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{ SUMMARY >

| A=EWE | D-02

Purpose&
Contents

In this study, we have developed an enzyme of producing oligomeric
anthocyanin from strains of synthesizing oligomeric anthocyanin that are
functional and stable in solvents and light, using monomeric anthocyanin that
exhibit  various physiological functions such as antioxidant and
antiinflammation. Because, in order to improve the problem that occurs when
the fungus is used industrially. In addition, the efficacy, stability and efficacy
of produced oligomeric anthocyanin in the human body will be studied and
transferred to the participating companies for industrialization.

-Establishment of optimal conditions for oligomeric anthocyanin
biosynthesis, -Identification and transformation of oligomeric anthocyanin
biosynthesis related enzymes, -Verification of physiological function of
synthetic oligomeric anthocyanin i vitro, in vivo, —Safety and toxicity
evaluation of synthetic oligomeric anthocyanin, -Establishment of mass
production technology of oligomeric anthocyanin, -Clinical efficacy of
oligomeric anthocyanin, —-Production of various products using anthocyanin
oligomer (example, capsule shape, etc)

Results

- Investigation of oligomeric anthocyanin synthesis enzymes and
establishment of optimal conditions

- Verification of antioxidant activity of synthesized oligomeric anthocyanin
n vitro

- Investigation of anti-inflammatory activity of synthesized oligomeric
anthocyanin i vitro

- Verification of antioxidant activity of synthesized oligomeric anthocyanin
n vivo

- Investigation of anti-inflammatory activity of synthesized oligomeric
anthocyanin nn vivo

- Safety evaluation of synthesized oligomeric anthocyanin

— Clinical trials of oligomeric anthocyanin to improve ocular dryness

- Establishment of mass production technology and industrialization of
oligomeric anthocyanin

Expected
Contribution

— The results of this study are secured by the Intellectual Property Rights
through Patent application —> Possible seek of industrialization.

- Results of this study are published in the international journal (currently
publication to two volume, submission of one volume) —> Possible to take
advantage of as a basic information for anthocyanin oligomer Research.

- The oligomeric anthocyanin developed in this study are expected to be
used as materials in various fields.

Keywords

Anthocyanin Antioxidant Anti-inflammat o )
, Polymerase o o Clinical trial
ol igomer activity ory activity
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olgli=el, 20109 mHAFY HFo] 1 F Wil 10%e] 2gom od FAs A%d
o, 20304 = AT AA ATe] 24.1% 74 EolAA Hol zmFs AFE A=

Ao ® 54,

O Axy AT
(6541 ©1’)] F7F5Al

AV, F2dJlT0~144) %
T(156~644)+= 20169

A9t wmE el

dror e dAel.



O 53], 179 mEs7t S dg et FA7F 6564 o vl&o] 70 3.1%°l 42000
Holl = 7.2%, 2017300 += 14.0%, 2026 391% 20.8%°] W€ Aoz oZxv o]d ulg}
201236l AATFSQT(15~644]) 6.29F »=1WS g Ank 2020 = 458 »
o119, 2040d 1.7%% »=<119, 2060 1.2 % iouﬂé% FoFslof & Ao=m .

=

(EH2l:2k &, %)

l:l
*2010A OI?E =X,

5.1 535.4

4182 448.4
339.5
219.5 265.7 | 65M| O|AF & 217 |

1990 1995 2000 2004 2005 2010 2020 2030(H)
(SAIE, 2011)

(BAH, 2011)

AHEASTE A7 F4H>

1)

2010

| O O-14 ® 15-6844l m E54| DI& ‘

(EAA, A=hd7-FA, 2010)

O an@sgte] £& wAHoR vastd T feuete] 45 At s ddow
s S wEA AgHa glon, feuEte] uPALE AdESE= ARl HE v
wEA AP S @Rz AARJDTA 654 o] FRAT7E A s HER 7%, 14%°]
&, 20%01 02 )

93} Abse e A E, o, A
el HAD B AR T oo
& AR AR BEHT g 24

A7l glon), ol @ w5t
g AR BW 452 ZUsgon, o

¢



<i1H3 &5 ZAHE| x>
Tgds Z71A8d5
7% 14% 20%
(nFSA3) | @FAE) | zaBAre) | (e714% | 14%—20%
A H 1970 1994 2005 24 11
R e 1894 1979 2018 115 39
A= 1929 1975 2028 46 53
v = 1942 2014 2032 72 18
k= 2000 2017 2026 17 9
A QR A B, AFEAATA, (ATEAAEZD) 2010
O &3, A4 FEAUG] Tt ATe fEES TE, BEua, nTul So A4 W Ea)
AZol} FAZRE EAelIS] 22 2 1 AEvsA Aol @AEo] 9 oFEA ol
BUh A3 We AU oz kAt 1 ggAdo] 2 AEAlR Lglmue tE AT= A
o] o]FolA 1 9] WS

O webd, B ATt G4, 393 2 I 5 GFF YU/ el e}
d monomer® AHg3te] gul % W Sol ogstm J)5AHol $5E AEAod el
FHY 5 e 27T BN T oolE FTFNY FEAh LeunE gAY F Ut &
A% luste] Bgo] F2 AMOR B8 W WA BARS AdetaA I EF, o
27 A SEAohd Selamel &, oA L Al delAle EFE FHE F oolg
Aol 7% olHste] Aisteta &

1.3. A7/ ¥

O grEAlold &2 m A% Pd 54 B4
O gEAohd geln AT #raiE AT4dl Bolss aa 2
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3. 473 UE % 23

3.1. 47 <3 %4y

3.1.1. ¢EAJo}d Lo A

3.1.1.1. FtEAotd Egur F3 a4 AT

7} RT-PCR WMo 2 FPaLFHAAE 22

Linker adapted oligo—-dT primer (primer 1 : 5-GAT CAT GCC TCA AAA AGA ATT
CGT CCC O)& o]&3}9 single-stranded cDNAE 343k $ single-stranded cDNAE +¥

O % RT-PCR W o= double stranded cDNAE 43l 71 §& 5'RACE HPHOo = HAA] Zo]
o] FHAE 2495t I A7INES AA% & F24Y% FHxE Ty E2Y (pET

3
series, etc)sto] WHAAF T

I FAA S o] gate] Aol LelwME AF
EAold mmrieh nud T 242 AE ik

ok QEEAobd Sejam o] AP 5 /i JddS

WEo] 2= DNA ligaseE *g]dle] wE59]Z recombinant plasmid DNAZS ZA3F &
recipient cell24] argD straing ©]§ P& HIA & AA|7F H7be HA0A] fJolA A%
3t colonyS A, =, °F 200 ~ 500 ng9 ligates DNA (total volume 10 uDel] 0.2 mle]
competent cellS Wil dgoA 6087 o5 YA 42T A4 90%7F heat shock® T ¢}
ol Lol thAl 283F WAE ofg LB 800ulE H7hste] 37ColA 4583 wjFsisi).
Regeneration & QA &g sle] A4S 200ul AEZ ¢ 5 ampicillin® 37}k Luria-Bertani
2 minimal 8}A](proline, leucin, thiamine, threonine)ol] =3}o] 37TColA 16A7F viA3 &
Hvj Ao A A colonyE 7S 2 Hu|A| 9 pickingdte] 53 colonyE ¥

o

2}. £ Coli, P. pastoris 52| @S AFg3 ¢tEAJold 221

! A2 FA ASH E cold IPTGE AHgste] F3das
7
3

e 7 FAAE T F o]m]
AYPE Tdas AAHeR g4E5 Hlste 1 &4 ALslRA ok pastoris®] 735l =

3.1.1.2. AEA I EaHe] Ak

g EACR PR St FRES 100 mge 10 gof FEACR

Fated 8 g9 tEAlRd 2 E S g ARl of W FF WL EARd Eer 10
g= 100 mle] SFrapell =<l %

e dEAoh E8an §H4L FHE Toke] 284 IEAoR BnE AAste] &

ofy
i
fol
[
)_A
o
S
=)

0Q

o
k)
N
NS
ol
o
s
\]
o1
@)
-
2o
o1
e
Y
=
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3.1.1.3. gAEAobd &E1H <]
7}, ESI-MSE o]&3F QFEA|o}
FAE SFEAJol S
715 AHEske] ARt

1. HPLCE o] 8¢ fFEA o Z#jam o] %3t
HPLC7Z]7]o1A B3t £4) A7(C18, GPC, 5/d)3} HEHE(UV, RI detector)E AH&-ate] <
EAJopd Blevjel 2| o] AlTd S A skt

3.1.1.4. $AHE AQEA I 28 FF& HA
Tud A& A8 dA28S= HNO; JUNSEIL Japan)¥} HCl (DAEJUNG, Korea)s AF-8-s}
Fal, TEE5 FofNe=Z Pb, Cd, Hg, Sb, As standard solution (1,000 ppm, Kanto
Chemical, Japan)& AH&8tich. g A3 & B 2 S4AZEAR AZT AL AL

sk,

_]
W, 7w %@,{% "JE/\]O}H =#am &9 10 gol 0.5 N HNO3 & 90 ml FH7bshaL,
2 70CAAN 1083

=
A= olul )25 Ak B0

WO 1,000 ppm ¥FES %%Ti 5|48t 1, 2, 4, 6, 8, 10 ppm2.=,
g2 0.2, 0.4, 0.6, 0.8, 1 ppmo¢| HEF A3 & HIFAHS 2] HFskS]
th, F54E A4S 98] Atomic Absorption Spectrophotometer (QAFE334 %7, Shimadzu

ol g-ake] ATt

()]
w
o
(&)
—y
o))
(o)
[}
=]
il

o]

o

t} o FFgde 1,000 ppm E%%—% THTE gA5te] 10, 20, 30 40, 50 ppb
HES AEE T oARHS AYsel AR FRE AL

(Hydride Vapor Generator, Shimadzu HVG-1, Japan)o] X% <Az}

Absorption Spectrophotome- ter, Shimadzu AA-6300, Japan)& ©|-&

1= B i

Hl AE QFEAlold 22]a 2 gofl 1 N HCl & 40 ml H7Fsekal, waterbath®s ARE3SEe] 70T
oA 1AZF B¢t FEEY. FE3 AIRE 4 mlo 5% KI €93 E3ato] Ao 3087t
WA 71§, F B37F 200 mlo] HEE FSHFT2 make-up F3ItE 3,000 rpmol A 10% &<t
A EEste] ARt slE] A Al AREeRith B892 1,000 ppm EEFS 1N
HCIZ 1 ppme] H%E= gA38tal, 5% Kl 9& F F399 10% TZFoz H7lste] vbg-AF

o] 1, 2, 5, 10, 15, 20 ppb7} HE=2 A% & A S 2Pt G
25 s F43E BAYAR(Hydride Vapor Generator, Shimadzu HVG-1,
Japan)o| H-&E YAE333 = A (Atomic Absorption Spectrophotometer, Shimadzu AA-6300,



Japan)& o]g&-3slo] EA15190 )

3.1.2. StEA oA 2 aH e ksl 34 =3

3.1.2.1. In vitrool A9 323t &4 &3

7}, AR A~AFH 7] 71(ESR)O| 93t hydroxyl radical 2484 =4

JFEAloPI &2]a1m 9] hydroxyl radical &7 G2 Al8E AT s=7F HA SHF =
ola, =Y AlZ 20 plet 0.3 M 5,5-dimethyl-1-pyrroline N-oxide (DMPO) 20 pl, 10 mM
FeSO; 20 ul @ 10 mM Hs05/0.1 M phosphate buffer (pH 7.4) 20 ulE =3+ t}& 220
A 25% A3k ¥ quartz capillary tubeo] % electron spin resonance (ESR)
spectrometer® =743} t}.

U AAx2=dFE 71 71(ESR)O 2]8F superoxide radical 2AEA =4

OtE Ao &8I 9] superoxide radical A7 AL QtEA|old S Algel dHEZ
5 (0.3 mM), EDTA (5 mM), DMPO (0.8 M)& 72t 20 ul & e-tubeol ¥o] 365 nm UV
oA 18E7F WESA] 7|3l §NS- quartz capillary tubeo] %71 ¥ ESRZ FA 3}t

ok AA22F 7] 7| (ESR)Ol 213 DPPH radical 2434 574

SFEAJolA 22|12 DPPH radical 2AE42 60 ul A& £ 60 ul DPPH &9 (60 1
M)< H7Fste] 10% &<t nakslk tfg 23895 quartz capillary tubedl] %7 2% 3F ¥H3A]
71 %o ESR=Z =433t}

2h, A22=AFH 7] 71(ESR) 98 alkyl radical 244 574

SFEAJol &8]a1 9] alkyl radical 2AE4S 10 mM AAPH, 10 mM 4-POBN % t}ksh
%9 A57} E3% phosphate-buffered saline (pH 7.4) YFSES 37TColA 308E7F ¥HSA
71 & &£3-898& quartz capillary tubedl &% U ESRZ FA 33T

v}, FRAP (ferric reducing antioxidant power)

FRAP =4 Benizie® Strain ®¥<S 96 well plated] A &3t} sodium acetate®} acetic
acidZ ©]&3tod 300 mM acetate buffer (pH 3.6)= ZA|sta 40 mM HCl3} TPTZZE o]-&3}
o] 10 mM TPTZ solutione THEIYh A3S 9k wEg8HL2 300 mM acetate buffer (pH
3.6), 10 mM TPTZ % 20 mM FeCly-6H.05 10:1:1 (V/V/V)&] Hl& = 28 2 -] ghEo] A}
4313tk FeSO,E ©]-&3te] 0, 0.05, 0.1, 0.5, 1.0, 5.0 mM9] standardE RHEJ oW A|E%F
=¥ 7} 1 mg/mlE AFESI T A8 B standardE ZF 50 plL® FRAP solution 1 ml3 43a
oF 5 & F<F 37 CollA incubation ¥+ & microplate reader (Tecan, Austria)E ©|-&3}¢] 593

nmel 4 EHEE 4390

vl ABTS (2,2'-azinbis—(3—-ethyl-benzothiazoline-6-sulfonic acid)) #}t]Z-& o]&3F ZF 3kl
ste 54

ABTS oz 2 potassium persulfate9}2] WHgo ]3] A
ABTS &8 g@tZo] FE25 U9 &ikst B4 o8] AASY 2tz E79 Al HF A 0]
gAEE RAE o8 WHoR Park? Kim (12)9] 9ol w2} 7 mM ABTS &9
potassium persulfateZ 2.4 mMeo] HEE fa]A]7] the Aol A] 12716 A7 Bk vHSAI A

_10_



o °lE 414 nmelAd FF=7F 1.57F HEs SR 24 F 3.0 mlE FHstel FEE 1.0
mlE 7kste] A2oA 10&27F BFeAIA 414 nmellA F3=5 AT

Ab A HAibs A G SA

StEAJold 2]l X A3 == linoleic acid emulsionS AFE3F Osawa 52 =l
w2} linoleic acid 0.13 ml, ethanol 10 ml, 50 mM phosphate buffer (pH 7.0) 10 mlZ& i?}
o, o] ESHEo] StEAlold 28w AR E linoleic acidel Wall 22 1% (w/v)Y &
A7vete] 40+£1C=E Z=4dE F27|dolA AFstdA AsitstsE S31A71 & TBA 2 FTC—C’4
0“1'3% }30}01 =4 0}0311} Thiobarbituric acid (TBA)d| &3+ x| A #k3le =48 Ohkawa
5o W wel A3 = 40CoAA ¥lFAIZ] linoleic acid emulsion 50 miol 8.1% sodium
dodecyl sulfate (SDS) O 2 ml, 20% acetic acid 1.5 ml % 0.8% TBA +£% 1.5 mlE
233k U2, 5ColA 60%7F W3k & 95TolA 60%7F BrAAlA F33 A (Hitachi, Japan)
£ ARESte] 532 nmolA FREE SAST gH (FTOel o3t AARiste SAHE
linoleic acid emulsion 100 pl& 75% &% (4.7 ml), 30% ammonium thiocyanate (100 pl),
3.5% FrFgMo R =2l ferrous sulfate (100 puDet &3 $ & FAoA Aoz 37 FoF vk
SAIA 500nmelA FFEE S48 Th

3.1.2.2. HHAEA A9 StEA O] M RS a3 &4

7F tEAlold o] AEEA A

JEAloPA S MESA oJFE ERlsty] flste] MTT Wl st Alxe] A&
(cell viability)S 43t}

. ok Aol —% wrjel e SR AU BHAL £ g8 wE D) 57
1

| o

=3ks}o] 4(:, 13,000 rpmoﬂH BE{P %ﬂ%ﬂ T AFAS wgar, oAk eE8-o 300 ul
H7Vske] 2 4 o] tween 20 0.5%7} fﬁ%ﬁﬂ 2 7FS o EFS 1 mlS #H7}sle] 4T

o

ru\ru jio{r

& o}, 9J7]°] RNase 10 ug/mlo] Z3kg LE&E Z2¥He 89 (HEEE 50 ug/ml) 300 n
15 #7kste] # Alole & 37ToIA 308 At fFAE #2497
USA)NA A¥EAPE I NETF7]E SA ST

o} AE oA F1EEbA]l (catalase; CAT) 84 54

FEAoPd w7t MEW FhEetolA] (catalase) 2/l mIX= FaFe Al1vbrle] 7hEet
OPXﬂ A 7] (Catalase assay kit)E AFg3sto] ZA3ISYh. =, eppendorf FEO A|RE
A GHlog HA| 75 plE 9T HAEAS 9k jEgd 25 plE 7Sk
5, 7}z %E% 17 (inversion)ate] EFeh v ALolA 53 WAt A= &9 900 ul
= ] & 10 ul& #ote] MEE eppendorf FHEE A EAEN 1 plE Hrlstal
skt

o

rr

o

EHT F 158 B AeoM PAF vhe 520 mol M FFEE 57

_11_



g}, AE W FFEE S a3 a 4 (glutathion peroxidase; GPx) &4 =4
StEAlOb] E]aim 7t AAAME U =5 EFE2 3iksta 4 (glutathion peroxidase) /el w
A= s Alavirte] SFEER Bibstas B4 71EE ARESte] A6 o, O W
eppendorf FHol| GPx assay buffer, NADPH assay reagent, A|5%5 F7}sla, A= o2 30
mM t-BuOOHE Z47+e] FHel| H7heh & 23ek thd 340 molA 10x HASRE F 6% &

=% a9t

_

p

ol

FFEE] o ~-H o] &4 (glutathion—-s—transferase; GST) &4 54
otEAJold 2wy} AAGAE W FFEE]&-o|~-Ho]a 4 (glutathion-s—transferase) &
= S Aamprle] ZFFEE] -0 A-Holah WA JEES AMESte] A o,
1 HPHE eppendorf FHO| 7]Ag&N 1000 uplol 24z Alg 2 ulE 9AY, &4 BHAET
GST control 2 plE 37Fsle] 4ol tf2 340 mollA 30% Aoz F 9l FH=E SAHS)

vl AlE W 28 BAPH S B E 2 (superoxide dismutase; SOD) &4 =4

StEAobd 2] 7F AAME ) kst B H a4 (superoxide dismutase) E4del W]
A= S Alarprbe]l S FEE -0 A-Fol gk #4 JEE AMEste] SAsglew, 1 WY
= 96-well platec] A5 Al Fof 74 ¥lS H7hshal, 37CelA 2023t WA vh& 450
mol A F3EE S43I Tt

3.1.2.3. T& EdA 9 FEA oI ZEan e i3 55 HE

7F B4 ABtAEY A T8 2

Axgetn SEAASHY93] JACUC)Y TEAFAES solntol AHwEo] &
3Rs¢ o w} FEAY WS T5etaA sl A A8 AP sEL
ICRA mouseZ C, A

S fAEAA ARSEt AE7|HEer AlRE AFEA e 4 A Sk AeAE A

=
= T
A ek ASA F, AHAE A, ~BHPE Absl 2417 ti27 (2 mmol/kg), HEAIOHA
2w A (200 mg/kg), tEAlOR] ¥ HF (200 mg/kg), positive control H]al
w2 silymarin (100 mg/kg)& AREEF o™, & 5 IAFo= tpo]l ¥ Hrbeld S 13
AT dFAEet tEAobd SYunE TS § 7 A ~BHPE 54 FAMSte] b
4 ES FEskdth 18A1RF ALRE Alsta =W & § vad COp Avkista def 9l

A
[e]
A71% AFse] 2Ye FAFA,

U

. T;L/‘E} Qs EEE Tl (e} L_§]’ = [e}
Aglo] it mhe-AE vlFHE T AFoA HAS AFsle] AoA 307 AL WSt
3,000 rpmellA] 1587 QAR st HS A8 3 -80TCAA Wsud 3 aL, ofakA|oF kit

£ o]&3}e] Glutamic oxaloacetic transaminase (GOT)9} Glutamic pyruvic transaminase
(GPD), T4AWs SA4st SA4H7IE st F 24 9 @Wd XS Bradford W
Hell o)A 595 nmollA] FFEE SA 35} A2 E bovine serum albumin (BSA)C. &2
geFstolct.

AZE 7+ 0.5 goll 39 5% sulfosalicylic acid solutions 7}ste] #A3IA|7] & 12} AR
2] (600xg, 10 min) 8t 5& L, o] Feds 22k 4] (10,000Xg, 20 min)s}e]

=l
=<

_12_



AL cytosol FES superoxide dismutase (SOD)&} catalase (CAT) A Aol AM&3FAT)
v 24 F catalase (CAT) 842 20 mM IHe-4S 7142 #24 A o CAT o& 74
H= BT AES SA 5 ‘ﬂ“'é, superoxide dismutase (SOD) €/J< xanthin®} xanthine
oxidase?] Wkg-ollA &A% superoxide anion radical®] tetrazolium blue®} formazans 43}
=AY E o] g3 HMHOo R catalase assay kit®l SOD assay kitE AF&3}o] A ZAF (Sigma,
MO, USA)®] ®ioi= —/F ST

7F %29 ‘Ql‘% & WHEo] HEE A4S o dnjd o=z YJejezQl

2 Th H&ES] 94 @Al= ofefe 2t

A A= 5 10% formalin®l] ¥al 2-3<¥ &<t 11433}
Wash: tap water® 2A]7F ©o]4t washing 31t}
Dehydration: 50%, 70%, 95%, 100% ethyl alcohol& ©]&3}o] x4 o2 A A T).
Clearing: xylene o2 ZZS FH3} 3t}
zA vl @dshA] kil EqfA e 24S paraffing FFAIA Z3HTH
22 A9 5 ume] FAE g & 2o Yol st AW #5585 ¥
< slide warmerol] & IehdS o] Sefol=of U2 Al Z T
Z2] 9 hematoxlin¥} eosin @S 33Tt
Dehydration: 95%, 100% ethyl alcohols ©]-&3}o] 2WMA £=x}2 o5 e=A|F T}
Clearing: xylene o2 ZZ-S FH3} 33t}
Mounting @ &A1& o]&ate] A5 YATh

In vivo AN Aozl A3 FAA {942 GraphPad InStat(GraphPad InStat Version
5.00) &7 packageg ©o|&slo], iz AHut 1He] ko] A4 FoldES p<0.05 F
ol 4 Tukey-Kramer multiple comparisons testell 2] 743} t}.

l:H
i

s Fot

iy

ghoj=of &7

3.1.2.4. YEAOP & el ksl 287 F 17
7}. Western blotting : 6-well plateo] WHAIEE HFEsta 2441 7F FHoll &4 Q20(LPS %)

T 24 add+dEA ] S E A3k § 37ColA COp Aol E el 2447 52t
A FE &, Eske] 4°C, 13,000 rpmol M 3E3F 94l F TS wga, 9 £
um (Pro-PREP)E 60 uLE ¥2 % 0TollA 603 WAk £ 4T, 13,000 rpmell Al 154

DAY F AEAS FHet dE e 9md 32 Bradford RFgoE SA 3T
1 ml¢] Bradford regentoﬂ 1 ule] AS5qS dojx &34 &, 450nmolA FH=E F743)
Gtk G AS AR § 583 100 TolA #Eol & F, 10% gel& |83 SDS-PAGE=
21843ttt PVDF membraneoﬂ transfer A , 5% skim milkE ©]§3to] Aol A 60
b RESAIZL & 747 13} antibodyE 24A13F &QF WEEAIZITE WEE-©] £ membrane©l

2} antibodyE Yo 607 WkA171 & ECLS membrane°] 3%7F WhA]7]3L Davinch =

ol g3he] =43elnt.

< X
Ol-ﬂ —101(
o Mo

3|

3.1.3. ¢EA ot SFam 9 JdF A 53

3.1.3.1. In vitrodl A 9] d435 &4 A

7} NO level &4

12-well platedl] welld 2x10* cells/mlE AEE FYate] 447F Bk viEA 7|, A 5
=2 Jo

R AP sto] 2A1ZE MfFAIZITE 2A1ZE - B E AIARE - welld 990 ple] A A&

I
N

uo
<



5 LPS (0.1 pg/mDE F7tete] 2EHAE ftsto] 241 w5 A5ds FAs) 543631
th AN NO %2 Griess ¥h3o= SA8k3ith. 100 o] st & 4o Griess
reagent [0.1% N-(1-naphthyl)- ethylenediamine, 1% sulfanilamide in 5% phosphoric acid]
& YolA &g &, A2 108 FF REEAIZ F 550nmollA] FHEE S48

U Az FE 7] 71(ESR)O] 2] 8k Nitric Oxide (NO) radical 2~2AEAd 574

FEAJOMI gelame] NO 2ozt 27 243 12-well plateo] welld 2x10* cells/mlZ xﬂ
EE FYst] 4AAZE FF w7, AEE FEEE AHPste] 2AZF viAIZITE 2417 $
MAE AASTE T welld 990 ple] A wixlE& ¥ F LPS (0.1 pg/ml)—% HA7ysle] ~EYAE
Frale] 2427 wjde & AEE 83te] 13,000 rpm, 3 o2 YARE o] AXE Ho}
=t} 71 3 Dulbecco's phosphate buffer saline (DPBS) 1 mlS AMg3le] AHE 29 3 &
2.8 mM2] FeSO; 105 ul®t 19.6 mMe] ammonium N-methyl-D-glucamine dithiocarbamate
(MGD) 105 plE& =3ssitr of7]o 1.9 mMe] CalE 2.3 ulE #H7kgk & 37ToA 30%7F vt
SAIY, HESA] 7] 38N quartz capillary tubed] %71 t3 ESRZ 43}t

f
rok
.
frt
>
o9,
rC

o
i)
1..
=2
o
o.?‘_.

393 84 37

Aol Abg¥

2l Z1 ICR V-5 AFE3te], Al sEAFS Ao 2%
22+£1°C, HUlF%E 56£5%, 12A1ZF 715 FASHAA Ads gkl A 71s<t AL
25 AEA HE 7 JA sSlth AR A dFY B £k AR ¥, AHE AN
T (n=10), <¢tEAoPI Birwt (n=10), StEAlold 2w+t (n=10), Dextran sulfate

sodium (DSS)e. & F¥AIZl hZE(n=10), DSS+ StEAJold Ex=mt (n=10), DSS+ SFEA]o}

U amadt (n=10), F 6 Iwo= Yol A3S &, DSS A Al aFelAl 5%
dextran sulfate sodium (DSS) &S EHo| o} 747 A&Fste] 34 A=A Fdsks
A7 % 8dAlel APsEa v = AL dds AF st WY 22s AEste] BT
B 44l dolg sk 2AUAE 8 10% E2w golo] LAY E, 71, A
& A, s Eesk] *ﬂﬂﬂoﬂ?i AAst ARARE BV AAT 5 FAE A F 70T

of W& Bygth AqFZ A A2olA 30% A= WAE v 3,000 rpmell A 15&3F A4
Este] @HES 9 ¥, -70TCAA B Busiilth

. A dAgAe] Al wig

Mouse?] ¥#Ao 43}= peyer's patch, epithelial cell, lamina proprior, mesenteric
lymph node®} spleens A& 3} ﬁ—ﬂﬁxﬂq} 5 2x10° cells/mle] %= ZA5te] 96-well
of H7lsle] IgEE 6A1ZF §, thE A= 24417 = 72A17F Hﬁooko}oi iy A S sk
A 9 cytokine¥d} FAES A, AEE flow cytometers ©]&3F AX T UL
SA st

t}. Flow cytometry #21

AHAGA do4E PBSE Al#3kal monoclonal antibody 7Hg PBS 100 L7} 3 71s o]
U+ micro tubeE iceollA 30 &%} stainingd ¥, HBSS® 33] A% 3 & meshs EAIA
flow cytometry (FACS Calibur, Becton Dickinson)& ©]-&3}] fluorescence intensitys =4

a9,
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2}, CD4" ¢} CD8 9] =4

10% FBSE &3 PBS 100 mld 1x10° cello] Ff¥ w7, =4, F4 Jupto] CD4*
-Fluorescein isothiocyantetd CD8*-Phycoerthrin monoclonal antibodies 5 pLE 7}k,
4Col A 30 E7F wjekst & olu+4+= 10% FBS7) g% PBS®= 3WH A& 3}az, 1,200 rpmel A
7 AAEYska, 9% dut= 2% paraformaldehyde® A A|A, flow cytometry® =
Attt

vl dukare] el 2 A A

vl$-222] mesenteric lymph node (MLN)E #A&3lal 943+ Roswell Park Memorial
Institute (RPMI) 1640 8iA](Invitrogen Corporation, Grand island, N.Y.) WjolA Ezlsty A
¥+ RPMI 1640 vix|=2 3¥H AAH3sit}. A3+ 10% fetal bovine serum (FBS; Invitrogen
Corporation, Grand island, N.Y.)¢o] $Hi-%¥ RPMI 1640 A= vjslar, vjslk Ab5olof A 9]
IgES} IgA 32 ELISAZ =733t

vl H&E 44
DSSE ol &3] FHUNAAS FUA A
AE AASAY. F, AAE HAN0 F 0

X Eete] 10% F2EH g0 244
713 olgE g, AL Xg B ovebd s AA gl 558 Azketar, Az ek
EEZE 4 ymTAE EHE M3 Hematoxylin eosin G4S 3 & Fedngdoz #2319

ct.

