. 4620. 01, 77—/1 0. 38
+0.05, BAHZE0.67+0.05 & T U I VARIRREN RO H iz, Follin—Ciocalteu {ETIEIRKESTE 0. 84+
0.03, 7/—/L 0.660.05, BIHHE 0.5720.04 DRV 7 = /) —)LENBD BT, VT ENE
4% & DPPH 7 U L HlitERE Tld, IREER—Fm <, N 7=/ — L ETIIRERENAERE
MR OGNz, FRCREREIZIIRY 72 ) —ABEEENTEY, MO LELZ T~ T2 E08ELD
i,

(3) BEIVa—RLRTA BT DHBLEEDORKRF

YU TIIDOEFEIX, DR R e V=T =T Ana—@ 2 MFEE Uiz, DPPH 7 ¥ B LIH{EHE
ICBWTE, IV R =T =32 T A2 0.93mg/ml, A2 —T A2 0.92mg/ml, HA~F% -
V— 4 =32 a2—Z0.88mg/ml, A/l a— 22— 0.84mg/ml & WIHNETHEZ = L7, T,
WMARY 7z ) —VEBIZBWTIE, IAR_R s V=T =3 2U42 3. 1lng/ml, Arma—U A
2.83mg/ml, NP V—T =TV a—R 2 15mg/ml, A2 — 2—ZAN 1. 5lmg/ml &9
%R LTz,

(4) By 2 — 2B L OWDE ZIZE T 2 PiR(bREDMRET

T —TIN—=YVa—A Vo dVa—RA Th—2TVa—AD3FERAEIE L, DPPH T U H

JURRREIL, L —TF 70—V 2 — AN 0. 18%0. 0lmg, VY > = 2 —ZAAN 0. 48+0. 007mg, /L
=2V a—AN0.82+0.005mg AR Y T = ) — LV EIE S L—T T —Y ¥ a2 — A TE0. 4910, 086mg,
U A a—ZATlE0.4940. 002mg, F/b— Y2 — A TlE 2.0110. 086mg Th o7, /' L—TF7
N— b ra Th—r U RER, RY 7/ —/L&, DPPH 7 ¥ H LHERE & b1 2 FERH
TRERETR OGN ST,

WH T, AAANRY —WEARRE) . RENS ZWFARREE) . v A Y s A —2 WEARRE) .
& LU (I LEE) . ALIE -~ FRIAREE) | 5 FEARRE) . ST 0) (B RE) O 7 FifEH 2
B L7, DPPH 7 U H M EElL. RN Z0% 1.01£0. 03mg/g. = HUEIL 0.94£0. 03mg/g. =
AXYNVT A —21F0.86E0. 0dmg/ g . IANTIOMNIE 0.67+0. 02mg/g, FLI1E-> 2% 0.66+0. 01lmg/g,
AHA XY =% 0.64+0.0lmg/g. #EIL 0.64+0.03mg/g, FARY 7 = ) —/LEIL, KND X
0.68%+0.00mg/g, & HTUFEFIL0.66+0.0lmg/g, 7 A Y/L7 A —030.54%0.04mg/ g, SEIDH
1% 0.47%0.00mg/g. HLIE - 2% 0.43%+0.03mg/g. A B A XY —% 0.21+0.0lmg/g. K EFIX
0.197%0.0lmg/g & 72572, DPPH T ¥ W NAHIERED B WIEICARB WS & & 50, 1%, vA L
TA =2 IVIFEDOD, LT, ABANY — RKEH KRR 7=/ —@EEmWIEICR NS T
EHUHE., aA YT A=, INEFEON, fLIEoX, ADARY — RWHELL-T,

(5) HEHEOBERWIFIZ L DRV 7 = ) — LG8 OFIERLRE D ik

R 24 FE, R 25 £F, SRR 26 AR, SRR 27 4B, SRR 28 AR S VTR & VY, MR AR T AT



WU, Pk 24 45, 25 AR OMEHBEIIMKIE, 26 45, 27 AEOMEPE T @I, 28 4 O MR L LB A RE S
ZMEF LTz, DPPH 7 ¥ 4 VHHHEREIE. Rk 24 AE B O MEFE 1 0. 090, 01mg/ml, -k 25 AERL D
MEE X 0.0940. Olmg/ml, K-k 26 4FHRpL DM X 0. 09+0. 0lmg/ml , PRk 27 4F BBk oD #8813
0.07=+0. 00mg/ml, V% 28 4ERAR OHMEREIE 0. 10+0. 00mg/ml D F ¥ T WAHHRAEN TR H 72, 100ml
WCEENDRY 7=/ —)VEIE R 24 FRICOMER T 39. 552, 06mg, % 25 AL O MR IX
38.01. 33mg, Pk 26 AR OMEHEIL 39. 0 1. 89mg, PRk 27 AFRL OMEEIE 31. 6 1. 43mg, -k 28
FERLRL OMHAE T 35. 62, 15mg DR Y 7 =/ — LB LTz,

(6) 729, & H 0 OMBIC X 2 HRILRED Kt

PP3EIZIE, PUREREDNH D Z LM b TE Y | HARANDIFEIEFMEICIS T, BALILE
TOHHRICRT, I VRBEFoND, 22T, BHE TRTZ2EIT 22T O JHEE TR O INEL
IR > THRLREN ED X D IZE (L L TW D& iiEt L7z, DPPH 7 U Vififeaeld, A ATl
0.4mg/ml, HEZ 7 A ClX 0.80mg/ml, %i CHATILO0. Tdmg/ml TH Y | BEX T A Zi CHRITET

A LAMBENISE N T PHNAREE T D 2 EDRENT (p0.01), T H DIZHOWNWTIE, &TI
BWTHEBEREITRO N o AR 7 = ) — L wmid AT 20, 24mg/ml  BEX F & 0. 45mg/ml |
4T A 0.39mg/ml THY, BEXxF A, HTTFRITEFT AL BILIZEWRY 7= ) —LEE
HTDHZ EDRENT (0€0.01), T 9 DIZHONWTE, ETIZBWTHERZITRD b ho T,

3. SBOMIRICIT DR E 7o XA

E&“{H’Eﬂ%%‘&ﬁ EEOEAR) 7=/ =V THHIN, WRENFEL, KbER IR0

PERR Sy D—2 L 720 T D, AR NIEHINFRAEOKRT, BRREEL L L LIz BEREZ %S
ka\_h%ifj7:/—w% BIZHATWDS, HRDOEREFETH Y JSEEEEROTTYH
FRE LR B O DI WO REOBRAEIFIZONT, RZED T MERSH L, 4%, SHICR
MORY 7 = — v, PiBLEROREZITH & &bl BIREEROBRRC, A 7=/ —1
BHREOMAE, A A~v—h— L OERFELITV., BRELLTICBT2RY 72 ) — Lok
EZBH 52N Lz,

