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SUMMARY

I. The subjective of the project

Development and industrialization of functional food wusing biological

activity from purple sweet potato

II. The objective and importance of the project

A new purple color sweet potato cultivar "Zami" which was: Mokpo 29" was
developed by sweet potato breeding team at the Mokpo experiment station,
National Honam Agricultural experiment station form 1993 to 1998. This
cultivar was selected from the cross between the food processing type
cultivar 'gummi' and purple color cultivar 'yvamakawamurasaki' introduced
from Japan. Purple color sweet potato are now processed and marketed at the
farm level. Therefore through the scientific study of pharmacological effects
on the several diseases, health—benefit functional foods using purple sweet
potato should be developed for the high income of the farmers as well as the

decrease of the social medical expenses.

II. The scope and contents of the project

1. The development and industrialization of functional materials and

foods using purple sweet potato extracts.

o The mass production and it standardization of anthocyanin pigment from

purple sweet potato extracts.



o The development as functional materials of anthocyanin pigments isolated

from purple sweet potato extracts.

o The development of various foods using powder or anthocyanin concentrate

produced from purple sweet potato extracts.

o The development of functional foods and cosmeceuticals wusing the

concentrated anthocyanin pigments from purple sweet potato extracts.

o The industrialization of functional materials and foods using the biological

activity of anthocyanin pigments from purple sweet potato extracts.

2. Determination of oxidative stability and antioxidant effect with

purple sweet potato extracts.

o The characterization of antioxidative activities of purple sweet potato

extracts.

o The effects of anthocyanin on mushroom tyrosinase, tyrosinase inhibitory
activity, and melanin content were assessed in B16 melanoma cells (B16

cells).

o The effect of anthocyanin on anthocyanin inhibition of melanogenesis and
antioxidant activity were determined in B16 cells. And also the effect of
anthocyanin on reactive species (ROS) generation was determined in B16

cells.

3. Hepatoprotective effect of anthocyanin pigments from purple sweet

potato extracts on oxidative stress—induced liver damage in mice.

o The fractionation of anthocyanin pigments from purple sweet potato and



the hepatoprotective effect of its on acetaminophen (APAP)—induced
hepatotoxicity and the possible protective mechanisms were investigated in

mice.

o The protective effect of anthocyanin pigments from purple sweet potato on

hepatic fibrosis in in vitro and in vivo.

IV. The research results and the recommendation

1.

The development and industrialization of functional materials and

foods using purple sweet potato

The goal of project was development and industrialization of functional

materials and foods using purple sweet potato.

To investigate the optimal conditions for the production of anthocyanin
pigment from purple sweet potato, the optimal ethanol solvent and citrate
concentration, and the optimal extraction temperature and time were

determined.

Twenty percent ethanol solution acidified with 0.7~1% citrate was found
to be a maximum yield of anthocyanin pigment by agitating purple sweet
potato for 12~15 hrs at 30~40 temperature. Under the above optimal
condition, pilot plant scale extraction(500kg) and concentration of purple
sweet potato anthocyanin pigment were also performed and showed to a

similar extraction yield.

The stability of anthocyanin pigment from purple sweet potato was
determined. The color of purple sweet potato anthocyanin pigment was
more intense and stable at low pH level, the addition of citrate increased

the stability and extraction yield. he purple sweet potato anthocyanin



pigment was unstable under sunlight, and can be decreased its degradation

by shielding the light from the pigment.

The mass production system of purple sweet potato anthocyanin pigment

was standardized and transferred to the participated company.

Two types of the anthocyanin concentrate and a powder from purple sweet

potato are on the market.

Various functional foods, and cosmeceutical using biological activities of
anthocyanin pigment from purple sweet potato were developed, and three

types of functional food were merchandised.

Determination of oxidative stability and antioxidant effect with

purple sweet potato extracts.

To find antioxidative agents and skin—whitening agents, the melanogenesis

inhibitory action of EtOH extracts of Zami (anthocyanin) was investigated.

In this current study, the effects of anthocyanin on mushroom tyrosinase,
tyrosinase inhibitory activity, and melanin content were assessed in B16
melanoma cells (B16 cells). Results indicated that anthocyanin has a strong

antityrosinase activity (IC50=3.59x10(—6) M).

