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Yavaxd

FH1E i

BEf 13 H AR DGR 2 88T d 5 28, F IS B X Oipilth T cAE S
T3, ZFEILEEE BEOEIC X > T [k & T8
AEBER | CBI NG, —MRIVIC TAIRBER ] & FiEh 2 b 013 KR bE
BHICE%Y L. JBRHC X o CORBERT. et 3 (HF%) BEll. 2 IXBERT & v o
RS D, TLa—LRKEL =S AR ERE L 2B > 2R 3 — B
i< [BERTHA) LURIEn, BIEY L L CRBICHRAET 2, BE. REHEE % 8l
T35, R 1t 5720 1.5-2.5t DBERMI R4 3 5. SN2k R REIBERT
FAF AR 1T 2001 FETA8 JT t TH o 7228, 2021 FFITIX 70 7 t ICHEML 7z, 7o
B, 1990 FUEE T, BERHNIIIFFERAIC X o T 21T > T 7z,

—7Ji. 1996 £ 11 Hicua v F v T [1972 D FEEY = Dfh oY) o IC X 5
FEG RO IRICBE S 2 568 D 1996 FEDeEH | GBS - v v FVERER) 28
PR X AL, 2006 4F 3 HIicHsh L. HARIX 2007 4 10 A ICFERRE H 2 MG L 72,
ik EE I REYE O EE S X OV R 2 R L 72,

BERTA O A D JFRIEE IR 2 RER L T, 1990 W 5, BEfELEER <1k
B AT 2 BERIR D ILBR ST i OB ICE T L 7o MERDHIIC 1T E 2ok iE
FEOEENT D, KEERHI, KEBERHI. “FRERMD O KB K5 %
Table 1V 1783, KBERIAT & KEERERDR X LI & v X 2 B Th b | FhElt
HMizEE cbh 2, WTNOBERD X v 7B R % S EENRT
WBZEhb, BPp oMbl R LT, 724 X v FERER EICHH
INTz, FITKRERER 2 Bid 5 2 =R STl 2000 4 8 Hic, FH
M5 Tt FEE L T 7 REBERM DU ALy O 2T IE 2 EBIL 7=, LA
LSEE, 60 %25kl s X ORLE L CHEMFIA S 223, Y © 40 %I3pE
ECE¥EREE LAy E T (Figure 1), fhitk <o RHFEH O EIE 3R
HCTH 325, ETORERKZAMNCHMT 5 & IFHENICIIARETH > 7
LI NG, 2oBEbE LT, WHRICSEOEM 220, iR RAD R
WZ EDBZETF Dbz, Table 1V IRTED ., FERFIDIZ LA LIIKITHY
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Table 1. Example of component analysis of shochu distillation by-products for each
material. Data from Hayashi K, Warm Regional Society of Animal Science, Japan, 55,

101-107 (2012)

Rice shochu Barley shochu Sweet potato shochu

Moisture wet 92.40 91.90 95.20

wet 321 3.56 1.42
Protein

dry matter 42.20 44.00 29.60

wet 0.80 1.64 0.72
Carbohydrate

dry matter 10.50 20.20 15.00

CoNentrate et 0.07 026 007
%

Fat

dry matter 0.90 3.50 1.50

wet 0.60 0.57 133
Fiber

dry matter 7.90 7.00 27.80

wet 2.92 2.05 1.26
Ash

dry matter 38.50 25.30 26.10




Year 2000

Year 2022

Industrial
waste
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Figure 1. Changes of treatment of shochu distillation by-products in Sanwa Shurui Co.,
Ltd.

In 2000, 50,000 tons of shochu distillation by-products were generated and used
only as feeding stuff and fertilizer, with 40 % disposed of as industrial waste.

In 2022, the amount of shochu distillation by-products generated increased to
72,000 tons. They are increasingly used as feeding stuff and fertilizer, as well as for
methane fermentation and as food and medium material. The volume of industrial waste

disposal decreased to 14 %.



KBERTHAI TR 92 %, ZEBERTHI TR 92 %, FHERHTRI 95 %% v 5, K
FRIIBETH 2 T L2 ORTERMECHEE L TRGZRETIE R v o8 7 G-
M7, BRLCHEEE LCERMZRERE 25, L L, KOREFEICaX L
TR 225, £72. KoEEAECE ARG ICHRT 2 LRI E W
O, FIHARE~OEKAEEERADL 225, S LICKSERPE T THML 72
B, B L ST, R LTRIHTE R A, SEERA—7—3
ER 2 2 - oHlKE BV E LT, TR e ERz, BRSO X —7—6
FHIETERERT P BE R 2 R & L <, fRHE P % 2 — A i &2 1T 5 R o
WL %2 2B BT 2003 4F 3 HICGHEIRZ BB L 722 A = v a2 X M 10
=M (BMOKEAHDIE 4 &M, 2EEEEAASME © 3EM, B’
E3EM). Fv=vraxtriz 1AM/t v D, 2, fRlOEEE LT
7o, BEERIZERL L U CmfinflifEiael 2 8hE 3 2 ¥ H o 72, 2019
. R B RO S RELIIRFEEE oM %2 2T, FREE % FLREE
B O 72 2 FEME 3 2 B2 BAA L 72 ¥, FERERD 2 85 & U CHLIEE % 55
BIA LIk, BERIZER L 2SI RS E 5 L. REOE
kR b RECGE - o EAEARFTE 2D v,

—J7. BRI TE R WEER A —h — 13, ZRCMZECkE L cEEREEY (E
BE) L LTAELTH b ol ERMBICH 2@ a R FA3nh 5, FE
FEALPE D FEEE T 1t 72 9 6000-7000 FIRRE TH b | BElT A — 71 — DY
JEBD—2 Lo T3 Y, HEROEER X —7 —D%E. 1 H 30-50 t DEER
DFEAET B 7= FRLHEE X 4000 THZHZ 5 &9 Y,

R OBAM 2 . Fiz T A F—FF & U ORI 2 BRI H 3 5 L
HOITHbN T2, 2018 4, SR D KFBEAE O IXBRIEBERT O KBERIH % £ o
THAMMIEZ ZfiIcEE T 2Rl 2T L. BEx v b 2 RGeS 5~ v
FT¥—REZBLLE Y, hoflFr ¥ —2 AR NI AMMEIZ, &
ECKEE~DICH A I N DS Y, EEMERA ST TERER L L
HLEC, BERM 2 B O BB ICER T 2 (R - 2 A F— Iy 72V %
AETN] FEO [BERHOH TV AT LBET o 7 b 2RES R
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O, BIRKFIIERE - FBEEL I AFEL T I2HAHRE V- T L D[
BFge % 2014 4E X 0 T, BERPHIZ = &% 7 — A REF S [ETE <L v b IREHICZE
LTS 3 TR AN A A=Y —HIHELE] % 2021 4 4 A ICBHEE L.
FEEEIL 2 BAR L 72 7,

IALF—FHPFE LTTIEARL, BmBEME LTI EV LA THRIFH
3252 L HIEL T, BERR O RO REE ICBE S 2 WIE A T T W B,
KBERTIA S X ORZHERAE. FHERTIAA > 2 2 NELE L 72 BHERF I 7 ¥ 7
IAEME-C U 7 & O A ME A B 5 2 L Sl I Y, ERER &
JERFE U 72 f0RHC IR ERESGE B X ORGSR 2 5 2 L v 9 9, jaBk
BERTHI 230 3 2 FURELIE T 100 REBERTHIKIEMEE 7> 23H 3 217 L v ¥ —%)
R REBERAIC X 2 EZAFH D03 lEG ST 2, BERTIZ R L L
THHAYEDERE AR O N7, FRERM S X 2 PR 2 e L <
Absidia astrospora ¥ X O° Gongronella butleri 53 L, ¥ % v 2 FRAPET 5
b DRI ERERE 2 85 & U T Aspergillus luchuensis %558 L., 7Y AINHE
A HT 27/ —MEEMELEET 22 L 928 Tbii,

SRR R ST E 2000 AR, BERRI OB 2 X + 2 @ b D ORI
B3 2 B2, fikML s X OHEEMELASL o FEBRFE & it 1) 72, 2 DfET. 2022
L BERHIORERIIFER 72 0 ticiL2d oo, filkle LT 56 %, MR
LLTI13%, Aalt 69 %EEMFIHT 2 2 L8 TE2Z (2000 2> 5 9 %D
AL Figure o #7z 2 FIHA@E E LT, FAWEL L W o 22 RS FEM CHEY I
HEMOELE 3%) L. XX VvRBE~DOFH (14%) %WEEIC L7z (Figure
). PEFEMIRDEI G 14 %P X2 2 L AR TE 7 (Figure 1), ek o
. REBERHIDKI 90 %KD TH 2 Z & b, BEPEHFEMLOEIC S IE
HIEB LT W L ARETH o7z, Tz, KREBEEHICIERTH 5 KE
sk DMEHEY . T3 — A FEED 720 ICHEE X 2B S KB ICE T T W
%5, REHIZ 2 0L T BMNEM B L UORHEM L LA, 8
BoBEe~ Y FY) v 7B LNEECH 2 L AG IR TNz, 22T,
RERERZ T v 2L, BEEMEIY vz, & 51 s Nk %k
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AHEAC X WL 72 o208 [FEEEKFE =% X (Fermented Barley Extract, AT
FBE) | T® %, FBE ICIIHE DOIERIC L o THfR I iz KEHRKD A ) afE,
L, T, RTFEF, R 72—, IHICHMEPEKRLZ Y
B, HOWHLIC X o CREL BRI X AL, BEGRERBEENL TV
B, FBE ZIBMOREAZZ~ A X v /T2 %EI e LCGEI R TW5, F7z,
FBE |3 FFICHIEHE QW% (T 2 10 L B E Nk, 6, ZnETO
WIZERsEIc X v FBE 23§ 2 AEHFRREIE & L C. invivo BRTIZ, A v F v
BEEAFENRIAIT DN 1D, PUBRALZH I ™ ME EFIHEIE 9, 7L ¥
—VEBCRE RUGERNR 20, PRIBIEIKHEZNR 2D 28l S hTwnd, B MicksnT
IFIFRERECGE RN IR 19, IRERMEIRIAN R 22 2 H 52 Z L& I nTw 5,

AT N E CIclt S LRl oEetED 5 b I LIE 19 5
HENTPRIENRICONT, ILICHFWLTHivaxsT 47y Fr—L4
(Fima€) 2d 720 SR OREE LUFRE L. #ilds XoEy (7
v M), e b CoFUMEoMmETEfTo (B2, B3, F4E, BS5E),
F 7z, REEMEARHEZD R 2022 % & 72 & SRR O s X OVFHE & i
TOHEMEDOBE #1To7 CR6®E, 7).,

—7Jj. FBE [385HiEM & L TR &S T Y, FBE ZhiH e L CHLBEH % 55
#BL, y-7 1B (LT, GABA) 2MEEINTWS, b P ToEHEMGR
FRICEBE VT, GABA IZNLOMS) Z iR 3 2 IR HME T T3 P, Kiff5ET
IZ GABA 2L 2 #EFE 3 2 fERIMEF 2. & b ERIEHEHHEFHIE 2 v C
BatL7- (BE8E, 93, X 5IC GABA ZRIENIAE, BIb. MiAELHE
Bz ed@Eanhtnsd ®, 22T, GABA 2SN E & MR 4 2 fEHF
. MifEE W TRET L2 (510 &),



H2F FBEC&FENsHIn 2 EMnOfitids X UFE

21 #3

[f@FEE ] & X WHO 23M@IE L 7281 L WisHE©. “FFmr LB 0 2
RHE R E Nk E Z 2 Llwi-Hilo e Tch h . AHIZL THERE
TE, N#EZzQEL LaviREToFEHFmERLTw2 P, NEERRET
O TR r YT 4 TEHKE ARG CPFK19F4H 18 H) It 0wT,
e 7 v v 7 4 THEG | 2SELY £ &0 b7z 20, AREEE o dic /3T B
ootz Hiv e LC, & - BIfT - BHEOR A I X 2 FIREEKT. B
CZd Y DPIEEDHENS 3 29, [FE, HABIEIEAS ER)# o fEE I
Ko CHEEECHIRZ X ZLZKEEZraET 4 7TV FE— L4
(locomotive syndrome, gL CwmaE) LIMEL 72D, BEEFEED K 25
FERAERRHE ] X2 & BEHE - WKL Ho 2 HEIE [v =
] 250 TIHRL LroTe®, BT THED GO HERT 4,700 JTA
IET 2 ERBINTW DY), EFMEMOLDICiIr aEPHAEEL &
%,

naEiFnbwd [KFE] ORETH 225, #EITTIUIRERY v~ F
(Rheumatoid arthritis, RA) CZJEPERIHETIE (Osteoarthritis, OA) 7z L EBE)ER H A
DIRBICESL, naxTDFKAE L TIFRABILROA &\ KR ORIl &
RBRIEL . MEFIC L > THIERIINDZRIEICKANE NG O, 20, v
NOLBETH, v 3TIREE & 72 5 KICOJFERIZ AR © 0 7o RAE R IG T &
52 EBHHIT S 303D, A RN O SHE S I 1 a2 4R B, i3 %
B4 M EYE 4 F 14 v 23B5 L Tw 3, Lipopolysaccharide
(LPS) AFMRIEET AT v MIicxf L. KEFER 7K TR % B L 72 &
B T®H 2 FBE % 10 HRE# S L 2 B8, MiEF O RIEWS 4 P hA v ThHd 4 v
£ —mu A4 % v (Interleukin, IL) -1f ¥ £ C* IL-6. TNF (tumor necrosis factor) -a
PET L7233, 2o DRIEEY A F A4 VIZEEMIIICER L, HffissE~
MUy 272 AXu7a7 T —+x (matrix metalloproteinase, MMP) % & ¥ 3%

7



W, ZOMMP I X VIRESHIEI L, v aEDIREEICH2, BIIESEC
7 IRBE CILEBIEAE N E L K N3 2 720, MMP DK (B 24 2
DEDRBH B, b OENICIEDR L&D 24 FIHDO MMP BEFET 5 2 L 030 %
> T3 3, 1 tH MMP-13 13 RA ¥ X U OA MiyEEOEICEE L TWw b
36,30, Z & CTAWIZETIE FBE ICD W T, BEMIIEICE T 5 MMP-13 DX %
il 2MEZEERL 72,

22 FEEITE

22.1 Mk

REBERTRIE D788 T CfF b N RERERK (ERmEkatt. K9)
1000L ZAT YL ARF—A Ay vaty b (Imm) TAHELZFE, IHIC
€7 Iv 740k — (02um) ZFEHLTAEL 7, 600L © A (FBE)
ZARWER XA Y A 4 v HP20 (ZZE 7 I Atk Sk, B a0 48 L cEefin
X721, 360 L DK ZMIR S T L7z, Z D, 20, 40, 60% (viv) =
£ — VIR 120 L TR & ¥ TR 2R % 2 L2 7L FBE-P20, 40, 60 & L
720 BRI % AR, BB L. FBE-P20 © 9651 g. FBE-P40 : 4224 ¢,
FBE-P60 : 495 g DR %1572,

222 HPLC IZ X %471

1g D FBE-P40 % 5mL @ 50 % X &/ —VICARE &, @EiRiks n~< 2
2 7 4 — (HPLC. Prominence > A7 L, RISt EFREERT, FEDICHLL .
UV-VIS #Hi#s (SPD-20A. EE#ERT) IC TR X &7, Rl =0T Seth %
Table 2-1 IR

223 Ak

b MIREREMRE (AT, oUuMS-27 flild) X, ENZAFZERER R AR
% - MR - SREWISERT (KB 2D HEAL 72,

AR D BRI IE@I L & 272 10 %V RV (Sigma-Aldrich, St. Louis, MO,
USA)¥ X T8 1 % penicillin-streptomycin-glutamine (100x, Thermo Fisher
Scientific. Waltham. MA. USA)% & %¢ Dulbecco’s modified Eagle’s medium

8



Table 2-1. Analysis conditions of HPLC.

Column Phenomenex Synergy 4um Hydro-RP 80A(ODS)
250 x 21.2 mm; Phenomenex, Inc., Torrance, CA, USA

Mobile phase A : Water B : Acetonitrile

Gradient 0.0-10.0 min. B conc:7.5 %
10.5-15.5 min. B conc:10.0 %
16.0-21.0 min. B conc:15.0 %
21.5-26.5 min. B conc:16.0 %
27.0-32.0 min. B conc:17.0 %
32.5-37.5 min. B conc:18.0 %
43.0-53.0 min. B conc:60.0 %

Flow rate 10 mL/min
Detection 210 nm




(DMEM, Sigma-Aldrich, St. Louis, MO, USA) %§i#hie L. 37°C, 5% CO;
THEFTHE L, b, K< E it 2 MiF e IE@Eo b o
R\,

OUMS #lIfiEd iz mRNA 3T HIC 2 x 10* cells/om? DEFE T, 24 v =T L —
M1 Y xA®72) 1mL $ORBMEL 72, Mildsiary 7rzy MEL L&,
WS 2 G IBRE L. 1% Y Y IRRINE (Sigma-Aldrich) . 1 % penicillin-
streptomycin-glutamine (100x, Thermo Fisher Scientific) % @5/l L 72 DMEM

(Sigma-Aldrich) % F L 7= GEMiAEH), =3k, §Hfiv v 7 rofffHz &

b7 ) TICHEEE 3 HWC, MIERREZ 1 %ICils LT, #ildza T8l
FIRABIC L 7z, Rtk HIW T, AT 31T 2 Ml HES U A3 2 i 134
T1%bHL<KI1X05%E L7, FBE-P20. 40, 60 % 100 ng/mL., HPLC 73 Ei¥ 1%
3050 pg/mL (Wb RGREE) L7 2 X ) ISRl HuCHRIM L 72, B,
a9 >~ 7 Vi3 PBS (—) ICHAMEX ¢ CHw, Fiitih o PBS (—) DRI
10%& L7z, D%, BT IL-1p Human Recombinant (BA N, IL-1PB.
PeproTech, Cranbury. NJ, USA) &% 5.5 ng/well & 7% X 5 70 L CHifig%
R 72,

224 VT x4 LPCR

IL-1B I X 2 H[H#2 & 24 KifEliz, BHEICDIE/RICHE - T TRIzol Plus RNA
Purification % b (Thermo Fisher Scientific) C & - CTHllfE2 & RNA Z i
L 7o SuperScript IV VILO Master Mix with ezDNase Enzyme (Thermo Fisher
Scientific) % L C cDNA % & L 7z, FastStart Essential DNA Green Master
(Roche, Basel. Switzerland)iC CTFHEL L 724¥ v 7L % | LightCycler® 96 System
(Roche) ZHHLCTY T X4 L PCR 2fT1o72, r—~<¥ 4277 —D%MHEIL
95°CT 10 XHIG E & 7242, 1 %4 7% 95°CT 10 W, 60°CT 10
[, 72°CT10MRIE L, 45 94 2 VOGS €72, WEBEEREIX GAPDH & L,
MMP-13 mRNA O ¥ B & (¥ GAPDH mRNA FHE IO T 2E & & LTko 7,
77 A4 =—oDfds % A MRS, GAPDH Fw © 5'-GGT GAA GGT CGG AGT

CAA CGGA-3'. GAPDHRYv : 5-GAG GGATCT CGC TCC TGG AAG A-3',
10



MMP-13 Fw : 5'- CCA GTC TCC GAG GAG AAA CA-3'. MMP-13 Rv : 5'-AAA
AACAGC TCC GCATCAAC-3't L 7z,

2.2.5 LC-MS iC X 3 [RIE

FBE-P40-5 (MMP-13 JeHH| 5 5) % LC-MS (ACQUITY UPLC ¥ A7
L., Waters Corporation, Milford, MA, USA)ICfitL | [FE %17 > 72, MMP-13
FEEHNFEE ST (1 mg)% 300 mL D FEM/KICAR X &7, HEOEEICIE
Synapt G2-S (Waters Corporation) # >, =L 27 bt v X 7L —A4 A v {Lik%zH
W7z, LC-MS D5t % Table 2-2 IZ/RF
2.2.6  FratiddT

FHEBED T — 2 13 VFIEEEERAE TR L 72,

et WL 1% Shapiro-Wilk test IC CTIERPEZRET L 72, IERD TR WL T
Z I 72 b DITDOWTIE Bartlett test IC CTHTELTH 2 %t L. FHosE
D3RR B ATz b DITDW T L Tukey-kramer {5 IC CHEABE 2 Eit L 72, 1EH
I3 CTld 750> o 72 b DITD T UL Steel-Dwass % BEIRE IS TH EAMIE % F i
L7z, MEDHEKEIZS%E L, &2 TOMIEIX R v4.2.1 (R Development Core
Team, New Zealand)*®IC X - T{T o 7=,
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Table 2-2. Analysis conditions of LC-MS.

<LC>
Column Imtakt Unison UK-C18 UP (2 mmx100 mm, Kyoto, Japan)
Solvent A;0.05 % formic acid-H20 B ;0.05 %formic acid-CH3CN
Gradient B:5 % (0-1 min.) —40 % (10 min.) —95 % (12-15 min.)
Flow rate 0.4 ml/min
Column temperature 40 °C

<MS>
lonization Method ESI

Measurement mode

Positive / Negative

12



23 FEEHIR

2.3.1.  MMP-13 mRNA FEFHNHIE 7 % & iy O FEE

OUMS-27 #ifi&iC 35 1F 52 MMP-13 :BInF DRI E % 5 2 5 FBE-P /) %
BB % 7-%, OUMS-27 Miidic 100 pg/mL © FBE-P20, 40, 60 Z#ML., V
T & A4 L PCRIC & - T GAPDH ICX 3~ 2 X HIAEZ KD 72, Z DOFER,
IL-1B Z #H0 L 7z control (X35 X 8% D fth DFAER[X & b~ FBE-P40 #S X IC 5
\»"C MMP-13 mRNA X F B E 23 A E KM%~ L7z (Figure 2-1)4

XIC, FBE-P40 # HPLC icfit L, B X 7z ¥ — 7 % Figure 2-2 (A) T/~ 33

DIZ 9 DD T THELL . FBE-P40-1, 2, 3, 4, 5, 6, 7. 8. 9 %15
7z, OUMS-27 flifidic L5 9 2 D% v 7 30-50 pg/mL ZFA L (W5 & & i
GRS R 5 L b IRMERICEEH 2), YT VE A4 LPCRICK -
C. GAPDH (X3 % MMP-13 mRNA HHIFEHE 2 KD 72, Z DiFHR. IL-1B
Z I L 7z control X35 X U8 % DAt DEABRIX & H~. FBE-P40-5 ivIIXIC B> T
MMP-13 mRNA HHXF L8236 BTl % /< L 72 [Figure 2-2 (B) o

7 3. FBE-P40-5 % [A#RIC HPLC IC i L 72455, single peak @ Af&H X 172
T e ORI DB %GR, FHUIELEL 20> o T,

2.32. FBE-P40-5 iIC& N 24 v 25 DFHE

FBE-P40-5 ICE&ENZHE D Ic 2T, LC-MS I X 3 0% fTo72, %D
R, TR 486, 73T CouHyoN4Or DILEWYITH 5 Z & BHEE S N 7=

(Figure 2-3. Figure 2-4) ,

FBE IC& TN 5501 & 486, 7713 CouH3oN4O7 DL AW IX. pyro-Glu-Pro-
Tyr-Pro (LA, pEPYP) THINZ T I/ BEKEH» oAb a sz IvTs b
TRTFPTHLIEPHEINTNE O, 22T, KWFFETHEL 7-{LEY
L. ALZEA R & L7z pEPYP % LC-MS/MS 7307 ic T HUeheat L 724558, 7 e &
JMAF VAR PAR-E LTz, Lo TRIFFEICTHIE 25T & 486 D
L&Yt BB pEPYP TR EIND T I /B> Shsea 7/ vi IT
FIRTFNEHTE I N,
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Figure 2-1. Effects of FBE-P20, 40, 60 on matrix metalloproteinase (MMP)-13 mRNA
expression in OUMS-27 cells.

Cells were cultured for 24 h with 100 pug/mL of FBE-P20, 40, 60. The expression
level of MMP-13 transcripts was analyzed using real-time PCR, normalized to the
GAPDH gene. Each data point represents the mean + SD of three independent
experiments. Different letters (a, b, ¢, or d) above the columns indicate significant

differences (p < 0.05).
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Figure 2-2.

(A) HPLC chromatogram of FBE-P40.
(B) Effects of FBE-P40, 40-1, 2, 3, 4, 5, 6, 7, 8, and 9 on matrix metalloproteinase
(MMP)-13 mRNA expression in OUMS-27 cells.

Cells were cultured for 24 h with 30-50 pg/mL FBE-P40, 40-1, 2, 3,4, 5, 6, 7, 8,
and 9. The expression level of MMP-13 transcripts was analyzed using real-time PCR,
normalized to the GAPDH gene. Each data point represents the mean = SD of three
independent experiments. Different letters (a, b, ¢, or d) above the columns indicate

significant differences (p < 0.05).
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Single Mass Analysis
Tolerance = 2.0 mBa / DBE: min = -5.0, max = 20.0

+
170611_36 175 (5.703) Cm (175 77 7-{T81.782+750)) {M+I;QT pop Element prediction Off
100 I MNumber of isolope peaks used for i-FIT =3
Manoisotopic Mass, Even Elaction lons
1160 formulaja) evaluatad with 3 results within limite {all reeults (up to 1000) for each maes)
Elements Uszed:
C:0-100 H:0-200 N:0-10 ©:0-20
1T0511_35 775 (5.703) Cm (7767 77-(T81,T82+ 7501}
Nass Calc. Mass nDa PPN [RE Conf (% Fornula
487 2200 487 2193 07 1.4 1.5 66 6l
L 487.2206 =06 -1.2 165 30.12 CZ5 HZT NB 03
487.2m 11 <R3 -LB 427 G2 HEB NG 014
9734318
29,1346 ls86 2220 (2M+H)*
74.4342
i - | b iz
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170511_55 762 (5.610) Cm (T60-T62-(FT7-T79+T46T51)) Single Mass Analysis
100, 4852048 Tolerance =2.0 mDa / DBE: min = -5.0, max = 20.0
(M‘H] Element prediction: Off
Number of isctope peaks used fori-FIT =3
Monoisoiopic Mass, Evan Eleciron lons
17140 formulale) evaluated with 3 results within imits (all results (up to 1000) for each mass)
Elements Used
C:0-100 H: 0-200 N:0-10 ©:0-20
TT0S11_53 TEZ (3.810) Cm (FECTEZ(F77 Ti%+745:751))
# Nass Calc. Nass nDa PPN DBE  Conf(%) Formula
4852048 485 2036 1.2 25 126 5514
485. 2050 0.2 0.4 7.5 4433 025 H2D N8 03
485. 2055 0.7 -4 -D5 0.5 GI2 H33 NG 014
062074
&71.4152
(2M-H) |a72 4181
0 - <Mz
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 600 850 900 Q50 1000

Figure 2-3.

