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2. AA 51l bkER|opd ] sl J5A A 2 71 ARE-959 in vitro, in

vivo 716 ZA}

oROS £71% % superoxide 274 % =4

o A|ZAIE T ZH(MTT Assay, LDH) ¥ GSH, X @43 =4
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L AMZTF @ 25U o §3 FEAokd FH ATAEY AR B FEs

oA FuL GFEA ol Ao FEAHALEE MAFEAY AARFS FAStE AZE AE
¥ = TOD(F &3%, TOD : Total Optical Density)dtS A3t Z2AFSE A3 x4 15tw}
AEAoP Ao A FFE el 79 W FE49 TODE 635405022 F|F&& oF
90.7% % JEFRT.

o A 1 Fube] QFtEAJold M A= peonidin® 7| EFZE9 ferulic acid®} caffeic acid7} o} 3+
H TZEE zta o] w$ kA3 Fele) MAE peonidin-3-diglucoside-5-glucosided] +%
2 AAagate] FGE FEACLY F peonidinAl AMA7F 7HE @Wol =9 peonidin®
544 o ¢ & Fof AFor §E&37] g EolgtrE AT FEAMT A

9] 715 EL peonidin®. 2 AR 3G T}

o XX EH A AEE FHE sty AMILFE FAHAFEZES 4EE HAAGsHoH 7]
AR AS- AMaTuRREH 4 FEF519 5% peonidin-3-diglucoside-5-glucoside
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AR71s2F 714 95 A B3} 738 E EQE A8 HAFs=F AFsto 7]

oEA o Aie] B4 AMRFEERL ofyE qebd AFAC] FREH genm 54
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o2 HAY HEATHY in vitro A5 7154 Bt A wEt A ngnie] AxEA
(71548 EA oI MaE 800ug/mle] FEAA AE=ge] UEptA &%om ROS
2A%, Superoxide A%, #H4t3t&4, DPPH 59 d4ts &4 A golA = 50ug/mltH
T gEHOR KA v AFE JEURen oH3 AFERAE in vivo TEAEY
AHZo g 712 A8z &89,
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o XM agul wrAde f# ofd ZAbwE &FEE 7] YHlA 1AdEe Ay AdEF
722 3l HA Fr 4 Fxo @F AL AASNT AT FEUY AxET
HEte A uTul EGEDN FHFE 12008 T8t Ao FZ 20Brix 7HA B33 H
nE e FR 01%E A EFEe] 25C, 260rpm ez 1597 HEAY F AHEE AR
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o AN TTE} §3 oFA 2AFY 14 Falk AMLTFEE 15U7 2 3
o x4 298 A HEH] colony® FAT 679 #FE 24 BASHAT, 142 B
]_

9 99 colonyE YPM NA wjA oA 30C, 48A17F A3t & 2

oM T FE] ok EAMT S 23 EElE GYPHIA =, WUty 4L 6% A
Tub Fg ok AT T WT-01, WT-02, WT-03 352 clear zone® Z=7]7} 20 mm ©]
oz 53 24 XSS vEhAew, E3 WT-012 4.8 mm9 clear zones A3}

HA 71 3 248 JERIUTH

oPaper discol 23 AT TaTe A AT A4S 53 23 B8 E 3% AT

WT-01, WT-02, WT-03°l thate disc ¥l A" o2 /4y & 4% 2
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Wuk2 Acetobacter aceti(KCTC No.1010)E 8l¥ste] &3 £ Brix, pH, %4 Alcohole] ¥}
E A% A3 4A-WT-013 94-KCTC, NO.1010¢9) Brixe 5.7+0.2, pHT 3.84£0.062 =4+
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2. AAFu} SkEAlolIS] dAS J5A AZE 2 754 AE-989 in vitro, in

vivo 7|54 ZFA}

oin vitro AEW A3 2EH 20 Y3 BE FIE ZAH] Yt A EE
Tul StEAoPH Y] MESA AFS AI 800 ng/mld FEAAE AESAHo] YR &
ATt

o ZFA|Eo| A Ak3lA £AFS Ao J)= t-BHP o Wik AMaywl ¢tEA0lIS] ZHAE HSE &
3HE dolry] Y3 AEEA = A ¥ MTT assay & LDH leakageE =A3+ 23}

¢BHP o 9ai4 Z78 AZZAel Aqnirt tEAobde] A ZAstgT (BHP
of €81 Z7bel LDH leakage 7} AMFoh SLEAobde] S84 AL S4o] aal
ek,
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oA TwE FEAMIS A AP FF A AT s Hldste] AL e EAste=
ROSE| Fol #24 A %‘i%}%li(Fig. 5), B AMagut QtEAobde] 43t aRE
DPPH bleaching 435 &) &U A3 AMiyup kEAJopdo] 4bsl a7} gl A
o2 el

o kA A t-BHP €3t A3tz ez i AAMagel kEAlopde] AE B FAE
dotry] 98] GSH, AdH4sts 4% A7, t+BHPY Al 9sir g Axd GSH &
Fol AT uk kEAJobdel] ojsjA 3&Ho] Hflow, t-BHP oA Tt A ditst A

b AT GHEASI G SsM FATE sk

o Z}Al 31 tul QEE Aol ] 4HEA AEH XA Og ME &4 o REEgHE AF5]
%3] DNA &2 T8 A& v7§A ¢l caspase B S FAME A3} RA X &4 {235
T t-BHPO 9|84 caspase 84 FAo|l F7st9 o™, AAMigul FEAJol oA

caspase &4 FAo] #4 J=AE A I L

*d& B ¢ T #E FAaks aaAQ GST, NQO, HO-19 fdx 2 gz
S 4% Ay AAuAvp dEAobde] oA FAst 49 HO-1, GST, NQO1<]
FAA 2 oawd ddo] Frlste AL® Yehgern GST, NQO, HO-19 #4&
luciferase assayE &3 &< & ZA¥ Az Fwl AEAolde] o)A &FAitst g4
HO-1, GST, NQO1¢] promoter &Ao] Z71&< & Art.
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oin vivo AP EE A DMNo| 3 Atstd £A o] gt Ay nt QtEAlol U] 7HH S &
3g Qs Yt x 2L 7+xAdA ALT, LDH, A 2732188 243 A7, DMNo|
osiA F7Fst 3 ALT, AST 2 X A3FALE} gho] A a+twu etEAJobd o] oJsiA &

oin vivo A FENA DMNO| &g AbstA &4fe] tigh AMagnl QEEAlobIS] kRS &
H}2 gelstr] Yste] GSH % 2 GST £49 A4S =43 A3 DMNo| 9aix 74
g GSH 33 9 GST &4 &4o] AN aTul tEAoU] oA w& JEHo0Z 35
28 FAsA .

oin vivo BHEENA DMN| gk 4bstA E4 g A aa+nt FEA oI IHES
HE Flslr] Y5t kst a4 (HO-1, NQO1, GST)9 24, Nrf29] &4 =43
7, DMNe©l| o)A zFagh Nrf2 Aazddxte] fxEd 5 8 2o olgo] A4
up SFEAolG] oA BE JEHOZ Nrf2 S84 Hde Zrlatgdor, 8 Yz o
T3 FItEtE AR YEyon EI HdANZ C'JXPJ Nrf2¢9] 2d& P d4kg a49
HO-1, NQO1, GST alphad] 8 dd 2 chilgulgo] xpA g1 tnp ot E Aol o] &) A]
Z7hstk .
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oin vivo AP FENA DMNo| 93 Absta &g gk At QEAot I HH S
sg gols] st 9% B Axel COX-2, INOSS] Hdg =43 23, DMNel o3
A Z7h8 COX 2, iNOS®| §34 2 ©ld wdo] AALTr AEAlohde] oaa S
dEdon Fate BASAT

B A7) skl 2 &449] Ax ALT 3 AST &AA 245 54T 4%, ¢ BHP
o oA F7He ALT, AST &49 &A4o] AMuTrt kEA ol oJaix #AFS &



Asul FEAT AA g 9s|A GSH &30l ﬂiﬂaiguﬂ t-BHPT-& ©5 &3
T A F71e A AFAE I ATl QFEAobd APl s X AHAatst A=t 7

O MG EAA ML 27U PDGF-BBell &3k QtEAlobd ] P FAE 54
A ERE SAHZ A, tEAobd Aol oA I FAEL AE FA o] A
2 YEewew PDGF-BBO 93] F7Fd F AAAES alpha smooth muscle actin (
a-SMA)®] Zdo] QtEAold Fo Fx oFEAHORE a-SMAY 2o FAihdeE A&
western blottingS E3lo] #9133t}
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X
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anthocyanins isolated from
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potato on hepatic fibrosis | B9 | oxicoogy | 143 9
induced by
dimethylnitrosamine in rats
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Anthocyanins from purple -
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sweet potato attenuate o3
dimethylnitrosamine—induced N
liver injury in rats b B AR Food and =
n 7 7 .

o011, 01 | o MV RIS Y gag L | g, | cemea |9%°) 7| scr
inducing Nrf2-mediated 2| wua toxicology 9]
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reducing COX-2 and iNOS ;ﬁz o
expression 751 Oé :—_,i
Anthocyanins isolated from A5,
the purple-fleshedsweet o | L. | Environmental
otato attenuates the o ° | mrEg ; .
2011.01 P . . . AANE || . ; = TOXlC(:jlogs 31(1):2 = SCI
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. 3 - .
stellate cells by blocking 494, ArmAcoloRs
the PDGF receptor. el
Metformin inhibits
PMA-induced matrix
metalloproteinase—9 Al
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2010.07 activation through a 382 |3 %:;]m s ijouma %?8%3_)1 i SCI
calcium and % BE Pharmacology | 211 9
PKCa/ERK/AP-1-dependent
pathway.
Protective mechanisms of
h : f; 1 :53’ %—-‘Q,
2011.09 P & 263 & | HER, | OO0 900 SCI
tert-butyl 2| wam an 081-9. | 9]
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hydroperoxide-induced 2 &) 2
hepatotoxicity.
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SUMMARY

This study was conducted to investigate the effect of the antioxidative activity and

develop the processed food from anthocyanin of purple sweet potato(PSP).

The extraction yield of anthocyanin from purple-sweet potato was investigated by
measuring TOD(Total Optical Density) and showed approximately 90.7%, which comparing
6.3520.50 in TOD with 7 as maximal optical density of anthocyanin at A max from

purple—sweet potato.

Anthocyanins from purple-sweet potato are greatly stable pigments including a structure
of peonidin with acylated forms of ferulic acid and caffeic acid and, the pigments of
peonidin ,which occupy the highest ratio as peonidin—3-diglucoside-5-glucoside, are

water—soluble. So we determined peonidins as the functional substance.