3k

1) Hertog, M.G.; Feskens, E.J.; Kromhout, D. (1997) Antioxidant flavonols and coronary heart disease risk.
Lancet 349, p. 699

2) Hertog, M.G.; Kromhout, D.; Aravanis, C.; Blackburn, H.; Buzina, R.; Fidanza, F.; Giampaoli, S.; Jansen, A.;
Menotti, A.; Nedeljkovic, S., et al. (1995) Flavonoid intake and long-term risk of coronary heart disease and
cancer in the seven countries study. Arch Intern Med 155, p. 381-386

3) Knekt, P; Jarvinen, R.; Reunanen, A.; Maatela, J. (1996) Flavonoid intake and coronary mortality in finland:
A cohort study. BMJ 312, p. 478-481

4) Steinberg, D.; Parthasarathy, S.; Carew, T.E.; Khoo, J.C.; Witztum, J.L. (1989) Beyond cholesterol.

Modifications of low-density lipoprotein that increase its atherogenicity. N Engl J Med 320, p. 915-924



A B SRIFESR S L OMNEH D N D fERE~ DT H
WA M2 CEMEBRERD A AEDRER)

1. WFEOE =

NDOREEEZEHET D720, MAEMOAFET ZEEECREINIER S Tnbd, ARIFETIZ. (1)
ERIMAE DZWHZH WD Z E N T 2MEMREDOEERE TH HaL ATan— LA x 2 —F (LLIF,
COX ElET) &, (2) TV AT 47 R B DS DA FEIZ DN TEREZI T2,

(1) ERMEDOBWIZHND Z &N TE DEWH ko COX

AL AT a— /A E O EBIIREE (LA & | DA ZECIN AE P DY A7 D3 S D TED MBI TNVD, Y
kD COX X, ZDO IO BDERKRAE D= | L O 2T m—/ LD EEIAEH S TWD,
COX DIE L7eBaL AT a— VI KIEMETH LT | BRREDORERIZIZV AT a— VEIRfRT 57
DIZFETEERIN RIS NS, Fo, AL AT 02— VLS D AT aA RGO WS AT 1— ) )V
PILTREED 7 Va— L D53 ENC COX Z s T DI 7E it ST | RIS FBFED A FEA~ DG
FPER SN TWD, ZOIDRBISIZIE FEE A 2728 FOSRI\ A BB IS TR Y | AR
BEMNPED COX WHEENTND 19, AMFFETIL, B A TRV ] CEOMEDFELZ ARLL T, =
L AT m— /B Z R E T DB C& %287 COX DBHF AT o7,

(2) TV RAFT 4 7 RN R DB LR D KIGHE - L DA

1,4—eRuaxs —2—F 7=z (DHNA) |Z., 74 X AR RO BEGE A B (e te T 28058 (L1 4T 1
JRNE) WD EMMFLILTEY, 7 at VBRI > TAEESINDZENHESIN TV D, Fx OIFFEET
X, KIBE O menA #is 1 K AKMIZED DHNA OAFEERFIL TD, mend 1% 1,4-VERa%L-2-F7h
TR BTV VB AT — R L CEY, mend &R KSEHE MenA OIE ThsH T DHNA & FET
LHZENTRIND, £, Fox OWFFEETIE, DHNA 25N Z D8 RNGHE O G A EEmEDS @ EH 2 8%
U2, DHNA [ZA A FIZBITAMAEM DA BEZ RO LIENHDHEBZLNDLTENG, ED A=A
WZDWTHIN T ZEELT,

2. WHoEE

(1) EARMIEDZWHIZHWD Z &3 TE H2MEMR kD
COX
Rhodococcus equi 13K COX (R. equi COX) D74
I, LEMNREWZ & T 6D Chromobacterium sp.
DS-1 k@ COX (DS-1 COX) LI L TWA N, R. equi
COX | ZIF R X 72— TREXEDFAET D MK & <
B2 (K1), K22 TIE R. equi COX D v— 7S % H
DR ERR AFR L, 2OWEEZWALNITHZ L
L7, BRICREE L TV e — T REDO KRB LT R. equi
COX (COX L) #BIH7Z A N pET-COX L # & L 7=, 1 R. equiCOX & DS-1 COX D L8k
pET-COX L% K% Rosetta FRIZEA L 15§ b /- JpE#sf  9 : DS-1COX, # : B. equi COX




K% TBIRIREG I CHS 3 LTo, Dk, IPTG ZIRINL CTH Lotk WIRZ R L, M Lz,
wODHECRBERZRE . = T T L0RA F R T L EFWTORER L., BES SR
#% COX L-IX DEAE-# 7 A CH—/SU R/ b ECOHM L, £/, BREROEMEIRE, REREE, £
i pH, pH ZEMR EICO W THl~T, RERZEMEEZIIREE, AN R equi COX 1L 50CE T
LETHDHOIK L T,COXLIZFCETLHETH D Z ENNhol, £l . pH ZEMEZ TR,
R. equi COX | pH 6.0 7°5 pH 10.0 TZETH-7=28, COXLIE, pH5.5 7225 pH 11.0 TLEETH
o7, LEDOFRRNG, W—THEZRET 52 & TRB IO pH (IZxT 22N M 1325 2 & 23]
Y/ A=Y

(2) TV AF T4 I RN RO D O KIG I X D4 5%

KIGE BW25113 #E°% D menA i {n 1 R IMA T, DHNA 2B HINL 7R = BB A
AT, K 210, AR T (AR A ) ICBIFDEEZ /R LT, mend 85 1- K AHRITHIF CH
% BW25113 #k & b TR B A I (AL ATiE) 2310 B35 &0 R&iiz, £7-, DHNA i3
BT CHMEBEE CANARE) 230 B3 52 e RnWEShiz,

No Selvent n-Hexane:Cyclohexane (9:1)
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825-837, Appl. Microbiol. Biotechnol.
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5) Sagermann, M., Ohtaki, A., Newton, K., Doukyu, N. (2010) ['Structural characterization of the organic
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6) Doukyu N, Nihei S. (2015) [Cholesterol oxidase with high catalytic activity from Pseudomonas aeruginosa:

Screening, molecular genetic analysis, expression and characterization.] 120, 24-30, J Biosci Bioeng.
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2) Masanori Iwasaki, Mamoru Nishimuta, Hideo Miyazaki, et al (24 September 2017) Dentition status and

frailty in community-dwelling older adults: A 5-year prospective cohort study. Geriatr Gerontol Int 2017; -

3) Mamoru Nishimuta, Naoko Kodama, Yutaka Yoshitake, Mieko Shimada, Naho Serizawa (2018) Dietary salt