LC/MS spectrum and precision quality of FBE-P40-5.
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Figure 2-4. Structure of pEPYP
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24 HE

pEPYP (I =HIFER A Sthic TR T CRAEINZ_TFFTH H ., $i
BRERIEPHREEIN T2 20, £/, AL FBE» LKA I N R IV
B INYRZATFF pEQPFP 13, KEDOFEGMFLATE K v 32 ETH 57k
NTFA VBHBEBR 7077 — %I X o THfEE T QQPFP (Gln-Gln-Pro-
Phe-Pro) 234 L. FEREEREOZKE ICH T 2MBUC LY v e vz Il
INTERINTZDDTH S Z Lz, MRS Uk o 1 THEH L 72
200, it 5T, pEPYP b [HERIC, AT 4 VORI H#ME Ik 7 e 77 —Kic ko T
53fR &N T QPYP (GIn-Pro-Tyr-Pro) 232ERK L. JNEN&IC pEPYP 3B & B
EHERIL 72, EBRICHALT A v ITid QPYP OESIBTEET %, 7277 L. il 7%
BRA N =X LD TIEHE R IR LETH B,

2.5 INE

OUMS-27 #Hfidic 351 2 MMP-13 FEEINHIAN IR 2 f54E & L THIE T OERR
AT o 2FE58, FBE-P40-5 & End v s/ LX I T b 7X7F F pEPYP

(pyro-Glu-Pro-Tyr-Pro. 7315 486, 7772\ CouH30NsO7) TH 25 Z L 2B L
72o DF Y. pEPYP i MMP-13 DX ZXK T I3 b bfinaehf iz f
T2 A[HEMEA RS & dz,
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% 3% pEPYP ofitm = 4R —fliflu 55—

3.1 #EE

FBE-P40-5 IC&EN B T 7L &X I A7 F F pEPYP (pyro-Glu-Pro-Tyr-
Pro. 7rf& 486, 7713 CosH30NsO7) %% MMP-13 mRNA ORI I3 % <
EAHBHL 2, RiCkd T, LFEAR X L7z pEPYP 28 OUMS-27 flfidic 51 %
MMP-13 mRNA 5 X & v X 7 EH ORI G 2 258002 THET L 72,

—H . VIRIEES A4 P4 v TH B IL-10 1T LEMidcd 2 THIAE, Bl
o, ~7m 7y =y lofifdcER I, IL-1p 3 XL O IL-6. TNF-a & \» 5
TeRIEVED A A A4 v OERIFEE % HEFH LI s ez A3 2 39, HiERHE Cad
L7 Y, LPS SERMERIEET V7 v MK L, FBE % 10 HRE#% 5 L 7=
B RIAEMEY A P AA YMET L2, 22T, RAEWTA P A4 vAMETL
7-VEFIBET 13 pEPYP 23 T Mt ic 5 2 JLRIEEY 4 F A 4 v IL-10 DFEABE N
DREE L T30 Tk EHEHIL 72,

REE T LA E Lz pEPYP 25 OUMS-27 flfiE@ic 1) 2 MMP-13 FHIC 5
2B e, THIICE T 2 IL-10 RBICH 2 208 L %, BBl &YV
SNBSSV THET L 72,

3.2 EEUTIR

3.2.1 ME

b4 K & 4u7- pEPYP #K (GenScript Corp.. 7L#k. H[E)% PBS (—) 1T
fif X2, FEHUCHINL 72, PBS (—) DIFHIPOIREEIZ 10%E Lz, =B,
pEPYP M3 RICE E 415 pEPYP IR I — M AN HABMSH £ v £ —I1CC
TEE NMR EIC X B MEHEZ 1T, 90%TH 5 2 L HIIL 72,

322 MR

5 2 B L [Fkk, OUMS-27 ffifle (EZHFJERaseis NESEIEAE - fRR - st
FEHT) EAEA LR L 72, OUMS-27 M@ D R D FR I 10 % 7 & fr Y iE
(Sigma-Aldrich)3 X U* 1 % penicillin-streptomycin-glutamine (100x, Thermo Fisher

19



Scientific) % & DMEM (Sigma-Aldrich) #5HEHAETHLE L, 37°C. 5% CO;
TAPE T ChiEE L 72, MR SAEER A IC 1.5 < 10% cells/em? DEETI6 7 = L7
L— M1V =2A®7) 01mL O L 72c mRNA DTS v =22 v 7
7y 74 Y ZHIC2x10% cells/em? DEET24 V27 L— M1 V2 AdHT
D 1mL FOfFEL 72, 37°C. 5% COfFfE PO L, Millgsi=v7rzy
MEL 722, BIERE-ZWR5IFRE L, FHEY Y 7 r B X1 %Y S aR
i& (Sigma-Aldrich) . 1 % penicillin-streptomycin-glutamine (100x, Thermo Fisher
Scientific) % 7/ L 72 DMEM (Sigma-Aldrich) % i F L CHfHIASH % 1T 5 7=
(RHmEAER ), %2 Df%. HIFEIC IL-1B. Human, Recombinant (AT, IL-
1B. PeproTech, Cranbury. NJ. USA) &% 5.5 ng/well & 72 % X 5 @A L CTHil
WL 72 M hEEUR ] 3 X OY mRNA 2007 FH Ofiid 139~ 7 3 X OHIBEGIG
MELHEE L2, VA2 vy T ry 74 v Z7RMAEE 2 HRElB 2, Hilw
AR GHIY v 7' v 3 XK ORIEFEI 2 &) LaZial s o 5 HIEE
#L7,

BAYET Y v sIFsRMEMIAE (BAF. TMINE % 7213 TALL-1 M. ESZisehase
ENBERILAE - (R - SREWIEPT) 2 FHM AR IC V72, TALL-1 #ii@ Dk o
BRI% 10 %7 > RV (Sigma-Aldrich) 35 X T8 1 % penicillin-streptomycin-
glutamine (100%, Thermo Fisher Scientific) % & RPMI-1640 55Hs (LA F,
RPMI, Sigma-Aldrich) %5k HIE L, 37°C. 5% COL fF(E FCHEE L 7=,
OUMS-27 #lifid & [AlkRIC . MM FERABRIIC 1.5 x 10% cells/com® DHJLT 96 7 =
AT —PIC1 Y2 H72) 0.1 mL FORKHML 72, mRNA ST E 7 = R &
7y T4 v ZHIC2x10% cells/em? DEET24 7 =2 V7L —MIC 1 ¥ 2L
H7=0 1mL T oMM L 7z, 37°C. 5%COf#7E FCHEE L., Mflgsia v 7
TV MCELRR, iy s X1 %Y 2RI Sigma-Aldrich). 1 %
penicillin-streptomycin-glutamine (100x, Thermo Fisher Scientific) % & > RPMI %
Hi (Sigma-Aldrich, FFAHEERAIHL) & Bz %2 1T - 72, BIESIC IL-6.
Human, Recombinant, expressed in E. coli sigma SRP3096 (AN, IL-6, Sigma-
Aldrich) iR % 50 ng/well & 725 X 5 L CTHIBLL 72, MR GEEER 35 X

20



O mRNA 73T FH oMl iZ v 7 v X ORBEHRING | HEEL 72, V2R X
v7may 74 v MR 2 HE S 2, # L wiklialiEAssh Gy 7
VB X UHEAIZ &) LKL eh o 5 HERE L 7,

3.2.3  E5EAER

AR 5iEEER 13 Cell Counting Kit-8 (Dojindo, HEA) % v, BLETLOIERIC
#it > T{T > 7=, 2300 EnSpire Multilabel Plate Reader (PerkinElmer, Waltham,
MA, USA) ICX o T, &Y = LD 450 nm DYWL % HIE L 72, control [X D H
FEMECIERLL . M REIG L LR 7,

324 UV T7nAxALPCR

H2F 224 Y TN A4 L PCR QDIHICEEHD 5k & FFRICEM L 72, PIFRER
%13 GAPDH & L. FERY mRNA O FERE 2 KD /20 577 4 ~—Dies| %
ATFIC/R3, GAPDH Fw : 5'-GGT GAA GGT CGG AGT CAA CGG A-3'. GAPDH
Rv ¢ 5'-GAG GGA TCT CGC TCC TGG AAG A-3'. MMP-13 Fw : 5'- CCA GTC
TCC GAG GAG AAA CA-3', MMP-13Rv : 5~ AAAAAC AGC TCC GCA TCA AC-
3'. IL-10 Fw : 5'-GCC TAA CAT GCT TCG AGA TC-3', IL-10Rv : 5'-TGA TGT
CTG GGT CTT GGT TC-3'& L 7z,

325 VxRRvITUvT4 VYT

HA T BLETT ORIt - THER L 72, OUMS-27 i o354 i3, AiiAass
=i _Fif % B2 L. Halt Protease Inhibitor Cocktail (100X. Thermo Fisher
Scientific) % ¥sfll L 72 M-PER Reagent (Thermo Fisher Scientific) % i F 35 Z &
ICk Y 2 vy B EE L7z, TALL-1 MRS 0 8556 MRS 280 & W7 | [H1IX
L. @GO3 (270G, Smin) 222Xy, #ifld~1r v b 2H72,
B o 7-Milg~<1 v b IC, Halt Protease Inhibitor Cocktail (100X, Thermo Fisher
Scientific) % S/l L 72 M-PER Reagent (Thermo Fisher Scientific)% i F 35 Z & I
XYy A7EEZHMBL 7z, WhicEEn g & v o8 7 HiRE % Bradford
assay (Thermo Fisher Scientific) IC X > CTHIE L7z, Z Vv XIEENR 1 VLD
720 20ug &b X HICY Y TARMNEEZRE L 72,

Bolt LDL Sample Buffer (Thermo Fisher Scientific) & Reducing Agent (Thermo
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Fisher Scientific)Z ll 2 7z#&2. & v 3 7 @i % 70 °CT 10 53 [ENEA L 72,

Bolt™ 4-12 % Bis-Tris Mini Protein Gel (Thermo Fisher Scientific)iC & ¥ ¥ 27 E il
H#¥1% 3% T L. Bolt MES SDS Running Buffer (Thermo Fisher Scientific) % fifiF
L CEXKEIZ 1T 272200 V. 22 7).

7 v % polyvinylidene fluoride membrane (PVDF, iBlot2 drive-rotating system.,
Thermo Fisher Scientific) ICHRE L 7z,

iBind Western System (Thermo Fisher Scientific) Z{#/ L. GAPDH ¥ X U}
MMP-13, IL-10 % ¥ ¥ 7 B DPURPUAKIE ZAT > 720 — KU X rabbit
polyclonal GAPDH Antibody (Thermo Fisher Scientific)¥ & {* mouse monoclonal
MMP-13 antibody (Santa Cruz Biotechnology Inc.. Dallas, TX. USA). IL-10
Polyclonal Antibody bs-0698R (Bioss Inc.. Boston, MA., USA)% ., —XJUfRix
Goat anti-Rabbit 35 & U% anti-Mouse IgG (H+L) Secondary Antibody [HRP ]
(Thermo Fisher Scientific) % 27z, ZPUADRE IZELE IO FERICHE - 72,

Wi A A v IKCHEE L 721, X v 7L % SuperSignal West Dura kit (Thermo
Fisher Scientific) ® 2 DDiA#E L 5 FERIGZE 72, A ¥ 7L % ChemiDoc
XRS+ system for imaging (Bio-Rad Laboratories, Hercules, CA. USA) IZ#fi A
L. B & 72N~ F % Image Lab™ 5.0 software (Bio-Rad Laboratories) % {# [ L
TR I NNy FOREEEMEN L 720 MMP-13 5 X OVIL-10 X ¥ X7 B D
FEBIE X GAPDH 2 v~ 7 EORBIEICN T 2 HG & LTk 7,

3.2.6  MUEHEHT

22 F 2.2.6 WaHENT OIHICECIR O J7ik & FERICIT - e

3.3 SEERkGR

3.3.1 pEPYP 28 OUMS-27 fifd D¥EhEi 3 & O MMP-13 mRNA, X v 37 HD
R H 2 5 W%

pEPYP %% OUMS-27 Mt o HibiF I 5 2 2 2T oW TRET L 72, OUMS-27 #l
HEIC 0.01-10 pg/mL @ pEPYP Z L CTHEE L 7214, F v b ZH T 450 nm

DGR % HIE L 72, control XD EUE CIER L L. HIfEIEEZ k72, D
22



fE. 10 ug/mL @ pEPYP i3 control X3 X 18 0.01-1 pg/mL pEPYP & b~ #l
RudghiR 2 FEicHEim < 27 (Figure 3-1),

KIT, OUMS-27 fifiEic 0.01-1 pg/mL @ pEPYP ZRM L THEL 2. V7T
L2 A L PCRIC X > T, GAPDH mRNA IZX%f3 % MMP-13 mRNA D FHXFEE
BERDIz, ZOFEHE, IL-1p THR L 7z control XICHT L T, 0.1 pg/mL LA LoD
pEPYP % 75hll L 72 3B& X C 12 MMP-13 mRNA G HIRE G = ICKfEZ R L
7= (Figure 3-2),

X 51T, OUMS-27 MfEIC 0.01-1 pg/mL @ pEPYP %N L TEE L 7214, v
T ARV TRy T4V IICL > T, GAPDH & v X7 B39 %5 MMP-13 £ v
N7 BOMNFEREE KD, £ DOFER. IL-1B THIFLL 72 control XITxf L
T. 0.1 ug/mL LA E® pEPYP % i L 7258k X Tld MMP-13 & % 7 B AH I 5%
HEPFEICKMEZ /R L7z (Figure 3-3).
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Figure 3-1. Effects of pEPYP on cell proliferation in OUMS-27 cells.

Cells were cultured for 24 h with 0.01-10 pg/mL pEPYP. Absorbance at 450 nm was
measured using a commercial kit, normalized to the control and quantified. Each data
point represents the mean + SD of three independent experiments. Different letters (a or

b) above the columns indicate significance (p < 0.05).
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Figure 3-2. Effects of pEPYP on matrix metalloproteinase (MMP)-13 mRNA expression
in OUMS-27 cells.

Cells were cultured for 24 h with 0.01-1 pg/mL of pEPYP. The expression level of
MMP-13 transcripts was analyzed using real-time PCR, normalized to the GAPDH gene.
Each data point represents the mean = SD of three independent experiments. Different

letters (a, b, or ¢) above the columns indicate significant differences (p < 0.05).

25



PEPYP(ug/mL) - - 001 01 1
IL-1p - + + + +

MMP-13 —-—— G S S e,

GAPDH - G et e

T 12 ¢

a a a

o L

< 10 I

9 o

< 08 | b LI

a .

= -

S 06 -

=

=

[%2)

% 04 c

©

(<) C

2 02 t

Ll

I

3

x O L

0.01 0.1 1

Control Control pPEPYP (ng/mL)
IL-1B(-) IL-1B(+)

Figure 3-3. Effects of pEPYP on matrix metalloproteinase (MMP)-13 protein expression
in OUMS-27 cells.

Cells were cultured for 5 days with 0.01-1 pg/mL of pEPYP, changing the medium
every 2 days. MMP-13 protein levels in OUMS-27 cells were analyzed by Western
blotting. The relative protein expression levels were normalized to the GAPDH protein.
Each data point represents the mean = SD of three independent experiments. Different

letters (a, b, or ¢) above the columns indicate significant differences (p < 0.05).
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3.3.2 pEPYP 2% TALL-1 @D ¥Ehifids X O IL-10 mRNA, X ¥ ¥ 7 EH D FEH
IC 5 % B

pEPYP 2% TALL-1 #ifE DIEIEIC 5 2 2 52 2 5T L 72, TALL-1 #ifgic 0.01-
10 pg/mL @ pEPYP ZFI L THEE L 724, F v F & T 450 nm WG %
5E L 72, control XA CIERML L, MAEHEGEZRE % koD 7= (Figure 3-4), Z D
fisk. pEPYP 0.01-10 pg/mL (% IL-6 THEH L 7z control [X & [F]5E D fu g b= &
750 MIEEEICEE 5 2 T d o T,

RIT, TALL-1 HHAZIC 0.03-3 ug/mL @ pEPYP I L THE L 7288, U 7 v
£ A 2y PCR IC X T, GAPDH mRNA iZ%f3 % IL-10 mRNA DR &% 5k
Dz, % DFER. IL-6 THEH L 72 control XITxT L T, 0.3 pg/mL LA @ pEPYP
AL 723 B X Tl IL-10 mRNA O HRRESHFRICHEL R L 72

(Figure 3-5),

X 51, TALL-1 HHAEIC 0.03-3 pg/mL @ pEPYP iR L THEEB L 7288, 7 =
AR Tuy T 47X >T, GAPDH & Vo8 Z7BICRT 5 IL-10 X v %7
HoMNFEHEE KD 72, Z DGR, IL-6 TR L 72 control XiZxt L T, 0.3
pg/mL LA E D pEPYP % J5HN L 72 5lB& X T3 IL-10 &2 v 7 E O X FKIRELH
BlICEfE%Z ;R L7 (Figure 3-6),
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Figure 3-4. Effects of pEPYP on cell proliferation in TALL-1 cells.
Cells were cultured for 24 hours with 0.01-10 ug/mL pEPYP. Absorbance at 450 nm
was measured using a commercial kit, normalized to the control and quantified. Each data

point represents the mean + SD of three independent experiments.
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Figure 3-5. Effects of pEPYP on Interleukin (IL)-10 mRNA expression in TALL-1.

Cells were cultured for 24 h with 0.03-3 pg/mL of pEPYP. The expression level of
IL-10 transcripts was analyzed using real-time PCR, normalized to the GAPDH gene.
Each data point represents the mean + SD of three independent experiments. Different

letters (a, b, ¢ or d) above the columns indicate significant differences (p < 0.05).
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Figure 3-6. Effects of pEPYP on Interleukin (IL)-10 protein expression in TALL-1 cells.

Cells were cultured for 5 days with 0.03—3 pg/mL of pEPYP, changing the medium
every 2 days. IL-10 protein levels in TALL-1 cells were analyzed by Western blotting.
The relative protein expression levels were normalized to the GAPDH protein. Each data
point represents the mean + SD of three independent experiments. Different letters (a, b,

or ¢) above the columns indicate significant differences (p < 0.05).
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34 B

pEPYP 7% OUMS-27 fiid ¥ X UF TALL-1 Mt D ¥EIEIC 2 E % 5 2 7o WIREIC
T, BB T X0 v X7 EORBICE 2 2 &2 BET L7z, pEPYP 13#X
EHAIC X 2 8E 0 RIS MMP-13 EEAIRIMERTIC 2. T MIfZIC X 2 FL580E
VA A4V IL-10 OFEAREFERAHE T2 2 L0 RB I N, REfiies
LI T N7 RIEWED A4 F A A v IZRE M Z JE L . MMP-13 Z it < &

5, $72, RIS X 2 RIEWS A P A vORHIC X > TRIEAR Z 0,
nDoaEx5ERIT, OF 0, pEPYP X IL-10 #¥ME ¢ 52 sick-oCra
TYIABREIC B 2 RAEZNHI L. A2 MMP-13 D PEA Z IERICHIHIST 2 C
LT XY RIERI D SIGTH 2 WE %2 b JIH T 2 (EH 2 R R S e,

3.5 /hiE

pEPYP (3 MMP-13 ORI ZMHI L, IL-10 DR E{EHET 2 Z L BT B
XRR VR IELRAVTRBINT-, pEPYP #BET 2 Z L ic kb, WEDE
BER DA AT L, PIRIEES A F h 4 v oL %2 {RET 2 aREE2E 2 5
N7z, o T, pEPYP Ain a MR EH T 5 2 L ARBRINTZ, RDAT v
TELT, VUNTFETAT Y FICBT 2 YR EWET T 2R % T 7272
O, HA4BEICTHET 2,
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H 4% pEPYP Oofiin a2 wxh R — 85—

41 F&E

F2BXU3ETOMIEICL Y, pEPYP 23Pin a8 RAG I % 2 L AURE
N7z, RETIX pEPYP 2R ICE 2 2 & 25T 2 HW T, pEPYP &H
I 7~F (CIA) ETA Ty PG L, X275 X OMER D
=7 —7 v eGPk OUE., JHERANIRE 21T > 72,

42 FEEITE

RERRIRASH 7 — 2 — - v —ICHRFEL CEML 7o BB — 2 —-
v—HNThfsnzmEZERCET BA 7y P EHwEZa 77 Vv
FEBAHT 28 & 7 AT 3 2 BRI O FERNETAR BER-2 ) (2[RI Bh ) SR BRI A
T2 e 2R L, AEROFERMPER SN OKRES 1 15-1111),

42.1 Y

8 Mt SPF 'L — F D DA/SIc 7 v I+ (8 Hin, M., HAZ Xz vy -l
th, Bb) 32 Ve BEA L 72, BIMLIARIZ AR H 2 &0 T 6 HIM & L 72,

422 HWHYIEB X UKRS

9 Hfin DA/SIc 7 v b 6 PEx4 FHiTn L, EEfiklz BRBNE 42256, &
By v 7% 5 mL/kg fRE/day 3 2. 30 HRE, &R0 5 %2175 72, control
TR IR K & | BRI IC 13 pEPYP &6 ¥ v 7 v (ZANEEKRA &) 104 20,
40 mg/kg R E/day Z 15 L 72,

4.2.3  BEAIZE AR

B 14 HEICY YIREHERKR T B 2 7 —7 v (CL-22. FEM IS .
TR 3 mg/mL EEER Z BRI OAA 1T L 0.05mL 3 oF L, BIfiR % &
L7z, BHEIZAHITH T &R 25 11-14 HH & L 7=,

FEZ 2 7L OFHiliE S Icfit o cxa T Lz, X2 7 0: fER, X =
71 iR E/NBAET 1 ROREEER, 227 2 MBI 2 AL ED B0 ITKE

BT OMEMR, 227 3:1 KOMEKR, 227 4:1 ok KRICHERE L
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720
¥/, Bl 14 HHIic2EEROBE 2 B L -,
T HICHERIK T ICHRIM % 4TV, Rat anti-Type-I and Type-II Collagen IgE Assay
Kit (FIRFRR &k, ED) A, MEF I a 7 —7 v 1gG Yk E % 3l
E L7z,
BRI D 7 v b OLEAHBE AL, 10 %hr~ ) VIR (B+74
v LFDEHEE TRt KRBT 1R L CHEE L 28, HEICEo T8 7
Zav7Zay 7 BERL, ~~FFv ) v T4 YV (Hematoxylin-Eosin Stain,
HE) 4t % fii L CRFAREAR 2 R L 72, fEAIC BT 2 WS 2R E %
T, LTOHBICOWTRIEDRE Z FHMl L 72, F 72, &AL O %2 2l
U7z (IEH : 0. HREREE : 0.5, AL« 1, h&EREE 2, HHE : 3),
« SR A R
IR ERE iR L 35 %K AR & IR B O Y v K~ a7 7 —
VA D FRZAIE O 4T o BIEMMIE O RIE O R % A ISR L 72,
CKIE/ 7 4 7Y R H
KIEE 7 4 70 VEEESHTH LT 34 % 3l L 72, 7275 L. HE Jefuid
AKETIE, 747V v EREET 5 IRV,
- YRR/ R i
RAMRBAEIIC B 1 2B L RES RE RO REE) oFBEoRiatZ &b
& CRHf L 72,

- BRI S OV L o i i

JEARRERCE (IS R O e %2 &) o BRSSO B (% & i & gk ic
X 5 G~ D RER % &b TRl L 72,

- HRHEPERS SR T

MR D 5 B, BETERS ALk o B2 O RS % FF4m L 72,

4.2.4  FREHENT

H2F 2.2.6 Wt OIHICECE D ITIE & FIERICTT - 72,
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43 SEERAGE R

431 BASIR A a7k X UOREDOBIZ

VU~ FEFRKT v MIC pEPYP %5 L ZBoyin a 2R A MG 5729,
BAffiR 2 27 5 X OB EOIERICE 2 2 FHZFHIE L 72, B 5 11-14 HH
I BAET 4 D FEAM & 1T o 72, &G 14 H B IC control #EIC L~ pEPYP20 35 X UF 40
mg/kg R /day F GHFE CIXIFIER 2 7 PIEMEREZ R L 72208, BEZETIAD S
Nz - 7= (Figure 4-1), 7z, £ 14 HHOKBICE T 2 FER o 7 F4fHE
VR AT 2R LfARICE T 2 REDER%E Figure 4-2 IR, 20 8LV
40 mg/kg (AEE/day ¢ 5-8F T3 control FfF X U 10 mg/kg fAH /day % 58 & L~
Feird X MRS D 7 GRS RS L7z,

432 filBa o —7r v I1gG hikE

VU ~FiFERT7 v MIC pEPYP %85 L 725, BIEI R FAER TGN 3~ 2 Ty
27— v 1gG YUARBICH T 2 2 MET L 72, B TIRFICERIMZ 170, T
REZME L7z, = DFEE. control BEICTH~, pEPYP 20 F X OF 40 mg/kg (R
[day BEEFECIIPI NI M2 7 —7 v 1gG PR EMEMEZ R L7228, AEEIIED
SNnd -7z (Figure 4-3),

433 JRBEHARE AR

LHFHED 7 v P OFEAWERE A RIL . (FR S W72 WBEHAIERICE T 5
JRELE IR % 1T\ RIEDORRE 2 MGE L 72, $RILL 72 RARF O HE AR o
JRE LR O FER % Figure 4-4 108, BT R ORE 2 BUEL L = #iR %
Figure 4-5 IC7R 37, control FEIC 351 2 4 DREFE 1358 2> o 72 23, pEPYP % %5 L
2T NORHC BT H KRB OREENKE 2207, Z D720, FllLT — £
ICBWTHERZEFRONT . control L DAL REREZHHLE 5 2 & ITHk
oz,
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4.0

35 —@—control
—i—10 mg/kg B.W./day
3.0
4 —A—20 mg/kg B.W./day
3
N 25
2 —¥—40 mg/kg B.W./day
'z
£ 20
—
©
IS
L 15
£
)
1.0
0.5
0 !
Pre 11 12 13 14

Day

Figure 4-1. Effects of pEPYP on CIA model rats (n=6).
The horizontal axis indicates day after induction of inflammation, and the vertical axis

indicates clinical arthritis scores.
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Control score 3.5

10 mg/kg B.W./day score 3.0

20 mg/kg B.W./day score 2.0

40 mg/kg B.W./day score 2.0

Figure 4-2. Effects of pEPYP on CIA model rats (n=6).
Representative clinical arthritis features on the hind paws of rats on day 14 after

induction of inflammation.
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Figure 4-3. Anti-collagen II antibody levels in serum on CIA model rats (n=6) on day 14

after induction of inflammation.
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Control

pEPYP 40 mg/kg B.W./day

Figure 4-4. Histopathology of tarsal joints on day 14.
* : Inflammatory cell infiltration site
¢ : Edemal/fibrin-like substance deposition
¢ : Synovial/periosteal proliferation
: Articular cartilage/bone destruction

* : fibrous connective tissue proliferation
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O Control

BpEPYP 10 mg/kg B.W./day
EpEPYP 20 mg/kg B.W./day
B pEPYP 40 mg/kg B.W./day

++
v++++++++++++
etttk et SR
e e P o e
o

R
P EET T,

T
s ]
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3.0

<
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15
1.0
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Fibrous connective
tissue proliferation

Avrticular

cartilage/bone

Synovial/periosteal

Edema/fibrin-like
substance deposition

Inflammatory cell

proliferation

infiltration site

destruction

examination.
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The extent in each lesion was quantified. Normal: 0, very mild: 0.5, mild: 1,

Figure 4-5. Scoring of each lesion on histopathologica

moderate: 2, severe: 3.