To establish the database for the functional marker, we concentrated peonidin—
3-diglucoside-5-glucoside from ethanol extracts of purple-sweet potato and established the

manufacturing standards according to Law for Health Functional Foods.

Including purple-sweet potato, various plants contain anthocyanin pigments, which is the
main obstacle to generalize an analysis method for a specific kind. In this study, we
discussed different analysis methods, reported recently, and finally chose A.O.A.C analysis
and HPLC analysis as the most effective method.

The antioxidant activities of anthocyanin extract in vitro, conducted by co-researching
team for this study, exhibited non-cytotoxicity at 800ug/ml and antioxidant activities
experiments with ROS scavenging activity, superoxide scavenging activity, lipid
peroxidation and DPPH free radical scavenging activity showed significant results
dose-dependantly from 50ug/ml. This results were applied to database for the dose of

intake in vivo.

The nutritional properties of purple-sweet potato residues were investigated and exhibited
330kcal/100g, 81.7g/100g, 5.4g/100g, 4.4g/100g and 22.7g/100g in calorie, carbohydrate,

crude protein, sugar and dietary fiber, respectively.

The pH and acidity during the rice wine fermentation using PSP and the residue of PSP
extracts decreased significantly to 4.51 and 0.3% in early phase and showed 3.85 and 4.2%96
after 15 days, respectively. The sugar content was immediately 4.8 brix after inoculation.

As the fermentation progressed, the sugar content tended to increase and showed 6.2 brix
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after 15 days. The alcohol content during fermentation was 4.3% on the 1st day. After two
days, the alcohol increased sharply to 6.0%. There was not significant difference with
reaching to 6.5% after 15 days.

To isolate wild acetobacter from PSP, PSP vinegar starter fermented during 15 days was
inoculated to culture media. First, 6 strains forming colonies were obtained, which were

purified and inoculated to YPM broth for 48 hours at 30C.

As high-productive acetobacter, WT-01, WT-02, WT-03 were selected among the isolated
6 strains by measuring clear zones in paper disc. The strains showed great acetic acid
productivity forming over 2.0mm clear zone. In particular, WT-01 showed exclusive activity

with 4.8mm clear zone.

The diverse zones surrounding the discs were analyzed in strains(WT-01, WT-02,
WT-03) obtained by paper disc method. WT-01, WT-02 showed 1.8 mm and 1.0 mm in
growth zone, 34 mm and 24 mm in clean zone and, 0.1 mm and 0.2 mm in effect zone,
respectively. WT-03 showed great fermentablity with 1.2 mm in growth zone, 1.8 mm in

clear zone, 0.1 mm in effect zone.

To investigate fermentability by the substrate consumption and chemical change, the
changes in pH, total acidity, sugar content, alcohol content and CFU were observed by
standard analysis for 15 days after inoculating the strains to the PSP fermentation extracts.
Sugar content tended to increase continuously to 6 = 0.5%. Alcohol content increased to 2
~ 3% after inoculation, but was adversed in the late phase of fermentation. Also, pH
tended to decrease continuously during fermentation and there is no significant difference
among extracts fermented for 3 days. In total acidity, the content of acetic acid multiplied
approximately 4 times compared to the content before inoculation, which produced over
76% acidity. In particular, the PSP fermentation extract by WT-01 showed the highest
acidity producing 9.0% acidity. CFU for acetobacter increased sharply from 7th day and
detected over 1.0 x 10° CFU/m{ after 15 days.

The comparative experiment for fermentability between two different fermentation
substrates by WT-01 and KCTC 1010, showed 5.7 £ 0.2 and 3.84 + 0.06 in brix and pH,
which indicated no significant difference before and after inoculating the acetobacter.
Alcohol content increased to 2 ~ 3% after inoculating the acetobacter, but reduced in late

phase of fermentation.

Here, we developed the functional food materials with cytoprotective effect and antioxidant

activity against oxidative stress by using anthocyanin from PSP and identified its effect on
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animal model in vivo. Also, we developed the functional rice wine(Makgeolli) and vinegar
to establish scientific basis to promote antioxidative functional food using PSP anthocyanin

by identifying the mechanism of the natural physiological antioxidant.

In the present work, we investigated the protective effects of anthocyanin fraction (AF)
from purple sweet potato on tert-butyl hydroperoxide (~-BHP)-induced hepatotoxicity in
HepG2 cell line and in rat liver. The result showed that the oral pretreatment of AF before
t-BHP treatment significantly lowered the serum levels of the hepatic enzyme markers
(ALT and AST) and reduced oxidative stress of the liver by evaluation of malondialdehyde
and glutathione. Histopathological evaluation of the livers also revealed that AF reduced the
incidence of liver lesions. The in vitro resultshowed that AF significantly reduced
t-BHP-induced oxidative injury, as determined by cell cytotoxicity, intracellular glutathione
content, lipid peroxidation, reactive oxygen species (ROS) levels, and caspases activation.
Also, AF up-regulated antioxidant enzymes including heme oxygenase-1 (HO-1),
NAD(P)H:quinone reductase, and glutathione S—transferase. Moreover, AF inNrf2 nuclear
translocation and Akt and ERK1/2 activation, pathways that areinvolved in inducing Nrf2

nuclear translocation.

We examined whether an anthocyanin fraction (AF) from purple sweet potato may
prevent dimethylnitrosamine (DMN)-induced liver injury by inducing antioxidants via
nuclear erythroid 2-related factor 2 (Nrf2) pathways and by reducing inflammation.
Treatment with AF attenuated the DMN-induced increased serum alanine aminotransferase
and aspartate aminotransferase activities. It also prevented the formation of hepatic
malondialdehyde and the depletion of  glutathione and maintained normal
glutathione-S—transferase (GST) activity in the livers of DMN-intoxicated rats.
Furthermore, AF increased the expression of Nrf2, NADPH:quinine oxidoreductase-1, heme
oxygenase—-1, and GSTa, which were reduced by DMN, and decreased the expression of
cyclooxygenase-2 and inducible nitric oxide synthase. An increase in the nuclear
translocation of nuclear factor kappa B (NF-kB) was observed in the DMN-induced liver

injury group, but AF inhibited this translocation.

In current study, we investigated the protective effects of the anthocyanin fraction (AF)
obtained from the purple-fleshed sweet potato on hepatic fibrosis induced by
dimethylnitrosamine (DMN) administration in rats. Treatment with DMN for 4 weeks
produced marked liver fibrosis as assessed by increased serum alanine aminotransferase
and aspartate aminotransferase activity and hepatic collagen content. These increases were

inhibited by treatment with AF prior to the administration of DMN. In addition, AF
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inhibited DMN-induced reductions in rat body and liver weights in a dose-dependent
manner. Histopathological evaluation of the rat livers revealed that AF reduced the
incidence of hepatic fibrosis lesions and inhibited DMN-induced increases in a-smooth
muscle actin (a-SMA) and collagen type I and III expression levels. AF also decreased
DMN-induced expression levels platelet-derived growth factor receptors—beta, tumor

necrosis factor-alpha and transforming growth factor-beta.

We also investigated the anti-proliferative effects of an anthocyanin fraction (AF), isolated
from the purple-fleshed sweet potato, on  platelet-derived growth  factor
(PDGF)-BB-dependent signaling pathways in HSC-T6 cells. HSC proliferation plays a
pivotal role in liver fibrogenesis. The AF suppressed HSC activation, including
PDGF-induced proliferation and a-smooth muscle actin (aSMA) expression. Additionally,
AFinhibited PDGF-BB-induced Akt and ERKI1/2 phosphorylation. AF inhibited the
phosphorylation level of PDGF receptorb (PDGFR-b) following PDGF-BB stimulation,

providing a mechanism for the inhibition of AF-mediated kinase.

Here, we developed the functional dietary materials with cytoprotective effect and
antioxidant activity against oxidative stress by using anthocyanin from PSP and identified
its effect on animal model in vivo. Also, we developed the functional rice wine(Makgeolli)
and vinegar to establish scientific basis to promote antioxidative functional food using PSP

anthocyanin by identifying the mechanism of the natural physiological antioxidant.
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diaion HP-20 column chromatography 8ol €3] €& % UAEAIIE TF AdEAolT EFIZ
A7gdske] 242k 1009, 1,0008) 2143} spectrophotometers AH&38te FRE=E FATAG
(Fig. 1). 3 919 227 yelniel o] Z} 2314 AEANoY FFES =

AEdH® Zhz} 125, 250, 500, 1,000ppm .2 3|48t} zhzhe] FREE S IMuedF
wotke] FEAobd 3SR TH(Table 1).

[ o E¥=132 = FF=238% FR=E AR 3= gt |

Le | v =2019.2x + 6591
: Rz = 0.998 4

1 ot oot

0 50 100 150 200 250 300

5 = (ppm)

Fig. 1. Standard calibration—curve of anthocyanin piment

Table 1. Changes of anthocyanin pigment compositions according to different extracting

and concentrating conditions

Anthocyanin pigment

Condition Brix pH .
composition(mg/g)
Purple sweet potato extract 3.7 2.49 27
Purple sweet potato extract 1 20 3.83 76
Purple sweet potato extract 2 40 4.21 143
Purple sweet potato extract 3 60 4.84 221
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Fig. 2. Isolation method of anthocyanin pigment from purple sweet potato
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Fig. 3. Chemical structures of anthocyanins from purple sweet potato
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Anthocyanin extract solution 10ml

l
| Shaking |+ lead acetate solution 10ml + NH4OH 0.5ml
l
| Centrifuge(3000rpm, 5min) |
l
Deposit + 80% ethanol 25ml
l
Centrifuge(3000rpm, 5min)
l
| Deposit |+ n—BuOH 10ml, HCI 1ml
l
| Shaking |
l
upper layer solution(Seperate funnel)
| + ether 100ml
Seperation(upper, lower layer)
l
| lower layer solution 2ml |
! + D'W 0.2 ~ 0.5ml
| Separate funnel(lower layer solution) |

|

2.5ml(Crude anthocyanin)
l

Anthocyanin pigment

Fig. 6. Anthicyanin analysis by A.O.A.C method
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Table 2°] YeEld ZAd] @} StEA oY EXzAL AAs4 )

Table 2. HPLC conditions fo anthocyanin pigments analysis

Instrument Waters HPLC system

Detector Waters 486 Turnable Absorbance Detector

Wavelength 520nm

Anthocyanin analysis _ 5 % formic acid in DW
Mobile phase o i )
Acetonitrile : DW : Formic acid = 45 : 50 : 5

Column XTerra RP18 (5um, 4.6 mm X 250 mm)

Flow rate 0.8ml/min

Fig. 7. HPLC chromatogram of standard anthocyanins
1 : Delphinidin—-3-glucoside, 2 : Cyanidin—3—glucoside, 3 : Pelargonidin—3-glucoside,

