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ADA : N-(2-acetamido)-iminodiacetic acid, N-(2-7 & b7 X K)o I 7 _fF

%4

ANCOVA : analysis of covariance, 3ty # 2 #7

ANOVA : analysis of variance, %3 # 7 #7

cfu : colony-forming units, 2 B =—+ 7 4 —3I > F « 2= v k

DBP : diastolic blood pressure, k& # i &

DSS : dextran sulfate sodium, ¥ ¥ A b 7 U HFilfg+ U 7 A

EDTA : ethylenediaminetetraacetic acid, = F L > ¥ 7 I > U FE R

ELISA : enzyme-linked immunosorbent assay, A 7 1 ¥ ik

GSH : reduced glutathione, =t 7' L % F 4

GSSG : oxidaised glutathion, B{LH 7 v % F 4 >

HDL : high-density lipoprotein, I E U A& /X7 g

HPLC-ESI-MS : m#ikr7 n~ /774 — -2 L7 FbuRXAT b —AF

L& & 53 #r

ICs0 : 50% inhibitory concentration, 50%FH & 2

IL : interleukin, f v % — 2 A %

LDL : low-density lipoprotein, KL &E U R ¥ X7 &

LcS : Lactobacillus casei strain Shirota, L. 7 ¥4 « 1o Z ¥k

M2VP: 1-methyl-2-vinylpyridinium trifluoromethanesulphonate, 1- X F /L

2=V V=AY T AR AL AR R — b

MDA : malondialdehyde, ~2 > Y7 /L5 & K

MDA-LDL: malondialdehyde-modified LDL, v~ 2 > Y7 /L7 b K{E&ffi LDL
(f2{t. LDL & — ff)

MPO : myeloperoxidase, X =2 X)L A F L ¥ —+F

NAD(P)H : nicotinamide adenine dinucleotide (phosphate), == F > 7 3
R7F=v X7 vEF K (V)

PBS : phosphate-buffered saline, VU > [ & fff 4 2 & ¥ K

SAA : serum amyloid A, M{E7 I 214 K A

SBP : systolic blood pressure, U ¥ i J&

SD : standard deviation, 1% % {f 7=

SE : standard error, fZ #EFA =

SOD : superoxide dismutase A —/S—FF T K75 4 A L X —F

St2001 : Streptococcus thermophilusYIT 2001, A bV 7 b a3 v 7 A « % —

® 7 4V A - YIT 2001 #



St2084 : Streptococcus thermophilusYIT 2084, A h V7 b a3 v 7 A « % —
F 7 4 /LA « YIT 2084 £k
TBARS : thiobarbituric acid reactive substance, F 4 /N/)L B Y — )L 8 K &

PEW A



NFEFIIHLERZR L —ZMBTFRIC K> TERLTWDLIA, EKH
DODMFRO—HITFHFEFICKISER G WIEEBRZE LD, 7 TREFEIT4E
TEND LALEMIEERKLERDN, BT L 4oDBETAESND &I
RO Z2vn, REx @%fﬁﬁéht&% TN, A= NRN—FF T RT =F
ZY A0 (027 ), @b AKk%#E (H202), B Fexv 71 (HO ) 72k
DOIEMNBFETH 5(1,2), HHEBEIT. EEXRNOBRILKISICE DL EHE M THE
FOSPEDRBFER L ER SN, KJIZIE, XAVFT XTI RIEHEFBE,
WgALEERE b, ARETHE ELREDOIEEBRBE L PERICK D EEREO
“%%ﬁ@W®/7%th R HIEE ISR AL TW D8, R 722 g

PEfig X, BE., o "7 HE, BB EOEKRy 2B L, EPEE

IEEZLZLT, EHEBEOF THLE Fr X 7 VDV d KILEN S
<\W%ﬁéf%éot%ﬂ#/?/ﬁ»@%%ﬁ®?$&%i%?®i’
cEZE2bN TS, EHAUELEHETICBEWTS NAD(PH %2/ F—F¥, *
Vo F o AFRUT TR EORISIZED A= NN —=FF T RT =F T TD
WBREESND, Fo, Fe2* CutR PO BB SR A 4 v OFLE T TH Tk
BEN—EBEBTEILIN, FEFNICHLA—N"—FF T N7 =F 27 TN
T D, A—=RNR—=FF T KT =4 TV IE, BEEN - EBEENICARY
fban, @BRILKFZE~LEBLIND, ZOBBILKEPNEBRERA 4 OFF
fEFT, e RrXr I ORI NICEBREIN, BE., Uo7 8, BBl o4k
NG S D] - | BN

E ReXxy I VI ABRBEEERIGTD2ERET AL (L) BALT, L°®
ek (O2) EXINT DERRENVAFT T VAL (LOO) E725(2), LOOT
DO E D FERIET 5 ewmmBEE (LOOH) & L 24T, L H"##E
ERIGEL T WO IREEBILOEHNKIEDNH EE XL TV D
(Figure Preface-1), B X INIT 7 VW NVFE ORI E X I E ED#H
ikE L DORISICE Y, BREAKRDERDZZ LICXVEET D, MRKET
WA ENEAEAIND EIENTREOB KPOESNHI D, KO a K A
—varynETLr), Fo BBAEBEERIRBPINT. T LT E RBAE L,
IR E NI EEERESEDLEE XL TV S(3),

EFELFMHLTAEAETTHWDLU L, ARNTEEBEIELD2OLERIZY
CzetEFcEhwn, 2ok, EREFTA—N"N—FF T FT 4 AL H—F
(SOD), W& F—F, IV EF AL XAV FHR A -V R EOHBILESE, ©
ZIVCBIWYE, ZVvEF A Rgh EOBRS b E . S AE
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Figure Preface-1. Chain reaction of lipid peroxidation.
LH , unsaturated lipid

L, lipid radical

LOO ", lipid peroxyl radical

HO ", hydroxyl radical

LOOH , lipid peroxide

O2 , molecular oxygen

H20 , water



FERE EEBBOFELZIET 2D 0B A OHY AT AE2HELZTEY .,
EMBEOELATIINALDY AT AICIVMAOA, BELEHEALEES
nbM@), L2rL, MHEBREEAOLEST L IMEOORTFTRERELT, 20
NT AP D EERK DB BILEEIND, 2O T U 2ADRN Z B
ARLRAEEFD

A b L 2%, BlERRIEL, DA, RIE, BIRE(, &MLERE DR«
DEFDO) AT ZmdbEBEZLN TS (5~9), RIEICHBW TIEL, #F ik
WWEDEES~ I/ vn 77y =V o RMIEAIC iéaﬁ@% % & O 5 k%
MELEIND, ALTEEBRFITEREFEORBELEDERICH VLN DD,
it R 2p TG MR ER 3R m%’#%i%&%m%%%%tab\%EE%%%mé
5, WIREBARELICEB W TCIE, BBILA MLV AT TAELLEEEY KFZ X
7% (LDL) OBALEMENHEERIZKELS Db oTnD EHEI N T
D, £, BIEA ML AT ENEMBOKER N2 L, GMEDY
A7 E@MmOLEZZALNTWD, BRFHEE, SmEEHFRETIEBIA b
VAREWRIBICH 2 Z ERME SN TE Y BRI & i E 1% 8 ke (b2
KROWHMKER VAR FTHD, ZOLIICTHBILA ML ARG WD &N~
DEFBORKIEY A7 @, BHRICE > THBILA ML AREEDL E Vo LHE
FERLBELTWD, ZTNOHLORFHIZARIERSZ2ZWEEFEITLTCLES Z &
WENZ D, BERENLO PHIEETHY, REESESHZ S O
AHEEE~ONABRIRITHEDLIEZZLNLTWVD

EHEDIT, BRBAL RO TEMOE BE@@%%%%@ O /A
OHIZEHY ANRTWVWEZION2AMEICER L, EHBIEBHELEEDY
Z27IRBICFIHCTCEL28BMBME RHT 2 L2 BWITHEZIT - 72,
JEEOBILIh LTI BLOEERICH T BRI RIT. BED
FERE (BEOHER, I LR, E_EKR) ko THEARDLZ N
HMoENTW5H(4,10), =& 2E, B IV ERY J—LABBAFLOHE RS
URY — A (BE _EFER) OBLicH LTy e 7 a— 2 kX THEH
i@ Wi i 2 x4 28, LDL (R &/ =~/ ¥ g %) Ix LT
RN SIS ERARESINTWVD, T2 T, fiBLEEZROLBE %
A7V == 7T 5BICE, ARNTOREOFERELZE A, MK T
TNANTHDHY VIEEYVARY —4 (F—%) L0t i LDL (5 =%) %
BT R TR B R AL S A N T

%@E%t7412-m HEEHL, F— X, =TV e EORBEER MO
A8 =2 —ICHVWHLIL . EVWERBREZATILZEBREHEM TH D L FKIC
A@@%_~§_ﬂwbofméﬁﬁﬁ%%ﬁﬁﬁf%é&%z%mfw
INET, EBER. AERGER L SCET I REEIHZ I TND



. PUBRALERICE L TIX, invitro D RIZTWL SR OLND H DD (11
~16), in vivo DN RICETI2HEETA+DTH D, AL TIE, LBED
R b BEiEEomWEKE A7 Y —=v 7 L, ZOFEKOROEBEIIC X
ST, FEBREE (B8, B %) BXOLDL (5 & ~H HE) OFBN
mHlshsZcz2zMWloNnIC L, B-HIZBWTIE, BEOICEIY 5> 58
fEARMLAOET VL L CEEZMBEERLZEICHEBRME R Z 2 05EEmRE
EEISIC T 2 MEOMB IR LT T, A7V —=v 7 SN BHE
Strepotococcus thermophilus YIT 2001 (St2001) X, #k@BFE &5 o8 E
THICEBNWT, BHBBEOBBIEA VL AZRB L, H _8ECTIE, RIEET
NELTTHFANT BT MY UL (DSS) FE~ U ARBRET VE M
VN, St2001 O A EGICE Y REIBREO B A N L ZAREE I, KRB
DRERNEFET D LR R L, BT, BIIREEL T OB RS LDL
fibmflicER LT, AMEAHERAZ Y —=v 27 L7, St2001 /X LDL &
fbizxtL b EmnwiBgliEts rLlic, 512, GEMEOCEBYET LVIZE
WT, St2001 o G2 XY LDLofEbrmslcn s 2 &, #AREE L O 9]
WETHDHREBIRE~ORZELE MBI SND Z a2 R L, HNETIE
St2001 @ LDL Bk #dlic b 2 FEREEVENEHAENDOE T 7 1L 4
FA4r (GSH) ThHZ EE2MWLMNT L, FHETIE, B PiZBWVWTH
St2001 HEEEHL OEHIC L » T LDL OBI{LEMERMEI S D Z L& T v 4 A
IEZEHEHEMR T 7 AR EABRICL Y MAEL 7=,

PLE. RFRIZCENTIEH, EERKNTEZ D XISEM LTz in vitro A 7 ) —
=R EAVWCIHLBEE A ) —=2 7 L, @K LZABE St2001 2% in
vivo IZB W THEEILA ML AZEE L TRBROERSEIRB(LDO Y 27
FRT 22 EE R L, 2D ORI, & 5D O G 28128 -
AR AN A, IEMEE B EER I R AR AT D LRI,
TuRNAFT 47 ZAOMWRMEHEB AT 260 LWL TWD,