4.4 HE%

pEPYP % CIA €7V 7 v MCROKEG LR, AEER Gl o72d DD,
pEPYP % 5413 control #f & Lb~, {FER 2 7 2MEfEICHT 2 b7z, MMP-13
PEAIIHIAIZ CIAE TV 7 v MICROKE LR, R 2 7 2MEfE I 2
bz Z B WHEIN T3 40, 5 3 EICT pEPYP (Z#EHML 2 & D MMP-
13 FEAZIH T 250 %2R L7z, 2% b, pEPYP 512 X - T MMP-13 D
ARIFIE A, CIAET VT v b OFER 27 ZREICH 2 b 7z AlRetE D &
5, ¥72. CIA®T V7 v PiBWT, FHEX a7 0BT SEWES A4 +Ah A4
VORBIEMEMBEMELAS 2 L BREINTHE Y, LI, TvATFV
3-0-B-D-7 B v 7 J ¥ FIidMEiE o IL-10 EAEEME ¥, CIAET L~y
A DIFNEZNH L 72 99, 5 3 FIC T, pEPYP ik THifEIC BT % IL-10 DEA %
RET 2R RB I N LD, pEPYP D% 512 X o T, IL-10 FEA M
HEINZZEITED, CIAET AT Y FOIFEA I 7 HME T L2 AlfetED &
%,

pEPYP % CIA €7 V7 v MICREIOERG L MR, AEEERr272b DD,
pEPYP 20 mg/kg B.W./day ¢ 5-# 13 control #f & Lb, Fill 2 7 — 7 v HLiR MK
fEIcilzZ 5Nz, BB v~F i F 250 Ma 7 —7 v ik B c
Ko TN 2208, BRELREREGR IO a7 -7 vHikz o b op
FRIEICEERESG 32 2 e BWHEINTVE P, 4 v F ¥ 3-hlgid 1IL-10 %
W& L, BRI o CD80/CD86 FH WA S ¢ 5 2 Lic k- T, ik
JEB L OCEBMEZRT Y, 51T, RABHEIET N X+ 7' | I CD80/CD86
FHRA I X o T, IMiEF D 1gG PRzl 425 ¥, fiE> T, pEPYP 3 T
M BT 2 IL-10 DFEEZREL -2 Lic X » T, JUREERHMRICE T 3
CD80/ CD86 DFEHADWA L. MUFH D 1gG PUiREE DMK T L 72 aRETEDE 2
b7z,

JRERAERR T Tl pEPYP 40 mg/kg B.W./day %57 (% control #f & [b=, H
BEEX R D 00 RIEMEMALREERT 230 7 RS b iz, RAEEMILR
& 13X MMP IC X o TliE 2 e & 7z RIEEMAL Y, MEHN 7 &5 HIRERIC
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12> > CEPINICHES 2 2 & TH 5 40, i L 7= KIEHEMAE 2 & 13 AEM
AP VPREACB X0, FEIEETZ D, YeFrTAT IV VEE
ELR X MMP-13mRNA OFBAZ X7 v L ¥ oL — b+ L, BREERBEHES v b
DIFHES L OREMIEORE A BERICERT 2 2 el stz ¥, oF
. pEPYP i MMP-13 FEEIGIERIC X v | SAEMEMIIE R M B X V7 E % 1)
fL7zeEZONT,

4.5 /&

CIA €77 v MIC pEPYP Gk Z il &5 L, ¥iv a =R oM
#iTo72. 2 DFEHR, HEZEIIAR VD DD, control BEE . U v ~=F DY
FERCTH BFEA 2T B XYL 2 7 —7 v 1gG AR MEMEICHI 2 51
Too Eloy BRVPMROBRE 2K L, RIETEMINTGIRIE 2 08 3 2 ATREME 235
Z bz, o> T, pEPYP 2T 3 Z Lic Xk o T aEDFFf. WEICKHHE
FORNTHREMEARIB I N7z, T HIRD AT v 7L LT, BEENIENKD &
5t MCpEPYP G RMEZENI &, PloawRReMmET L 72720, H5E
THET %,
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HSE pEPYP ofim a2 — v F “HERAR -

51 #3

pEPYP |3 MMP-13 O FIHoMHIEH & X W IL-10 FEAEGEERHZ BT 5 2 &
FHIREEBRCHL I Lz, 51T, CIAET A7 v FikBRTI pEPYP % 5-1C
L0V v ~F OYIEIRTH 3 S L O =2 7 — 7 ViR E oK, £
REVEARAE 1238 % P 3 2 ATREE S R & 7z,

ZZCRIC, pEPYP BEHUC X 2 naxic$ 2 EH%MIFL 72, naED
JR RN TEPEBIAE. BT Y v~ 1 X 2 BAEnGEE 7 LEE) o R DRE & |
IS IC X 2 EBBEEER T I KB & v 5 30, TR EE 13 H A RERRZ T4 R
HiJiE £ BE BE R X (Japanese Knee Osteoarthritis Measure, JKOM) 4952 H A%
AR 28T Mok B i FE v e A ) L #E (Japanese Orthopaedic
Association, JOA) VT X > C2Mrd b, Al Tld, JKOM B X U JOA % b
LT, JRBEENICIR A @D D 5 2SBS0 o B RIRICHERE L TE o 7,
7272 BB DO D EET 7 o & GUBRE L EATIC I & 7R E 2R L L7z,
ZVv X LMMEEER T 7 v AN TR R GRS L 7z, £ 7=, pEPYP
B OREMHE & Hbe TRE L 2B Z R,

52 BRIk

52.1 #ERE

(1) EfjHliE

ol 40 A b 69 B AT (FIEEUSR:) of@s BLcc, FRBIATNICHE A& 2 EH
BD DERSIMERRDSN L Lz, T=F A — & —% v 72 RBA T ] Bhigif
B O AENE ZFEE L7z, Lo LIHEIRFRL 29, JKOM 2MKfiE (AT 45
HREAUF) . 220 JOA A3 (70 LA L, HL 100 RZBR<) OoFEZHERE L L
THLA AT,

(2) BRobkiE

ABRSINC H 7= O RO 2 BRIVEREL L 72,
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OBERBEL O EE LR H 2 E., QT va—VvE ITEMRFEOE. @
WE RO FAM & MEAT L 7238 . ORBIMIR c@bt, Rz LEL 2%, OFE
B TORE (vy ¥ — Y LEXUAE) Z#@E 2 BEBUNICZITTEY, &
Bk T £ CRI 2 TEND 5E. OMBIER I L <M BRIMVHA LB R
—X—, TV, BAAFETEENICHERL w3 H, OREERDO DI
YR, B2 WIZESAL BEFLFEHL V25, O - IHE - Hes
% - JEERER - PPURER R - B - WIRERR - RS - WRR - MUIBGR DB IEREE S B
WIIEELZE T 28, OFNEIRS L OCREOBEMD H 2%, ORAERIHM 14
WHEEAKRE LD 2 REMNENH 28 (HIMNRITD &), OIIRY £ 72 134T
RLCW 2RO H 2%, B L OEATOH ., QRIZEIEHT 1~ A LN f
DRSS L T 72 £ 72 3 BE O BRERER IS L <vw 2%, OR
BREAT RN & 72 (358 HE Al 0 I <, SREBRFEHEIC X 0 fFFE RE ~ D fa
AT, 20T —22MF oA CATRENER B 2 Lk SN H

(3) AL E

RO FEIC b RRERmETEE, EGIREE. FEHAE - AEE
FORBMAR S L ORHBOEmOBETICoWT, it (B BEZES
(B EERE AL TLIRE & O Wl BREEZRES) 1LY 2018 4F 10
H 17 Hic&gEIh, AR Iz,

MBI~V v EFES, ARRRE T 2 EZRIEICET 2 MBEH CGH
BHEE. BAEIT A SR, 2014 12 H22 H) cBIL TEiE 7z, WBRER
GERl (EFEE AL FLIRE & O 20kt fR5sF) TN RE DFEEICH 7z o
T, NEREOB M S X OB FE M HH 0 RIULHE RIVEREICE O 2| 0
TN RF OREFCRAE, Fhp, M. FIEESGEES) . BRI TER & O KTFE
R, thoRBOFEMELER L., BICSIE KD 5 2 L DBEHRICOWCHEE
ICHRET L 72,

% 7z, ABRBHAAHTIC UMIN E8% (ID : UMIN000035610) % 1T - 72,

(4) FEORS

A B R EE X kB B ic 3 2 (R 2 ) — = v ZIREHD)
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i, PBRSEE R DR EE R B A THRAR I NAHINGE - FEE 5
FHICFEL - Eotaadifzire, BB~oZhicowcHHERIC X 5 [F
B xR TR,

(5) wE DEIN

WeBRE (LB ICTERERAR L A WEIMHHYS I X o T SLEERICE O S MIES
ICHER B MR L 7 7 e RBMEIC T bz,

522 #BA

KRBT E 7 F v BLUOE =2 I AN EERYEED I A X 15, &
R 194mm D= FHh 7w 2lBEi e Lz, pEPYP & (BE&M) X1 H
BIE 3K H72 VI pEPYP 15mg ZlLG L7z, 7' 7 & FEMIL pEPYP DfUD
DICTFA MY VEREGLEZRBRON—F ATV EH W, kB, M
CE WD OHEFRESE 7T e R EMEHITE v & 2R LRI
726

523 HERTYA v

RFEERIE T v X LA EHEWR 77 & R WA TR Fi R T 5 L 7=,

RERIARI R I3 H, B0 U o n-RHOBEURI. AEFRR, REL -8
AICITEELA AR Z BB HEEICER T 2 X o Icfam Lz, £/, BBRLL
AfORF. BN, EH) 4k EOAREEEZRERRVZZ 2w X SR L 7,

ABR A OEIUAM I 128/ e L, FIoffoohiadz 1 H 1R 3K,
Y REI0DUNICa Yy 71 ROKE 23Rz 5L LD ICBIT % X 5 R
L7,

FIEDMIFHAR T ¥V a— VB L URENEZ T X THRT LEEED S b, B
T ORIEICEL Y T B BERE 2 GO RE 2 o BRI L 7. OB 1R
HURA380% % IMalo 72, O AN, BRIVEHEICZ S T 2 HEBFRAEL
H. Ot h, AEREFICRE BB r b oz bl s hi-E, @Z0
fli. BRAAFT 2 e EL L EZONIHAL R HHAL D o 72 #

524 FHiIEHHE

LIToIEH Ic 2w, ABEmBEGET (0 ) & X ;HEIUE 6. 12 sHH i
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A % 1T o 726

52.4.1 JKOM (VAS &)

HABENEI S B L OCHAERSRY) N ) F— g VEARIER LD D

IR EAEE R PRI EE & LT S hTw 3, [T oA DR
FE] 13100 mm 27 — A D VAS AV LN TW» 3, BEEMO LIS a7
LI Al 2N ECICRBL 2R L WA ERE L. ZHICxHZ A
N3 CHEDEBNEZROMADRELRT OO TH Y| i bxME
TOHEER mm B CHE L 72, FExa7<H2 [ FEofEs - 2biX Y
Q). 1 BHHEAEEORE (101f)]. [TV SEADEHZRE S [V
FEREEICDWT 2 )] 1 AEF 25 o EM2» 5% 0 . B E 2 FBI K ERIC
L. e B OFEIRIC 1F 0 s, i d BEOBEIRKIC 13 4 51, 0 EIREL
ICIHEROEIEE G L CENZNLL, 2, 3RDRAITh2 527, 250, &
FFRAI 70205 100 HCRI N, RaTameiE, BEH oA ZDIEY
23R AEFEDOHE (QOL)ME W L HIWT L 7z, 7Zads, &I 46 LA L ST
W3, VAS B X UG R a7 iz, B 18 DGR AaT2EARa T, B
1925 D& A7 % QOL 227 & LCHHfi L 7=,
bio BRFICHEIT S 6 BHHE 12 HHICH T 22 (LEE, BEGET (0 #) o

2 DHH L7223 TIC X o TRl L 72, JEEF 88 250K 21 4F 3 HICRAT
L7z DEBEEOBEER E~= =27 (@GEThHR) | icsw T, EHigopgrn -

BT 2 7177 LoBROHEICIT IKOM Z v, 7177 LFi%T A3
TH1EU R L 2 TRE L RAT %, BER 2l 2
L L7250, REgEHCH O E | VAS 25T JKOM FHBHET b KRR £ TO R
a7 2{LE 2 FHEEE & L7,

5242 JOA

HARIHEL A2 0 R R B GE I E L JOA) L LCTHRELAZD DT
b5, FRCEMRBEEERE IC BT 8RRl & L ARSI T E 7,
JKOM 348k 0 LB A3 ©H 3 ik L. JOA 13 EBRE(EEERT DR Ic
LoTiHlicns doT, Fxa7<chs [1 KR - H1THESH (0~30
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sO 0 T &S - BEERSIREES) (0~25 20 . T Jmdh M B s X OETE -
fii (0~35 50 ). [TV R (0~10 %)) DHHE»OK 2, &Ft2=27 (0~100
5D DMEWTR, RBIETHEEE DM L I X A, R IF 70 SR L 2 B, Al
AITICMA, HIVOE LA 2 7 Z§Hl L 72,

52.43 ROM

ROM (range of motion) I =F X —%—%H\, KEfHiOEiIAE s L O
A A WE S 25Tk TH 5, BBEICEE R R 59, EHIIC
BT 3 C LA TE BHP (AE) o ki R, FHllIE S BEAARTIT o 72,
TR 75 B ) 0 vl s 2R 0 e il < 0-130 £, IR IX 0 ETH 2,

5244 SIKEE CRP

M D RIEMWRDTH Y, FNTH S 2 DRIESLE T3 HAIC LR T
%, @HE DOIflH CRP (C-reactive protein) A Tld 0.3 mg/dL % PR & L TR
INBH, EKE CRPMETIIEFETH 5 0.01-1.0 mg/dL DHiPH % HIE T 5
ZENTE, BHARRED FENICHET 22 L3 TE 2,

XS CRP %R < SEFli CRIANART ORI T, FHlioE T D% R L
L7z,

525 waEEHEEE

B R O WA & PR OFFIREZITIE T 2 20, KbifE oo
BRic Mg, PRIEE. B EBEZ R L 72,

M cid A MBS, ARIMBkE. Hb. Ht. MCV. MCH. MCHC,. [/
. HbAle, ¥EH. 747 I v, A/GLt., AST. ALT. LDH, ALP. yGTP,
e ey, 7LT7F=v, JREEFR. KRR, CPK, I L AT H =)L,
HDL-Z L X7 w—), LDL-2 L X7 1 — b, HfER. U VIEE. Na, K.
Cl. Fe. ZEZMEIFINEZHIE L 72, RREICEWCIIEN. . vrv) /=7
VB (IR b ENE) LEE, pH (BT ER) 2MIE L 2, HiFRE
FHRE (ANKOR), RE, BMI. IHEAITE., SRRIAIE. R0 HIE
L7z
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52,6 FZERT Y2 —LBIXUORENR

FEAR T ¥ 2 — L% Table 5-1 IR T,

REIC X 228 B X UOBERR 7 ) —= v 7F, SBELEIEIHGE (0
), ER A S REL 6, R RIBEE THE (12:8) o&Eh4 BfTo72, 7
B KBERARE D R - R F O MAIC XV FTEDOMRE HIC/T A R
A ABRETEMOHIW I X Y FTE oA H A 5 Fiftk 3 HiE o fibd ot H %
B 72, MAEHPEN GG IIMRERH £ g 2 BN 7,

5.2.7 FRatfEsT

7 — Z L FEEHEFHERAE TR Lz, BRIICOWTiE y ZFEBREZ (T
7zo BIRAEfES & O VAS, JKOM &Et A 27, JKOM TR 2 T7ic s 521k
BT 2T i3 Shapiro-Wilk test 1€ X o TIEMME MG L 72, IEMOA TldZaw
LIIEARVDDICOVTIE FREICK Y ESBMEEBET L 2o S0tk
TEXNT2H DITDW T, Student's t-test Z ] L CHEMILLIKZ 1T 572, — /7. 1IE
oA CTlrd o 72D DITD T i Mann-Whitney U Test % i L CEER LK %
fTo72, b, MEDEREAMEIZ 5% E L, REEOHTEIRITDRD -7,

53 BURHE R

53.1 fEMTA SR

WPeERE T 5= & Table 5-2 1T T,

WERE & LT 144, K28 4. AR 42 A EEIRL 72,

BINVERRNT N RFBNL BRI EAE ISl U 72 4 B 2R/ 38 & & L7z, BRSE
BRER I KRG SR E BT ic X 2 [FEmEl (1 4). Er 2 8mAIRE 2 4).
AIEEHEOLE (14) TH2, oft, MARREEGICXY 12D KSR
Al e 7oz 1 BICOVTIEBRA LRV DD, NMARIBLPL6HEHD T —2 DA
TR L LTz,

AT SIEGIEI BT 2 Bl & L2FERE (148) 2B 4148 L
770
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Table 5-1. Research schedule.

Imple mentation period

Week-3—-2

Week 0

Week 6

Week 12

Consent acquisition

Concomitant drug restriction

Ingestion start

Subject Background Surwey

Consultation, Vital measurement

Blood test, Urine test

Special test (high-sensitivity CRP)

JKOM, JOA, ROM

Adwerse event investigation

Subject diary entry
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Table 5-2. Subject Background.

pPEPYP Placebo
(n=19) (n=19) P
Gender Male/Female 8/11 5/14 0.31
Age 52.8+6.6 51.8+5.7 0.64
Body weight [kg] 68.0 + 14.2 64.0 +10.5 0.33
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532 BEhE R
Table 5-3 ICHWPERENTN RE DFHli R 2 7 2R L 72,
FEMT T SRE 1L 0, 6:EICEH T pEPYP#E 19 4. 77 & AREE19 4, 12381
BWTpEPYPHE 18 4. 77 K194 & L7z,
53.2.1 JKOM(VAS &)
VAS BX UW&EF R a7, Tzxa7icknwT, FEANZIZZED bhid
> 7,
RO A2 a7 Z{LBICEHE T, pEPYP BHIZ 7 7 v R & L THE ICKHE
L7 (1238 p=0.048),
5322 JOA
BEFRA AT THERRHRZE IR b s d o 7z,
I JRh AR s X ORE - SERER 2 7Ics W, 7 J 2 KEET pEPYP #F
LIERCTHEREICEMEERLZ (63 p=0.005. 1258 : p=0.040),
5323 ROM
JEMEIC BT, 77 R pEPYP BEL LN THEICEEZ R L7 (6
1 p=0.045), EREICE T, FEAHMEIRD bk o7,
5324 =L CRP
AREAHEEIRD bNARD 572,
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Table 5-3. Evaluation score of efficacy analysis subjects.

Test result

Changes in test values at each time
point from pre-ingestion values

pEPYP group  Placebo group

pEPYP group  Placebo group

0-6w : n=19 n=19 p 0-6w : n=19 n=19 p
6-12w : n=18 6-12w : n=18
ow 448 £155 455 +15.6 0.83 -
VAS(mm) . 6w 248 +16.8 18.3+10.0 0.29 -20.1+£17.9 -28.6 +15.7 0.18
I Degree of knee pain
12w 129+8.7 155+10.9 0.47 -30.8£19.1 -30.0 £19.2 0.90
ow 27.4+122 245+10.0 0.43 -
JKOM(II - V) Total score (points) 6w 18.5+13.3 17.7+8.6 0.92 -9.0+£9.1 -7.1+53 0.46
12w 143 +12.9 148 +9.1 0.28 -13.2+10.0 9.7+7.2 0.22
. . ow 8.6+4.2 73+26 0.58 -
JKOM Lower score (points) Total pain
score 6w 6.0+4.6 54+28 0.67 -2.7+3.7 -19+1.8 0.38
11 Question 1-8 Knee pain/stiffness
12w 41+4.1 4.7+3.0 0.28 -4.6+34 -26+23 0.048
JKOM lower score (points) Total QOL ow 18.8+8.3 17.2+78 0.51 _
score
111 Question 9-18 Conditions of daily life 6w 12.5+8.9 12.3+6.0 0.64 -6.3+55 -5.0+45 0.43
IV Questions 19-23 Daily activities, etc.
V' Question 24,25 Health status 12w 10.2+9.1 10.2+6.4 0.68 8.7+6.9 71457 0.44
ow 84.2+6.9 86.3+8.1 0.31
JOA total score (points) 6w 85.5+6.4 88.9+59 0.068
12w 88.9+7.2 90.5+6.9 0.34
ow 26.3+28 27925 0.086
JOA subordinate score (points)
I Pain/Walkability 6w 26.8£3.0 279+25 0.28
12w 275+3.1 284+24 0.37
ow 176 45 17445 0.77
JOA subordinate score (points)
I Pain/Ability to climb stairs bw 18.4£3.7 17642 0-57
12w 19.7+27 18.4+3.8 0.33
. . ow 30.3+3.5 316+29 0.22
JOA subordinate score (points)
111 Flexion angle and ankylosis/severe 6w 30.3+35 334+24 0.005
contracture
12w 31.7+34 33.7+28 0.040
ow 10.0+0.0 10.0+0.0 1.0
JOA supordlnate score (points) 6w 10.0 0.0 10.040.0 1.0
1V Swelling
12w 10.0 £0.0 10.0+0.0 1.0
ow 1276 +£7.7 130.0£9.6 0.16
ROM : bending degree (degree) 6w 132.6 £8.9 137675 0.045
12w 135.0+9.1 137.1+£75 0.49
ow -53+6.6 -29+4.2 0.23
ROM : extensibility (degrees) 6w -26+39 -2.1+3.0 0.75
12w -1.4+£29 -0.8+19 0.58
ow 02+04 0.1+0.1 0.22
High-sensitivity CRP (mg/dL) 6w 0.1+0.2 0.1+0.3 0.77
12w 0.1+£0.1 0.1+0.1 0.19
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5.3.3  BRhEEIET

JKOM ; JiA A a 7 Z t&IcEB T, pEPYP#EIZ 7 7 v R L LR THEIC
KiEZR L7, 22T, BB RBIGIHRETORA « 251X Y £ QOL KILD
EVIT X 2 REAETIREE~ DB DB W R RET T 5 7201, 08K D JKOM A&l
2 a7 OFHE 26 s & D LT 2 BT/, ERIENT & FEE L 72,

L& il A ]

JKOM &t R 2 7 26 rikim O LM O ET I RE 1L pEPYP B 104, 77 &K
FE10H & Lz, JKOM GaFR 27 26 fibl EOEM O R E 13 pEPYP £ 8
Y. TR EEOK L Lz, 7o, Figure 5-1. 2. 3 13 95 %5 % N—T
ALTHEY, HAYEEEZHEMIORT L CEHOMBOEBCERGT S C
ETE D, MORTTZFHHT 5, O JKOM AitR a7 26 sk O EM T
R A 0355200 o 72 (X BB, 26 DL EOERIZ IR A 2358 20> o 7235

(BHTE) L7z, @ MEDODTA v XY DIEICAA—200T 2R, %
SHEBH L RN T, B N—DER LS VBE VR, pEPYP DR E D
I EeERLTWS,

Figure 5-1 IZ JKOM &5l 2 2 7 0ZHLEIC BT 5 95 %5 XHE 2R3,
JKOM a2 a7 26 skl O MO AEFH A 27 0Z L& ICH T, pEPYP #f
377 R R CTHBICKEZ R L 72,

Figure 5-2 IC JKOM i A A a2 T AL BICE T % 95 %EH X %~ T, JKOM
HRFRA a7 26 HARMOEROFEA A 2 TA{LEICE T, pEPYPHEIZ 7 T ¢
AL AR THBICKEZ R L 72,

Figure 5-3 1€ JKOM QOL 2 2 7 AL B I % 95 %EHEX M %2/~ 3, JKOM
AitA a7 26 AR OER D QOL 2 a 7A{LEICEHE T, pEPYP#IX 7 7+
R L AR THBEICKMEZ R L 72,
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Decrease <« @® > Increase

(Improvement) (Worse)

<26 points
pEPYP o [I—|
placebo p=0.030 A
>26 points
pEPYP i I
placebo I |

-25 -20 -15 -10 -5 0

Figure 5-1. 95% confidence interval of JKOM total score change in stratified analysis

(12 w).
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Decrease < ® — Increase
(Improvement) (Worse)

<26 points

pEPYP p=0.044 [
placebo

>26 points
pEPYP ' '
placebo P

-10 -5 0

Figure 5-2. 95% confidence interval of JKOM pain score change in stratified analysis

(12 w).
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Decrease <« @ Increase
(Improvement) (Worse)
<26 points
pEPYP _ | '
=0.024
placebo P |: -
>26 points
pEPYP | !
placebo | |

-15 -10 -5 0

Figure 5-3. 95% confidence interval of JKOM QOL score change in stratified analysis
(12 w).
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53.4 LAVt FH

WFFE R R o B RS OFF 2 R EATRIC X o CHIR I Nz AERRIT
pEPYPH#E (204) 144 Tl6fh, 77 2FREE Q1 4) 44T -7
(FAEFE I ZNEN20%B LT 19%), ab. AFFRLITHFHARE, &2
PERERE. SR, 2. B, BERAR L Tholz, WINOFEHFERERD —
WEDOBIETH v, HWEAMN L 32 TR TH 2 LB ETERIC X > TH
EE NIz, 7z, MEHE. KREx L NI HEREICE W R EMEE &
2 ZACIIFRD L Tn b o 7z,

54 FHE

JERBAE I A 03K D B 2 40 J% 2> 5 69 W DfE 7 B2 ic, pEPYP B %
12 JEREHEI & 2 72D VAS % & JKOM & X ' JOA, ROM, & CRP
X BT DOWT, 7 7R % control & L CHEBIRET L7z, % DFER,
JKOM OJFH + THIEV BT 5 R a 7t T, pEPYPHEIZ 7' 7 v REf & b
RCHERICHE L7z, & S IJERIENT TEAREBRDOWERE O CTlfiA4 - 2 DI
D ORLE DI CIREREE 1IC 35\ C, pEPYP BEIZ 77 2 AHE L LT JKOM O &
PR TBINEA - ZDIEV RaT, QOL AaTAFREICKEL /-,