4 : Peonidin-3-glucoside, 5 : Malvidin—-3-glucoside, 6 : Delphinidin, 7 : Cyanidin,
8 : Petunidin, 9 : Pelargonidin, 10 : Peonidin, 11 : Malvidin
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Table 3. Characteristics of dry purple sweet potato residue powder by various treatment

condition
Treatment Fermentable sugar(%) pH
room temp., 60 min.,
6.4 4.75
5 times water by material
100C, 60 min.,
9.5 5.46

5 times water by material
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Table 4. Mixture ratio of dry purple sweet potato powder and its dry residue powder

Mixture
A B C D E
dry purple sweet potato residue powder 90% 70% 50% 309 109
dry purple sweet potato powder 10% 30% 50% 70% 90%

Table 5. Characteristics of various mixtures according to ratio of dry purple sweet potato

residue powder

Mixture Fermentable sugar(%) pH
A 9.6(6.3) 5.43(4.56)
B 9.7(6.8) 5.45(4.64)
C 10.0(6.2) 5.44(4.93)
D 10.9(6.0) 547(4.54)
E 12.2(6.5) 5.51(4.40)

( ) means values of groups treated at room temp. for 60 minutes.
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Table 6. Mixing ratio of purple sweet potato dry powder with its residue dry powder

Type A B C
Dry purple sweet potato residue powder 70% 50% 30%
Dry purple sweet potato powder 30% 50% 70%
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Fig. 9. Manufacturing process of rice wine(Makgeolli) from purple sweet potato residue

Table 7. Properties of purple sweet potato Makgeolli

Purple sweet potato
powder(50%)

Purple sweet potato Makgeolli | Ethanol(%) Brix pH Total acidity
Dry purple sweet potato
residue powder(50%)
+ 8.7 0.81 3.69 0.81
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A : residue 70% + dry powder 309, B : residue 50% + dry powder 509,
C : residue 30% + dry powder 70%

Fig. 10. Changes in pH during rice wine(Makgeolli) fermentation
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A : residue 70% + dry powder 309, B : residue 50% + dry powder 509,
C : residue 30% + dry powder 70%

Fig. 11. Changes in total acidity during rice wine(Makgeolli) fermentation
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A : residue 70% + dry powder 309, B : residue 50% + dry powder 509,
C : residue 30% + dry powder 70%

Fig. 12. Changes in sugar content during rice wine(Makgeolli) fermentation
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A : residue 70% + dry powder 309, B : residue 50% + dry powder 509,
C : residue 30% + dry powder 70%

Fig. 13. Changes in alcohol content during rice wine(Makgeolli) fermentation
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A : residue 70% + dry powder 30%, B : residue 5096 + dry powder 50%,
C : residue 309 + dry powder 70%

Fig. 14. Changes in polyphenol content during rice wine(Makgeolli) fermentation
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Fig. 15. Changes in Anthocyanin content during rice wine(Makgeolli) fermentation
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Table 8. Sensory test of purple sweet potato Makgeolli
Samples
Sensory properties
A B C
Color 2.840.3 6.6+0.4 6.210.5
Flavor 2.7+0.5 6.4+0.6 5.3%0.3
Taste 3.7x£0.5 6.5+0.5 6.4+0.2
Overall acceptability 3.5+0.2 6.6+0.1 5.5+0.4

1~7 scale : 7, very acceptable ; 1, very unacceptable

A residue 70% + dry powder 30%, B : residue 50% + dry powder 50%, C : residue 30% + dry powder 70%
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Table 9. Properties of purple sweet potato vinegar starter

Properties Purple sweet potato vinegar starter
Brix 9.1
pH 4.02
Total acidity(%) 2.8
Alcohol(%) 75
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Fig. 16. Cultivation method of seed mash and vinegar starter using purple sweet potato
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Table 10. Medium composition for isolation of acetic acid bacteria

GYP medium
Glucose 15¢
Yeast extract 2g
Peptone 3g
Agar 15¢
Acetate 10 ml
Ethanol 30 ml
Distilled water 1L
(WT-01) (WT-02)

Fig. 17. Isolation of acetobacter from purple sweet potato(WT-01, 02)
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(WT-03) (WT-04)

Fig. 18. Isolation of acetobacter from purple sweet potato(WT-03, 04)

(WT-05) (WT-06)

Fig. 19. Isolation of acetobacter from purple sweet potato(WT-05, 06)
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GYPHj Aol =&, wjFsto] 42 Ayt Fo AT 659 24 AATE dolRE7] A
4l Agar holeH & AFE39 Y. Yeast extract 0.2%, Peptone 0.3%, CaCos 2%, Agar 1.5%,
Ethanol 2%¢] X%/ <& 7}A+& Ethanol medium®}#](Table 11)°] B H cork bore(¢ 3mm)
£ o]-§3td 9P holes ¥E F 1A H33 AT gdS dAF Fo vy 19 o
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7} 48mm, 2.4mm, 22mm= WT-01¢] 24 A o] 7} $-53H3

Table 11. Medium composition for isolation of acetic acid bacteria

Ethanol medium

Yeast extract 2g
Peptone 3g
Agar 15g
CaCOs 20 mé
Ethanol 20 mé
Distilled water 17

Table 12. Acetic acid productivities of acetobacter isolated from purple sweet potato

(unit : width mm)

Sample WT-01 WT-02 WT-03 WT-04 WT-05 WT-06

Clear zone 48 2.4 2.2 1.6 1.4 16
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(WT-01) (WT-=02)
Fig. 20. Producibility of acetic acid from acetobacter isolated(WT-01, 02)

(WT-03) (WT—-04)
Fig. 21. Producibility of acetic acid from acetobacter isolated(WT-03, 04)

(WT-05) (WT-=06)
Fig. 22. Producibility of acetic acid from acetobacter isolated(WT-05, 06)
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Fig. 23. Manufacturing method of purple sweet potato vinegar
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d8.0mme] W3 paper discoll F7FstaL 30TColA 48A17F viF 3+ F disc FH IAH
growth zone, clear zone % effect zone® #& AUt ZF zone2 F/44el Wy u}

=z
Fig. 243} o] AR Ax} AAMaTvt Ff 247t WT-029 WT-039] Growth zone< 7}

D

—

¢

Z} 1lmm, 1.2mm, Clear zone< 2.4mm, 1.8mm, Effect zone2 0.2mm, 0.lmmE A+ #bA
WT-019 Growth zoneg 1.8mm, Clear zone< 3.4mm, Effect zone< 0.1lmmE FAdsle] o]

Wt 22 g5 YeERATHTable 13), (Fig. 25).

s Clear zone
Paper disc

Growth zone

Fig. 24. Clear zone formation by paer disc test and partition of related zones

Table 13. Clear zone forming abilities of bacterial strains isolated

(unit : width mm)

Sample WT-01 WT-02 WT-03
Growth zone 1.8 1 1.2
Clear zone 3.4 2.4 1.8
Effect zone 0.1 0.2 0.1

* Paper discs inoculated with purple sweet potato vinegar were incubated for 48 hour at 307C.
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Fig. 25. Clear zone formed by acetobacter isolated
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(Fig. 29). Lee 5™°] 4% 2ae] Moy AAAEr 79A7A A&H oz FrHd
w2t pHE AAF #4:3ke] pH 33~34F Uehigivha Budt A3 fApeE 2 ol

ZATe) Aose 2E 744 W FEdte] 159 olF 7 &

S0l Y Aw4rt FAA

FdoA 1.0x10° CFU/m °] Z=AFYh(Fig. 30). o]= Lee S™M9 409 o]F ZAbio]
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Felg 2479 FHEE0 959 Ao waan,

7.5
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Fermentation time(Days)

Fig. 26. Changes in sugar content during acetate fermentation of purple sweet potato
extract.
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Fig. 27. Changes in ethanol contents during acetate fermentation of purple sweet potato

extract.
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Fig. 28. Changes in pH during acetate fermentation of purple sweet potato extract.
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Fig. 29. Changes in acidity during acetate fermentation of purple sweet potato extract.
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Fig. 30. Changes in growth during acetate fermentation of purple sweet potato extract.
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(1) pH, 3%, &4, &3, ZA4kte] M3

471 Fig. 84 Azx3k A+
A 7 A%e 24
t WT-013 " AEALAE A EdE2 Acetobacter aceti(KCTC No.1010) £ Table 159
vl R Ao A w ket HE3 3 Brix, pH, &4}, Alcohold] W3S =A Q).
YA-WT-013 ¥4H-KCTC, NO.1010¢] brix= 5.7 + 0.2, pHE 384 + 0062 ZAHT A
Az & Wt A9 R (Fig. 31, 32), alcohol> ZAMt HF F alcohol gH&o] 2~3 % A
S StATE HE 9k oA A4S o (Fig. 33), T4 AT HE F 4] T ek
tH(Fig. 34). o139 AdzFe AAagwut Ff ofd ZAF WT-012
(KCTC No.1010)¢} v]amste] FAME Hg 5A4E 7HA 3 e, ¢a7|7t 52 05~1.0 % d
B x2S AAtete] AMagel AxE dadoRA AR A4S Ad Fem fAgHE)
Yol AEAAH A 4.0 % ©)de 4 € HxE AT, AA A
SEE U Az A 4 ~ 6 %Y W &= v, FE g ol &3 AEFAx Aol
7bs 3 Ao® dUHEAT I FAE HIEHA ofUd HAYRE o] &F Hxe
5 %E {7l od¥ AR dEA Jou AMaFut I oA o
Aaul AxE 40 ~ 9.0%9 =& Atk &

ofi

Acetobacter aceti

=z
9 g AAA 4T 2EFOR And
ootk A RS AedE ATl Axze) #5H B4 §704 24 4 AZAY §
o] F4 B ofgy HEIVITHE TFAT| = Wete] AtHojor & HAoFE EAHTY

Table 14. Optimal fermented condition of purple fermented sweet potato extract

T Fermented purple sweet Sterilized Properties
ype . .
potato extract (%) water(%) Brix  pH Acid Alcohol
HHN-WT-01 100% -
5.93 391 54 6.4
HHN-KCTC, NO.1010 100% —
3 -WT-01 70% 30%
4.23 3.86 4.6 4.5
3]41—KCTC, NO.1010 70% 30%
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Table 15. Medium composition for cultivation of Acetobacter aceti

YPM MEDIUM
Yeast extract 5g
Peptone 3g
Agar 15¢
Mannitol 25¢g
Distilled water 1L
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i Z 4 B 8

Fermentation time(Days)

Fig. 31. Changes in sugar contents during acetate fermentation by WT-01 and KCTC 1010.