(sodium chloride) requirement and adverse effects of salt restriction in humans. J Nutr Sci Vitaminol 64: (in
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%, 21 HHET37TC, 5%CO, &M T ChiE L, ZoMIi=a—n U FREELZHEL, =a—1 [
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RA[RTHDHEBZDBND,

TR T, BEERIES LIoHi 2 TUREOML 2 B L, BEMER - SGBICAED R 7 7 A
NrIANDAT ) == T x1T9 2 L& BRNZ, REEOWE A ED -, BARRIZIZ, AAR LI AT,
WCKFEE O CIIEREHFEM A EVHTELREOEREM THLA Y —TIZEENLIRY 7= ) —)L
\HER LT, b MEIFMRaEEEET V2 MW, BEMER - SCEIRP IR SN DR 7= ) — VA
B VIAATE,

2. MERER LIUHERE
WFFETTE - AR
(1) E MEERMlakEEET L E LT, MGe3 filuksEE7 va v, AV —7 R 7=/ — (F
LouasAfr b RadrFay—i Fuy—L) LRI T, WST-1 ik (Hlfa A5 L)
ZRAWT, Wit Lz, 2o/, Mlaloxt U CrtE 2 R S WBREEf: & LT, BRI A 72h, A4V
— 7R T = ) — VAR LAY 10 pM & PE LTz,

(2) b bOBEHER-SEITEO 27— U OEERGHERICNADO TE#ETH LV VLA F
HE—BLOXNEMENEE L SN TnDH, 22T, (1) TRELIEAV—TKRY 7= ) — )VILBLEAT
LER 72 MG63 Hifidiz 31T 5 LOXmRNA LU 358K Y 7 = ) — )VEON R ERGE LT, £ D
R, IR LZEDHIC, A FaxrFoy—cdr, LOXmRNA BEEEEH SRS bz,

2

OpmM
B 5umM
W 10puM

Relative LOX mRNA expression

oleuropein hydroxytyrosol tyrosol

1 KAV —7RY 7= /=IO MG63 il LOXmRNA L ~LIC K IE 4 5%



(3) (2) < LOXmRNA EHFEEIEANRD Sz A KaxvFa Y — L OERBF O 21T -
7. LOXmRNA REBFHENCR 592 Lo EE Y 751 L LT S Cuv b Fill/DNMTs &I
LB EHE Lz, ZO/F, DNMTs #55: K 1 Toh 2 Flil mRNA FHLUZ I CTRUMER 277 L
7= (K2), F7, T EB#ELT DNMT 1, DNMT3A, DNMT3B @ 3 ¥ mRNA F& 5l % fif it
L7 Z %, DNMT1, DNMT3A {5\ CHEICEA L7z, DNMT3B mRNA HHE 2B\ TIE, s
fH 2R ST,

2

=
v

0.5

Relative Flil mRNA expression
et

0 5 10
Hydroxytyrosol Concentration (pivi)
B2 A RFaFirFay—1L0MG63HIalisi) s FIlmRNA L~ BIET 8
(4) (1) — (3) OFERNE, AV —THRI) 7=/ —VEHEOFT, ~A FafFFay—1iZ
LOXmRNA RBEHE RS Y . ZOEMHAE LT,  LOXmRNA O E=EEER T- & X5 Fill 0
TEPEAR T AMHER S T,
3. SROMRIZEIT HHE
In vitro CHEHMERF WEBIEM 2 FF O W EEMEAVR SN2 FRFUF B Y —AIZo0T, B MA
REA N LT, 20ReN, HOMEHRET 5 2 LANETH Y, ZOBRIRERLHIMS 425 L<
FaEt Uy FRROBRIRISH 2 17 L 72,

SR

1) Fernandez-Real JM, et al. A mediterranean diet enriched with olive oil is associated with higher serum total
osteocalcin levels in elderly men at high cardiovascular risk. J Clin Endocrinol Metab. 2012; 97:3792-3798.

2) Thaler R, Agsten M, Spitzer S, Paschalis EP, Karlic H, Klaushofer K, Varga F. Homo cysteine suppresses the
expression of the collagen cross-linker lysyl oxidase involving IL-6, Flil, and epigenetic DNA methylation. J Biol
Chem. 2011:;286:5578-5588.

3) Saito M, Marumo K. Collagen cross-links as a determinant of bone quality: apossible explanation for bone

fragility in aging, osteoporosis, and diabetesmellitus. Osteoporos Int. 2010;21:195-214.
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1. WHEOE R

DRE OV 28 FFOFER Z ML T R TR TH D &, 8 VAUTEMF A (BA) ., &8 2 030k
B 3NLIEAIR, B AMIIMIAERBETH O | EEEEE O A, DEE IR EREBOE T

BRI 2L BIETHOFRE R D 62.0%% 15D T D, £ 72 FRL25 F OV T B 1 80.21
% e Aok 86.61 ik, fEFEFFANIIIENE 7119 % « Pk T4.21 i CTH Y | A L EFFm O AT
B 9.02 4F, itk 1240 ETH D, WAk 25 FOERATEEMEIC LD LR LE L o )]
R, 8 1ALV EER Ch 2 MM AE R, 8 2 fLABHE & /o> T, fEfEAA 21 (B
W) T, Pk 34 FEE TV FMmOEM sy % LRl REEFGORNE BEE L LTRY, #hE
IR OO NS HEEE LT D,

—J7. AETEHE Eﬁ@ﬁlﬁ@ D& LT, BB ORLGRBE 2 L TWD, RN TR iEE
FRSRNER S NVIZIBEITIE, BRA AR T2 L, M2 EGE T 228, Tkt LTS
WX AMBEA N LA ’ﬂﬁ”é#ﬁ&ﬂjﬁ%gé (H % Z—7F - superoxide dismutase SOD 72 &) Chilig
LB (B2 X C- 4 IV ERE) KV ARTHE STV D, Z OGRS & HiRbrEs -
PR CE DT o AL, LA NV ADOTFITHEL &, g, 7oA E, TRE 2 L D4R
DEEIRRERL Y Z5E L. N, DB MIEREE, FERE, BIIREEL R & 047G S EHROE
fbefeide, MR R LGSR T EARESNTVND

DX D Ik x IR IBICIE R R P EEICE G- T 5 2 D, TEHEBRRIC K DA & L AIRE
ZRINCHE T oA A~ = —Z AN D Z PR D - OICbEETH L, £DOHFTH,
MAREIZET DA b L A~—H—& LT, IEMEEEFEIZ L 5 DNA 5 (H(kr) DNA #15)
® 8-hydroxydeoxyguanosine (8-OHAG) 2N AL FIH S T2,