Vavand

B RBHIEORACEEZMH T IAMEOR T Y =0T

I

i, IR MBIXORALEICBWT LT LERZIERIFED LD RE
FDO—DOThd, HAAND 1TENOLHARM E TOLMED 5~17%7D #k R Z 1%
BiMOFEREZE L, 35~62% NEBEMESEXRZ L@REINTVWDHATD, B
PRt O LD K 20%, BAFBHEOR 5% b EBRZ VRO LN D, I
BIOSHERZITEAERIL - RAKROHELS T OFEER O CEEMO K L
5, AWRBIOV/NETIIEMIEBSCRBMIE~OEE ., A TIXIEEGE
DR TREVHKRZICEI-s-TRHIDZEENTND, WXIZ, BEXRZDOAXIZ
o TIHBEMM S MGENLETHY . ZOEERIPLEA T v 2MHL 2%
HEMREELPHEZITRIATVDS,

— 5T, BE O, K 2ok A T EREBICERESE 29 S
TUARATZE2HLTWAH(1,2), 21Mi#k A 4 > 1. Haber-Weiss & Ji» (Fenton X
) EEbhbde KXo I OB VEENIE & MS U IEE#ER (LS OB
MBI OCHHEEZRET S, Tz, EERNTESEASA A ORKIGHEIZT7 =V
ForRMNI VAT 2D U REDEERE X N7 HIZ K > TEAMEITHE ST
Wo, —h, BRPEIRINEEIT S (BF 50%L F) LRI S
2, TOLBRHEHBEBENICEEL, T CHEHSE‘EEXY N7 HEICES L
TWRWIEBE O A A BDHEET D L & le b, bR IR I Xl i 2 5
LThrikBIEIRE IO, B FIRBEEE 2MEkA D ET DL
WO ReX Y IV AAREELRLTVRRA AL S (Figure 1-1), 4y 74k
MEIFX2MBEOEET TRA—N—FF T FI VI NVICEBEIN, A—/—F
XYRTOHANOLERN - FEFERN ARSI X0 8K FE R A&
T5, BB KEIT 2MBEOFETFT T RrX U T D NVICERIND D,
ERaeXx I O NVERIEEREO CES VIBE. X RN E BB V&
DEKRSFEBILEEL, Z<O0MBEEFEICEET 2, Tobb, BR&D
BoORODEBRICEY HEEOBEERBLEAREINDI EEZLNLD (18~
20),

BEOBEZHESLBYRBIC LD . 8o R8RS BB ICBIE A~ L
ZEblb L, RBRARLEBEERBROV A7 2 LH T2 ERFREI
NTW5H(21~24), ~ 7 A O KMk O B AL IE B L b 23 B o gk & &
WWHERKAFLTHEMT 22, RIBRALTEFERT v BV THEEFOEE &
OEMMBFENRALY A7 ZWNSE5ZERHEEINLTWVWD, Babbs T/ FH
D IEWALTE O 2 SN HEALENTHBILA NV A2ERL, TN EENE
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tissue injury

Figure 1-1. Assumed pathway of hydroxyl radical production in colonic
mucosa.

O2 , molecular oxygen

O2~ ° |, superoxide anion radical

H:20:2 , hydrogen peroxide

HO " , hydroxyl radical

Fe2+ | ferrous ion

Fe3* | ferric ion



RKBRIZBTHDHEEEOELASLHEBLAORIEROHMAE 6L TWVD
EWV ORI A IRIE L 72(25,26), KRIBICH T 28R ML AR EH T T,
INDLDOERBO FPHICHESLESDARMENEZ X b D,

BHEHRROT7 4 F Wy, o BER QKL TA L DRGSR E @ E 1t
BIXORKEBRIAV Ao EEZF Yy 2 Lrd 2 tnHEINTVD
(22,27), 7 4+ F v BR1T Haber-Weiss Kb Z it CX e W IzgkE L — |
TON, ARCHAEEP»OOSERINEZHET 2, KEHMITH H/NESE M2
ETEHMABPBERANLICE s TE BERNPIEKTFT L2 EITZEELI RN,
L7eRoT, 74 FVBICELDF L — b &R OBEHE CHEGIEORIL X b
VAZRBTH2EMBEMPLELEZZON D,

MEIT, BRBMASLTF - AR LCoBBERGHORBEBIC LA S TV 2@
BAME THDH, THETIE, BHEHN., RERGERR L. NO®@EICHL
OS2 ODERANHESNR. EEEZED TWVWD, HUBELERICE L T in vitro
RBROBETEEREDLND LD D(11~16), invivo TOHROHE T L X
SVERZI Yy PCBT2HMERLEREN TH 5 (1), #HOFEL 2 HLBRE
TAREMEENICEIEL, BHMBEICEET 2B 2000, KB
O A ML AZERBT 220 ICHRBEMERY S DAEERD D,

UEDOXH>7EEN0, AETESEOBEIERIC LY E U 2GR B®
APV AZEBT 270 CFHTELIEMHABEDZRET L2 HB L
LT, AMEEZAZ7 YV —=v27 L, BRLEEPHEHJER~ Y 22BN T
FEGRSIE O BB E LNV ERK TS 2 RIELT-, £72, BIBIER -
GERBEERALREOREQIVDLIREN R T e NA T 4 7 ZAEKD — D
T&® % Lactobacillus casei v v % £ (LeS) O# B EEI ~ v 2 2B 5
AL RIZHONTHHFETHRFL =,
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ME R L O ik

WA L OE # &1
() 27 v bR HRFETT CTRAERSF I TWD Enterococcus(4 #) .

Lactobacillus(34 #k) . Lactococcus(2 tX) . Leuconostoc(2 &) . Streptococcus

(THR) Z2RBRICHA VL, FEHITZ 2% Va2 —2 &G0 E GAM ## (H
KB (BR)) 2T 37C T 18 Rl L, A AEKICE D EEF DR,
8500 X g T 15 ZpMlE L BEL THEHMEZRILL =, W EBROEEIZIX
Streptococcus thermophilus YIT 2001 (St2001) ¥ £ W' Lactobacillus casei
a2k (LeS) oAl (REAE L THAEALEZMEH) Lok, fEHTE
G L7,

UARY — X285 06 E &AL KOS o BEF &P o &

MR OEE @RI IC T 285 EKROMEREZFTMT 2720, FEEEB
bR DFEEIZY VIEEY RN Y — A %ZH\W7=, L-a-Phosphadidylcholine
(Sigma Chemical Co. . type XV-E, Ji#H%k) 0.1g% 10 mL ®» Y = F
N —TI)VICEMR L, 0.6 mL @& K% % 72 % . ultrasonic disrupter CA-
44882 (Kaijyo Co.fl) THEHME LN S KkN2L 5 £ T0C THIEL
L7 ZOHEMIZ 0.1 M N-(2-acetamido)-iminodiacetic acid (ADA)
U D AR (pH6.7) % 30 mL MM x 0°CT 15 /M@ & HWME L 72 % .
1500Xg T 10 sy Lo BE L TIWEE A2 EILL, UVRY — L8BEIKE
L7, UVARY — LB ICHKREOHEE (ADA F F VU U 58K 125 E)
EMAZTZREIC, HAAS(IDB LT 2a e rBrF M vazEn ik
BRE 48 uMBLO 1 mM &R K5ICRML, 37CT 2 R I S 72,
BRSO mEEALIEE L XL &2 R (200120 » TF AN B Y — V8RS
'Z (TBARS) & CTilfli L7z, B EMBRE ICHBRFAL (SHK) 0.1 mL % £ I
L. 81% KRF Y ILFile>T +VY 7 A 0.2mL, 20%EEE (NaOH T pH3.5 IZ
#) 1.5mL, 0.8% 7 F bk FeFx v b= UEERREK 0.05 mL. 0.8%F
FARALEY — g 1.0mL.5mM =F L 27 I L UEEEE (EDTA) 0.7 mL,
AKHEK 05 mLEZZDIEFCTIRG LK., 5CT60mMMRFFLEZ, 51T,
100C T 60 s3I L 7%, TBARS 2% 5 mL® n-7 % / — )L - U TR
W (15:1v/v) THHEL., XHmHEE (Ex:515nm,. Em: 553 nm) Ik v~
a7 7 K (MDA) MY ELELTCEREL,

EEBMMBAKICDORERZRRICE> TR L,

fEE S BRAL RS E R (%) = (C—=T) / (C—B) X100
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C: HBREKL L TRICSHEZYRY —LBREIK D TBARS
CWBEKLE AL ORISR YR Y — LB K O TBARS
B: ZREKEZHEBERE L LI-HE D TBARS

—

WRE KR E I Z T 4~5 A0 R E T IEE R m&m@mié%*w
oo BEIEEIXAE GAME# 2 AWz EE (37C, 2 HRE#E) I . IX
JEBRAERT O 1 mL & 72V O A B (colony-forming units ; cfu) 75’%& L,
KA MR L T B R (loglocfu/mL) EREE B ISHEEFER (%) DK%
VIEA R -—TICHEASE, BEBRBIIKISE 50%ME T 5 K O H R E
(50% PLE IR £ ; ICs0) Z RO THEFEEM DI & L 12,

(IR BSON GRS

%%ﬁ%@f&hn—»ﬁ&%Wﬁn¢¢ﬁ:¢%ﬁ%%®%%£&éé

TRV ERBINT,

nﬁﬂié.%(%%ﬁﬁlq-smmn ik 1-2; LeS) LAAMIEH — o
Tua ha— LT o0 BEEME Lz, 6 #HE O BALB/cA~ 7 A ()
EHARZL7HWPAOHAL, 1THBOBLEEO®K, 7 ¥ A1 12T D 5
BT & BEOFR B Z Table 1-1 1271 L 7= (@ & & B ; AIN-76A(29),
fHERE Sk A R, 0.1% B ; RS IR R 0.1% & A 8k A A Bh, 0.4% Bf ;
HAE R OR 0.4% & A ek A M E, 2.0%RE ; WA HIRE K 2.0% 5 A & A ff
fAkh), SRt X OOKIT A BER, =R 25°C, B 55%., BKF 12 FE[H &
ORETEHE L, HEBRHELT 2 BMME LK., * 7% — VKT T,
PEERKER/D ML, mMikEZ~"NU U ERALE, BBIOEHENER
M EBREL ok, BT TR ST,

M4, ®EREE., 5B HNAEY O L

ARY M HiEO B XD AR Lo, MR o SRR I iRk O
Fv b (Fe-CT AU a— ; FEHMETERR) 20 THEL L,

R IT, UL CAEBEBEKTHEEL, AT7A4 R 7 ATHELZREETI-
oo KilEZ 1.15% KCl H THWHE AL L=tk in vitro kB & [F £k O BE#H (20) D
51T TBARS # | L=, % > X7 E R E X BCA protein assay kit(Pierce
Co.f) THE L 7=,

EWNORNEWERIL, 10 ffEOAHEEHEKTEHE L%, 13000Xg
T 15 MELDEEL CEFEEZRIN L, Fe-C 7 A MY 22— % H W T A &8k
(MBEA A BRI 2MEkA ) REZRMELEZ, B, AFy FHED
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Table 1-1. Composition (%) of diets

Group Normal Control 0.1% 0.4% 2.0%
diet group group group group group
Casein 20.0 18.9 18.9 18.8 18.5
DL-methionine 0.3 0.3 0.3 0.3 0.3
o-Corn starch 15.0 15.0 15.0 15.0 14.7
Sucrose 50.0 48.9 48.8 48.6 47.6
Cellulose fiber 5.0 5.0 5.0 5.0 4.9
Corn oil 5.0 5.0 5.0 5.0 4.9
AIN-76 mineral mix 3.5 3.5 3.5 3.5 3.4
AIN-76 vitamin mix 1.0 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2 0.2
Lactic acid bacteria 0 0 0.1 0.4 2.0
Skim milk 0 2.0 2.0 2.0 2.0
Ferrous fumarate 0 0.2 0.2 0.2 0.2