BEEWT-01 "9LKCTC-1010 "E 4L WT-01 "= 4L KCTC-1010

48

46 1
14 r
42

i Z 4 B 8
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Fig. 32. Changes in pH during acetate fermentation by WT-01 and KCTC 1010.
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i Z 4 B 8
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Fig. 33. Changes in ethanol content during acetate fermentation by WT-01 and KCTC 1010.
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Acidity(%)

0 Z 4 6 8

Fermentation time(Days)

Fig. 34. Changes in acidity during acetate fermentation by WT-01 and KCTC 1010.
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(2) T57A}

A5H e AATTAr A2 7|EAS g & Aztoz o] 204, 300, 40the] Al P
308 & des thE Table 163 Zo] #5H7IEE ZA4std g Yl
TFE ST AALTEAE BF A7 FoAQ AolE Holx @gtey WT-01 #57F

A_lll
KCTC10100] #]3) &vlo} gtoln =% 7o)

3L
£
=
=X
)

—_
J

Table 16. Sensory test questionnaire for preference

T B 37HAF
1. Ao 7|5 % oflEth(5), FUH4), BEF(3), M&(2), oFH&(1)
2. 9ol 715w ol FFETH5), FTH4), BE(3), WE(2), oFFHF(1)
3. Fme] V|sk o} FETH5), £HH(4), BE(3), "&(2), o}Fm]&(1)
4. THH7t ol FETH5), FTH4), BE(3), "E(2), o}FHF(1)

Table 17. Results of sensory test of vinegars according to different strains

LA-WT-01 YA -KCTC1010 A A-WT-01 | 3AH#-KCTC1010
A & AN B F AN B F AN % F A

14 11 11 36 | 12 9 11 32| 9 7 9 25| 5 4 4 13

£+ 13 13 8 34| 12 8 9 29| 8 8 11 27 | 6 7 4 17

HE 3 5 8§ 16 | 10 7 4 22113 8 15 36|14 8 6 28

nE o0 1 3 4| 4 2 2 81|13 5 4 12| 4 8 4 16

= 0 0 0 0 0 0 0 0 0 2 1 3 0 5 5 10
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Table 18. Properties of purples sweet potato vinegar product
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stont FoH Aole gle Aoz UethFig. 35).

1.3
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1.1 |
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0.7 T
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g5 2 4 6 8
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Fig. 35. Changes in anthocyanin content during acetate fermentation by WT-01 and KCTC 1010.
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() AMnTe} BAY A ze] ANEARN A1ETE Y 2 FARY mE

G719 dPdEAHRE ERE FEFI7E 7 A age il 3 Az ATEAAA V)€
TAe AT 23 Table 20, 219 2o Hdee] 3 Adss AF A F24
o2 ol EHa 3t

Table 20. Quality control standard of purple sweet potato Makgeolli

TR AESA NE 2 4

% 2 Ay AA o) oA A7) %

Brix 5 A7) %

pH 2.3 2747 &

FEA o A 2 (mg/100me) 1.0 o] 7} 71 %

U+ (w/v%) 6.5 A7} 7) &

ER= A 4 - U A%
REF(g/4) - 0.10] 8H(3}2}5-A] gF g4

Table 21. Quality control standard of purple sweet potato vinegar

o AE 5 A% 2 i3

o% 9 A AEREIRCE AMEES

Brix 8 A7)V 7) &

pH 2.373 274715

FEA] o A 2= (mg/100me) 1.0 °]% Z 7V 7=
Z2Hw/v%) 6.0 ol % 4.0729.0 %k

B2 A A - vAE

HEZ(g/P) - 0.10] 3H(F}2h5 A QF A
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A2 A AMuTE hEAokde] Fiat F5H FF L %A

)
AE-QD59 in vitro, in vivo 7154 FA

1. A nFup etEAJolU MAo] &3l 7154 HAZ(n vitro 32H3}

71574 B7Y)

O & die AMqugnt HANL AdEA LI As}d 2EH 2 93 AX &4 B 9
gakst AR AE AAE TEEtI IO WAYUYSE THEY ol AAE s VE
MR 71544 AE e & A 2AE whE3AA}; SRS

O A3l A~E# 20 93 reactive oxygen species (ROS)9 AA-L 7HAH-34 AAG I}

23k o2 7}x] Aghe fdele] @ 4 9low E3J| free radical (NO, OH, O%)
L BAA ATt @AAALR W] g2 BAEF S BAEH =3 945 i B
AAstel BRo] e AR THA UL
O EX3 Aito] TR AEute AAHE free radicald] 9s)A X AHArsLe] FH o] H o
AE271BEC A3AQ T2 4 /1%5E @ =Y, F2HA 24 BB Qstol=e 2e
A AAAst Baj4tEo] AAEoA HE] HojR R o] Fdte] AEXELS doyA E.
O in vitro NEY Astd ~Eg A0 ggt B35 FTFHE ZAELY] Yote] A EE o] &3te] A
:H—u} StEAJobd ] AEE AP AT 800 ng/mle] FEAAE AEEg0] Yehbx ¢
% S|

< (Fig. 36 and 37). w&tA A¥E FAo] YEUA &+= FE (800 ng/ml ol3h)ol A in vitro
AEZY Astd 2B gig X BE §3HE F -
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Fig. 36. Effects of anthocyanins on MTT assay in human hepatocytes. The HepGZ cells

were treated with different concentrations of anthocyanins for 24h. Cellular cytotoxicity was

measured by a MTT-based colorimetric assay Kit.

1.2 1

1.0+
0.8
0.6

0.4

LDH leakage

0.2

0.0

NA 10 50 200 400 800
Anthocyanins (ug/ml)

Fig. 37. Effects of anthocyanins on leakage of lactate dehydrogenase (LDH) in hepatocytos.

The cells were treated with different concentrations of anthocyanins for 24h. LDH activity

was measured by a LDH kit.

A 2ol A
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O XA} E doye tHEZHQA =22 tert-butyl hydroperoxide (t-BHP)
cytochrome P-450 &40 93] AX FAHEES A3AZ + Y& akoxy- RO HY
peroxynents (ROO)Z ®3]HH, 0|83t AEE0°] DNAY &4 7tX9 A3 AXE Fole=
AF}E st E£3F - BHPE 7HA|Eo A ALT, AST, LDH leakage, MDA&A % GSH2]

A 29901 nI1HAL.
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O ZHAIEoA Atsl3 £44 do7l= t-BHP o tidh Maugnl otEAolde] ZIANE BE
EHE golr7] Y8 MEEAH &= A FEQ MTT assay ¢ LDH leakageE &A% 237 (Fig.
38 and 39) t-BHP o &34 S/t AlxEdo] AAanl QkEAobd] 984 A3t
(Fig. 38) &3 t-BHP ©l ¢sjA %719 LDH leakage 7} A unp etEAobdd] o)afa zH

A X =Xo] 439 S (Fig. 39).
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Fig. 38. Hepatoprotective effects of anthocyanins on the tert-butyl hydroperoxide
(t-BHP)-induced oxidative cytotoxicity. The cells were treated with anthocyanins (10, 50,
200 and 400 mg/ml) for 24 h, then incubated with tBHP (300 mM) for a further 24 h. Cell
viability was measured with an MTT assay. **P < 0.01, significantly different from the

control. *P < 0.005, significantly different from the t-BHP treated cells.
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Fig. 39. Hepatoprotective effects of anthocyanins on the tert-butyl hydroperoxide
(t-BHP)-induced oxidative cytotoxicity. The cells were treated with anthocyanins (10, 50,
200 and 400 pg/ml) for 24 h, then incubated with tBHP (300 uM) for a further 24 h. Cell
viability was measured with an LDH leakage assay. **P < (.01, significantly different
from the control. *P < 0.005, significantly different from the t-BHP treated cells.
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O B AFedAE AMatnl kEAode FistE S HF3tr] $15te t-BHPo] 93 ROS
A A%, Superoxide 2AT S FAISHE .
O t-BHPd| &) A3t4 g 27l 29 Axpu]g 7HAZE W ROSY 9] DCF-DA7F 4
st @S He g ol&sl 1 AlEJ A atal FEAJobde]l ROS scavenging activity &
Z48t . AT FEAES M AP g A A sk vzt FAFE Yo
EA8HE ROSY Fol FoA dAl A3 A L (Fig. 40), =3 A 7wl tEAold o] Ak
7% DPPH bleaching AHE T FA A3 A tEAobd o] Fakst &I}
Ao 2 vehtg (Fig. 41).
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{ng/ml)

t-BHP (300 uM)

Fig. 40. Effect of anthocyanins on the intracellular ROS formation induced by tBHP. Cells
were pretreated with anthocyanins(10-400 pg/ml) or vehicle for 24 h. After the medium
was removed, HepG2 cells were exposed to t-BHP (300 uM) for 6 h and fluorescence was
then measured using fluorescence spectrophotometer. **Significantly different from control

(P<0.01). *Significantly different from the tBHP treated cells (P<0.01).
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Fig. 41. Free radical-quenching activity of anthocyanins on the DPPH. Anthocyanins were
mixed with DPPH (10 mM, 30ml) in methanol (3 ml). The reaction mixtures were then
colored by the addition of toluene, and read at 517 nm against a blank without

anthocyanins. *significantly different from the control (P<0.01).
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O Glutathione(GSH) ¥ §-& mercapturic acid® WAIE 7] Aol WM3IE X X AE
of widEW, WFEH W AWE FFES YAE o} FEF o E whgAdo] e 4

AMAEA glutathioned o] EFurgo] dojum, wabx w4 2 Ax7F AAFH 744
F=371 Ao

O GSHe= | &A4dEF (ROS) Y& of7|H &= Akstz ~E# 2o tighste A xyko
of #3ln, Em&§E 3 heavy subunit(y-GCSH)9+ 28 =28& 3& light chaine @
Aol 91+ y-glutamylctstein synthetase (¥y-GCS)ell <3l ¥ =W o]= GSH levels HA
Al A&EA 7Y a3 98-8 3 AXEY GSH7}F 4tst 3gnkg-o] 4o Fa3t 488 &
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B ATAMNE AMDTEE FEAohIY W5HH 2Edsd] A% A S

@) 3 WS J
H#E d+37] #13) GSH 2 A A4S E Z2ALSE .