Furthermore, data on murine tyrosinase activity and melanin biosynthesis
revealed that anthocyanin effectively suppressed murine tyrosinase action
and the amount of melanin. To investigate the relation between
anthocyanin inhibition of melanogenesis and antioxidant activity, the effect
of anthocyanin on reactive species (ROS) generation were determined in
B16 cells. As the results, the ROS generation was effectively

down—regulated by anthocyanin. These results suggested that anthocyanin



has anti—melanogenic activity and antioxidant properties by suppressing

ROS generation.

Hepatoprotective effect of anthocyanin extracts from purple sweet

potato on oxidative stress—induced liver damage in mice.

The first study was examined the protective effects of an anthocyanin
fraction from purple sweet potato on acetaminophen (APAP)—induced
hepatotoxicities and the possible protective mechanisms were investigated
in mice. In mice, pretreatment with anthocyanin prior to the administration
of APAP significantly prevented the increase in serum alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) activity and
hepatic malondialdehyde formation. In addition, pretreatment with
anthocyanin rescued the APAP-—induced depletion of hepatic glutathione
(GSH) levels. APAP—induced hepatotoxicity was also prevented by
pretreatment with anthocyanin, as indicated by liver histopathology. The
effects of anthocyanin on cytochrome P450 (CYP) 1A1 and 2E1, the major
1sozyme involved in APAP bioactivation, were investigated. Treatment of
the mice with anthocyanin resulted in a significant decrease in the
CYP1A1—dependant ethoxyresorufin O—deethylase activity, the
CYP2E1—dependent aniline hydroxyaniline activity and CYP2El protein

levels in does dependent manner.

The second study was examined the in vitro and in vivo effects of an
anthocyanin fraction from purple sweet potato on hepatic fibrosis. The
viability of hepatic stellate cells was examined after exposure to
anthocyanin. The cell viability was measured using a WST—1 assay. Also,
the protein expression of alpha—smooth muscle actin (a—SMA)
induced—acetaldehyde was reduced by anthocyanin in hepatic stellate cell.
In rat, pretreatment with anthocyanin prior to the administration of DMN

significantly decreased the increase in serum alanine aminotransferase



(ALT) and aspartate aminotransferase (AST) activity. Anthocyanin reduced
the protein expression of a—SMA and collagen type II in the liver tissue
induced DMN from rats. Fibrosis scores of livers from DMN rats with
anthocyanin were reduced in comparison with DMN rats, as indicated by
liver histopathology. Hepatic collagen content of DMN rats was reduced by

anthocyanin treatment.

In conclusion, the present results show that anthocyanin treatment exerts
anti—hepatotoxicity and anti—fibrotic effects in APAP— and DMN-—induced

animal models.



CONTENTS

Charpter 1 Outhne Of the prOJect ....................................................................

Charpter 2. The dosmetic and international states of the

technology .............................................................................................. 6

Charpter 3. The research contents and results .

1. The development and industrialization of functional materials

and fOOdS USing purple sweet pOtatO. ....................................................... 8
1' Introduction ..................................................................................................................... 8
2. Material And Methods sreeerreerrrrrerrereertrt ettt D
3. The research contents and reSUlLS e 2

1). The mass production and its standardization of anthocyanin pigment from
purple SWeet DOtatO ................................................................................................... E
2) The development as functional material of anthocyanin pigment isolated from
purple sweet pOtatO ................................................................................................... B
3) The development of various foods using powder or anthocyanin
Concentrate produced from purple SWeet pOtatO. ............................................ (B
4) The development of functional food and cosmeceuticals using the
concentrated anthocyanin pigment from purple sweet potato. «eeeeeeeeeeees 6
5) The industrialization of functional materials and foods using the

biological activity of anthocyanin pigment from purple sweet potato. == 3

4 . Summary ......................................................................................................................... 85



. Reference ........................................................................................................................ 8

DO

Determination of oxidative stability and antioxidant effect with
purple Sweet potato extract ........................................................................ 91
. Introduction .................................................................................................................... 9
. Material and Methods ................................................................................................. 93
. The research Contents and reSultS .......................................................................... 8
1) The Characterization of antioxidative activites from purple sweet potato = &

2) Anti—oxidation and inhibition of matrix metalloproteinase in oxidative
StreSS induced fibroblast by Durple SWeet DOtatO ........................................ 13