Iron concentration in diets was 0.07%, except in the normal diet (0.0035%).
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EOUUAlIZEAETICHET 22 & T, 2MigkA AU IREEZRD T,

e wt g AT

WMEt Y 7 b ik SAS system for Windows (release 6.12) # H\W7-, HAME
XD VRY —LofRE B METEME (ICs0) @ HEIZIX Dunnett ® %
BB EZ AWz, 8RBT — 213, — ohl & o 8o (ANOVA) THigsr L.
FEENRBOONTZHE X Tukey D Z EHLIEE 21T - 72, BEKHEZ 5% & L
o BB OT — 213, FHMEFEHERE (SE) THRL K,
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it A

U R Y — 5O e HE Ak o 906 T

URY =L OEEOBBALKISIZH T 2HAMBE OB EFEEL T, K
B RICB W T, @BELIEE (TBARS) L NV IERISB A 120 43 % 1213131
—E & 72> 7= (Figure 1-2), TBARS I, RBiIcfi L2 CTOLME CTH B
FEARAFIIC A Lo, AR 72 6 & L T, 5 B8Rk SIS o Il 38 & St2001
O EE OB % Figure 1-3 ICR” L7z, RABRICH L7 49 %D ICs0 1. 7.9
X107 (log107.9) ~1.0X1010 (logi010.0) cfu/mL O#FHIZ/HAM L., & bIE
PED & o T DX St2001 TdH - 7= (Table 1-3), % 7= . Streptococcus
thermophilus L W5 R —FOF TH | {EHEICITEK I EICKRE R ER N D
D . Streptococcus thermophilus YIT 2084 (St2084) ® 5 M 1% St2001 @ 50
D 1 (ICs0 28 50 %) TH » 7=,

il B Rk B oD AR B 2 Al o> #1HHI %h R

BB E G (SkAW) vV AEHOWT, EBEKEOREBEBIICTT D
St2001 JEEF & 5 O F %~ 7= (Figure 1-4), AW~ 7 X O A B O
TBARS [Tl H A ZBI Lo~ U A A EICHIML -, St2001 (0.1%
~2.0%) *EHTHHAMEAREZER L~ U 2 TR ORHREKRTN
WA GRS > TBARS 294 L, 0.4%EEE (S 0.4%) B L 2.0%EEEH (S
2.0%) BECHR BRI THEERRO LN, S04%FED ~ 7 A D St2001
DOFE R E T 2X108 cfu/mouse/day Thdh - 7=, LeS 1T 2.0%iEEH (Lb 2.0%) #f
B WT, A~ ZADFEBMIO TBARS # A B ICIK F ¥ 722, 0.4%
i €F (Lb 0.4% : 3X108 cfu/mouse/day) FEICII R HEE L OMICHAEEITHE O
57 o 7= (Figure 1-5),

ML L OEBANEY O E

B ER 1-1 128V T, xFHEEE St2001 IBEF& 5 (S 0.1%. S 0.4%. S
2.0%) OEOMPL L OCEBNEYORMBEESRBEICAREAZTIRD LA
/x> 7= (Table 1-3),

EMER 1-2ICBVWT, LeSOELGIIEBNTD T ORE A & REICE
Wh G 2o 7 (Table1-4), Lb 0.1% BB L O Lb 0.4% DO BN E W
D2 Mgk A A IRER D I Lb 0.4%FE O M FSLIBEIC K BEE L OMICHE
ZAVBO LN, ST OREKREKRFN RS O TIERN ST,

WTHOEBPHEBRICENWTS, SRAM~Y Y ZOEBNEYW O A 4 iR E
(kA A Fllx 2 MMk A ) LEBMEO TBARS ICAH B R FMEILR
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TBARS (MDA pM)

0 50 100 150 200

Incubation time (min)

Figure 1-2. Time course of lipid peroxidation (levels of TBARS) in liposomes. H,
liposomes incubated at 37°C with 48 uM ferrous chloride; <>, liposomes incubated at
37°C without ferrous chloride; A, liposomes incubated at 37°C with 48 uM ferrous
chloride and St2001 (3 x 108 cfu/mL).
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Figure 1-3. The relationship between inhibition rate of lipid peroxidation in liposomes
and concentration of St2001. The liposomes were incubated for 2 h at 37°C. The

inhibition curve was calculated from sigmoidal curve fitting.
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Table 1-2. Fifty percent inhibitory concentrations (ICs0 ) of lactic acid bacteria for

lipid peroxidation in liposomes

Strain 1Cs0

(log1o cfu/mL)
St. thermophilusYIT 2001 (St2001) 7.9+ 0.2
Lb. acidophilusYIT 0070 8.1 +0.1
Lb. delbrueckii ssp. bulgaricus YIT 0447 8.2+0.4
Lb. delbrueckii ssp. bulgaricus YIT 0098 8.2 £ 0.2
Lb. delbrueckii ssp. bulgaricus YIT 0206 8.3 +0.4
Lb. bifermentans YIT 0260 8.3=+0.3
Lb. salivarius ssp. salicinium YIT 0089 8.4 +£ 0.2
Lb. delbrueckii ssp. bulgaricus YIT 0162 8.4 £ 0.2
Lb. paraplantarum YIT 0445 8.4 +0.3
St. thermophilusYIT 2042 8.4+ 0.2
Lb. salivarius ssp. salivariusYIT 0104 8.4 +£0.3
Lb. delbrueckii ssp. bulgaricusYIT 0181 8.4 +£0.3
Lb. delbrueckii ssp. bulgaricus YIT 0182 8.5+ 0.3
St. thermophilusYIT 2045 8.6 +0.3 *
Lb. casei strain Shirota (LcS) 8.7+ 0.2 *
Lb. delbrueckii ss. bulgaricus YIT 0044 8.7+ 0.2 *
Lb. crispatusYIT 0212 8.9 +0.3 *x
Lb. helveticus YIT 0083 8.9+ 0.2 *E
Ee. faecalisYIT 2031 8.9+0.1 *E
Lb. fermentum YIT 0453 9.0 £ 0.2 *x
Leuc. lactisYIT 3001 9.0 +£ 0.2 *E
Lb. delbrueckii ssp. bulgaricus YIT 0067 9.0 £ 0.3 *E
FEe. faecalisYIT 2113 9.0 +£ 0.3 *E
St. thermophilusYIT 2046 9.0 + 0.2 *x
Lb. gasseriYIT 0192 9.0 £ 0.2 *x
Le. lactis ssp. lactisYIT 2008 9.0 £ 0.4 *x
Le. lactis YIT 2027 9.1 +0.3 *E
Lb. gasseriYIT 0168 9.1 £0.3 *E
Leuc. pseudomesenteroides YIT 2077 9.1 +£0.1 *x
St. thermophilus YIT 2021 9.1 £ 0.2 *x
FEe. faecium YIT 2032 9.1+ 0.5 *E
Lb. plantarum YIT 0102 9.2 + 0.1 *x
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Lb. zeae YIT 0078 9.3 +£0.4 **
St. thermophilusYIT 2086 9.3 £ 0.5 **
Lb. vaginalisYIT 0276 9.3+ 0.4 *k
Lb. reuteri YIT 0197 9.3 +£0.3 **
Lb. rhamnosusYIT 0105 9.4 +£ 0.2 **
Lb. sakeYIT 0247 9.4 +£0.3 o
Lb. fermentum YIT 0081 9.4 +£ 0.2 **
Lb. buchneriYIT 0077 9.5+ 0.4 **
Lb. salivariusYIT 0452 9.6 £ 0.2 **
Lb. casei YIT 0180 9.6 + 0.3 **
St. thermophilusYIT 2084 (St2084) 9.6 +0.1 o
Lb. brevisYIT 0076 9.7+ 0.1 **
Lb. aviarius ssp. araffinosusYIT 0257 9.8+ 0.3 **
Lb. suebicusYIT 0275 9.8+ 0.3 **
Lb. casei ss. paracasei YIT 0209 9.8+ 0.3 *x
Lb. curvatusYIT 0234 9.8+ 0.1 **
FEe. faeciumYIT 2112 10.0 £ 0.2 **

St., Streptococcus; Lb., Lactobacillus; Lc., Lactococcus; FEc., Enterococcus; Leuc.,
Leuconostoc.

ICs0 values are expressed as the logarithm of bacterial count per milliliter. Values are
mean £ SD (n=3).

* P<0.05, ** P<0.01 (Dunnet's multiple comparison test; compared with St2001)
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Figure 1-4. Effects of St2001 on levels of lipid peroxide (TBARS) in the colonic mucosa
of mice (Animal experiment 1-1)

Norm, mice fed with the AIN-76 diet; Cont, mice fed with the iron-enriched (control)
diet; S 0.1%, mice fed with the 0.1% St2001 containing iron-enriched diet; S 0.4%, mice
fed with the 0.4% St2001 containing iron-enriched diet; S 2.0%, mice fed with the 2.0%
St2001 containing iron-enriched diet; and MDA, malondialdehyde. Different

superscript letters showed a significant difference (P< 0.05, n=12).
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Figure 1-5. Effects of LcS on levels of lipid peroxide (TBARS) in the colonic mucosa of
mice (Animal experiment 1-2)

Norm, mice fed with the AIN-76 diet; Cont, mice fed with the iron-enriched (control)
diet; Lb 0.1%, mice fed with the 0.1% LcS containing iron-enriched diet; Lb 0.4%, mice
fed with the 0.4% LcS containing iron-enriched diet; Lb 2.0%, mice fed with the 2.0%
LcS containing iron-enriched diet; and MDA, malondialdehyde. Different superscript
letters showed a significant difference (P< 0.05, n=12).
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Table 1-3. Effects of St2001 on the iron concentrations in cecal contents and plasma

(Animal experiment 1-1)

Norm Cont S0.1% S 0.4% S 2.0%
Soluble iron concentrations in the cecal contents (mg / dL)
Total iron 0.53£0.03> 5.19+0.892 3.61+1.13ab 4.43+£0.40a 3.05£0.49 2
Ferrousiron 0.19£0.01¢ 0.91%£0.102» 0.70£0.14» 1.14£0.092 0.84%*0.10¢2b
Iron concentrations in the plasma (mg / d1)
Total iron 0.30+0.012 0.30+0.03= 0.35%=0.02= 0.37£0.012 0.33£0.032

The values were means=SE. Mean values within a row not sharing a common superscript

letters were significantly different (P< 0.05, n=12).

Norm, mice fed with the AIN-76 diet; Cont, mice fed with the iron-enriched (control) diet; S

0.1%, mice fed with the 0.1% St2001 containing iron-enriched diet; S 0.4%, mice fed with
the 0.4% St2001 containing iron-enriched diet; S 2.0%, mice fed with the 2.0% St2001

containing iron-enriched diet.
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Table 1-4. Effects of LcS on iron concentrations in cecal contents and plasma (Animal

experiment 1-2)

Normal Control Lb 0.1% Lb 0.4% Lb 2.0%

Soluble iron concentration in the cecal contents (mg / dL)

Total iron 0.80+0.07> 2.81+0.2823 4,43+0.582a 2.79+0.508 4,20+ 0.6832
Ferrousiron 0.31+0.02d 0.76+0.05¢ 1.15+0.13a» 0.85+0.10> 1.29+0.122
Iron concentration in plasma (mg / dL)

Total iron 0.45+0.01% 0.50+0.012c 0.50+0.012c 0.45+0.01> 0.52+0.01=

Values are mean + SE. Mean values within a row not sharing a common superscript letters
are significantly different (P < 0.05, n=12).