L

S

O ZHAEAAN BHPO| 9% A8t4 2Ed 2] o AYnTrh GEARIY AL BEF
g dolny] 98] GSH, Ad%atats 2% 2k, -BHPS Aol olshd o Az GSH

ol AMmTrL hEAlobdo] |34 B%ol Hglor], ¢ BHPA Sl F7he Adus 4
b AADToE FENoIS] A AT HARHE (Fig. 42, 43)
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Fig. 42. Effect of the anthocyanins on the glutathione (GSH) content in hepatocytes. The
cells were treated with anthocyanins (10, 50, 200 and 400 ug/ml) for 24 h, then incubated
with tBHP (300 uM) for a further 24 h. GSH content was determined
spectrophotometrically. **Significantly different from control (P<0.01). =Significantly
different from the t-BHP treated cells (P<0.01).
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Fig. 43. Effects of anthocyanins on t—-BHP-induced lipid peroxidation. The lipid peroxidation
damage of hepatocytes was determined by the rate of production of MDA in the presence
of thiobarbituric acid. The cell were pretreated with anthocyanins (10, 50, 200 or 400 n
g/ml) and then treated with 300 uM t-BHP for 6 hours. Each value represents the mean *
S.D. of three independent experiments, performed in triplicate. ** P<0.01 Significantly
different from control. *P < 0.005, significantly different from the t—-BHP.

O Caspaset A ¥AIE 712t (apoptosis)ol Al ARG TS 3= @A Z A, caspase B4 7+
AzHE AANA wA FS52Y JEAEA ALt I HFE VHES AR
caspases?] 7]& 2 A nuclease™ nucleasome A}¢]2] DNAE 22} ¢F 180 Hlo]2 72| o
DNA =25 A4stH, o] DNA A# e &A= apoptosisell 2|3 AXFF29 FA=A FH
A AFgH X2 &, DNA ladder nuclease, X &< CADE &dA e o @
ICADz} ¥ 9 AsfEda 2o 243 d JH=E, ’§°P°‘~ Al 3£ o
) apoptosis 9| 93] Caspase’} ICADE derste] E&A3 A7l
i o] & QI3 DNA Huto] o]Fo] A (Fig. 44).
O B A7oAe A w SFEAJopI S Abstd ZEF o] &3 A
H& A8kl A3l DNA &40 F8 A% W/HAIY caspase E4& FASH S, 432,
DA ES] A4S frdets tBHPOl 934 caspase 4 FA o] F7kstAon, A agnp otE
°

Alobdell 234 caspase B4 Aol A4 d=Ae FAUsAUS (Fig. 45).
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Fig. 44. A simplified schematic diagram of the apoptotic death pathways. Current Opinion
in Chemical Biology 1999, 3:474-480.
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Fig. 45. Effects of anthocyanins on ¢(-BHP-induced caspase-3 and -9 activities. The
catalytic activity of caspase-3 and -9 in cell lysates was assayed using the specific
substrate DEVD-pNA or LEHD-pNA. #Significantly different from t¢-BHP-treated cells
(P<0.01). **significantly different from the control (P<0.01).
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AEAE LAY RF 3 #FAqs= QAR Bax, caspase-2 % Bcel-29] ©@iz
A% A3 AAuGul FEE QdiA AE AFE F2AR< Bax ¥ caspase-39]

A2, t-BHP &siA 713 @iid 2 94 &do] (ATt FE5E YA 7F4aE3
™, Bcl-2 73§, t-BHPe] ¢ 3] AaTrt FEE A St
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Fig. 46. Effects of anthocyanins on Bcl-2 family and caspase-3 activity in HepG2 cells.
The cells were treated with anthocyanins (10, 50, and 200 ng/ml) for 24 h, then incubated
with tBHP (300 uM) for a further 24 h. Western blotting analyses of Bax, Bcl-2, and

cleaved-caspase-3 family proteins in HepG2 cells.

Fig. 47. Anthocyanins reduces t-BHP-induced apoptosis. HepG2 cells were pretreated with
the indicated amounts of anthocyanins for 24 h before challenge with 300 uM t-BHP for 24

h. TUNEL assays were performed according to the manufacturer’’s instructions.
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O ¥ ATE AMDTT AAME FEAchIY WA fEGz JF AE &4 BE 2
Fas A%7154 AF £AF IR 2 AUES THete] 0% 2AE s J)E
AR 54 4F Adel w3 A 2AZ wpARLA T,

T FAY] Y& 1 AdEA BE Mt H

o & O
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o

O 1A A}E ofste] B, THAIZEAA 4tstd &48 427+ t-BHP o oish A+
g A3 t-BHP o oA S7td AlEE5/do] XA
™ t-BHP o] ¢ dlA Z7}8 LDH leakage 7} A+
s O}E/\]C’}”Oﬂ oA ZHAE FAo] A . EF t-BHPO 93l F7Hs ROS9 %o
ol UA FasRon, B AAMaau QEEAlopd e F4kst 35 DPPH bleaching 2
A& T3 AAawl bEAJoldo] A4kst &35 Qs+
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H
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]:01|
—’Y‘—ll
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ol

APAE Aol A t-BHPO] Azlol oshr gt ME W GSH &&e] Aot

O K3k

—

2 WjEH A =Y Phase II £4¢ &Aooy FHS 77 EE2 AgHA
A5E B3 B oA FAse FEAE SHFLE F53 AA F o mEA fE
g & U=E & (Fig. 48).

O o]&4 9] UK = N-acetyleystein(mercapturic acid 23A) 7] 23 FHZ v = o]y
3 XA = dubyg o F o] E A glutathioneo] ¥xt¥ o2 E3H 1 glutamyl® glycinyl”] 7}
thAlE o] "ol ¥ cyctein  F7F aetylStE 2R FAHHY, ZIEZHNNEE
glutathione-S-transferase (GST)el 23] Znf stA 2

O Glutathione (GSH) X% mercapturic acid2 WAL= 7] e ¥EHA 22 FH=z dF
Lo v, WIS 2 ALH S}ES ALE Wo} FetH o g whgAdo] e %
A EH glutathione? o] EFREgo] dojyar, wabA wEA 3 A7 AAH ZHHQ
F=235171 Ao

O GSH+x ROS| 93l of7|H &= Abstd 2E# 2o tfalsto] AEwo]o] #ofsim, Zufzlg-
< 3tE heavy subunit(y-GCSH)®} %A Z&E 3t light chain®® FA4HY Y= ¥
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—glutamylctstein synthetase (y-GCS)oll 93] FAFHY o]= GSH level2 HAsA A &A]7)

o 2@ 9L sk AT GSHAF A BAwge x40 F88 938 I

Fig. 48. Mechanism of the activation of the detoxification pathway by chemopreventive

blocking agents.
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Fig. 49. Functional consequences of HO activity related to the three principle reaction

products, bilirubin, iron, and carbon monoxide (CO).
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O NAD(P)H:quinone oxidoreductase 1 (NQO1) = Phase 18] tiA} &gl oA A H=
24 quinone AU A ANALE AAS A F5I A7IE §42 4EHA U5 AsH 2EH A
1} chemopreventive inducer o & 3jA @do] F7tsh MW AbstE &Adel w3k Al X
ol 7lss A5t U (Fig. 50).

Fig. 50. Consequences of quinone metabolism.

O o7 R HFe 93] uLFEE TAstE Fralld BAEFT (ROS)S AXEEALS] Alo]
Ho, ARANEEAET] P ©oH

hydrogen peroxide (H02) 59 £22 DNAY &A4E sty de AZAES 23 2
U AExe old Astd 2Egd did wolr|zs A3 ol ZAE YA
ArRE GST, HO-1 3 NQO1 5 °| I+ wetA, old i3t 249 Hde /M7= =
AL AZES 3345 Ued F A5

O £ dTdAe AAau tEAolde] Fist 44 &4 E 2dd g 4FE 24}
& =}k,

O £ AgorE 7t = F 27?1 GST, NQO, HO-19]
A (Fig. 51) 2 @¥9d 23 (Fig. 52)& S48 0. 438 A3 A+ tEA o ¢
A #F4kst £4:¢1 HO-1, GST, NQO19 32 2 v d wdo] Frtstgl+ (Fig. 51 and
52). =3 GST, NQO, HO-1 ¢ #&4<$ luciferase assays =3 &<l & A3 Aau) ¢
EAobde osjA d4kst @49 HO-1, GST, NQO19 promoter #4o] S718e #2159
< (Fig. 53).
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Fig. 51. Effect of anthocyanins on antioxidant enzyme gene expression. The cells were
treated with anthocyanins(10-400 mg/ml). After 24 h of treatment total RNA was extracted
at the times indicated. Antioxidant enzyme gene was analyzed by semi-quantitative
RT-PCR.

Fig. 52. Effect of anthocyanins on antioxidant enzyme protein expression. The cells were treated
with anthocyanins(10-400 mg/ml). After 24 h of treatment total cell lysates was extracted at the
times indicated. Antioxidant enzyme was analyzed by Western blotting.
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Fig. 53. Effect of anthocyanins on the transcriptional activity of HO-1, GST and NQOIL.
Cells were transfected with the HO-1-ARE, GST-ARE and NQO1-ARE reporter plasmid
and treated with anthocyanins (10-400 mg/ml). After 18 hr, the cells were harvested and

luciferase activities were measured. *Significantly different from untreated cells (P<0.01).

0 W8 xEdA dA7S BA B4 T2 phase [ Bhd AAEAL R
A7} mitogen-activated protein® BHE A FEAZGI o] 1 Z2Ho] wFo] X1 9o}

Aee /e dHA AX 2L =

X

>

al
2l phase II &42% HO-19] A% AP-1 #&A 2471
AelH AE# A0 o8] XN MAPK ZAE2E T8 §8x7) 2dss ez &
< (Fig. 54).

Fig. 54. Signaling pathways leading to antioxidant enzyme activation (Physiol Rev 86: 583650,
2006).

- 104 -



O o]#H3 AP-1 #&H FH9F stress response elementstt AREs® HF 21 o522 Nrf2e] ¢
3l zdHol A Nrf2e HAA Keapldst Aol AT <ol ESAsAR, 2shd ~EH
2 59 B2YE JA=Fo o) o5 Aol FHHa, ¥ Nrf2e 3 Qte 2 o]F3o, Maftt
Juns 3 A% Mafs3 4d3F Nrf2+= Phase 1849 promoter Y919 AREs 9o 2%
st B4 FHA TEE SR

O & dAolMes AAMLTul tEAoMH o3t 3atst T4 BRol Nrf2 o 93ix =
A= A ZAbstzzr 3 &S ol2]d Nrf2d 84E A5 & F v FdsA 549
promoterE clonning SFAFE 3 HALZHIAE 2Hste= A9 Azdd AAE 2AE L
ALk,

O A3 A3 AAa+ut StEAo &siq F43st a4Ee] FdS ZHee AAEEQ
Q1 Nrf2¢] #Qto g 9] o]Fo] A sk 3 AZte] we} S7H3HE &8+ (Fig. 55). &
3t HO-1ARE, GST-ARE, NQOI1-ARE luciferase &4& A3 Z3 371+ ditstase
luciferase &AJo] StEAJolH A T EHORE FI519 S

Fig. 55. Effect of AFon the protein levels of nuclear Nrf2. HepG2 cells were treated with
AF for the indicated time and concentrations. Thenuclear extracts were prepared for

Western blotting.
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Fig. 56. Effect of AF on the transcriptional activity of HO-1, NQO1 and GST. HepG2Z cells
were transfected with the HO-1-ARE, NQO1-ARE, and GST-ARE reporter plasmid and
treated with AF (10, 50, or 200 pg/ml). After 18 hr of treatment, luciferase activities were
determined. Values represent means = SD of three independent experiments performed in

triplicate. *Significantly different from control(p < 0.05).