JKOM I HEIEE IO U CHREICEMEEZ R T 2 &5 6. AT RE SiE S E L
% S 2 BRRIICH 7 R & 72 2 AlREME SR S T v % 92, fiE- T,
pEPYP 13 2T BEE I BE L Cie 2 2 JRBARTi offg & - T hIEh 2R ¥ 5
MREET 2 AREESN TR I N, FRICEFEAOTTHIA - TbIFY 2K
B30 SREEAHBEE AN LT, XOEWIIRAIMEONE 2 LRI h
770

WRBAETICBAS 2 b 7 7 NMIRIED G 2R L ho T3 ¥, 72, b F OFN
TIFICHDOARE DREBITDONTE Y T v A7 IR IC 17 S 2 08
FeET 5 W, D E o H T CREIETI A RIERRE L 72 o TRIEWED A F H A4
Y% SERI NG EIC, EDRFERO LK BAICR S, 53 H TN
7238 Y . pEPYP MHAEEERIC B\ C. WA BIIGIER S X OHREFH 26
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THZENTREEINT, T/FEA4ETHERZEY, CIAET AT v PitBWnT
pEPYP #5132 ) v ~ F OPIHASEIR T & 2 770 & I 3 2 WIREME AR & iz,
o T, o DHRELAGER T OMRBIFTIC B 1T 2 A - T H I Y BER O /FEH
Wro1obhoTnd EEZ LN,

s s 2hIEY DJERYE L 7 n 2 &5 v v E2 (Prostaglandin E2,
PGE2) 7x & OAEIEWYE CH 5, PGE2 I TD XS Ic L TAEREI NS,
BRA B MiiE X 0 it S 2 SIEEY A b A4 Vi~ o m Ty — VR HIIT
L. w7u7y—=YhRyrratFxysF—+x2 (Cyclooxygenase, COX2) % X
H3 2, RNOT 7% F Vgl COX2 I X > THfEX L, PGE2 2 E
5, 2% 0., COX2 DM B LU IHI NG 2 Lic X o ThHA « ThIE
D AEEIRE B 550, PIRIEWES A P HA VTHBIL-101d~2 77—V D
TG 2 L < cOX2 o4 X OB ZIIEIS 2 57, fE-> T, 3 ETik
7@ Y. pEPYP (X IL-10 DEAZRET 2 2L Tw v 77— D COX2 4E
kB X O 2 L. PGE2 OFBIN A L7 L AR OR A - 21X
D DBRICHS L7z EZ bz,

—F. JOAJEMAE A aTIcE T, 77 v REL pEPYP FEICLLRTHE
ICEfEZR L7 (6. 12HHB X OENENTICE T 2 6 HH), JOA JiillifAE =
AT EEBLOHCD Lo B2 AR L L ROl AE I E Az E
WRETH 2, R CIEEBIIEIETH 2 JKOM 12 X 25Hili & . HBITE
ECH 2 JOA IT X 2 5HlICEAMED b 5 72, JOA 22 7 IZERIZHZ 2T
a3 % b o Tl X 1L 2 o EBUIHERR I LB 2 LA b BERIA SR fTT
52 LI X B IEMEEORESZE T O N T3 ™, 72, JOA 227 13BEHE
CHRBAFT R B I E A R E W 72 RE T, QOL B X BN Hh & MRl % Kbk L €
WL T D ICIIAFHEIEE ICH 0 M T O N BB O R Y S REE S LT
BVEAREREI N TWwE S, Doz s, ABIcE L THAKOER
D E L CRHELEZEEZ LN,

¥ 7-. ROM JERIAEZICE W T T 7 v REEIT pEPYP BEIC LR CHEICEEZ
~L7e (6H), T=F A =2 —% TR 2 BIZRIERAENRKE N &
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o, T—ZORICIITESLETH S 2 L —RIICHIO N TWw 2, il
X, T=ARX—2—0FHlfEZ Y v Y FEORFICEE T 2 HMTME & 3 BB,
BEENDH DL CHWCEZ 2R/NAEIFZI10ETH S L REINTH B Y,
ROM JE L Ic BT, #EHENRAREEPZD b7z b 0D, HERREME
HU#% D ROM OZLE L 10 KRG & o722 &b, T=A4 XA — 2 —DHIE
MAEHPANTH 2 EE X LN,
pHWPéﬁmﬁécami@%%ﬁ®ﬁé-cbﬁ@%%ﬁ?éﬁ%%?
DNWTCELT L, 7T IXTFNTHLEBI7 I vETy MCEAOKS L
R MAICBIT L. MICEREL 222 AEINT VB O, ffoT, T+
~_7'F FTH D pEPYP BFEAEN I - GHICBWTH, MHIT A, BE
Mk Gl ICBEST 2 vReErH 5, 2 0. 52 Bk L UH 3 BT
R o, BOBEL 72 pEPYP 28 AIC A Y . 8REHIEIC 51 5 MMP-13 D ¥
BREdl 32 en3E2O6N5, FREkIC, FOEBIL 7 pEPYP (ZiHic
T 2 THIRGIC/ER L, IL-10 oRBEERET 2 2 e 83 F 26N 5,

5.5 /hiE

FARBEETIC i A L ERE D B 5 40 %2> & 69 TR DIEH B 2 NR L L7z lIFR
L7 7 & AR HEBGATHHEEGABR O # . pEPYP &F R MIEHUC X
D, BEEI DR A « ThITY FERE L IMEIRBEI N, 72, FEBEHiO
i - ThIEY BEEOWERE ICBWTIREA - 2hITY OEIRICHIZ. QOL
DYGENRPRB I N, k. KBS T Tl pEPYP A 8oL et
WCRIEIX 7202 72,

LI ED#ERD 5, pEPYP ZfBET 2 2 Lic X b, HEEFZICE T 3 RBEH 0
AL DX DREETFIH 5\ ITWES MBI RE S NI,
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% 6% FBE IC& T h 2 IKIEPELRER 7> pEP Dl X O FE

6.1 #ES

MiEPREE (Uric Acid, UA) &R O BERHYIRFUE X 6.8 mg/dL T&H 2 Y, Il
i UA 2% 7.0 mg/dL Z i 2 723556, RRBRIIE L 2T s 9, UAI1Z7)
YIERDORBMEYTH 5, ACHNEICIIEL LD T ) vEREENTED,
MERENCIBEY 2 & ERBRIME % 51 & 2 2 S rlRetEn ® 2 9, EIRBRIMIE 25 AL
L. AEtEo UA kb U< RERRS&) . BEETICIE LTl Wig
ZEHERITOMFATH B M,

E PR ERINE O JR K 1Z UA EEE o, VA BRI, X 02 o0fAad
HEDIODRATITHMTE 2 O, PRtTND UA DI B, 70 %I E 2
b, Y D30%IBE» bR END ©, B0 EEAIRE L 7 v AKX
— |% urate transporter (URAT) 1. B DO FTHE R RE N 7 v A K — % —i3 ATP
binding cassette subfamily G member 2 (ABCG2, BCRP)TH % ¢V, 7x¥. ABCG2
BT DRI T 5, JREIRIEE T TH 5 Smilax glabra Roxb. # UA &
JED 7 v Micixk5 5 & ABCG2 DFEHAHIM L, UA Ot et x5 2
EAWEINTNDE W),

FBE-P % FBE % XAD BflgIc & &, 1 %/KEE(LF P Y v L CiEH T €72
. BEAM L <H 505, FBE-P % ERBIMEET V7 v bicik5 92 L
UA ORI AEHE X 4, 3E UA EAMET L7220, £7. IiE UA fiE 6.0-7.9
mg/dL Ot FIC 1 H2g D FBE-P Z & TR 2 BHL X 72 #5812 B %I
Bt oo s UA fEIX 0.21 £0.56 mg/dL X ' L, 0.02+0.54 mg/dL ¥§/nL 7= 7 2
v AREELIRL ¢, BEABDEZRLAZ?, £ T, FBEP L& TN D UAHE
MRy DBR 2T, FET 52 L L LT,

b b B RAAE (Caco-2 MiAE) 1XI5E 1T 5 ABCG2 DERREZIF9E 5
5 7= LK HERHE T3 9, KETIE Caco-2 Ml 1) 5 ABCG2 iBIn T
BLUXR v BRI % FBE-P Ki#E /7 5 X MLEW o % 5Fiffi L
726

59



6.2 EEjE

6.2.1 #k

52 5 2.2.1 MRHCAR L 72773k & [RIERIC FBE-P20, 40, 60 ZF3LL 7z,

GenScript Corp (CALEA M EZMKIAL ., T FFTHreu s Lz I 7o
Y v (pEP) DALEEKMER7, k. —MRMEEAN BARGST2 Y & —
IZC NMR 1T & B HEEEHIE 21T o 72 #iS. pEP #iEEIX 99.2 % TH 5 T & 23|
L7z,

10 L ® FBE % Amberlite FPX66TM 71 7 LICT 7' 7 4 L7214, WEYE %
1% (wiv) KEB{LF + U v L CEH & 27220, E S % Amberlite IRC76 TM
KFRIA 7 02T 774 L, w2 % FBE-P & L7229, FBE-P ZHZELF 7 A
FoA4Y—TizgL <, BrR{ILL 7= (FBE-P 1K),

6.2.2 HPLC IC X % 47HY

1 g @ FBE-P60 % 5 mL D E#i/KICHEM X & T, HPLC Prominence ¥ A 7 A

(A AL EFEEAT) Icfi L. UV-VIS #iHi# (SPD-20A. EdBEAT) IC
TR & 72, 36l 7= 0T 5613 Table 6-1 IC7R 37,

X 51T 50 mg D FBE-P60-4 % HPLC icfft L 7=, 7cdb. Lt o#/7iE (Table
6-1) & [RERD S TIT - 7223, Gradient 58D %4, 040 min. B conc : 10-15 %
ICEHE L CEIEL 72,

FH R BT T CAR IS THBEMELZRE L., I, HPLC ICfid 2
a2 ) & BAK 1 mL I X - CEEME S <, SBRICHER L 72,

6.2.3 ks

Caco-2 Mgzt &t r— - =— - v — Z#K) 2258 A L 72, Caco-2
fEi 10 %7 ~ RRRIMIE (Sigma-Aldrich) ¥ X U 1 % penicillin-streptomycin-
glutamine (100x, Thermo Fisher Scientific) % #$fll L 72 DMEM (Sigma-Aldrich) i
Lo THIFE L7z (37°C. 5% CO,. HiBililsHh) . Caco-2 Alifclid 2 x 10* cells/cm?
DEET24 72NV 7L =M1V xVH72) 1mL 2L, Midsray 7
NIy MGEL 2R BB 2 R5IBRE L, FHliy v 7B X T05 %Y
e YRIMTE (Sigma-Aldrich) . 1 % penicillin-streptomycin-glutamine (100
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Table 6-1. Analysis conditions of HPLC.

Column Phenomenex Synergy 4um Hydro-RP 80A(ODS)
250 x 21.2 mm; Phenomenex, Inc., Torrance, CA, USA

Mobile phase A : Water B : Acetonitrile

Gradient 0-60 min. B conc:10-30 %
Flow rate 10 mL/min
Detection 210 nm
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Thermo Fisher Scientific) %%/l L 72 DMEM (Sigma-Aldrich, =FffisA55% A 5% )
Z N L7 (BEssH) . fMfsEiRicfif 329 v 72T PBS (—) I
fif X, BN L 72, KiHirb o PBS (=) DIEREIX 10%& L7z, FBE-
P20, 40, 60 |3X5HbA DB 2 2000 pg/mL, FBE-P60-1, 2. 3. 4. 5, 6. 7
I 100 pg/mL, FBE-P60-4-1, 2. 3. 4. 5. 6 (£ 0.5ug/mL &7 2 X 5 icKHhic
AL 7z, BEHbIE 24 WFE & & 1T L WS GREiD~ 7 vz &) &L
mH 6, 5 HREE L 72,
624 U T AXALPCR
F2% 224 VT VXA L PCR QHHICEHDITIE L FRRICTT o 72, WHEBEELE
IZ GAPDH & L. ABCG2 mRNA ODHNFEHEZ KD 72, AL AT 74 ~—
DECHI % AT ISR, GAPDH Fw : 5-GGT GAA GGT CGG AGT CAA CGG
A-3'. GAPDH Rv : 5-GAG GGA TCT CGC TCC TGG AAG A-3'. ABCG2 F
w: © 5-CAG GTG GAG GCA AAT CTT CGT-3'. ABCG2 Rv : 5-ACC CTG TT
A ATC CGT TCG TTT T-3'¢ L 7=,
6.2.5 LC-MS I X 3 [AE
ABCG2 FHUEHEYIE 1 mg % 300 pL DB ICAM L CHELL . LC-MS/MS
(ACQUITY UPLC ¥ A7 A, Waters Corporation) ZHTICHit L 72, FEMl 72 207
Z&f 13 Table 6-2 IC7R 3
6.2.6 NMR IC X 3 [6E
ABCG2 #IURHEYE 1 mg % 700 uL @ Deuterium oxide (99.8 %. 7 ¥ 7 4 )b
LA TEERR, R L CFAS L. AVANCE NEO 600 B¢ (7 L7 —
U x NV BRE S, WD) 2. NMR AT U7z SR 72 0 i S 13
Table 6-2 IZ7R T,
Rk, (LA X 7z pEP (FEE 93 %. GenScript Corp.) D NMR 74T % 1T
277,
6.2.7 LC-MS/MS IC X % pEP & &
{LFAERK X 7z pEP (M 93 %. GenScript Corp.) ZHE#EM & LT L
7zo 10mg D pEP HEHES % [EREICE D . KICHEM L. 100 mL (100 mg/L) 14
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U7z, BEEHERGE | mL ZFRAX L. /KT 100 mL (1 mg/L) 7B L. 0.1, 0.05.
0.025. 0.0125, 0.00625 mg/L DM E FEEHEER % B L 72,

FBE-P ¥ 0.15g Z IEfEICE Y, 50mL A A7 7 A3 A7z, 25mL DK
ZMAL 5 DEEE BB L TR Z BRI &7z, /KT50mL ICEAL. 02m
mD7 A NX—THEL, FmRL TEHERKE L7,

LC-MS 7073 E LCMS-8050 (E 8T ICHRYENR B X OB 2 it L
7zo whlll 2 73 M7 S5t % Table 6-3 1278 T,

FHER P @ pEP O RFFR NI IG 3 2 i th o v — 7 Z pEP & L, v 7
LVH D pEP R (g/100 g) % K 7z,

6.2.8 Fuat T

F2E 2.2.6 fratfEtT DIHICEHE D Tk & [FRRICIT o 72,
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Table 6-2. Analysis conditions of LC-MS/MS and NMR.

[LC/MS]

LC

Egequipment
Column

Solvent

Gradient

Flow rate

Column temperature

ACQUITY UPLC (Waters)

Unison UK-C18 UP (2 mmx100 mm, Imtakt)

A;0.05 % formic acid-H20 B;0.05 %formic acid-CH3CN
B:5 % (0 min) —12.5 % (5 min ) —100 % (6-12 min)

0.4 ml/min

40 °C

MS

Egequipment
lonization Method
Measurement mode

Waters Synapt G2-S
ESI
Positive

[NMR]

Egequipment

Measurement nucleus
Measurement solvent
External reference

Liquid-phase cryoporometry NMR system

(AVANCE NEO 600, Bruker Corporation, Billerica, MA, USA)

1H 13C
Heavy water
Trimethylsilylpropanoic acid (0 ppm)
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Table 6-3. Analysis conditions of LC-MS.

<LC>
Column TSKgel ODS-100V, 92.0 % 150 mm, 3 um (TOSOH Corporation, Tokyo, Japan)
Solvent A;0.1 % formic acid-H,O B;0.05 %formic acid-CH;CN
Gradient B:5 % (0 min.) =10 % (5 -7 min.) —95 % (7.5-12 min.)
Flow rate 0.25 mL/min
Column temperature 40 °C
<MS>
lonization Method ESI
Scan mode Multiple Reaction Monitoring
Measurement mode Positive
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6.3 SEEufGR

6.3.1 ABCG2 mRNA FEHURHERN ) % & Ll DFFE

ABCG2 mRNA D FBUEHER 77 % S LB 2 FE T 5 729, £ 3 1% Caco-2
J@IC FBE-P20, 40, 60 Z#MM L., U 7 A& A L PCRIC X > T GAPDH mRNA
ICXT 3% ABCG2 mRNA OHNFEHE % KD 7=, Z DfEH. FBE-P60 X Tl
control X3 X U8 FBE-P20, 40 XICH~, ABCG2 mRNA tHXFEBLE A4 1.6 5
ml, ARICEEATR L7 [p<0.05, Figure 6-1 (A)],

IZ FBE-P60 % HPLC icfft L, 7 D D4y (FBE-P60-1. 2. 3. 4. 5. 6.

7) %A L 72 (Figure 6-2), Caco-2 fildic L d 7 DD ZAML, U T
L& A4 I PCR IC X 5T GAPDH mRNA X9 % ABCG2 mRNA DN HIRE
ZRD T, ZDFEE., FBE-P60-4 Xt control X3 X 8% D th i[5 D 3 ERIX 1T
tE~. ABCG2 mRNA O RIELK 13 55, ARICEEEZ R L [p<
0.05. Figure 6-1 (B)],

FBE-P60-4 % HPLC IZfii L. 6 D D5 (FBE-P60-4-1. 2. 3. 4, 5, 6) %
UL 72 (Figure 6-3), Caco-2 fillidic 2 b 6 DD Z ML, VT A&
A4 L PCR IZ X 5T GAPDH mRNA X3 % ABCG2 mRNA DX FEHE % K
D7z, Z DFER, FBE-P60-4-6 1% control X 35 X UM% D fth D43 D iXERIX 1 [t
~, ABCG2 mRNA DHIFMFHRELH 1.1 5@, ARCEEEZRLE [p<
0.05. Figure 6-1 (C)],

FBE-P60-4-6 % f1 HPLC I L 72455, 1 Do v — 7 DAt 1. 35
MizgEnind o7z, ULokES S, FBEP-60-4-6 i3 ABCG2 mRNA FH{E
MR TH B T EAHBAL 72,
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Figure 6-1. Results of ATP binding cassette subfamily G member (ABCG)-2 mRNA
expression in Caco-2 cells.

The fraction (A), (B), and (C) dissolved in PBS (-) were added to the medium at final
concentrations of 2 mg/mL, 100 pg/mL, and 0.5 ug/mL, and the final concentration of
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PBS (-) in the medium was 10 % (v/v). Cells were cultured for 5 days, changing the
medium every 24 h. The expression level of ABCG2 transcripts was analyzed using real-
time PCR, normalized to the GAPDH gene. (A) shows the results of FBEP20, 40 and 60.
(B) shows the results of FBEP60-1, 2, 3, 4, 5, 6 and 7. (C) shows the results of FBEP60-
4-1, 2, 3, 4, 5 and 6. Each value is expressed as the mean = SD of three independent
experiments. Different letters (a, b, or ¢) indicate significant differences (p < 0.05) in each

experiment.
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Figure 6-2. High-performance liquid chromatography (HPLC) chromatogram of FBE-

P60.

FBE-P60 was subjected to HPLC. The mobile phase consisted of 0.1 % trifluoroacetic

acid (A) and acetonitrile (B). Gradient elution was achieved with 10 % B, increasing to

30 % by 60 min. The flow rate was 10 mL/min and 1 g of FBE-P60 was injected.

Purification was performed by UV absorbance detection at 210 nm. Seven fractions

(FBEP60-1, 2, 3, 4, 5, 6, and 7) were collected, as indicated by boxes.
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Figure 6-3. High-performance liquid chromatography (HPLC) chromatogram of
FBEP60-4.

FBEP60-4 was subjected to HPLC. The mobile phase consisted of 0.1 %
trifluoroacetic acid (A) and acetonitrile (B). Gradient elution was achieved with 10 % B,
increasing to 15 % by 40 min. The flow rate was 10 mL/min and 50 mg of FBEP60-4
dissolved in 1 mL of ultrapure water was injected. Purification was performed by UV
absorbance detection at 210 nm. Six fractions (FBEP60-4-1, 2, 3, 4, 5, and 6) were

collected, as indicated by boxes.
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6.3.2 ABCG2 mRNA FEIUEHERK 77 D =B L CERE

FBE-P60-4-6. 2% Y ABCG2 ZEIUEHEK 7> % LC-MS T L 24k, HE
A7 P E Y, MHH)T B X QM+H)" {3 ZFh 227.1037 B X R
4531987 TH DL L BHL L I o7 (Figure 6-4), 70 X7 b A F v A~y
kv (Figure 6-5) 22b. ZLA—H%— A4 VL 2271032 TH 5 Z L2353 h o
7oo NERHEBEIC X ZMBHEE 21T o 265, /1= 226, MHEIE CiloH1aN204
TRInsZva iz Iinrsa )y (pEP, pyro-Glu-Pro) & Z CTFIEILR W
EEzZbNT,

RICLC-MSMS IC X237 uX s b4 d v 2R it dhTid o CHZ % i
L7fERICDOWTdH, pEP EE XL THIGIZmD - T2,

X HICHERE L 72HE % b & ic. NMR Tk % F v CRBERRIT % 17 - 724
B, R I 72 ABCG2 FRIEER 51X pEP &HfEE Sz, LT, HEBBXW
BCNMR A7 V% Figure 6-6. 6-7 IC, COSY A7 F L% Figure 6-8 I,
HSQC A7 b % Figure 6-9 I, HMBC Z %72 b L% Figure 6-10 IC/R T, K
%1 ABCG2 FFUEHE R — LAY O HEERHE % Figure 6-11 IR,

L& B pEP @ NMR 7' v ('H : Figure 6-12, '3C : Figure 6-13) % %
BLpEP D ¥ 7N E IR L 45K, [FRkD > 7 F Vv THo7-Z &2 b, FBE-P
ICE TN D ABCG2 FEUREER /71X pEP TH 5 L w1 720

6.3.3 FBE-P¥yRIC& TN % pEP L

BN & L CREMmBATE 21T 5 B, FEAICHREMERY G0 D A IR IF R
Lnb, BMFEME LTRGBS FBE-P MM RICEH N5 pEP IEE 2 {0IE T
2729, M %47 o 72, FBE-P Kt @ pEP DIEE % LC-MS/MS THHT L 7= 4
R, 06g/100g &7 o7z,
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2271037 2271032 0% 22 4% nfa

Figure 6-4. Mass spectrum and composition result estimated by accurate mass of
purified ATP binding cassette subfamily G member 2 expression-promoting single

compound.
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Figure 6-5. Product ion spectrum and putative cleavage of purified ATP binding cassette

subfamily G member 2 expression-promoting single compound.

73



(A)

(B)

Figure 6-6. "H-NMR spectrum of purified ATP binding cassette subfamily G member 2
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expression-promoting single compound (A) and its enlarged view (B).
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Figure 6-7. 3*C-NMR spectrum of purified ATP binding cassette subfamily G member 2

expression-promoting single compound.
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Figure 6-8. Cosy spectrum of purified ATP binding cassette subfamily G member 2

expression-promoting single compound.
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Figure 6-9. HSQC spectrum of purified ATP binding cassette subfamily G member 2

expression-promoting single compound (1) and enlarged view of (1) A—G (2).
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Figure 6-10. HMBC spectrum of purified ATP binding cassette subfamily G member 2

expression promoting single compound (1) and enlarged view of each site (2)—(4).
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Figure 6-11. Putative structure of the purified ABCG2 expression-promoting single

compound identified by nuclear magnetic resonance analysis.
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Figure 6-12. "TH-NMR spectrum of chemically synthesized pyroglutamylproline [pEP,
(A)] and its enlarged view (B).
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Figure 6-13. 3C-NMR spectrum of chemically synthesized pyroglutamylproline (pEP).
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6.4 HH

ABCG2 DFEL % e S 2 57 % MEE X & 2 72 ® Ol FEERIC B\ T,
ABCG2 mRNA DHMNFEH & 13 (A) FBEP60; 1.631. (B) FBEP60-4; 1.309. (C)
FBEP60-4-6; 1.139 TH o7z, 2% Y. ABCG2 DFIRMEERNFIX, DD (A)D
5(B). B)2HCO)ICHETICONTHAD Lz, —J7. MIEEERICHML 72(A)
FBEP20. 40. 60. (B)¥ & UNC) HPLC 77 ¥ oK D #% L 13 (A) 2000 pg/mL. (B)
100 pg/mL, (C) 0.5 pg/mL TH -7z, 2% v, FHHEIINT 3 1con T, MMl
RGBS E N 5 Kl ORIZHAD Lz, ZofER, BRENEL 7513
E. HpIcEEN 5 ABCG2 FEHUEHE T D E 2P L. ABCG2 FEH{EER) R
KT L7-2 &l S 7z,

FBE-P IS MI7E UA L XA EE T &2 2 & BHHEINTHE 2, 2T
ARETIX, UA OO —D>TH 2 ABCG2 DFIICEH 2 28 % §Hilifs
trie LC. FBE-P L& E N2 IRIBHRMIGEME DR 7 V) —= v V%75 72,

Z OfER. FBE-P D ABCG2 FEHUREHERL 57 1% pEP TH Y . FBE-P iR IC X
0.6% (wiw) D pEP BSEENT VB Z LWL P E ko7, pEPlRY—F v Y
RTFRICBT B AL T FRIGICX > TEREINZILEYMTHY ., WhARE
kB4 L P ERMBENA2ET 2L AMEINT VBT, £7-, pEP (F
VY Y a— LR VST ERNKGREL ZBRICAER S L, AT
DIMEINT WSV, L L, pEP OEHZRBAEICBE T 2 & X7\,

FREERICEENI YR v Iraf vy (pEL) 2L 72K, Bt
W7 F FPEMEE2s LIt ko THNREZSEST 5 ™, £, HlIcE
W, DO Rr 7L X INRTF FRRRBLUCFREINTE Y, FFIC
pELE BRI AR IV LRIy (pEQ) DBEBILETN TS LW ),
REZRBEREL 72D A A TUE pEL 3B S Nindr o 7228, 7KK % Aspergillus oryzae
Hk7e 77 —¥CiEfbdE s L, pELEEEXEML 72, —J7. K%K T
i L 72 FBE-P & Aspergillus luchuensis mut. kawachii H 70 77 —€ic X -
T I - REREHM OB cH %5, 2% 0, pEP X pEL & AR, KFE
DR 70 77— X o T T =B ic A K & 3 LEW < H 5 ATRETE DS
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Hb, EHLICEF2F 24 BHETHRRT@Y | pEPYP ZKEZLZ v X7 ETH Bk
NT A VHBHBMEER e 77 —€IC X o THfid, MBI CAERKIND &
WL 7=, FRRIC#E 2, pEP D v u 7' 2 I b3 2 HiDILAY) QP DECH] A+
ATAVICEEINTOLE2ERa Lz 24, 8% o QP EHIERTS R L
72o o T, pEP I RELZ VNI ETH LN T A VR HBMEABK T2 T T —
CIZ X o THfREE I, MEAE N THEREI NS LHERIT 228, pEP AL A =X
LIS HOMIRCTHET 2LELDH 5,