Mice were fed an AIN-76 diet (Normal), iron-enriched diet (Control), 0.1% LcS-containing
iron-enriched diet (b 0.1%), 0.4% LcS-containing iron-enriched diet (b 0.4%) or 2.0% LcS-
containing iron-enriched diet (Lb 2.0%).
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MR R CIHWINE OB E L L TH AREREZE LN D,

JEE HBIX 28k 4 OFEEICLVRESND, 7 0 F BRI 21
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28



Table 2-1. Composition (%) of the Diets

Experiment 2-1 Experiment 2-2

Control 0.1% 0.4% 2.0% Control St2001 St2084

group group group group group group group
Casein 19.0 19.0 18.9 18.7 19.0 18.9 18.9
DL-methionine 0.3 0.3 0.3 0.3 0.3 0.3 0.3
o-Corn starch 15.0 15.0 15.0 14.7 15.0 15.0 15.0
Sucrose 49.0 48.9 48.7 47.9 49.0 48.7 48.7
Cellulose fiber 5.0 5.0 5.0 4.9 5.0 5.0 5.0
Corn oil 5.0 5.0 5.0 4.9 5.0 5.0 5.0
Mineral mix * 3.5 3.5 3.5 3.4 3.5 3.5 3.5
Myvitamin mix * 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2 0.2 0.2 0.2
St2001 0 0.1 0.4 2.0 0 0.4 0
St2084 0 0 0 0 0 0 0.4
Skimmed milk 2.0 2.0 2.0 2.0 2.0 2.0 2.0

* The mineral and vitamin mixtures were those of AIN-76 described in “Report of the American Institute

of Nutrition ad hoc committee on standards for nutritional studies.”
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it A

St2001 B K1 L 5 DSS oW &
DSS KEIEHI1Z St2001 K 2 HF I -HE5(3TCHB L0 C. 2 KEH) .
HER~NOEREITIZEALERD N2> 7= (Table 2-2),

KGRI 2 D St2001 1R 5 I8 AR 7 (FEBR 2-1)

DSS #FE K& ~ 7 A ® Disease activity index [X. St2001 @ & €5 2 &
KAEWIZH A L7z (Table 2-3), #iBAEOMILEEFEL XL OHEETH S
TBARS I, KX Z#FE L2\~ A (MDA % & 0.12+0.01 nmol/mg #
YN E) AT (KRIBRFE., St2001 JEHKE5) TKH 1.6 512 L&
L7z, DSS#HHERBER~ U XA ORI TBARS 13, St2001 @ & fH i K A7
FIZ A L. 0.4%IREERERS KL O 2.0% R Cxt B IC T2 8 HERRD
b iL7z, Disease activity index & #& B #i Il TBARS O M IC XA E 72 E D E
WRH bz (r=0.43, P<0.01),

PUERALTE 2N B 72 5 W R O KI5 & M il 20 ] o el (B 2-2)

St2001 & St2084 @ KR &l 2h R & e L 72, St2001 # 5 #f © Disease
activity index 3 X O TBARS I, Xt BHEFICHE X THEITH A L7228, St2084
BEHZEZINOOEETERD LN o> (Figure 2-1),

FEEE MPO TEME S L OV SAAREICBE L Tik, St2001 & 5Bt d L O St2084
HHEHEOWTRLICBWTY, MIBBELOMICAEZETRODONR Lo
(Table 2-4),

KGRICEIHAHMOFRAEC 28MOREZFEMLZE Z A, St2001 £
EomMP~E/ st Vv BEBL O~~~ 27U vy METHBEEIZERXTHE
B E L R L2, St2084 HEHEICITH B RITE O 6 e o 72 (Figure
2-2),
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Table 2-2. Adsorption of DSS to S. thermophilusYIT 2001

Temperature St2001 DSS DSS concentrations Relative rate
(°C) of supernatant (%)
37 - + 1.29 100.0
+ + 1.26 97.7
0 + 1.26 100.0
+ + 1.29 102.4

The concentrations of DSS were estimated by the method of Jiao and Liu.
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Table 2-3. Relationship between the Concentration of S. thermophilus YIT 2001 in the
Diet and the Protective Effect on Colitis (Experiment 2-1)

Control group 0.1% group 0.4% group 2.0% group

Disease activity index 9.1+£0.2 9.0+ 0.2 7.5+£0.6 6.8+0.8*

Level of lipid peroxide 0.20 £ 0.02 0.17+£0.01 0.14 +£0.01 * 0.14 +£0.01 *
(TBARS) in colonic

mucosa

(MDA nmol/mg of

protein)

Colon length 67.7+2.8 65.9+2.1 69.1 £2.6 62.6 £ 3.1
(mm)

Weight gain for period -2.9+0.9 -3.2+1.1 -2.2+1.0 -3.1+1.0
of DSS administration

(day 8 to day 14)

(g)

* P < 0.05: Dunnett’s multiple-comparison test (n=11-12). The values were means=* SE.

The disease activity index was estimated by scoring changes in the weight, hemoccult

positivity or gross bleeding and stool consistency according to the method of Cooper et al.
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Figure 2-1. Disease Activity Index and Colonic Mucosal TBARS Value of Colitis Mice
Fed on a Diet Containing St2001 or St2084 (Experiment 2-2).

Mice were fed on a control diet (Control), a diet containing 0.4% St2001 (St2001), or a
diet containing 0.4% St 2084 (St2084). A, Disease activity index of DSS-induced colitis
mice. The disease activity index was estimated by scoring changes in the weight,
hemoccult positivity or gross bleeding and stool consistency according to the method of
Cooper et al. An asterisk indicates a significant difference in comparison to the control
group (P < 0.05: non-parametric Dunnett’s multiple-comparison test). B, Level of lipid
peroxide (TBARS) in the colonic mucosa of DSS-induced colitis mice. An asterisk
indicates a significant difference in comparison to the control group (P< 0.05: Dunnett’s
multiple-comparison test, n=11-12).
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Table 2-4. Mucosal MPO Activity, SAA, Colon Length and Weight Gain of Colitis Mice
(Experiment 2-2)

Control group St2001 group St2084 group
MPO activity 25.7+ 5.2 19.3+ 2.7 30.7+9.4
(unit/g of protein)
Serum amyloid A 45+1.6 2.8+1.2 6.4+1.9
(mg/ml)
Colon length 63.5+2.4 72.6 £ 2.5* 65.2+ 2.4
(mm)
Weight gain for period of -1.7+£0.5 -0.7+0.5 -1.6 £ 0.5
DSS administration (day 8 to
day 14)

(g)

* P< 0.05: Dunnett’s multiple-comparison test (n=11-12). The values were means =+ SE.
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Figure 2-2. Effects of St2001 and St2084 on Anemia Resulting from DSS-Induced
Colitis (Experiment 2).

A, Hemoglobin concentration in the blood of colitis mice. B, Hematocrit in the blood of
colitis mice. Mice were fed on a control diet (Control), a diet containing 0.4% St2001
(St2001), or a diet containing 0.4% St2084 (St2084). An asterisk indicates a significant
difference in comparison to the control group (P < 0.05: Dunnett’s multiple-comparison
test, n=11-12).
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EHERBIZEEERBROEBLR FO—>2ThHY, BHEHDLWVITEWME T
WDOFEBHEIC B W TBRILEERRDON L Z LA RE SN TV (26,37~
40), AETIEE 1 BIZBWTHBMIKEOBIEEZME T2 ME L LT
BIR L 72 St2001 O LR WHMERKBROBMET LO —>ThH L DSS#H
BRBRICED LD RRERT O &G <72, St2001 1 F5 15 k5 I o it J2 (b,
JEE L X/ (TBARS) Z{X F &+, DSS # & KK DIEIR (Disease activity
index) 2 FE L7/, — K. in vitrolZ BT 2 HE(LIEME 2 St2001 @ 50 47
D1 ThHDHSt2084 1. ZNHDHMREZRS o Tl, LIZH - T, St2001
DRBRLEDFEIL, UBALIEEORKMR TH DL Z ENRREBINT,

MgbERO - TH 5 SOD M AMI BH I ELAMA ALK G T 5 &
EBR KGR OIERPBEBIND Z ENRHE I TV D(46,47), St2001 %
e ST TMmBALE (100°C. 15 77 f#) L TH in vitro Hul b & PE 1L IH &
L7 722»> 7 (Data not shown) Z & 206, KEOIEMEARKIT SOD O Xk 5 7%
BECThOHI>AREETRERVWEZZIOND,

RIEZEL TV LIEEBICET VOBV T, MPO %
GHTOHEMEFFERPZEICRBEL WD, 72, SAAFREKREIZEW
TA v —uAF-1(IL-1) IL-6 2 E~DRE L LTHBTELESINLDI A
P 2 N7 TH D, St2001 (L KIS R O REIR 2 BB L 72 25, B MPO %
PES SAA REICAERZLLIRBD N R o7c, ZTDOZLiE, DSSITLD
RKBROFEBERICIREREEZG IRV, KIBRICEX2HEBEF O
RThoim (JEWREAAR) ZIELEZZ 2" LTWVWS, Iwai B XY
Iwashita(48)iX., 7 U — 7 ¥ B )V E AL E Al rebamipide 1X DSS TZ v hIZ
FEINDHBEGELME L2, ME~0GPERREZIMSHIL 20722
L AEH|EL CTWDH, Gonzalez H(49)i% 2,4-trinitrobenzenesulfonic acid T
FELZTy PRBRIZEWT, B4 IV E0oRAOFELGIL, THAHmEL
BN, MPO {EMEICIEEAER ol bBELTWVWD, RBRXETVIZBWNT
MPO [EHEAZEB T HZ ¢ HESNTVWIHBILADHFET L0, WD
POHUEALFIZ BV TIE, St2001 & RARIC, FHEKRORESSRIEMEY A4 ~ D
A OEAZMHTOEMTE RS GPERPELLCEERFZFLZHET D,
TRbLIEMEREBEEOMAIERAICEI - TRKIBEXZ&KEL TS AREENE
Z b5 (37,42),

St2001 (&, DSS #FERKMXOME L L TELLI2BEMAZ KEL 2, & E M
DRIBRTERONDRBE2 0 HimiE, UIFUIXRS&ERZHEEML 25 &2+
N, OROMBIIRBRETZ v hOBE{ILA ML X756 OIZ Disease activity
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index ZH M T2 LA MEIRLTVWDHBO), F 1 ECTrRLEKLIIC,
St2001 (T8 A A il S DM O BRALEE LG T 5, S &
St2001 ZflAGLEDL Z LIk, FHE T TIERLS RBRIZHES BilLD
BRICHLA R TE (BRoR DMK & St2001 OMAE) Z4EM T 5 A4
ERZEZXLDBND,
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o REMESIELEE T VIZR T D5 REVIREENRE R H AL D F
B2 T K 2 i

%

mAEME (Fal A7 — mEBIEE N 7V k874 NifE) . &)
AR D EHER2 Y AR+ ThHOH, KELEY AFZ 7% (LDL) OR{LE
EIXERE OB ELERICKESEDbDo T EEZXZLNTWS(7,8), B
b LDL %, BEKR D EfbE DI, A7 _X2 Py —ZFERIZ L DDA ﬁ%ﬂ
Lic~w2r v 7y =Y OWIKME~OZBAIEE, Mioerks 8 oliEC X
m%®%%xé%w%@:¢o—ﬁ\%£ﬁ®LDLmu:®i5&¢%ﬁ%
DoV, BREOBR{ERICE ST, BEHAKOTBRIY Y 2 8K
THMEE L CEBSRTEY, BEMNICER2EEON B E N THY T
TNACTEHRBILREDOERERET 22 &N HEINLTWVWD(51~55),

LDL iyt (LDL oMb 9 & - shic< &) L. LDL #f Y
A7 D exvivoib it LTIA< HWHO N TWAHHEETHD, LDL % & 2 X
I RICERIE B A Al 2 N 2 72 % @ LDL "% o A~ fafnfig g ol gk 2 &% v =
VORI RATMEOLELE L TE=F—L, BV VERICE
SNOFEY (T 724 X)) OBBORES (B V24 L5) M+ 5,
it 7 72 A4 L0PEWZ &iE, LDLABbsnic< w2 a4, Bibk7 7
A LNFTEBIRS X OCHBRO B RELOFHRE L HEHEICEHEL TWVWD Z &R
HE SN TV D (56~58),