O %t 715 ##A 43l §44 Q) Phase IAl €4 NQOI, GST, HO-1 A9 &d & Nrf2
T AARRIALS] &Aool Y5t ZHEHWY, o] 59 &4 MAPKY €% ERK, P38, ]INK &
S AR AsAGE AEE AXe AR EHA US. dEAQA FAakst £4< HO-19 4
T AP-1 #¥ F97F A5A 2EH 2 o8 S HAK MAPK A2E &3 fdx7F 24
st Aoz 4A A5 (Fig. 57)

O B dAFdAE 2 7T & st 54 2dY FH4sALA A MAPK kinase 43
of e AATtut FEAotIY] FFE A AS. AF A AYaTnt FEAold ¢

34 3742 MAPK (ERK1/2, JNK1/2 p38) o] QAAr3l7} Z7}E QS (Fig. 53). SHEAlobd g
o gaiA F713 HO-1 23 2 Nrf2 &4o] AKT ¥ MAPKs¢ A 98] =dxE=A &
A35t7] $181M Akt 2 MAPKsS] AslAE A2 st #lstd . 2482+, AKT9 ERK1/2
gAdo] tEA oI oA F7Fg HO-1 E Nrf2 4% qATE glstds (Fig. 59-,
61). %’494 7534% dEAlbde] 97t HO-1 23 7 % Nrf2 &4 F7H= AKTS

ERK1/2 E3) o]2ojAE & & gl

=
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Fig. 57. Signaling pathways involved in the ARE-mediated gene transcription through
activation of Nrf2 (Lee and Surh Cancer Letters 224 (2005) 171-184).

Fig. 58. Effect of AF on the phosphorylation of Akt and MAPKs. HepG2 cells were
stimulated with various concentrations of AF for 30 min and then immunoblotted with

activation—specific antibodies that recognize p—Akt, p~ERK1/2, p—p38 MAPKand p-JNK1/2.
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Fig. 59. Effect of PI3K/Akt and MAPK inhibitors on AF-induced HO-1 expression. HepG2
cells were pre-incubated with 10 uM LY294002, 30 uM PD98059, 20 uM SB203580 or 20
UM SP600125 for 1 hr and then incubated with 200 ug/ml AF for 24hr. Whole cell lysates

were subjected to Western blotting analysis with anti-HO-1 and anti-b-actin antibodies.

Fig. 60. Effect of PI3K/Akt and MAPK inhibitors on AF-induced Nrf2 translocation. HepG2
cells were pre-incubated with 30 uM PD98059, 20 uM SB203580 or 20 uM SP600125 for 1
hr and then incubated with 200 ug/ml AF for 6 hr. Nuclear extracts were subjected to

Western blotting analysis with anti-Nrf2 and anti-lamin B antibodies.
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Fig. 61. Effect of PI3SK/Akt and MAPK inhibitors on AF-induced HO-1-ARE-luciferase
activity. HepG2 cells were transfected with the HO-1-ARE-luciferase plasmid construct.
After overnight incubation, cells were treated with 200 ug/ml AF for 18 hr in the presence
or absence of 10 yuM LY294002, 30 uM PD98059, 20 uM SB203580 or 20 uM SP600125 cell
lysates were then mixed with luciferase substrate. The luciferase activity was measured by
luminometer. Values represent means *SD of three independent experiments performed in

triplicate. *Significantly different from AF-treated cells (p < 0.05).

o 9tEAJol HE o] o)A FUISE MERS G377 HO-1 2@ F712 Qs AAAE &
JA3H7] A3 HO-1 A#AR ZnPPE A elste] &R1g 23, ZnPPoll ofsiA AFEAISHY] A
¥ B3aH7t 7AEIE (Fig. 62). T3, dEA U] 93 AEXBE F37 AKT ¥
ERK1/2 &Ao] #d 3=x sy 9siA, AKTS ERK1/2 AsiAIl LY294002 (LY)<}
PDI8059(PD)E A&l gt A3, AKTS ERK1/2 As|A] el sir] dEAILY AERSET
7 FaEE AL #AASAS (Fig. 62). $19 A2HE= AEALY] AEZRTFH HO-19 &

3 B AKT, ERK1/2 @4¢] 45402 #oam Jee & 5 A8

>
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Fig. 62. PI3K/Akt and ERK inhibitors attenuate the anti-apoptotic effect of AF. (A) HO-1
enzyme inhibitor ZnPP reversed the protective effect of AF against (~BHP-induced cell
death. HepG2 cells were treated with AF (200 ug/ml) for 24 hr and then incubated with
ZnPP (1 uM) for 1 hr {-BHP (300 uM) was then added to the cells for a further 24 hr.
Cell viability was detected by the MTT assay. #*Significantly different from AF plus
t-BHP-treated cells (p < 0.05). (B) HepG2 cells were pretreated for 1 hr with 10 uM
LY294002 and 30 uM PD98059 prior to addition of AF. Following 24-hr incubation with
AF, cells were treated with t—BHP for 24 hr. Cell viability was assessed by the MTT
assay after t~BHP treatment. *Significantly different from AF plus t~BHP-treated cells(p <
0.05). (C) The catalytic activity of caspase-3 in cell lysates was assayed using the specific
substrate DEVD-pNA. Values represent means = SD of three independent experiments
performed in triplicate. *Significantly different from AF plus ¢ BHP-treated cells (p <
0.05).
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2. in vivo A3 E & A tert-butyl hydroperoxide (t-BHP)ol| ¢]3l 4F3}
A Z7F &4 gk Rl StEAlolHe] TF BE g3 FA}

O AEd 2E# 20 93 reactive oxygen species (ROS)e AL 7HA#3 43449, i
A% Fnxy 59 o7 717 Ao Yol & & glow E3 free radical (NO, OH, 0%)
2 A AT EAARE e T2 BXEF whEetHA A w3 dF, 29, T
WA3te} #eo] e AoE 4HA YL

OEBX3 Atate] 83 MExZe MAE free radicald]l o8] A @Iikste] FZF o] o
AE271BE] 4L 72 8 715S @A dJn, T4 &42 28 dulgel=s 22

oA FH= olFdte] AEELS oA =,

lin)

o
3} FaAtEo] AHFEAAA HE &
ooleld AT Ao
ol A cytochrome P-450

peroxynents (ROO )E &3
ZA%e 29%. T3 t-BHPE

X,
i)
o
[

rr
L
ﬁ

= HEHe =22 tert-butyl hydroperox1de (t-BHP)

o o8 AE FAHEES AAZE F JE akoxy- (RO Y
™, o]H ¥ 4AEE°] DNAY &4 7HA A AZE Fole
ZEAEZA A ALT, AST, LDH leakage, MDAE Y % GSH< Z

O ¢tEAlobd 754 EZ4 in vivo FAs S FA67] AsA HEF 7 ERZA

=
t-BHPo| ™3k ¢tEAolde kRS &4 &35 in vivo TSR &39S, in vivoolA
Py

Abshs tEAlObD Aol oM aston, Hadt
GSH &2 gEAobd Aol oA 3 5HA5 (Table 22). T3, k27 &4 J=s F
187l AsiM H&E @& F3 <13 234, t-BHP Aol dsjx S 9%

2 AEAAE FEAbY Fojol] 3| 743 (Table 23 and Fig. 63).
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Table 22. Effects of AF on t-BHP-induced hepatotoxicity in rats

Treatment Semm. ALT Serum AST TBARS content (nn(flilmg
(U/liter) (U/liter) (nmol/g liver) .
protein)
Control 22 + 3.2° 45 + 27° 6 = 0.3° 85 + 6.55°
AF 200 17 + 45° 45 + 45° 54 + 0.3 126 + 15.3%°
t-BHP 42 + 35 106 = 25 115 = 0.4* 47 + 14.3*
AF 10 + ¢-BHP 33 £ 47 8 + 7.8 86 = 05 61 = 10.3*°
AF 50 + ¢-BHP 28 + 2.8*°° 75 = 5.1%P¢ 78 £ 1.1%P¢ 67 + 65*°
AF 200 + t-BHP 23 + 39*"¢ 73 + 58"¢ 6.8 + 0.3*P° 85 + 9.2*Pc

Rats were pretreated with AF (10, 50 or 200 mg/kg, ig.) once daily for 3 consecutive
days. Control rats were given saline. Three hr after the final treatment, the rats were
treated with (-BHP (0.2 mmol/kg, ip.). Hepatotoxicity was determined 24 hr later by
quantifying the serum activities of alanine aminotransferase (ALT) and aspartate
aminotransferase(AST) as well as hepatic lipid peroxidation. Values are expressed as
mean+ SD for five rats. Means within the same column bearing different superscript letters
are significantly different (p < 0.05) as determined by analysis of variance by
Tukey-Kramer test. * Significantly different from control (p < 0.05). bSignificantly different
from AF (p < 0.05). ¢ Significantly different from -BHP (p < 0.05).

Table 23. Histological injury score of liver under AF in rats treated with (~BHP

linjury Score”

Leukocyte . Ballooning

. . Cell necrosis .

infiltration degeneration
Control 00 00 00
AF 200° 0+ 0 0+ 0 0+0
t-BHP 32 + 04° 3.8 + 0.3 3.7+ 04"
t-BHP + AF 200 1.1 + 0.3* 1.1 + 0.2« 12 + 0.2+

¢ Livers were scored for hepatic injury via light microscopy: 0 = no visible cell damage; 1
= focal hepatocyte damage on < 25% of tissue; 2 = focal hepatocyte damage on < 25-5096
of the tissue; 3 = extensive, but focal, hepatocyte lesion; 4 = global hepatocyte necrosis.

Data represent mean = SD from five rats. ° AF was dissolved in 0.85 % NaCl solution.