3.1.3.3. StEA|old &9 HF Z87]|3 9

7}. ELISA

12-well plateo] welld 2x10* cells/mlE AEE FYsto] 4A)7F S wjIA 7], A8
SHE Aete] 2AZF wFA 7T 2A17F - viAE A $ welld 990 ule] A ¥iA|E

< % LPS (0.1 pg/mhE X47}0}&] 2EY2E I3 I3

stk FF el IL-6 S ELISA kits ] &3}

N ol o

ol

L}. Western blotting
6-well plateol] AMEE HF3taL 2447 FHoll d5HEEZ (LPS) T LPS+ etEAo}
W EaumE AYd $ 37Tl COy QIFtHlolEloll 24413t &1F wj¥e 5, =53ato 47T,
13,000 I’Dm°ﬂ/\1 3e dAEY & ASASs Yo, @A lysis W3 (Pro-PREP)E 6
uLE ¥ % 0CAdA 603 WAgt £ 47T, 13,000 rpmoﬂf\i 1587 94 & + ”%——‘1%
F sk ’E}?@i-‘q A 3FeFS Bradford WHEo 2 =A35F T 1 mlY Bradford regent
23k & 450nmellA FFEE SHSITH dNAS A &
5w%F 100 TolA #ol &+ F, 10% gels ©ol&3] SDS-PAGEE &3t3itt. PVDFE
membrane®] transfer A7l % 5% skim milkS ©]|&3}o] A0 60E7F w71 & 7}
Z+o]l 12} antibodyE 24A13F &<QF WESAIZITE WHE-o] £ membraned] 2% antibodyE 4
o] 607 WH3-A171% ECLS membraneo] 3%7F ¥k$-A]7]3L Davinch” & o] &3le] 4319

tt.

l
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3.1.4. ¢tEAOIA &TuH 9] ekdAyg Hr}

3.1.4.1. u}-¢-2F o] &g LAY,

v gA FE] 7)E (A FQFEdNA A Al 2014-672)F 8t (F)nfo] L5~ H o
SN Al &

J#ste] v o] G 4

3.1.4.2. M-S o] &% EFASHAHNAIE
Hl A g ] 7] (2]F 9]¢
=N

o atel AitE o4

3.1.4.3. TfH7F NGAHELE o] & F4A |3 F

Al gA e 7]E (AFe kA A Al 2014-675)8 38k (F)ute] L. 5 2H
oFste] ZfF MEFALE o83 FHAINAE FHAE

3.1.4.4. 7

3.1.4.5. Sprague—Dawley (SD)
vl ) dA 8 e 7] 5= (’\‘Iﬂ/]‘%k%obﬂ A
sk ok

oj#ste] SD HEE )&

3.1.4.6. M2 S o8& @3] ATFAH £FS7t FHA P
Bl A 7)E (AFel Rt d A A Al 2014-672)8 F8ke] (F)upo] L E 2o
ol ste] HFE o] &3 @E AT §FTIr SAAE S FAsA

3.1.4.7. SD HEZE o] &3 4F W8 AT Fo LFAIAY
oFE S0l =AAF I (AFYFEAA 1A A 2015-825)F
o o] sle] SD HEZ o] &3 4F wHE AR SFAAGAHS

3.1.4.8. 135 HIEEAAEAAH
H] QAR E Fa] 7] 5 (2] EFo)ekE ot ] WA A 2014-673)8 F53810] (F)u}o] S = ~HEl o
o1F|ste] SD AE=E o] &3k 127 WHE AT SAAAE 2 45 I HAFES YA

3.1.5. kEAopd &@|um 9] by AxT N &% 53
3.1.5.1. eymaﬁ]im Qof
CAAFERIEAC Sear)e] FrAdES Al diF gk,
M AT
kitto

Protocal No. . o Version No. 1.0
oligo_Kittolife

A A =

_16_



=y
B
™
o
v
—_
2 —~
< o
1 E
N o oD
ot B i E
N S o
o
X
X 0 & ~
WM Mo | S o o mrrwn_u m
1A ~ S = % = T £
B T |z . < To Al %O o
. <7 R o —_ 0 X =
53 T = oS NF ~ 0 —~ N = ~d
X & = [F|S — = S B 3 ~ <
= 0 ~ — 7 |2 o Vo - X 0]
—_ 4 N il S|© o EE ‘MVO i~
~ ° = < = Pon% &m m.loowoo ~ —_ = m
,_ﬂo_ﬁ | ) =y = N = |~ 1H5.%7M [0} N ~ nm .
M o= fo T Nl s 2| = Q e et 5
~ =N £ ~ = —_ HOJO 11O e8] o~ E
No Jo|m T of =i i N S = mK = =2l 2 RS <« _ o 9]
NS ol Wﬂ TR ma ™ T e - < w S i R 3 leyl %O £
ow e XU N oy mo o E 0 S o 3 3 - o/ o ~a
W%Mﬁo » e g m,% s FE° o2 s
o & e ™ O =Y ol w N o[ b g Mo N i )
- AET01 AE%12 FR=anN E o
o] ol _EE S = b | 1 [ X ~ 0 I~ — ol _ W 3 = . =y
T st h o} To|~ | N o (=) ) N Jm m o D) -~ e~
%mﬂ%mﬁ%zxewjﬂ 7| g £ o 2|3 it w kR SAENC
i ﬁﬂ..ﬂema% Eé@..@«ﬁ@%# ~ B Lol ~ = 8 > 1dr N ngﬂa
L off o Wk | R Nlo rn 0 SN 0| rw B R M X = | T 3 M op V| B Hlo o- I
i 2 | s o . m o s %@&ﬁp 4 = | w0 G e o ={i3 i = - =
A ol B & o = g oV = < Ao%ﬂ_iw = X < %o & = T B 25
a3 P i BRSO i Pl % 4088 E I s 8¢
— by MﬂA = s e gy - ChNeS ﬂanw | < do oo £ =" o = o =
~ Lo 7o || Nj o o Ho = T x o | < do HIE P 5= W SO A
?mn% - L urmﬂmoﬂﬂ%ﬁﬂh o B il [ 1 Hﬂumnﬂ Jmﬂﬁ
P G il T Lle| 2 3 2 S 2 S o E
mﬁr(% . N w B2 & i u oqﬂoﬂuahmn
ﬂlﬁ@ Iy ol | s i T .2?“1 %m_x&o
< ¥ I o i pu d';ﬁlu_xqﬂ = W
= X0 ol % C TR omn P
OL - MlL ;OL] 10%_‘_ ;ﬁ o ~n =]
ol o ‘olwwm ol i M il N
o U o ~ mﬁ - N of — B
o Mo = ol O B ¥ bl i
Nd T <718 X oF % il
= Al NE = W A\m 57
Bl rees
0 N ~
<0 }/l ot
= O
5 i
T

=17 -



X0 ~+
1J| —_ = ~ .
: RS - - oo e it
X i X A ™ " o —~
B . R ~ P T B o o
T T | oo i & T WO @ W % —
el (DGR Y " J) B 70 < B & 3
T N 2l < W o o) T T B oo &l — M < =
~ ‘,ﬂ ) —
SH o= Blol By w M ik e MEe e iy °
< w ORm T N of of <F o © o
= 3 2o o 0 X Do T B Ny B I —_— oy =
= ] el ~ ~NE oy t HET T o >
2 T M I o %0 <O ryli~s U - Gl o ol ©
S Ty T w.@ ) wm %O o o of X Mo e Tk Lw o _ i
2 — = T = o " o =h 0 O ° N o il o
A = ~ el o X T o o =~ T o =
A B o= © o SO e i 3
) Al vt R [ 4 llo < M4 go T %0 N + w w
O XH H.t of MO o~ 1_,_Al __ o 0 @) ﬂ_; =~ 5 ﬂl " <
& M o) o B X0 o oo -y
S < oo s 2, B REOE
5 No © - 0. 5 W™ ~UIN T 1 NJo
3™ T e n By B < T A N 7 3
~ —_ . I f
5 ol T o X o O Jx]rofm.mwm 2 3" 1 F
—= —_ B X = 7o FLNEN o B~ iy = o B
w S ~ B ‘ﬂl ml X o T —~ — 4_I :noj_r 3/ ‘;M ) o 1_,_AI o Wi
@) "R <T|o}] o JJ o= ~ w "0 | o) T ol o
. L2 ! Gl GO ~ oy 03 S ) M)o . 3 4w ’ o 8- 7O A -
= N L T N X . A e i) o} ol o — W AR 2
- © g . W ol o ~ N — W= SRS T oF T oy e
n i:f N - N ) — O x =2 B of ol o — 9% Yo
O~ A ki PEE e T e €T 5 54 Py °F P ¢ T
A(_M ol M_M.m w — ﬂu_ ‘_lw_t :i oS ‘Dru 1.%._ ‘M oﬁ ,Wm.u ,M._ m vnm T &O ~ K ﬂwl o< ~ ‘IX_I ‘_M{ )
N 03 emma : X o — <7 o — — o xN o
TR ¥ i 00 o N P g o o % -
w il g 2a ™ e EegEe HDE s w0\
o X g &l H I Moy DN T Ne N 4TI = A T B~ Y
x, gil i A 3 Y -XT kT N %R <
Mo ® i G me X iy Tz T AN WD R o o mRELT .
o N phiil T W ol o L e o — P = 20 o o N S -
& B ow g el x P ok L o el R L An
£is;:: - 5 ; 9) T N
ot ow L T ™ Lasrx 2Tawnbmd 8T g pe Y ge T TR 2 %
Cow T S I g TXEX Y BRET g2 T
gl m ey NS F 8 s Lﬂwolaﬁarwrﬂ_f%%%ﬂ%
« T MO e e m@@_ﬁa@@
% w1
~ 1—.0 ﬂ —_ ZTL
<0 < o XK —
= T L 0 D
% T 3
J_:Al

- 18 -




—
:\.‘:
5.:
=2
>~
ol
PO
o
_\;J_
)
)
)

O &2 FFT, F aA, A4 A%, FUY FES 5 AT X
Wl 93 F/MIA AT ARFL A £ Y ABS 4 WA
Al

Hﬂ°1 B} IH‘:“H AE‘D& I AAF 4], TBUT®] W8}, NEI scale®] W3}
ek A Folde HAsE Aot olx-raAd B7F 7| (secondary end
point for efficacy) 71/4Jote] F=34 <l %—’6} =, ol=4, 7HH =, &5, Aok
59 T T4 MA AR5 HrtstE o2 OSDI A ZAF Ao W
st AR5 AR FoAd AR AN ‘:]r. EAlobd AA o] ffofel] thgh H]
< 5 A (non-inferiority) 7} #4] &&-j Eﬂdoﬂ o ZF Apolo] FASH
H7rsk, 1 AR 0.34 (&5 (inferiority)2 95% A& -7t Al upper |
imite] A58 AARY We A FH)E ST Hdsdo] S0, 1
25 W A AA 7 A FE Oﬂ ek 3k HaLE flste] t-testE AHE-SH
o HAAslA] StEAJoL AA| ] €A (superiority)S ¥ 7}gtt}. Fisher's dir
PEEC o 7F vuE HUkse kA 5
of #at AP FFFEe FF BT 5%= sl A £ 98k SAS v
er 9.1 213 (SAS institute, Cary, North Carolina, USA)S A}-&3kt},
2. AgA

|

oz A%e | NE A% dde | & a8Ar
H= 17
Aj 87k 45 45 90
d4= (PP)
Drop — out (20%) 54 54 108
o4

A2 A4, AL 7ol A 1089 oS

rotocololl WAJH PP7]Eell 493k H7F o2 1087 ol (15T 4569 ©]
e grsto] Hrtstaat g

3.9 dA & AA 2

(D AF7HE [HoiXy =Xo |

D125 F, AEAE ST A Y] FaAl A
W, 5% Fo]FEellA 2pol7t gltt.

(2) dE7FE [Hy Xy 1 #Xo ]

A A4(0SDDE Ha s

Fir

D125 &, AP AR Y] FHAQ A4 F4(0SDDE Hu S

o, 5% ool ZFol7t it
* a=5%, B=20%(Power= 1-B=80%)
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* T AbE T2

Np = (Za + ZB)z X §d2 X 2
(udc - npdp)?

* Nc = Np

a = 0.05

B = 0.20 (power=0.80)
* Np : placebo Tol|A2e] I]&
#* Nc : test product ol A2
* Za : P(Z-2)=a & W3t AT AA 20 Z21/2a=1.96

* 7B 1 P(Z-2)=B & WEohs R dA 2:2p=0.84

* 8d 1 1.58% - FHA < AEA H(0SDDel thgh 2x=HAt

# nde © 43.41% -test product well Ao FHA <l AA H4(0SDD) Hsh&
o] 4t

« udp 1 42.48% -placebo woll Aol FAQ HiEA] H4(0SDD) ¥ 39
AaR Ty

* nde - pdp = 0.93%

dak fFad F7HE HElA Aok 909 o] AT LEE TS F20%ie)ES
H7td o ® glstr] fste] T 10899 Aol # AlY

ool gk 8 A7) Hlo] =gkl 125 W AlololA b ERFTY A
T34 SHA Q] kA A A =(0SDI: Ocular Surface Disease Index)
A W7t A e HIPHFEEA 74]"}9 Zlolt}, OSDI A&& AA
¥ FEste] A AN == ERHAAE AEE H
Agstste] AAEeth 1.58% - T34 AEA H4+(0SDDel g

*

o)
4

o fo
)

=
4

-

.

A= 1.68%= 7FA S A A EAFH Tl A ] OSDI Mk BEdS 43.41%

2, R OSDI H3lgo RHFS 4248% 2 7FASIAT. B4 H4

2 5HAA AEFASAVE Hd3 FA T2 S o] 835t AAT Aot

A AT A BE oA EAAIN BALoR A EHE AMEES fEleld

3] (ethic committee)2} UAATFA A3 Haslty Az Al ARl S
ek A S st B AT e Foftd A B AFdA &5 2 AR sR

FAEFL FdEA M &yt AR AedE o] AAolH ok HR

Aol Fol YA geva AWM Aol Aol A AR E = FEA|o}

) U S am s 9 Aok ARV sHEAFORE MEGS s HHo
O}jjg 2 AP JFS T8 AET Zlo|r. whefe] RAZo] thu|ste] A kAt
. o] =78 Aol & Aol A vebd U= Al g 738 9 9
e AEAge et HES 7HYgstal RESAE IRB 13 A= oA olt). |
RBe| & AT & $ e digh 28 7HYS $93]o] Aoz ve=

Alztgtth, gEo] & A% AES 583 Ay
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5. 8Ake] &E = EFoA Ho A AlEHE Hrsoh

6. =% AAFE (Slit lamp examination; A @ v A AADH A A sk}, shx}o)
N = EgolA A, FAA, =AE/AY, 2 FA/AYS H ke
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-
C3zbe] g i EFolA] oket S (non-contact tonometry)S A A $Ho},
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Sequence. 1.

1 MVKLTHLLAR AWLVPLAYGA SQSLLSTTAP SQPQFTIPAS ADVGAQLIAN IDDPQAADAQ
61 SVCPGYKASK VQHNSRGFTA SLQLAGRPCN VYGTDVESLT LSVEYQDSDR LNIQILPTHV
121 DSTNASWYFL SENLVPRPKA SLNASVSQSD LFVSWSNEPS FNFKVIRKAT GDALFSTEGT
181 VLVYENQFIE FVTALPEEYN LYGLGEHITQ FRLQRNANLT IYPSDDGTPI DQNLYGQHPF
241 YLDTRYYKGD RQNGSYIPVK SSEADASQDY ISLSHGVFLR NSHGLEILLR SQKLIWRTLG
301 GGIDLTFYSG PAPADVTRQY LTSTVGLPAM QQYNTLGFHQ CRWGYNNWSD LADVVANFEK
361 FEIPLEYIWT DIDYMHGYRN FDNDQHRFSY SEGDEFLSKL HESGRYYVPI VDAALYIPNP
421 ENASDAYATY DRGAADDVFL KNPDGSLYIG AVWPGYTVFP DWHHPKAVDEF WANELVIWSK
481 KVAFDGVWYD MSEVSSFCVG SCGTGNLTLN PAHPSFLLPG EPGDIYDYP EAFNITNATE
541 AASASAGASS QAAATATTTS TSVSYLRTTP TPGVRNVEHP PYVINHDQEG HDLSVHAVSP
601 NATHVDGVEE YDVHGLYGHQ GLNATYQGLL EVWSHKRRPF IIGRSTFAGS GKWAGHWGGD
661 NYSKWWSMYY SISQALSFSL FGIPMFGADT CGFNGNSDEE LCNRWMQLSA FFPFYRNHNE
721 LSTIPQEPYR WASVIEATKS AMRIRYAILP YFYTLFDLAH TTGSTVMRAL SWEFPNDPTL
781 AAVETQFMVG PAIMVVPVLE PLVNTVKGVF PGVGHGEVWY DWYTQAAVDA KPGVNTTISA
841 PLGHIPVYVR GGNILPMQEP ALTTREARQT PWALLAALGS NGTASGQLYL DDGESIYPNA
901 TLHVDFTASR SSLRSSAQGR WKERNPLANV TVLGVNKEPS AVTLNGQAVF PGSVTYNSTS
961 QVLFVGGLQN LTKGGAWAEN WVLEW

Sequence. 2.

1 GGCATCAATA CGGTACTCGG CAGTATCCAC TCCCGTTTCT CCGGTGCAAC AAATCATCGT
61 TGGAGAATCC CCAGCTCCCC CGCCAACTGG GGTCGATGCT TCTCCAGTTG TCCTGGTTTC
121 TCCCATGAAC TCGCTTACGA TAAGCTGCTG TACCAGCCCA CCAGCACAAC AATATCTTCA
181 ATCAGGTAGG TGCTTGTTCG TTACCTGCCC CATCCTCTCC TCTTCTTCGG TCATTATGAA
241 CTCAATTCGG TCGCTAGCTT TGCCGATTCT CCGCAGTCCA TAAAAATATA TCTGCATTTG
301 CCCCTTACAC GTCGGGAATT CACCGGCGCA ATGAGCCTTC GGGTATGGTC GCACAGCGTC
361 ATGTCAATAG GAGGCTGCTC CTAGTGGTGA TCTACTAGTC GCCTCAACAC AGCAATATAT
421 AAATAACAAG AGCATTCCTT GAGCACATCT GGGTAATAGC TGTTCCATTC TCATCAAGGA
481 TTACGCGACC GTGCCTCGAG CCTCCTTAAG CGAGCCATGG TGAAGTTGAC GCATCTCCTT
541 GCCAGAGCAT GGCTTGTCCC TCTGGCTTAT GGAGCGAGCC AGTCACTCTT ATCCACCACT
601 GCCCCTTCGC AGCCGCAGTT TACCATTCCT GCTTCCGCAG ATGTCGGTGC GCAGCTGATT
661 GCCAACATCG ATGATCCTCA GGCTGCCGAC GCGCAGTCGG TTTGTCCGGG CTACAAGGCT
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721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
25621
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421

TCAAAAGTGC AGCACAATTC ACGTGGATTC ACTGCCAGTC TTCAGCTCGC GGGCAGGCCA
TGTAACGTAT ACGGCACAGA TGTTGAGTCC TTGACACTGT CTGTGGAGTA CCAGGATTCG
GATCGACTGA ATATTCAGAT TCTCCCCACT CATGTTGACT CCACAAACGC TTCTTGGTAC
TTTCTTTCGG AAAACCTGGT CCCCAGACCC AAGGCTTCCC TCAATGCATC TGTATCCCAG
AGCGACCTTT TTGTGTCATG GTCAAATGAG CCGTCGTTCA ATTTCAAGGT GATCCGAAAG
GCTACAGGCG ACGCGCTTTT CAGTACAGAA GGCACTGTGC TCGTATATGA GAATCAGTTC
ATCGAATTTG TGACCGCGCT CCCTGAAGAA TATAACTTGT ATGGCCTTGG GGAGCATATC
ACGCAATTCC GCCTCCAGAG AAATGCTAAT CTGACCATAT ATCCTTCGGA TGATGGAACA
CCTATTGACC AGTGAGTACT GATATCCCGC CCGTATCTTC TGGTTCTACT CTTGAAACTT
ACTCGTCCTA GAAACCTCTA CGGCCAACAT CCCTTCTATC TGGATACAAG ATATTACAAA
GGAGATAGGC AGAATGGGTC TTATATTCCC GTCAAAAGCA GCGAGGCTGA TGCCTCGCAA
GATTATATCT CCCTCTCTCA TGGCGTGTTT CTGAGGAACT CTCATGGACT TGAGATACTC
CTCCGGTCTC AAAAATTGAT CTGGCGGACC CTAGGTGGAG GAATCGATCT CACCTTCTAC
TCAGGCCCCG CCCCGGCCGA TGTTACCAGG CAATATCTTA CCAGCACTGT GGGATTACCG
GCCATGCAGC AATACAACAC TCTTGGATTC CACCAATGTC GTTGGGGCTA CAACAACTGG
TCGGATCTGG CGGACGTTGT TGCGAACTTT GAGAAGTTTG AGATCCCGTT GGAATATATC
TGGTGCGTAT TGTACTGGTT TATGGTATCT CAAAACAGTC TAACAGGCAC TTAGGACCGA
TATTGACTAC ATGCACGGAT ATCGCAACTT TGACAACGAT CAACATCGCT TTTCCTACAG
TGAGGGCGAT GAATTTCTCA GCAAGCTACA TGAGAGTGGA CGCTACTATG TACCCATTGT
TGATGCGGCG CTCTACATTC CTAATCCCGA AAATGCCTCT GATGCGTAAG TGTCTAGTGA
CAAATTATAT TACTGCCTGT ATGCTAATTA GCGATACAGA TACGCTACGT ATGACAGAGG
AGCTGCGGAC GACGTCTTCC TCAAGAATCC CGATGGTAGC CTCTATATTG GAGCCGTTTG
GCCAGGATAT ACAGTCTTCC CCGATTGGCA TCATCCCAAG GCAGTTGACT TCTGGGCTAA
CGAGCTTGTT ATCTGGTCGA AGAAAGTGGC GTTCGATGGT GTGTGGTACG ACATGTCTGA
AGTTTCATCC TTCTGTGTCG GGAGCTGTGG CACAGGTAAC CTGACTCTGA ACCCGGCACA
CCCATCGTTT CTTCTCCCCG GTGAGCCTGG TGATATCATA TATGATTACC CAGAGGCTTT
CAATATCACC AACGCTACAG AGGCGGCGTC AGCTTCGGCG GGAGCTTCCA GTCAGGCTGC
AGCAACCGCG ACCACCACGT CGACTTCGGT ATCATATCTG CGGACAACGC CCACGCCTGG
TGTCCGCAAT GTTGAGCACC CACCCTATGT GATCAACCAT GACCAAGAAG GCCATGATCT
CAGTGTCCAT GCGGTGTCGC CGAATGCAAC GCATGTTGAT GGTGTTGAGG AGTATGATGT
GCACGGTCTC TACGGACATC AAGGATTGAA CGCTACCTAC CAAGGTCTGC TTGAGGTCTG
GTCTCATAAG CGGCGGCCAT TTATTATTGG CCGCTCAACC TTCGCTGGCT CTGGCAAATG
GGCAGGCCAC TGGGGCGGCG ACAACTATTC CAAATGGTGG TCCATGTACT ACTCCATCTC
GCAAGCCCTC TCCTTCTCAC TTTTCGGCAT TCCGATGTTT GGTGCGGACA CCTGTGGGTT
TAACGGAAAC TCCGATGAGG AGCTCTGCAA CCGATGGATG CAACTGTCCG CATTCTTCCC
ATTCTACCGA AACCACAATG AGCTCTCCAC AATCCCACAG GAGCCTTATC GGTGGGCTTC
TGTTATTGAA GCAACCAAGT CCGCCATGAG AATTCGGTAC GCCATCCTAC CTTACTTTTA
TACGTTGTTT GACCTGGCCC ACACCACGGG CTCCACTGTA ATGCGCGCAC TTTCCTGGGA
ATTCCCTAAT GACCCAACAT TGGCTGCGGT TGAGACTCAA TTCATGGTTG GGCCGGCCAT
CATGGTGGTC CCGGTATTGG AGCCTCTGGT CAATACGGTC AAGGGCGTAT TCCCAGGAGT
TGGACATGGC GAAGTGTGGT ACGATTGGTA CACCCAGGCT GCAGTTGATG CGAAGCCCGG
GGTCAACACG ACCATTTCGG CACCATTGGG CCACATCCCA GTTTATGTAC GAGGTGGAAA
CATCTTGCCG ATGCAAGAGC CGGCATTGAC CACTCGTGAA GCCCGGCAAA CCCCGTGGGC
TTTGCTAGCT GCACTAGGAA GCAATGGAAC CGCGTCGGGG CAGCTCTATC TCGATGATGG
AGAGAGCATC TACCCCAATG CCACCCTCCA TGTGGACTTC ACGGCATCGC GGTCAAGCCT
GCGCTCGTCG GCTCAAGGAA GATGGAAAGA GAGGAACCCG CTTGCTAATG TGACGGTGCT

_27_



3481 CGGAGTGAAC AAGGAGCCCT CTGCGGTGAC CCTGAATGGA CAGGCCGTAT TTCCCGGGTC
3541 TGTCACGTAC AATTCTACGT CCCAGGTTCT CTTTGTTGGG GGGCTGCAAA ACTTGACGAA
3601 GGGCGGCGCA TGGGCGGAAA ACTGGGTATT GGAATGGTAG TGTCAGCCAC AAGCCAGGTG
3661 TGCGCGTACA GCATGCAACA TGGGAACGAT GCTCTGCAAT GTAGCTCTTT GGTTATAATT
3721 CAAAATTCAA CTTCCACCTT TGTTTCAC

Y1 SY4N [e]
webd, 97 A9 BAS Fatel 9o dv] ADS Agdtel ATE AR A3} ¥ AT
g A%E 9L 5 GV WEe) Lo opnit AGE Ze 97] HAS AHgdtel o