INAAL = MgV R U RTERBOET LG E L TRHEIRTE
V. mEM -SatvA7e—AB8EBRICEYD, NIV Z7 VBT AR (FRHEBEM)
BLXOa v x7ra— Lo $RERGMHEZR$(59,60), 2 O/ IELE
DETNTIE, BIIRS ICEIRE/OMWIHE T 2Rk Es RIBEILE
WENREREIND I ERRESNLTND(60~63), —FH. IWHENLD ERE
MTHDH~YTART vy MZBWTIRIY R U R BN FETRR
W (LDL XV @l E\EIYRZ X7 HEHDLAZ W), & FORER#OET

ZEmwTnhnEEZLND, T T, AREMEEHFLEOET L E LT
@iEN - ma L AT e — A BERIANALAZ - D2 L L L,

BT, MREEOETATHDL IV ARY —LAOREBERILZME 3 2 5
e & LT St2001 2 A7V —=v7 L, AWNEBER~ Y ZAIZBWVWTAH
OEBICEVEBEEOBBIIEEL_AREBENSIZEE2 R L, &
ECTEH., RENKIBRETT L~ T 2D RO R A }\1/7\%3:%5{561/ ]
i ETLILEERE L, L2, SEIAMBICYEIC X D IEE R
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JIEOME O, REERDLIBENY R Y —AMBEEO L5 2 EE &
e L TCHEETLIHALE LDL O LX) R I B VRECHETIHATRRD
ENHBEINTWVWS(4,10), AFETIiX, LDL BiLmsl e 2 B I LB E -
E7 4 AZEOHAZ V—=v 7 %470, BEESIELEEST VE W TE
WLTEEOEG R ZH T,
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ME R L O ik

WA L OE # &1
(BR)Y¥ 7 v A R BFFEFT THRAF S LT\ % Bifidobacterium 11 ¥k |

Lactobacillus 28 ¥&. Lactococcus 3 ¥&. Leuconostoc 1 ¥k. Streptococcus
thermophilus 36 ¥ # RBRICH W7o, S EKEIX 2% 2 & & A% GAM 5 H
(AKEIEWK)) 2#HWT 37CT 18 Wik & L. ABBEKICX2HED
#%. 3000Xg T 15 oMELDE L CEHAEZRBILL -, Bh®EROEICIX
St2001 & L U8 St2084 Z# s wf o (fR#EA & L THRIEMA B IO L a — 2
A, o EER 7 L a— 2 HIEBI = 40:25:20) L 7% . fi
BHIZIEA L 72,

In vitro \Z 317 % LDL B 1t #0 #i 7i& 4

EHAMEOFEKNEME 80% % 7/ — /LTIt L, No W A N TH[E L 7=
‘. Vi@ ABERE K (PBS) (WM L7, LDL #y (d=1.006~1.182
g/mL) (Xt by (Cambrex Bio Science Walkersville, Inc.f) 7> 5 Kano
5OFEGHICHE, BiELETHE L, PBS TEMN (4C, HEKEET) L
7o LDL oAt 7 7 % A4 L O E L, Hirano b O HIE(B5ICHE - 72, T2 b
L. LDL 4y (KB : 0.1mg ¥ > "7 B /mL) % & To B K I B2 AL B 44 7
2,2’-azobis(4-metoxy)-2,4-dimethylvaleronitrile (V-70, 0.25 mM) % J1 z .
37C CTH&IE L 7=, 12-position automatic sample changer % {ii 2 7= DU650
spectrophotometer (Beckman Coulter (%) 2 H W T, #£E = DEHK
Z 234 nm OWHRETE=F — L, BILT 7 XA L%, BRACE 46 Al O B 46
MOILETZ OB IEELETCOMOKREER LT, BILT7 7% 14 A4
JEREFIL,LLTORIZE Y RD T, St2001 OEE(LT 7 ¥ A LIE K F O L B 4%
# (CV) 1 10.9%Th - 7=,

{7 72 4 LEEEFR (%) = T/ICX100 — 100
T: AMEMEDZEHENML 2SR OBILT 72 A &
C: ABMEMEMORDYVIC PBS ZIRIMLIZRISKDOEEALT 7 % A A

B R oD R R Sy - N R BT IR Sy - A R EE Sy o 5 Y

St2001 @ ¥E i HE K 2% PBS (2% ¥ L . French pressure cell (SLM
Instruments &) & H T 1500 psi T [\ ALEE L CHEMKZ ML 77—, H IR
Wi 2 8000Xg T 15 rf|l, mELAMES 5 2 Lo L MibEm sy (b)) %
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EI U 7=, im0 BV % 116,000 X g, 16 W[ o 8 & 0 4y BEAL BRIC 0 | 5l e
Wy (Vb)) L ABRRE mE Sy (B3E) (2 L 7o, RS RE Sy & A R ) 1
PBSIZRW L, MEE S EFKEEICHE L, MREE SO —HIX, &%
Sy 4y -8 10 kDa O R4 AR (BIOMAX-10, Millipore Corp.f) T A i
Lic, BIbT7 724 20REIE, WEMESZ AL 7202 & LIAMTETEIC
e T,

By & f okt

ETOFYRBRIZIGER)Y 7 v P AR FRFIRFTOBMEREZBESICLY
KR Ihiz,

7 s D Golden Syrian NA AKX —ZH HARZ L7 6 MEA L, 3R
Z@ U T, bt T OMAKITABER, =ik 25°C. BE 55%. BIK 12 K fH
FIMOBRE CRE L, EARGBEKR (LA AIN-T6A) Ta-a2— A Z —F
49.5% . WEA 2 20%., ¥ a b 10%., ¥l 10%, A K 5%, AIN-76
F T IVIREA 3.5%(28), AIN-76 £ ¥ 2 ViRA 1%(28), =2 L 2 FT 17—/l 0.5%,
DL-2F 4= 0.3%, EHEAHE=2Y Y 02% ThH o, EAREEIZT LI —2
(0.25%) . WA F (0.2%) F L QWM R E K (0.056% £ 72 1% 0.4%., xt M
WIZERM) ZRAL CHBRAE L Lz, WBEmE b oI mE o £ R KT
0.4%/REE DA . 3X108 cfulg TH o 7=, Wil E (MF gt ; £V =X
UEEREERR) T 1 EM., BB L%, T A 3EICHT (n= T~
8). M ERR 1 TIL 4 M, B ER 2 TIL 10 M, BRER CHE L,
B, KEEZWEL,

BRI E O 5 HE&E T %, 1I8RHEREI Y, R T7 ¥ — LT T, KB
EORERNR 2> B L, MLkl EDTA-2K (1.2 mg/mL) Z &M L., 1.0 4 B T
MmigZRMM L, MPBETRNEET-8OCTHMEELEZ, BTy 74—
VIR T TRHI S Wi,

AL i

B\ AR O Mg S im0 T LDL 4 (d=1.006~1.182 g/mL) % 3§ H
L .EERHEDZRML 722 & LA X in vitrodl R & [F Ak @ 7165 T LDL @
b7 724 5%20E L7, LDLESZ O % /87 B E X BCA protein assay
kit (Pierce Co.®) ZHWTHE L/, MFEOKRa L A Tr — L REL IV
MU Z U4 FRBREOHEIZIEZ, T ENT ¥ I 7 —TC5h565 (AT «
v AMWE) BLXOMNIZ7 VT4 R E-T7TAMNYa— (Fxm3ETERRK)
R,
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ERERY W R =Rt

BARBENE E b S Z O | E X, Asami D D FHiEGE)ICHE-TZ, T2bb,
RKEARS Z BB T COBR L CUIB L, ABEEKTHEEZ., ollred THE
L 72, WinROOF Professional ver. 3.53 (Mitani Corporation &) % 7=
BRI LY, REBIRNRRICET20AHEBEOEE L RO, HERKD
FEAmFERE & LT,

e wt g AT

HEFY 7 b iX SAS system for Windows (release 6.12) # A\ 72, BEIZ
X1 LR E S BN (ANOVA) B3 XWX 7 2 MU v 27 Dunnett % & Lk %
AWl AEKREILZS%E L, 8RBT — Z13, FHE S E ¥R E (SE)
THRLI,
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it A

In vitroZ 817 % LDL Bt 30 il 15 M

LDL b7 7 2 4 AERRZHEFEIZ, T9 KOALMBEL LI OE 7 4 XX H
O O PUERALTE M & g U7 (Figure 3-1), 8% 5t & # o # T . St2001
Dl b mWIEMEZ R L, St2084 O fEMEIX St2001 O K45 TH - 7=,

T ME R 5y O B AR N JR) A P

St2001 O FLRRAL & PE K 5y O B RN RAENE 2~ 5 7202, B K% French
pressure cell “C“ﬁEZW’“L O BEIZ K0y E L7e, LDL Bkl ek, &
&L T B A I AR LT (F1gure 3-2), %HH@E@%UD@%%J‘@}E (R
57 1 5y & 10 kDa) WO E L, AWATEIFIFRFOEMEAZ R L 2,

iR M E € 7 LB W o m s AR R E B L OV LDL B b Hi it (835 1)
EHEM - a2l AT e —VEEERLENLAAY —OmMEFROKRa L AT
2— LRE (26155 mg/dL) 8L O MY 7 VU ET7 A4 NEE (498+181 mg/dL)
. FEBRTHL-BEE S (AIN-76A) ZEBWM LS 6aomPREERE (&
a2 L A7 w—)b 125648 mg/dL, FVU 7 U tET A4 F 23044 mg/dL) &tk
ToHE. TR TN 2/FICEA L, mELEOKMEAZ 2L Tz, St2001 B
O St2084 DR ST, HIEMIENL A —OMET ORI L AT 10—
NBEBLIONI Z7V 74 FREBIOKREBEIZCAERERLLE LD S0
- 7z (Table 3-1), LDL i1k 7 7 % A A%, St2001 O & 512 L 0 xF BB IZ kb
NRTHEIZIER LR, St2084 OFK G TIHAEREITR O bR o Tz,

mIEMIEE T VBV OB ARBEREE L E WA ~DO R (T EBR 2)

m g M JE N B A2 — T St2001 oG EEKFEEZ R L, Mok a v
2T —=NVREBIONI ZVEITARREDD VI ANLRAY —DOKREICH
LT, M (FEIEKEL) BE. 0.05%IREHEAE . 0.4% IR O M ICH E 2 1L
b o 7= (Table 3-2), — 7. St2001 DR EH B E K 71912, LDL 1t 7
THEAL LANEEL, KBRS BT HIEELE WL EEE @ﬁ?bt
(Figure 3-3), Figure 3-4 Cfﬁjﬂaﬁllf“/\la?(&’~@j(%bﬂ)[’?%0)ﬂ\]{ﬁlj?fzﬁ
7% Oilred O Y (o o SR B 72 B BT B 18 2 R 3, 72 B, %ﬁﬂwm7w)
THE Lo b RAZ—ITIEKRBAR A M BERNMIZ 01l red O TYfa s 2 fiF
BikBEREZIELEALERDOD N T,
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S. thermophilusYIT 2001 (St 2001)
S. thermophilusYIT 2108

S. thermophilus YIT 2102

S. thermophilusYIT 2037

Lb. casei YIT 0180

S. thermophilusYIT 2105

Lb. delbruekii ssp. blgalicus Y50054
S. thermophilusYIT 2046

S. thermophilus YIT 2114

Lb. zese YIT 0078

S. thermophilusYIT 2085

S. thermophilusYIT 2107

S. thermophilusYIT 2104

Lb. acidophilus YIT 0070

S. thermophilusYIT 2088

Lb. rhamnosus YIT 0105

S. thermophilus YIT 2102

S. thermophilus Y50699

S. thermophilus Y50694

Le. Ietis ssp. Ictis YIT 2008
Lb. delbruekii ssp. blgalicus YIT 0181
S. thermophilusYIT 2086