* Significantly different from control (p < 0.05). * Significantly different from t-BHP (p < 0.05).
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Fig. 63. Effect of AF on ¢BHP-induced liver damage in rats. The rats were pretreated
with AF (10, 50 or 200 mg/kg, i.g.) once daily for 3 consecutive days. Control rats were
given saline. Three hr after the final treatment, the rats were treated with +BHP (0.2
mmol/kg, i.p.). Ratswere sacrificed 24 hr after +~BHP administration. (A) Vehicle control
group; (B) animals treated with 200 mg/kg AF (C) animals treated with BHP (0.2
mmol/kg) showed severe coagulative necrosis (circle head), ballooning changes (diamond
head) and leukocyte infiltration (arrowhead); (D) animals treated with 200 mg/kg AF and
then with ~-BHP showed normal morphology: hematoxylin/eosin staining; magnification X

400. Scale bar represents 500 mm.

Ao A QEEAIQE Fofo &3 3b 75 #d st ZAA9 GST, NQO, HO-19] &

N dEe AT A, AAIeE FEAobd ] o8 F4akst @49l HO-1, GST, NQO1
of @uld 2ol ckEAoId AY Tk gEH o FrteAE (Fig. 64).
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Fig. 64. Effect of AF on antioxidant enzymes expression in liver tissue. Liver tissue were
treated to various concentrations of AF for three days and liver lysate were extracted.

HO-1, GSTA, and NQO1 protein expression were analyzed by Western blotting,

respectively.

O ZtxZ oA QQEAIQL Fojo 93t 7+ 7|5 #HH F4kst §474¢91 GST, NQO, HO-19 &
2 EAEE 4 A, AAaGut GEA oA oA d4ks §4¢ HO-1, GST, NQO1
gl Aol §4 Ao StEA e A T oFEHo =z FUEA S (Fig. 66-67). E3F tBHP

2 : =
Folo] SJ81M AT GSH o] A=A Folof a4 F7159S (Fig. 69).
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Fig. 65. Effects of AF on the hepatic HO-1 activity in mice. The mice were pretreated
with AF (10, 50 or 200 mg/kg, i.g.) once daily for 3 consecutive days. The control mice
were given saline. The hepatic HO-1 activity was measured. Results are expressed as the
mean £ S.E.M. of three independent experiments. *p < 0.00I, compared to the control

group.
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Fig. 66. Effects of AF on the hepatic NQO1 activity in mice. The mice were pretreated

with AF (10, 50 or 200 mg/kg, i.g.) once daily for 3 consecutive days. The control mice

were given saline. The hepatic NQO activity was measured. Results are expressed as the

mean £ S.EM. of three independent experiments. *p < 0.00I, compared to the control

group.
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Fig. 67. Effects of AF on the hepatic GST activity in mice. The mice were pretreated with
AF (10, 50 or 200 mg/kg, i.g.) once daily for 3 consecutive days. The control mice were
given saline. The hepatic GST activity was measured. Results are expressed as the mean

+* S.EM. of three independent experiments. #*p < (0.001, compared to the control group.
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Fig. 68. Effects of AF on the hepatic GSH contents in mice. The mice were pretreated
with AF (10, 50 or 200 mg/kg, i.g.) once daily for 3 consecutive days. The control mice
were given saline. The hepatic GSH contents were measured. Results are expressed as the
mean £ S.E.M. of three independent experiments. *p < 0.00I, compared to the control

group.
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Fig. 69. Cellular events in hepatic fibrosis by DMN (J Clin Invest. 2005.115.29-32).

£42 FE3E 22 2 Dimethylnitrosamine (DMN)2 AF-&3H91 S

2]
DMN2 &R S5 32 ARSE fxse & ded 54 2 =22 IHALEAQ

1
AA A ATl AEHM, o]HE BPTLFTY St 5 FLUAA TNF alphast
28 cytokines, COX-2 Y INOS %9 ZdLS =747,
O & AFoNAME invivo AZTEANA Atstd &4 A" A ZAPDo] g A QHEA]
oldel RegHE A3y ¢ste] A 2L tEF oA ALT, LDH, A& #4tsl, GSH 3%
=o 2246]—2}9.‘11 Fakst 24 (HO-1, NQOL, GST)e #d 2 ¢dF #d Ax2 COX-2,
iNOS 9] #d & =439S
O £ dA7d e DMN % 7t&d f2 SERDS FYsr] Aste] dFdd 698 &
A3 Teh SEEA ORI S 50, 100 and 200 mg/kg/days] FEE AT Fesgom, DMNS o
Fdo| 3HE BAFA sAdE. T AP 45 < A AR (Fig. 70).

( DMN 10 mg/kg (i.p.) W
vy v v ¥y v v ¥y ¥ ¥ YVYYy
| | | | | |
I [ [ I [ |
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Fig. 70. Schematic diagram of the experimental protocol in rats. To induce liver fibrosis,
DMN was intraperitoneal (i.p.) injection, dissolved in sterile saline three times per week for
4 weeks. Rats were intragastrically (i.g.) administered 50, 100 and 200 mg/kg/day of
anthocyanins, six times per week for 4 weeks. The control and DMN treated groups were
administered saline (i.g.) without drug administration. The animals were sacrificed on day

29. Each group consisted of five rats.

O in vivo A@FENA DMNel &g atgha &ifo] gk A gnl QtEAloPI ] 7HH 5
EFHE A8t Yste] 3 L 7txA oA ALT, LDH, X 23482 2A819S. 248 437
o ¢3td, DMNel o)A 713k &3 ALT, AST 2 AA#}As gho] A ugnt ekE Ao}
ol oJafjA sk oEHom A4S FolatdS (Table 24).

Table 24. Effects of anthocyanins on serum parameters in rats with DMN-induced liver

mnjury.
Treatment SerumALT (Ufliter)  Serum AST (Ufliter) m’:f;fg’};‘:'gfgéfm
Control 42 + 41¢ 73 +5.4¢ 0.191 £ 0.0021¢
anthocyanins 200 39 £ 41¢ 68 £ 5.9¢ 0.188 + 0.0023¢
DMN 118 + 9.1ab 160 + 13.820 0.235 + 0.00252>
DMN + Anthocyanins 50 110 + 8.92b 148 + 10.42p 0231 % 0.002120
DMN + Anthocyanins 100 97 + 9.4be 136 + 9.92bc 0.228 + 0.0025b«
DMN + Anthocyanins 200 91 + 7.40bc 117 + 8.9abe 0.215 + 0.00242b:

To induce hepatic fibrosis, DMN dissolved in sterile saline (10 mg/kg body weight)was
administered by intraperitoneal (i.p.) injection three times per week for 4 weeks. Rats were
intragastrically (i.g.) administered 50, 100, or 200 mg/kg/day of anthocyanins (dissolved in
saline) six times per week for 4 weeks. The control and DMN-treated groups were
administered saline alone (i.g.) without anthocyanins. Hepatotoxicity was determined by
quantifying the serum activity of ALT and AST, and malondialdeyde formation of fibrotic
rats. Values are expressed as means * SD for five rats. ? Significantly different from

control, Significantly different from anthocyanins. © Significantly different from DMN
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O in vivo 2@&E°NAX DMNel 23 43pd 4ol it AAMagel QEEAolI S ZHE T
£95 #A57] Alste] GSH ¥ 2 GST 549 942 24a9de. 49 ane oaty,
DMNel| <jsiA 2 A3 TeE QEEA b A F=

2% GSH &% 2 GST &4 &4 A
O

gJEXHO R IEHS A9 (Fig. 71, 72).
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Fig. 71. Effects of anthocyanins on hepatic GSH contents. Rats were administered DMN by
intraperitoneal (i.p.) injection three times per week for 4 weeks, and intragastrically (.g.)
administered anthocyanins six times per week for 4 weeks. The control and DMN-treated
groups were administered saline alone (i.g.) without drug. The animals were sacrificed on
day 29. Hepatic GSH levels were estimated colorimetrically using Ellman’s reagent. Values
are expressed as means = SD for five mice. © P < 0.01 denotes a significant difference

from the control group. © P < 0.05 denotes a significant difference from the DMN-treated

group.
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Fig. 72. Effects of anthocyanins on hepatic GST activity. Rats were administered DMN by
intraperitoneal (i.p.) injection three times per week for 4 weeks, and intragastrically (.g.)
administered anthocyanins six times per week for 4 weeks. The control and DMN-treated
groups were administered saline alone (i.g.) without drug. The animals were sacrificed on
day 29. The activity of GST was determined by using 1-chloro-2,4-dinitrobenzene (CDNB)
as the substrate. Values are expressed as means £ SD for five mice. * P < 0.01 denotes a
significant difference from the control group. © P < 0.05 denotes a significant difference

from the DMN-treated group.

O in vivo A@FENA DMNel 3k Absha Ao digh A ael FEAlofde] HH S
EHE ] Aste @43 54 (HO-1, NQO1, GST)9 #d, Nrf2e] 848 4395
Ay Asto] oJshd, DMNO 2|A 743 Nrf2 AALZRAARY] FAALE 2L 8 Yz o
ol AALTHE kEA oI A FE JEHOR Nrf2 A FHL FrHstA o, 3
Wz olF E3 78S (Fig. 73, 74). B3 AAFZARIAR] Nrf2d] 24& & J4a
24 HO-1, NQO1, GST alpha¢] FAA @& 9 ggeddo] A aul EA ol
gsA F7tst A= (Fig. 75, 76).
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Fig. 73. Effects of anthocyanins on Nrf2 expression in rats with DMN-induced liver injury.
The mRNA levels of Nrf2 anthocyaninster anthocyanins treatment of rats with
DMN-induced liver injury, as determined by semi—quantitative RT-PCR. Each value
represents the mean + SD of at least three independent experiments. ©~ P < 0.01 denotes a

significant difference from the DMN-treated group.

Fig. 74. Effects of anthocyanins on the nuclear translocation in rats with DMN-induced
liver injury. (B) Nuclear Nrf2 expression anthocyaninster anthocyanins treatment of injured
rats, assessed via Western blot analysis. Each value represents the mean £ SD of at least
three independent experiments. = P < 0.01 denotes a significant difference from the

DMN-treated group.
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Fig. 75. Effects of anthocyanins on the gene expression of antioxidant enzymes in rats
with DMN-induced liver injury. mRNA expression of HO-1, NQO1, GSTa, and GAPDH
following anthocyanins treatment of rats with DMN-induced liver injury was measured by
semi—quantitative RT-PCR. FEach value represents the mean = SD of at least three
separate experiments. = P < 0.01 denotes a significant difference from the DMN-treated

group.