TE Pstglar ojuf ARE3 7] A E2 Sequence. 3.5 ARESISITE

Sequence. 3.
1 ATGCATCATC ACCATCACCA TCTGGTGCCG CGTGGCAGCT CCACCACCGC ACCGTCCCAG
61 CCGCAGTTTA CGATTCCGGC CTCCGCAGAT GTTGGCGCAC AGCTGATTGC AAATATTGAT
121 GACCCGCAGG CAGCCGATGC ACAGAGCGTT TGCCCGGGTT ACAAAGCCAG CAAAGTGCAG
181 CACAACTCTC GTGGCTTCAC CGCAAGTCTG CAGCTGGCAG GTCGTCCGTG TAATGTCTAC
241 GGCACGGATG TGGAAAGTCT GACCCTGTCC GTGGAATATC AGGATAGCGA CCGTCTGAAC
301 ATCCAGATTC TGCCGACGCA TGTTGATAGC ACCAACGCAT CTTGGTATTT CCTGTCCGAA
361 AATCTGGTGC CGCGCCCGAA AGCGAGCCTG AATGCAAGTG TGTCCCAGAG CGACCTGTTC
421 GTTTCTTGGA GTAACGAACC GTCTTTCAAC TTCAAAGTTA TCCGTAAAGC CACCGGTGAT
481 GCGCTGTTCA GTACGGAAGG CACCGTTCTG GTCTACGAAA ACCAGTTCAT TGAATTTGTG
541 ACGGCACTGC CGGAAGAATA CAATCTGTAT GGCCTGGGTG AACACATCAC CCAGTTTCGT
601 CTGCAGCGCA ACGCCAATCT GACGATTTAT CCGAGCGATG ACGGTACCCC GATCGATCAG
661 AACCTGTACG GCCAGCATCC GTTCTATCTG GATACCCGTT ACTATAAAGG CGACCGCCAG
721 AATGGTTCTT ACATTCCGGT TAAAAGCTCT GAAGCGGATG CAAGTCAGGA CTATATCTCC
781 CTGAGCCACG GTGTGTTTCT GCGTAACTCC CATGGCCTGG AAATCCTGCT GCGTAGCCAG
841 AAACTGATTT GGCGCACGCT GGGTGGCGGT ATCGATCTGA CCTTCTACTC CGGTCCGGCA
901 CCGGCAGACG TTACGCGTCA GTATCTGACG TCTACCGTGG GCCTGCCGGC AATGCAGCAG
961 TACAACACCC TGGGTTTCCA CCAGTGCCGC TGGGGCTATA ACAATTGGAG CGATCTGGCA
1021 GACGTGGTTG CCAATTTCGA AAAATTTGAA ATCCCGCTGG AATACATCTG GACCGATATT
1081 GACTACATGC ACGGCTATCG TAACTTCGAT AATGACCAGC ATCGCTTTTC TTATAGTGAA
1141 GGTGATGAAT TTCTGAGCAA ACTGCATGAA TCTGGCCGTT ACTATGTTCC GATCGTCGAT
1201 GCGGCACTGT ACATTCCGAA CCCGGAAAAT GCGTCTGATG CATACGCCAC CTATGACCGC
1261 GGTGCCGCGG ATGACGTGTT CCTGAAAAAC CCGGATGGCA GCCTGTACAT TGGTGCAGTG
1321 TGGCCGGGCT ATACCGTTTT CCCGGATTGG CATCACCCGA AAGCAGTTGA CTTTTGGGCC
1381 AACGAACTGG TCATCTGGAG CAAAAAAGTT GCCTTCGATG GTGTCTGGTA TGACATGTCT
1441 GAAGTGAGCT CCTTTTGCGT TGGCAGTTGT GGCACGGGTA ACCTGACCCT GAATCCGGCA
1501 CACCCGAGCT TCCTGCTGCC GGGTGAACCG GGCGATATCA TTTACGACTA TCCGGAAGCC
1561 TTTAACATTA CGAATGCGAC CGAAGCAGCC TCCGCAAGCG CAGGTGCAAG CTCTCAGGCA
1621 GCAGCCACGG CAACCACGAC CTCTACCAGT GTTTCCTACC TGCGTACGAC CCCGACCCCG
1681 GGTGTGCGTA ACGTTGAACA CCCGCCGTAT GTGATCAATC ATGATCAGGA AGGCCACGAC
1741 CTGAGTGTCC ATGCGGTGTC CCCGAACGCA ACCCATGTTG ATGGTGTCGA AGAATACGAC
1801 GTTCACGGTC TGTATGGCCA TCAGGGTCTG AATGCAACCT ACCAGGGTCT GCTGGAAGTG
1861 TGGAGCCACA AACGTCGCCC GTTCATCATT GGTCGTAGCA CCTTTGCAGG CTCTGGTAAA
1921 TGGGCCGGCC ATTGGGGCGG TGATAACTAT AGTAAATGGT GGTCCATGTA CTATAGCATT
1981 TCTCAGGCGC TGAGTTTCTC CCTGTTTGGT ATCCCGATGT TCGGCGCAGA TACCTGCGGC
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2041 TTTAACGGTA ATTCCGACGA AGAACTGTGT AACCGTTGGA TGCAGCTGAG CGCATTCTTT
2101 CCGTTTTACC GCAACCACAA TGAACTGAGC ACGATTCCGC AGGAACCGTA TCGTTGGGCC
2161 TCCGTTATCG AAGCGACCAA AAGCGCAATG CGTATCCGCT ACGCGATTCT GCCGTACTTC
2221 TATACGCTGT TTGATCTGGC GCATACGACC GGTTCTACCG TGATGCGCGC ACTGAGTTGG
2281 GAATTCCCGA ACGATCCGAC GCTGGCGGCA GTCGAAACCC AGTTTATGGT GGGCCCGGCA
2341 ATCATGGTCG TGCCGGTGCT GGAACCGCTG GTGAATACGG TTAAAGGTGT CTTCCCGGGC
2401 GTCGGTCACG GCGAAGTGTG GTACGATTGG TATACCCAGG CAGCAGTTGA CGCAAAACCG
2461 GGTGTCAACA CGACCATCAG CGCGCCGCTG GGCCATATTC CGGTGTACGT TCGTGGCGGT
2521 AATATTCTGC CGATGCAGGA ACCGGCACTG ACGACCCGTG AAGCACGTCA GACGCCGTGG
2581 GCACTGCTGG CAGCACTGGG TAGTAACGGT ACCGCATCCG GTCAGCTGTA CCTGGATGAC
2641 GGCGAAAGTA TCTATCCGAA TGCCACGCTG CATGTGGATT TTACCGCGAG CCGTAGTTCC
2701 CTGCGCAGCT CTGCACAGGG TCGTTGGAAA GAACGCAACC CGCTGGCCAA TGTCACGGTG
2761 CTGGGCGTCA ACAAAGAACC GTCTGCGGTG ACCCTGAATG GTCAGGCAGT TTTCCCGGGC
2821 AGTGTCACGT ACAACAGCAC CTCTCAGGTG CTGTTTGTTG GCGGTCTGCA GAACCTGACG
2881 AAAGGCGGTG CGTGGGCGGA AAACTGGGTC CTGGAATGG
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Sequence. 4.
1 ATGGTGAAAC TGACGCATCT GCTGGCTCGT GCTTGGCTGG TTCCGCTGGC TTATGGTGCC
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61 TCTCAATCCC TGCTGTCCAC CACCGCACCG TCTCAACCGC AGTTCACCAT TCCGGCTTCC

121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
25621
2581
2641
2701
2761

GCAGATGTTG GCGCACAGCT GATTGCAAAT ATCGATGACC CGCAGGCGGC CGATGCTCAA
TCTGTGTGCC CGGGCTATAA AGCGAGTAAA GTTCAGCACA ACTCCCGTGG TTTTACCGCA
TCACTGCAAC TGGCTGGCCG CCCGTGTAAT GTCTATGGTA CGGATGTGGA AAGCCTGACC
CTGTCTGTGG AATACCAGGA TAGCGACCGT CTGAACATTC AAATCCTGCC GACGCATGTT
GATAGTACCA ACGCGTCCTG GTATTTTCTG TCTGAAAATC TGGTGCCGCG CCCGAAAGCA
AGTCTGAATG CTTCAGTGTC GCAGAGCGAT CTGTTCGTTT CTTGGAGTAA CGAACCGAGT
TTTAATTTCA AAGTTATTCG TAAAGCGACC GGCGATGCCC TGTTTTCCAC GGAAGGTACC
GTTCTGGTCT ATGAAAACCA GTTTATCGAA TTCGTGACGG CGCTGCCGGA AGAATATAAT
CTGTACGGTC TGGGCGAACA CATTACCCAG TTCCGTCTGC AACGCAACGC CAATCTGACG
ATCTATCCGA GCGATGACGG CACCCCGATT GATCAGAACC TGTATGGTCA ACATCCGTTT
TACCTGGATA CCCGTTATTA CAAAGGTGAC CGCCAGAATG GCTCCTATAT CCCGGTTAAA
AGCTCTGAAG CCGATGCATC ACAAGACTAC ATTTCCCTGT CACACGGCGT GTTCCTGCGC
AACTCCCATG GTCTGGAAAT TCTGCTGCGT TCACAGAAAC TGATCTGGCG CACGCTGGGC
GGTGGCATTG ATCTGACCTT TTATTCCGGT CCGGCTCCGG CAGACGTCAC GCGTCAGTAC
CTGACGTCAA CCGTGGGTCT GCCGGCGATG CAGCAATATA ACACCCTGGG CTTTCACCAA
TGCCGCTGGG GTTACAACAA TTGGAGCGAT CTGGCAGACG TGGTTGCTAA CTTCGAAAAA
TTCGAAATCC CGCTGGAATA CATCTGGACC GATATCGACT ATATGCACGG TTACCGTAAC
TTTGATAATG ACCAGCATCG CTTCTCGTAC AGCGAAGGCG ATGAATTCCT GAGCAAACTG
CATGAATCTG GTCGTTATTA CGTTCCGATT GTCGACGCAG CTCTGTATAT CCCGAACCCG
GAAAATGCAT CTGATGCATA TGCAACCTAC GACCGTGGTG CAGCAGATGA CGTGTTTCTG
AAAAACCCGG ATGGTAGTCT GTATATCGGC GCGGTGTGGC CGGGTTACAC CGTTTTTCCG
GATTGGCATC ACCCGAAAGC GGTTGACTTC TGGGCCAATG AACTGGTCAT TTGGAGCAAG
AAAGTTGCCT TTGATGGCGT CTGGTATGAC ATGTCGGAAG TGAGTTCCTT CTGCGTTGGT
AGCTGTGGTA CGGGCAACCT GACCCTGAAT CCGGCACATC CGAGCTTTCT GCTGCCGGGT
GAACCGGGCG ATATTATCTA TGACTACCCG GAAGCGTTCA ACATCACGAA TGCCACCGAA
GCAGCTTCTG CTAGTGCAGG TGCCTCATCG CAGGCGGCGG CAACGGCCAC CACGACCTCC
ACCTCAGTTT CGTATCTGCG TACGACCCCG ACCCCGGGCG TGCGCAACGT TGAACACCCG
CCGTACGTGA TTAATCATGA TCAGGAAGGT CACGACCTGA GTGTCCATGC AGTGTCCCCG
AACGCTACCC ATGTTGATGG CGTCGAAGAA TATGACGTTC ACGGCCTGTA CGGTCATCAG
GGCCTGAATG CGACCTATCA AGGCCTGCTG GAAGTGTGGA GCCACAAACG TCGCCCGTTT
ATTATCGGCC GTTCAACCTT CGCAGGTTCG GGCAAATGGG CTGGTCATTG GGGTGGCGAT
AACTACTCAA AATGGTGGTC GATGTATTAC AGCATCTCTC AGGCTCTGAG TTTTTCCCTG
TTCGGCATTC CGATGTTTGG TGCGGATACC TGCGGTTTCA ACGGCAATTC GGACGAAGAA
CTGTGTAATC GTTGGATGCA GCTGAGCGCC TTTTTCCCGT TTTATCGCAA CCACAATGAA
CTGAGCACGA TCCCGCAAGA ACCGTACCGT TGGGCCTCGG TTATTGAAGC GACCAAAAGC
GCCATGCGTA TTCGCTATGC AATCCTGCCG TATTTTTACA CGCTGTTCGA TCTGGCCCAT
ACGACCGGCT CTACCGTGAT GCGCGCACTG AGTTGGGAAT TTCCGAACGA TCCGACGCTG
GCTGCGGTCG AAACCCAGTT CATGGTGGGT CCGGCGATTA TGGTCGTGCC GGTGCTGGAA
CCGCTGGTGA ATACGGTTAA AGGCGTCTTT CCGGGTGTCG GCCACGGTGA AGTGTGGTAT
GATTGGTACA CCCAGGCCGC AGTTGACGCT AAACCGGGCG TCAACACGAC CATTAGCGCG
CCGCTGGGTC ATATCCCGGT GTATGTTCGC GGTGGCAATA TCCTGCCGAT GCAGGAACCG
GCACTGACGA CCCGTGAAGC ACGTCAAACG CCGTGGGCAC TGCTGGCTGC ACTGGGTAGC
AACGGTACCG CATCTGGTCA GCTGTATCTG GATGACGGTG AATCGATCTA TCCGAATGCC
ACGCTGCATG TGGATTTTAC CGCATCTCGT AGCTCTCTGC GCAGTTCCGC CCAGGGCCGT
TGGAAAGAAC GCAACCCGCT GGCAAATGTC ACGGTGCTGG GTGTCAACAA AGAACCGTCT
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2821 GCTGTGACCC TGAATGGCCA GGCGGTTTTT CCGGGTAGTG TCACGTATAA TTCAACCTCG
2881 CAAGTGCTGT TCGTTGGTGG TCTGCAAAAT CTGACGAAAG GCGGTGCGTG GGCTGAAAAC
2941 TGGGTGCTGG AATGG
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Fig. 1. SDS-PAGE analysis of transformed E.Coli lysate . M; : Protein marker, 1 : Cell lysate
of E.Coli
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Fig. 2. ESI-MS profile of monomeric anthocyanin.

_83_



331.0789 16625

100
365.1047
.
122.0803
o
2451353
5431326
pE2.0820
705.1861 203.1348
072194 |gas2z726  1191.2205
147392853 2424 4592
00—~ ! J' I'Iil" IjI'L' I ".l 'Il'J: I|I'JI'I I'll: I|I ! 'l' 'Llll'l' 'l'|‘l 'l' '.'] T 'l IL'I —++ IlI1'1'?'5.'2:4'3'2;'\-\-]"1I 'l'l'J' TTrrrrrr1 + T lll T |1|?'E|T|i3|3|q;5| T T |:12I|35"5"|3|?|?l?- T[T -12134?-'318l9|91 T Mz
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Fig. 3. ESI-MS profile of Polymerized oligomeric anthocyanin by E.Coli lysate. (Substrate : Lysate = 100 : 1).
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Fig. 4. ESI-MS profile of Polymerized oligomeric anthocyanin by polymerase (Substrate : Polymerase = 100 : 1)
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Fig. 5. ESI-MS profile of monomeric anthocyanin.
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Fig. 6. ESI-MS profile of Polymerized oligomeric anthocyanin by Supernatant (Substrate : Supernatant = 100 : 1).
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Fig. 7. ESI-MS profile of Polymerized oligomeric anthocyanin by E.Coli lysate (Substrate : Lysate = 50 : 1).
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Fig. 8. ESI-MS profile of monomeric anthocyanin.
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Fig. 9. ESI-MS profile of Polymerized oligomeric anthocyanin by E.Colf lysate in 25C water bath (Substrate : Lysate = 100 : 1).
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Fig. 10. ESI-MS profile of Polymerized oligomeric anthocyanin by E.Coli lysate in 30°C water bath (Substrate : Lysate = 100 : 1).
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Fig. 11. ESI-MS profile of Polymerized oligomeric anthocyanin by E.Coli lysate in 35°C water bath (Substrate : Lysate = 100 : 1).
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Fig. 12. ESI-MS profile of Polymerized oligomeric anthocyanin by E.Coli lysate in 40C water bath (Substrate : Lysate = 100 : 1).
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Fig. 13. ESI-MS profile of Polymerized oligomeric anthocyanin by E.Coli lysate in 45°C water bath (Substrate : Lysate = 100 : 1).
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Fig. 14. ESI-MS profile of Polymerized oligomeric anthocyanin by E.Coli lysate in 50°C water bath (Substrate : Lysate = 100 : 1).
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Fig. 15. ESI-MS profile of Polymerized oligomeric anthocyanin by E.Coli lysate in 55°C water bath (Substrate : Lysate = 100 : 1).
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Fig. 16. ESI-MS profile of Polymerized oligomeric anthocyanin by E.Coli lysate in 60C water bath (Substrate : Lysate = 100 : 1).
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Fig. 17. ESI-MS profile of monomeric anthocyanin.
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Fig. 18. ESI-MS profile of Polymerized oligomeric anthocyanin by AMG 300L (Substrate : Enzyme = 50 : 1, 25T, 8 Hr).
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Fig. 19. ESI-MS profile of Polymerized oligomeric anthocyanin by Sumizyme AC (Substrate : Enzyme = 50 : 1, 25T, 8 Hr).
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Fig. 20. ESI-MS profile of Polymerized oligomeric anthocyanin by Glucosidase (Substrate : Enzyme = 50 : 1, 25T, 8 Hr).
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Fig. 21. ESI-MS profile of Polymerized oligomeric anthocyanin by Rohament CL (Substrate : Enzyme = 50 : 1, 25C, 8 Hr).
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Fig. 22. ESI-MS profile of Polymerized oligomeric anthocyanin by Celluclaset 1.5 LFG (Substrate : Enzyme = 50 : 1, 25C, 8 Hr).
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Fig. 23. ESI-MS profile of Polymerized oligomeric anthocyanin by Viscozyme L (Substrate : Enzyme = 50 : 1, 25T, 8 Hr).
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Fig. 24. ESI-MS profile of Polymerized oligomeric anthocyanin by BAN 480L (Substrate : Enzyme = 50 : 1, 25C, 8 Hr).
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Fig. 25. ESI-MS profile of monomeric anthocyanin.
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Fig. 26. ESI-MS profile of Polymerized oligomeric anthocyanin by AMG 300L (Substrate : lysate = 50 : 1, 25C, 3 Day).

21083877 231594211

2200

2200

2400

8684

miz



1004

3810787

385.1048
1041062 547 1328
[pez0824
140802 3020058
/
I72.0841

100

200 300 400 a0

5771330
d

[s u]u]

Foo

T05.1850

BO5.1080

00

j=]ulu]

Q03,1555

041504

1000

11532628

1100

1101 22141246 2712
4

1200 1300

1400

14782845 1533 3708

1500

16800

1700

1800

1787 3431 1821 30682

1900

2000

20543721

2100

2200

Fig. 27. ESI-MS profile of Polymerized oligomeric anthocyanin by Sumizyme AC (Substrate : lysate = 50 : 1, 25, 3 Day).
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Fig. 28. ESI-MS profile of Polymerized oligomeric anthocyanin by Rohament CL (Substrate : lysate = 50 : 1, 25C, 3 Day).
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Fig. 29. ESI-MS profile of Polymerized oligomeric anthocyanin by Celluclaset 1.5 LFG (Substrate : lysate = 50 : 1, 25C, 3 Day).
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Fig. 30. ESI-MS profile of Polymerized oligomeric anthocyanin by Viscozyme L (Substrate : lysate = 50 : 1, 25C, 3 Day).
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Fig. 31. ESI-MS profile of Polymerized oligomeric anthocyanin by BAN 480L (Substrate : lysate = 50 : 1, 25C, 3 Day).
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(A)

Acetonitrile (%) 0 10 20 30 40 50 60 70 80 90 100
MeOH (%) 100 90 80 70 60 50 40 30 20 10 0

(B)

Acetonitrile (%) 0 10 20 30 40 50 60 70 80 90 10(
H,O (%) 100 90 80 70 60 50 40 30 20 10 0

Fig. 32. The solubility of monomeric anthocyanins. (A)Acetonitrile and MeOH, (B) Acetonitrile
and HzO
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Fig. 33. HPLC signal used Develosil™ 100 Diol-5 (4.6 X 250 mm) column and RI

detector. (A) monomeric anthocyanin, (B) oligomeric anthocyanin.
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Fig. 34. HPLC signal used Acclaim™ PolarAdvantage II (5 uym, 4.6 X 250 mm) column
and RI detector. (A) monomeric anthocyanin, (B) oligomeric anthocyanin.
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Fig. 35. HPLC signal used Develosil™ 100 Diol-5 (4.6 X 250 mm) column and UV
detector. (A) monomeric anthocyanin, (B) oligomeric anthocyanin.
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Fig. 36. HPLC signal used Acclaim™ PolarAdvantage II (56 uym, 4.6 X 250 mm) column
and UV detector. (A) monomeric anthocyanin, (B) oligomeric anthocyanin.
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Fig. 37. HPLC signal used Shodex OHpak SB-802 HQ column and UV detector. (A)

monomeric anthocyanin, (B) oligomeric anthocyanin.
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Fig. 38. HPLC profiles used Acclaim™ PolarAdvantage II column and UV detector. (A)
monomeric anthocyanin, (B) oligomeric anthocyanin.
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Fig. 39. LC-MS profiles of 2.7 min peak in oligomeric anthocyanin
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Fig. 40. ESI-MS profiles of 909.6 m/z peak in oligomeric anthocyanin
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Fig. 41. MALS profiles used Acclaim™ PolarAdvantage II column and UV detector. (A)

monomeric anthocyanin, (B) oligomeric anthocyanin.
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S EA L ol & A% Ay Riewrt opbd ZElan JHE ui= Aoz Iy
RomF E AFA e FAHL AR o]Fojx Ao FHT £ YU, AdEAePT &l
Hel tig xFstE & Ah
3.2.1.8. ¢tEAJo}d g g

StEAjold SjumE He2lsl7] f8te] $4 deodyuts AL&sle] Relstaxt gtk 9
A, FojE 3 9= 1 kDao] 9& AbEste] A= A¥ 2E7h folakA] g ole AT
dujE = ghelon} wro] f& WY 3,000 DaZbAl A& A EErt AR o] FolA| A
29ttt (data not shown). 22, HPLC® C18 AS AME3to] RaL, 1

rlr
W, AL

A B a7t S AR ¢kl yEhyg I 3dER FE7F ofHo
42). ttg-o 7 thorsl A#(Acclaim™ PolarAdvantage II, Develosil 100 Diol-5)& o]-& 0}04
JEAoD i FEE FASIAR a&AoE T 7 AT (F1g 43, 44). v}
Aoz FAEe] Ar7jEE e o A8H= GPC AHES AREste] EElE 33tk

ST @ e GPC AWE ALSE A9 A walvol LEAC Lelmrel A A
FHT ¥7] fEd #esv)7h ojels] 2719 GPC AXE AAse] HAE AwsATE 1
A% 40 vaw FEE e 9 & F AJ (Fig. 45), &4 va= 83t 52 A
Z 5 B4 et 3 s EAgse] WA dE PP masgAT F
slah BAed e o] glo] etEAlohd 2EmnE RFeY Al1ddA 94 Eoe u
ol s WYakr| = SAT (Fig. 46).

3.2.1.9. tEAJold S um o AAF 8 AL

1xd %] A5 58 @4 Glucosidase”} SHEAJobd U‘—‘:ﬂg StEAJold &gjum = &
gt AL gt (Fig. 47). &0 & StEAobd ame] Y FHA = st
== Lol 25TCaA A4 717+E 3, 5, 742 st S PsSit
A A =2 FEES Boue ASs g0 + A} (Fig. 48). 741t
, 225 435 Ha‘w 4, 25 coﬂﬁ Fde ko Was] Bty 1 A3
o g g4 e mel A

]_

%

O

= sto] EAE 7]* ﬁ*tﬂ 714 H] :1000] obd 1:10%

AbE-3te] Al S Attt 2 Ay 1:100 B 1:100] ¥ %8 S BIA| v Be& 3o

1 S A7) = 3T (Fig. 50). 3FA9F Glucosidases A&

sto] QEEAJobd & amE dst7|ol= @77 UF 7] "t dgAo=z A&Ha 9l

AWEted B A3 GlucosidaseS ¥ 3H5tal 90+ Sumizyme AC, Viscozyme L&

A At Sumizyme AC, Viscozyme LS AFg3sle] sHAlste] ¥ A3} Viscozyme L7}

HAAES Ho FRo (Fig. 51). o] Ao A3&E vlE o2 AlA|F2 Viscozyme L&
ARgate] 25TColA 7THXE st Al Aet7| 2 Sl (Scheme 1, Table 1).

Table 1. Synthesis yield of oligomeric anthocyanin

A.niger Crude enzyme Glucosidase Viscozyme L

71.122+ 2.243 78.064%£1.611 83.646+1.597 82.109£2.634
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Figure 42. HPLC profiles of oligomeric anthocyanin used Alltima HP C18 column.
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Figure 43. HPLC profiles of oligomeric anthocyanin used Acclaim™ PolarAdvantage II

column.
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Figure 45. HPLC profiles of oligomeric anthocyanin used two Shodex, SB-802 HQ

column
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Figure 46. Divided of oligomeric anthocyanin fraction
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Fig. 47. The synthesis of oligomeric anthocyanin from monomeric anthocyanin using

glucosidase from Aspergillus niger. (A) Before biosynthesis, (B) After biosynthesis

using enzyme A.
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Fig. 48. Effect of culture duration on the synthesis of oligomeric anthocyanin. (A) 3
day, 25C, (B) 5 day, 25T, (C) 7 day, 25T
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Fig. 49. Synthesis of oligomeric anthocyanin in two temperature. (A) 7 day, 4TC, (B) 7

day, 25T.
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Fig. 50. Effect of enzyme concentration of the synthesis of oligomeric anthocyanin. (A)

7 day, 25C, 1:100, (B) 7 day, 25T, 1:10.
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Fig. 51. The synthesis of oligomeric anthocyanin from monomeric anthocyanin using

two enzyme. (A) Sumizyme AC, (B) Viscozyme L.
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Production of synthesisd oligomeric anthocyanin

Scheme 1. Manufacturing process of oligomeric anthocyanin.
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3.2.1.10. A8 StEA T LW F

Fad B4 PWe Agsel w, g

om (Table 2), "= HAIME g 2 AnbAlo] YeEbA] okt

Table 2. Result of heavy metals measure

g b WA (A e g D
)
7= <h <3 <0.5 <0.5
jbEAlehd N.D N.D N.D N.D
A D. D. . D.

3.2.2. StEA oM &M ks &4

3.2.2.1. AA2AFTH7|7)E oL ikt &4

A=A 7715 o] &3 JEA o] i o] 2 gz 24 &4 Fig. 52 — 54¢
Table 2.0 YeERRIth DPPH etz gfr)zd FollA <83k 2 ghr] ol &aprlol| thaFsh
AAEZHEH st 248 AAst=d Bol o] &5ar k. tEAoR &8 am o] DPPH 2]
Z AA%e S538% ZIe Fig. 52-(A)¢ ol sk o4l &4S dehNeH, 1.953,
3.906, 7.813, 15.625 pg/mlollA 25.11, 75.89, 81.16, 91.23 %< DPPH #uZ AA A4S
Btk oldf, 50%< DPPH &tz &~A &8 dehll&= 1Cs #h2 2.911 pg/mls YER]
ATt

AAAAFH 71715 o] &3k FEAold &gjawe] DPPH &tz &7 &2dd digk histogram
& Fig. 52-(B)ollA e} o] ¢tEA o] ean A %7} Z71gd wet signal intensity”}
ol o g Fi oFZ o7 DPPH #itzo] AAES & 5 Ut

FEAHI a9 alkyl SZ AAGS 54T ZA¥ Fig. 53-(A)¢} #Zo] w5 oF4 o
2 Aol FT7IeHE RS 2 = Y tEAJebd &2laiw 15.625, 31.25, 62.5, 125,
250 pg/ml & W, alkyl 202 2ASES 242 21.99%, 39.81%, 54.99%, 81.21%, 94.52%=
Hebiglom ol tEAJobd &2jaime] ICs -2 52.194 ng/mlE YWERHAT
A=A EH 71715 o]&3 FEAoPd Sejaw 9] alkyl @tz A& do] thgh histogram
Fig. 53-(B)ollA ¢} o] StEAlobd &elaime] A2 X7} ol e} signal intensity7}
GolF o m M, v oEA O R alkyl grZo] AAEES 2 & F AUk

s, S 5 7P AEe gz E 48 A = hydroxyl Bzl gk QtEAlobd &l
He] gz A7 a%S SAT A= Fig. 54-(A)d YERITE etEAlobd S2jaune] Hx
o]EX 072 hydroxyl Btz &2A Aol T7FeE AS 91 3 4= glRloen, StEAleld &gl
o 0.25 0.5, 1.0, 2.0 mg/ml & w, hydroxyl e}z 2ASALS Z+zt 24.65%, 29.13%,
61.44%, 77.36%% HERNSIOH, o] w FEAoRI &9l ICs #k2 0.823 mg/ml= e}
%

AA2=AFH 71715 o] &3 FEAlobd 22319 hydroxyl radical 227459 gk histogram
2 Fig. 54-(B)ell YeEHA . Hydroxyl radical spin trapping agent?l DMPO9| 2J&f wH717)
7} w4 71 DMPO-OH- adductE &A%ttt DMPO-OH- adducts hydroxyl radical®] 713 %

g€,
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Fig. 52. DPPH radical scavenging activity of oligomeric anthocyanin (A) and ESR spectra of the
oligomeric anthocyanin (B).
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Fig. 53. Alkyl radical scavenging activity of oligomeric anthocyanin (A) and ESR spectra of the
oligomeric anthocyanin (B).
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Fig. 54. Hydroxyl radical scavenging activity of oligomeric anthocyanin (A) and ESR spectra of
the oligomeric anthocyanin (B).
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ol 1:2:2:

—

o] 53t ESR spectrums YWERHA ¥|3L 71 signal intensity 24 DMPO-OH-
adduct®] 42 ZAH3FY. E AFo|H%E hydroxyl radical®] A& A<l spectrums e
U oH, % © = signal intensity”7} Yol &Q1E = At

DPPH, alkyl, hydrOXyl g AA SN =& Fikst A4S HojFE FEA M &
{— superoxide ] Zol M e dibsl FA4S HolFQt} (Table 3). 50% oz 427 24
BAFE F5 ICs a2 7.742 mg/mlz, tEAJoA 22|31 9] superoxide 2}t]Zo] tf
Bl R RS B S 4=

ol

fo
I
N

a

J

o

Table. 3. AA=TEE 71715 &3 FEAoB] Zejam o] A gz 27 24

StEAlobd 2] a1 HIEFT C
DPPH &HZ &~A &2 (ICs0, ng/ml) 2.911 3.049
Hydroxyl &tt)Zt 27 &A (ICsp, mg/ml) 0.823 0.021
Superoxide #H]Z &2A &4 (ICs0, mg/ml) 7.742 0.059
Alkyl &d]Z 2A &4 (1Cs0, ng/ml) 52.194 11.135

ikt S-S SAskE R TolA AFIseE SAs= W TBA, FTCRZ linoeic
acidg H7tsto] A|zte] Aol wef Wsty = XA A E SAs= HoE HPO 712 5
oF XAyt A Aot A A AEE FAlA SAHAT & A= WHOZ Axdd EA4)
st A @& gz olste] At o 2 HE FAARTL ojgsto] 4bslE 7] Al &fele] HE-3-Ad o]
= free radicale] @A ET XA 9] 4kstol| o]sto] A HE hydroperoxideZ} Zufjeo] 733k A
o] F&EE 9 EafjEo] AAEE alkoxy radicals(RO), peroxy radicals(ROO), hydroxyl
radical(OH) ¥ malondialdehyde % 4-hydroxynonenal <& (Ao w2 whwzlyl DNAS &4
S do Erk oy} wshef oF whAle] Fadk Ul AXrE frt o] dFE o] &she] QFEA]
oibd &g W HE B9 AH s A AAEE SA 5t Hlasglt

UFEAoPd S XHiist s FTC(Ferric Thiocyanate) = ARg&ste] 543 Ay
Fig. 550A¢} #o] & QtEAJold aw el HIEH EE A3 dolA = Aol X3
= 5 AEIEE Al Qﬁﬂ%% o = gk 53], otEAlehd 28 0.5, 1.0
mg/mle] FXxolA HEN EXRG AU e 248 UHElle As E< & ¢ Ao =3
FEAlOMI @3 1.0 mg/mle HIER ERU & A4S W ¢

= S O ~x=L O A~
s ddo] s & 4 AN

d

Sk QFEAjol &g a1 9] ]@J}"Ji} TBA(th1obarb1turlc acid)g<= AH&ste] 543 4
I}+= Fig. 563 &t} FTC ZAie} 2ol OPE/\]OP ™ 0.5, 1.0 mg/mlol A= HERY E<}
A S8 ‘/]rE]rLH—‘E e 8 & F AU, O]E Eato] QEEAlobd ZEjaim o] A 4k
St A &Ado] Holds I F AT

o|¢} & JJr% el = W PEAor i el kst S dA AASAIR] BIER
E % Co aitst 43 nicst 248 BT dnt o] A5 vg oz tEACd &l
wol Az} = Edloxe kst S-S el FEAeld EEjav F uS ks &

. .