6.5 /NiE

FBE-P DEHUC X v, IMIEREMESMET 52 2 & BME I N TS 22, JREE
PRt D —>TdH 2 ABCG2 DFeHLE % iHlifE#E & L CT. FBE-P i D [REEHE
HIEEE % R L 72, % D#ER, FBE-P 1D ABCG2 FEUEER /1T e w7
Vg In7a ) v pEP (pyro-Glu-Pro, 438 226, 43F3 C1oH14N0s) TH
D, FBE-PBIRICIZ0.6% WwW)yEENTWE I ERHLL 5T,
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5 7F  pEP DRIEHEH fREtERN R — Al 95k —

7.1 S

%5 6 B ITT FBE-P IC& £ 1 5 JRIGHRIEHER 77 1 pEP TH 2 Z & 23 L
Tzo ARETIX, LEERKE L7z pEP 2% Caco-2 MlldIC 3517 5 ABCG2 mRNA ¥
KPR v EORBCEZ 2508 MET L, b, 2V 7 HORBITY
TARVYT Ry T AV IEXPREFEREEICK > THRETL 72,

72 EBITE

7.2.1 M

LA B & 72 pEP (MEE 99.2 %, GenScript Corp.)% PBS (—) TR X &
T, BHLITIRINL 72, 5o PBS (—) IREEIZ 10% & L7z, 7cd5. pEP L
I NMR i X > Tt I nzftiRcd 2 GEMIZE 6 ISR,

722 HifukiEs

Caco-2 i (XSt — - =— - o —) MifEx 10 %7 BRI (Sigma-
Aldrich) B X T 1 % penicillin-streptomycin-glutamine (100x, Thermo Fisher
Scientific) % 7SIl L 72 DMEM (Sigma-Aldrich, 5EHETH)IC X - TR L 72

(37°C. 5% CO2). Caco-2 AN IZAHNEHETEFER T IC 1.5 x 10* cells/cm® DT
96 7z AT L—MIC1YzAH7) 0.1mL T oMLz, mRNA & 7 =
ARy 7ay T4y I 2% 104 cells/om? DFEET24 7 = V7L —FIT 1Y
=2ABHTY TmL FOREML 72, RIZHDEHEIC 2 x 10* cells /om® DL T
LabtechIl 5% v X— X7 A4 F ¥ A7 L 154534]JP (Thermo Fisher Scientific)(C
17 x2AH70 02mL FOMEL 72, Miflgssary 7oy McEL 72, HH
MR 2 5 BRE L, FHliY v 7 s X0 0.5 %Y IRRIME (Sigma-
Aldrich) . 1 % penicillin-streptomycin-glutamine (100x, Thermo Fisher Scientific) %
I L 72 DMEM (Sigma-Aldrich, FFAfiEAERAREH) 23T L7z (s,
S ACHA S 24 WFIE] & 1TAT o 72, Al SEGER ] & X OF mRNA 7347 g
X, HHERZSHR L 72230 5 HREEEE L 7242, fHliL 72, V= XX v 7y 7
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4 v 7 HEB LR O MR IR, HEHREECH L 2050 7 HREREE L -
. FHili 21T o 72,

7.2.3 AR ERAR

% 3 3.2.3 BB DIHICELHE D Ik & [FERICTT o 72,

724 VT NZA4LPCR

FHOFE 624 U T NXA L PCR DIHICFEHED L & FRRITAT> 720

125V 2 AR 70y T 4VT

B3 325 VaRR YTy T4 v OOk L FFICHEEL
720

— X HitkIZ GAPDH polyclonal antibody 10494-1-AP (Proteintech Group Inc..
Rosemont, IL. USA)& ABCG2 antibody (B-1): sc-377176 (Santa Cruz
Biotechnology. Inc.)% FH\»7z,

ABCG2 # v 7 B D ¥R X GAPDH % v X 7 B ORBIR I T 5 Hl4 &
LTk,

72.6 REHOCHE

LabtechIl % v N— X J 4 F ¥ X7 L 154534]JP (Thermo Fisher Scientific)
D Caco-2 Ml % 1% (viv) s~V ViR [PBS (—)] THEIE L~ (FEilE. 10
3. PBS (—) TiE##. Blocking One Histo (771 74 7227, KK) ©7
vy ¥y L7z (£, 5720). PBS (—) TH#L &k, #Mld%z 0.5 % Triton
X-100 TEEUH L 72 (Fifk. 3 77[D. 0.5 % Triton X-100 & FRZE L 7212,
ABCG2 — XU (B-1): sc-377176 (Santa Cruz Biotechnology)% 0.2 mL/well 3 D1
TL. ZilRT1IRERICT ®7z, —RB X RYUEDIRE IZTEETTOIERIC
fit 5 72, Negative control I ABCG2 —XHUAD D Y I Blocking One Histo (-
HIATARY) it v Fax—F L7, PBS (—) THHFLAE, £TO
7 = 0.2 mL/well & 72 % X 9. goatanti-mouse IgG (H + L) cross-adsorbed
secondary antibody (Alexa Fluor 488, Thermo Fisher Scientific)Zi# N L T4 ¥ ¥ =
~— bt L7 (FEil 300D, PBS (=) THH Lk, FRT v &KL
L. MR o ftegett o 72912 4,6-diamidino-2-phenylindole (DAPI) % & ir
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ProLong Gold Antifade Mountant (Thermo Fisher Scientific) Ttz ~v >~ L
720 MNE% HN—H T 2 CTHE-> CT—MBiE L 7214, #OETEMEE BX-53

(EVIDENT CORP.. %) & imaging software Lumina Vision Ver.3.7.4.2 (MITANI
CORP., HHR) ICX > T, Mild28REs I CIREL 72, b, dOLBIZEEEDN
JRIZKER 7 ~ 7" OLUMPUS U-RFL-T, #iRL » X WHN 10X-H/22, »f#L v X
UPlanSApo 20 X/0.75 Z i L7z, 72, EBE I 2R 7 4 v & —
BP360-370. WXUX 7 4 )b % —BA420-460, ABCG2 £ v ¥ 7 & % 8123 5 BRI
&7 4 V2 —BP470-495, W7 4 v X —BAS510-550 ZfHH L 72,
7.2.7 HEEHENT

H2F 2.2.6 HaHENT OIHICEE D ITIE L FIRRICTT - 72,

7.3 EEHER

7.3.1 pEP % Caco-2 ffE D HIIHIC 5 2 2 752

Caco-2 MifEIC 0.1-100 pg/mL @ pEP Z /AL CTHEEL 2%, ¥ v P2V T
450 nm DWHELEE % MIE L 7z, control X DHUfECIEHML L. HIRIEIAZE % K
720 % DFER. 0.1-100 pg/mL @ pEP i3 control [X & [F%F DO MIFIIEIER & 72 0 |
Caco-2 i DHEIEICFE % 5 2 72 2> > 7= (Figure 7-1),

7.3.2 pEP 78 Caco-2 fllfidic 1) 3 ABCG2 mRNA FIHIic 5 2 % %

Caco-2 MIAEIZ 0.1-10 pg/mL D pEP 2RI L CTHEHE LK. VT A2 4 L
PCR IZ & - T GAPDH mRNA IZ5§3 % ABCG2 mRNA DM FEIE % Ko 72,
Z DFER 1 pg/mL LD pEP 13 ABCG2 mRNA HIXHIRE # B I8 & &
7= (p<0.05. Figure 7-2),
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Figure 7-1. Effects of pyroglutamylproline (pEP) on Caco-2 cell proliferation.

Cells were cultured for 5 days with 0.1-100 pg/mL pEP, changing the medium every

24 h. Absorbance at 450 nm was measured using a commercial kit, normalized to the

control and quantified. Each data point represents the mean + SD of three independent
87

experiments.
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Figure 7-2. Effects of pyroglutamylproline (pEP) on ATP binding cassette subfamily G

2 cells.

member (ABCG) 2 mRNA expression in Caco

Cells were cultured for 5 days with 0.1-10 pg/mL of pEP, changing the medium every

24 h. The expression level of ABCG2 transcripts was analyzed using real-time PCR,

normalized to the GAPDH gene. Each data point represents the mean = SD of three

independent experiments. Different letters (a or b) above the columns indicate significant

differences (p < 0.05).
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7.3.3 pEP 75 Caco-2 fllfdic B 5 ABCG2 2 v < 7 EFHHicH5 2 2 5% (v
TARVTay T4 VD)

Caco-2 MAZIC 0.1-10 pg/mL D pEP Z /I L CTHEE L 2, VA X v 7 ¢
YT 4 V7K 5T GAPDH X v X 7 HIZH T %5 ABCG2 & v ¥ 7 H DX FE
HEZ kD772, ZOME, 1 pg/mL LL_ED pEP 13 ABCG2 £ v % 27 & DX F
HEZAREICE® 72 (p<0.05, Figure 7-3),

7.3.4 pEP 7% Caco-2 Mllfldic B 5 ABCG2 2 v < 7B ichH 2 2 & (&
AL )

Caco-2 M 0.1-10 ug/mL @ pEP Z vl L CTHEEE L 728, Ry di etz
1T - THOEHAMSE IC THBIZ L 7z, Figure7-4 DAPI O IR CT/RIE D . o Gtn
INTWBZ b, MEIICHBEES 5 2 & 2353D > 72, Figure7-4 ABCG2
D R T IR 2 —YIAm L T e v B A REED Caco-2 AT IC BT,
ABCG2 2 v X7 E D FH T 5 2 & ZHRRICHH S 51 L 72, Figure7-4 & H|
fRTIZ ABCG2 2’ LB WTFRICHFHI L2 &6, ABCG2 % V87
EAMIEEIC RS X OFET 5 2 ERBE N, B, ABCG2 X v 57
HORTEDS Z- &2 0 LaVERE, BIREoRHlicyy F23GdoTED, BV
FEADETOARWEHEROEMICD ABCG2 £ VX VEBRFKHL WL I L
DIRETH 5 L HEHI L 72, negative control [X T3 D A3 H & 1, ABCG2 1%
I N dol, 2O b, ZRYUKIMAER S OIFF R il G% L
TWwhnid, 2V EBHREZ o TwAWnWI L 2T 2 2 L8 TE 7,
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Figure 7-3. Effects of pyroglutamylproline (pEP) on ATP binding cassette subfamily G

member (ABCGQG) 2 protein expression in Caco-2 cells by Western blotting.

—10 pg/mL of pEP, changing the medium every

Cells were cultured for 7 days with 0.1

24 h. ABCG2 protein levels in Caco-2 cells were analyzed by Western blotting. The

relative protein expression levels were normalized to the GAPDH protein. Each data point

represents the mean = SD of three independent experiments. Different letters (a or b)

above the columns indicate significant differences (p < 0.05).
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Figure 7-4. Effects of pyroglutamylproline (pEP) on ATP binding cassette subfamily G
member (ABCG) 2 protein expression in Caco-2 cells by immunohistochemical analysis.

Cells were cultured for 7 days with 0.1-10 pg/mL of pEP, changing the medium every
24 h. Cells were immunostained and observed by fluorescence microscopy. The negative
control was determined using only the secondary antibody. Cells were stained with 4°, 6-
diamidino-2-phenylindole (DAPI) for nuclear counterstaining, with anti-ABCG2
antibody (ABCG2), and merged (merge). Scale bar, 50 um.
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74 HH

AHFFE T Caco-2 M DIEIEICHE % 5 2 72> 0.1-10 ug/mL @ pEP T35\
T. ABCG2 OFIHICH 2 2 il Z#iaT L 7z. 1-10 pg/mL @ pEP 1 ABCG2 D
mRNA B X O X v XA HEICHEME 272, MoMEE LG 25 THRn
Caco-2 #iZICIHE VT, ABCG2 BREILL T3 T eAMEINT B ™, 5/6
B 7 v P =T A TIRIRFIRBIE I Lz d oo, IiEREE ML 7
o7z BIFSCHR 75 0FH b1k Bhifd: b O REPRIEA < b b S 37,
MIERIEAE DG L 722> o 72 & 5 HEIZIEBFPRIRES, 3 abblhic iy
% ABCG2 IC X 2 JREEPE It ORI X 2 b D TH 2 &t T2 7, FERICA
WZEic BT H, pEP 2 5% ABCG2 DRI # M & &, FREBHEM 2 (e L |
MERBEED FFE2IH, B2 0IMET X85 2L ARBE N,

T 72, RIS EB T 2 RN SEIC X 5T, ABCG2 X v ¥ 7 A3 Caco-2
D JFIERCRIAL T3 2 & 2 HENICH 52 c L7z, & P ABCG2 2
FREEHEMNICBE G ¢ 2 EEAFIEE N 7 v AR -2 —TH B e BHEINT
W3 70, —J, RO L 7227 F FARIRE 5 i3 EEMED + 7 v =
R—R—%FERTILERHZ T, Lo LIk, ABCG2 135 R #lf
DRIVEBEICHFET S5 T VAR—Z—THBIEh b, pEPD F 7 v RAK—

—icxtd 2@ ICEAfR 7 . ABCG2 DRI % et 2 alBEM2 S %,

#E LRI L 72 pEP 23 B EGHIIIC BB ITHE 3 2 i D W TEE T 5, ¥
_R7FFTH 2 pEL & 7 v MK EG L 72 30-60 71212, SR O pEL 23
MmfcmfiInizc b, FROBEL 7 pEL I~V ATN L LEZD
N7, FfkIC, ROBIL 72 pEP 13 B T E g, B BRI EE T % vlhE
Wbz, F6EEBLUHETEOHIMEL S, RIOFEELL 72 pEP 235 _E Kl

CEFEERICER L C ABCG2 ORBI AN ¢ 5 2 & T, IRIEO PR % it
L. MiERMBEEET X222 LREBE Nz,
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7.5 /NG

% 6 T TL FBE-P I & ¥ 1 5 MG RFEAEAKIY)E 25 pEP TH 5 Z L ZH 5 2>
I L7z, 873 TIMLEA R & 17z pEP 28 ABCG2 DHIIC 5 2 3 & % Gt
2729, Caco2 ffICRML, VT7AEZALPCRELUI YV 2 RZX Ty
T AV, RERER O R L 7o, AR ORR. LA X Lz pEP X
ABCG2 DFBAZMEME 2 Z L ZBET B XX VN7 H L LTI L HIC
L7z, 51T, ABCG2 13}l FEMIDIZEEICHFEST 2 2 e b, HEL 7=
pEP 23EEIE O FIICBAR R K. X4 L2 MICEhRZ RIS 2 /[HEMESE 2
b7z,

L2 L., b MCET 2 pEP OFOEIOFEZ G T 5 729 1CiE, pEP %18
WM ¢ 3 " HERABPLETDH 5,
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8 GABA 2RI IcE T2 [ a5 —4 v X U MMP-1 mRNA
HIich z %R

8.1 #EE

REDOHTRIC XY, KERERZ KR L 2 FBEARE = ¥ X (FBE) & L
THME L EEL 2B, —RICHVWON BT F AB L PKRY =T+ &
Lol NJEE A, HROMIEERGE kb 2 epmEINn T2 ™, =M
PR AR IR RS2 5 y-7 2/ Bl (GABA) % S4BT 2 FLIEEE O $
WICHPI L. FBE Ziiih & L€ GABA iK%z KEAE L. BaFEM [ KEARE
FEREHLF ¥ ¥ 90% | & L CRMFERIEL T3 80,

GABA 31V, Y. BNICIE pi$ 27 I/ BTHY, I x I VR
DRLKIEIC X > TER I 25, WHALEY TlE GABA 1 HHXHFER 0 EZ 2 5
PERRREIEYE & L CHERET % 8, GABA O 528 Th1/Th2 N T v 2 % iiHE 3
22812k h, NC/Nga~=7 ZDT b ¥ —MEERNKEEREZRELZC &
DL I N B, T 51T, GABA IIHIFIMEOMRIREE L L i< 2 &2 b
PMAPLRRY Ty 7 2R MEIROESLENE S PG I N TS, H
g - BRI A b L RIIHLOIREE & F A3 % 898087 BRHRER 5 A3 B 2 IR
BUCERRMERZRITTEOMEINT LD ™, 2F ), GABA OEHUC X
D, AP LRAZERT L eATENE, WRNZHC T LB TE 5 L HEMH
L7z 22T, XL RICERT NN Z BES 5 30 mfUzt-50 KoL
P15 Z R RIC, REABREERF ¥ Y90 %% 180 mg/day. 8 i [H#fE Y
e, Miinic Gz 28 x et L: GEERaRO 72 05l 2RI X &
W), Z DR, BEET & L U EHEE H RO A E IS L. R2,
RTEAKET 2HM B R o NTe, F72. BIRMNTIC X 285 T DHIEICE
WT, Y IDOHERBDYBRD b, VASIEZMWAET v —FicksnT,
REJE0 ) 7 EONUKREICBE S 2 HRIHE A RICSGE L 72, IFEREABR O R
Rh o REFEFRIEE X © ¥ 90 % INIREBOUGE ICHM RMFEMTH 2 1]
REME DS HEM & 7z,
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FEE AR O BB R 2 Z . RIS PHEIRO AGH, AUz AR 3 5K
NZHE %R —EERATRAREE 2 EE L 72 2, Z Of5F. GABA HBHUF
ICHBWTHO R EH RS 7 7 2 R EBHGE L I L THEIUGE L 72 2,

FRIEIAECTRAROBE TH D, Bids X OERIMRIAS, MBS, Bt
FHIRA P LR EOBIRICN T 2 RENY T L0258, BFIIRKEERD 2
JEA LR . FTE S EPRE R FIE T 2 2, BT b AT HIAE Y 1
Mag—rviERL, BHEEFIEAEKT 22777 —€ (b)) v 722
gZu7us7—+, MMP) ODIEFIC X > CTHENEEZ TS0, a5—7v
(ZBEARAE & PRI, BRI IR 2 5 2 B Y,

TR DIEERE X O EHERABRICE T 2/EAKTIZ. GABAICX S A ML
AP HER O E GG & v o 72EHl. 2% U GABA ORERIERICER S 2 &
HERI LML 72, L2> L. GABA A EARMESFMAICIEEE N e ie B 2 5 2 % H»
ICOWTIEHREI TN TR, £ 2 TABIZETIE. GABA 28IEH b  E R HRAHE
Zrfiie (NHDF #ifld) 125 2 2 28 % flilasebgic Tt L 72, A% Tld GABA
BIMaF -7 v EK3 % al 8§ (COLIAD. a2 (COL1A2) ® mRNA
DI G 2 2508 %G Lo —J7. MMP-1 131812 5 — 7 V&2 YR L,
MO ZE NS 2ETH 5, MMP-1 DREEZIFIT 2 2 LA TENIL,
WLOBIMK T 282 5 2 L A3A[HEL 72 5, §E> T. GABA %' MMP-1 mRNA @
RBUCE 2 2B bW L 72,

8.2 HEEJTik

8.2.1 Mk

GABA Z&T¥ v 7 & LT, KREFMAEERF + -390 % (=FIlEEmRA
&tb. RETIE GABA) ZHlVz, /2. MR TR T GABA B IT KEAEF
BARF v N 090 % & LTORETIZAR ., GABA & L COREEZRT,
KIS I — R ERE N H AR RO HT 2 v 2 —ICTERML 7,

GABA EHIRE XY I/ M HrikE L-8800 (HIZA~A 77 7 vy —XHk
Atk BR) ZHVTHE L 720 OWEMEIIHZLT 2 =y —F
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LC060016-01 GABA f5#E 0T ICFEE O Y . EHiL 7z, 7nds. Uikt
ZHYANA T 7 ) a Y = AR AEL 2D TH Y, — RO I T W
72\,

REFEFERAR ¥ v ¥ 90 %% PBS (—) ICHEML THw, PBS (—) DI
FEIZ10%& L7z,

8.2.2 ks

NHDF #fiic I3 Kurabo Industries Ltd. (KFR) 2> HH§A L 7z, NHDF #Acix 10 %
v VR RIME (Sigma-Aldrich) & X U° 1 % penicillin-streptomycin-glutamine
(100x, Thermo Fisher Scientific) % #Jll L 72 DMEM (Sigma-Aldrich, 4555
Hiyic ko THE L (37°C. 5% CO2), NHDF il |3 e K filaBg i ic 1.5 x
10%cells/cm?> DEETI6 V=L 7L —FIC1 YV zdH72Y 0.1 mL, mRNA 57
FrAC 2 x 10% cells/em? DEET24 V2 7L —PiC1 V2B ImL %
BEL 72, Mgz vy 7ry MITEL 2tk BEIERR 2 %5 IFRE L, JFEm
PV IBXU05 %Y UREIME (Sigma-Aldrich), 1 % penicillin-streptomycin-
glutamine (100x, Thermo Fisher Scientific) % %5/l L 7z DMEM (Sigma-Aldrich, #F
fiEkBR ) 2F T L. ¥ v 7D & 24 KR E R I &Rl R 2
fTo72,

8.2.3 MHficsE s EAR

538 3.2.3 HWEABR O I FCE D T5 ik & RIERICTT - 72,

824 UTAZXALPCR

F2F 224 YT NZA L PCR QIHICEHED Tk & RIERICIT o 72, NHERHE
I3 GAPDH & L. COL1Al, COLIA2, MMP-1 mRNA DN FIE % Ko 72,
77 A <= —DhdY % Table 8-1 IC/RT,

8.2.5 Mtatfatr

H2E 2.2.6 HatENT OIHICEHE D ITIE & FIFRICTT - 72,
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Table 8-1. Primer sequences.

Primer Direction Sequence
GAPDH Forward 5-CGG AGT CAA CGG ATT TGG TCG TAT- 3
Reverse 5-AGC CTT CTC CAT GGT GGT GAA GAC- 3
COLIAL Forward 5-AGG ACA AGA GGC ATGTCT GGT T- 3
Reverse 5-TTG CAG TGG TAGGTGATGTTC TG- 3
Forward 5-GTT GCT GCT TGC AGT AAC CTT- 3
COL1A2
Reverse 5-AGG GCC AAGTCC AACTCCTT-3
MMP-1 Forward 5-ATT CTACTG ATA TCG GGG CTT TGA- 3
Reverse 5-ATG TCC TTG GGG TAT CCG TGT AG- 3
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Table 8-2. The constituents of the biosynthesized GABA.

content rate (%)

Protein* 95.5
Carbohydrate 2.8
Fat 0.1
Ash 0.7
Moisture 0.9
GABA 92.0

* Notes: The nitrogen content was 13.1 %. The GABA content was 92 %. The protein
content was calculated using a nitrogen-protein conversion factor. The nitrogen-protein
conversion factor was 7.36 for GABA and 5.83 in the absence of GABA. Total protein

represents the sum of GABA and non-GABA protein content.
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8.3 EERAHR

8.3.1 KEMIT I

REFLBFEIENL X v Y 90 %I BT 2 REK 0 HrfiF % Table 8-2 IC T,
GABA (£ 92.0 %& 72 0. #I 3 %0 AR, HI 1 %ldKDTH S Z L1393 -
770

8.3.2 GABA 7% NHDF fifld D ¥4hlIC 5 2 % 5%

NHDF #fAZIC 0.01-100 ug/mL ® GABA Z L CTHEL %, v F2HWL
T 450 nm DWW % JIE L 72, control X D EfE CIEAAL L, MIAZIEEE % KD
720 & DFER. control X X 4T ORERX CHINUEIER ICHEE R ZITRD b
iz - 7= (Figure8-1), 2% V. GABA (3 NHDF Mt o b ic 2 & % 5. 2 72>
27z,

8.3.3 GABA %' COL1AI ¥ X U8 COL1A2, MMP-1 mRNA #IIC 5 2 35
H

NHDF #lfZiC 0.01-10 pg/mL ® GABA iR L CTHE L 72%&. VU T L& A4 L
PCR T & » T GAPDHmRNA (X9 % COLIAI & X I8 COL1A2, MMP-1 mRNA
DX FREZ KD 7z, Z DFER. 10 ug/m © GABA [X 1 control X X T8 0.1,
1 ug/mL @ GABA [X & FE#R L T, COLIA1 mRNA DN E % FE I X
7= (Figure 8-2), —J7. COLIA2 mRNA DOFILICH L T GABA 13 2% 5 2
72> 7z (Figure 8-3), F7z. 1 ug/mL LA E®D GABA I control X5 X 8% Dfth
DIERX & i L T, MMP-1 mRNA DN FIE % FZIC{K T & 272 (Figure
8-4),
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Figure 8-1. Effects of biosynthesized GABA on NHDFs proliferation.

Cells were cultured for 24 h with 0.01-100 pg/mL biosynthesized GABA.
Absorbance at 450 nm was measured using a commercial kit, normalized with control
and quantified. Each data point represents the mean + SD of three independent

experiments.
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Figure 8-2. Effects of biosynthesized GABA on COL1A1 mRNA expression in NHDFs.

Cells were cultured for 24 h with 0.1-10 pg/mL of biosynthesized GABA. The
expression level of COL1A1 transcripts were analyzed using real-time PCR, normalized
to the GAPDH gene. Each data point represents the mean £ SD of three independent
experiments. Results are compared to control, and significant difference is indicated by

an asterisk (*p <0.05).
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Figure 8-3. Effects of biosynthesized GABA on COL1A2mRNA expression in NHDFs.
Cells were cultured for 24 h with 0.1-10 pg/mL of biosynthesized GABA. The

expression level of COL1A2 transcripts were analyzed using real-time PCR, normalized

to the GAPDH gene. Each data point represents the mean £ SD of three independent

experiments.
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Figure 8-4. Effects of biosynthesized GABA on matrix metalloproteinase (MMP)-1
mRNA expression in NHDFs.