Z Z Tk A b A~—H—Td % 8hydroxy-2’ -deoxyguanosine (8-OHdG) % i\ CTiEMERRE

R ofH RN S Z LISk Y AEEIBRO TR - BAEPIE S BT M OEM I w5
ﬁé_&ﬁ@ﬁf%é

. EMER
1) ]> _l_, 29

DO DNADS DTOIDNADT

Deoxyguanosine 8-hydroxy-2’-deoxyguanosine
(dG) (8-OHAG)
2. A I L O
8-OHdG (3. ﬁ-ﬂiﬁ&;ﬁ £V DNA 77 = ko 8 frikigs (-OH) »nfmEnAat s,
8-OHdAG DM ICIE, @mdiEkr n~ 2777 ¢« — (HPLC), &5fbyiitias (ECD), &5k
Papie v dante (UV) Z W= ES° ELISA 7% (enzyme-linked immunosorbent assay Fi% 38 5272 1|
EE) BESFHIhTWD



A5 CliL, HPLC-ECD-UV ik & ELISA 1EIC X D RIEMEOFE NI DWW TG L7,

8-OHdAG % £k T DX FM'E & L C., praminophenol # f\ /=, p-aminophenol & DNA %
[X)it% . nuclease, alkaline phosphatase THLEE L 7=, HPLC-ECD-UV k% f\ T 8-OHAG 5
F W dG (deoxyguanosine) #HIE L. &Hi>H T ELISA % E H T 8-OHAG %= H|7E L7,

HPLC-ECD-UV ki X % 8-OHAG MliEMss & LT, =4 =2 24¢LD ECD /=, BEIFHE L
T. 6% MeOH 100mM phospate buffer (pH6.0) (5mg EDTA-2Na L), Z3#E#H < 2 & LT SC-5
ODS (3.0X150mm) %=\ 7=,

ELISA {£12 X % 8-OHAG HliERIK E LT, mKEE 8-OHAG Check (H AZEZALHIEMIZEHT) % H
Wz, 8-0OHAG %#[EEL TWabd~A 7 e L— Mo, BkhE721L 8-OHAG %k & 8-OHAG &
FRIICRIST 2F /) 7 v —F U HiRZ A, BERICRIS S, BRiESitkzma, €/ 7
7 —F PRI S S8, BEAITH D 3,3',5,5'-tetramethylbenzidine % I 2, BERIEFRHUAD
FERIEMEIC KV FRICEAI T, ROMEILREZNZ, FBORISEZEIE L, WEE (450nm) %

E LT,

p-aminophenol DR 0 uM OREE, ELISA {£CHIE L7 8-OHAG &/ & HPLC-ECD-UV {4 T
HE L7- 8-OHAG Dt (ELISA/HPLC) 1% 1.0 Tdh 7273, p-aminophenol M #EE) 50, 100 3
LT 200 uM D FFD ELISA/HPLC 134 4, 38.7.3.3 58X W' 3.1 Th -7z, ELISA £ CTHllE L 7= 8-OHdG
X HPLC-ECD-UV £ CHIE L 7= 8-OHdG IR L U & EVME & 22 o 72,

Table 1. HPLC % & ELISA JEIZ & % 8-OHAG i £ D ELiK

HPLC ELISA ELISA/HPLC
p-aminophenol (LM)
8-OHdG (ng/mL) 8-OHdG (ng/mL) 8-OHdG
0 0.48 0.46 1.0
50 4.69 17.28 3.7
100 5.06 16.86 33
200 5.07 15.93 3.1

3. SO IT DE £ T2 TR

ELISA VEIZ L 0 JIE L7z 8-OHAG £ 1E, HPLC-ECD-UV {&ETHIE L7z 8-OHAG IRE LV b
EUME L 2R D AREMEDN D D 7o JRPMLIE R EOAKRE T O 8-OHAG L 2 HIE+ 55813,
HPLC-ECD-UV IETHIE L2 N KV EfETH D Z L AR ST,

SR

1) Kasai H. et al. (1984) [Detection and identification of mutagens and carcinogens as their adducts with
guanosine derivatives.l] 12 (4), p.2127-2136, Nuclei Acids Res.

2) Miyakoshi Y. et al. (1998) [Mutagenicity of p-aminophenol in £.coli WP2uvrA/pKMI101 and its relevance to
oxidative DNA damage.l] 415, 139-50, Mutation Research

3) Saito S. et al. (2000) [Quantative determination of urinary 8-hydroxyguanosine (8-OHdG) by using ELISA]

107, p.39-44, Res. Commun. Mol. Pathol. Pharmacol.

4) KasaiH. et al. (2001) [Analysis of 8-hydroxydeoxyguanosine as a marker of oxidative stress.] 194, p.10-16,
Foods Food Ingredients J.
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1. IT®IT

<7 ANTZREMEEMAY (induced pluripotent stem cell : iPS fifiE) X 2006 HlZ L Sz kv~
ZHEHEFE AT Oct3/4, Sox2. Klf4, c-Myc @ 4 DD 1% 7 A VAT H —%& W TH AT =
ETHIN SN, 51T, 2007 FFIZFEBRICIUF B2 X v b b iPS flfa 2 B S iz, iPS Ml ES A
fa & FRRD B CHEREERS KOS EEEEZ A LT\ D, 70, il ERCcE 2720, BEHKD iPS
Mz WD 2 e T E | MR M SOS Z [EkE S 5 2 L 3 TE D, BAEERKIC iPS Ml % i
3288, BEMBROMNREM L U AR CIERL L 7k %2 ERNICBET 2 ik L HIEMREE
TOEENE LT T 2 HERBZ 6050, WTILOGE b BEMIRIZARNICBEICAFET 2 k)
O OREZZ T D, FrZ iPS Mz ERWNICBAET DB H 2 FRE £ Tofkifia Loilaz B L., &
RN CIEIFA DGR EFEAAER Le S B AR SE 57280, ARNICEIT 25 iPS Hild D43 PuE R~ &
PO DO EEFARDVERH S, £io, (ERD iPS ffia ORGa~D 73t J7 5 TR o /ERI
MALE T, BEENICAR S REENZNE W MER S 5, HEBIZ NG OMEE T T 5 k&
RHAREMER D EE XD, LILERL, Fx 3BT, ~ v A% MBuits (DRG) & iPS ##
faze H538 95 & BEEAIIC IV TIPS MilaofRsila~opfbasmsil s n s Z 2/l Lz, £2
TAMFFETIL, iPS Mifld Z #hftsr il £ Torfb S &, DRG & 3L558% 425 2 & THSHIa~D kil 5 2
LRCBEMET LT,