3) The effect of purple sweet potato extract on melanin formation

melanogenesis in B16 cells mouse melanoma cell line ceeeeeeeeemreeeemenennns B
. Summary ....................................................................................................................... 119
. Reference ...................................................................................................................... ]Z)

. Hepatoprotective effect of anthocyanin extracted from
purple—fleshed sweet potato on oxidative stress induced liver

dAMAge N MECE e 125
D SN a0 o L0 Ter (0] ¢ MRCERRR LT P T T P T PP L PP L PP TP PPIEPPRISPRIPPPRLS: 1%
. Material and Methodsg ssrreereresrreerreerereeiriii st 18
. The research contents and resultg oo, B

1) Hepatoprotective mechanism of anthocyanin pigment from purple sweet
potato extracts on several hepatoCyte wrr i 3
2) The fractionation of anthocyanin pigments from purple sweet potato and
the hepatoprotective effect of its on acetaminophen (APAP)—induced

hepatotoxicity and the possible protective mechanisms in mice ===+ W



3) The protective effect of anthocyanin pigments from purple sweet potato

on hepatic fibrosis in iz Vitro and in viyo - 146
L. SUIUTIALY ++-vereseseessssseessssses s 150
5 ROEOPEILCQ -eeeeesssssssssamsaereee e sessssssssssss b B
Charpter 4. The attainment and contribution s 551
Charpter 5. The utilization and eXtension w75
5 OO 160



H 1 T AFTHLDIH| 2] THR i 1
H 2 B ZLHQ ZIETHEE BB oo 6
HM 3 & oAFIHEr 2 A A e, 8

A 1A Auayele] FEARERS E83 7HAE N 9 4S8
}\-]% ................................................................................................................................... 8
FUE T HEE ettt 0
AT} T TEF e 1
Al mFeh R e REAlohd Maie] AL W EEE e 12
L A agal SFE Aol A ARG T)5A] ARG} e %
. ;q.u]jl:rLu]. QJ—E}\] o]Jd &H\_% o]%z‘ﬂ- 7_}%_ 7].%/_\11%. 7]]1:1‘:} ............................ D
Al sl StEAOh] MAE FABE S TFe TS AE AL e 6
LA aTl PEAOR Mag #83 V154 24, DWhEAE L 154
/_\11%.9] }E}%‘ﬁr .............................................................................................................. 2
_g_g}: .................................................................................................................................. IS
b T B et %



0
jins
=K

m

103
113

. A sl fe) ehEAlohy

ol
o7

<

Py

0
ol
ﬂ

e

TS

i)
=

T

3 AH|aake] 7 7is A

A 3 A g A% o A8 AFNES §

~125

125

0
jins
=K

m

0
ﬂ

K

p

133

oy
o
—
el
|

=
Tor

%

=
LOL

g

F3 ol 2 ey

pe]
=

s

146

150

151

155

157

o 5 &

159



160

[a¥a)



oA e 7

F

Tl

a4l

T

A1

]
=

A

d

8 A

==
T

+o]

<)

4

=

=

13}

S OIS

0]
A

AAkE] a1

o &

R
-
~
K
pze]

o
T

X

sk @4, )

2

S

=
=

Rl

gk

E

Kl

&

]_

S

Zlol] 7]

=
<]

701—

q

al

1

sAbEe] =A FAAHA AL, =R

=

o

ﬁ—‘:Hy E

=

A i

=1
BN

=

ur
=

ox

B!

—~
fite)

27
M-

o
N
™

Bj8

35

s

, Bebn 5

el

=

29

Z 3}

-
X

%ol

of mwel A sikEe] F3 A el
A7l

=N

alo] 1996 E 2001 7HA] A3t 2ol A

S

Fol =2l

bol vl myeh 3% (A 5

38%)S s

o Awstsh A AR A

Wil FTA v

°©

=
=

1Y

X

sergow 7

2w 5

]

pis

SAAIE 1E alHj
A

=< WTO AA 9

’

A7 ojeror A5 q

W 3HE

=
I
<

pra

o

o]

=]

Jo

)
o]

B

ool

Aol Ael

1

& A= skl B

= AR

Al 2
a

95hac]lar, °F 5000 E7FollAl A%F 1,400+=9]
ol

E

o
=t

o o
— =

el
s AL Qo A=Y dvfE L, 7t

o @A ApulmTEhe] AAA
Fslo} glom, A



] 8

o

SR AR E B P RS
FESL B4

+3]