Cells were cultured for 24 h with 0.1-10 pg/mL of biosynthesized GABA. The
expression level of MMP-13 transcripts was analyzed using real-time PCR, normalized
to the GAPDH gene. Each data point represents the mean + SD of three independent
experiments. Results are compared to control, and significant difference is indicated by

an asterisk (*p < 0.05).
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8.4 FEt

27— VIFEICERCHHEEZIZRL TH Y. BERDHMEIT D 90 %A L
ZH® 52 AMGIC X Y RIBLAEMABIE 2 7 -7 vEfEIc X o TEIE I LS 2,
T, 27— VIXEBICRY LIRS 25 P, b FOEEICIT 9 FEED
AT—TVBFET LR, a7 —T v iIEEa T -7 v D 80-90 %k i 5
72, KIBICRITTHEIRE WY, 1 HaF—7 13 al (D o2()8H TR X
NTHEH, TNUHIFZNENCOLIAL 3LV COLIA2mRNA ICX o Ta—F&
NTWw3 %, Kiff%E <%, NHDF MO MIHIC#EE % 5 2 72\ 0.1-10 pg/mL D
GABA % M\ C§Hlli 1T - 72, NHDF #fiid®> COL1A1 ¥ X If COL1A2 mRNA ¥
RICHT 3 5 GABA D2 E 2 MGt L 724558, 10 ng/mL @ GABA |3 NHDF #fifidic
F1F% COLIAl mRNA OFIREZHEICHMN X B 72, RKBEOFERIZ GABA 728
NHDF fifldd 1 B2 -7 v oRRZHMAIcTy 7L¥Fal— 552t %
L 72,

a7 =7 VERNRT LR TH S5 MMP-1°2 mRNA OFIH% 1, 10 ug/mL
D GABA IZHEICIK T & €72, MMP-1 (3464 IAE 90 % HDF #ifid o &1t 0
ICX o CTHREMBEML, BEROa 7 -7 vEZBINICHD 2, v 7 OERL
KGO EDERE b 7263 %, fE> T, GABA BT 5 Lickbh, 4
I X AT X B B KT & I 3 2 ATRETE S R S e,

GABA [F#EHBHUC X 0| BE 2 5L 2 IS Ll if ic 473 % 2 & 28
MohTEsh, Mo GABA IZBEA S 1 KHEZ ©— 7 Ic2IcEd T 5 C
ARG I N T WS Y, M ICIFEEST 5 GABA IR & v . &AHk (il
i) «CHE#IFN B, £72. GABA & GABA ZAMIZHN MR F X U2 M
EhifidR 75 &L o 72 IR 2 B Dbk & e KA I AAE S 5 10, fiE o
T. GABA ZREIBHLL 725, GABA 2SI IC T L KSRk ICE T, R
REHaTIehELILONS, ZEKLHA L7 GABA |Z COL1AL & T
DFBLZ I X &, MMP-1 OFEBLZ I L. KJE O HMET Z2 #i3 2 Araetk
BEZONT, 72770, 1837 —7vEXRMMP-1 BnTREOHE A /1=
R L% BfiEd 5121k, NHDF il CHBL T 2 1% 7% GABA ZERZFET 54
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BHH 5,

8.5 /I

REBERM 2R e U, FLBERIC X 0 FEEERE S L7z GABA %, HEEHD B
FCHERO AT EZE L, RO AR S 5 AL IS & 2 ZHE M
BRaAT o 7265 F. BRI DT 2135 & ARG X i 9,

% Z°C, NHDF iC GABA ZRI L. KEDBI PN OItE 2218 a 7 —7
Ve, AT =7 vaR#EFETH D MMP-1 D% mRNA FIRICH 2 5 8 % Mt
L7z. % DAER,GABA (X COLIAI mRNA OFRHL L2 HREICH NS 2 % k|
MMP-1 mRNA OFB 2 HEICHHI T2 2 & 2B LT Lz,

fit> T, GABA O 1 Bla g —7 v DERE BROANT v 2% HIHT 5
ZeICX Y, KFOMNEESET SR ASRB S L7z, D F DL GABA 13K
RA ey O EERHEIRDE A E & v o 7= BRI RN ~ DR E 7 J ©
1F 7 <L EERRIIRIC X o THLOR) Z MR L, B KT 2135 & F 2
b7z,
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¥ 9% GABA 2 NHDF fildicEB 127 25 VEE mRNA BLUNZ Vo327
HORMICE 2 % 52

9.1 %=

A% I C GABA |3 NHDF fMifZIC X % COL1A1 D FELE % SR ric et 3 2 %)
F & MMP-1 DEAZIHIFT 28R A2 R T L ARBI iz,

—77. NHDF MBI CcH 227 -7 v 720 ok, HlERiETH 5
ITRFVEIIRT A TIND 2 DOBERFAMNICRE LR %RELET L
EBHOENTWE I, 253 2F ) vatFr -+ (LOX) THRIES N
7ZbtuRTLI7AF v (ELN) X v X7BTHKENE 19, 37074 7Y
747V Y1 (FBN-1) 53X U747V ) 2 (FBN2) 26K, BiEsh
XTI AFVHTFIEZIRAFVERIRICERINTIZ2n T4 TV ERE
L. HEERRHEZ TR 2 109 100 SPERRAE (X o FR DO Re 2 R 7= 5
109, %2 2 CARETIIAREAMAEEL X ¥ X 90 % (AKF Tl biosynthesized
GABA LR T) BXMELEAKE 21RO GABA ¥ (RE TR
chemosynthesized GABA & 7~3°) 7% flv>, NHDF #lifitiC 35 1F 2 HEARAEZBIC
X9 5 GABA DI Z#MET L 7z, FHliTHE I 5 X5 v ORIEYE CTH 2
ELN, 1787 4 7Y T»H%FBN-1 5XUFBN-2, ELN OZUEIC 4 & 7n
PMETHHLOX, TIARF VR IZa 74 7YV ECESREZ 747DV
-5 (FBLN-5) ', =7 XF v Oi % BT % latent TGFP binding protein 4

(LTBP-4) & L7210,

9.2 SEERITIE
9.2.1 Mkt
¥ v 7 iZ chemosynthesized GABA (#1599 %. Sigma-Aldrich) ¥ X O
biosynthesized GABA (KZ FLEEFEFAIL X ¥ ¥ 90 %. FHEE 92 %. =FIEHAMK
=) AW, #R TR T GABA RE (ug/ml) FlE B L U9 v 7 Lo
JEClx7 <, GABA L L COREZRT, v 73 TPBS (—) ICHMX
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FCTHW, PBS (=) DREIZ10%E L7,
9.2.2 AlfuE;E
NHDF #ifgid 10 % v v g RIME (Sigma-Aldrich) 3 X U° 1 % penicillin-
streptomycin-glutamine (100x, Thermo Fisher Scientific) % /il L 72 DMEM
(Sigma-Aldrich, HEFEFETHL) I X > THEE L 7= (37°C. 5% CO,). NHDF #fifd
IAT 0@ Y Rt L 72, Mg sEEERH & LT 1.5 x 10% cells/cm? D% T 96
7 V7 L — MIZ 0.1 mL/well, mRNA 73T & LT 2 x 10* cells/cm? D% T
24 7 V7L — FiC I mL/well, SEFOERER & LT 2 x 10* cells /em? D% B
T Labtechll ¥ ¥ >¥— X7 A4 F X7 L 154534]JP (Thermo Fisher Scientific)
IC02mL/well & L7z, MR v 70Ty FICHEL -5, BGEFEH % 025 | 4
£ L., fHfi v 7B X005 %Y Y IRRIME (Sigma-Aldrich). 1 % penicillin-
streptomycin-glutamine (100, Thermo Fisher Scientific) % ¥/l L 72 DMEM
(Sigma-Aldrich, FHliEABRHIEE) 2T L7z OfFHtscify), Ao iEasm
F X 0" mRNA W FHOMIRELIE 3 v A3k 1 HESE L7z, Sl
HOEEHIE 24 R & LIk L WEGHE (FTEIREED GABA 2 &) LAZHal 7x
236 7 HERGE L 72,
9.2.3 s SEEAER
3 3.2.3 WHEEABR O IHICEE D ITIE & FIERICTT - 72,
924 U TF KA LPCR
¥ 2% 224 VT IZALPCR QIEHICHEHD T & RIBEICIT - 72, PIEBEEY
IZ GAPDH & L. %& mRNA OHNFEREZ KkD 72, HL 7277 4 ~—DidSl
% Table 9 IZ/~T,
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Table 9. Primer sequences.

Primer Direction Sequence

GAPDH Forward 5'-CGG AGT CAA CGG ATT TGG TCG TAT- 3
Reverse 5'-AGC CTT CTC CAT GGT GGT GAA GAC- 3

ELN Forward 5'-GGT ATC CCATCA AGGCCCC-3
Reverse 5-TTT CCC TGT GGT GTA GGG CA- 3

FBN-1 Forward 5'-AGC ACA CTC ACGCGG ACA-3
Reverse 5'-AGA TCC GGC CAT TCT GTA AAC A- 3

FBN-2 Forward 5'-TCG CCC GGC AGC AAACTC AG-3
Reverse 5'-TCA CAC CGC TCA CAGGGGCT- 3

Lox Forward 5'-CCT ACT ACA TCC AGG CGT CCA- 3
Reverse 5-CAT AATCTC TGA CATCTGCCCCTGT-3

FBLN-S Forward 5-CTC ACT GTT ACCATTCTGGCTC-3
Reverse 5'-GAC TGG CGA TCC AGG TCA AAG- 3

L TBP-4 Forward 5'-CGC TGC GTC TCC AAC GA- 3
Reverse 5'-CCC ACT TCC TGC CAGCAC-3
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9.2.5 fEEOLSE

57 E 7.2.6 RIFHOLRE OTHICEH D ITIE L FRRICIT > 72, 7235, GABA
BEZWIND 10ug/mL & 722 X5 ICHMLTHEEL -,

T 7 RF v —RXPifk L L T polyclonal rabbit anti-human alpha-elastin (#4060-
1060, Bio-Rad Laboratories) % H\3 7z, $72, TI7RF VXV N HEZHBET
BRI 7 4 v 2 —BP470-495, I 7 4 v 2 —BAS510-550 Z ] L 7=,

X b T, imaging software Lumina Vision Ver.3.7.4.2 (MITANI CORP.)iC X - T,
ABCG2 2 v X7BoRtx ) 72 L TS o N2 E% . control X DI
MECERM L, A REEG e LTko iz,

9.2.6 FRatfET

2 F 2.2.6 Fatf@T OIHICEE D /T & [FERICTT - 72,

9.3  FERHIR

9.3.1 chemosynthesized GABA ¥ X U biosynthesized GABA %* NHDF #ifig » 1%
FHIC G % % R

chemosynthesized GABA ¥ X U biosynthesized GABA %> NHDF #fl{fitl D ¥4 5 1< 5-
Z 5B R GT L 72, NHDF MifiC 0.01-100 ug/mL @ chemosynthesized GABA
¥ X U biosynthesized GABA Z I L TH5#E L 72t%. ¥ v b ZH\WT 450 nm @
WS % HIE L 720 control X O CIERIL L., MAEER 2 Kk 72, Z Dff
R LWITND GABA B 100 pg/mL DIRSE Tl control [X % &8 72 Z DAt D 5l
X &b, AR SR 13 A B IR AE %2 7~ L 72 (Figure 9-1),

9.3.2 chemosynthesized GABA 3 X Uf biosynthesized GABA 7° NHDF #ifidic 35
i % ELN, FBN-1. FBN-2, LOX. FBLN-5, LTBP-4 mRNA #HIC 5 2 % o8&

NHDF flfZIZ 0.01-10 pg/mL DK v T A ZRMLTHEE L2k, VT A&
A 2 PCR IZ & - T GAPDH mRNA IZ X} 3" % #E) mRNA DS & % K
2o Z DFER, 1 ug/mL LA D chemosynthesized GABA ¥ X U8 0.1 pg/mL YA £
biosynthesized GABA 1% control [X ¥ X UMth DFABRIX & tb~, ELN mRNA DXt
HHBEPFREICEMEZ R L7 (Figure 9-2),
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% 72, 0.1 pg/mL LA @D chemosynthesized GABA 3 X U* 10 ug/mL @
biosynthesized GABA T3 control [X ¥ X UMt D EERIX & L~ FBN-1 mRNA @
FEF B 23 B & E Z2 71 L 72 (Figure 9-3)o

1 pg/mL @ chemosynthesized GABA ¥ X UF 10 pg/mL @ biosynthesized GABA
Tl control X3 X M D FABRIX & o~ FBN-2 mRNA DN FEHE B HEIC
=l % 7R L 7z (Figure 9-4),

0.01-10 ug/mL @ chemosynthesized GABA ¥ X UF biosynthesized GABA T (%,
LOX mRNA ¥ X U LTBP-4 mRNA DB E % 5. 2 75 %> o 7= (Figure 9-5. 9-
7o

1 pg/mL @ chemosynthesized GABA ¥ X Uf 10 pg/mL @ biosynthesized GABA

T3 control X3 & UMl DFERIX & Ho~, FBLN-5 mRNA OB EAHE
IZEiE % 7R L 7z (Figure 9-6),
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Figure 9-1. Effect of GABA on NHDFs proliferation.

Cells were cultured for 24 h with 0.01-100 ng/mL GABA. Absorbance at 450 nm was
measured using the kit, normalized with control and quantified. Each data point represents
the mean + SD of three independent experiments. Results are compared to control, and

significant difference is indicated by an asterisk (**p < 0.01).
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Figure 9-2. Effects of GABA on tropoelastin (ELN) mRNA expression in NHDFs.

Cells were cultured for 24 h with 0.01-10 pg/mL of GABA. The expression level of
ELN transcripts was analyzed using real-time PCR, normalized to the GAPDH gene.
Each data point represents the mean + SD of three independent experiments. Results are

compared to control, and significant difference is indicated by an asterisk (**p < 0.01).
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Figure 9-3. Effects of GABA on fibrillin-1 (FBN-1) mRNA expression in NDFs.

Cells were cultured for 24 h with 0.01-10 pg/mL of GABA. The expression level of
FBN-1 transcripts was analyzed using real-time PCR, normalized to the GAPDH gene.
Each data point represents the mean + SD of three independent experiments. Results are
compared to control, and significant difference is indicated by an asterisk (*p < 0.05, **p

<0.01).
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Figure 9-4. Effects of GABA on fibrillin-2 (FBN-2) mRNA expression in NHDFs.

Cells were cultured for 24 h with 0.01-10 pg/mL of GABA. The expression level of
FBN-2 transcripts was analyzed using real-time PCR, normalized to the GAPDH gene.
Each data point represents the mean + SD of three independent experiments. Results are
compared to control, and significant difference is indicated by an asterisk (*p < 0.05, **p

<0.01).
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Figure 9-5. Effects of GABA on lysyl oxidase (LOX) mRNA expression in NHDFs.

Cells were cultured for 24 h with 0.01-10 pg/mL of GABA. The expression level of

LOX transcripts was analyzed using real-time PCR, normalized to the GAPDH gene.

Each data point represents the mean + SD of three independent experiments.
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Figure 9-6. Effects of GABA on fibulin-5 (FBLN-5) mRNA expression in NHDFs.

Cells were cultured for 24 h with 0.01-10 ng/mL of GABA. The expression level of

FBLN-5 transcripts was analyzed using real-time PCR, normalized to the GAPDH gene.

Each data point represents the mean + SD of three independent experiments. Results are

compared to control, and significant difference is indicated by an asterisk (**p < 0.01).
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Figure 9-7. Effects of GABA on latent TGFp binding protein (LTBP)-4 mRNA expression
in NHDFs.

Cells were cultured for 24 h with 0.01-10 ng/mL of GABA. The expression level of
LTBP-4 transcripts was analyzed using real-time PCR, normalized to the GAPDH gene.

Each data point represents the mean + SD of three independent experiments.
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9.3.3 chemosynthesized GABA ¥ X U\ biosynthesized GABA 23T 7 A F v/ & v/
7 EOFRMICE 2 508

chemosynthesized GABA 3 X U biosynthesized GABA 28 = 7 A F v X v 3 7'
DRBICE 2 2 HE X RIS 22129 % /2%, NHDF Mifgic 10 pg/mL @
MY TR EIN L TR L 721k, it L, BOCBEMERIC TR 217 -
720 Z DFER. 10 pg/mL D chemosynthesized GABA ¥ X U biosynthesized
GABA TiZT 7 X F Vg2 K< L. MHMER 2N &2 Z L 8B I T

(Figure 9-8)

—77. negative control X T3 D A . ABCG2 4 A —¥ v 7 Clifi
b INad otz TOZEDL, ZRIMERDOIERENFE G EL Ty
L ZitHT 5 Z L TE 1,

¥ 72, ERIENT OFER, T92RF v 2 v A7 EoHNEERIZTho

.

GABA IC5 T control X &t~ HEICHEMEZ R L7 (Figure 9-9),
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Negative control

Elastin DAPI

Merge

Figure 9-8. Effects of GABA on the elastic fiber formation in NHDFs.

Cells were cultured for 7 days 10 pg/mL of chemosynthesized and biosynthesized
GABA, changing the medium every day. The negative control was determined using only
the secondary antibody. Cells were stained with 4°, 6-diamidino-2-phenylindole (DAPI)

for nuclear counterstaining, with anti-elastin antibody (elastin), and merged (merged).

Scale bar, 100 um.
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Figure 9-9. Relative elastin protein stained area.
The images in FIGS. 9-8 were analyzed using imaging software Lumina Vision
Ver.3.7.4 .2 (MITANI CORP., Tokyo). Each data point represents the mean + SD. Results

are compared to control, and significant difference is indicated by an asterisk (**p <0.01).

120



94 EH

BMARAED TR TH B = 7 AF VIIMERSTH Y, KFOMNEE S 2
ZEELMEED D V. MlEs = Y v 2 2D 24 %% 5D 5 199, EfLictEn,
HDFMifdic k227 -7 v BIXUVT 7 XF Vv OEKENED L, BEMEMES X
UBHERRME D B2 32 100, o F b ZALICH: 5 BE O M HAERRIC 12
HDFAifdic X2 27— v B XUV IR F VOEERZHD ISR L2 HE
HTh b,

—J. KGO E Y522 BHELTCERZIVReRY) 72/ — 0k
A TN TS 10108 = s i3 HTRBLETCHAREEI 2B L <, 25
—7 VL MMP, T RFvEEHREL, KEOMIMET 23 2 107 108
¥ 72, AW CHRET 21T > 72 GABA 3. %< oM. FICREEMICETN
T3 109,

AWFFETld. %3 chemosynthesized GABA ¥ X UX biosynthesized GABA 7%
NHDF #ifdDEFHIC 5 2 28 A at L7z, Z OF5R, Wi o GABA 3 100
ng/mL CTIIAMIEHEIEZ I L 72720, MldOMEEHE L 2 WiRE, 21
0.01-10 pg/mL D L HEFH © LU 0 &5 5% % 1T - 72,

KT GABA %* NHDF #lifid D #iPERRMEZ K I 5 2 2 52 B 2 BET L 72, Hlobi
TR TR RO T D I TR HE O E R TH 2T IR F v B LU 71
7 4 7 YL (FBN) OFBBBIETH 5, il 2 ITEIRIES & 7z B <l
ITI7AFVEFBNOREMET L, YU BHEHRI I, #OErkbns 7,
FBN (3%72 2 mRNAIC X > Ta—F&hd 3 D204, FBN-1, FBN-2,
FBN-3 23fF7E9 %, FBN-1 & FBN-2 [3EHE T 2K 2 —v %2 FfoThh | i
PERAETE I B\ CRRICEEECH B ATREME S B 5 11O 11D, i HRAYIC FBN-3 (X
b MiCBWT, TIR6EPS 12T T, 2% ) —FFWICEMIC TRIAT 2
TEPEINTHE 1D 2 Lan KR CIIFHMEB I AN 2 o 72,
FBLN-5 (DANCE & dMEEN D) BRI TIAFvRIzu7 4 70 FICiET
572D Bl b, HERHEPRICHHETH 5 e Bbrolk 1™, K
WF5Eic 5T, ELN & X U FBN-1. FBN-2, FBLN-5 ® mRNA O FHE 13 H &
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ICHEIM L 722 &1 X o T, GABA 23 HiPERRMED TR G2 R 2 N & 2 ]
REtE 2 R T e,

MfE A EN L, MO EN - REECIEN 2 v N VB e i€ 5 v =
ARy TRy T4y eI, SR @k AR KRB DML c R
TELIRFVRYANZHOREBRZMHTENICHHLNCTZ LR TE S, &
foo TIRF VR YANZHE ALHERMEORBICIZ, trKFTI7XF v EX
OCizu74 7Y v voMRlof, 205 ZHiG S & 2 EEAORE %25
% FBLN-5 38L& 72 2, ARIFFEIC BT 2 REHOLYAIC X > T, GABA 2°
NHDF #AEIC X 2 PERMEE R 2 (23 2 2 L 2 HRNICHL 2 icd 5 2 &8
T&E7,

8 E BHETHAIEY . GABA FFREMEIUC X v BE 5 5L H Ik
NN ICEATT 2 2 LA bNTEH D, D GABA ZBH 5 1 Kt
ZE—ZICRRICEAT L e niEIN TS %, 72, GABA & GABA
ZRMBIIHE 2 T KRR ISR 3 2 199, fiE 5 T, GABA ZFRMHEBHLL 72
BX. GABA 23IHICFEAT L AR ICE IR, ZBKRLEAT LTI R
FVBEEE T B XX v X BORB AR S & KGO MIMKT % #1815
LHREMEDFZE Z b NTz, 272 L. Z DFEIA 71 = X L % PEf#S 51213, NHDF
R CHILT 2 F 87 GABA ZENREFFET 2 ERH 5,

9.5 /NG
AWFFEIC X - T GABA (X NHDF fifidic X 2 R 2 e 4 23 2 & 28
NEI T,

RIETO B . ALMEIC GABA % {BHL X B 7-#5 5, MR E DK
TG 5 2 LG T P, EEBERE Tl GABA 2R HEIL 72 1
iz iciifEhor — Z7BEIGEL 22 L BPME I TE Y D, GABA #&H
BE & 1 BFEILL ERGE L 7268, BOE & v o 72 KIR MR IC GABA 25%5E 3 % A
REMERZ Z b B, 4 8 Hk X AR TlE GABA R IHBHUC X 2 7§ kL E

DOART Z 4 L 72 E BT 2B O 2 L7, ARBFFELARTIZ. GABA IC X 3K
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FAE Y O UMEECIEIR DB [ E & v o 2R 2 ~ DR cdh 3 &
EZ LN TR, AFRORRIC X Y . BERMEEEE & v 5 TEER 7250
FiCX o TN ZHMERF L, HA DT ZIGEIT2 2 & ZHS AT L7z,

T ARFE Tt (LA I L7z GABA &GRS - GABA D5 % fif
L7225, wiho GABA b FE L UIX v 7B L L CRBRO SR %R
L7z b, K% D 72538571 GABA TH Y. GABA LISt O FLEEH
BELEFEY)Cld7e\ 2 L AL 72,
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%

F10% GABA 2SFEffiidic s 2 A&
DFRBICE 2 b2

HiiESH#E mRNA B L &k v 32 H

10.1 #3
HANZMR TR b FEFmBR 1Y, 2016 F0HAANDVFEZEamIZH
2% 80.98 k. ZMEA 87.14 K ThH o7 19, FIgFaTh L, @EFMa L 1ZA
PHM L TR EREcE 2ot Tchh, NMEEZLTEL LAaWRETD
gk LCw s 19, 2016 OB MIZHANSED 72.14 mK. KM
2 T4T9 K TH o721, oF b HRABERK 8 FH. HRALMER 12
EML MO0 NESELT L EERTE, MEILBEICARZFERD 1
DIIINERICHE S N E L HIARREDIR T CTHh 29 rax=7 191Ntk 5, ¥
NIRRT A0 RELIRE Y, Flin s & DI X OFREIZIEMS 2 17, 65
A LD HAANBHED 11.5%. HRAKWED 167 %39 rax=TzHoTEk
DO 0 ET L ICHHED 8% T DRIV, 152 OEEEREL AT
M, ftoT, ¥rax=7OFiZ NO@BEHEMLEMD-DICEETH 2,
GABA 3V CEMEMICEI NI T I /EThH Y, chEcitibr7d
D, AP LRARY T v 7 2B, MEROEUEERR . M A7 ol
) 72, SFIEREMBELZET LI LBMEINTE, 72, F8E
BIXOFE9ETHR/ZHE Y, GABA % NHDF fifdicims sz ickh, =27
=T VYRLTAF VIR E Lo BRI HE O BB IS 2, 35
IC. GABA OEHUIMA X v o327 N & 2 R FVE Y Dbz iRES 2
1200 F w k OWfFIC BT, circulating insulin-like growth factor I (IGF-1) 1%
R A VRIED TR AT 7 FINA ) v b= 3-F F — B/ AKT/MHFLEE D IERY
FHRIBLL . HAOFEILIER & % v s 7 BEKEAET 2 2 & 23505 o 72 12,
TE B 72 388 % 128 2 72 20 PE 28 54.5 4 0.071 mg D GABA # & D&% 8 JER B
U 798 T BRABRG R E A3 00 L 72 29, 5IFISCHR 24 0 FF ZMERARFIC oW
T. GABA 23 IGF-1 &R FNVE VY O ZEIEET 2 2 L I1T X 5 b D Liffamft
F72 29, L2>L. GABA 2’fRAfMdIc 5T, AR ORFICED 2 KT Ich
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2% EE 55 B B 2 WS 13 7R 0

F 7. HIROTT L 72 5 HEEIE 2 BB KR ISR 2 2 LI X D ER(E R b
L 2% 5.2 72092 Tl control XICTEE~, GABA iSIIX D MR A fF 3R 254
90 %t L. MAfREEMAZ R L2 12, 72720, ER P L REMA T CofiZF
MAZICN 3 %5 GABA OEEEN BB 2 Wi 137 v,

CoC12 ffEIZ 7 7 4 Mifdic k3 2 ~ v Atk cH 3 123, )
R X0 b U CRfRAEIC AT 26103 5 720 flHINTRAE D in vitro
ETNE LTI B 12,

% ZC. GABA D3JEA b L RAZAMT 0 C2C12 M o3l 35 X OV A B FR TR
TTRt L, EENICE 2 3B O W CRET 21T o 72, SFMTEAE 3 R pE R

& . myogenic determination gene number 1 (MyoD) 3 X U} peroxisome

lLl
A

proliferator-activated receptor gamma coactivator 1 alpha (PGC-1a). myostatin

(growth differentiation factor 8, GDF8) @ mRNA & & v ¥ 7 E DM E &
L 7z MyoD (ZIifatE & v ¥ 2 B0 Al & 6~ 3 % S8 A o B2 7 A i K]
TTH2 ', PGC-la IFHHKfEL ANV F—R#OIEORERTTHY, £
VA EAEREHERREZRES 2 15, Myostatin ld & F B3 X UBYOFHAER
D HDOFEINTTH 5 129,

102 FEETTiE

10.2.1 #Hk

LA K & L7 GABA (fiE 99 %. Sigma-Aldrich) % PBS (—) ICiAfR & &
T, MfEREEER It L 72, Kb o PBS (—) BEIFZ 10%E L7z,

1022 MifaksE

c2ci12 Ml (katk 7r— - =— - v —) 12 10% Y Y RIEME (Sigma-
Aldrich) ¥ X U' 1 % penicillin-streptomycin-glutamine (100x, Thermo Fisher
Scientific) % #/l L 72 DMEM (Sigma-Aldrich, MFEFRSH) ZRiHb & L,
37°C. 5%CO; PTHEEL 72, C2C12 MNEIZLAT 0l 0 ICHRFE L 72, Al AEHEfiE
A & L T 1.5%10% cells/em? DEET 96 7 = )7L — } i 0.1 mL/well,
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mRNA ST B LU0 =242y 7ay 74 v Z7HE LT 2x10*cells/cm? D% i
T24 7z 7L =M ImLiwell & L7z, 2 v 7Ty MICEL R, 24 Kt
T EiC 2%y ~IiE (Sigma-Aldrich) & X U8 1 % penicillin-streptomycin-
glutamine (100x, Thermo Fisher Scientific) % 7Sl L 72k 4 72 IR O GABA # &
DMEM (Sigma-Aldrich, SR ) & RS L 7=, HHREIEEEss H &
X U mRNA 73t H Oifiidis GABA % & Ladoigih & Biizc#a L 722565 4 H
BELL, VA2 7uy 74 v 7l GABA 2 & T Lad DRl & J5il
L 7e23s 5 HERGE L 72,

10.2.3 s b EbR

53 % 3.2.3 HNEEABR O THICEE D ITIE L FIRRICTT o 72,

1024 VYT A& A LPCR

F2E 224 VT IXA L PCR QHEICGHEHD 7L & RERICIT - 72, NEREEHE
I GAPDH & L. £/ mRNA O I & X GAPDH mRNA FHEIcx 3 2 H &
LTk, 774 ~—ofLh|% Table 10 IZ/RT,
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Table 10. Primer sequences.