Aol Holut Rxjare] ehEAlol a1
2% AT,

FHAE Felstud A7
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Fig. 55. Inhibitory effect of lipid peroxidation of oligomeric anthocyanin using TBA method.
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Fig. 56. Inhibitory effect of lipid peroxidation of oligomeric
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3.2.3. WHAEAA AEA M S]] HS g7}

3.2.3.1. WLAENA AEA M S m 9 HEEA

FEAlOPA &t PHbAE ARPE-199] 54S Yehdl=A 137 S8 Axsd 5
28e s A} Fig. 570 Yeld A3 2ol 5% 1.0 mg/ml7HA] 100% ©1/de] MAxE A&
S Uehlo] ¢tEAJobd ] ARPE-19A1¥0] 548 Yehlix] & tde A4S 89l
T ASTE o] Ad ARE nfgoR FF AYddA & tEAeRIe] Hi FEE 1
mg/ml=Z 53 35t

o ﬂﬁo o

3.2.3.2. “J?}AﬂEM SEA A a9 4tstd &4 digt B a3

FEAJobd v % H,0p, 2] § ARPE-19¢] MZAME 2 AxF7]|5 5438 dA¥+= Fig.
583 #t}. 0. 5 mM H:0.5 &g 45 G2 arrest7} ZAs= S 921 & 5 QAL FEA|
ol L uHE HYePS u 5= oFEX O R G2 arrestZ} A HE AL ol & £ ATk
o] Ax}Z HE EA o] &yumr) As ~E# AR 28 ARPE-199 G2 arrestE <A]A]
A= AL gl & = T

otEAlobd o 2 H,0, A2l & ARPE-199] AMEAFE 2 AE
59¢} -t}

lo

N
~N
ol
[
il
u
<
o
)
0

3.2.33. HHAE W s 54 84

otEAJold ol 2 H,0, A& ¥ ARPE-199] @ksl a4 &A1& SOD, catalase, GPx,
GST & % 49 Iditst a4 S-S 5461800

SOD assay+ ofgfol Ueld SOD =4 dy]oA ¢ #o] xanthine/xanthine oxidaseo] <3l
A ¥ superoxide anion(Oz)ell 2]8F cytochrome c2] 3¢ W55 SOD7F JASHE HAEE =
Aol= Ao ® 0,2 SODoN o3 HoO2 A3kE a1 o]ojA] Hy0.2] A& G492 catalase, GPx,
GSToll o8l AAHE= Aoz dejA vk webd ARPE-19°] AFstAEd 2 A & BAd% =
g ik sl tiste] QFEAoRA Eejaiw7p Ahkst gAdA e A= S Flstaa; ik

X.ﬂ.l'ld'li.l'lf' Fnrrnmn d'i-"l':'

+ 'D:J_ \
Xa.nd'une uudase
Tetrazolium salt

rlC ﬂ.Cl

50D

<SOD &4 =4 d>
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Fig. 57. Cytotoxicity of oligomeric anthocyanin in ARPE-19 cells.
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Fig. 58. Effect of oligomeric anthocyanin on the distribution of cell cycle.
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Fig. 59. Effect of oligomeric anthocyanin on cell cycle of ARPE-19 injury induced by HOs.
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Fig. 60. Effect of the oligomeric anthocyanin on superoxide dismutase activity in retinal cells.
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caspase &A4d3lol o3l AE A4S fdste= 25 AAS7] S8l HoO5 AASE a4l
catalase, GPx, GSTY] Ao] =718 Ao R Ho o]l% a4 AL =A59tt. WA catalase
= ol catalase?] YEldlA YEY Q= vbel 2ol H0.E &3 AkAR BIA7]E 98-S
=

Catalase

2 H202 » 2 H20 + Os2

<CAT &4 =54 d=p>

BEA el A 2E S VheE & EAOPd 2P S A sl catalase B S
gk A, AehA] 2B gt PEAloR] &2 0.5, 1.0 mg/miE AT wellA T

catalase &Alo] ¢ ¥& Ao = YeldtHFig. 61).

3 GPx 4 A ol oA yERA uviel 7o) glutathione, ~butylhyroperoxide”}
GPx¢} wh$-3dte] AA¥l GSSG7F thA] NADPH, glutathione reductase®} WHS-sFod NADP$F
glutathioneS AA3HA =H+Ed), o]jul NADPH”} GPx9} WHE&le] 7HAine T4 S

W o= Xlestelnh

sk

R-O-O-H + 2G5H i » R-O-H+ GS5G +H,0

GSSG + NADPH + HT GR

<GPx &4 =4 >

» 2GSH + NADP™

FEAlobd &E]aw 2 H,0, HE] & ARPE-199] GPx &4 A& =43 A3 Fig. 629
2o, Aksl 2EdA @R FEAOPA &gl 0.5, 1.0 mg/mlEs A gk FhollA
glutathion peroxidase €/d¢] ¥ =2 A= e
123l glutathion-S-transferase= o} Uz Yeh A= #vke} o] GSHeF CDNBE
GS-DNB &olAlz WA7]= 9adS sdsts a4z I vk

GST
GSH + CDNB —3p GS-DNB Conjugate + HCI

<KGST &4 =4 d=>

_94_



2.0

|
ET 1.5 r T
T 1.0 -
z
2
E
s 0.5
=
_':
0.0
0.5mMH,O, - + + +

Anthocyanin

(mg/mI) - - 0.5 1.0

Fig. 61. Effect of the oligomeric anthocyanin on catalase activity in retinal cells.
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Fig. 62. Effect of the oligomeric anthocyanin on glutathoion peroxidase activity in retinal cells.
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= .
Fo 24S HEkd AS F 2 5 Sl

o] 4ol tst EA Ao ANE WA Ee H0,% AFsHA] ~EdfAE f33 § QFEA|o}
U &g umE A3 A3 SOD, CAT, GPx, GST %9 34kl g4 Aol S713s &4 &= 9l
Ak whA, StEAlold SE|lam o] guZd £ ASA, X AIEE A FA D Faks g4
e TFE B w dEAH EYan o] kst 4o -ES I & U

3.2.4. B8 Edo|AN9 AEA o] &EluHe i3 a7 HAE A

3.24.1. AT € =3 7A 334

Table 4= A3 A2} A] wpg-2 FA T8 Al vpg-29] FAE SAS Ao}, w3 =
d TR Qlste] A71AR] &) ofy o] AFat 7He] AT Aole AA HERA &
%t Table 5+ A¥ T5 F &7 FAE 5 AFo|th. ~BHPE Folsty AsE f &
g 2t Aol wel] mpgEAe 1 FAE B Srbelisdl, (-BHP TR <le) At
sfAEY 2T F7kE o] ol AAE7] f1ste] XA o] gzl WhH QFEAJold Hn-wel &
JumE T 72 dEA oI gElure] AslaE s AAHoz Q) ujFy} IF F

AZF S74ekA & Aow ddd

Table 4. Body weight of experimental mice.

Group Initial body weight (g) | Final body weight (g)
Control 32.1 £ 1.3 325 £ 2.1
~BHP (2 mmol/kg) 32.2 £ 1.6 32.0 £ 2.2
~BHP +
) ) 314 £ 1.1 32.1 £ 14
Monomeric anthocyanin (200 mg/kg)
~BHP +
. . . 31.8 £ 1.6 32.1 £ 1.2
Oligomeric anthocyanin (200 mg/kg)
~BHP + Silymarin (100 mg/kg) 32.2 £ 1.8 324 £ 14

Table 5. Spleen weight and Liver weight in experimental mice

Spleen weights
Group P & Liver weights (g)
(mg)
Control 94.72 £ 19.83 1.25 £ 0.04
+~BHP (2 mmol/kg) 108.18 + 19.68 1.53 £ 0.08
+~BHP +
. ) 98.34 £ 18.91 1.37 £ 0.14
Monomeric anthocyanin (200 mg/kg)
+~BHP +
_ . ) 95.37 £ 21.97 1.29 £+ 0.06
Oligomeric anthocyanin (200 mg/kg)
+~BHP + Silymarin (100 mg/kg) 96.79 £ 23.82 1.34 £ 0.11

3.2.4.2. GOT & GPT &4
GOT 2 GPTE olulw=at talel] #ojdts Aolg4aer GOTE F2 A% 7+ =43 2 A
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Fig. 63. Effect of the oligomeric anthocyanin on glutathoion—s—transferase activity in retinal
cells.
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Ty AEE W shs 2} =

F TR FEH 1 4o FUkeHA HTh 53], AMdsteta HE 5 F4 1 Al

< GOT % GPT 9 &4 =7l w4sHA F7ketH, Alg vtolej~Ad 114 2 SA4E4H 9
B s ol A 1k AL e o] =2 &4& v
Al ®th. Table 69 WeRd whel Zo] ~BHP 7o tst & Atel wlstel % F GOT
2 GPT Aol 8oz 7138kt GOT 49 49 otEAjold Ruw-mol Sgjun F
o2 Qsle] A= Aol YUENEOW, positive controHL 2 AMSE Agutd Fojata

Btk 53], QtEAlobd SejuvE g oA dA3F] GOT, GPT7}
4 &S YERdAT o) tEAJoI &8 a7t t—BHPoﬂ olate] Z=7t¥ 7HA 3
¥ axt9 A4S #AarZlE Aoz Hol ~BHPA 938 f2uE F4 1 239 AIE

Table 6. Measurement of GOT & GPT from mice serum

Group GOT (IU/L) GPT (IU/L)

Control 32.25 £ 9.83 12.34 + 3.21

~BHP (2 mmol/kg) 82.35 = 8.68 64.25 £ 4.56

~BHP + Monomeric anthocyanin (200 mg/kg) 69.24 + 7.91 58.24 + 4.22
~BHP + Oligomeric anthocyanin (200 mg/kg) 54.22 + 6.97 46.28 + 3.56
+~BHP + Silymarin (100 mg/kg) 68.41 = 8.82 48.16 £ 3.22

3.2.4.3. TAAY 4

Table 7% € T TS SAT dypoln, A4 vlnd W ~BHP Fo tixd
A7 48.23 + 2.22mg/dL, +BHP %<

TAAY FA7F F=do AT A
86.60 + 3.56 mg/dL, <FEAJo}ld HE Fog 2 77 75.22
4.25mg/dL, 64.26 + 5.32mg/dLE YERN oM, o] ulxatdd Hld FAdXWe X7}t
AT, A tFRToZ AMSE AEvidl FoTte] FAAAY FX = 63.45 £ 5.46mg/dLE oF
Exjold gEjamE AHg vt v2ek X5 yETh webA, QEEAeld EEjamrt 3
M Y FAALY S7HE aRHoRE AAEh= AR ddEr

WoH o rlo

ok

Table 7. Measurement of Triglyceride (TG) from mice serum

Group TG (mg/dL)

Control 48.23 £ 2.22

~BHP (2 mmol/kg) 86.60 + 3.56

~BHP + Monomeric anthocyanin (200 mg/kg) 75.22 £ 4.25
~-BHP + Oligomeric anthocyanin (200 mg/kg) 64.26 = 5.32
~BHP + Silymarin (100 mg/kg) 63.45 + 5.46
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= X

3.2.44. i3 &
Catalaset el 7b @Wol Ak, Aol Ao Aps4kst 2 {f7]E9 stz 47
H,0,5 H3alsle] F+53FA7]= free radical scavenging &4 59 slivfo|t}. Table 6042}
2ol ~BHP Fo] a2 Aol v|8) catalase@/do] S7F H AR qE StEAJobd &2 a1
W FoTE gxaru AEE A3%S Yehlidoh w3 £ A5Y 23 ~BHP Fo =
catalase&Ao] 713 AL Hp0.9F 2 free radical2 A ASH7] $I8] o AAHE oz
B g dom, tEAT Himel SYumE FoJd & FEAJolY Ri-w el i g
free radical &2AE/ o2 Q3| catalased] &Ado] F7etA] ¥ Aoz furdr), o= <t
Exjold Rwmel SEjum7l 3itst dAo] ¢-E Ao m ddd.
SOD+= &34 (02)E Ho029 Op® HSA[A &g Abae] o) A7|= 4bshs &4ko] dAt
2 oo #oj gt Superoxide anion 7|2 WAL A o 2] 7hA] AstetA g
AARAET, o]Ao7EE AAEE hydroxyl radical> 2% W AYEAES 333AY 7]
AAA B AbAE o] &3k EA= superoxideE A ATE @4 SODE 7HA AL o] A
A= superoxidedl /]i} Ao 2 HEEI Q) Table 89 YERE Hie} o] ~BHPE F
of g e SOD &4 Aol Hla) ZAAESAaL, FEAoP] Rl Sejaim Fofyt
< "HZ;LEE} SAIE }—E 235 Yetggleon 53] tEAold SglamE Folgh o] Ex
Folgk wrT SOD &4o] -8 Aoz At

TP

J

Table 8. Measurement of antioxidant enzyme

Group Catalase (U/mg protein) SOD (U/ml)
Control 290.45 £ 20.12 330.41 £ 12.32
~BHP (2 mmol/kg) 422.32 £ 13.45 230.23 £ 14.26
+~BHP +
. . 370.23 £ 25.24 262.32 £ 12.25
Monomeric anthocyanin (200 mg/kg)
~BHP +
. . ) 356.23 £ 22.32 276.33 £ 13.34
Oligomeric anthocyanin (200 mg/kg)
t~BHP + Silymarin (100 mg/kg) 364.88 £ 24.56 274.64 + 10.42

= g £
otEAold g xtsl a¥tE Hrbslr] 984 Hematoxylin®t Eosin® &2 7F &S
st om, I A¥= Fig. 64 Yetddth. ~BHPE A ¢
Zo] FAfel Astrt irxA o] g ow eyttt o= ~BHPY
A o] mpgZ Hito] ASIAEYAE Wrol LS} A3ty ER1E o
Hel ElamE AAY g a5 AEe] ¥l &stEAT o], ¢
Hel Syt g o R MY E BHEslal e o= dAE)

AEZE AREste] 3kt Flg 65. oﬂ 1 ~-BHP=Z ® ﬂuﬂgoﬂ AP AEYAS FYS o W
A ol Al ME F7)ol ZHEste] AETT] T G27]19 S JAsHA "t b E
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Fig. 64. Histopathological examination in liver tissue with H&E staining. (A) Control, (B) #~BHP
(2 mmol/kg), (C) #~BHP + Monomeric anthocyanin (200 mg/kg), (D) ~BHP + Oligomeric
anthocyanin (200 mg/kg), (E) +BHP + Silymarin (100 mg/kg)
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Fig. 65. Change proteins related to G2/M phase arrest in ARPE-19 cells after +~BHP treatment.
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25 At AxFT] T
KeN

2719 #gst= Tl p219} cdc27} Z7}slal cyclin Blo]
7rasle] G27)17F A= ] o,

G
e T 5 g FEAohd L unE AAE HPe Wi

T2 T MR AAR—

p21¥ cdc27b #H48kal cyclin Bl 2—7}—3}04 G271 A7} zﬂi‘ﬂb A& FAT 5 A
B, tEAM RwevE Al A5 elamE Asds Aok A daE ¢
T AT elgk Heeo] FACSE 01 o}@l AET7] WBE SISt ~BHPR Al

AL sho] 3 2=

AE w2

of ASIAEYAE FAS W AxY GL7I7F FAsa G277V Sk
At} o] Fig. 66.0] eI

¥0 Hd o
yl

3.2.6. StEAlOIY 2a B3I i3 A4 SH 2H
=) le; =

AEAobd Pl E FAY HE skl AE JAstaurt splAwt, EAEE £
o2 HPLCE ol&ste] +3t& waor o A& Jdsiginh. 31 A 239
FRAP¥} ABTS &4 77} 1.1724£0.011, 0.745+0.001& uYeElNRx, F Hx £33
4.195£0.016, 1.128+0.000& “eEFHSIAL Al M4 282 3.089+0.02, 1.118+0.000¢] &7

S UHedilen, 3 £9 & 2% £80lA M w2 kst d4 S RStk o] table 9

1 LER QAT

Bk, 7 83 bEAJolbd &2aim (0.1 mg/ml), FEAOPY Ri=w (0.1 mg/mDE °]&
sto] A AEAM AESAS Feils w (Fig. 67), 3 HA 283 Al oA 282
Ao A =48 A WER A g vkl 7 WA 3 oF 75%9] AEAAEES ER
At} etEAJobd Lglmm e}l StEAob R-v|= oF 50%9] AEAEES UENSIT

Table 9. FRAP and ABTS activity of oligomeric anthocyanin fraction

FRAP TEAC
Group (mM FeSO; eq./mg (mM Trolox eq./mg
extract) extract)
1%t fraction 1.172 £ 0.011Y 0.745 £+ 0.001
2" fraction 4.195 £ 0.016 1.128 = 0.000
3" fraction 3.089 £ 0.020 1.118 £ 0.000
Vitamin C 8.279 £ 0.016 1.147 £ 0.000
BHT 6.981 £ 0.020 1.063 £ 0.001

FRAP : Ferric reducing antioxidant power
TEAC : Trolox equivalent antioxidant capacity
lValues represent meanstSD (n=3)
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Fig. 66. Flow cytometric histogram of ARPE-19 after oligomeric anthocyanin treatment prior to
t-BHP treatment.
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Fig. 67. Cytotoxic effect of oligomeric anthocyanin in ARPE-19 retinal cells.
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3.2.7. AEA I 9] JEF A4

otEAjobd 2] FgdT A4S NO assayBS AHEsle] 543 A3 LPS (0.1 pg/ml)
E A vEG FEAM EunE A g ELO] TE oEAH o7 NO A o]

o7 AT (Fig. 68).

3.2.8. AR E3 QEA I el dEF 84 gt 43

3.2.8.1. Xﬂ'& 9 & FAS dol %Xé

28 A} DSSE AAZ k29 A9 AT Sl AT AJENE 9ol nhe-HT
o =rleks molFEQdh 7He] A 9ol DSS AFHF9F AHgle] A4S FAE RAFEY

X
e

Aol 49- DSS AdFH A A
AT Do nAe FFol FIHE A Zh et
AT i Aol7b vidFA el vl e S G # 4 sk o] DSSel o o
o] HEAY o] w}E Avteta gt (Table 10). E3H, DSS AF w1k Hlal AWE &

3.2.8.2. CD4*¢} CD8* 9] =4 A}
A= HES oAl =838 93-S d= CD4T 9 CD8YS =A319Ith (Table 11, 12). HFo| A=
CD4"¢] =x|7} DSS HlAdHTEY AFTo]l o $2 S g2 & 4 9lla CD8”

i + DSS
AAol ¥ =2 A &9l & F dHh o] AdE vige® CD47/CD8" S T38i3i<S
Table 119 Z23& AL DSS AHATANM e w25 &< & 5 AT HEZHAME 7

P31 e APl A%E ehielnh DSS ATl we FEAORIE 4

O

3.2.8.3. 4979 ®g €L AHAA 2

[gA9} IgEE A3 A3, I3 del= IgE7l [gART =& A& HAFomn, fxd
e IgA7t =& X2 BFAUHFig. 69, 70). [gAy A7 P4 mFo A DSS AF <
Fglol AR FAE HoFelor, [gE] 4% DSS AFHTAA F71s ko] st

[e)
S ololth mah DSS AAT F EAlohd YHTS Ighe] FATL gadte AS el
¢ AN, FENP SenusE HEAC] Rient o ¥ e $AE nelFc,
DSS= Tr\:g] A=A A3 Ruo A etEAoldo] A= o] 9LeS =
= oA E QtEA ol 2gaume Ao ¢ =& AL 3

3.2.9. IL-10 23 w5204 9 0}5/\10}% sPaHY FEF &4 54 27

3.2.9.1. AF 2 27 RA} o] =X

g4I 28-S s IL-102 237 U}S’rig— ALg5te] SFEAlOMY S@aime] dol= EA]
< gtk IL-10 43 vk A vbe2ET AlFo] AQen, QFEAoR &
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Fig. 68. NO inhibitory activity of oligomeric anthocyanin.
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Table 10. Weights of body and organs, length of colorectum

DSS-untreated

DSS-treated

Monomeric Oligomeric Monomeric Oligomeric
Control ) . DSS ) .
anthocyanin anthocyanin anthocyanin anthocyanin
Initial 22.43%+0.13 21.94+0.27 21.72+0.24 21.49+0.39 22.08+0.23 20.83+0.34
Body weight (g)
Final 29.73%£0.25 29.46+0.32 29.82+0.29 22.45+0.26 22.68%+0.16 21.62+0.21
Liver weight (g/kg body weight) 69.94+£3.53 70.49+2.97 69.73+4.82 68.75+4.57 65.41+3.83 67.82+5.76
Spleen weight (g/kg body weight) 7.591+0.15 7.29+0.18 7.05+0.27 17.82+1.08 15.48+0.85 15.29+1.53
Length of colorectum (cm) 8.75x0.27 8.14%+0.28 8.641+0.22 5.97+0.31 6.24+0.45 6.17£0.26

DSS = Dextran Sulfate Sodium
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Table 11. Spleen T lymphocyte populations in expermental groups.

DSS—-untreated

DSS-treated

Monomeric Oligomeric Monomeric Oligomeric
Control . . DSS . .
anthocyanin anthocyanin anthocyanin anthocyanin
CD4 + 17.49+£1.25 17.22+0.99 17.39£1.34 8.65%1.45 12.55%+1.13 14.27+£2.34
CD8+ 7.60£0.66 7.11%£1.24 7.00£1.22 11.59+1.67 9.13%£1.22 8.25+1.67
CD4+/CD8+ 2.30£0.01 2.42+0.02 2.49+0.01 0.75%x0.02 1.38%+0.03 1.73+0.02
DSS = Dextran Sulfate Sodium
Table 12. MLN T lymphocyte populations in expermental groups.
DSS—-untreated DSS-treated
Monomeric Oligomeric Monomeric Oligomeric
Control . . DSS ) .
anthocyanin anthocyanin anthocyanin anthocyanin
CD4 + 47.58+3.54 48.22+2.59 47.79+£1.34 38.46+2.99 41.46+3.00 46.35+£3.46
CD8+ 16.88%£1.22 16.10£1.56 16.46%£1.22 21.60+1.89 20.57+1.12 17.14£2.55
CD4+/CD8 + 2.82£0.02 2.99+0.03 2.90+0.02 1.78+0.01 2.02+0.03 2.70£0.03

DSS = Dextran Sulfate Sodium
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Figure 69. IgA and IgE concentrations

in serum lymphocytes.
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Figure 70. IgA and IgE concentrations in MLN lymphocytes.
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E AAT A 554 S 9 H2 S g9 & 5 Y (Table 13). IL-10 A3 v}
S0 W AF ol FFel Bol ks AL HA @ & glom, o] IL-109] AR
2 gFo] waste] ulgel LelE Fol FrH A0 BTk m@, ko] R, el ol
ob el dels Byl A, IL-10 A kEAobd &elam o] o2 Yt
AFS 1HsR S wf, A 23S g1 & 4 2t} (Table 14).
Table. 13. Weights of body
Initial body Final Food
Group . 3 .
weight (g) weight (g) intake (g)
Normal 22.20 £ 0.98? 27.00 £ 0.63% 17.70 £ 2.55°
IL-10 17.60 + 0.97° 24.60 £ 0.63° 19.89 + 2.31°
IL-10 +
Oligomeric 18.40 + 1.14° 21.40 £+ 1.14°¢ 16.93 £ 2.65°
anthocyanin
Table 14. Weights of organs
Organs weight (g) Organs length (cm)
Group ) Small Large
Spleen Liver . . . ]
Intestine Intestine
Normal 0.088 + 0.010° 1.412 £+ 0.106* 40.10 £ 1.95* 10.94 + 0.68?
IL-10 0.154 £ 0.018* 1.193 £ 0.100> 37.36 + 0.66" 8.78+ 0.58"
IL-10 +
Oligomeric 0.137 £ 0.019% 0.892 + 0.054°¢ 36.84 + 0.85" 7.90+ 0.93°
anthocyanin
3.2.9.2. 8% TH AlolEFRI A ZAF
o 9FHd AolEsle 4% Ak, 9% @4 #Y ARl TNF-q,
pSTATI1, T-bet$} pSTAT6S IL-10 A} StEAobd At} Hw3FAS w StEAo}
U oegan Agdto] ¢ e eSS pojFEglon w2 ddE @y Alo]Evlelel
IL-18, IL-6, IFN-y, IL-49A & ¢ B2 #d=2S RAFAY (Fig. 71, 72). °old A3E
BSOS uf otEAlold S@jum= &UF G50 Hojuygs AL gl 3 4 ).

3.2.9.3. CD4*¢} CD8* 9] =4 A3}
A FQ3 JstS sF= CD4"9F CD8*
A= CD4" ¢} CD8" 9] A7} IL-10 Af oA o

o

)
s W S

o

T
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(Table 15, 16, 17). H] &l
a1, SFEAJobd &g
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Figure 71. Effects of oligomeric anthocyanin on the regulation of various protein expression

levels in expermental groups.
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Figure 72. Effects of oligomeric anthocyanin on the regulation of various protein expression

levels in expermental groups.
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Table 15. Spleen T lymphocyte populations in expermental groups.