A
i

A

o= 338%7b7F A a ol
Y

3l

%
Tl

==
-

(42.9ha)oll A Azt 750E&

3

] koo A=A

A7 oloj A AiETE L FE| ool &
128.822

—_
CICGIAY
T oo g F Jo % ® e T
w2 9 B~ Jo > o 9 < o iy —
TR SIS GO 2 BeRCICL
ﬂ%ﬁT Q ° B WA N o N B g R
o- © el . B < T =
W o= #ﬂw mﬂ_zwq% mm@mawaxz
IR . o 4w oo g oo MB
x MR~ = oK T o, PR N v of mK
= o o = o < X o SO -
= mﬂ N o Moo= = Vo % [y o 5 = @ X
Hfzﬂ% jﬂqm B A X T T g Py o
plo ! — ol o is) o) R ﬂ._. — ) o
o N o "R A T o T % S
T o SN~ e o T E R =y Mo T 3 T W <°
o x W oy o A T T ow !
e o O~ =0 T o ol v
Ho T ol ® o MK (- P o o g ) M‘_ X
— Moo = N wm X o+ QYo T = w
% E R O " %m@mw 2
e XX ~ ® = I oy o
o T N2 M e ) T E RO
T g 5 = oz oMoy B 5o B o5 B %
M m; o S o L ~ 4 K o & oW S
Yoo @ N o O T e 5T M ® Z W MmN
Mo = - 1 N=r oo X K w2 L MRT
o e w3, s 2T TmE = 0T 2
S A w2 oo X MR 7o~ oEm WX
: m o p e N o e ®OE
o of- M o M M N s =
T~ Y Mo o8N mh "= How ™o, B
o o o oK a =t ™ B o = ) 3 H ol <
<0 ok Sl =Ry oM X J X 2o X°
o0 Z,._o ﬂ_DI ﬂ i _50 m _ro.._ Oﬁ yﬁ — e o
_~ ,_nwwu 0 O ) m LSS = E.U o — "o ﬂe
<0 WW ofr M my o o A = = < oo
) 5o ° o N wm # ,_mo = = m s e o oo T ol
o = o = T O B o = N | S = o o o oz W X
HoRro2h % I o 2 e o ) X TR = oF B
y dEwam o dT H - oW o
—~ = = —_ = ﬂr X EE
B K % ooF &R el 1ﬂr A = A T ! X o F -~ )
X oo TR o = I el e o ==
o X XK = N3 ¥ = < o T
: R
o o N AT
O



ki3

°ol&

=

=

b Abe] a2 tuke] QFEAJoPd M A (3.8%)

hul

<

f

o

A A7z e sh

golth.

3

o wep] B ATelA
_/;\_

<0

Bk

2

el

Jo

el
]

LR

=

=

bt AbEAES Fuel A AYS

i

u
A5

BH

RL

& A aFekt 177k

A=) Al arke] o4 Al

ko] & s ofof

AA F-Feol &7Har

H

fan X

]

-
pisi

A

A wl- 1ol A

1
L

114

bel Ao a5 E)
N&3AY Furt 7t

O

°©

_?4

S %3} one—stop A

s}

ST
™

7]
o &AA °F 5000] FIFNA AZF 1,400 FEE AAE

s,

A

ol
mﬂ
]
o
o

A el

=

o
e
N

)

)

—
o

o) i,

al

K

e

)
o2

1997 650

o

.

=z}

EAAAES A

hul

<

ZxA|e o

o] 7hedt HAHFLAZTY o

)

of

1

T

1

Holx 9lom, 2005

7t=lo] 201090

o
XO
o)
ol
HH

HolA 2000 1,3809 &
A4 Al 108 o] FREE

=3
=

okl

oA wg Z JHE

AFA AFTER

L

R

=

o

SRR

A A
b

A

m ol =7}



F 1095 ool AlA A

o

ik
—
—_
fite)

7
NJo

o] o=

ofo

sl o] o]

“

g, Avageke] 2

1 FQ

At 22 HEEfo Ak}l A

&

A&l
1912 AJAkH]Ro] q17lolal &Ado] wred 79l

4

1
R

gl

WA FFF 3.7g%2A ko] =11, oH]