S. thermophilusYIT 2108

S. thermophilusYIT 2045

Lb. acidophilus YIT 0071

S. thermophilus YIT 2111

B. adolescentis YIT 4011

Lb. casei strain Shirota (LcS)
B. breve YIT 10001

B. breve YIT 4014

Le. Ictis ssp. Ietis YIT 2027

S. thermophilus YIT 2021

S. thermophilusYIT 2047

S. thermophilusYIT 2044

B. breve YIT 4065

Lb. reuteri YIT 0197

Lb. salivarius YIT 0104

Lb. gasseri Y50055

S. thermophilusYIT 2109

S. thermophilusYIT 2046

S. thermophilus YIT 2115

Lb. kefirYIT 0222

B. angulatum YIT 4012

S. thermophilusYIT 2095

Lb. helveticus YIT 0083

S. thermophilus YIT 2084 (St2084)
S. thermophilus YIT 2101

S. thermophilusYIT 2096

Lb. fermentum YIT 0081

B. catenulatum YIT 4016

B. Iongum YIT 4021

S. thermophilus YIT 10341
Lb. jensenii YIT 0084

Lb. plantarum YIT 0102

Leu. lactis YIT 3001

B. animalis Y50691

S. thermophilus YIT 2092

B. bifidum YIT 4007

Lb. sakerYIT 0247

S. thermophilusYIT 2098

Lb. gasseri YIT 0192

Lb. buchneri YIT 0077

S. thermophilusYIT 2103

B. infantis YIT 4018

Lb. brevis YIT 0076

Lb. delbruekii ssp. blgalicus Y50700
Lb. curvatus YIT 0234

S. thermophilusYIT 2100

Lb. crispatus YIT 0212

S. thermophilus YIT 2091

B. pseudocatenulatum YIT 4072
S. thermophilus Y50056

Lb. delbruekii ssp. blgalicus Y50060
Lb. johnsoni YIT 0219

S. thermophilusYIT 2089

B. Iongum Y50701

Le. Ictis ssp. Ictis Y50693

Lb. gasseri YIT 0168

Lb. equi YIT 0454

20 40 60 80
Lag time extension rate of LDL oxidation reaction (%)

Figure 3-1. In vitro antioxidative activity on the basis of lag time extension rates in
LDL oxidation reaction. S, Streptococcus; Lec, Lactococcus; Leu, Leuconostoc; Lb,
Lactobacillus; B, Bifidobacterium.
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g

Lagtime extension rate of
LDL oxidationreaction (%)
u
[e]

o

cell wall membrane matrix matrix (UF pass)

-50

Figure 3-2. Subcellular localization of active ingredients of St2001. The cells of St2001
were disrupted by a French pressure cell and fractionated by centrifugation. The cell
wall fraction and cell membrane fraction were suspended in PBS and the volumes of
these fractions were matched to that of the cytoplasmic matrix fraction.

UF pass fraction had passed through an ultrafiltration membrane with a nominal

molecular weight limit of 10 kDa.
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Table 3-1. Effect of St2001 or St2084 on total cholesterol and triglyceride in plasma, lag
time of LDL oxidation, and body weight of hamsters.

Control group  St2001 group  St2084 group

Total cholesterol (mg/dL) 261+ 19 259+ 15 255+ 10
Triglyceride (mg/dL) 498 + 64 432 + 55 448 +38
Lag time of LDL oxidation (min) 46.9+ 2.0 56.7+3.6* 49.1+£ 2.2
Body weight at the start of test (g) 129+ 2 129+ 2 128+ 2
Body weight at the end of test (g) 147+ 4 152+ 4 151+ 3

Hamsters were fed either a control diet (Control group), a diet containing 0.4% St2001
(St2001 group), or a diet containing 0.4% St2084 (St2084 group). All diets contained 10%
coconut oil and 0.5% cholesterol. The values were means*+ SE.

*Significant difference from the control group (P< 0.05: Dunnett’s multiple comparison

test, n=7-8).
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Table 3-2. Effect of St2001 on the total cholesterol and triglyceride in plasma, lag time
of LDL oxidation, and body weight of hamsters.

Control group  0.05% group 0.4% group

Total cholesterol (mg/dL) 257+ 7 267+ 9 283 + 22
Triglyceride (mg/dL) 341 + 30 352 + 37 407 + 41
Lag time of LDL oxidation (min) 51.5+ 2.5 54.2+ 2.1 63.9+4.1*
Body weight at the start of test (g) 126 + 2 126 + 3 126 + 2
Body weight at the end of test (g) 159+ 5 160+ 5 159+ 7

Hamsters were fed either a control diet (Control group), a diet containing 0.05% St2001
(0.05% group), or a diet containing 0.4% St2001 (0.4% group). All diets contained 10%
coconut oil and 0.5% cholesterol. The values were means= SE.

*Significant difference from the control group (P< 0.05: Dunnett’s multiple comparison

test, n=7-8).
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Area percent of lipid staining (%)

Cont S0.05 S0.4

Figure 3-3. Effect of St2001 on the formation of aortic fatty lesions in hyperlipidemic
hamsters. Hamsters were fed either a control diet (Cont), a diet containing 0.05% St2001
(S0.05), or a diet containing 0.4% St2001 (S0.4). All diets contained 10% coconut oil and
0.5% cholesterol. *Significant difference compared with the control group (P < 0.05:

Dunnett’s multiple comparison test, n=7-8).
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Figure 3-4. Representative photomicrographs of lipid accumulation on the surface of
aortic arch stained with oil red O in hyperlipidemic hamster fed a control diet (A and B)
or a diet containing 0.4% St2001 (C and D). Dark color spots indicate oil red O-stained
lipid droplets.
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BREALORKITEE LT TH 52, Bk LDL AEE R & 24 -
TW5Z L ZRTIEMALEAAEL TV 5(7,8), LDL B b #5551 M 13 b5 IR % .
WL I, BYAREEE O K O AN LT B RE ROV RV LB
B L T\ 5(67~70), Regnstrom & 1% LDL B2k # Hu it & & 8 ik 45 L 0§57
BB Z W& L T 5(58), LDL M b iRt i3 B B IR AE b o R i& &2 7l C
EOH/BELLTCHESNTWVWS(56,57), BRFEHKOEMIYE X LDL Bt
REHAREL D FHE L L CHLAEET > T, BEELOBBICHEHA SN T
W5 S. thermophilus @ in vitro Bt LIGEEICEE T 2 # & 13, & —E O M3
I UOEBEET 5(11,14,71), F—ETIE, VAR Y —LICB T 2 I5HE
bbb FERIMHE T 2IME & LT TBARS #5122 St2001 % BiK L
e, RETIE, LDLBgI 7 72 A AW B2 EEE AW R 5 HF
FrilckB W Th, St2001 b mWHBILEEZRT Z L2 60T LT,

St2001 (%, mAEMIE T T L EY O LDL BB (Biko 7% 4 o) %
WE LN, Invitro D HLEEALIE MKV St2084 1% in vivo TR 2 /R & 72
Mo, 2o 2HEBEOEIMETALICBITA2ESEEOE WL, in vitro D
PUBRALTEEE FE LR, S b2, ®FMEET VBN OB IREE C 307 2 5
E%%%% Smw1wﬁﬁmib\%@&5%%ﬁmmmﬁéMtﬁ\m

WIRE LR AVIZEELER DN eholz, TRNOHLOR/ENL, BEILE R
D St2001 | iéﬂ%Mﬁﬂﬁi@F@MMﬁﬁ&%%’ﬁ@ LTWbZ ek,
BIXOIYENLRAZ —FET VI T D2EIREO W Z ORI LDL @
AL EELTWD Z ERRBEN5,

St2001 @ 80% =T ¥ / — /LIt LDL BibmilimEn@o oo &
. MBERNICHFEET 2B EILIZY > X7 EO XS Ea e TixR
WZ L ZREET S, St2001 @ LDL FRA b il & Mk 32 & U T & ol fid E 12
R L., EWHERS DS 81X 10kDa L FTHDH T BRIz, S
thermophilus ODENL OABEBEIN R |IMDO T o X4 4T 4 7 XA TI
W E(72) BHEEINTEY  HES T+ BB CHEERICEVIENMNSIND A
REMER & 25 (73), T72b b, HERWNICHIET 21K OB LY E?EIKE
iz E s, MMErbRINs ATtz AV LDL Oz b3+ 5
EWVWOIRBEEZDZILENTED, KEHIEFTINETOT e ANLFT 47 A
DHEZHITIE VW2 =—T D THY ., invivo TOHLEEALIEH O ¥AE %2 B
BT HDICIEEILICRFTARLETH D,

ARETIE, @AFMAEOEYET LVICEB W T, St2001 OEHIZ L Y | LDL #&
fbIEErREESN, BREOREILENLOERRIMHE SN Z &5 5RL
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o ABMIZEEBEACOEHAHI AL TWEIEHMEOHWE TH Y, St2001 © HFE
BWZ2EBRICEVEIERO DB ECENAREL O — KR T FEZRIMTX 5
RENHFCTE 5,
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FHIE S thermophilus YIT 2001 @ LDL Ak &l i& £ 12 t% 5
&M AR o [ E

I

BEE TN 912, St2001 1% in vitro B L W ex vivo T LDL Ok
WX T2REDRERIL, GIELEOEYET VIZE W TEREE O FE LA
WA Z MG L, REOE HEMEWE I, MREHSICHET 5K
THETHDLZENTRBENTER, TOREIZIETE-> TRV, £, A
HOPBALIEEICE T 28G5 X invitrox P LD ICEERGFET D N, FEALLE
DHE.ZDOIEEREIZRE SN TRV, Z 2T, A% TiE,St2001 ©» LDL
b B HIIE M ISR DGR Z W 7 A THWTHE L%, &EKE
s~ b7 774 —-x2 b7 buRXRTV—AF e EH E5H (HPLC-ESI-
MS) E£EIZEI D21t ELLEMEK S ZFREL T,
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ME R L O ik

WMAMB X OR# S0t

(BR)Y 7 v b At HRFEF TCEEBFSINRLTWVD 5 HHEOD
Streptococcus thermophilus # R B IZH W=, S EKEIT 1% I %2 & T £k
GAM £t (A AKBE@FR)) #2HWVWT 37CT 16 FERIATHZE L%, 1% KV
AT R (AARBIEER)) 05% MR- A(TH e s v—7=/_80)). 0.3%
VU KFEDY AL, 0.4% Y CBARKEZ DI UL 0.06%HE~Y 7T
Ly 2% FKE DR D (pH 7.2 [ZF %% . 115C15 /oM E) T, 18 i
fll (37C) #HE LI, WKRIZ., ABREHEKICKD2WEHEFOEZ,. 4000Xg, 15 457
M o5z L4y Bl L R L 7=,

B R Bl i o 5 B

EARZ®WE (660nm) 20 L7225 KL HICPBSIZEHE L, 4ffE&DO =% /) —
NEMAZ T, E|E T 2RFMIREM M Lz, 4°C. 4000X g, 15 4 fi] @ = 0 47 B
%, EWE&EBEIINL CREZE L,