2. /&

iPS MU AR 0 b D A A TR D 2, 96 7 = /L7 L— MZiPS Ml 2 fEFE L, 12, 18,
24, 30 HHIEG 28 L7-, 5%tk mikEpfie~—5 CTH 5 nestin #ix O3 BlEE U 7L % A4 5 RT-PCR
THIE L7z, & 512, Hnestin HifkZ W CHOEmE gt L, 7 VA m -4 A—T 7 F 7 A ¥ —T nestin
B R OFEBLEZIE LT, RIZ, iPSHIIEZ 24 7=/ 7 L— MIRERE L, 18 HFHEMERE L7 b
D#E, A% 3 HED~ A (CHTBL/6L) 2oL DRG &, BAINVTF v —A P — FEHNT
6,12, 18, 24 HLLGE L7z, HEFR%, i~ — 0 CToh 5 BIl-tublin | 35 X Ok AIIL~ —
71 T&H % NeuN [ZDOWTH 37 B LRI T OFRBLEZ [FIER D J71E TR L7z,

INHOTF—&ix L o b e — LT RRE R LTI e E S TS & T
RN RMT LT,

B, AWRIIHRE R FEYMEEBR S TRA ST 1 b 3 VRV ERE L 72,

3. BRLER

TAiiEr & LT, nestin O@a T-HE I L O 7 BHOMKELEL AR & ZAH, WTFNR GRS
18 HH TOREMNKHEZL, 5% 30 HA L OB THEENA LN (p<0.05),

M 1R Y, NeuN B ORI HOWT, 6, 12, 18 HA Ty b — /LTl A EXE
EAH oMo, £, Bll-tublin BT TH, [FERICAEEIIAONR -T2, S5, NeuN &
f5¥. BII-tublin BT & bz, LEZHE, 22 P —/LOW G TEORELILICEEZE I LN -
7o



X 2 {2~ 9 @Y, BII-tublin & > /X7 OFBLEIZOWT, H3 24 HH T2 bu— LIl FGEIZ
Diphhole, —JF, NeuN Z X7 ETE, 2y ha— W IHNEREETA DRI -T, EHIT, B
[M-tublin % > /37 &, NeuN % /7' E & b2, L353% 2 b — /L Ol TOZ ORFFEIZAE
EZIXA N0 T,

PLEDFEFR NS, =7 A DRG & OIEEFE G, iPS HROMREHIIE D /M bICE L RT3 Z &2
RISz, LarL, NeuN &6 KO BIT-tublin # s DI Bl I ILE548 6 B H LS Cldiimic A 7n 2
ERDoTe, TOl, R 6 H H TIE T TIcZ < OMaR M Mlaic b L7c %72 O TR0y
EBEXD, Flo, INFT A A=V T F T AV =TI, MRENKEE LRKE L RDIHEWHIE S5
HENBINT 5, ZO7-0 Bi58 6 H HLARETH & 237 OFEBIN, BT EZAER 2ol EB 2D,

4. F&OH

B2 1T IATHIIEVE X OARFEOFRE RN D iPS MlIEE O b AEGERE T, RO LR 55
IF % R C BRI~ O EFFE N 5 TREVE D VRIS S vtz ZHidBii T 5 iPS MR 043 (LB RS
EREAT D MBS, SBAEAICB W CBEHIIENZ T 2 B2 FORET HIMLERDH D Z L E2RT,
CHIEHAEROBEFRICHICBOTEERAMRLTHH EEX D,

3 HK

D JUMED, A% - LR RO TR iPS MO bLRREIC S 2 2828, HARIE|FS 2016
EERE, FLIR (2016)
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1. WHEOTE &

WY e B X, fERE M OMEMIC D CHEHECTH 5, BN, B COREE BT S
B EEBITHRBELIEE L THREERTOERRBEL LA ST NE<AmLRATWS, 20
X9 I EEMKE 2GR (LI, FRICEFASMEE L TV DA AXRY v 7 v Far—LOTHib
DWVEIERO—B &2 Z EABIFEINTRBY | EBRIC-EOHEE LIFTETWnD, Lo, i
EIAAHSGRIC L EE O, RERICHKRA B2 5250 Z LRSS TE TR Y, G m
HHER T2 72 8 O FLAGEE FIEIC OV T, REFEDSLERRETH D,

CNFETIZZO X D REFDROWIEDOR MRy 7 L7po TN O, w72 EEhsE 0 > —
wwKEf&otoﬁﬁbB E@Eﬁ%%’ﬁmf&éth%@%%ﬂ%&bt%@ﬁ%:om
T, b FERRE LIGAIMREN RIS ELE & D52 ENRELS TR, £, ETET LVE)
S WG $@E@:/Lu—wmlﬁﬁké_&&&\%ﬁ&%%mﬁﬁbfwto%Lﬁﬁﬁ
BRBLOS T A=A LTED 2D AR RS AL Al L CEEMF IR AT O MER D o T,
ﬁﬁi\E%%Tﬁ@ﬁ%ﬁﬂm&F%%%%%%%%J@%%Kﬁ@ﬁﬁ\ﬁﬁﬁﬂbf\%é
7pYL 3 A TR A R D B R AASR OBIRIT B U, BrBlEE R 2 RR T 5 72 o O %
JEBH LTV 5 (1-3),

vﬁ%%%%m%%@cmnzi TENT S V7= BAS F IRAR O G IR D T bE &2 o7

. TR OGRRET L E LTEL ORETHEA IR WD, —F, 2 ORI IXIE

z%ﬁ%w:X7%Lw&&A&%;éhﬁwtb EEN R AT 5 Y — v & LTI fER T
XRVHDOTHo7z, LaL, Fxid C2C12 ffllad LR ORGSR S O G 2 f A Eih
5T, P A T REE A AR D R RS A AR D BRI RIS SE BT TRk Th L 72,
S HIZBARE U 7o @ EER A A MR L2k L CRERV VLV AR AN 2 5 2 & T, NBIIUEZ =22k

7 —/LC& % in vitro FHEIETRM R OBFIC BRI LTz, ZOROFERIL, DRI B S
WAZEERT 52 8T, BRx RIS Z — U A FBLCE 2 2 8, & OITITEE AL 27 A% RL
ENDRTHDHD, MM O ELZ T TICEEH TAEL TV LB EBIETE L2 LI
Bb, Fexld, RETMICK é%% I~ DEL UL A NREA O EEI R A T D 2 & 2 RED
Wiz BT, ZHETH LN L 2o TORWHTBLEEI VR ORR 21T, EHEMOLEMICTHT 5
T D DM ZHEE L TV 5,