=]
T

™

Pyconogenol<
o N % 3w

R

=
=

2 X E Pyconogenolo] &}

Do

o} ool v ofel ¢z $eteelA A

of =Al AAHSEA AA 7]

puzel

JJo

o)
Do

;O.ﬁ

el

-

]

v 315w}

. =W 5E7

3]

S A}

Sl 7]

a5el

mK

"

o|J

Jo

o

oo

]

) ®mw 1990 o)AM=

oA iy

el

_zrl

HES 13 7159 gt A 23 7]

1995 F-H+= a1+

1)

zobg-lo] gro}

o
eu
Mo

o
!
R
o

—

I



o

5
el

£
piid

,._m.o

2 ofgHo] ge

Al

= Axs v 7154 AE

WA =AM

%2

o

4EY 374 75 A%

A A =,
Az 7HA]

L

R

]_
20109 7HA] AEAG S g AHoR o A", 201003 E = ¢17F genome

=

(nutrigenomics) ©]

27, 7

S
=1

o oje} ZE el Awlalyule] YA &

o

M

]

T
To!

NJo
cul

"I
_4_0_1

ﬂyl

el

0

A
o

=

J o]

8

aLAb e

—~
o

"o

mo
il
Njo
ifln



A
I
-

r
0

H2d =ue Zls/iE
1. %) A%

o Au] L ub(AA 1w} Purple colored sweet potato) BE5S UREA Hx
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WS FAeR dE Frbe Haste] AwisEa o, 1 9o YA
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—D—xyloside ®A] caffeic acid4} ferulic acid”} acylation®] &He]jelar B 135}0],
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o YR AH| LG FEAlOPT MAE o] &3te] ALIStERA
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¥ 383)% Aale] 1996WHE 2001 74 Ay Aol A A SA
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3—cafferylferuly—sophoroside—5—glucoside 24 F
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7F A=
okatol| Al Ak R AAE I 9 A agetE B o] oy el A Al
Aol g Fujd HuEES B Ao A-gaglth

b A meke A A%

Am AR EE QPEAlObA Mao] a2 SE, Aaddd JH

As B 7 N Aol AHEE Mo EY= 2~3mm FAE A

ot
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e
oX,

A5 A=t
H el Als e oF 108) $39] 20% ethanol &4 718t of5 204 A
Aste] 8AIZE EQF FEBAT o] FENS membrane filter® gk th
vacuum evaporator® 40ToA ethanole ¢35 #A| A3 & HP—20resing =3
AlZ1 column®] SFEAJolU AAE F2AFHTY. HP-20 resin®] 28 A=

100% ethanol® &&FAIZl T, ©] &L vacuum evaporator= 7t &5
Az% s S5 £31A1A 520nmollA FF =5 FA3A . (Total Optimal
Density, TOD) SFEAJopd AAo] Ak ofefl ez o] HFHES ol &sh3laL
AT AR E o R FEAFA N £k 98%0] 4 StEAloh A4S
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0.12 5
0.10
Y =0.0339 * X-0.0002791
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0.06

(g/mi)
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2. EAohd As HH 2Ex7 3

A DR RE GEAM Mo AY 2E2AL SN, WA 48

om Agetd we ol di ARS(FHE AYsl 10%, 15%, 20%,

30%, 40%AA HAFEZFLEE 73 s, FE=25(20, 30, 40, 50, 60, 70TC) <}
al

aRkel o] W FEFES TODE Ab=

Atw] Atk QFEAJobd A o] b Aol ek Fe] i FAkstr] flske] pH

NG AREste] 20 = F A ko] A xg MAdS 20mlH FHEk] cap
test tubeol] Wil W& F Ad¥= dFo] =FAIA ol Baegla, v
= Zlksl7] 918ke] cap test tubeZ aluminum foil® & 3 9Fio] B3}
HA Aol Al FF o] WSS 520nmell A SA AT
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7hH FEE R s=
AF7AA FEARd Ao FZEviRAM wol d7d 2 methanol
ethanol's°] F5& © gl & e AT Sde AWy rrREE A
&o] Thed AAMRE FFS AF Ve AR dEshs Ao glenw
A8 7hed &lQl =3 FAE ol8ste] FEAoPd Mae] FE FES 2A
sholeh. AAE Awatute] FRHF 10% T4, 15%T38, 20%774, 30%T7,