Primer Direction Sequence(5'-3)

GAPDH Forward ATGGCC TTC CGT GTT CCT AC
Reverse TGCCTGCTTCACCACCTTC

MyoD Forward TCCGTGTTT CGA CTC ACC AG
Reverse AGA AGT GTG CGT GCT CTT CC

PGC-10 Forward GGG CCA AAC AGA GAG AGA GG
Reverse GTTTCGTTC GAC CTG CGT AA

. Forward AGT GGA TCT AAATGA GGG CAGT
Myostatin

Reverse

GGA GTACCTCGTGTTTTGTCTC
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1025 VxRRvI7ayr4 vy

FHIE 325 VYRRV TRy T 4V OEICEEOIT L Rk FEE L
726

—X$Uf1Z GAPDH monoclonal antibody 60004-1-Ig (Proteintech)3 & U MyoD
polyclonal antibody bs-2442R (Bioss Inc.). PGCI alpha polyclonal antibody bs-1832R
(Bioss Inc.). GDF8/MSTN polyclonal antibody bs-1288R (Bioss Inc.) % FH > 7z,

GAPDH % v 3 7B OB CIER L L. SIEN &2 v o3 7 B O E %
ko7,

10.2.6  HaHAEHT

2 2.2.6 WaMENT OIHICECER D J5ik & FERICIT - 72,

103 FEEHR

10.3.1 GABA % C2CI12 flif D E§hEIC 5 2 % 72 E

C2C12 MHAZIC 1-1000 pg/mL ® GABA # ML T L 72%%. ¥ v b 2 fEH
L C 450 nm WEFE A HIZE L 72, Control X DR CIEAIAL L. AHACIENAR % 5k
DTz, ZDOFER, 100 pg/mL LA D GABA 1% control & i L € & I 845 % {iE
H#E L 7= (Figure 10-1),

10.3.2 GABA 7% C2C12 #if@ic 51F 5 MyoD ¥ X U PGC-1a. ® mRNA & X O
& v YERBUCE 2 55

C2C12 fHAZIC 10-100 pg/mL O GABA %ML CHEE L 2%, VT X A4 L
PCRBL VY 22 & v 7 uy 54 v 27X > T, GAPDH ODREEICH T 5 1Y
K7D FHEZ KD 72, ZDFGER. GABA (X control & FLE L T, MyoD &
X ' PGC-1a ® mRNA (Figure 10-2, 10-4) ¥ X ' & v ¥ 7 E (Figure 10-3, 10-5)
DN FEIL R 2 IRFERFRICH RIS X & 7,

128



140

a
S I
‘E 120 b b
8 b 2 I
i 100 — I
g s
> =
S 80 f &
= -
o -
c 60 f -
S =
E -
< 40 oy
S ]
5o e

1 | 10 | 100 |
Control Chemosynthesized GABA (pg/mL)

Figure 10-1. Effect of chemosynthesized GABA on C2C12 cell proliferation.

Cells were cultured for 4 days with 1-1000 pg/mL chemosynthesized GABA,
changing the medium every day. Absorbance at 450 nm was measured using a commercial
kit, normalized with control and quantified. Each data point represents the mean + SD of
three independent experiments. Different letters (a or b) above the columns indicate

significance (p < 0.05).

129



16

14 r

12 c

HH

10

08

06

04

MyoD mRNA (Fold Change)

02

| 100
Control Chemosynthesized GABA (ug/mL)

Figure 10-2. Effects of chemosynthesized GABA on myogenic determination gene
number 1 (MyoD) mRNA expression in C2C12 myoblasts.

Cells were cultured for 4 days with 10-100 pg/mL of chemosynthesized GABA,
changing the medium every day. The expression level of MyoD transcripts was analyzed
using real-time PCR, normalized to the GAPDH gene. Each data point represents the
mean = SD of three independent experiments. Different letters (a, b, or ¢) above the

columns indicate significant differences (p < 0.05).
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Figure 10-3. Effects of chemosynthesized GABA on myogenic determination gene
number 1 (MyoD) protein expression in C2C12 myoblasts by Western blotting.

Cells were cultured for 5 days with 10—-100 pug/mL of chemosynthesized GABA,
changing the medium every day. MyoD protein levels in C2C12 myoblasts were
analyzed by Western blotting. The relative protein expression levels were normalized to
the GAPDH protein. Each data point represents the mean + SD of three independent
experiments. Different letters (a, b, or ¢) above the columns indicate significant

differences (p < 0.05).
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Figure 10-4. Effects of chemosynthesized GABA on peroxisome proliferator-activated
receptor gamma coactivator 1 alpha (PGC-1a) mRNA expression in C2C12 myoblasts.
Cells were cultured for 4 days with 10-100 pg/mL of chemosynthesized GABA,
changing the medium every day. The expression level of PGC-1la transcripts was
analyzed using real-time PCR, normalized to the GAPDH gene. Each data point
represents the mean + SD of three independent experiments. Different letters (a, b, or ¢)

above the columns indicate significant differences (p < 0.05).
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Figure 10-5. Effects of chemosynthesized GABA on peroxisome proliferator-activated
receptor gamma coactivator 1 alpha (PGC-1a) protein expression in C2C12 myoblasts by
Western blotting.

Cells were cultured for 5 days with 10-100 pg/mL of chemosynthesized GABA,
changing the medium every day. PGC-1la protein levels in C2C12 myoblasts were
analyzed by Western blotting. The relative protein expression levels were normalized to
the GAPDH protein. Each data point represents the mean + SD of three independent
experiments. Different letters (a, b, or c) above the columns indicate significant

differences (p < 0.05).
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10.3.3 GABA 7 C2C12 #ifidiC 3515 % myostatinmRNA 35 X X v X7 EH DF
HRich 2 5 5%8

C2C12 MHAEIC 10-100 pg/mL ® GABA Z il L THEE L /2%, MyoD B X O
PGC-1 a & [AIEED J5iE Tkl # 1T - 7245 5. GABA I control & b L T,
myostatin mRNA (Figure 10-6) 3 X "% v X278 (Figure 10-7) DHNFRIHE %
IR RPN AR ISR T & 72,
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Figure 10-6. Effects of chemosynthesized GABA on myostatin mRNA expression in
C2C12 myoblasts.

Cells were cultured for 4 days with 10-100 pg/mL of chemosynthesized GABA,
changing the medium every day. The expression level of myostatin transcripts was
analyzed using real-time PCR, normalized to the GAPDH gene. Each data point
represents the mean + SD of three independent experiments. Different letters (a, b, or ¢)

above the columns indicate significant differences (p < 0.05).
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Figure 10-7. Effects of chemosynthesized GABA on myostatin protein expression in
C2C12 myoblasts by Western blotting.

Cells were cultured for 5 days with 10-100 pg/mL of chemosynthesized GABA,
changing the medium every day. Myostatin protein levels in C2C12 myoblasts were
analyzed by Western blotting. The relative protein expression levels were normalized to
the GAPDH. Each data point represents the mean + SD of three independent experiments.

Difterent letters (a, b, or ¢) above the columns indicate significant differences (p < 0.05).
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104 &%

100 pg/mL F X T 1000 pg/mL O GABA ORMNC X b, C2C12 HllE D HEFf A3
BEICHEML 72, ¥BEMiecd 5 c2c12 Mgt ofMfg & @iés L CEEHE %
FERLL ., & OBDEII L 7215, 2050 25EE L CRISHICIZA AR 28N+
5, Tz, PIOIICR_725E Y . C2C12 MfICEE L R F L 2% 5 2 72158 Tl
control PXIC .~ T GABA NINX DAIAE AR A3KT 90 Yol L. Al {20 3
VRO LN Z P MEINT WS 2, —F KL CIEEEA b L 2IEHF
7E T T C2C12 MfZIC GABA Z i L 72 B, Ml i s L %85
2T L7z,

C2C12 MHIAZIC 10-100 ug/mL © GABA %71 L 72455, MyoD mRNA ¥ X U0
£ v 71T GABA DIREMKFINICHEICIEML 72, FIAZ v o8 7 BERIZ
MyoD 7z & D RGN O FIIC L » TN I 3 12D, X 512, MyoD iX
RN DB Z ST 2 ANV F—DERD PR —FF 2512, 2% D
GABA I MyoD ORBEZIMI &, fix v "2 HOoAKEZRET 5 2 L 2VR
I N7, RFABRDOKFIL GABA DEIEGH DFEEZIGIEL L. B 0 I
INF—DOMIE R T 2[R 2 "R T 55 D TH 5,

C2C12 MHIAZIC 10-100 ug/mL ® GABA %7/ L 72455, PGC-la mRNA ¥ X
Q& VX713 GABA OIRERFICHEICIEML 72, PGC-la X BISHi=H &
AN F—HOEDOHERFTH Y. AEICEH VT PGC-la FEEE 2 HEIN
53R VNIEEREEBEREEINS T LIC0R15 1P, 7z,
BN X o CIEMERE (ROS) DOFEADEML. Z I X 5T PGC-la DF
RIS 2 2 EAHE TN THE 1, —JF, KWK Tl ROS &\ o 7
WE 5 2 70 R T C2C12 MIBEIC GABA 24T L. PGC-1a FIRE 25BN L
7o 2F 0, EEOAMICEDL LT, GABA DBEHEMNICI ba v FY 72N
& B A[REEDHE 2 b LT,

C2C12 MHAZIC 10-100 ug/mL O GABA % 701 L 72#4% %, myostatin © mRNA
B LUNE v o7 H L GABA IREKRAFENICHEEICHHA L 72, myostatin (37 D
R R#EOBOHFHRTTHY 29, I bav FY 7ToELSKE RH D FHH
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T2, FTRFARY VIEHEIBEKAILE VA (RTEAF) THY,
ERMHEZ G ZRIFT I EBHMONT NS B, FxH 22 Y 2FEML -
C2C12 fj% T3 myostatin D FEE AN L. MyoD OFILE A4 2 139,
—J7. CQQCI2ICT7 A FT IANLD I DTHDIALT AT 77 VERMNT S L
myostatin DFIHEHJHD L. MyoD OFRIHELEEM L, AiE OEREIEML 72
T EHWE XN TN B B0, 24113 myostatin FEILER D A 25 MyoD FHLE % 1
mxg, HEREZS 72632 2R%T 5, iE> T, GABA | myostatin DF&
HEZHA X4, MyoD OFHREZMMI L2 Lrb, AVT7+T7T7 7L
FRkIC, MIEKZ 5 & TR E 2 bz,

BUHHTH~N7-X 51, 1 HH 729 # 50mg D GABA % & U HMEAM K % 18
L. EM @R 22 72 e P CIIRIBIIRE, 3hbb. HRESEML
Tz 2 EHBME I N T2 2, IR 24 DEH S IZEREF Icow T,
GABA 2 EFRNVE Y Db RE L. IGF-1 LN Z v X7 H 2T ¢ 5

ICRRT 2 &) TR Tli7z2, —Fh, KWFFEICEHE T, C2CI12
MAEZIC GABA ICHINS 2 &, #MiflgdghEs X O MyoD ¥ X UF PGC-1a DRI A

iE X 4. myostatin D FEFABFH] X 7z, #E> T, GABA [ZHE RV E v b
HEMEFNC X 2 MR 2R D 270 & 3, FidFfifdic 5 2 2 EER AR sh i X -
THIARZEME E2 2 L ARMEIC L Y RBI N,

Fe8bBIUNoE EERTIHRR/ED . GABA EHUC X 2 GABA I iEE D |
O L BRA R COZBMROFEI OpRMEINTWE, /EoT, #
XL 72 GABA 23R % /i L T i AR 1 BRLEEAST 2 2L CHA

BAEMEMIEZ 2 ECHRABDOEKT ZIH T 2 nfgEELE Z bz, 7272 L.
ZOHFGA =X L #HFE T 21213, C2C12 Mg THRIHT % T3 7 GABA X
BREFFETIHELD B,

10.5 /N
GABA % C2C12 flifg D 3% 5 X X MyoD & PGC-lo DRI & % H R I X

4. myostatin DFEHEZ HEICHD 272, #HHEL 7z GABA iZifific A3
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T &b, BAARTIL GABA REKRPFEHL T3 10 Ll aTwn 3,
2% ). GABA A HiAMIRICENE L CRAR LA L. BRREMEZ FIE 3 % vl RE
MBHEZOLND, ARG RIE GABA ZBHT 5 2 LiC X V. GABA 23 4l
feICTERRNICIER L CRISTEZ M &, HOZMGT2 2 L 2783 2D
DTH2, 72, AFETITEH L Vo2 R b L AR WERE Tz 1T -
2o 2%, EBIOEMEICED LT, GABA 2R Z BN S ¥ 2 WIEEME &R
B3 25HbDTHD, 72720, b MBI 2R EMGT 5 7201 id ZEE MR
B VwolzI o b NELMETH S,
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FHITE AR

ARG CIIREBEERIOAFMAZ HIVE L, BEEREZ XA TH % FBE
ICE N B EEFRFEREER ) O 3 X ONHE 27\ BEREME & SEERIWICAERA L
72o F7z. FBE 5 & U CHEHERE X5 GABA OFi7- nbEREM Z PR L |
FEERIICEERA L 72,

FH2ETIE, FBECEEN 2w a2l ofiilis X CFEEIC > W THE%Z
To72e MMP-13 (31 7 = F ¥ X LT HIRBEEIIE © F69E 1 B 55 2 W5 70 fig
BRTHd P, 2T, OUMS-27 flifidic 351 5 MMP-13 FEBINHIZIR % 5
L LTHMBEI OBR 21T oM. FBE-PA0-5 ICEENH RV Z I )L
~ 75 F pEPYP (pyro-Glu-Pro-Tyr-Pro. 77 & 486, 7713\ C24H3NsO7) TH
52 EHHBHL 72,

%3 E Tk, {LFAK S L7z pEPYP % Vv, OUMS-27 flifidic 1) 2 MMP-
13 FRENHIZI S & . TALL-1 fifIC 5 0 2HURIEWH 4 4 v TH 3 IL-10
FICEN RO 21T o 72, % DRGSR, pEPYP I MMP-13 O FIH % #lI] L |
IL-10 DR ZEHET 2 Z L BB T B I VCX VY ANXIELRLVTHL 2L 7o
7zo D% Y. pEPYP [XHKE D3 % HIH 3~ 2 R L PIRIEMREZH 2 2 L B3
R XN,

FH4ETIE, Vv~F (CIA) £T A7 v IC pEPYP & ikl % smilee 1 #¢
5L, fivw a2 RomitziTo7%. ZOME. AEEI LI o DD,
control Hf & Ik~ UV v~ FRIEYIHNICHM T 2FEA a7 B LN M= 7 —
7V 1gG PiiREMEEICIIZ b7z, [>T, pEPYP BT 52 kit ko T
7 aED P, SEEICHIRE R T AREE SR X 7z,

55 ETIE. BB ALENED D % 40 %0 H 69 KD R B4,
pEPYP % &N — oA 7w v % 12 JAREGBI & & 7= BR, BB IC G 2 2 5 #
ZWREf L7z, 772K % control & L THEIRES L 7245, JKOM DAk « Tb
Y ICBT 22 aTIicE T, pEPYP BEFE X 7 7 v FHf L LR CTHEICWE

L7zo O ICERINTCIZ, A - THIX Y OREPEWEEREEIC BT,
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pEPYP #HHHEIL 77 2 REE & LT JKOM DiiA - 2HIE Y 22T H XU QOL
2AaTHPEBICHELR, > T, pEPYP 2T 2 2 LicX b, HEAEEKC
BRI ORAC T DIEY OFREETHid 2 0 ITWE I ¢ 2R RARE X
Nz,

%5 6 T T3, FBE IC& % 1 2 FREEFFH R ) Dl B X T FEE T 2w T
Je%1T > 7z, FBE-P OERUC X b MEREIEIMET 2 Z & 28 E T h T
% 3939 ABCG2 (35 ERICHHLS 2 JRIEHRIEE DO —D>TH 2 Y, £ 2T
Caco-2 #ifidic 51F 5 ABCG2 XN FEH & % M {5#E & L <. FBE-P Hh o pREEHE
HIEEDE % ER L 7=, % DGR, FBE-P 1D ABCG2 FIHUEHER /713w 7
Vg In7a ) v pEP (pyro-Glu-Pro, 4318 226, 43F3 C1oH14N204) TH
D, FBE-P FiRICIZ 0.6 % (WW)EEN TS T &30 o7z,

%57 BETlE. Caco-2 Mz H v, {LEE K X 1172 pEP 23 ABCG2 D FEHLIC 5
Z DB RME L7, Z DRE. pEP 13 ABCG2 D mRNA 3 X UN& v 7B %
BREICHEME &7, o T, RIFFEHRIE pEP 258 < O IREEPEM % (e 3 5
AlREE B B 2 L R T 5, LA L, b MICET S pEP ORFROEBINOZIE %
BT 2720 I I " HERABRSLETDH 5,

FYE TR, KERERMIZ ML L, FLEER IC X © FF#AE & 17z GABA 23
BRG D)) % AR5 2 BRI 0T FRBET 2 T 2 iR & 1T o 72, HEED
557 PHEIR O A 2 B UL N B2 2 FAK IS & 72 #5584
ORBEEDO B WHT 2 2 L BAME I LTV B ™, F 72 AFAETICO VT,
GABA D A b L ARSI T+ X CHEIR OB SGERD R & v - 72 B 72 R ic X
> T, IloistE D BAL 2 W+ 2 & & S HERI X LTz, 2 2 TR T,
GABA 73 NHDF MfZICTEENIC G 2 2 B IO W TG 21To 7, THla 7 —
7 v XU MMP-1 mRNA HHx 53 & % e R & L TR 217 o 726l 3.
GABA I3 COL1A1 O FEH & Z 8N X & MMP-1 DFRFIER Z KT X &7z .- T,
GABA OBWAB I a7 -7 v OBKLFHONT v 2% HlfllT5 2 LicX b,
RGO % SGET 2 ATREM A RE S 7z, D F V. GABA (X[EHA 50 E

72Tl 7 L ERER ARRIRIC X o THLOMHT) Z ey L, #) O T 244 2
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EEZLNT,

FoEmETIE, L FAK X N7z GABA 3 X U'FBE ##5#th & L CREEE SN
GABA 7° NHDF #ildic1F 2 = 7 X F VEE mRNA 3 X O & v o3 7 H OB
5.2 2508 Wt L7z, Z D%, I Lo GABA b ELN. FBN-1. FBN-2,
FBLN-5 ® mRNA OHNEHEAZHREICHMIE, 7 RF v X2V XTI HOH
NFEILE % H RIS & &7z, AIFFEIC X - T, GABA & NHDF flifidic X %5
PR 2 (RS 2 C LR E N, 2F D, 5 8 B L AL, GABA 1[H
BRI i L EEN AR ICX o T Mo 2R L, # oK
TEWHT 2 EEx bNz, AT, {LAEK SN GABA & HE#A
FEX N7z GABA DtifF #HH L7225, WD GABA bR FH I UNX v 37
BHLARNUTHEROMBEZR L2 &b, KMEREZD 7256 T K7 E GABA TH
. GABA DA DFLRRFER L EY) Tl L 2o I Lz,

10 T Tix, {LFAK S L7z GABA 2SHMIIRIC 5 2 2 W EE BT L 7,
2D GABA % B L 72455, BRIGIGAE ML 72 19, Z oI
GABA 1T X 2 R AN v 7 & O uMEERN R, D F 0 BEER 2 h R R 5
% ERE XN O, KHFZETIZ. GABA 28 EFMIIEICTEREIC G 2 55 2C
DWW 2T o 72, Z DFEE. GABA 1 C2C12 Mg D34l % {Ei L . MyoD
& PGC-la DFIZ e L. myostatin DFERZIHI L 72, o DFERIT,
GABA 2"BifiEZINE &, 2oV 2MH+T2 L. 2% Y GABA »fiA
CHEBEN R EYE 2% TBT2H0THDL, 2770, & MiCE T 5%
REeWG T 27201t “HERERL ot IO R IMELLETH 5,

PUEDRIFRIC X o T, KREBERHMREY)ITH % FBE i i39lv = €K
pEPYP ¥ X ONREEEKINL S pEP & ENTWBE e 2R L&, 2%V, b
B ORREERMFEM & L CoM7- @ 2T 2 LB TE R, 2720,
FBE IC& % pEPYP B X U pEP 13D 7720, AAHBINEZIE 2 720113
FBE-P DK % 900-1400 mg/day I3~ 2 L EHH %, —7j. FBE-P k% #l
W5 70iE, FEHICH S DRI LE 25 L, R RE. BRIt
fii. 9771, W2 %3 2 2o, ®ERMIEF IRV, 2 OFEIC O W T,
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FBE 7> b Off#lE L O Cld7Za . BEFRERS X OCHEIMELIBHRIC X 2 )
ISR & ol BRI X o T MES X CIEOEEMEZINGT 2 C
EHRTE D XOMAT 2HEND B,

¥7-. GABA OIS XUOHIRE LR T 2EEZE L TH 0. A
RICEX > TCZOIFRABTFRHL L o7z, 2% 0 RFSCIBERRE D K
FEEEYITH 5 GABA 2 FioRetEIcBL <, BlMAEw 3L L bic, Be
PR L 2 MEE FHIT 2 2 E28REL 2 ) . DL CTIHHEE OEHE L &0
LLICHFETEHDOTHD, -77L, Khe LT % FBERAVETH 5
ZEb, RBFERRIC X o TREBEEAH O EFUHE 2 b ¢ 5 2 L 13N
Hchs, LHrL, BHETIAMEAOHEEIC X > CHIHELIER ICRmD 5
Lh o, HREEYOAER D NS 2 RS E V. GABA B & IFfHl L L
T, fhOFAMEFEM X — 7 —IC FBE 255 e L CAKFIAL CHE 2\ & F
TWwa,

kB, AHFETHS 2 & 72 o 72 pEPYP B X N % O & I3 FFEF5R 6795670
T, RHOHUME [T+ 7T F MMea kot zof&] & LCRFEES N
7zo [AIERIC, GABA D L7 B3~ 2 fE IRFATER 6944240 5, FEHD X%
[GABA %14 &3 2 AR DO MAMEIERE L X v~ 7 oG HE 2l
7T 220D & LCRRFAEE Sz, 51T, GABA AR
5. 2 2 VEREFERTES 7308329 5. REHAO A% [GABA 2 AW &3 59 L
AR=ZT P E 72 IEA & L CRRTEE I s,

$7-. pEPYP 2 &6 T 2% 7V A v b ZHEENFREN & L OHBEET I
L. ZEI N (BHEES HT1S). EHEICIIARITE O NE % B2 R,
7 FR OFHERICEEE L. AR ERICER L Tw 5,
GABA O (G1362 72 &) I X Ui R DHERHER IC O W T b BRREMERTR
e L TZHEINTH3,

143



51 FSCHik

1=

N

1. PREQEEL, AR50 BERTR O EIRIRI. HARBER S A, 55, 101-107 (2012)

2. http://www.tres-1td.jp/biomass/h21/jirei/pdf/46_0_45.pdf

3. kb, EIRR MR R m B S e 5 (RIFEERE) BERTiIFLER
FEWAE (SPLR) Dk} - JERIFIFIC2> T (2021)

4. SEEEEL—BR, BN, FuP s b=y Ry EIRE IR [BER
Wl WCEH HARYIEAM AR L 2@k Ak, A FISEERE, 6 (2015)

5. PERRHTEL. SHRABEAE S DAL v F v —1hE) BRI [DEa e
H5#%. THE SANKEI NEWS, 2018/5/18

6. Circular Economy Hub. [HEESHA | %o EHC  FESALIEZ )k & 3 FEEEH
& DHL Y #H 2. Forbes JAPAN, 2021.08.13

7. WAL —EE. VAR — b oA d e ABRRHELE I X 2 BERDRLEE 7 e 2 X D
Fe L BENANA AT F Y —HIGHE LG OMR—H 2 31 & 7V — 7 L EIRKY:
L oEHE—, EZITFERAREE AR A BN IR 2 S v — L,
2021 9 H 15 H

8. FRMIK. FEMEIC X 2 A S SERI Y D FRREE R i~ DERI. IR AT, 47,
61-67 (2010)

9. WHE =, R, HEHMES. KEE AN L 22 ERERI SR o £ FER. H
ARty ait, 107, 355-361 (2012)

10. Takaya Y, Furukawa T, Miura S, et al. Antioxidant constituents in distillation residue
of Awamori spirits. J Agric Food Chem, 55, 75-79 (2007)

11 OB NNHB® &, GilE S, A1 7 3 VvBER R~ T 2ITktd 2 K
T ¥ 2O R. HABMEE T #4558, 54, 61-66 (2007)

12. KR, IRIME, HEES. BERKARIR S ©FEARNSICBE S 2 Lt
78, AL TAE5m IR, 33, 168-172 (2007)

13. Yokoi H, Aratake T, Nishio S, et al. Chitosan production from shochu distillery

wastewater by funguses. J Ferment Bioeng, 85, 246249 (1998)
144



14. Yoshimoto M, Kurata-Azuma T, Fujii M, et al. Phenolic Composition and Radical
Scavenging Activity of Sweetpotato-DerivedShochu Distillery By-Products Treated
with Koji. Biosci. Biotechnol. Biochem, 68, 2477-2483 (2004)

15. HhESdst. ITHRREUCE R [RBAREZZ XX - TrarT ] ~ALBHOR

WEARO K Y % HES L C. New Food Industry, 56, 20-26 (2014)

16. HHES, SEElE, S THFRS. REPENAERBICEEN27ARE - © 7
4 A ARHIETEIEER T O RR. BV T AL, 85, 161-166 (2007)

17. LA, BARLR S, HEEMTL. v F vigikSicks 7y FEMFIC
X3 2 KEBERD O IHIEN R, HAREGSE 7258, 96, 559-563 (2001)

18. Hokazono H, Omori T, Suzuki H, et al. Effects of Fermented Barley Extract on
Antioxidant Status in Mice. Food Sci Technol Res, 15, 599-604 (2009)

19. HEH—, Ardyansyah Ardy, HJIM{= 5. FEEERE = R (302 5 F M m i
FERARRIEZ v F OEMUEIEZSET 5. HARZ L ESRAEER, 2013,
1517 (2013)

20. Maruoka N, Watanabe B, Ando D, et al. Effects of a pyroglutamyl pentapeptide
isolated from fermented barley extract on atopic dermatitis-like skin lesions in
hairless mouse. Biosci Biotechnol Biochem, 84, 1696—1705 (2020)

21. Hokazono H, Omori T and Ono K. Anti-hyperuricemic effect of fermented barley
extract is associated with increased urinary uric acid excretion. Food Sci Technol Res,
16, 295-304 (2010)

22. Hokazono H, Omori T, Yamamoto T, et al. Effects of a Fermented Barley Extract on
subjects with slightly high serum uric acid or mild hyperuricemia. Biosci Biotechnol
Biochem, 74, 828-834 (2010)

23. ShEETER, LIFARREE- -7 3 BRR R CHEEUC X 2 BFIRRESGERN IR, H
AEMERE T E4GE, 63,306-311 (2016)

24. Choi WC, Reid SNS, Ryu JK et al. Effects of y-aminobutyric acid-enriched fermented
sea tangle (Laminaria japonica) on brain derived neurotrophic factor-related muscle

growth and lipolysis in middle aged women. 4lgae, 31, 1-13 (2016)
145



25.