UL = I AV N Nl A R T 1

BWERE LcEEMEYE 10% 7 & = FU VKEKICHEM L., Sep-Pak
TC18 #— kU v ¥ (400 mg; Millipore ) TAM# L7, A 400 uL %
Waters Model 600E pump. U6K manual injector (UL k., HA D 4+ — % — X
(BR)#L) . Develosil RP-Aqueous reversed-phase column (C-30 column, 150
X 4.6 mm,i.d., 5pum ; HAALFERE) 22Ok b HPLC v 27 AT HE
AL, BIEEA; 0.1% ¥, WIEEB;, 7 h=hU L7 TV NEBEIC
D 4y L7, iE T 1.0 mL/min T, &8 A 100% (V8L B 0%) 10 53 A O % |
T0 M O BEMRAR CWE BIRBEAZ 70%F T LA IE7, WHER 40 (K 2
mL) fC 1E & LT, A5k 64 My &I L7, &85 & BT L7z,
PBS (2 L T, LDL Mt MdlEME LS KO F A — viREZ W E L -, LDL i
{EPHIEE ORI EIE, B =220 [invitrolZ 1) 5 LDL BAL & 1EME ] (258
%‘Zézh?‘:jﬂk‘“@ﬁo7‘:0?%~/1//);%f“0){ﬁ' (¥ Ellman @ 5 5 (T4)124¢ - 7=,

HPLC-ESI-MS 75 #T
HPLC-ESI-MS s #r &2 EM+ 270, HHE SO F A —ibeahe 1-
methyl-2- V1ny1pyr1d1n1um trifluoromethanesulphonate (M2VP) Tk & (K
L7z, #FEMKRAQLE LY 71 10 uL % Waters ZQ4000 mass detector
(EARD 3 —% —X(#)#) £ L Scherzo SM-C18 column (150X 3 mm,
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id.,, 3um; A4 ¥ 7 F(ERR) % 2 7= Waters 2695 Alliance system (H
Ay d—4—=XFR)E) CEAL, 10mM F7 > E=v A, (pH5.8) : 7t
F=hFUJ (93:7) THHEELZ (H#E 0.4 mL/min, 7 7 A{EE 40C), M
HE T L FTOKE E L7 ; positive ion mode, capillary voltage 1.0 kV,

desolvation temperature 400°C. capillary temperature 140°C,

H RN GSH O & &

PBS [CiRfE L - (A H % % 500 pM M2VP £/ F T, =ik, 15 5D
FHERAQE L7, £ 10 uL % Waters 996 Photodiode Array Detector
(EARD 3 —% —X(#)#) B L Scherzo SM-C18 column (100X2 mm,
id.,, 3um; A4 > %27 b(BK)R) % i 2 7= Waters Alliance 2695 system (H
RO —2—=XFR)H) ICHEAL, BEH A 3mM ¥B7 =7 L K B;
25 mM 7 =0 AL :T7b=FU/ (80:20) ©O7J x> i
(40 P CHBE BIREZ 0% D 70% E CHEMMWIC LH) X am LTk,
H 7 LEE 37C. WK 0.4 mL/min, T=4% — K 266nm & L 7=,
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EIREN N RO R U i I A AV (R O R A ]

St2001 E A H % » HPLC (C-30 77 &) ZEOKER, By 12 8L O
13 I OB 3 IZH X TRKRE 7 LDL B EEELRE O b7 (Figure 4-
1A), B 12 B XV 18T T A —MEAEMOFIENRD b vz (Figure 4-
1B),

HPLC-ESI-MS 43 #r

W45y 12 B LU 13 &2 M2VP Tih & A { L T, HPLC-ESI-MS 4y #ricfit L
72, Figure 4-2 127 0~ N7 7 LBLOPYRAAXRT MLV ZEZRT, B 12 8
O 13icik, REG®D M2VP o v — 27 ({REEEM 11.74 . m/z = 119.77)
DI, REEFLEEROALA A —7 (REFERFR 4.3 . m/z=427.12) »
BOLNTZ, FERNORENRE S T FA—V{EAEWTHLIBB M IV E T
F v (GSH., %5+ 307.32) BIXUOY AT A v (4H+& 121.16) Z Rt T
FiEik{b s L O HPLC-ESI-MS S hricft L7z & 2 A, GSH #FiEfkls L Oy
ATAVHEEKROEFFRBIZIZN TN 43 0BL 6.7 THY ., GSH #FHE
BIX m/z=42712 D4 F v =27 % HFL T\, LEXD | B4 128 LW
13 DKRFAEFA—NibEHmzE GSH & [FE L7,

GSH B X Ok 1b &% © LDL &b #1 i 7% vk

Figure 4-3 |2 GSH B L O HEBZIL G W D in vitro\ZF 17 5 LDL 1t i
WM Z "3, GSH iX 0~20 uM O #iBH <., LDL Ak &% M x5 2 E AR
e g GFEEEZ R Lz, —J7, BALB 7 v % F 4> (GSSG) 121X, HUekik
PERBEO S o7-, GSH @ LDL b iEEix, M2VP I X % & E{k
fLic LKL,

S. thermophilus B #: [ © LDL AL # & 1E M & H AW GSH & & O g
58k D S. thermophilus ® in vitro LDL BBt HIEE. HEANTF A — L&
EBXOENKHN GSH & &% ik L7 (Figure 4-4), 15 5 EHEOHF T
St2001 I b @V LDL AL PEIIEEZ R T I, F4A— L E &L L O
GSHE& &b bEmNo7,St200l OEENF A —AbEMITE® 5 GSH @
FAEITHK 80% ThHh oz, H3IETIEHEMEDOE WK E L TEWRER O R RIZHW
72 St2084 X GSH # 12 L ALY EA LAad o7, YIT 2037T D F F— L& &R
L OVGSH & &%, St2001 & GSH ZIE A LEEA LW SEHKEDO TR T,
LDL Bl b M Th o 72, M2VP THE KL 21T H> Z L2k v F4
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— VI E ANELT D & St2001 @ LDL BRAE MG IZIE R L, 74—
AIEALE OFEMEIL b WARE TREN R o T,
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Figure 4-1. Fractionation of bacterial cell extracts of St2001 by HPLC

with a C-30 column.

A, Anti-oxidative activity against LDL oxidation. B, Thiol content.
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Figure 4-2. HPLC-ESI-MS analysis of the components in fraction 12 (Fr
12) and 13 (Fr 13) having higher anti-oxidative activity against LDL

oxidation.

Prior to analysis, the thiol group in the components was derivatised with

M2VP. Left, HPLC chromatogram. Right, MS spectra. Std, a mixture of

authentic cysteine (Cys) and glutathione (GSH).
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Figure 4-3. Anti-oxidative activity of GSH (closed circles), GSSG (open
circles) and GSH with M2VP-derivatised thiol group (closed triangles).
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Figure 4-4. Comparison of anti-oxidative activity against LDL
oxidation (A), contents of intracellular thior components (B) and GSH
(C) among 5 strains of S. thermophilus.

Closed bars, absence of M2VP treatment. Open bars, after the
derivatisation of the thiol group with M2VP.
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ARETIX, St2001 O FEREMEE I GSH BHFEET 5 Z & (Figure 4-
2)., GSH ¥ T in vitro TREK A7 LDL BAEMHEIEELRB D N D
Z & (Figure 4-3), M2VP THERKRIL L TTF A — 1L Z AHELT HZ LITED
St2001 OIEM N ¥+ 5 Z & (Figure 4-4) #:_x L7, ZHOHDOFEND
St2001 ® H AN GSH 1%, LDL M b MBI FEMEIC D2 E2EEHE TH
HlEZDLNT, 8 =38 T, St2001 O IFE MY E 13 E A o MK\ 4 2R (E
Téﬁ TTMETHD LI E KR LN, GSH (4 1 & 307.32) X2 O %&KMF

CHERTOIMBMILMETH D,

Figure 4-4 ® £ TH 72 St2001 %> 7L 1 mL 2%, HHIK 22.2 mg I
MkT 2R EENTEBY , HIEN GSH & &1 0.043 pmol & FHHE S 1
oo LMo T, IHHHEHH O St2001 > 7 v o GSH B E1x 43 uM &
b, ZORE®O St2001 & GSH # 1 & A 8 & 72\ St2084 0L T 7 ¥ A
LAIEERDOEFT 111% TH o712, 2O GSHEHE D= (F 40 uM) & iEMEO =
D BfRIX Figure 4-3 TR L7z GSHE®R R OREKRFE L IZTE KT HH 0D
Tod Y, St2001 28 St2084 LV mWHle ki z r T miXZ., WAN GSH
BREOETHPTELIbDEE X LN,

M2VP T#E{k{b L T St2001 O F A — L EHET 25 & LDL AL I #l %
FIXBF I T L, GSH 285 R WIEHEOIER W 3 EHRER L XL E R ST
N, FoREOIEENKAF LT (Figure 4-4), F£7-. St2001 fii (% @ i #H
BT AICEDZNEICEWT, BLARNALOEENEROBE SICERD b T
(Figure 4-1), St2001 # & &4 HFH 72 5 B ICIE. FMib~<7F F. M
faa N 715 %Ejiﬁﬁ@&@%ﬁ~wmA%u%®# RAL W E BN AFTE L
in vitro ® LDL AL I HIEMSICBE 5 L TCW D AN SZ 2 bivi,

BN D GSH o&F O —21%, Bk A ML 22H L CTELIETOET ML
MRFTH2ZLTHEEEEINRTVD, BIWOIFK., Bk, DN REDOEM
oA GSH & B X fiumol/g BE - EL#HE I N TV 508,
MiEHF CIEZOREIFTMBEA XD BHEIZIE < HuM (nmol/mL) BE TH Y
(75,76). GSH #ii O Zh ENMlRN L v IKE L & CHEALT 2 ATRELSE
bbb,

AREIEEAFWERT N e, FZEBTHERRE»IND Z LT X -
THENICHFEEL TWE GSH 2l S v, MG 6 RIS T i 2 B AT
L. LDL B{tMElfEHZ R L LDOEHEBZZXD LN TE 5, GSH 3K
AR OBREGE L TOLENROLFBITEIED RNV LTDRMLATEY
UARY —AIZABLTHFBITERZ ERSEIRA LA HESINAL TV D
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(78), St2001 X, NV AR Y — L I1EH] 721X T RAROBEED 7L & T
HbWIORIXIEHEZRL, GSHOMHPBITHEZEO TWVWLDONE L7,
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% HE#E S thermophilus YIT 2001 (St2001) REEL A b b o i
ik LDL B8 X O EiC b 72 5 3 %8

%

BT N7z X 912 LDL @ A& ffi 1% Bh AR AE Ak o F& A b HE R 1T K X <
b oTWnad LHfiF XL T\Wwb, Malondialdehyde-modified LDL (MDA-
LDL) X, B{t LDLO —FfToh v . fillk ® ELISA ¥ v MIZ X 2 & 2 ¥ 6
T, DEBBEFEROLIBERFEBE R ETCHRBREA SN TND Z LD K
MESAIECTORFESN B ARETH 5, M MDA-LDL XM EEBER. 77
0— AMBENMBEERECTCEF T2 HESIN TV SH(79,80), F 70,
MDA-LDL A B RN EE S KE & EOMB%ZRr9 2 & (81), MDA-LDL
DO ERIFIARELE T — 7 thin-cap atheroma & B# L, 1§ MDA-LDL % 7
S— U BRI AR E ST —r Ao FERERBE L R 5701248
R —H—=ThHDI ENRBEINTWDH(82,83), —JF5. MDA-LDL & LDL-
a1l 25 m—Ao0k (MDA-LDL/LDL-= L 25 1 — /) |% MDA-LDL B
TV LEREEHRFEEO FPHl~—D —TH D LEHRE SN TV 5(84,85), L
TR T, kP ONTZY AV ~v—HD—ThodMiEalL AT — )L
NE L OMmMED RS, M MDA-LDL # &< MDA-LDL /LDL-= L %
Tur— L LMERBEOEHBRYI A I ~— I —BZEZXDHLENTED,