CD4+ /CD8+
Group CD4+ (%) CD8+ (%)
(%)
Normal 10.9 £ 1.7a 5.2 £ 0.6a 2.1 £ 0.1b
IL-10 2.8 £ 0.8¢c 1.8 =+ 0.2b 1.6 = 0.1b
IL-10 + Oligomeric
] 7.0 £ 0.5b 2.0 £ 0.4b 3.5 £ 0.1a
anthocyanin
Table 16. MLN T lymphocyte populations in expermental groups.
CD4+ /CD8+
Group CD4+ (%) CD8+ (%)
(%)
Normal 28.3 £ 4.5a 9.3 £ 1.2a 3.0 £ 0.1c
IL-10 16.7 £ 3.1b 1.5 =+ 0.7b 11.1 = 0.1b
IL-10 + Oligomeric
. 33.8 + 4.8a 1.5 = 0.4b 22.5 = 0.1a
anthocyanin
Table 17. PP T lymphocyte populations in expermental groups.
CD4+ /CD8+
Group CD4+ (%) CD8+ (%)
(%)
Normal 3.1 £ 0.8b 2.3 £ 0.3a 1.3 £ 0.1c
IL-10 2.7 £ 0.6b 0.4 £ 0.2¢ 6.8 = 0.1a
IL-10 + Oligomeric
8.4 £ 0.6a 1.2 + 0.4b 7.0 £ 0.1a

anthocyanin

7 R Cobs COR ) S SRS AS ST G A gl v
2ol 4 0 = Ae 2

ol
bl ‘?_E/\]O}‘d = E 741174& ol A= CD4™7F & FAE Holal CD8" =
=g ST = QAT FH AshTE vge) Aneh AR A9 ek

3.2.9.4. A7 ¥l % AA A3

[gAS} 1gEE 24T A3, IL-10 AP2oA [gA%} [gBe] Fx7h ol
A%tan, W), GEASR Lol ATl [gAsh lghel S 3
@ 4 A (Fig. 73).
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73. IgA and IgE concentrations in MLN lymphocytes.
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3.2.10. RtEA ot EEum e §4F ZAE71% 798 23

WAAE B 55 RHA AT S0 Y5 HEA D & IS
A A Ze A G+ Etelth Fig. 748 HW, LPS AHglwolA iINOS @ Ao F7}sl3)
Alotd SElan Ao & oFEH R AAste Aow YEYh. Fig. 75904
) 7§ A 91 nitrite oxide9} cytokine?l IL-6 GA] QtEAJoII a7} JA|sl= Z o
Witk = vE s AE71 T osthuel MAPK @il o X = FEAJobd &4
ERK®} JNK wuld o] Q4SS o AlshA] Hetd Ak, p38 @A o] ¢libst= 5% 9
2 A E Aoz YERAY (Fig. 76).
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o 3L S oy fr o
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3.2.11. AEAeHd &une £ 43S &4 54 24
GEAoI Sl FAFE Fq95 &4 9A] HPLCE o] &8t 71ks
STt A M EANA nitrite oxide2] A A E
vt Fabe adE Yehdda A WA 3
< YAstE Ao=®m yErwT HhHe QEEAJold S
TAEEY W& AdAgdRE YElAT. olu AEAAE
skl (Fig. 77).
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Figure 74. iNOS protein expression in LPS-stimulated RAW 264.7 macrophage.
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Figure 75. Pro-inflammatory cytokine inhibitory effects of oligomeric anthocyanin in

LPS-stimulated RAW 264.7 macrophage.
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Figure 76. MyD88-dependent pathway associated protein expression in LPS-stimulated RAW
264.7 macrophage.
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Figure 77. Cell viability(A) and inhibition of nitrite production (B).
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3.2.12. StEAo}Y 2 uH9] AN Hr A
3.2.12.1. P}$-25 o] &% A¥AE A

StEAoh &elmme] 8 AP S Stel §F ;
QoA Aaha = HAgFE 2,000 mg/kgol AT, A g E o

mg/kgS HLEFO T i, o|3F 2,500, 1,250, 625 L 313 mg/kgel 48HS HAEA

1 €39 45 7 3 vz & ZedddA EdE 433 F47] (1 mDE ARS8 1
FoJ3gnh FoJaze 10 ml/kg® stal, +E3A ATS 7|22 sl AEs)
i Eut

=
,FOlF 2ARY, R R 1, 2 B 3l 4 SR A 3 AP se S o

Wy
O:

]
3] HAAT
Aok Foi A
a3 T

#Eergltt (Table 18,
Eo] #3z
mg/kg)®] A=

2 APGEEl 2l
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R T BN ES R
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o], 10 ml/kgE Fo 5o shar, g A A =
A FoAE FoF A7 Fol5 1, 2 W 3o dutSAS #Es)
jq_ =

=
St} (Table 20). AAAZAZF A 2] A

HoY
N ol
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POy
o
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-
A

oS 24X 7S 2 AP AAAZA TR AT (Table 21).
[e)

tEAOM] Elaw s AFo R ALEEY] ulFe AT FoE FoARE Agste] B AlY
S gtk APELS FYdEdA EdE G FAY] (1 mDE AFESte] 13 A
AT Fosa, sANETS ARELAY sde o KYAE 13 AAET T
on, FHHEEH MMCe= ditaog Fo] AR Sl H4d 1 ml (26 G) H3]& FA
715 o]&stod HAAZ 2447F Mol 13] Tttt Fol Nz 10 ml/kg® dFaL, oA
AFS 7|22 sto] AEagith

ANESA #Fe FoAF Fol T 2 A 2 AAAZLIA 2442 Ao R A s,
7 &%) A EES dFEEA, AT =FAALM SAHSUY. AFED FAF AT
of AAAAA | TES AFEEe T, HEHES HEdte] 2HAE AMFe] AAt F, 1

2 3

e R Y F, AAE BRAEE LY
FAA £Be Zete|EZehsol Wojmel stk AAY 2ule] FFEDHAS AL
gt Lepolmgebad] AEAEE JYsm SR ARA F, ez 14sAh 3%

Giemsa 94 (0.01 mol/L Sérenson <14F<H
0.01 mol/L. Serenson {14k¢kE (pH 6.8)& AR&3te] A8kl 0.004% citric acid 58}
of MAst AEAAT. Z=3dd FFELRES 6009 v dvjdo=w AT A
A 13T A8 48T (PCE, Polychromatic erythrocyte)S 1,00070% #zshar, 17043
2,00071¢] A dTE  AFeto ARG A AE T Wi AT
(MNPCE, Micronucleated polychromatic erythrocyte)®] &d&S T3t FFA¥XS] =

2
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Table 18. Clinical Signs (Dose Range Finding Study : Male)

Days after dosing

. . 0
Test substance Dose Boute h!}' of ':h.m”
(mzke) anmmals sIZms hours 1
Post ~ -
dosmg P%F
dosing
313 PO 3 NOA 3 3 3 3
623 PO 3 NDA 3 3 3 3
Soft stoocl 3
1250 PO 3 Soiled permeal region 1
NDA 3 3 3
Soft stocl 3
Soiled permeal region 2
Rale 3
2300 PO 3
Conpround-colored stool 3 3
Anthocyanin oligomers Abnorml fur 2
for mprovimg dry eye
NOA 3
Soft stool 3
Soiled permeal region 1 1
Rale 2
) Conpound-colored stool 2
5,000 PO 3
Abnomml fur 2
Hypothemza 2
Death 1
NOA 3

NOA : No Observable Abnormality
P.O. : Per Os

- 121 -



Table 19. Clinical Signs (Dose Range Finding Study : Female)

Days after dosing

Test substance (135‘1;) Foute :;;:12 ﬂ:i:;] i
C/KE = Post Zhours 1 2 3
e 27
313 PO 3 NOA 3 3 3 3
625 PO 3 NOA 3 3 3 3
1,250 PO 3 NOA 3 3 3 3
Soft stool 3
Rale 3
2,500 PO 3
Anthocyanin oliomers Compound-colored stool 3 3
for improving diy eye NOA 3
Soft stool 3
Soiled perineal region 3
5,000 P.O. 3 Compound-colored stool 1 1
Deeath 2
NOA 1

NOA : No Observable Abnormality

P.O. : Per Os
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Table 20. Clinical Signs (Sampling Time Determining Study : Male)

Days after dosing

Test substance Dese Eoute N.D' of Clmn: 2l i
imzkz) animals signs p 7 hours 1
ost
g 2%
Seft steol 3 3
Soiled permeal region 2
1 Eale 1 1
) Compound-colored stool 3 3
Abnorma] fiur 3
NOA 3
Soft stool 3 3
Soiled penmeal region 1
Anthocyanm oligomers 2,500 PO 1 Conpound-colored stool 3 3 3
for mproving diy eye Abnommal fir 2 3
NOA 3
Soft stool 3 3
Soiled permeal region 2
i Rale 1
) Conmpound-colored stool 3 3 3
Abnoma] fiur
NOA 3
NOA : No Observable Abnormality
P.O. @ Per Os
- No data
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Table 21. Results (Sampling Time Determining Study :

Male)

Test Substance [i‘i;} Boute afnzzztj;fn ADI'EEI PCE(PCEANCE) MNPCE PCE
B1101 99 500 5 2000
B1102 117 500 5 2000
M B1103 131 500 4 2000
Total 47 1500 14 G000
% Mean=SD) 231 = 321 0233 £ 0029
B1201 113 500 1 2000
B1x02 a2 500 3 2000
Anthocyanin cligomers
for improving dry eye 2500 PO 43 B1203 124 500 1 2000
Total 325 1500 5 6000
% Mean=SD) 217 = 369 0083 £ 0038
B1301 104 500 0 2000
B1302 130 500 1 2000
T2 B1303 172 500 0 2000
Total 356 1500 1 6000
% (Mean=SD)) 237 = 266 0017 = 0.020

P.O. : Per Os

S.D. @ Standard Deviation

PCE : Polychromatic erythrocyte

NCE : Normochromatic erythrocyte

MNPCE : Micronucleated polychromatic erythrocyte
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AofA e AxEA, JA 14T T

st OdAdAd e HE Akt id?‘i‘r?%"é;ﬁ.ﬁ?% %L‘itt Kastenbaum and

Bowman®] F4 g4

Jo =z A

A&7 E¢ B oA AlgEddd o A

olgoll A AW, FEFH 2 3

Q3L (Table 22), BE &FA &

okttt (Table 23).

ANFEAFo A= raAAd T (PCE, Polychromatic erythrocyte) = A3ttadA A g4

(MNPCE, Micronucleated polychromatic erythrocyte)®] H]&o] BE geFoAx] SA X+

IoHjalete] FASA O R Folgt Sk BEE A Gk I, TAET T a8 dE T
Ao zardt vlaste] o8 Xpol= AEH A Fodth. FAWETANE HAE8AE
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X
lo
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o
ol
ol
X
o\
\1
sk
)
o,
o
o2

F aAUggAaTY FANEA SANETH vwstel felatA S, FHAT
chgg AT WEe SHUETI waste] §o8 Aol wAA gt (Table

=.

istorical control data®] wH$juel

= Aoz #Aoteldt} (Table 25.). ©
2o um e vhes BRAEE 28 fuy

fo ox o
1o

i [UE_J
M2

3.2.12.2. A< °]8% HHA=AH
EAEARoA g ALgH AT
typhimurium TA100, Salmonella typhimurium TA1535, Salmonella typhimurium TA1537,
Escherichia coli WP2uvrA(pKM101)E AF&-3l3ith & Algeo] §52& A7) st &5
NS AR Trel=gle A FHEkE 5, 000 pg/plates Hil§#Fow stal, o]af
FH 42 1,250, 313, 78.1 2 19.5 ng/plate?] 4 &S AAscy =3, SAANET L &
Aulzas A, 8FEAGAEL 24 85T 3uje] ZHolEE AMESISITH

Algdzdel o3 ASA7E g shEAste] TA98 2 TA100 #52] 313 ug/plate
o], TA1535 % TA1537 5% 78.1 ng/plate ©l%, tiArEAdsEASe] TA98, TA100,
TA1535 % TA1537 #9 5,000 pg/plateo| sl #2= a1, YA sn]EAs L =435}
o] WP2uvrA(pKM101) wtFellA = BH5A 87 #2H A &gk, Ald=de] IS W}-d
shajEAlst 2 EA8ke] 5,000 ng/platecl Al #AZEJAT, HAHZFREYF AZF = ¢
ol gl3tt.

BAIEe Hug % BEA 7L BEd HAEHow ofo] ALEA stH =4 8te] TAIS o
TA100 w5+ 313 ug/plate, TA1535 % TA1537 ¥FE 78.1 ng/plate, AFEA 3145}
°] TA9S, TAlOO, TA1535 ¥ TA1537 ¥+ 5,000 pg/plate® 3kar, AFA &7} 25~
B EFS 48 o Fr] 8, olst FH| 2= 58F] A=A TS AAE o
At g EA s 2 =452 WP2uvrA(pKM101) #53% 5,000 ng/plates Hu§Fo = 3}
aL, osh wH 2& 48%] AlFdEATS AASNL, sAdET 2 FHdETS 2AE

o,

Salmonella  typhimurium TA98, Salmonella

oSL'o

- 125 -



Table 22. Clinical Sings (Main Study : Male)

Croup

Doze
(mz/kg)

Foute

Days after dosmg

Negatrve control  Water for injection

PO

=]

NOA

LA

625

PO

wh

NOA

LA

Test substance Anthocyanin oligomers

1250

wh

Soft stool
Sotled permeal region
Bale
Conpound-colored stool
NOA

LA

LA

for mproving dry eye

PO

wh

Soft stool
Solled permeal region
Conpound-colored stool
Hypothemza
Abnomms] fur
N0A

(]

LA

(]

(=] LA

LA

Positive control MMC

[B]

IP.

wh

NOA

LA

LA

NOA : No Observable Abnormality
P.O. : Per Os

I.P. . Intraperitoneal

MMC : Mitomycin C
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Table 23. Body Weights (Main Study : Male) (unit : g)

Group Dase Route Ho.ur_s aft-._er Animal Days after dosing
{mz/kg) adninistration ID 0 1

11 380 M1

1102 358 M7

N - 1103 356 352
‘;ianngf Water for injection 0 PO. 24 1104 347 341
1105 4.7 351

Mean 358 M6

s5D. 132 051

1201 374 360

1202 361 336

1203 356 43

25 PO 24 1204 345 33

1205 346 305

Mean 357 333

s5D. 111 232

130 6.6 43

1302 363 322

Test Anthocyanin oligomers 1303 33 343
substance  for ﬁ:pr:m'ing dir eve 1.250 PO. 2 130&} 351 337
T 1305 345 M1

Mean 356 3338

5D 0.86 097

1401 36.5 323

1402 363 350

1403 354 337

2.500 PO 24 1404 353 337

1405 344 320

Mean 356 333

s5D. 0384 122

150 364 352

1502 364 356

Positi 1503 354 352
ostve MMC 2 IP. 24 1504 353 3438

control T

1505 344 342

Mean 356 350

5D, 0.86 0.50

P.O. : Per Os

I.P. . Intraperitoneal
S.D. @ Standard Deviation
MMC : Mitomycin C
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Table 24. Results (Main Study : Male)

Dose Hours after Animal

Group (me/kg) Route adminis tration D PCENPCESNCE) MNPCE PCE
1101 147 / 300 O 2000
1102 163 / 300 1 2000
_ 1103 155 / 300 1 2000
}izgn":r‘:f Water for mjection 0 PO. o] 1104 123 /500 1 2000
1105 147 / 500 2 2000
Total 735/ 2500 5 10000
%(MeanSD) 204 = 200 0050 = 0.035
1201 152 / 3500 0O 2000
1202 93 / 500 O 2000
1203 160 / 500 1 2000
625 PO. 21 1204 150 / 500 1/ 2000
1205 104 / 500 1/ 2000
Total 659 / 2500 3 / 10000
%MeantSD) 264 + 617 0030 = 0027
1301 134 / 3500 3 7 2000
1302 145 / 300 3 2000
o 1303 160 / 3500 3 2000
Sul};:;“ ‘*giﬁ;ﬁiﬁ;gi‘f::f 1350 PO 2 1304 134 / 500 1 / 2000
1305 137 / 500 1/ 2000
Total 710 7/ 2500 11/ 10000
%(MeanSD) 284 = 220 0110 = 0055
1401 144 7 500 5/ 2000
1402 100 / 500 3/ 2000
1403 127 / 500 2 2000
2,500 PO 24 1404 145 /7 500 ] 2000
1405 150 / 300 1/ 2000
Total 676 ( 2500 11 / 10000
%(Mean=SD) 270 + 343 0110 = 0096
1501 166 / 500 173 / 2000
1502 115 / 500 135 / 2000
N 1503 134 / 500 154 / 2000
Positive MMC ) 1P, 1 1504 20 / 500 149 / 2000
control 1505 133/ 500 130 / 2000
Total 77/ 2500 7417 / 10000
%(MeanSD) 271 + 374 7410 = 0850
P.O. : Per Os

I.P. : Intraperitoneal

S.D. @ Standard Deviation

MMC : Mitomycin C

PCE : Polychromatic erythrocyte

NCE : Normochromatic erythrocyte

MNPCE : Micronucleated polychromatic erythrocyte

Significant difference from negative control by Kastenbaum & Bowman : 7p<0.01
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Table 25. Historical Control Data

Historical control values of micronucleated polychromatic erythrocytes (MNPCE)

Hous after 5, MNPCE/PCE (%) Range MNPCEPCE ()]
Group administration (me/ke) 1 Meang=SD
(hrs) = - MIM WMAX
Negative control 24 0 160 0.031 = 0025 0.000 0.103
Positive control 24 2 160 5759 = 1448 1415 10.10

Histonical control values of ratio of polychromatic erythrocytes (PCE) to total erythrocytes

Hl.‘.l.ui.'ﬂ aft?r Doze PCE/NCE+PCE (%) Bange [PCETNCEFPCE (%2)]
Group administration (ms/ke) n Mean<S.D
(hrs) = o MIN MAX
Negative control 24 0 160 3406 = 3027 18.08 4914
Positive control 24 2 160 3184 = 49027 17.06 46,62

Negative control : Including water for injection, normal saline injection, olive oil, corn oil,
DMSO, PBS, 0.5% methyl cellulose 1,500cP  solution, 0.5% CMC-Na solution,
DMSO:Co-solvent:DW (4:80:16), 5% dextrose injectable solution, Cosolvent:water for injection
(25:75), 40% PEG 400, 0.5% Citric acid, 5% lactose-monohydrate etc. Positive control
Mitomycin C (2 mg/kg, L.P., single administration) The range was calculated by the control limit
from Mean + 3 X S.D.
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AFE ZeRleldyor AAlegla, AR EAst % E4ste] 2A9dE sl
7t 833 3vje] EUCIES AREElglaL, ZHzhe] EelolEdl #5H, 8%, SR, F
v 389 mix EAFTFE AEE HEE Ve W}w@} [EA sl A= 7t &
Aded, 54 3% FddHE2EE 27 100 ul EHoﬂ Y3, 0.1 mol/L 1+kEol (pH
7.4) 500 L ® 7 FFAHY 100 pLE A7 ¥, 37° coﬂ*ﬁ 203 Agalth. g ¥
=

5 %, TA98, TA100, TA1535 H TA1537 ol ARdetg top agarE,
WPZuvrA(DKMlOl) TFoE TS top agarE 2+ 2 ml® AH7FsE] vortexing 891t}
1%, Agds FHA glucose AP FuIA o FFoke] Aol A WA ST ALY A
a}oﬂﬁ 0.1 mol/L ¢12kgkEol (pH 7.4) 500 pL thAlel S9 mix 500 pLE #H7}stsich =
el A= LA AAEATE. L F Top agar/l #& & ZHo]EE FHFo]A 37°C i

F7)ell A 4847 v sttt
ol olsk S ARFE e Y&, HagH AlFdEZN 100 pl, 0.1 mol/L AA+H=
o (pH 7.4) 500 pL % S9 mix 500 pLE FE Z+z ¥a, 37°C wd7]ol A 2083 A&
At JE TR F, top agarg 7FslA vortexing ¥+ %, nutrient broth $Hd ¥ IR F
ool Aol WA sk
Top agar’} && § FHoEE FF oA 37°C wjd7]ol A 48A17F vjefet 5, wAES] <
do= g FEY FA4 FFE Fssith

FAQA A A3 vl A Aol FREJAA, FSA NI AW A G &Y 48
o]l SR Yo FRIANFS AASHA] Futh A=A AeA L FEY F ASA

b gEstel BAWMCIZREUSE RS Ya, AFAN FRE FAs] A%, B
94

olZZUYS AISA, background lawne] FAFFE AAdn Aoz gttt A8 <
A7 BEAH|FEYS7 A NELY vl uwA] d A3 7HA2sFAY, background lawn®©]
AT I B A glolAAY floj A dA s Hadkes Ao R S

EAWo|Z2YSE ASSA S w, A ELATFAE dAEA s G5 #Agle]l 7 #F9
RE &% dsiA BARMo|ZFEYSE ST 25 ZdskA] &gk, & EA <
T/ AEE A ettt v, FAAH T = 7 fFe BEAMo|EEYST AU ERT
I vlarste] 28] o] S Srkstlvk (Fig. 78 ~ 84).

ANd=d] g AgAN 2 JAES Bks o, A= o5 KA N7 AL S| E

Aske] TA98 % TAI00 52 156 npg/plate ©]%, TA1535 % TA1537 % 78.1 1
g/plate, AL stE=A8Fe] TA98, TA100, TA1535 % TA1537 2] 2,500 pg/plate ©]
FellA dRAAG. A sEASE 31 EA8ke] WP2uvrA(pKM101) 5ol A = A5A
e 7F HFEA FArk. AlFELY A A sE|EA Y] WP2uvrA(pKM101) 59
5,000 pg/plate, =Ate] ZE #5929 2,500 pg/plate o]l BEEAA| T, EFHo|ZF=
U9 ASdds dFo] sl

AL st el BAIgle]l 2 e SAMET R AT HAWHo|ZEYTY T
X+ historical control data®] HeIWel £3}3tt (Table 26). FAIE > SAANE=T
A 2T HHo|F 2 YS9 HF |7} historical control data HY Wl %313, 7}
Fol dojA e FdHETY HAHe] FREYUSTE AN vlulste] 2uf o]} A
7h7F o, Fatol o3 QA SAE A k7] vl HBAFS HASA HAAE
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Figure 78. Dose-response Curve in the Absence of Metabolic Activation (TA98).
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Figure 79. Dose-response Curve in the Absence of Metabolic Activation (TA100).
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Figure 80. Dose-response Curve in the Absence of Metabolic Activation (TA1535 and TA1537).
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Figure 81. Dose-response Curve in the Absence of Metabolic Activation (WP2uvrA(pKM101)).
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Figure 82. Dose-response Curve in the Presence of Metabolic Activation (TA98, TA1535 and
TA1537).
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Figure 83. Dose-response Curve in the Presence of Metabolic Activation (TA100).
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Figure 84. Dose-response Curve in the Presence of Metabolic Activation (WP2uvrA(pKM101)).
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Table 26. Historical control Data

Histoncal negative control values of revertant colonies

. . Range
Stram 59 mix N Mean = 5D.
Lower Upper
- 120 788 = 113 510 106.7
TAL00
+ 120 874 = 122 551 1197
- 120 01 = 18 35 147
TA1535
+ 120 80 = 18 30 139
- 120 1188 = 193 644 1732
WP2nvrd (pEM101)
+ 120 1419 = 191 803 194.6
- 120 176 = 31 06 256
TASE
+ 120 251 = 30 144 358
- 120 72 = 15 23 121
TA1537
+ 120 147 = 26 84 210
Historical positive control values of revertant colonies
Strain Somge Tosmve  Dose oy ppean = SD =
control  (pg/plate) Lower Upper
- SA 15 120 5450 = 635 3824 1094
TAL00
+ 2-AA 20 116 5369 = 1352 2309 8339
_ - SA 15 120 4417 = 492 3096 5738
TA1535
+ 2-AA 30 120 1000 = 215 506 1674
- AF2 0.005 120 8166 = 1772 6.7 11864
WPZnvrd (pEM101)
+ 2AA 20 120 4208 = 659 2432 5084
- 2-NF 50 120 5378 = 837 3109 7648
TAOE _
+ 2-AA 10 116 007 = 380 1839 4175
- O-AA 80.0 120 3340 = 1053 61.8 606.3
TA1537 . -
+ 2-AA 30 116 1442 = 323 61.5 2269

Negative control : Water for injection, Dimethyl sulfoxide, Acetone, Tetrahydrofuran, Normal
saline injection, Sodium phosphate buffer

SA  Sodium azide

2-AA @ Z2-Aminoanthracene

AF2 @ 2-(2-furyl)-3-(5-nitro-2-furyl)acrylamide

2-NF @ 2-Nitrofluorene

9-AA ! 9-Aminoacridine

The above historical control values were obtained from the data pooled from June 13, 2013 to
May 14, 2015.

The range was calculated by the control limit of X derived from X-R-Rs valus.
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3.2.12.3. EFF MGFAEE o] &3 FAqA N INE 27
AEQEI b FAAIGAH wol AE I gow FuAe gAY Tl
Eﬁ]ro o]l &= 33} Chinese Hamster Lung (CHL/IU) AEZFE A 5‘}033} CHL/IU A
X (CRL-1935)% 10% Fetal bovine serum< X33t Eagle’s Minimum Essential Medium
(EMEM)& ARg-sto] migatiet. A7 wigFEetaa ntetd o] 70 ~ 80% o/ A& o
MEHEE F2staL, 0.25% Trypsin-EDTA £8S A gste] Zet~3a nfgo 21y AXE
etk AIEAE NS 50 ml FEO €3, 1,000 rpmollA 53 AAEZ Y. A5
S AAT F, 10% FBSE ¥33 EMEM Hix|o] deA AT AT NS 75 cm® Zeh=
o &A, 5% CO7t Tw¥ = 37°C w7l migsidtt. Ald2 dyAlFd-S o] &8
AEFE Aol 5x10* cells/ml A|EFE NS WHE T AEZ2AAAIHEL 6 well =

o]E (2 ml/well), l‘i/\]ﬁ#‘lo 60 mm =d°lE (5 ml/plate) ¥ 6 well ZZ°E (2 ml/well)

of EF3ot] 5% COy7F &w s & 37°C wik7lolA 143 vieksllnt. zF E#olEd 2
M35 7|45k

EAFe 8§58 sty f8] srol=glelA F-e 5,000 pg/mls HigFo= hal,
o]3} 2,500, 1,250, 625, 313, 156, 78.1, 39.1 @ 19.5 pg/mle] 885 AAeP 1 SA
Z7S AAs. 7+ Eaﬂ o|ELE Az Y] dAtE g siulEAst 2 EAsk, d&EA Y
o girtgAd st EAste] T 3AEE FH ettt & &% 1 wells ARESIH EAIZHA

He] garEAd s EAls 2 EAlskeE AIEEZE S 6A1 AEg %, wellllE Dulbecco’s
Phosphate-Buffered Saline (D-PBS)2o.2 A|A3}ar, A48k vjekdS 718 1841 o vl <ks}
At AEAEHe A EA St AR EAS 24X ASA v SA A Y
D AEAHZH BF 5% CO7F 3% 37°C v 7]ol A wjeFsiglar, AldEde 3
AAEANe A, AFEA] B FTEA 7 SR AFslT

A A 2 o] At she|E Al st B SR ek, ASAH 2 tAL A s EA st A M EF
A& 50%017d BEstA AAlste %S Gl Ay, AR AL A 1] E A 5=
39.1 pg/ml o], =A3I= 156 pug/ml o, AEHHe diArEAd s EA sk 19.5 ng/ml
ool aL, A=A HHE AIA T H e AL s =R e B ASA 2 H o] thAEA
shH]EA 8] 5,000 pg/ml, ©AIZFA 2R o] tiatEAd shEAlske] 2,500 pg/ml o] el A w2
H AT (Table 27.). o] & vIR o2 2 A3 Hi &F2 AXF2AE °F 55% AAst= &%
o2 3t SAZEAZHY A A se]EAlSk= 31.0 ng/ml 2 EASE 156 pg/ml, AE5A
2ol At stu|EA e 16.0 ng/ml= skal, o]st &M 22 38 AldEdTs AR
shlth wgh, SAMERT 2 xS dAsi

2 AES 7 ZEolExe WP g At sta|EAe B SR8k, ASA Y AL
dgsiu|EAste] F 3 AdE FElste] & &% 29 EHolEE AFESISITE TAIZEA

gel g Ede 2 s AAEAL 647 AT F, Eellol= WE D-PBSE
AASR, AT MFAE A 1842 T sk AdAmel B s E Ak
ARBAS 2443 ARG BAGADY R A&AY BF 559 COt FRHE



Table 27. Summary of cell Growth Inhibition Study

Test substanca (E;‘f;i} ::i IEL R(T::j Relative Population Doubling (%)

Water for mjection 0 - 6-18 100
19.5 - 6-18 74.5

39.1 - 6-18 24
78.1 - 6-18 -15.7

o 156 - 6-18 -105
A;"J::;:E;i“ﬁ; 313 - 6-18 176
625 - 6-18 -138

1.250 - 6-18 -130

2,500 - 6-18 123

50007 - 6-18 371

Water for injection 0 + 6-18 100
19.5 + 6-18 103

39.1 + 6-18 101

78.1 + 6-18 949

o 156 + 6-18 454
H;:‘:::;::E;i“ff 313 + 6-18 711
625 + 6-18 876
1,250 + 6-18 975
2,500% + 6-18 -69.8
5.000% + 6-18 698

Water for mjection 0 - 240 100
19.5 - 240 331

39.1 - 24.0 -121

78.1 - 240 -161
o 156 - 24-0 884
Af’::h:;::i;i’ff 313 - 240 115
625 - 240 -278

1,250 - 24-0 a)

2,500 - 24.0 a)

50007 - 240 a)

Trt-Rec time : Treatment-Recovery times

a): RPD was not calculated because of cytotoxicity.