Fig. 76. Effects of anthocyanins on the protein expression of antioxidant enzymes in rats
with DMN-induced liver injury. Expression of HO-1, NQOl, GSTa, and b-actin
anthocyaninster anthocyanins treatment of injured rats, measured by Western blot analysis.
Blots were quantified via densitometry analysis. Each value represents the mean +* SD of
at least three separate experiments. =~ P < 0.01 denotes a significant difference from the

DMN-treated group.
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foi

O in vivo ARAEENA DMNe| g 4tstA &o] ok A n AFEAop 9
ags gy 93y 95 #FE AR COX-2, iNOS9 24
ol&td, DMNel &8)A F7Fg COX-2, iNOSe| FAx 2 dalad @3 o] xpAm+tw}
ofdoel] oA FE JEHOE 4TS FRI8AS (Fig. 77, 78).
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Fig. 77. Inhibitory effects of anthocyanins on DMN induced COX-2 and iINOS gene
expression in the rat liver. mRNA levels of COX-2 and iINOS following anthocyanins
treatment in rats with DMN-induced liver injury, measured by semi-quantitative RT-PCR.
Quantification was performed via densitometry analysis. Each value represents the mean =
S.EM. of at least three separate experiments. = P < 0.01 denotes a significant difference

from the DMN-treated group.

Fig. 78. Inhibitory effects of anthocyanins on DMN induced COX-2 and iNOS protein
expression in the rat liver. Protein levels of COX-2 and iINOS following anthocyanins
treatment in rats with DMN-induced liver injury were measured by Western blot analysis
(B). Quantification was performed via densitometry analysis. Each value represents the
mean * SD of at least three separate experiments. = P < 0.0l denotes a significant

difference from the DMN-treated group.
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& 2y
ol osiA ZAsgeH (Fig. 79), DMN A &d ¢aix 743 IkBa @A o)
3fA F713t9 S (Fig. 80). $1¢] AF& tEAlolde] DMNe oA

o
Ad 9% 4% A4 2R Faw AARDAX NFKBEA L dRlste Bl A&

Fig. 79. Inhibitory effects of AF on DMN-induced activation of NF-xB in rat liver. The
effects of AF on DMN-induced NF-kB nuclear translocation in rat liver. Nuclear extracts
were subjected to SDS PAGE, followed by probing with NF-kB and anti-lamin B

antibodies.

Fig. 80. Effects of AF on DMN-induced IkBa degradation in rat liver. Liver homogenates
were subjected to SDS PAGE, followed by probing with anti-IkBa and anti-b-actin
antibodies. Protein expression was quantified by densitometry analysis. Each value
represents the mean + SD of at least three separate experiments. = P < 0.01 denotes a

significant difference from the DMN-treated group.
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O H 2 Afrsk #HAY Felst € Aysrd YQlo] BEAeEAA FHET] AlZeEA
#Helol=o] AZE proline 27]E 4-hydroxyproline®. & A 3}+3}= hydroxylation¥} A& Znj3}
+ prolyl 4-hydroxylase= 7t Af5243 7+ A3t IPS Adsr] Y3 583 5371 =3
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ol in vitro$} in vivo ATAG ke A} HAFFTL DMEY DEAE, 283 A
H A AAE Afolof] 73 A5 Ago] s Aol AH A7) AN Fege. (Fig. 81).
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O HlfFFde AFEL7]E matrixs7t AZZHEDG 3-6uMAER F7HER, R
fat-storing M 327} o] matrix®] Ao F= FHIZ TAME 49 A A AZ2 F
AtdZzA oA AT FUF a2 Ao 93] Fat-storing cell¥} Kupffer cell

¢l F2F A olE AEe mHIFo| W3 (myofibroblast)® ¢] matrix @A §
A& A3+ proinflammatory, fibrogenic cytokine®} TGFB1, TGF-a 59 ##x &3}
HE 3384 ¥ (Fig. 81)

Fig. 81. Hepatic stellate cells activation.

O B dAFoxe tAHAAE (Hepatic stellate cells; HSCs) 43} 21xFel platelet—derived
growth factor (PDGF)-BBdl 2]t tEA|obd o] NAAGME FAAA a3 2 ZE&7)del o
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gt AFslg e, WA, HAAAAE (Hepatic stellate cells; HSCs)oll A StE Aol o] A EE=A]
S SAS 47, 1FEQ 200 ug/ml HPAAE FAo] YERUA R%S (Fig. 82). WA,
B AFolAE EACY He FEE 50, 100, 200 ug/mle FEE A HAL.
X 371 PDGF-BBol| 98 StEAold ] A FAE F

A BHAE SA4F A, AEAord A oA FHAGATY AFE FHo] Fidt
(Fig. 83).
O PDGF-BB9 93} =719 7+ AAANEY alpha smooth muscle actin ( a-SMA)2] & o]
StEA oY o & oEA R 3-SMAS Ldo] 7HAdE AL western BlottingS E3H4
g5t A & (Fig. 84).

O PDGF-BBo] 93t a-SMA9Y 3o Z71E5 243 435 4 &2 24, PDGF receptors &
g Akt ¥ MAPKs o 4371 2 dEA s B dTodAes StEAlobd e a-SMAS &
q

S xAste A9 A5 AEAd Akt © MAPKsS @A4std "X = 43& A &

—_

O A3 A3} PDGF-BBol %713 Akt, ERK1/2, JNK1/2, p38 MAPKs® 1A+37F 7139
o, QFEAIQKA AHFol 93|A F7Fsk Akt 9 ERK1/29] <Hitsl= #A4sE S (Fig. 85). 1
21} JNK1/2 ¢ p38 MAPK® &Ad& FaFo] UM (Fig. 85). 19 AFE AFAs}7] 9
3 Akt A A LY2940029F ERK/12 A A1 PDIS0S9E A2 3t9e. 48 23 PDGF-BB
o 9siH F713 a-SMAS @9 dha o] 1Y2940029F PDI8059 A&l 2six Z4asA S
(Flg 86). IR E AZ FAE FF LY2940029 PDIS059 A 2loll o)A #As 92 (Fig.

). 919 A dEA o] AFAFAE E4tE F7HA71= Akt B ERK1/29)¢] &4 &
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Fig. 82. Effects of AF on cell cytotoxicity in HSCs. Cells were treated with various AF
concentrations for 24 h. Cell cytotoxicity was estimated by a MTT reduction assay (A)

and a LDH release assay (B).
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Fig. 83. Effects of AF on PDGF-BB-induced cell proliferation in HSCs. Cells were
pretreated with various AF concentrations for 1 h, and then stimulated with PDGF-BB (10
ng/mL) for 24 h to investigate cell proliferation. i p < 0.05, compared with the control
group. ~ p < 0.05, compared with the PDGF-BB-treated group.

Fig. 84. Effects of AF on PDGF-BB-induced a-SMA expression in HSCs. Cells were
treated with PDGF-BB (10 ng/mL) in the presence of AF (50, 100, 200 mg/mL) in
serum-—free medium for 24 h. Expression of a-SMA was determined by Western blotting. #

p < 005 compared with the control group. = p < 0.05 compared with the
PDGF-BB-treated group.
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Fig. 85. Effects of AF on PDGF-BB-induced Akt and MAPK phosphorylation in HSCs.
Cells were pretreated with AF (50, 100, 200 mg/mL) for 1 h and subsequently stimulated
with PDGF-BB (10 ng/mL) in serum-free medium for 10 min. Phosphorylation of Akt and
MAPK were determined by Western blotting. # p < 0.05, compared with the control group.
* p < 0.05, compared with the PDGF-BB-treated group.
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Fig. 86. Effects of Akt and ERK1/2 inhibitors on PDGF-BB-induced a-SMA expression in
HSCs. Cells were treated with PDGF-BB (10 ng/mL) in the presence of LY294002 or
PD98059 in serum-free medium for 24 h. (A) Expression of a-SMA was determined by
Western blotting. PDGF-BB-treated group.
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Fig. 87. Effects of Akt and ERK1/2 inhibitors on PDGF-BB-induced proliferation in HSCs.
HSC proliferation was determined by a WST-1 assay.

O & Ao A+E= PDGF-BBY 84 (receptor)?]l PDGFRY &4 3lo] gl ¢tE Aol de] o
Fe A= 4843, PDGF-BBell 934 F713F PDGFRE ¢14t3}rE tEAJobd A ¥
o osiA zFHAetAs (Fig. 88). =& 919 Z3AE Fstr] $1ste] PDGFRY AsjAE A2
g+ A3, PDGF-BBel ¢&jA F713 PDGFRY Lﬂ'§]-7]' #astd o (Fig. 89), 3t AlsA
29219l Akt 2 ERK1/29] Hitste ZH4a Al (Fig. 90). T3 a-SMA<9 & 4 (Fig.
9) R EAEL] HFS AANZ = (Fig. 92).

O 19 A+ ZAE FTFsY, AEA DY HAALAEY AE F494 L a-SMAS @
A 29 A &%= PDGF 8419 <14tst oA R 71 k¢ As A=EA Akt 3 ERK1/2
o] htE AAE T olFolHE FUdA =

Fig. 88. AF inhibits PDGF-BB-induced PDGFR-B phosphorylation in HSCs. Effects of AF
on PDGF-BB-induced PDGFR-B phosphorylation in HSCs. Cells were pretreated with AF
(50, 100, 200 ng/mL) for 1 h and then stimulated with PDGF-BB (10 ng/mlL) in

serum—free medium for 2 min.
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Fig. 89. AF inhibits PDGF-BB-induced PDGFR-B phosphorylation in HSCs. Cells were
pretreated with PDGFRI for 1 h and then stimulated with PDGF-BB (10 ng/mL) in
serum-free medium for 2 min. * p < 0.05, compared with the control group. =~ p < 0.05,

compared with the PDGF-BB-treated group.

Fig. 90. Effects of PDGFR tyrosine kinase inhibitor (PDGFRI) on PDGF-BB-induced the
phosphorylation of Akt and ERK1/2. Cells were pretreated with PDGFRI for 1 h and then
stimulated with PDGF-BB (10 ng/mL) in serum free medium for 10 min. © p < 0.05,
compared with the control group. = p < 0.05, compared with the PDGF-BB-treated group.

- 131 -



Fig. 91. Effects of PDGFR tyrosine kinase inhibitor (PDGFRI) on PDGF-BB-induced a
-SMA expression. Cells were pretreated with PDGFRI for 1 h and then stimulated with
PDGF-BB (10 ng/mL) in serum free medium for 24 hr. * p < 0.05, compared with the
control group. © p < 0.05, compared with the PDGF-BB-treated group.

1404

WST-1 (% of control)
353838

0
PDGF-BB (10 ng/ml) - + +

PDGFRI(B0NM) - ; + +

Fig. 92. Effects of PDGFR tyrosine kinase inhibitor (PDGFRI) on PDGF-BB-induced the
cell proliferation. Cells were pretreated with PDGFRI for 1 h and then stimulated with
PDGF-BB (10 ng/mL) in serum-free medium for 2, 10 min or 24 hr. ¥ p < 0.05, compared
with the control group. * p < 0.05, compared with the PDGF-BB-treated group.
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