40%4= 108 H71eE vhs 30ColA A8kl 2443 Bk =330
H

Table 1. Extraction yields of anthocyanins from purple sweet potato

with various solvents

Solvent Extraction yield (%)
Water 35

10% Ethanol 58

15% Ethanol 73

20% Ethanol 98

30% Ethanol 100

40% Ethanol 100
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Table 2. Effect of temperature on anthocyanin extraction from purple sweet

potato
Extraction yield (%)
Temp(C)
3hr 6hr 9hr 12hr 15hr

20 18 40 58 72 92
30 23 52 75 91 100
40 31 58 88 96 100
50 35 67 91 99 100
60 41 79 98 100 100

70 47 84 98 100 100
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Table 3. Effect of stationary or shaking conditions on anthocyanin extraction

from purple sweet potato

Extraction yield (%)

Temp(TC)
3hr 6hr 9hr 12hr 15hr

Stationary 23 52 75 91 100

Shaking 87 100 100 100 100
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skl pHE 2, 3, 4 % =
gtk pH7t A5 A
o) A ahuA

]

shiftd o] 3z



Table 4. Effect of pH on the color intensity of anthocyanin pigment from

purple sweet potato

Absorbance at max.wavelength

pH

0 3 6 9 12 15days
2.0 1.35 0.97 0.98 0.95 0.74 0.70
3.0 1.04 0.96 0.85 0.72 0.65 0.60
3.5 0.95 0.91 0.74 0.67 0.52 0.45
4.0 0.48 0.35 0.30 0.27 0.25 0.21
5.0 0.42 0.33 0.28 0.21 0.20 0.18
6.0 0.37 0.28 0.22 0.20 0.17 0.17

7.0 0.35 0.28 0.21 0.20 0.17 0.17
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Table 5. Effect of citrate concentration on the color intensity of anthocyanin

pigment from purple sweet potato

Absorbance at 520nm

Citrate conc.(%)

0.38

0.52

0.1

0.63

0.3

0.95

0.6

1.22

0.9

1.24

1.2

1.23

1.5




o o Aol mE A Ay

Table 6. Effect of lights on the stability of anthocyanin extracted from purple

sweet potato

Absorbance at 520nm

Conditions
0 5 10days

Sunlight 1.04 0.84 0.63

Dark 1.04 1.02 0.95
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Table. 7. Extraction yields of anthocyanin pigment according to size of

purple sweet potato

Group Size(cm, LXD) Extraction yields
A 3 X 1.5cm 83%
5 X 2.0cm 85%
C 7 X 3.0cm 86%
D 10 X 5.0cm 98%
E 15X 7.0cm 100%

Table 7.014 B upe} o] 15 % 7.0cnE 100% Z2TO=2 3] &3S A
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Table 8. Pigment values of purple sweet potato anthocyanin extracts with

various solvents

Soluble solid

Solvents contents (Brix) Pigment values
control(water 100%) 0.2 —
1% citrate + 0% ethanol 0.2 -
1% citrate + 5% ethanol 2.0 0.09
1% citrate + 7.5% ethanol 2.3 0.11
1% citrate + 10% ethanol 3.5 0.11
1% citrate + 12.5% ethanol 4.3 0.12
1% citrate + 15% ethanol 5.2 0.14
1% citrate + 17.5% ethanol 6.2 0.14
1% citrate + 20% ethanol 7.2 0.15
2% citrate + 5% ethanol 3.8 0.13
2% citrate + 7.5% ethanol 4.5 0.14
2% citrate + 10% ethanol 7.1 0.15
2% citrate + 15% ethanol 7.2 0.17

NN
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Table. 9 Changes in mistletoe extract with extraction day.
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Table. 10 Sensory evaluation of mistletoe beverage

. Samples
Sensory properties
Beverage 1 Beverage 1I Beverage I
Color 6.8%+0.3 6.2+0.4 6.1£0.5
Flavor 6.7+0.5 6.410.6 6.3£0.3
Taste 6.7x0.5 6.5%x0.5 6.3£0.2
Overall acceptability 6.5%£0.2 6.2+0.1 6.1£0.4