T: PrecipitationAnthocyanin
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37°C wiF7lol A wiFstlal, Ad=de JAdS Adedae AL, AHFTEA 2 wFS
Z

5 A] (colcemid Aol 7t &= HEsoh

AEZAEN 2 mlE 6 well EHO|EC FF3 5, ZF Aol sl 2t &Y AAE4AN, &
AozEd 2 SANEELDS Agsldt). satellitet] 272 Al E2 AH2A], A&
HFEE o NEFE EFAFTHE ol &3t AlF3ste] RPDS T3t

D 5= - oo bl n e sl

Population doubling = [log (Post-treatment cell number/Initial cell number)]/log2
kg s 2417F Aol Colcemid €4S HFF%7F 0.2 ng/ml HA H7tste] AZREEES F
7114 AT YEE F 0.25% Trypsin-EDTA &4 A gjste] ZolE Hieo =
FH AEE "ol % 1,000 rpm oA 53 AT A ds Ml 37°Cel A
B23 0.075 mol/L KCl =891 5 ml H7Fske] 37°ColA 2027+ Aelsh3ivt. 323ak 17
' (methanol : acetic acid = 3 : 1) 1 mlE #H7}g %, 1,000 rpmol| A 57+ L4l &
T AFAE AAsEAH. 5 mle WAE g ods HrEeE $ 2,000 rpmell A 5EF A4l
sto] aLgelgitt. ol gk a8 AYES 13] wHEste] AEE AT o AE FFAs
Sdfol=agh s 2utdel 1A dHojmmy 179 &gfol= &S AFsidt dx ¥, &7
ol=gdtao] mEstY MEE 7Yttt 3% Giemsa @A Aoz 2081 A §, 255
2 AHg & Axsqloh

Sdfol= Eetol= FEAFLS XA H A A e AR AAstla, AMA
2o g 2 A BT %Y 200709 EEFTEel #E vted 38%S A}
ATk 7 £ & HA 200709 RESUINS A eR AFSITE A o)t Fxol
Tl F VIERE et Fxol el tEiA e A EAE S, AR A g, AMAE
o, AAA S, AMEAYE, AAAY 92 dHstE Ao 119 2EF5T8e v
gap B Aw Fo] xFE S dHstE VSTt S GAEAY] F EoE F& H G
d R AYsialth gk, FA ol thafA = A 2 el stE wEekgith

olgigt oS 1/ ol THAE AEE olAE IR AFstl EFE A4 71583
Gapel tHall A= gapWt #EE = AEE 23 H WEIS= o FAMER V]FGT 7 EE
TR B FAo) g EEEA R o] o R TR FE VIS

= 15 .

I Ald 27, RPDE GAIZEA EH e dialggdsiu| &A1kl 0, 3.88, 7.75, 15.5 % 31.0

g/ml &=l A 100, 114, 102, 90.6 2 62.2%, thrAtZA3E=A8ke 0, 19.5, 39.0, 78.0 %

156 pg/ml &=FlA 100, 98.7, 97.5, 84.1 ¥ 64.3%, A5A 2] A shn]E=A) 3]

0, 2.00, 4.00, 8.00 2 16.0 pg/ml &=FlA 100, 107, 100, 83.7 % 66.3%At}t (Table
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oA FAZE A ek,

A A R o] AL sl EA st B EA S, S A
£

\]
oo
>
ot
il
i)

(o3
)
B
rlo
e

CERES EERE

A A o] 4 FH3

o
off

o

B %7 kg
oo ot
ol
2
>
i
N
olr
)
N
o
S
=
o
M
ng
ofy
N
o
©
Lo
=
L)
=
B
ki

o o> Rl oo rd

f
i
N
)
o
olo B

o2 AAslth. Ay, FxoldS THl AlxE
EAst 2 A8, AEA Y] AR SR EA 5

ot
w
o
Ir ol
o T
uitd
%
—_>‘i"4
o
O
M2
>~
>,
ek
o,
)
RG]

dlo
oX
=
KN

- 138 -



Table 28. Summary of Main Study

Mormsher of calk with stucmural sbemtinns htdtr:"..r.elk wh
numereal ehermbions
Mo of
= Dose RFD 3 | Te-Rec
Tast substance ; - cell — il %) ehers™
(pp'ml) | %) mx |Tmefbr| . . ) L . :
anadyed | orh | osh | oo | cse | fig end | pol | ol {%)
glosg| mpe | e
Water for mgection i i} =18 L pjojojojojoje Ol iy ? 15 i
b 130 gfofolo]o|o|o ] il
188 14 b LE not ohservad
o - - 130 gfofolo]oflofo B P ] i - .
Anchocyanin oligomens N ) ) W |o|o|o|ofo|ofo]| : oo HH t
for Eoproving &y eye . - ¢ @ jojofofojojofof s i ] 4 —_— .
155 fi | i T T [eTHiT i A 3 k| i
o | s o | o oo oo To ol oen 12 o ]
3 2 I [Tiile i (150 i
w |o|ofofofalaln 0| | -
MMC il E59 b LE i ilojmpijojole &P 300} | 60 e L = Dinim i
130 glo|B]lo]ofl|an ] i}
Water for meston [ WO - B8 0 plojujojoejeln L Joil 000y 0 . 105 i
b 130 glojojojo|o|o ] 0
105 W7 - felE not hservad
wo | o AR IR N N N N I N PR I I I ]
Anghocyanin oligomens ) - ] W |afolo|ofa|1 o] e oo e -
FrmmEe St | m | s N e TN R == S ;
' ol o oo oo e]e] ol e HH -
100 I foj i jofofoln 1 14
156 B3 - belE iy | 0 1140 [:
130 glojojojo|o|o ] I3
B "
B H p | - felE i L IR S S (1 0) ]| 52260 2 = ojnm [\
o 100 Flo|m|jojofjx|o ] [
130 glojojojo|o|o ] i
Waiter for mecton [ M o =i} [Tl 000} = Djom i
b 130 gfofolo]oflofo ] i
il 1] L) . 2] not ohservad
o | o e oo oo ool T oo ], ]
Anchocyanin oligomens ' ) = 10 gflojo|lo]o|o|D o w ] i =2 :
for mmproving &y eye - 7 s o jojofofojojofof i . ] 0 —_ N
: W |ojolo|ofo]olo| " 1|0 o -
160 ] 30 o ppojojojojole T oijnm I £ W {50 [
130 gfofolo]oflofo ] 4 :
MMC il Sy . 2] e Blojmjojojoeloe o 5) | B9 ES) ? = Dinim i
130 T o4& 0|0 |D]|D ] i
D20=0.033 mg/ml (S9-, 6+ 18hr) D20=0.213mg/ml (S9+, 6+ 18hr)
Aberration; ctg: chromatid gap, csg: chromosome gap, ctb: chromatid break, cte: chromatid
exchange,
csh:  chromosome break, cse: chromosome exchange, frg: fragmentation, end:

endoreduplication, pol: polyploidy

MMC: Mitomycin C, Bla]P: Benzolalpyrene

RPD : Relative Population Doubling, Trt-Rec time : Treatment-Recovery times

gap—: Total number of cells with structural aberrations excluding gap, gap+: Total number of

cells with structural aberrations including gap

a): Others were excluded from the number of cells with chromosomal aberrations.

Significant difference from negative control by fisher's exact test : * p<0.01

Significant difference from negative control by Cochran-Armitage trend test : # p<0.01Test
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Table 29. Historical Control Data

Histoncal control values of stmactural aberrations

. Structural abemation cells Range (%)
. Tiwe of exposure . . -
Group 50 nmx (h) N without gap (%e)
Mean=51) MIN MAX
- 6-18 120 0.1 = 02 0 <5
Negative + 6-18 129 0.1 + 03 0 <5
- 240 123 0.1 = 02 0 <5
- 6-18Y 117 210 = 49 10= 358
Positive + 6-18% 129 202 + 5.1 10= 355*
- 2407 113 311 + 73 10= 53.6%

Historncal control valies of numerical aberrations

. Time of exposure Mumernical aberration cells (%) Range (%)
Group 50 nmx N _
(hr) (Mean=SD) MIN MAX
- 6-18 120 0.2 = 03 0 <5
Negative + 6-18 129 0.2 + 04 0 <5
- 240 123 0.2 = 04 0 <5

Negative control : Water for injection, Dimethyl sulfoxide, 0.5% methyl cellulose 1500centipoise
solution, 0.5% carboxymethylcellulose sodium salt solution, Acetone, Tetrahydrofuran, etc.

a : Mitomycin C (0.1 pg/ml)

b : Benzolalpyrene (20 pg/ml)

N : The total number of chromosome aberration test

% . The range was calculated by the control limit from Mean+S.D.
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Table 30. Body weight

[ [avs after treatment
Group
ki 1] 2 4 i} f 10 12 14
NC - 30,2205 3062055 3124060 315207 3201207 331107 334206 324107
A 100 2 Ex04 28E04 M0x11 ML5xI0 ezl 312x10 3122100 JIhoezOd

1)  : Significantly different between NC and OA (p<0.05) by Ducan’s multiple-range test

2) ™ @ no significant different by Duncan’s multiple-range test

Table 31. Organ weight

Dose Orean
Grroup - -
(mg'ke) Liver Kidnev
MO - IGERE 0.5£0.00
(A 100 [.54+0.0% 054000

1) ® : Significantly different between NC and OA (p<0.05) by Ducan’s multiple-range test

2) "™ 1 no significant different by Duncan’s multiple-range test

Table 32. Individual Body Weights during an Acclimation Period(g)

Male Female

Amnimal Tazflpura.t}r Receipt _ Group Amnimal T@purﬂi} Receipt . Group
D Animal ID assignment ID Animal ID assignment
1101 1013 136.6 1974 2101 2015 107.9 1439
1102 1015 1344 193 6 2102 2016 1124 1501
1103 1010 136.1 190 4 2103 2011 1159 1498
1104 1001 1353 1974 2104 2002 1125 145.0
1103 10035 1345 1932 2105 2006 1195 1529
1201 1012 1330 1969 2201 2009 1059 1423
1202 1011 1358 1892 2202 2014 1129 1477
1203 1008 1327 1909 2203 2017 1114 1523
1204 1017 1349 1975 2204 2001 111.3 1483
1203 1016 1333 1977 2205 2013 117.3 1516
1301 1002 1322 1951 2301 2008 1143 1492
1302 1018 1325 1892 2302 2012 1092 1528
1303 1014 1339 1979 2303 2007 108.0 1474
1304 1004 1330 1985 2304 2003 116.7 148.7
1303 1003 1345 190.6 2305 2010 113.1 1444
1006 1315 2006 2004 108.9 1552

1007 1387 2008 2005 1094 138.7

1009 1267 1872 2018 1116 1555

Mean 1340 194.7 Mean 112.1 148.7

5.D. o | 4.2 5.D. i 4.5

N 18 18 N 18 18
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Fig. 85. DNA damage in leukaryote
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Fig. 86. DNA damage in liver
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Fig. 87. DNA damage in kidney
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Table 33. Summary of Mortality

S Group / No. of Days after dosing Mortality
DX . ,
Dose(mgkg) animals g 31 2 3 4 5 6§ 7 8 9 10 11 12 13 14 (deaditotal)
Male G1 5 o0 0 0O 0 0 0O O 0 0 O 0 0 0 0 0/5
0
G2 5 o0 0 0O 0 0 0O O 0 0 O 0O 0 0 0 0/5
2.000
G3 5 o0 0 O 0 0 0O O 0 0 0O 0O 0 0 0 0/5
5.000
Female  G1 5 o0 0 0O 0 0 0O O 0 0 O 0O 0 0 0 0/5
0
G2 5 o0 0 O 0 0 0O O 0 0 0O 0O 0 0 0 0/5
2,000
G3 5 o0 1 O 0 0 0O O 0 0 O 0O 0 0 0 L5
5.000
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Table 34. Summary of Clinical Signs

Sexw Male
Group / No. of Hours (Day () after dosing
Dose - Clinical sign —
(mzke) animals 0.5 1 2 4 [
G1 5 NOA 5 5 5 5 5
o
G2 5 NOA 5 5 5 5 5
2.000
G3 5 NOA 5 5 2 1 4
5.000 Compound-colored stool 3 4 1
Mucouns stool 3 4 1
Soiled permeal region 2
Group / No. of Days after dosing
Dose _ Clinical sign
(meke) animals 1 2 3 4 5 =6 7 & © 10 11 12 13 14
G1 5 NOA 5 5§ 5 5 5 5 5 5 5 5 5 5 35 5
o
G2 5 NOA 5 5 5 5 5 5 5 5 5 5 5 5
2.000 Compound-colored stool 5 5
G3 5 NOA 5 5 5 5 5 5 5 5 5 5 35 5
5.000 Compound-colored stool 4 5
Decrease of fecal vohime 1
Mucous stool 2 1
Sex: Female
Group / No. of Hours (Day 0) after dosing
Dose - Clinical sign
(meks) animals 05 1 2 4 &
G1 5 NOA 5 5 5 5 5
L]
G2 5 NOA 5 5 5 4 5
2,000 Compound-colored stool 1
Mucous stool 1
G3 5 NOA 5 5 3 3 2
5.000 Compound-colored stool 2 2 3
Mucous stool 2 2 3
Soiled perineal region 1
Group / No. of Days after dosing
Dose - Clinical sign —
(meke) amumals 1 2 3 4 5 6 7 8 © 10 11 12 13 14
G1 5 NOA 5 5 5 5 5 5 5 5 5 5 5 5 35 5
V]
G2 5 NOoA 5 5 5 5 5 3 35 3 5 5 3 5
2.000 Compound-colored stool 5 5
Mucous stool 1
G3 5 NOA 4 4 4 4 4 4 4 4 4 4 4 4
3.000 Compound-colored stool 4 4
Decrease of fecal volume 1 1
Mucous stool 1
Lacrimation 1
Prone position 1
Death 1

NOA : No Observable Abnormality
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Figure 89. Body Weights in Female SD Rats
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Table 35. Mean Body Weights

Sex Male (g)
Group / Days after dosing Gain
Dose (mglkg) 0 1 3 7 14  0~14
Gl Mean 170.3 1931 2161 2575 319.0 1487
0 s5D. 1.8 27 42 48 10.4 10.6

N 5 5 5 5 5 5
G2 Mean 1717 1915 217.2 261.0 3323 160.6
2.000 s5D. 5.5 6.2 6.4 6.2 31 38

N 5 5 5 5 5 5
G3 Mean 171.1 1809 2071 2400 3149 143 8
5.000 SD. 3.6 12.0 11.2 144 16.4 13.7

N 5 5 5 5 5 5
Sex Female (g)
Group /| Days after dosing Gain
Dose (mglkg) 0 1 3 7 14 0-~14
Gl Mean 1293 147.1 160.3 177.4 2059 76.6
0 5D. 40 46 3.2 37 10.8 122

N 5 5 5 5 5 5
G2 Mean 129.5 143.6 180.7 176.4 200.3 T0.8
2.000 SD. 21 34 6.2 5.7 10.2 11.0

N 5 5 5 5 5 5
G3 Mean 129.6 1308 160.2 178.8 203.0 74.0
5.000 s5D. 2.5 10.7 43 55 14.9 13.8

N 5 5 4 4 4 4
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Table 36. Clinical Signs

Day
Gr b
o oot Animal
: ; nee o i ] 2 3 4 5 6
(meks) 05hr lhr 2hrs 4hrs Ghrs
Gl 1101 - - - - - ; ) - ) ) -
D—0—0—0
Male
G2 1200 Vg OV - - . ; ; - . . -
1,250-+250-
122 vV - - - ; ; - . ) -
002,500
1 1101 - - - - - ; ) - ) ) -
O—0—0—0
Female
G2 1 Vv ODVQ - - - ; ; - . ) -
1,250—250— e .
S00—2,500 2202 v
Day
Gr 4
) o Anima]l
Sm Dose D 7 8 9 W 11 12 13 14
(mekg
3l 1101 - - - - - - . .
O—l—{—0
Male
G2 1201 - ; - - - - . .
1,.250—250—
1202 - ; - - - - . .
S00—2,500
3l 2101 - - - - - - . .
L |
Female
G2 2301 - ; - - - - . .
1,250—250— 2200 ] ] ) ) ) ) ) ]
S00—2,500

* . dosing day.
- ! no abnormal findings, D: diarrhea, Q: salivation, V: vomiting.

~ © Animals were not dosed for drug—free period (Day 15 - 108 of dosing).
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. Group Ani Day
Sen Daose o 108+ e 111 112 113*
(meks) 05hr 1bhr 2hs 4hs Ghrs 05hr Ihr 2hrs 4hrs Ghs
Gl 1101 - - - - - -
O—0—0—0
Male
G2 1201 v v - - v -
1,250—250—+
" -_I T T - - T - -
5002500 we v v
1 2101 - - - - - -
I—0—0—0
Femals
G2 2301 v v - - vV Vv - D
1,250—250—
i il T - - T - T
S00—2.500 e v b v
Day
G.«]- d.
Sax Dmp Animal
- ose m 114 115 118 117+ 11 119 120 121
(meks) 05hr 1hr 2hrs 4hrs Ghs
Gl 1101 - - - - - - - -
O—0—0—0
Male
G2 1201 - - - v v cs o - - - -
1,250 250
1202 - D - vov - - -
S00-+2,500
Gl 2101 - - - - - - - -
O0—0—0—0
Femile
G2 2201 - - - v Qg Vv Vv C5 - - - -
1.250—250—
2202 - - - voo- v v - - - -
S00—2,500

* 1 dosing day. - : no

abnormal findings,

soft stool, V: vomiting.

C: compound-mixed stool, D:
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» Day
G :
oo Animal
Sex  /Dose o 122 123 124 125 126 127 128 129 130
(mzlg)
Gl 1101 - - - - oL
0—0—0—0
Male
G2 1200 - - - - oo
1,250-+250—
1202 - - - - ...
500-2,500
Gl 200 - - - - ool
0—0—0—0
Female
G2 200 - - - - oo
1,250—250— s .
500—2.500 =
* . dosing day. — : no abnormal findings.
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Figure 90. Body weights of Male Beagle Dogs.
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Figure 91. Body weights of Female Beagle Dogs.
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Table 37. Body Weights

Sex - Male

Group Animal Day of dosing (kg)

MDose (mgkzy D 0* 1 4 5 12 ~  109* 110 113* 114 117= 118 120 124 130

G1 1101 764 759 777 782 798 064 071 068 067 050 061 967 040 054

0—=0—0—0 ¥~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1

G2 1201 806 816 819 830 845 10.17 10.24 10.14 10.20 10.25 10.38 10.26 10.22 10.32

1,250—250— 1202 725 7.32 739 740 767 952 062 954 960 945 963 950 948 954

500—2.500 Mean 7.66 7.74 7.79 7.85 8.06 985 003 9084 900 9851001 988 0.85 993
SD. 057 0.59 057 0.64 035 0.46 0.44 042 042 057 0.53 054 0.52 055
N 2 2 1 1 2 2 2 2 2 2 2 2 1 2

Sex - Female

Group Anima Day of dosing (kg)

Dose (mgkg) DD 0* 1 4 5 12 ~ 100* 110 113* 114 117* 118 120 124 130

Gl 2101 598 606 603 603 601 755 778 7.78 7.83 772 787 781 7173 787

0—=0—=0—0 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1

G2 2001 700 721 715 714 735 888 002 896 902 906 913 011 910 915

1,250—250— 2202 712 729 734 730 7.38 687 689 685 687 697 682 679 670 648

300=2.500  Nfean 706 725 725 722 737 788 7.06 791 7.95 802 7.98 795 7.00 7.82
sD. 008 0.06 012 011 002 142 151 149 1.52 148 163 164 170 1.89
N - - 2 2 2 21 2 2 1 1 2

* . dosing day. ~ :

Animals were not dosed for drug-free period (Day 15 - 108 of dosing).
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(Mean corpuscular volume, MCV), A2 =24H" (Mean corpuscular
Hemoglobin, MCH), H¢#{AddFdE=218 5% (Mean corpuscular hemoglobin
concentration, MCHC), #4334 (Platelet count, PLT) % W34 (Total leukocyte
count, WBC)E 43It

T3 @"”"33‘?}5}@ Arbe widsWol Al QHG df F FANETA HALE S A9
A s 3,000 rpme® 10 #1F AR & S Fsto] o] &ailivt. Qs F
2171 (7180, HITACHI, Japan)® <&y ofu]:=7]Ho]a4  (Alanine aminotransferase,
ALT), o}2~utH o] E ofu| 7] H o] a4 (Aspartate aminotransferase, AST), &Ze}el E 5}
E}Al (Alkaline phosphatase, ALP), @48 424 (Blood urea nitrogen, BUN), =L #|o}Ed
(Creatinine, Crea), &% (Total protein, TP), ¢4%% (Albumin, Alb), A/G ratio, &=
2 HE (Total cholesterol, T-Chol), Ed]Z&Algto]| = (Triglycerides, TG), 8% (Glucose,
Glw& 43kl

12

i

O

o] 29909 isofluranc wHF Stel WThEWAA WAl FAA T FARAE FAL

AR RE B oA A4S G20 el AT FAUAE AAHAT, ¥, A

A,k 0 D A 9E GFFE S, AT B FUNPFFuE 2549
492 Foko] T 4,

00, 1,000 ¥ 2,000 mg/kg/day F-olwtoll A Abdals B25 A 2okt
(Table 38). A=W (compound-colored stool)©] 500 mg/kg FolvolA Fo 18 ~
28Ul 7 3uty], Fof 23] o 1mpg]oA #EEJQ I, 1,000 2 2,000 mg/kg/day F
ofitoll A Fol 2 ~ 28l Y EE FEolA #EHAT. ERE, 2,000 mg/kg/day Tl
oM frdo] Fol 7 ~ 28%‘01] U Ee TEoA Fol S BRI, EFFHISE
(irregular respiration)®] Fo] 19 ~ 28U 7 2ntgl oA BFE QL) olgst Z4& ek
of Al@EA Folo o Wsfo ]741’}, APdEA Aol o8k ojxpA ] WEtE AlmHT, &
= @%"ﬂ/ﬂ AAEH Fofo 7]0g FaFo] JAAHA ol HAAWMst= opd Aoz ddd
a9, 7 g2l A S5 AHEe A 9 73 YA (crust formation)o] Fof 19 ~
28 1\4&1011*1 #EE A3, F7 500 mg/kg FAwolA FHZ5 wjHe stuPAe] Fo] 25
~ 2849 1vtg], AR FHF] #4 (decrease in food consumption) % -5 ¢kl &E
(opacity of eyeball)e] Fol 28] 1wlg]oA #TAFHYT o83t A4S iz 01/\1
AAY, &FgEAo] glo] 1rpgolArt #EEo] A FHoE APEL F
gl ol How doET),
Fol7|7F FoF, o4 500, 1,000 2 2,000 mg/kg/day FolwolA thzash HluA] §94
J+= AF (Figure 92, 93, Table 39.), &7|5% (Table 40, 41.) % Al& HFH = (Table
42) W3l AZE A ottt w3k gdalskA 7Ale] BE SR AL XY HA] F2oA
Jdv WEE #AT F gldal (Table 43), HAsstd HAate] 49 o4 500, 1,000 %
2,000 mg/kg/day FoAwdA AlPEHD Fofo ofgt gk QAAEA eskth (Table 44). 1
o] WstE EHkelA|

O

=

r

1o e
o 41

o sldh
% = A3 2,000 mg/kg/day
Fao] FAFA kotoma 137 NhEFo] RN LEFL



Table 38. Summary of Clinical Signs

Sex Male

Group / No. of .- . No. of animals
Clinical

Dose (mg'kg'day) aniimals e affected

Gl 3 Wound (left neck) 1

0 Crust formation (left neck) 1

2 5 Comypound-colored stool 3

500 Crust formation (left backs) 1
Decrease in food consumption 1
Opacity of eyeball (right eye) 1

G3 5 Compound-colored stool 5

1,000

G4 5 Comp ound-colered stool 5

2,000 Salivation (after dosing) 5
Irregular respiration 2

Sex Female

Group / No. of Ne. of animals

oup . ? o Clinical sien o. O

Dose (mg'kg'day) aniimals b affected

G2 5 Comp ound-colered stool 1

500

G3 5 Comypound-colored stool 5

1,000

G4 5 Comp ound-colered stool 5

2,000 Salivation (after dosing) 5
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Bodyweight (g)

—8— G1-0mgke/day
—— G2 - 500 mekg/day
—&— G3 - 1.000 mg/kg/day
—0— G4 - 2,000 mg/ig/day

Figure 92. Body weights in Male SD rats
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Figure 93. Body weights in Female SD rats

Druration on study (week)
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Table 39. Mean body weights

Sexc Male (2)
Group / ek
Dose (mgkg/day) 0 1 2 3 4
Gl Mean 203.6 269.4 3192 3633 3944
0 sD. 6.5 10.5 174 221 254
N 5 5 5 ; 6
2 Mean 203.1 269.7 321 370.5 3912
500 sD. 52 12.5 1 173 302
N 5 5 6 6
G3 Mean 2034 2625 3173 3556 3848
1,000 sD. 2 7.2 14.1 156 126
N 5 5 5 6 6
G4 Mean 203.0 270.8 3285 3748 4104
2.000 sSD. 62 6.4 9.5 16.8 203
N 5 5 5 é 6
Sex Female (2
Group / Teelk
Dose (mgkg'day) 0 1 2 3 4
Gl Mean 1533 183.7 2026 214 234.1
0 sD 83 109 129 123 13.7
N 5 5 5 5 5
2 Mean 153.1 1837 2015 2179 7334
500 sSD. 57 7.2 7.7 47 5.1
N 5 5 5 5 5
G3 Mean 153.6 1802 198.0 2154 2268
1,000 sD. 58 6.5 46 50 7.0
N 5 5 5 5 5
G4 Mean 153.7 1843 2045 2210 237.0
2,000 sD 63 8.4 110 163 19.0
N 5 5 5 5 5
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Table 40. Mean absolute organ weights

Sexc Male ©
Group / BW. Brain Heat Liver Spleen Kidn
Doze (mg'kg/day) o il
G1 Mean 3607 205 122 1107 076 275
0 SD. 211 007 013 16 007 009
N 5 5 5 5 5 5
2 Mean 3612 206 124 1092 072 275
500 SD. 34 004 009 112 010 016
N 5 5 5 5 5 5
G3 Mean 3538 200 121 1096 073 266
1,000 SD. 161 008 016 070 000 0.4
N 5 5 5 5 5 5
G4 Mean 3763 202 128 1157 075 281
2,000 SD. 190 007 009 088 007 021
N 5 5 5 5 5 5
Sex Female (g)
Group / BW. Brain Heat Liver Spleen Kidn
Doze (mg'kg/day) o ¥
Gl Mean 2144 182 082 671 046 172
0 SD. 118 003 007 050 007 023
N 5 5 5 5 5 5
2 Mean 2160 183 079 647 050 171
500 SD. 28 006 009 035 005 007
N 5 5 5 5 5 5
G3 Mean 2095 184 078 616 044 168
1,000 SD. 58 008 003 024 005 009
N 5 5 5 5 5 5
G4 Mean 2177 188 085 661 056 173
2,000 SD. 148 007 007 058 012 007
N 5 5 5 5 5 5
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Table 41. Mean Relative organ weights
Sex: Male (g100 gbody weight)
Group / B W. . . ;
E Heart Liver pleen  Kidn
Dose (mgkg/day) (g T = v S =
Gl Mean 360.7 057 034 3.06 021 0.76
0 s5D. 21.1 0.035 0.03 0.28 0.02 0.03
N 5 5 5 3 3 3
2 Mean 361.2 057 034 3.02 020 0.76
500 s5D. 234 0.04 0.02 0.24 0.02 0.03
N 5 5 5 3 3 3
G3 Mean 3538 057 034 3.10 021 0.75
1,000 s5D. 16.1 0.03 0.04 0.07 0.02 0.05
N 5 5 5 3 3 3
G4 Mean 3763 054 034 3.08 020 0.75
2.000 5D. 19.0 0.03 0.03 024 0.02 0.07
N 5 5 5 3 3 3
Sex: Female (g100 gbody weizht)
Group / BW. : . ;
E Heart Liver pleen  Kidn
Dose (mgkg'day) (g T = ver S =
Gl Mean 214, 083 038 312 022 0.80
0 s5D. 11. 0.03 0.02 0.12 0.02 0.07
N 5 5 3 3 3
2 Mean 216.0 0.85 037 3.00 0323 0.79
500 sD. 28 0.03 0.04 0.16 0.02 0.03
N 5 5 5 3 5 5
G3 Mean 2005 088 038 204 021 0.80
1,000 5D. 5.8 0.03 0.02 0.16 0.02 0.05
N 5 5 5 3 3 3
G4 Mean 217.7 0.87 039 3.03 0.26 0.20
2,000 sD. 14.8 0.09 0.02 0.10 0.04 0.05
N 5 5 5 3 5 5
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Table 42. Mean Food Consumption