26.

[RGB, EIEEER T O OEEEHRY 4+ [HEEA ]
https://www.e-healthnet.mhlw.go.jp/information/dictionary/hale/ya-031.html
JEATEE, BT 7 o v T 4 TERE ARk BTER T v v T 4 7 RS,

SERK 19 4E 4 A 18 H.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nakamura K. A “super-aged” society and the “locomotive syndrome”. J Orthop Sci,
13, 1-2 (2008)

JEATiEA, K 25 4 R AT AL A o BRI
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosal3/

HRHE=. mae7 4 7oy Fo - GEEBGEMREE) . OAREEESLM
it, 49, 393401 (2012)

sRSEL, LRREME, BRI naxes ) —X 1 BFEREAE. HAREEE,
72,77-80 (2013)

Du C, Smith A, Avalos M, et al. Blueberries Improve Pain, Gait Performance, and
Inflammation in Individuals with Symptomatic Knee Osteoarthritis. Nutrients, 11,
290 (2019)

R EBERD T v F LA Yy SRGEEB O T v F A Vv IR R
D IH W H, 261, 632637 (2017)
Giriwono PE, Shirakawa H, Hokazono H, et al. Fermented Barley Extract
Supplementation Maintained Antioxidative Defense Suppressing
Lipopolysaccharide-Induced Inflammatory Liver Injury in Rats. Biosci Biotechnol
Biochem, 75, 1971-1976 (2011)
Drevet S, Gavazzi G, Grange L, et al. Reactive oxygen species and NADPH oxidase
4 involvement in osteoarthritis. Exp Gerontol, 111, 107-117 (2018)
Vandenbroucke RE and Libert C. Is there new hope for therapeutic matrix
metalloproteinase inhibition? Nat Rev Drug Discov, 13, 904-927 (2014)

Chan CM, Macdonald CD, Litherland GJ, et al. Cytokine-induced MMP13
Expressionin Human Chondrocytes Is DependentonActivating Transcription Factor 3

(ATF3) Regulation. THE JOURNAL OF BIOLOGICAL CHEMISTRY 292, 1625-
146


https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa13/

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

1636 (2017)

hiEsE, FHIEM, IBRIES. 18R ) v~ 7 i BAfI T © Matrix
metalloproteinase-13 D EJHE. Connective tissue, 34, 90 (2002)

Thaka R and Gentleman R. R: A Language for Data Analysis and Graphics. J Comp
Graph Stat, 5,299-314 (1996)
HIFHAT, BREEE, MREEAS. IL-10 EAREM: T #1EoRRISH I

FC. HARRKRGIZFREE, 36, 40-46 (2013)
Jingel A, Ospelt C, Lesch M, et al. Effect of the oral application of a highly selective
MMP-13 inhibitor in three different animal models of rheumatoid arthritis. Ann.
Rheum. 69, 898-902 (2010)

Adorisio S, Fierabracci A, Muscari I, et al. Artocarpus tonkinensis Protects Mice
Against Collagen-Induced Arthritis and Decreases Th17 Cell Function. Frontiers in
Pharmacology (Web), 10, 503 (2019)

Hsiao HB, Wu JB and Lin WC. Anti-arthritic and anti-inflammatory effects of (-)-
Epicatechin-3-O-3-d-allopyranoside, a constituent of Davallia formosana.
Phytomedicine, 52, 12-22 (2019)

WTCET, SokAE, JIAREH S, §T 1 Bla 7 — 7 v ko MIE 2 2 W & K
BARHIICH I CdH o 2 AL M E R D 1 fl. HFFREEE, 40, 45-49
(2002)

Ghimire S, Matos C, Caioni M, et al. Indoxyl 3-sulfate inhibits maturation and
activation of human monocyte-derived dendritic cells. Immunobiology, 223, 239-245
(2018)

Lorenzetti R, Janowska I, Smulski CR, et al. Abatacept modulates CD80 and CD86
expression and memory formation in human B-cells. J Autoimmun., 101, 145-152
(2019)
Choi B, Shin MK, Kim EY, et al. Elevated Neuropeptide Y in Endothelial Dysfunction
Promotes Macrophage Infiltration and Smooth Muscle Foam Cell Formation.

Frontiers in Immunology (Web), 10, 1701 (2019)
147



47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

38.

Mei WY, Yu MJ, Yao S, et al. Anti-inflammatory Effects of a Small Molecule Gastrin-
Releasing Peptide Receptor Antagonist on Adjuvant-Induced Rheumatoid Arthritis in
Rats. Chem Pharm Bull, 66, 410—415 (2019)

Li YN, Fan ML, Liu HQ, et al. Dihydroartemisinin derivative DC32 inhibits
inflammatory response in osteoarthritic synovium through regulating Nrf2/NF- kB
pathway. International Immunopharmacology, 74, 105701 (2019)

TRJE RS, R EAY - B A7 AV RY 2 1 ik B B E 28 RE BT AT RUEE
JKOM(Japanese Knee Osteoarthritis Measure). JEBJEE)HERE, 16, 55-62 (2005)

MEEFEN. OA R U HIE L HE. HEE AT, 62, 900-902 (1988)

KMl E—. BAI7EE EBds oaerm L~ =2 7 v @GTHD . PR 21 4F
3H31H

IR, SRR, ZHEAZE S, HANRERBIEiBEAE RE (JKOM) D HAELE I
XT3 % T ofET. BEERE, 33, 223 (2006)

Jinwei X, Zeyu H, Xijie Y, et al. Clinical implications of macrophage dysfunction in
the development of osteoarthritis of the knee. Cytokine & Growth Factor Reviews, 46,
3644 (2019)

Prado SA, Amaral MV, Pereira ANC, et al. Whole Body Vibration Training on Muscle
Strength and Brain-Derived Neurotrophic Factor Levels in Elderly Woman With Knee
Osteoarthritis: A Randomized Clinical Trial Study. Frontiers in Physiology (Web), 10,
756 (2019)

FEEUS, BIGIERE. FERy 7ot X ) —¥—2 0S¥ aikElL 2 0%
IRIHESFE O E. HIEHEE, 109, 247-258 (1997)

Chen J, Si M, Wang Y, et al. Ginsenoside metabolite compound K exerts anti-
inflammatory = and  analgesic  effects via  downregulating  COX2.
Inflammopharmacology, 27, 157-166 (2019)

Jing R, Ban Y, Xu W, et al. Therapeutic effects of the total lignans from Vitex negundo
seeds on collagen-induced arthritis in rats. Phytomedicine, 58, 152825 (2019)

SRR, HASE. BHARIRICHONE A3 T Y v Iy AT LB LY
148



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Z DR QEMEE B D Ml > R T L. Spinal Surgery, 29, 18-25 (2015)

Hancock GE, Hepworth T and Wembridge K. Accuracy and reliability of knee
goniometry methods. J Exp Orthop, 19, 46 (2018)

Ayabe T, Ohya R and Ano Y. f -lactolin, a whey-derived glycine-threonine-
tryptophan-tyrosine lactotetrapeptide, improves prefrontal cortex-associated reversal
learning in mice. Biosci Biotechnol Biochem, 84, 1039—1046 (2020)

Saito Y, Tanaka A, Node K, et al. Uric acid and cardiovascular disease: a clinical
review. J Cardiol, 78, 51-57 (2021)

Kojima S, Matsui K, Hiramitsu S, et al. Febuxostat for cerebral and
cardiorenovascular events prevention study. Eur Heart J, 40, 1778—-1786 (2019)
Choi HK, Liu S and Curhan G. Intake of purine-rich foods, protein, and dairy products
and relationship to serum levels of uric acid: the Third national health and nutrition
examination survey. Arthritis Rheum, 52, 283-289 (2005)

Clebak KT, Morrison A and Croad JR. Gout: rapid evidence review. Am Fam
Physician, 102, 533-538 (2020)

Sun BG, Meng J, Xiang T et al. Acupuncture of the five Shu Acupoints in spleen
meridian to lower blood uric acid level. Ann Palliat Med, 3, 22-27 (2014)
Eckenstaler R and Benndorf RA. The role of ABCG2 in the pathogenesis of primary
hyperuricemia and gout-an update. Int J Mol Sci, 22, 6678 (2021)

Ichida K, Matsuo H, Takada T et al. Decreased extra-renal urate excretion is a
common cause of hyperuricemia. Nat Commun, 3, 764 (2012)

Wan S, Fang Y, Yu X, et al. The flavonoid-rich fraction from rhizomes of Smilax
glabra Roxb. ameliorates renal oxidative stress and inflammation in uric acid
nephropathy rats through promoting uric acid excretion. Biomed Pharmacother, 111,
162-168 (2019)

Ogura J, Kuwayama K, Takaya A, et al. Intestinal ischemia-reperfusion increases
efflux for uric acid via paracellular route in the intestine, but decreases that via

transcellular route mediated by BCRP. J Pharm Pharm Sci, 15, 295-304 (2012)
149



70.

71.

72.

73.

74.

75.

76.

77.

78.

79

Zhang J, Sun-Waterhouse D, Feng Y, et al. The umami intensity enhancement of
peanut protein isolate hydrolysate and its derived factions and peptides by Maillard
reaction and the analysis of peptide (EP) Maillard products. Food Res Int, 120, 895—
903 (2019).

Moore A, Luckett CR and Munafo JP, Jr. Taste-active dipeptides from hydrolyzed
mushroom protein enhance saltiness. J Agric Food Chem, 69, 11947-11959 (2021)
Shirako S, Kojima Y, Tomari N, et al. Pyroglutamyl leucine, a peptide in fermented
foods, attenuates dysbiosis by increasing host antimicrobial peptide. NP.J Sci Food, 3,
18 (2019)

Kiyono T, Hirooka K, Yamamoto Y, et al. Identification of pyroglutamyl peptides in
Japanese rice wine (Sake): presence of hepatoprotective pyroGlu-Leu. J Agric Food
Chem, 61, 11660-11667 (2013)

Gheytanchi E, Naseri M, Karimi-Busheri F, et al. Morphological and molecular
characteristics of spheroid formation in HT-29 and Caco-2 colorectal cancer cell lines.
Cancer Cell Int, 21, 204 (2021)

Yano H, Tamura Y, Kobayashi K, et al. Uric acid transporter ABCG2 is increased in
the intestine of the 5/6 nephrectomy rat model of chronic kidney disease. Clin Exp
Nephrol, 18, 50-55 (2014)

Mozner O, Bartos Z, Zambo B, et al. Cellular processing of the ABCG2 transporter-
potential effects on gout and drug metabolism. Cells, 8, 1215 (2019)

Ramanathan S, Pooyan S, Stein S, et al. Targeting the sodium-dependent multivitamin
ransporter (SMVT) for improving the oral absorption properties of a retro-inverso tat
nonapeptide. Pharm Res, 18, 950-956 (2001)

Sato K, Egashira Y, Ono S, et al. Identification of a Hepatoprotective Peptide in Wheat
Gluten Hydrolysate against d-Galactosamine-Induced Acute Hepatitis in Rats. J.
Agric. Food Chem. 61, 6304—6310 (2013)

RS, AT, PRI S, REBERZAEMIC RS 5 REAL T

ADWEYRREM S L CoRH, &Y TL¥Eait, 87, 16-19 (2009)
150



80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

drHE S, REELT, PREE S, FLRRE 2 A L 7 BElR 28 80 O =& A i fiff
EZM ~ D 7 v v X DR, AV LGS 8, 114-120 (2010)

Erdo SL. Peripheral GABAergic mechanisms. Trends Pharmacol Sci, 6, 205-208
(1985)

Hokazono H, Omori T and Ono K. Effects of single and combined administration of
fermented barley extract and g-aminobutyric acid on the development of atopic
dermatitis in NC/Nga mice. Biosci Biotechnol Biochem, 74, 135-139 (2010)
Nakamura H, Takishima T, Kometani T, et al. Psychological stress-reducing effect of
chocolate enriched with gamma-aminobutyric acid (GABA) in humans : assessment
of stress using heart rate variability and salivary chromogranin. 4 Int J Food Sci Nutr,
60, 106—-113 (2009)

Yamatsu A, Yamashita Y, Maru I, et al. The improvement of sleep by oral intake of
GABA and Apocynum venetum leaf extract. J Nutr Sci Vitaminol, 61, 182—187 (2015)
Hogk, FREZ, BUHTFS. 7 e—MHEEREFICE T 2.0 0RE
L EREIR OB E M IC DO WT. T LA ¥ —, 49, 463-471 (2000)

AT, HIERSE, OB R b L R0 B EBERE IC ST TR EEEm % A b
vxgﬁv?%%%»%ﬁ%k@uﬁ%mgﬁ,ﬁ,nyUMNM)
a1, A REMN, BELFS. HEMICE T 3R LR LN DR
% HFlF—> v 2, 26, 98-103 (2006)
Gupta MA and Gupta AK. Sleep-wake disorders and dermatology. Clin Dermatol, 31,
118-126 (2013)

HHEAE. 7 =R R OGN ) T L RN, T —, 66,
995-1000 (2017)

Hrbyd, FHER. mEREORE e P EERHEFRIcE 227 -7V
R KT T REE. J Soc Cosmet Chem Jpn, 28, 172-177 (1994)

PEEACHE, IGH—K. a7 =7 ViR v 78N Licdm 7 v 2D
TEALBERE. Z1L7F, 80, 483-492 (2008)

EOKIER, VIR, WRIE. KFL a7 -7 v, filfEass, 42, 237-242

151



(1986)

93. BuFFRS, FIFIEE, WHER. A5 2 2lika 7 —7 ViaREBRO L2,
KTFEEFE J Yonago Med Ass, 68, 64-72 (2017)

94. FEHMRT-, WILCKES, EHEE. 27 -7 vx7F P ) vavxx) -5l
T LRI FZHIC K 2 EFIREBSGERR. ICHEER, 101, 45-52 (2021)

95. MHFE—EE, EIEFIA, S RIEIE &, 1EH I X OViE BT B B At 2l e
BT a7 v~r)y 7 RICLD a7 =7 vEBGIEEEOWE (£
LG S). TREEFENTIT R 13 F TSRS, 45-50 (2002)

96. Moon HJ, Lee SR and Shim SN. Fucoidan Inhibits UVB-Induced MMP-1 Expression
in Human Skin Fibroblasts. Biol Pharm Bull, 31, 284-289 (2008)
doi: 10.1248/bpb.31.284.

97. Qin Z, Balimunkwe RM and Quan T. Age-related reduction of dermal fibroblast size
upregulates multiple matrix metalloproteinases as observed in aged human skin in
vivo. Br J Dermatol, 177, 1337-1348 (2017)
doi: 10.1111/bjd.15379. Epub 2017 Nov 1.

08. /KB, HENMDEKE A =L BEREORENDOD T AN =L, &
ED B A, 248, 587-591 (2014)

99. JEILME —, IR, BEIEE 5. GABA DffEs X O OEEIC KT T3
# FOOD Style 21,7, 64—68 (2003)

100. ONG J and KERR D I B. GABA-receptors in peripheral tissues. Life Sciences, 46,
1489-1501 (1990)

101. /NEAH, PHET, IWKELTH. FIHEKETVICX 2 ZRITLT 7 AT
VARHERZ K€ 7 v J Soc Cosmet Chem Jpn, 44, 278284 (2010)

102. Kielty CM, Sherratt MJ and Shuttleworth CA. Elastic fibres. J Cell Sci, 115, 2817—
2828 (2002)

103. WM, =)IENAR, MITFE 6. a7 er~— MRS < AERMRL

= Tam R, 48, 311-317 (1991)

104. HFERE 2. RO a1 & 2 A H 3 Ao RRHE T B D 49 1B RS —
152



H AT B S22 A5, 43, 14-17 (2019)

105. Tzaphidou M. The role of collagen and elastin in aged skin: an image processing
approach. Micron, 35, 173-177 (2004)

106. JIIH BE. #7 - BKFRlE 25V v 4 @&l © REE(C—5E2
2. KFDER L Z—lHE oL LB DE . AARKERELMES, 132,
2665-2669 (2022)

b oo

107. Cho S. The role of functional foods in cutaneous anti-aging. J Lifestyle Med. 4, 8—
16 (2014)

108. Zillich OV, Schweiggert-Weisz U, Eisner P, et al. Polyphenols as active ingredients
for cosmetic products. Int J Cosmetic Sci. 37, 455-464 (2015)

109. Komatsuzaki N, Shima J, Kawamoto S, et al. Production of y-aminobutyric acid
(GABA) by Lactobacillus paracasei isolated from traditional fermented foods. Food
Microbiol, 22, 497-504 (2005)

110. Fotopoulos P, Kim J, Hyun M et al. DPY-17 and MUA-3interactforconnectivetissue-
like tissue integrity in C. elegans; a model for Marfansyndrome. Genes Genomes
Genetics, 2015 doi:10.1534/g3.115.01846596.

111. Starcher B, d'Azzo A, Keller P.W.,, et al. Neuraminidase-1 is required for the normal
assembly of elastic fibers. Am J Physiol Lung Cell Mol Physiol, 2008
doi: 10.1152/ajplung.90346.2008

112. Sabatier L, Miosge N, Hubmacher D, et al. Fibrillin-3 expression in human
development. Matrix Biology, 30, 43-52 (2011)

113. LiJ, Zhang Z, Liu Z, et al. Study of GABA in healthy volunteers: pharmacokinetics
and pharmacodynamics. Front Phamacol. 6,260 (2015)

114. Tsugane S. Why has Japan become the world’s most long-lived country: insights
from a food and nutrition perspective. Eur J Clin Nutr, 75, 921-928 (2021)

115. Tsuji I. Epidemiologic Research on Healthy Life Expectancy and Proposal for Its
Extension: A Revised English Version of Japanese in the Journal of the Japan

Medical Association, Japan Med Assoc J, 148, 1781-1784 (2019)
153



116. Nishikawa H, Fukunishi S, Asai A et al. Pathophysiology and mechanisms of primary

117.

sarcopenia (Review). Int J Mol Med, 48, 156 (2021)

Sirago G, Toniolo L, Crea E et al. A short-term treatment with resveratrol improves

the inflammatory conditions of Middle-aged mice skeletal muscles. Int J Food Sci

Nutr, 18, 1-8 (2022)

118.

Kitamura A , Seino S, Abe T, et al. Sarcopenia: prevalence, associated factors, and

therisk of mortality and disability in Japanese older adults. J. Cachexia Sarcopenia

Muscle, 12, 30-38 (2021)

119.

120.

121.

122.

123.

124.

125.

126.

Shimada M, Hasegawa T, Nishimura C et al. Anti-Hypertensive Effect of y-
Aminobutyric Acid (GABA)-Rich Chlorella on High-Normal Blood Pressure and
Borderline Hypertension in Placebo-Controlled Double Blind Study. Clinical and
Experimental Hypertension, 2016 DOI: 10.1080/10641960902977908

Powers ME, Yarrow JF, Mccoy SC et al. Growth hormone isoform responses to
GABA ingestion at rest and after exercise. Med Sci Sports Exerc, 40, 104—110 (2008)
Velloso CP. Regulation of muscle mass by growth hormone and IGF-1. Br J Clin
Pharmacol, 154, 557-568 (2008)

Choe H, Lee H, Lee J et al. Protective effect of gamma-aminobutyric acid against
oxidative stress by inducing phase Il enzymes in C2C12 myoblast cells. J Food
Biochem, 2021 DOI: 10.1111/jfbc.13639.

Matsubara T, Urata M, Nakajima T et al. Geranylgeraniol-induced Myogenic
Difterentiation of C2C12 Cells. In Vivo, 32, 1427-1431 (2018)

Legerlotz K and Smith HK. Role of MyoD in denervated, disused, and exercised
muscle. Muscle Nerve, 38, 1087—1100 (2008)

Brown EL, Foletta VC, Wright CR et al. PGC-1a and PGC-1f Increase Protein
Synthesis via ERRa in C2C12 Myotubes. Front Physiol, 2018

DOI: 10.3389/fphys.2018.01336.

Ryan AS and Li G. Skeletal muscle myostatin gene expression and sarcopenia in

overweight and obese middle-aged and older adults. JCSM Clin Rep, 6, 137-142
154



(2021)

127. Shintaku J, Peterson JM, Talbert EE et al. MyoD Regulates Skeletal Muscle
Oxidative Metabolism Cooperatively with Alternative NF-kB. Cell Reports, 17,
514-526 (2016)

128. Bouviere J, Fortunato RS, Dupuy C et al. Exercise-Stimulated ROS Sensitive
Signaling Pathways in Skeletal Muscle. Antioxidants, 2021
DOI:10.3390/antiox 10040537

129. Wang L, Ma S, Ding Q et al. CRISPR/Cas9-mediated MSTN gene editing induced
mitochondrial alterations in C2C12 myoblast cells. Electronic Journal of
Biotechnology, 40, 30-39 (2019)

130. Son YH, Jang EJ, Kim YW et al. Sulforaphane prevents dexamethasone-induced
muscle atrophy via regulation of the Akt/Foxol axis in C2C12 myotubes. Biomed

Pharmacother, 95, 1486—1492 (2017)

155



A

REm X & BB AEIE . HERY) 7R 2 iR 2 THE £ L 2 JUHNRAERERL R
EWTFE e AR e RE R AR M R B L A% PN EESAE CR R 7s 2 Bt o B e R
LET, 72, RECEKE - RElE . SRS Z W72 72w 72 SRR B
PR g e h AP BE R AR P I T2 % EEHieE . UM KR
B A e e AE A B RERL AR PR B L 2 e e Bl TR B S 2 1 3 < Ikt
LEFES,

RIFFE D% < IIMIEERRIC L o> TfThbhE L, MilaEROFH., FiEz2H
P T2V LAERGKREESR~ b Y v 7 REFRE DEEZHEEd2IC
JEHLER L B4,

AWFE I T EMEER ST Ic B W TiTbit2d o TH h . &thd
LOXEBRLA L TEMT LI LI TEFEATLE, 2oL S E 52T
T & o2 ZMEERR SO EREZ IR L, EEBOEFKICHEE#HoEL
KLE T, Fric, FUIEORMELZH L EJ 7B, IR 2P A T &
D, £ REZHAEELT S o728 FTHEIGHEREICECHILR L BT E
oo

IHICAFA LS HETH LW B5HITE K% 5 MHIEE L HifffEz 50 . K
M E LD LICEL THEIELTEZ £ L 7 ANk X Stk = e ir
SREIERTRIT R IC R o AR L 5,

RIS AR, & 5w 2351 CEERICBIS 2 HBIE 2 T & o 72 =Nk
XA =R Y = v e — A4 ¥V 7R E PNEEER., 7nxt—"—=%
v E— NMAETEEMREICECELEZR L EFE T,

156



i (FE0)

We investigated the effective use of fermented barley extract (FBE), which is the liquid that
remains after removing solids from barley shochu lees. A sample of FBE purified by a synthetic
adsorbent was fractionated using high-performance liquid chromatography. Human chondrosarcoma
cells were exposed to the FBE fractions and the expression of cartilage degrading enzyme matrix
metalloproteinase (MMP)-13 mRNA was quantified by real-time polymerase chain reaction (PCR).
pEPYP, a pyroglutamy] tetrapeptide in fraction FBE-P40-5, significantly suppressed the mRNA and
protein expression of cartilage degrading enzyme MMP-13. Furthermore, pEPYP significantly
enhanced interleukin 10 mRNA and protein expression in lymphoblastic leukemia T cells. When
pEPYP was orally administered to rheumatoid arthritis model rats, the results indicated that the
edema score and anti-type Il collagen antibody IgG level decreased. Ingestion of pEPYP by humans
with knee joint discomfort significantly reduced knee pain and stiffness. This result suggests that
pEPYP intake suppresses arthritis. Similarly, exposure of human colorectal adenocarcinoma (Caco-
2) cells to the pyroglutamylproline (pEP) contained in FBE-P60-4-6 significantly promoted
expression of ATP binding cassette subfamily G member (ABCG)2 mRNA and protein.
Immunostaining provided visual confirmation that ABCG2 was expressed in the plasma membrane
of Caco-2 cells. This result suggests that pEP intake could lower serum uric acid levels.

FBE is an excellent medium for culturing lactic acid bacteria, and y-aminobutyric acid (GABA)
is produced via a fermentation process using FBE as a medium. Using normal human dermal
fibroblasts, we confirmed the effect of GABA on the expression of genes involved in skin elasticity
by real-time PCR. GABA significantly promoted COL1A1 mRNA expression and significantly
decreased MMP-1 mRNA expression. Significant increases in ELN and FBN-1, FBN-2, and FBLN-
5 mRNA were also observed. Increased expression of elastin protein was visually confirmed by
immunofluorescent staining. These results suggest that GABA intake directly maintains skin
elasticity. Proliferation of mouse myoblasts exposed to GABA was significantly increased. GABA
also significantly increased MyoD and PGC-1a mRNA and protein expression and significantly
decreased myostatin mRNA and protein expression. These results suggest that GABA may not only

directly promote an increase in, but also prevent the loss of skeletal muscle mass.

157