FoETHRE L L DT, St2001 1% in vitro B L W ex vivo T LDL @ %
Bl T2 #FEDEEARL, GIEMIECE YW E T LICE W TEIRE OIS E ik
EWREEKREZMEA Uiz, £7=. S. thermophilus ITREI I CHEHINL TV D
BEMEOFHWVALBE TH , Bl m W, LR - T, St2001 THRHE L =
KA ZEIRELO R TFHICFHTE 2 AEESFE X 5405 0,St2001 3
F23L 72 MDA-LDLROMEZR EOLMERBOY A7 ~—— kT T HEL
FRDEIREIZITOATWAR W, 22T, BEO® LDL- 2L 2571 — )L
MEFHFBIORFTELZIRIC, —EHERT V& 507 T & R 5k B B iR
B T St2001 EEIL OG5 B AT,
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ME R L O ik

o B

ARBIL T~V U3 ESF (20084 10 HEEIE) ) BX O EZHIEICET
LfmEEfE B (CH B 2AE . BAETHE ST R, PR 204 12 4 1 B —#diE) )
ZHESFLCEBEINTE, BREICHEDL 2 2 To XN A TR 55 iEZ AN O
mMAEEZBES (RESMAEZAR) OFALZX T, KRS, 2ETOHK
BRE DD BEMICERBICLDIA 7 —Lb Farkvr bahHiz,

KRBt £ 21X EBICAEET DA (FFlis 20~64 5%) OB E LDL-=2 L 27
o— VfE#H £ T M E (LDL-= L 25 17—/ b 100 mg/dL BL &) &1~
A—FXy FTHEELL, RAEZEIUTFTOLEBY ThHbH, 1) RBREHAT 48
fILLNIZ St2001 2 G LR EEALH 5 W Iixs@mibyr 7V 2> b EERLEHE,
2) HRAEHICHTITLVAX—(FALT VAR E)DV AT 25T DHH.
3) EEMEa L AT — VMIEE ., 4) BEBBERLLERLELZIT VD

FHL.B) WEIRELIIRATOE, 6) MMOBEKERRICBMLTWEHE, 7) MK
AL - LE - ZFOMOBE TEMICEY ARBROEBHREICHI 2V
W S -, sBE I, RBRMMZ®B LT, ABRAML 4O St2001 & 5
TR, U7 A FoERZHRSNL, BEFOITA T AZA NV %
MR XkolckEahz, RBRAELOEBR., RFRRoBESE, RIE., KM
FHBEBR TN HGEICRE L,

B B ARk

St2001 FEE AL 1T, WLARKY FL. BAE T R okl bs, X7 5>, FE, v 2 F
:/ﬁi(ﬁswoal%%uvtﬁigbtos/x%w/%ooow%ﬁiw%%¥LHE%?L
4y 16%) T St2001 Z 5% L= #% . WAL A L St2001 FEEAL & L
7@8&%1%%%1$(w0mﬁht@®*%m iuT®&%@f%é
2N 3.1g, lEE 0.1g. A 12.0g. 7 F U U A 40 mg, = F /b
¥ —6lkcal, 77 BARMEHI., BAEWMA. R¥ET FoEEE., ~7F | &
N /Z%/ki@%%%ﬁﬂ L7, 77 B RKE O RER S, B,
FD . OWRIT St2001 FEEEAL LT IE A % TﬁbokOSQOM?H%%iﬁ:i77t
REE S IMH O HEIC mkbsmwr%%ﬂ¢®%%-@$-ﬁ%lxw9
cfu/mL 2L EIZR ST DICERT 5 £ T 0~10CTHRE L,

REBT A
THEHEMRT UA ML T T B ARG RACATRER iR B 2 20114 5 A 205 10
AFC EREANEES EERESHE Y Z — (KR RIRH) TEMEL -,
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RBRT A /> T, WBREITT & 502 St2001 FEEEILEEEE (ST &)
BLXOT 7B ARMABERE (PCH) CEVA TN, B0, 20V
2a— X —ICXHEERAET 0 7T LA EFAL T, RBREBHMEYF LT8O MW
TTC DA% v 7N Ef L7z, RBRE~OIFRBIZWHHREL X OERHE Y H O X
FiciReEohiz, hBEF 0T 7T — ¥ % Table 5-1 12757, B H X 12 @
ICE->T, 1 H 1A (100 mL) ® St2001 BB F 72137 7 v Rk %238 H
EILz, RBRT4AAMOBIATBLZHM. 12 BM O®HEACEHERIIME, 4
‘W@ﬁﬁ%ﬁﬂ%ﬁw%ﬁ@ W%%i%ﬁ%(ﬁ—x?4y?~&ﬁﬁ-
W), #eacpEmRmo 4B (4W), 8 H (8W), 12 #H (12W),
iwﬁm%ﬁﬁﬁﬁm4 H (+4W) ICkBE L TREZ =72,

W& HE

A B0 FEFAME H Xy MDA-LDL ¥ X " MDA-LDL/LDL-= L 2 5
H—LThd, kL X OCRIT, —BiEEZE (RAKIZFFT) O FH, I
L7z, 1§ MDA-LDL @ #| & 1%, ik © K # & ELISA ¥ » ~ (#{t LDL
TIAYVEHE - BRKAT 4 IV 2HWE, K¥ v I, il MDA-LDL
ik (ML25) BLXOH T ARIY K& 78 Bk (AB16) #FH L7=¥ v
KA >~ ELISA ¥ FTHY . Kotani 5> O EBE)IZHE SIS LD TH D,
— R 2 MR AL TR A MR F AR A, ROEMERE., mERNE LY S Y
RWE 2 FEfe Le, MEE 5 0B OZE%ICEMNTT Y2 vaBmE (4
Lo i) L ElE L=,

e B i AT
T XX E AR E (SD) TR Lo, #HEHY 7 M2k SAS 8.02
(SAS Institute Japan( &) % H 7=, #7 B8Ok o 8 B sh 1 o bk fg At o 7=
CERATBSLOER 4, 8 12HBOT — X2 HWT, BEAIEE LR L
T 5o (ANCOVA) 2% Lz, XN—RAT7 A4 T —XORMZEDRK
1L, Student ® t-BREZEZ AW, B LB X OBEE - JEREE O K
oBECIE, x2REZH VWL, AEKEIX % (WMMAKE) & Lk,
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Table 5-1. Baseline characteristics of subjects.

Placebo drink ST-fermented Pvalue
group milk group

Subjects (n) 30 29
(male : female) (16 :14) (14 :15) (0.698 1)
Smokers (n) 3 6 0.254 1
Age (years) 47.4+8.0 473+ 85 0.966 2
BMI (kg/m2) 23.3+£2.8 22.4+2.8 0.2432
Triglycerides in serum (mg/dL) 120.2 £ 74.5 108.1 £ 45.6 0.457 2
Total cholesterol in serum (mg/dL) 228.9 £ 25.7 226.9 + 30.8 0.787 2
LDL-Cholesterol in serum (mg/dL) 143.3 £ 20.4 143.5+£20.9 0.968 2
HDL-Cholesterol in serum (mg/dL) 58.0+12.4 55.7+13.8 0.507 2
MDA-LDL in serum (U/L) 67.5+21.3 70.6 £ 21.2 0.575 2
MDA-LDL/LDL-Cholesterol 0.455 +0.133 0.478 £ 0.140 0.520 2
Systolic blood pressure (mmHg) 118.0+11.8 118.3+13.5 0.934 2
Diastolic blood pressure (mmHg) 72.2 + 8.1 68.7 £ 8.7 0.1152
Heart rate 76.8 £10.9 74.7+9.8 0.430 2
Plasma glucose (mg/dL) 91.2+7.6 89.1+17.2 0.297 2

1 Pvalues analysed by the Chi-square test.

2 Pvalues analysed by the unpaired t-test.

The values were means*+SD.
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it A

B B Y

HEICIGE U 1484 0HBFE LG, RS IICHE K & W S v/ 20 % U
b 65 m AR OB E 60 4 A EIR L, 2 HEICH VY 1572 (Figure 5-1), #HL
BB LICHHREDO S B, ST HOLM 1 AR REICIVEMREH Lk
O, WE L, ZoBFET, RREMEEMICLY ., GEOKEICERT S
L O THBRAKEOBIM & ZHE#EI RSz, REBAE T L, Mt
BllholHBRFIXLSTH 294, PCH30ALDOAFH 94 THh o7z,

BB E O W & Table 5-1 1278 L7z, il B O W B # O £ . Body mass
index (BMI), myEMHEE (MY 27UV t&74 K, fabxA7Fr—/L, LDL-= L
Z 7w —,)L, HDL-22 L 25 1o — /b, MDA-LDL, MDA-LDL/LDL-= L X 5 1
—Jv), MmAEME., mE, DHBCABEEEIRO Oz, HRAE MDY
EHCR L ST B2 98.8%. PC BEAS 99.6% T, 59 4 B NEH R 90%LL | T
oo,

Mg ~— 7 —% X O+

Figure 5-2 (23 BR#I ] & o 7% MDA-LDL # . MDA-LDL/LDL-== L &
T u—b, I ImE (SBP), JLiEH M E (DBP) o &fbxE L7z, KA
fh OB ST # @ MDA-LDL 2 £ . MDA-LDL/LDL-22 L 27 17 — )L |
SBP.DBP I PCHEICH X THERKE T L MiEOH a2 L AT v —)L LDL-
ab A7 —)b HDL-=LXTum—/ hUZUETA RICHEMEIRDD
W, ole,

NR—=2ATA VBT LHBIEA L 2AOEmEPKEOERRICEEZ L
RDMENERH D720, EEETOME MDA-LDL & £ o L i (65 U/L)
WS BN 2 FE i L 7= (Figure 5-3), = O fE £, MDA-LDL 73 7 5 {i
TvEm»ro-BE (STHR 16 4. PC B 14 4) Tix., ST ¥ » MDA-LDL
J g MDA-LDL/LDL-= L 25 12—, SBP, DBP 8 PC I R THEIC
K FL7zoizxt LT, MDA-LDL AW AR OB E TIL. 2 b DfEIC
STHEE PCHEOBEM ZITR DO L7 »o T,

HEHRG

RSO ERME S L OERZEHEKYMICB W T, KO —&AE|FR
EBIOMBEFHIRE, ROTBHERAE., HERNEOERIC, BRECE OE R
WHEELE-TAEELEILIIEAFME IR OO R -T2,
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Assessed for eligibility (n=148)

Excluded according to the

A\ 4

exclusion criteria (n=88)

Randomized (n=60)

A

y

l

Allocated to the PC group (n=30)

Allocated to the ST group (n=30)

Dropped out (n=1)

Completed (n=30)

Analyzed (n=30)

Completed (n=29)

Analyzed (n=29)

Figure 5-1. Flow chart showing the participants and the selection process.
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ANCOVA (MDA-LDL)
Treatment group: P = 0.02*
Time point: P = 0.349

_ Interaction: P =0.984
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Figure 5-2. Effects on MDA-LDL, MDA-LDL/LDL-cholesterol, SBP, and DBP.

Open circles, PC (n = 30); closed circles, ST (n = 29). 4W, 8W, 12W, and +4W indicate 4,
8, and 12 weeks during the consumption period, and at 4 weeks post-consumption,
respectively. Data were analysed by analysis of covariance (ANCOVA) with the baseline
value as the covariate using the data at OW, 4W, 8W, and 12W. LDL-C: LDL-cholesterol.
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Figure 5-3. Effects on MDA-LDL, MDA-LDI/LDL-cholesterol, SBP, and DBP in
stratified analysis based on MDA-LDL levels at baseline. Open circles, PC; closed
circles, ST. 4W, 8W, 12W, and +4W indicate 4, 8, and 12 weeks during the consumption
period, and at 4 weeks post-consumption, respectively. Data were analyzed by ANCOVA
with the baseline value as the covariate using the data at OW, 4W, 8W, and 12W.
Median of MDA-LDL at baseline was 65 U/L (MDA-LDL<Median, PC n=16, ST n=13;
MDA-LDL>Median, PC n=14, ST n=16). LDL-C: LDL-cholesterol.
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