2. FHAEWIE R L O

WA, EENZE R LA ORI R L CHREBE RIETZ AR LN SN TE 72, Bz X, i#
B X D iERE O, IR 351 DREN 0 fR ORAHE, IMARRR IS I 1T 2 AR AL DR HE 72
EVRFET oD, ZO XD IEsih T UIER, g - MfkcH L TED L S IcEDFHRE
BETDLONIONTIE, 'O S APIZRRENR TV e, LarL, 2000 £, Pedersen &3
AT A v Z—a A ¥ 6 (IL-6)E L OEHAN O IL-6 mRNA 2T 5 2 & 285 L,
BRI CTHEL DIHME S 7T vid, IL-6 O K 5 ZiEEhk etk # o378 GEER 1) 245
Z LT, iR RES LD E W)~ A A RER A RS L72 (4)(Jonsdottir et al., 2000),



P id, WHERIGZ1T - 7= C2C12 MEfla o G & EI L, JiikT LA B2V TEEh
DYVA NIA Y« FEIA FEOMEIEE 2R AT, FORERE, IHEEA RN W N+ 5~ A
FHA DRI ST WHEIZ L > T T 28~ A 414 > Th 5 CCL5 (RANTES)H L O
CXCL10 IP-10Z[FET 5 Z LIk Lz, Rtk o CXCL10 [ a8 4L & fidil+2 = & 2350
HNTEY | EEMKFEN 2B AR O - OICEE R (L TIER VN EE 2 b, £ 2T,
Running wheel Z 72~ 7 X B3 ETIHEEIE 7 /L3 L WM Treadmill Z H\ 72~ 0 RG] EE ETT
7 V& HWT, CXCL10 @5 B OELZfifHT LTz, TORER, ~ v Ak T Afj; T CXCL10
BETRBN, EECL > THRICMHEI SN ZERHALMNE -T2, I, HENKF 2
CXCL10 Z3Wsib A 7 = X LT LA & = 5, Ca” IRAFIERIIEN > 7 VIR RSB L O b L
AN MAP - —E DO E D THD p38 N cBE42 Z L™ photz,

T id, S5ICIHERTNCRRET T~ A 40 A v OAEBERICONTHIRIT 21772572,
Jeik L7-a8 0 . ZhvE Tl CXCLI10 1 A & Hilil4 2 alRetE v r Siv s, £ 2T, ER
% & Efr L7z C2C12 Mifaots#% Bl (EPS-CM)Z B L, ~ 7 A JJfisrN Bz #tfe i >k MSS31 #f
FaDALFRE~ DR A RN L=, Z OFi%, EPS-CM (Zix MSS31 Ml L FRE & Uitk X & 5%k
DR ST, Sk CXCL10 OFfifERINC L > T ORI E L-, T7bb, EHc k
> THEANS O CXCL10 O3 WwniEd L, BEOMmEFAEZIREST DL LN RBINT
(Ishiuchi et al., 2017), 4. CCL5 3 X O CXCL10 ML RICED X 9 2% B2 R 1= LT\ D 0
WZOWTHIFEEHED L TIETH D,

3. ARONFEICIST 2 HE £ 7 IR A

4 ?’ﬁ%%ﬁ%ﬁ74 FHA > DERFAkvid 5 TEE LT 5, Bld 2z v 72U r s & fif £
Thaffole~A TN A VREEZED D L L BT, BEO~ T ZETET V& o TilERE 2 ke 4
LTPEE LTWD, EBKAFR R L Z I 2 WREMN W E B DNTo~ A TN A ITD
W, SRR FRE~Y U AR EZ S TR EZHE L TS PEL LTS, ZhAbD
WHIEREDIE, ZHE TRIITH o 7o #HENIZ K - THE L 2B LS O mMEHR - s - 285 To
B OFEEBA SN2 0 Z I SN D,

3k

1) Nedachi T, Fujita H, Kanzaki M. (2008) Contractile C2C12 myotube model for studying exercise-inducible
responses in skeletal muscle. Am J Physiol Endocrinol Metab. 295(5):E1191-204.

2) Nedachi T, Hatakeyama H, Kono T, Sato M, Kanzaki M. (2009) Characterization of contraction-inducible
CXC chemokines and their roles in C2C12 myocytes. Am J Physiol Endocrinol Metab. 297(4):E866-78.

3) Farmawati A, Kitajima Y, Nedachi T, Sato M, Kanzaki M, Nagatomi R. (2013) Characterization of
contraction-induced IL-6 up-regulation using contractile C2C12 myotubes. Endocr J. 60(2):137-47.

4) Jonsdottir IH, Schjerling P, Ostrowski K, Asp S, Richter EA, Pedersen BK. (2000) Muscle contractions induce
interleukin-6 mRNA production in rat skeletal muscles. J Physiol. 528 Pt 1:157-63.

5) Ishiuchi Y, Sato H, Tsujimura K, Kawaguchi H, Matsuwaki T, Yamanouchi K, Nishihara M, Nedachi T.
(2017) Skeletal muscle cell contraction reduces a novel myokine, chemokine (C-X-C motif) ligand 10 (CXCL10):
potential roles in exercise-regulated angiogenesis. Biosci Biotechnol Biochem. 2017 Dec 13:1-9. [Epub ahead of

print]
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1. WHEOTE &

TN D ZEEE M E O ERGE, Bix RBERIC K> TELDZ EAURENTEY, O HLOO
&0 & U TR RN O R LFRAR M A M OIR PR ST B b V2, 20 X9 2l ff 5§k
FHREMEOIR T, Mer e P AEBIC L0l ShD 2 e Mo TnD 9, £, M
FOBALPNE L TWARWEFEFIZEWTH, ) b L —=0 7 X0 B RME R RESEED Z &
HRINTND Y, Fox OIFFEEICINT, BER 2R RIC—EAM & MR AR 2 Az 2 FEHO
FOMEEE b L —= 7% 8 AT o 7o & 2 A, TR A EENIRE O Zx i R i 55 (R 1 03 4 5 2
MINFRD BTz 99, EENAMICE Y BARDERDECTHEB & LT, iR 7EHOREN R
STWZ ERZZ BN, MR TER&IE, BN O & OB I L > T, #RILEN D
MR % DR E SRR 2897, BRI, FIRE GRS NI IR 2 (R FFT 2 BTV h o
FRF = h L= X VR L T, e KGR R GRIRILE 2> & ORI ik % 5
THEIDIXRE K ARTER) TOAIENMMEAI 2RO Sz, 2D LG, fiRy Z1EROR] BN
EUME L, BRI RSN 5 O TR0 E WS EFNRE X Hihvd,

HERHEEIR SR T, SEVEE SEEE X B 2 51F &, FRCER I ORI HEE, oF
0. FHOIESEE HHEML, ZHUHEOTR Y ZERHORFBEE bR ED L SN TNDH 0, £ZT
AWFFE T, LD E G 272012, Hie 2 ElEH o B EsEEER | 351 2 SRk i 2 i ik
DEALDENEHONZT DL E2HME LT,