Sexc Male (giday)
Group / Week
Dose (mgkg/day) ] 1 2 3 4
G1 Mean 8.6 305 133 340 34.0
0 5D 21 20 20 34 34
N 5 5 5 5 5
G2 Mean 206 304 322 340 316
500 5D 0.7 16 14 17 7.0
N 5 5 5 5 5
G3 Mean 300 322 346 339 333
1,000 5D 1.3 14 35 34 36
N 5 5 5 5 5
G4 Mean 8.7 315 352 362 375
2,000 5D 1.1 2 8 13 1.7
N 5 5 5
Sex: Female (giday)
Group / Week
Dose (mgkg/day) 0 1 2 3 4
Gl Mean 20.0 218 220 235 236
0 5D 36 0.7 0.7 14 0.8
N 5 5 5 5 5
G2 Mean 207 221 221 227 240
500 5D 27 1.7 1.1 16 1.1
N 5 5 5 5 5
G3 Mean 192 205 203 217 220
1,000 5D 33 1.1 24 18 1.1
N 5 5 5 5 5
G4 Mean 212 219 28 237 243
2,000 5D 1.5 0.6 24 29 23
N 5 5 5 5 5
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Table 43. Mean hematological parameters

Sex: Male
Group / RBC HGB  HCT RBEC Indices PLT  WBC
Dose (<10°  (gdL) (%) MCV MCH MCHC  (x10°  (x10°
(mzkgday) cells/ul) (fL) (p®) (zdl) cells/ul) cells/pl)
G1 Mean 8.36 15.1 47.1 56.4 18.1 321 975 1035
0 SD. 0.48 0.6 1.8 21 0.7 0.5 184 1.59
N 5 5 5 5 5 5 5 5
2 Mean 8.15 15.3 468 576 188 326 958 8.63
500 SD. 0.42 0.7 2.0 21 0.6 04 99 2.01
N 5 5 5 5 5 5 5 5
G3 Mean 8.12 152 466 574 187 326 981 1016
1,000 5D. 0.27 0.4 1.5 18 0.5 0.3 74 243
N 5 5 5 5 5 5 5 5
G4 Mean 7.78 146 457 588 188 320 978 9.63
2,000 sD. 0.20 0.4 1.4 2.0 0.7 04 68 1.66
N 5 5 5 5 5 5 5 5
Sex: Female
Group / RBC HGB  HCT REC Indices PLT  WBC
Dose (<10°  (zidl) (%) MCV MCH MCHC  (x10°  (x10°
(mzlkgday) cells/ul) (fL) (p® (gdl) cellsil) cells/pl)
G1 Mean 7.99 150 452 56.5 188 333 064 6.30
0 5D. 0.19 0.5 1.3 0.6 0.2 0.5 167 279
N 5 5 5 5 5 5 5 5
2 Mean 7.91 152 455 575 192 334 1060 5.12
500 sD. 0.31 0.6 1.6 15 0.5 04 145 03
N 5 5 5 5 5 5 5 5
G3 Mean 8.17 152 461 56.4 186 329 1112 5.92
1.000 SD. 0.31 0.8 2.7 16 0.5 08 127 1.52
N 5 5 5 5 5 5 5 5
G4 Mean 7.80 148 49 576 190 329 1255 7.33
2,000 SD. 0.28 0.4 1.2 18 03 0.6 402 1.84
N 5 5 5 5 5 5 5 5
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Table 44. Mean clinical chemistry

Sex Male
Group / ALT AST AIP BUN Crea
Dose (mglkg/day) (umL) UL) (UL) (mgdl) (mgdl)
Gl Mean 295 966 6375 12.1 044
0 SD. 5.7 134 1279 22 0.01
N 5 5 5 5 b
2 Mean 253 773 5063 118 042
500 SD. 35 147 1322 13 0.03
N 5 5 5 5 5
G3 Mean 26.4 838 6247 10.6 043
1,000 SD. 33 133 1092 0.5 0.01
N 5 5 5 5 5
G4 Mean 24.7 793 5043 09 042
2,000 SD. 43 233 1240 2.1 0.02
N 5 5 5 5 5
Group / TP Alb A/G T-Chol TG Giu
Dose (mgkgday) (gdl) (gdL) ratio  (mgdl) (mgdl) (mzdl)
G1 Mean 5.8 24 071 64 46 132
0 SD. 02 0.1 0.07 14 18 11
N 5 5 5 b b
2 Mean 5.8 24 0.70 66 36 124
500 SD. 0.1 1 0.04 11 12 12
N 5 5 5 5 5 5
G3 Mean 5.7 24 071 63 46 130
1,000 SD. 0.1 1 0.05 7 11 7
N 5 5 5 5 5 5
G4 Mean 55 23 0.75 55 37 123
2,000 SD. 0.1 0.1 0.03 12 0 E]
N 5 5 5 5 5 5

Significantly different from control by Dunnett's t-test: ** p-20.01.
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15 mtgfel 13 F3F A4 Fofepivh. =8, e (FAET)S A4S 3
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A7RA A o ® B EQAL, o § fFdo]l Fol 8 UdFE F7 2 ~ 9 uhElolA, Foq 7
AT A 1 ~ 10 ol Fo FEAZFA] #AREHG oW, A7 JHA (1 ~ 2 #he)ed A=
Fo] Aoz AZHALE 1 9], EF3 5 (irregular respiration)©] F¢ 32 ~ 36 Lo
21 ~ 2 wgolA, AadFHAF A (decrease in food intake) ¥ WHEFe] A

(decrease of fecal volume)7} o 61 dol &4H 1 vpg]oA #FzH S
315717 &2k, 2,000 mg/kg/day Foldol A 3]& 1 dof] Al EZHMHo] o4 BE JfA 9
A BFEEJL, Aol A 2 mhEolA] AREAT

2 BF ANFEE Folo 9g wigolAY, AFEHY =83t 2= ¢
Hst2 A =d¥shes ofd Zow dAdhET).
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. A3t (Fig 94, Fig 95, Table 47, Table 48)
=0k oF4= 500, 1,000 ¥ 2,000 mg/kg/day Foftoll A thxata} vjaA] EA44 o
2 F93 AFHEE BFE A ko)

- 166 -



Table 45. Summary of Clinical Signs (Dosing period)

Sex Male

Group / No. of e . No. of animals
Clinical

Dose (mglkg'day) animals = affected

G2 10 Comp ound-colored stool 10

500

G3 10 Comp ound-colored stool 10

1.000 Salivation (after dosing) ]

G4 15 Comp ound-colored stool 15

2.000 Salivation (after dosing) 12
Salivation (before dosmg) 3
Irregnlar respoation 2
Irregnlar respoation (PM) 1
Lying on side 1
Death 1

Sex Female

Group / No. of e . No. of animals
Clinical

Dose (mglkg'day) animals = affected

G2 10 Comp ound-colored stool 10

500

G3 10 Comp ovnd-colored stool 10

1.000 Salivation (after dosing) 2

G4 15 Comp ound-colored stool 15

2.000 Salivation (after dosing) 14
Salivation (before dosmg) 2
Decrease in food intake 1
Decrease of fecal volume 1
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Table 46. Summary of Clinical Signs (Recovery

period)

Sex- Male

Group / No. of e . MNo. of animals
Climical s

Dose (mgkg'day) animals e affected

G4 4 Comyp ound-colored stool 4

2,000 Salivation 2

Sex- Female

Group / No. of . : No. of animals

Dose (mgkg'day) animals Clinical sign affected

G4 5 Comyp ound-colored stool 5

2,000
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Table 47. Mean Body Weights (Dosing period)

Sex: Male (g
Group / Teek:
Dose (mgkgday) 0 1 2 3 4 5 6
Gl Mean 202.9 2640 3181 3500 305.1 424 6 4407
0 5. 6.7 93 147 199 219 278 297
N 15 15 15 15 15 15 15
G2 Mean 203.0 2622 3204 362.1 4033 4326 450 6
500 5D. 7.3 147 202 128 26.7 256 203
N 10 10 10 10 10 10 10
G3 Mean 202.5 2642 3183 3568 3010 4204 4415
1.000 5. 85 119 21.0 279 336 308 433
N 10 10 10 10 10 10 10
G4 Mean 202.6 262.1 3163 3572 3935 4193 4433
2.000 5D 79 130 166 207 250 202 337
N 15 15 15 15 15 15 15
Group | Teel
Dose (mgkgday) 7 8 0 10 11 12 13
Gl Mean 473.0 4930 5105 5272 5424 5542 5623
0 5D 328 355 384 404 441 428 2
N 15 15 15 15 15 15 15
G2 Mean 4852 505.8 5220 540.1 5528 564.5 5719
500 5D, 311 303 331 320 352 52 36.8
N 10 10 10 10 10 10 10
G3 Mean 4624 4799 4954 5100 5243 5333 5373
1.000 5D 459 514 56.4 50.5 627 63.1 633
N 10 10 10 10 10 10 10
G4 Mean 463.1 481.0 4041 5087 5230 5320 5308
2,000 5D, 35.7 3 445 462 487 46.0 49 4
N 15 15 15 14 14 14 14
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Table 48. Mean Body Weights (Recovery Period)

Sex Male (2
GTO'LI-P Week
Dose (mgkgday) 13 14 15 16 17
Gl Mean 562.5 566.0 5776 386.1 5002
0 3.D. 371 o4 412 416 457
N 3 3 5 5 5
G4 Mean 5614 5624 576.1 5882 5089
2.000 s.D. 64.6 593 5749 576 688
N 4 4 4 4 4
Sex Female (g)
Gfoup Weelk
Dose (mgkgday) 13 14 15 16 17
Gl Mean 3132 3206 3220 3243 3330
0 3D, 40.7 467 490 457 520
N 3 3 5 5
G4 Mean 2052 304.6 3107 3158 3134
2.000 s.D. 28.0 306 300 283 304
N 5 5 5 5 5
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b ERt, o 2,000 mg/kg/day FoIvtoll Al tiERut I HWA] FAA SR Fog AT

252 ok,

o} Ab21F % (Table. 49, Table 50)

Fol 717k Eek, ¢4 500, 1,000 2 2,000 mg/kg/day Foltoll Al thxwat BlnA] A4 4 o
2 frofe AlsAdFFe] Hste AEEA g

3] 5717F 59k, 44 2,000 mg/kg/day Folwol A tiEwy Bl SAHCRE {Fod AlR
AF ] Mas BFE A )

2}, ot3}&4 AA} (Table 51, Table 52)
FAETF o4 500, 1,000 ¥ 2,000 mg/kg/day Folitm FEFLeol <
mg/kg/day Foltoll A ol A AL AEE A Fr}.

2,000

o>

v}, = ZAAF (Table 53, Table 54)
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mg/kg/day Fo]TolA A HEZ Fofo o3 e waE A okt

a9, HE 2 oA 4 deko] #zy & wE Aok WEogA 9y HE¥o

A, A3E & Wslr #EE A gorn g BT =AY ou= it

Hp, golstA 7 AL (Table 55, Table 56)

FAETe] 4 500, 1,000 2 2,000 mg/kg/day FATANA AP EE Fool o g3Fo
Aoy = A= Qe 2 9], A feoldo] dEE dES AHE U Aust

slEe] g 2,000 me/kg/day FolwoAA EET v BE FA FHAA F2)4 3
L owshe B354 2

= =
MEoE S48 ou: gl

Ab. d g etstd 71AF (Table 57, Table 58)

FA AT o4 500, 1,000 ¥ 2,000 mg/kg/day Folwrd 3 EFLY ¢4 2,000

mg/kg/day FolitollA A AEA Fojo o3 9o w Aoty = A= gl .

a9, BAH ool wEE IqES Aujd Wror AvyE & Wyl #EEXA
1

FAY, FAGTAAN BEEA] G2 Wstw A5 on= gl

i

ol. 7] F% (Table 59 ~62)

FAETe o 500, 1,000 2 2,000 mg/kg/day Folod &l o 2,000
mg/kg/day FolwolAl AlFEA Fold o3t Jgo g Aoy = Aie AT

18], FATA ool wEE FES SRl A Ave WEoly,

. ag o
MaHE B 2ok S48 eule ATk

rJ
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FAAIe] b 500 B 1,000 mg/kg/day Folwtoll A AldEde o3 JEFor ey =
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Table 49. Mean Food Consumption (Dosing period)

Sex Male (giday)
Group / Week
Dose (mgkgiday) 0 1 2 3 4 5 6
Gl Mean 263 286 303 31.3 317 322 £
0 5D 29 21 25 31 28 30 31
N 15 15 15 15 15 15 15
G2 Mean 263 280 31.2 322 337 332 334
500 5D. 28 26 26 1.5 23 30 26
N 10 10 10 10 10 10 10
3 Mean 26.7 30.1 320 32.5 331 335 332
1.000 5D 1.7 1.3 33 38 35 38 EX
N 10 10 10 10 10 10 10
G4 Mean 26.6 %2 320 33.1 345 342 EEN]
2,000 5D. 26 29 24 2. 26 42 L
N 15 15 15 15 15 15 15
Group | Week
Dose (mgkg'day) 7 3 9 10 11 12 13
Gl Mean ils8 31.2 31.1 309 30.8 301 208
0 5D. 33 29 30 30 32 20 2
N 15 15 15 15 15 15 15
G2 Mean 326 323 316 315 30.8 301 208
500 5D 20 1.8 2. 1.7 20 1.9 20
N 10 10 10 10 10 10 10
G3 Mean 332 324 323 323 319 311 312
1.000 5D. jd 48 5.3 46 46 41 2
N 10 10 10 10 10 10 10
G4 Mean 340 335 31.8 31.8 33.0 320 320
2,000 5D 3.2 38 44 49 4.0 32 34
N 15 15 15 14 14 14 14
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Table 50. Mean Food Consumption (Recovery period)

Sex: Male (g'day)
Group / Week
Dose (mgkgday) 14 15 16 17
Gl Mean 280 204 207 204
0 sD. 21 19 232 1.7
N 5 5 5 5
G4 Mean 297 313 318 317
2,000 5D, i3 44 44 5.2
N 1 4 4 4
Sex Female (g'dav)
Group / Week
Dose (mgkg/day) 14 15 16 17
Gl Mean 208 213 219 21.2
0 s.D. 28 21 21 2.0
N 5 5 5
G4 Mean 220 223 221 20.0
2,000 5D, 28 20 28 33
N 3 3 5 5
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Table 51. Summary of Ophthalmological Examination (Main group)
Sex- Male
Right eye Left eye
Group / No. of Pupil T Pupil T
0.0 . 1p . rans- 1p . rans-
D . Findin
{ﬂ:::CE' day) animals B light Anterior arent  Fundus | light Anterior parent  Fundus
kg seoment s
=TT reflex = media reflex = media
Gl 5 Mormal 5 5 5 5 5 5 5
0
G2 3 Mormal 3 5 5 3 3 5 5
500
G3 3 Mormal 3 3 5 3 3 5 5
1,000
G4 3 MNormal 3 5 5 3 3 5 5
2,000
Sex- Female
Right eye Left eve
Group / No. of Pupil T Pupil T
0.0 . Ip . rans- ip rans-
D . Findin
{ﬂ::;l?.' day) animals HemE light Anterior parent  Fundus | ligit Anterior parent  Funduos
g seoment se
=T reflex = media reflex = media
Gl 3 Mormal 3 3 5 3 3 5 5
0
G2 3 MNormal 3 5 5 3 3 5 5
500
G3 3 Mormal 5 5 ] 5 5 5 ]
1,000
G4 3 MNormal 5 5 5 5 5 5 5
2.000
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Table 52. Summary of Ophthalmological Examination (Recovery group)

Sex- Male
Right eye Left eve
Group / No. of —— = — -
0.0 . p . rams- p . rams-
D ) Findin,
( DS:C day) aimals T light Adterior et Fundus light Asterior parent  Fundus
mERE reflex e media reflex e media
Gl 5 MNormal 5 5 5 5 5 5 5 5
0
G4 4 Mormal 4 4 4 4 4 4 4 4
2.000
Sex Female
Right eye Left eve
Group / ; ] - .
Dose NF" of Findings Pm:u] Anterior Trans- Pm:uﬂ Anterior Trans-
(mgke/day) animals light seoment parent  Fundus | light semment parent  Funduos
T reflex = media reflex = media
Gl 3 Mormal 5 5 5 5 5 5 5 5
0
G4 5 MNormal 5 5 5 5 5 5 ] 5
2.000
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Table 53. Summary of Urinalysis Results (Main group)

Sex Mials Famala
Group 1 G2 G3 G4 Gl G2 G3 G4
Doze (mzkgday) [V 500 1,000 2,000 0 500 1,000 2,00
¥o. of animals 3 3 3 3 3 3 3 3
Volome (mL) Maan 126 148 00 22 50 114 43 50
5D 31 6.2 24 2.1 25 6.1 21 43
Color Pale yellow 3 1 1 1
Vallow 2 4 5 3 4 4 3 3
Transparency Clear 5 5 i 5 5 2 =
M ild turbidity 2 4 3 1
Turbidity 1
rH 5
6.3 2 1 1 2
7 2 1 2 1
] 3 4 2 2 4 2 1 3
] 1 1 1 2
Protein - 3 3 2 3 3 4 3
(mgdl) 25 2 2 2 4 2 1 2
75 1 1
130
200
Ghicose MWormal g 3 3 g 3 3 g 3
(mgdL) 50
100
300
1,000
Katona body - 3 2 4 3 2 1
(mgdL) 5 2 3 4 3 1 2 2 2
15 1 1 1
30 1 1
150
Bilirubin - 3 3 5 3 3 5 4 4
(mgidL) 1 1 1
3
é
Ocoukt blood - 5 4 4 5 3 5 5 4
(Ery/uL) 10 1 1
25 1
30
130
250
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Table 54. Summary of Urinalysis Results (Recovery group)

Sex Male Famala
Group Gl G4 =1 =4
Dose (mgkgiday) 0 2,000 [V 2,000
No. of animals 5 5 5
Volome (mL) Mamn 112 B4 6.1 53
5D 7.7 1.5 1.4 18
Color Vallow 3 4 5 5
Amber 2
Transparency Clear 1 5 5
Mild turbidity 2
Turbidity 2 4
rH 5
] 1
6.5
7 1 2
] 2 2 4
o 2
Protein - 2
(mgdL) 25 3 3 4 3
75 1
150
500
Ghacose Mommal 5 4 5 5
(mgfdlL) 50
100
300
1,004
Eetone body - 1
(mgdL) 5 3 2 2 3
15 2 2 3 ]
50
150
Bilirubin - 4 2 2 4
(mgfdL) 1 1 2 3 ]
]
Occult blood - 4 1 5 5
(Ery/uL) 10 3
25
50
150
250
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Table 55. Mean Hematological Parameters (Main group)

Sex Male
Group / EEC HGE HCT EEC Indices FLT Reti
: & . 0 T . 3 i,
Dose (mgkg/day) (xllﬂl (gidL) (o) MCW MCH I'rIC.HC, {x.lt] (%)
cells/ul) () (pg) (gdl)  cells/iul)
Gl Mean 8.77 153 459 323 175 i34 383 202
0 5D, 0.29 0.7 1.8 1.2 0.5 0.6 108 0.48
N 10 10 10 10 10 10 10 10
G2 Mean 8.66 15.2 455 326 176 i34 Q03 1.89
500 s5D. 0.30 0.6 1.6 1.0 03 0.6 76 037
N 10 10 10 10 10 10 10 10
G3 Mean 8.72 155 46.2 33.0 177 335 208 1.79
1.000 5D, 0.32 0.7 1.7 09 0.5 0.6 62 037
N 10 10 10 10 10 10 10 10
G4 Mean 8.30 15.1 449 328 177 335 034 1.91
2.000 s5D. 0.27 0.5 1.0 12 03 0.5 108 038
N 10 10 10 10 10 10 10 10
WBC WEBC Differential Counting (%2) FT APTT
Greup | 10°
=
Dose (mg'kg/day) ( ) NEU LYM MONO EOS BASD (zec) (sec)
cells/ul)
Gl Mean 2.90 20.6 74.1 2.6 1.5 0.3 17.6 16.2
0 s5D. 2.52 6.4 72 08 0.5 01 0.7 1.7
N 10 10 10 10 10 10 10 10
G2 Mean 971 199 74.0 3z 15 0.3 17.6 16.0
500 s5D. 209 57 6.2 09 ¥ 01 08 1.4
N 10 10 10 10 10 10 10 10
G3 Mean 10.03 17.9 T77.5 2.2 14 0.3 17.7 16.0
1,000 s5D. 281 6.6 6.8 08 0.5 01 0.7 1.4
N 10 10 10 10 10 10 10 10
G4 Mean 8.84 203 737 2. 1.1 0.2 18.0 150
2.000 s5D. 1.75 25 2.7 03 04 0.1 08 1.9
N 10 10 10 10 10 10 10 10

Significantly different from control by Dunnett's t-test: * p=<0.05.

- 179 -



Table 56. Mean Hematological Parameters (Recovery group)

Sex Male
G RBC HGB HCT EBC Indices PLT Beti
FToup s o - — I
Dose (mekgiday) {10 (=dL) (%a) MCV MCH MCHC (=10 (%a)
cells/ul) (L) pg)  (gdl) cellsipl)
Le! Mean B.65 14.3 450 1 16.5 318 877 272
1] 5D, 041 0.4 1.4 1 0.8 0.1 120 0.38
N 5 5 5 5 5 5 5 5
=4 Mean B33 14.2 445 4 17.1 ile o975 3.12
2,000 5D, 045 1.0 215 9 0.3 0.5 B3 1.24
N 4 4 4 4 4 4 4 4
WBLC WBC Differential Counting (%&) FT AFIT
Group 3
]
Dose (mgkgday) (<10 NEU LM MONO EOS BASO (z=c) (sac)
cells/ul)
Le! Mean 11.08 204 T4.3 2.5 1.4 0.4 184 15
1] 5D, 1.35 22 1.8 0.7 0.2 0.1 0.3 0.8
N 5 5 5 5 5 5 5 5
=4 Mean RG] 19.3 75.1 2.5 1.5 0.3 182 172
2,000 5D, 1.34 53 34 02 04 0.1 [ERY 1.0
N 4 4 4 4 4 4 4
Sex Female
G RBC HGB HCT EBC Indices PLT Beti
FToup s o - — I
Dose (mekgiday) {10 (=dL) (%a) MCV MCH MCHC (=10 a)
cells/ul. (L) pg)  (gdl) cellsipl)
Gl Mean T.77 14.3 441 B 184 323 922 2.75
/] 5D, 040 o7 2.2 2 03 0.5 112 0.18
N 5 5 5 5 5 5 5 5
=4 Mean B.06 147 454 6.4 182 323 381 2.39
2,000 5D, 0.34 0.4 1.0 1.8 07 0.4 a3 .51
N 5 5 5 5 5 5 5 5
WBLC WBC Differential Counting (%&) FT AFIT
Group 3
=]
Dose (mgkgday) (<10 NEU LYM MONO EOS BASO (zac) (sec)
cells/ul)
Gl Mean 5.03 187 T6.0 23 T 0.3 176 14.5
/] 5D, 1.42 57 34 0.5 0.3 0.1 08 i
N 5 5 5 5 5 5 5 5
=4 Mean 6.23 159 78D 1 1.7 0.3 177 151
2,000 5D, 2.03 53 5.6 4 03 0.1 0.5 21
N 5 5 5 5 5 5 5 5
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Table 57. Mean Clinical Chemistry (Main group)

Sex Male
Group / ALT AST AIF GGT Glu BUN Crea T-Bili T-Chol
Dose (mg/kg/day) UL (UL (UL (UL (mgdl) (mgdl) (mgdl) (mgdl) (mgdl)
Gl Mean 31.8 839 3350 0.52 144 134 0.44 0.05 74
0 sD. i1 141 720 0.07 14 1.3 0.02 0.02 20
N 10 10 10 10 10 10 10 10 10
G2 Mean 195 857 2831 0.57 147 12.1 0.44 0.05 77
500 sD. 59 213 258 0.10 25 14 0.03 0.01 27
N 10 10 10 10 10 10 10 10 10
G3 Mean 320 1058 333.1 0.56 142 10.8 ** 0.44 0.04 67
1,000 sD. 81 307 75.1 0.12 14 12 0.03 0.01 8
N 10 10 10 10 10 10 10 10 10
G4 Mean 255 912 2716 0.54 139 g3 ** 0.46 0.05% 67
2,000 sD. 42 118 306 0.13 16 1.0 0.02 0.02 10
N 10 10 10 10 10 10 10 10 10
Group / TG TP Alb AIG P Ca Na K 1

Dose (mgkgday)  (mgdl) (gdl)  (gdl) 7o (mgdl) (mgdl) (mmoll) (mmoll) (mmoll)

Gl Mean 54 6.0 23 0.64 6.00 10.0 139.2 427 106.9
0 sD. 29 03 0.1 0.04 033 03 0.9 028 20
N 10 10 10 10 10 10 10 10 10
G2 Mean 7 6.0 24 0.67 6.04 10.1 1385 429 106.4
500 sD. 28 03 0.1 0.04 0351 03 1.0 024 1.1
N 10 10 10 10 10 10 10 10 10
G3 Mean 62 58 23 0.67 6.16 9.8 138.7 443 106.8
1,000 SD. 26 01 0.1 0.04 042 0.1 0.9 015 14
N 10 10 10 10 10 10 10 10 10
G4 Mean 42 5.5 #= 22 0.69 6.02 938 1385 442 107.0
2,000 sD. 14 03 02 0.06 0.74 04 0.9 0.30 08
N 10 10 10 10 10 10 10 10 10

Significantly different from contrel by Dunnett's t-test: ** p<0.01.
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Table 58. Mean Clinical Chemistry (Recovery group)

Seac Male
Group / AIT AST ATP GGT Ghu BUN Crea T-Bili T-Chol
Dose (mgkgday) UL (UL UL (UL (mgdl) (mgdl) (mgdl) (mgdl) (mgdl)
Gl Mean 39.6 1136 2462 0.52 148 144 0.49 0.07 a5
0 sD. 15.8 26.8 182 0.21 12 0.8 0.04 0.01 5
N 5 5 5 5 5 5 5 5 5
G4 Mean 479 108.0 2306 0.64 147 13.0 * 0.48 0.08 36
2,000 sD. 39.5 42.0 233 0.56 10 0.6 0.02 0.02 21
N 4 4 4 4 4 4 4 4 4
Group TG TP Alb AG P Ca Na K Cl1

Dose (mgkg/day) (mgdl)  (gdl) (xdl) ratio (mgdl) (megdl) (mmoll) (mmoll) (mmoll)

Gl MMean 66 6.0 23 0.63 5.84 99 136.7 437 105.0
0 5.0, ] 0.1 0.0 0.02 025 0.2 1.0 0.13 07
N 5 5 5 5 5 5 5 5 5
G4 MMean 54 * 6.0 24 0.64 308 Q0 1371 423 1053
2.000 s.D. 7 0.0 0.1 0.02 0.51 0.1 0.7 020 15
N 4 4 4 4 4 4 4 4 4
Sex- Female
Group / ATT AST ATP GGT Gha BUN Crea T-Bii T-Chol
Dose (mgkg/day) (UL) (UL) (WL (UL (mgdl) (mgdl) (mgdl) (mgdl) (mgdl)
Gl MMean 46.0 116.2 1193 0.51 130 129 0.50 0.08 34
0 5D. 242 188 141 024 3 0.8 0.08 0.02 11
N 5 5 5 5 5 5 5 5 5
G4 MMean 225 799 1460 0.55 138 13.6 0.30 0.09 03
2.000 s.D. 40 6.1 359 0.33 Q 32 0.05 0.01 15
N 5 5 5 3 5 5 5 5 5
Group / TG TF Alb AG P Ca Ma K 1

Dose (mgkg/day) (mgdl) (gdl) (zdl) ratio (mgdl) (mgdl) (mmoll) (mmoll) (mmoll)

Gl Mean 30 6.6 30 0.24 459 10.0 1387 304 106.6
0 SD. 13 0.6 0.3 0.03 0.83 0.6 05 022 1.1
N 5 5 5 5 5 5 5 5 5
G4 Mean 33 6.4 29 0.32 475 101 1381 3.90 1064
2.000 s.D. 19 0.4 0.2 0.04 0.44 0.4 0.7 0.28 035
N 5 5 5 5 5 5 5 5 5

Significantly different from control by Student t-test: * p<i0.03.
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Table 59. Mean Absolute Organ Weights (Main group)