2. A X OWHEER
(1) #elps

R 72 R 16 2 (A - 13 4, £tk - B A BARRFZEIZS N L 72(21.0+0.2 7%, 171.3+2.4cm,
61.9+2.3kg), PEEBRE IIMEEMIA BB L, AR5 10 B EIIZHRIE 2 FEhi L7z,
(2) FEBRFIA

PEBRE 1R 24.3 £ 0.3 CITRRE S V72 EBREIC AZE R WML EEMNZ T 20 0 MILA EZEF 2R B
EERTORE AR AL A TE Lz, £ Dk, FEALEEHNZ T 60%HRreserve (ZfHYS 3% 32 7yl D —
EA T B L EEE) 2 60 [BHi5/53(60rpm) & 72 1% 80 [H1#i5/53(80rpm) Tl L 7=, HEEE T, 72726
(AMEME B3 2 L 0 | EEIR 10 70 H. 30 43 HIB LT 60 53 H O TRREBIAI AL L2 HE L7z,
725, 60rpm & 80rpm I HAZE X TT X ANATHE LT,
(3) WEHH

EEEET, EE% 10 9 H. 30 7 HIB X TN60 /v HIZ, BEMMEFHS TOME & e 2 E Lz,
F7o. TS OERBAFEE O, FlRILAE R, ARG K O KRR & 2 B Lz,
(4) FEF L35

LI L OMEDZEAITIRERE OEVT R S o 7o, TR FRIRI A (e ElL, 60rpm
DEEFH CEM LR 705, 80rpm TIdEEIET & Ml L CEENIZRICK T L, 60rpm LY %
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Evaluating relaxation through integrating entertainment with exercise —
intervention through the use of feature and documentary films

Uma Maheswari Rajagopalan (BEREER-FABEBREE R FFL)

1. Introduction

With increasing population of senior citizens of age over 60, it is necessary that such citizens
enjoy making full use of their life through interaction with the community and also lead a good
quality of life (QoL). One way to achieve good QoL is through maintaining good physical and
sound mental health. Having such mentally and physically fit senior citizens will not only benefit
the individual but it would definitely benefit the society. This is because senior citizens leading a
good QoL would result in reduction of people having less medical problems thus reducing the
budgetary constraints of the society as a whole.

In order to maintain good Qol, one approach is through making senior citizens engage in
exercises with mental to have more social interaction and lifelong learning and physical to
maintain physical fitness. However, exercise alone could be a little demotivating. To increase
senior’s increase in motivation toward exercise and their satisfaction with their lifestyle, in this
study we propose combining exercise with entertainment. One of the entertainments could be
exposure to other novel cultures which could be either realized through direct interaction with

people of other cultures or combining with videos of other cultures.

In the proposed study, light cycling exercise was combined with the videos of feature or
documentary films. As an initial study, university students participated in the study. The
research question addressed here is that after performing an exercise routine, what kind of
relaxation routine would give the best relaxation and what kind of relaxation would be suitable for
non-athlete subjects. Research so far has been focused on the effects of exercise from the point of
health factors. To the author’s knowledge, studies that address the mental effects after exercise
have been almost none. In such a context, it is worth considering the optimal relaxation after a
physical exercise which would make a non-athlete more motivated to participate in the exercise
without interruption.

As a way to analytically evaluate relaxation, amylase test amylase test collected with the saliva
of the participants was used. Saliva was collected before and after the exercise. The hypothesis
here is that those who do not have regular routing of exercise or who do not like much doing
exercise, the video group will have greater relaxation than the non-video group. However, the

opposite could be true too. Being idle without any activity may result in lesser stress.



2. Methods

A total of 10 participants with two females and eight males aged between 20 and 22 (non-athlete
students) participated in the study. The same participants participated in the study twice, one
performing exercise under the absence of video and the other under the presence of video. The
exercise used as cycling for 20 min. While doing the exercise, subject’s saliva was collected at
regular intervals, first at the beginning of starting the exercise, after 10 min., and at the end of 20
min. when finishing the exercise. One more stress test was done at the end of the experiment. The
amylase test was used as it could reveal the stress level of the participants. It was found that the
amylase testing of the saliva would not interfere with the cycling exercise as such and the
participant could collect their saliva easily while doing the exercise. Prior to starting of the
experiment, subjects were given explanation about the procedure and their consents were obtained.

They were also informed the possibility of withdrawing at any time from the experiment.

3. Results

Results of histogram of the stress test obtained for two different subjects under two different
conditions of video off and on are given in red and blue respectively. At the start of the experiment,

both subjects is given in the Figure. Comparing stress level at the
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beginning during the starting of the exercise with that at the
finishing of the exercise, a significant reduction in the stress level
could be seen. Out of 9 subjects, such a tendency could be seen in 5
subjects. There are deviations in the tendency as well as the

reduction percentages. Therefore, the analysis has been restricted to
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qualitative analysis.
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In addition to the amylase test, a survey on the subjects’ habits

with respect to exercise routine, the frequency of the exercise, the
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amount of time spent per week was done. The survey revealed

the existence of correlation between those who do not like doing

exercise and there was decrease in stress level. This could imply !

that watching video had some relaxation afterward with the finishing of e the
exercise. On the other hand, for those who like doing exercise, there appears to be increase in
stress level with watching video at the end of the exercise. This could indicate that those who like
exercise prefer to concentrate on exercise and not to be distracted by video entertainment. This

could be expected to some extent.

4. Summary

The present study focused on the effect of entertainment on stress level after doing a light
cycling exercise for 20min. The findings suggest for the existence of correlation between stress
level and entertainment and the level of liking of exercise. However, the number of sample size is

too small and a definitive conclusion could not be reached. Expansion of the current study to



include more subjects is needed to make definitive conclusions about the effect of entertainment

and stress level.
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AT I Hx1 5 Fet % Table 11277 L7z, Low ff, Middle #£3 X OV High £ MEQ * =
Tid, TN 411126 5., 479125 4, 584146 s Tho7-, £7-. MEQ A3 73 EW\H
IEE PSQL A a7 B EONT ¥ /L& — 57 REENA B 2R U, wAFRIAPE 2 Ffo38 1% SRR O
HAMELS, WHENENZ ERH MM E o7 (p<0.05), £/, FHFRMMELZFHSOETCIX, AY
OEAETEIZ T 2 FHEMEWE ORIE N EICEEEZ R~ L (p<0.05),

#2TIE, MEQ A =27 D35l L HEF - MERAGENOEONTMEE R LT, BONTMED
1 B OFETIE, MEQ A 2 7 M@\ Stk - shERl, §IRREZINE RISV &35
Wl oTr, SHIZMEQ A7 NEWEIZE, 1 HIZEDDHBOEAN, MEQ A =7 MKW
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BRTholz, 2B, FHOFEHIZBWTOA MEQ A2 7 NEEEZ/RTHIFE. 1 HIZEHD D 17~22
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Table.1 Demographic characteristics according to tertile of MEQ score

MEQ score
Low (36-44) Middle (44-52) High (53-67) p values
n=15 n=15 n=14
MEQ score (points) 41.1 + 2.6 479 + 2.5 584 + 4.6 -
Age (yr) 209 + 1.0 21.1 £ 1.2 21.1 £ 1.2 0.466
Sex Male 8 ( 53) 9 ( 60 ) 7(C 50 ) 0.858
Female 7 ( 47 ) 6 ( 40 ) 7 C 50 )
Height (cm) 166.6 + 8.7 165.8 + 8.1 1643 + 7.6 0.672
Weight (kg) 60.6 £ 9.0 582 + 89 60.8 + 21.2 0.783
BMI (kg/mz) 21.8 + 2.0 21.1 +£ 2.5 223 + 6.1 0.634
Residential status Living alone 10 ( 67 ) 7 ( 47 ) 6 ( 43 ) 0.381
Other 5( 33) 8 ( 53) 8 ( 57 )
Drinking habit Yes 7 ( 47 ) 10 ( 67 ) 7(C 50 ) 0.501
No 8 ( 53 ) 5( 33) 7 (C 50 )
CES-D (points) 147 £ 4.9 144 £ 6.2 12.1 £ 6.9 0.130
PSQI (points) 73 £ 22 6.9 = 2.8 45 £ 1.5 0.004
Chalder fatigue scale (points) 21.0 £ 7.7 17.9 + 4.1 164 + 5.5 0.610
Self-evaluation of eating habits Good o(C 0 ) 1 7)) 4 ( 29 )
Normal 0o( 0 ) 3 ( 20) 2 ( 14 ) 0.037
Bad 15 (100 ) 1 (73 ) 8 (57 )

Values are expressed as mean = standard deviation.
Participants in each group were separated into three tertiles (T1 to T3) according to the MEQ score.
TTrend was determined using linear regression analysis for continuous variables for proportional variables.
I

v2 test



Table.2 Dietary intake assessed by dietary record according to tertile of MEQ score

MEQ score
Low (36-44)  Middle (45-52)  High (53-67) p values'
n=15 n=15 n=14
Average week
Awakening (min) 533 £ 18 509 + 16 422 + 17 < 0.001
Retiring (min) 1567 + 18 1546 + 16 1466 + 16  <0.001
Breakfast time (min) 508 + 15 519 + 14 458 + 14 0.008
Lunch time (min) 771 £ 6 770 £ 6 757 £ 6 0.095
Dinner time (min) 1150 + 10 1168 + 10 1151 + 11 0.699
Total energy intake (kcal) 1950 + 73 1987 + 72 1979 + 75 0.912
Protein E% (%) 13.9 + 0.5 13.1 £ 0.5 13.6 £ 0.5 0.515
Fat E% (%) 326 £ 1.1 31.5 £ 1.0 30.9 + 1.1 0.110
Carbohydrate E% (%) 50.7 + 1.1 52.8 + 1.1 53.9 + 1.1 0.151
Ratio of energy intake
05:00~10:00 (%) 5.9 £22 1.7 £ 2.1 21.0 £ 22 < 0.001
11:00~15:00 (%) 324 + 2.0 30.0 £ 2.0 30.0 £ 2.1 0.511
17:00~22:00 (%) 41.1 £ 3.2 37.3 £ 3.1 34.1 + 3.3 0.201
Other (%) 20.6 + 3.1 21.0 + 3.1 14.9 £ 3.2 0.121
Average weekday
Awakening (min) 519 + 18 479 + 16 406 = 16 < 0.001
Retiring (min) 1565 + 17 1536 = 15 1461 £ 16  <0.001
Breakfast time (min) 516 + 14 510 + 13 456 + 13 0.001
Lunch time (min) 765 + 7 764 + 7 753 + 8 0.179
Dinner time (min) 1153 + 11 1168 + 11 1155 + 11 0.679
Total energy intake (kcal) 1959 + 71 1973 + 70 1942 + 73 0.667
Protein E% (%) 142 £ 04 13.4 £ 0.4 13.8 £ 0.4 0.908
Fat E% (%) 324 £ 1.1 31.6 £ 1.1 30.7 = 1.1 0.125
Carbohydrate E% (%) 51.1 + 1.1 532 + 1.1 542 + 1.1 0.103
Ratio of energy intake
05:00~10:00 (%) 74 + 2.1 123 + 2.1 21.8 £ 22 <0.001
11:00~15:00 (%) 32.6 £+ 2.4 323 £ 23 322 +24 0.661
17:00~22:00 (%) 4.5 £ 3.0 37.8 £ 3.0 32.8 £ 3.1 0.035
Other (%) 155 £ 2.9 17.6 £ 2.9 13.2 £ 3.0 0.162
Average weekend
Awakening (min) 569 + 28 584 + 25 461 + 26 0.003
Retiring (min) 1572 + 26 1569 + 23 1476 + 24  0.002
Breakfast time (min) 543 + 31 537 + 24 462 + 22 0.043
Lunch time (min) 797 + 13 788 + 13 775 £ 14 0.365
Dinner time (min) 1127 + 23 1160 + 20 1141 + 20 0.766
Total energy intake (kcal) 1930 + 130 2034 + 129 2105 + 135 0.334
Protein E% (%) 13.3 + 0.8 123 £ 0.8 13.4 £ 0.8 0.203
Fat E% (%) 33.1 £ 1.9 31.5 £ 1.9 31.6 £ 2.0 0.405
Carbohydrate E% (%) 50.0 + 2.1 51.8 +£ 2.1 529 £ 22 0.641
Ratio of energy intake
05:00~10:00 (%) 22 + 3.5 102 + 3.4 19.2 £ 3.6 0.001
11:00~15:00 (%) 31.7 = 4.5 24.1 £ 4.5 242 £ 4.7 0.110
17:00~22:00 (%) 32.8 + 5.5 36.1 + 5.5 37.4 + 5.7 0.666
Other (%) 333 + 6.2 29.6 + 6.1 19.2 + 6.4 0.271

Values are expressed as mean % standard deviation.
Participants in each group were separated into three tertiles (T1 to T3) according to the MEQ score.

"Trend was determined using linear regression analysis for continuous variables.

‘"Adjusted by sex, age, body mass index, and residential status.
MEQ, moreningness-eveningness questionnaire
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