Sex: Male ()
Group / B.W.  Bram Pituit Heart  Luag Liver
Dose (mglkgiday) T Y =
Gl Mean 5343 13 0.0132 1.50 1.76 13.54
0 sD. 470 12 0.0017 0.15 0.15 2.26
N 10 10 10 10 10 10
G2 Mean 5447 218 00123 1.52 1.71 13.76
500 5D 336 0.09 0.0011 017 0.09 1.29
N 10 10 10 10 10 10
G3 Mean 5106 220 00119 145 1.62 1285
1.000 SD. 613 017 0.0019 023 0.11 217
N 10 10 10 10 10 10
G4 Mean 507.1 2.13 0.0123 1.40 1.70 11.81
2,000 SD. 417 010 0.0015 012 028 0.99
N 10 10 10 10 10 10
Group | ) :
Dose (mglkgiday) Spleen  Kidney Adrenal Testis Prostate
Gl Mean 0.87 316 0.0628 3533 0.68
0 SD. 0.15 037 0.0084 024 0.16
N 10 10 10 10 10
G2 Mean 0.92 3.02 0.0612 383 0.63
500 sD. 013 024 0.0117 026 0.07
N 10 10 10 10 10
G3 Mean (.86 3.06 0.0590 333 0.62
1.000 5D 0.14 0.35 0.0086 035 0.13
N 10 10 10 10 10
G4 Mean 088 287 0.0629 357 0.58
2,000 SD. 012 023 0.0085 019 0.13
N 10 10 10 10 10
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Sex- Female (g
Group / BW Brain  Pituit Heart Lt Liver
Dose (mgkg'day) o oY e
Gl Mean 283 1 194 00163 0.92 1.16 .99
0 $D. 27.0 0.05 0.0021 0.10 0.08 0.90
N 10 10 10 10 10 10
G2 Mean 2748 198 00165 0.93 1.18 7.03
500 5D 0.6 007  0.0022 0.06 0.11 0.84
N 10 10 10 10 10 10
G3 Mean 2756 1.95 0.0162 0.94 1.18 711
1.000 3D 232 009  0.0036 0.09 0.11 1.13
N 10 10 10 10 10 10
G4 Mean 2757 197 00156 0.94 1.26 6.08
2.000 $D. 22 0.13 0.0024 0.08 0.26 0.70
N 10 10 10 10 10 10
Group | leen  Kidn Adrenal O U
Dose (mglkg'day) P &y vary tems
Gl Mean 0.51 177 00601 0.0773 0.80
0 SD. 0.08 021 00062 00119 0.20
N 10 10 10 10 10
G2 Mean 0.54 7 00713 00795 0.73
500 5D 0.07 0.12 00093 00141 0.23
N 10 10 10 10 10
G3 Mean 0.53 178 00679  0.0728 0.72
1.000 $D. 0.10 020 00118 00100 024
N 10 10 10 10 10
G4 Mean 0.54 179 00677  0.0840 0.70
2.000 3D 0.08 018  0.0091 0.0135 0.21
N 10 10 10 10 10
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Table 60. Mean Absolute Organ Weights (Recovery group)

Sex Male (=)
Group / BW.  Brain Pituitary Heart  Lun Liver
Dose (mglgiday) o oy &
Gl Mean 563.5 222 0.0130 1.53 1.75 13.92
0 s5D. 440 0.09 0.0008 0.1z 0.07 1.40
N 5 5 5 5 5 5
G4 Mean 565.7 2325 0.0124 1.48 1.85 1458
2,000 sD. 66.7 200 0.0023 0.13 0.15 2.90
N 4 4 4 4 4 4
Group / leen Kidney Adrenal  Testis Prostat
Dose (mgkgiday) Sp ey estis  Prostate
Gl Mean 0.93 3idl 0.0628 378 0.49
0 sD. 0.12 0.33 0.0070 0.30 0.11
N 3 5 5 5 5
G4 Mean 0.98 3.36 0.0651 3.82 0.46
2,000 5D. 0.13 041 0.0070 0.07 0.10
N 14 4 4 4 4
Sex: Female (&
Group / . . o )
Dose (mglkgiday) BW. Brain Pituitary Heart Lung Liver
Gl Mean 3118 2.02 0.0190 1.05 1.24 799
0 5D. 496 0.08 0.0049 0.15 0.05 1.19
N 5 5 5 5 5 5
G4 Mean 2977 1.89 0.0173 0.92 1.25 7.79
2,000 sD. 282 0.08 0.0034 0.07 0.24 0.78
N 5 5 5 5 5 5
Group / ! .
Dose (mgkgiday) Spleen  Eidney Adrenal Ovary Uterns
Gl Mean 0.55 2.01 0.0711 0.0759 0.75
0 sD. 0.04 0.12 0.0082 0.0147 0.18
N 5 5 5 5 5
G4 Mean 0.56 1.88 0.0798 0.0798 0.75
2,000 sD. 0.09 21 0.0110 0.0132 022
N 5 5 5 5 5

Significantly different from control by Student t-test: ¥ p<i0.03.
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Table 61. Mean Relative Organ Weights (Main group)

Sex- Male {2100 gbody weight)
Group / BW. : . )
B Pituit Heart L Liver
Dose (mglkz/day) © rain ttuitary e nng ver
Gl Mean 5343 0.40 0.0025 028 0.33 2.52
0 5D. 47.0 0.03 0.0002 0.02 0.01 0.24
N 10 10 10 10 10 10
G2 Mean 5447 0.40 0.0023 028 031 253
500 5D. 356 0.01 0.0003 0.02 0.02 0.15
N 10 10 10 10 10 10
G3 Mean 510.6 044 0.0024 028 0.32 231
1.000 5D, 61.3 0.07 0.0002 0.03 0.04 0.18
N 10 10 10 10 10 10
G4 Mean 5071 042 0.0024 028 0.34 233
2,000 S5D. 41.7 0.03 0.0002 0.02 0.05 0.10
N 10 10 10 10 10 10
Crenp | leen Kidney  Adrenal  Testis Pr
Dose (mg/ksiday) Sp ey =il estis  Prostate
Gl Mean 0.16 0.59 0.0118 0.67 0.13
0 S5D. 0.02 0.04 0.0016 0.07 0.03
N 10 10 10 10 10
G2 Mean 0.17 0.56 0.0112 0.71 0.12
500 5D. 0.02 0.02 0.0020 0.03 0.01
N 10 10 10 10 10
G3 Mean 017 0.60 0.0117 0.70 0.12
1.000 S5D. 0.02 0.05 0.0022 0.10 0.02
N 10 10 10 10 10
G4 Mlean 0.17 057 0.0125 0.71 0.11
2.000 5D. 0.02 0.03 0.0020 0.07 0.03
N 10 10 10 10 10

Significantly different from control by Dunnett's t-test: * p<0.05.
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Sex Female

(2100 g body weight)

Group / BW. ) . ;
) Brain  Prtuitary Heart Lung Liver
Dose (mgkg/day) (®
Gl Mean 2831 0.69 0.0058 033 0.41 247
0 5D. 270 0.07 0.00035 0.02 0.03 0.20
N 10 10 10 10 10 10
G2 Mean 2748 0.73 0.0060 034 043 256
500 sD. 306 0.09 0.0006 0.02 0.07 0.20
N 10 10 10 10 10 10
G3 Mean 2756 0.71 0.0058 034 0.43 257
1.000 5D. 232 0.04 0.0010 0.02 0.02 0.25
N 10 10 10 10 10 10
G4 Mean 2757 0.72 0.0057 034 046 254
2.000 sD. 221 0.08 0.0011 0.03 0.10 0.20
N 10 10 10 10 10 10
Group / leen Kidney  Adrenal  Ovary U
Dose (mglkg'day) Sp =¥ vary tems
Gl Mean 0.18 0.63 0.0245 0.0274 0.29
0 5D. 0.02 0.05 0.0024 0.0041 0.12
N 10 10 10 10 10
G2 Mean 0.20 0.64 0.0261 0.0290 0.27
500 sD. 0.02 0.05 0.0034 0.0044 0.09
N 10 10 10 10 10
G3 Mean 0.19 0.65 0.0246 0.0263 0.26
1.000 sD. 0.03 0.04 0.0038 0.0036 0.09
N 10 10 10 10 10
G4 Mean 0.20 0.65 0.0247 0.0308 0.25
2,000 sD. 0.03 0.0 0.0034 0.0063 0.08
N 10 10 10 10 10
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Table 62. Mean Relative Organ Weights (Recovery group)

Sex Male (=100 gbody weight)
Group / BW. . - i
Br Prtuat Heart Liv
Dose (mgkgiday) @ rain Ttuitary Lung =
Gl Mean 563.5 039 0.0023 0.27 0.31 247
0 SD. 440 0.03 0.0002 0.02 0.03 0.11
N 5 5 5 5 5 5
G4 Mean 565.7 0.40 0.0022 0.26 0.33 2.56
2,000 S5D. 66.7 0.03 0.0002 0.02 0.02 025
N 4 4 4 4 4 4
Group / leen Kidney  Adremal  Testis Prost
Dose (mglkgiday) Sp £y =il estis  Prostate
Gl Mean 0.17 061 0.0112 0.67 0.09
0 sD. 0.03 0.05 0.0020 0.05 0.02
N 5 5 5 5 5
G4 Mean 0.17 0.60 0.0116 0.68 0.08
2.000 s5.D. 0.01 0.06 0.0016 0.10 0.02
N 4 4 4 4 4
Sex: Female (2100 gbody weight)
Group / BW. i L .
Dose (mglkgiday) @ Brain  Pituitary Heart Lung Liver
Gl Mean 3116 0.66 0.0062 0.34 0.40 258
0 sD. 496 0.10 0.0019 0.04 0.04 030
N 5 5 5 5 5 5
G4 Mean 2977 0.64 0.0060 0.31 0.42 261
2,000 SD. 282 0.08 0.0015 0.02 0.09 0.07
N 5 5 5 5 5 5
Group / . o .
Dose (mg'kg/day) Spleen Kidney Adrenal Ovary Uterus
Gl Mean 0.18 0.65 0.0230 0.0247 025
0 s5.D. 0.03 0.07 0.0027 0.0052 0.00
N 5 5 5 5 5
G4 Mean 0.19 0.63 0.0269 0.0269 0.25
2,000 sD. 0.02 0.02 0.0036 0.0040 0.08
N 5 5 5 5 5
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A= YA
2,000 mg/kg/day Folare] #HolA 59 244 WA (discoloration) =& WA (focus)
7F 7 2 vig] 2@ A 1 wpgle A A E QoY FS5Hel vt FekE A4 F

s olmi gtk 1 9, BEE HUade ALALolAY $uHe W3

o

51 32-79] 914 2,000 mg/kg/day FOATONA FHH ol gaAe BEAA it
70 2,000 mg/kg/day Folwel AFEE GIAME: 1413 dg 27 Az 7 o)
7}

4 (hydr- othorax), #¢] +&A WAl 9 F0 (enlargement)’} ¥2% A

ofel

Aldatel 7 1,000 mg/kg/day o] FoIvt B &7 500 mg/kg/day ©ld Folate] A
ol X Aol A A TFAAA FATF & (infiltration) 27o] W3 A% (minimal)ol A
T 5% (moderate)7}A] &= At} (Table 63).
' S dxzwdAe HEEHA ga, AEED T #EEA
ogt ko7 wotEn} Ty, AFAHE Haolu 27 £4o] BEEA ¢
A Ao A YeEbd AAREG o R FHHo] 548t on= gl
9] b 2,000 mg/kg/day FATAAE AFRY AR 2T HE Ao vv
g oA B (slight)®= oAd3] #2HAT (Table 64).
U,
7

_{

A

A NIE B AR FAET By gasiiar A5 Ry, dEnay Fol

Table 63. Incidence and severity of Remarkable Microscopic Findings in the Duodenum
in the Main Group

Tissue/Finding
Sex

Male Female

Gowp GI G G G+ |Gl G G G4
Dose (mgkg/day) 0 500 1000 2000 | 0 500 1000 2000

Duodenum
Number examined 10 10 10 10 10 10 10 10

Infiltration, tingible body
histiocyte, lamina propria

Minimal 0 0 5 0 0 3 3 1

Slight 0 0 1 2 0 0 2 5

Moderate 0 0 0 8 0 0 0 4

Total Number of affected 0 0 ] 10 0 3 5 10
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Table 64. Incidence and severity of Remarkable Microscopic Findings in the Duodenum
in the Recovery Group

Tissue/Finding
Sex

Male Female

Group Gl G4 Gl
Dose (mg/'kg/day) 0 2,000 0 2,000

Duodenum
Number examined 5 4 5 5
Infiltration, tingible body
histiocyte, lamina propria
Minimal 0 3 0 0
Slight 0 1 0 4
Total Number of affected 0 4 0 4

)
A 500 mg/kg/day ©]7d Fofte] At Hxdo| A A 2A 9 F7) (increased)
o 7]

]

B~
3
=)
=
rok
o
k1
K-
2
ofy
oy
H
N
N
i
(i
L)
S
Au)
,%
[oS)
o
o
[@))
<

g 21 &3

o] 9] t& Azo] #HHA &kl AFEA Aol vEhd gAurE o FAE o
=484 o E gl

S| 5ol b 2,000 mg/kg/day FolwelAE 7R AT ST ving A oA
BER o473 FFEHAT (Table 66).

gy, A R g FETE FAET Bo Al A 3| 53elv]dl, 85 F
A Aow Aslgth

Table 65. Incidence and severity of Remarkable Microscopic Findings in the
Mesenteric Lymph Node in the Main Group

Tissue Tinding
Sex

Male Female

Gop Gl @ G G |G G G G
Dose (mgkg/day) 0 500 1000 2000 | 0 500 1,000 2,000

Mesenteric lymph node
Number examined 10 10 10 10 10 10 10 10
Increased, tingible body

histiocyte
Minimal 0 5 i 1 0 2 5 5
Slight 0 0 b 6 0 0 0 4
Moderate 0 0 0 2 0 1 0 0
Total Number of affected 0 5 9 9 0 3 5 9
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Table 66. Incidence and severity of Remarkable Microscopic Findings in the
Mesenteric Lymph Node in the Recovery Group

T1ssue/Finding Male
Sex

Female

Group Gl G4 Gl
Dose (mg/kg/day) 0 2,000 0 2,000
Mesenteric lvmph node

Number examined 5 4 5 5
Increased. tingible body
histiocvte
Minimal 0 3 0 3
Slight 0 0 0 2
Total Number of affected 0 3 0 5
@

7 1,000 mg/kg/day ¥ ¢4 2,000 mg/kg/day FoATolA AATY HoztstsS Rt
3 HPG A E I} A (Squamous cell hyperplasia)e] w13 HLEo|A &5
t} (Table 67).

A 2718 gRadME FFEJoY, T e I Jerl Frksdv)o AlgdEA o3
oz st ok 9o AT Al = EAGHA] e FERE F 5olH<l #
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r>~l
ol
rJ
1t
i,
32
Bloox
/,:]
[eS)
=3
)
o))
*
(o]
o,
>
rlo
Mt o
d r
i,
9
ry
b
Al
)
&2

Table 67. Incidence and severity of Remarkable Microscopic Findings in the Stomach
in the Main Group

Tissue/Finding
Sex

Male Female

Goup GI G2 G G4 | Gl G G Gd
Dose (mgkg/day) 0 500 1000 2000 | 0 500 1.000 2.000

Stomach
Number examined 10 10 10 10 10 10 10 10

Squamous cell hyperplasia,
with hyperkeratosis, limifing

ndge
Minimal 1 0 4 2 1 0 0 3
Slight 0 0 2 6 0 0 0 0
Moderate 0 0 0 2 0 0 0 0
Total Number of affected 1 ] ] 10 1 ] 0 3
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Table 68. Incidence and severity of Remarkable Microscopic Findings in the Stomach
in the Recovery Group

Tissue/Finding Sex Male Female

Group Gl =4 Gl G4
Dase (mg/kg/day) 0 2.000 0 2.000

Stomach
Number examined 5 = 5 5
Squamouns cell hyperplasia.
with hyperkeratosis, limiting ridge
Minimal 0 1 0 ]
Slight 0 1 0 0
Total Number of affected 0 2 0 0

N

@ 3!

FAE Tl =7 2,000 mg/kg/day FoldtolA HEWAAEL SF (aggregation) 2710
| A3, o+ 2,000 mg/kg/day Foltol A 7]1AAH xS A% (inflammation) Z719]
1 & #EEA 7 AA g2 ME7E 73] FHevk g F o r #EEA, & Fo
a0 AN JRA AR HEE Ao® Hol, 1&HT 2AEY & FAPLE st AldEA
=5 BTFol sk BN dE7E ZHAR FYEH HAAET AldEds BAg A
o2 FAHEH, o] AFEHe o3t =4 Wsle ol Aoz fusigit)

@ AR

7 2,000 mg/kg/day T AMGEE OlAME: 1413)el digh =Wty A
TJr, 71384 2] Ayl H x| HAdMe] EZA (reddish brown material)©] #HZE AT} o]
ZAEY =2 AR 016}04 NS A 759 st FQolA d57F 713s SEl
Az FYso] AP Aoz FAL ] APHEL 9t 54 W= ofld Ao = st

7 A&

w Al 2AsA, AT JIAE tEACM] Zave digh ¢k HEES o] &% 13
T W Aol SAAES AAE A, 5T (NOAEL)2 o< B 2,000 mg/kg/day
£ A3lekes ow deE
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3.2.13. @AY FEA oI &Fan9 AFAXF NH &% AE A
3.2.13.1. &4 H7} 274
7h A6 xgE g3t A4
BoolaAAd e §a4 EA4LS PP(PER ProtocoDS E4 itz stith. 2 QAakA] ol A
o] A& A 108 At 549, E2T547)0] F29)uld = At PPE
sto] AN TES ¢45F F 1078 (AP 537, HEa54%)e H@dAE iy
_] [e)

Ho =
- H= ¢}
oz ¥ Aol AFREAEY FEAS B

o S E A et Au g Ve 58 A SAC o vl
AAAHol st wexte] AFeA Hu 9D s Bg A EALS Table 699 2.9 A
¥ RS ¥ 58 o mE 548 Fol

Table 69. Demographics of study patients. (N=108)

Oligomeric .
) Placebo P value
anthocyanin
Number(N) 54 54 82.109+2.634
Gender(Male/Female) 22/32 24/30
Visual Acuity 0.010%0.00
N 0.012%+0.006 0.73
(Log MAR+SEM") 5
N 47.93£12.0
Age(yearxSD%) 50.87+12.36 1 0.21
) 63.92+11.0
Body Weight(Kg+SD) 63.62+10.06 3 0.88

. Statistical significance was tested by T-test
T: Standard error of the mean

¥ Standard deviation.

A Gl g gzt AES AlPTe FAd 229 (40.74%), 143 329(59.25%), dlx=
O HAL 24 (44.44%), 91438 309 (55.55%)01 At Hit AHS AFFE 50.87+12.36
Al HETES 47.93+£12.044 AFoHP=0.21). AFS AAF+S 63.62+10.06kg, HETS
63.92£11.03kg®] A tHP=0.88). 7| &E ol g+ =3+ fFolet zpol= #E =] gk,

%)
A FG7r A4E A =29 1 #AAKSchirmer test), =% 33 A ZHNIKBUT,

FH A SR 4=(0SDL: Ocular Surface Disaease Index)©]t}.
N7 2%F Fo Ao HF H7F A5E o] &35t AQEA I =g
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(2) Frad H7pdaol g &4

7. #1219 T HAAHSchirmer test)

Table 70, Fig. 962 0, 45, 85, 129 =743 =29 I HAKSchirmer test) AZ*ol
gk ¥issE 248 Aol

Table 70. Change of Schirmer test values between OA(Oligomeric anthocyanin) and Placebo.

Week
) Week 4 Week 8 Week 12  p-valuex
O(Baseline)
Oligomeric 10.33%0.4
] 8.32£0.38 8.74+0.42 9.55%+0.40 P<0.001
anthocyanin 0
Placebo 7.85+0.35 8.39+0.41 7.71+0.38 7.64%+0.32 P=0.49

*: Compared at 12 weeks from baseline

Values are expressed as AveragexSEM

StEAlOlY 8w E AFHE F(0A)NA 8F F =1 [ #HAKSchirmer test) ASX &=
9.55+0.40% Baseline®] H]3}e] Z7lE9 o™ EA4 o2 Baselined H1wd9S w §93
S7b7F dErgdh ®=E@ 12559 ASAE 10.33+0.402 A FUFEdon BAHo=
Baseline¥} #2]38F zFo]7} dAtt. ol w3le] 9] ek(Placebo)S AFH 3 oA+ A 7%
t Baselined} Hlalshgls o o3k Ryt giglth

=1

g aHE AFHI oA 45, 8F, 125 F  NIKBUT(Non-Invasive
Keratogra- ph Break-Up Time)® F4dXx+= 77} 5.83+0.23, 7.20+0.25, 7.8510.22°.=
5745l Baseline SHA 4.75£0.198 % B o8t/ S7bsinh. f1oks AT ol
M= ol e syt B E A vt (Table 71, Fig. 97).

Table 71. Change of NIKBUT values between OA(Oligomeric anthocyanin) and Placebo.

Week
O(Baseline)

Week 4 Week 8 Week 12  p-valuex*

Oligomeric
] 4.75£0.19 5.83x0.23 7.20x0.25 7.85x0.22 P<0.001
anthocyanin

Placebo 5.12+£0.21 5.25%0.20 5.14%0.19 4.72+0.17  P=0.79

*: Compared at 12 weeks from baseline

Values are expressed as AveragexSEM
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Fig.96. Change of Schirmer test values between OA(Oligomeric anthocyanin) and Placebo.
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NIKBUT (Non-Invasive Keratograph Break-Up Time)
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Fig.97. Change of NIKBUT values between OA(Oligomeric anthocyanin) and Placebo.
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-9 g3l 93t 54 ¥ TBUT
otEAold Y aHE HFHI FolA 47, 8F, 125 T AGFH 95t SHET (Tear
Break-Up Time)9 =AX+= 2ZH7ZF 5.78%+0.13, 6.94%+0.16, 7.32+0.14052 =74 % o]

Baseline S X9 4.57+£0.16 5.0 B5% fFostA SISt b ks AdF g oA
= o]y WMslyl A A ki (Table 72, Fig. 98).

Table 72. Change of Tear Break Up Time(TBUT) between OA and Placebo.

Week

) Week 4 Week 8 Week 12  p-valuex
O(Baseline)

Oligomeric
] 4.57+0.16 5.78%0.13 6.94%x0.16 7.32£0.14 P<0.001
anthocyanin

4.575%+0.1
Placebo 4.54%0.13 5.29£0.13 4.88%0.14 0 P=0.06

*: Compared at 12 weeks from baseline

Values are expressed as AverageXSEM

©. ¢Ft(Intraocular Pressure)

SEAlOID S E I el 45, 85, 12F F ko] SAA = 77 13.9
13.88+0.27, 13.98+0.270.8 FAE o] tEAoLT Zejaw AFatoll A Qetel sthitol
HAek ol83 FAXE Baseline? 14.84£0.279 25 F93HA @3t $S
N = 459 85l FostA ko] shiteo]l #HEE O 1250 = Baseline® 28 *}o]
7} A tH(Table 73, Fig. 99).

o
o
I~

Table 73. Change of Intraocular Pressure between OA(Oligomeric anthocyanin ) and Placebo.

Week
) Week 4 Week 8 Week 12  p-valuex*
O(Baseline)

Oligomeric 13.97£0.3 13.88%+0.2 13.98%+0.2

] 14.84%0.27 P<0.001
anthocyanin 0 7 7

13.84+0.2 13.85%x0.2 14.06%0.2

Placebo 14.77£0.35 9 . g P=0.54

“: Compared at 12 weeks from baseline

Values are expressed as AverageXSEM

=, oF ¥ 2 31 %] 4=(0OSDI:Ocular Surface Disaease Index)
S RHAEAS HATE 54T A9 JQEA O &Elaiwel fjoks HFHS o EFOA 4
T, 85, 12759 OSDI®] frofgh A7t yetwth &, FEA] SamE FHg T

X+ Baseline®} B3} o 1253 OSDIY] 7+4 ¢ Zo] v ZtHTable 74, Fig. 100).
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Fig.98. Change of Tear Break Up Time(TBUT) between OA and Placebo.
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Intraocular Pressure
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Fig.99. Change of Intraocular Pressure between OA(Oligomeric anthocyanin) and Placebo.
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Ocular Surface Disease Index (OSDI)
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Fig.100. Change of Ocular Surface Disaease Index between OA and Placebo.
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Table 74. Change of Ocular Surface Disaease Index between OA and Placebo

Week
) Week 4 Week 8 Week 12  p-valuex
O(Baseline)
Oligomeric 27.40+£2.0 18.56£1.8 17.22%+1.8
] 37.97+2.30 P<0.001
anthocyanin 4 4 3
28.43%+2.1 22.50£2.0 20.42%+1.8
Placebo 36.31+£2.53 P=0.17
8 9 2
“: Compared at 12 weeks from baseline
Values are expressed as AveragexSEM
v, FEA X Z(GOT/GPT)H 3}
- GOT9] #3}
1253 9] Aspartate aminotransferase (AST, GOT) ¢ ¥W3}i= StEA|o}d ] AFHT
7 QJ ekt A BT wiskrE gllth(Table 75, Fig. 101).

Table 75. Change of GOT between OA(Qligomeric anthocyanin) and Placebo

Week
] Week 12  p-value*
O(Baseline)

Oligomeric 22.77x1.4

] 22.33x0.78 P=0.74
anthocyanin 0

22.66x1.0

Placebo 22.94%+0.81 P=0.75

“: Compared at 12 weeks from baseline

Values are expressed as AverageXSEM

- GPT9 W3}

12F%-¢] Alanine Aminotransferase (ALT, GPT)¢] ®W3h= tEAohT &jam A3
fekare Al BF W37 gldth(Table 76, Fig. 102).

Table 76. Change of GPT between OA(Oligomeric anthocyanin) and Placebo

Week
) Week 12  p-valuex
O(Baseline)
Oligomer 23.60x2.5
] 21.79%£1.30 P=0.49
anthocyanin 7
22.35%x1.7
Placebo 21.83+1.12 9 P=0.74

: Compared at 12 weeks from baseline

Values are expressed as Average*SEM
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GOT Change
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Fig.101. Change of GOT between OA(QOligomeric anthocyanin) and Placebo.
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GPT Change
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Fig.102. Change of GPT between OA(Oligomeric anthocyanin) and Placebo.
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Abstrack Ve synthesized oligomeric anthooy anins from grape skin-derived monomeric anthocyanins
such as anthocyanidin and preanthecyanidin by a fermentation technique using Aspergillus niger,
crude enzymes and glucosidase. The biosyntheses of the cligomeric anthocyanine carried out by
the conventional methed using Aspergilins niger and crude eneymes were confirmed by ESEME.
The molecular weight of the synthesized anthocyanin oligomers was determined waing MALDEMS.
The vield of anthocyanin oligomers wsing crude enzymes was higher than that of the synthesis using
Aspergillus fermentation. Several studies have been demonstrated that eligemeric anthocyanine
hawe higher anticxidant activity than monomeric anthocyanins. Fermentation-based synithesis of
oligemertic anthecoyaning is an altermative way of producing useful anthocy anins that could support
the food industry.

Keywords: oligomeric anthocy anin; fermentation; crude encyme; Aspergillus niger; gluocosidase

1. Introduction

Anthocyanins are naturally occurring water-soluble plant pigments belonging to the group of
phytochemicals knewn as flavenoids [1]. Anthocyanins are present in many plants which display
colorful flowers, and different kinds of fruits and vegetables [2-2]. The quality and nutritional value of
fruits and their products is commenly associated with the color that is detived from anthocyanins [5,5].
Anthocyanins are very useful for the food industry, due to their good water solubility and safety.
They have been recognized inkernaticnally for their applications, incduding the replacement of synthe tic
colorants [7,5]. Anthocyanins have anticxidant activity which contributes to many biological activities
such as anticancet, cardiovascular protection, ocular protection and prokection against some other
chronic diseases [9-12]. Seweral studies have been demonstrated that the cligomeric derivatives
of anthocyanin have higher activity than the monomeric versions. For example, the anthocyanin
oligomers derived from bilberry fruit such as small anthocyanidin ghycoside polymers, particularly
in the form of dimers, trimers, tetramers and pentamers have higher antioxidant activity than
the monomers. These compounds ane highly hydre- and liposcluble in nature and are not known to
accumulate in the human body [13].

The biosynthesis of cligomeric anthocy anins is the best alternative to overcome the problem
of deficiency. At present, studies on the synthesis of anthocyanin oligomers are scarce, and only one
related paper is available [13]. Aspergillis species such as Aspergillus niger, A. sojae and A. oryzare have

Modecyles 207, 22, 4497, dat L 3390 molecales 2 NS0T wwmd.]:-h:mhfiml,fmnhmh;
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