1~7 scale : 7, very acceptable ; 1, very unacceptable
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Washing
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Heating or Grindin
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Filtering
1}
Collecting soymilk
v
Heating at water bath

v

Coagulating
( Mgcl2 Containing anthocyanin, at 90C for 15min )

v

Setting( for 15min )
v

Cooling( for 20min )

¥
Tofu

Fig. 1. Procedures for preparation of Tofu added with
anthocyanin
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Table. 11 Sensory quality of Tofu added with anthocyanin
Group  Taste Color Flavor Texture Swallowing  Astrigent
feel taste
Brix10 2.333 2.416 2916 3.000 2.083 2.833
X +0.19 +0.22 +0.25 +0.25 +0.18 +0.16
Brix20 2.000 2916 3.333 2.416 2.333 1.750
T +0.15 +0.24 +0.30 +0.22 +0.17 +0.14
) 1.583 3.333 2.750 2.583 1.916 2.500
Brix30

+0.13 +0.30 +0.22 +0.23 +0.12 +0.22
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(7H) HA ¥
3 F(w)
L g
T < = A B|]C | D] E|F
Glycerin/
1 H &5 A Propylene [5.0/5.0/5.0/5.0/5.0/5.0/5.0/5.0/5.0/5.0|5.0/5.0
glycol
%Lﬁzo]i
2 %ﬂé‘ﬂxﬂ EDTA—-2Na 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05
Methyl
B
3 H BoA) paraben 0.2 0.2 0.2 0.2 0.2 0.2
4 A A Water Q.s q.s q.s q.s q.s q.s
Xanthan
5 a7 = gum 5.0 5.0 5.0 5.0 5.0 5.0
(2% soln)
Carbopol 934
6 (2% soln) 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0
7 A w4k Stearic acid 1.0 1.0 1.0 1.0 1.0 1.0
8 & 2~ F Bees wax 1.5 1.5 1.5 1.5 1.5 1.5
A Glycerin
9 | b | menyeerin 105 | 05| 05 | 05 | 05 | 05
DEA—Cetyl
10 phosphate 1.0 1.0 1.0 1.0 1.0 1.0
11 Arlacel—165 1.0 1.0 1.0 1.0 1.0 1.0
Arlacel—60/
12 Tween—60 1.0/0.5|1.0/0.5(1.0/0.5(1.0/0.5|1.0/0.5{1.0/0.5
13 | o 9§ | Sundlower 151 50 | 70 | 9.0 | 50 | 7.0
14 LPjgfgﬁco 2.0/5.0|2.0/5.0|2.0/5.0(2.0/5.0/2.0/5.0/2.0/5.0
Buthyl
B
15 H BoA paraben 0.1 0.1 0.1 0.1 0.1 0.1
Prophy
16 paraben 0.1 0.1 0.1 0.1 0.1 0.1
17 | pHZEAA] TEA 0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25
18 | w3 A | Imidazolidinyl o5 gp | 02 | 02 | 02 | 0.2
19 A A Water 2.0 2.0 2.0 2.0 2.0 2.0
20 Sk = Fragrance 0.05 0.1 0.15 0.2 0.2 0.2
Apu] 31 -afp
21 | StE Ao}l d 60 Brix 0.5 0.7 0.9 1.0 1.0 1.0
=0
o
Total 100.00({100.00{100.00{100.00({100.00({100.00
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) 71 oldls p

7h) == v

0
TE 4 = A B £ ?(7) D E

1 W & A Propyl'ene glycol 6.0 6.0 6.0 6.0 6.0

Glycerin 3.0 3.0 3.0 3.0 3.0
2 | ¥WAEEX A | Benzophenone—9 0.05 | 0.05 | 0.05 | 0.05 | 0.05
3 A 9 A | Allantoin 0.05 ] 0.05 | 0.05 | 0.05 | 0.05

4o

4 w7 EDTA—-2Na 0.05 ] 0.05 | 0.05 | 0.05 | 0.05
5 44 Al 4= | Hot water 10.0 | 10.0 | 10.0 | 10.0 | 10.0
6 v B A | Methyl paraben 0.2 | 0.2 | 0.2 | 0.2 0.2
7 A A 4 | Water q.s q.s q.s q.s q.s
8 il ¥ A | Polymer (1% soln) 30.0 | 30.0 | 30.0 | 30.0 | 30.0
9 & 5= & | SD alcohol 40 1.00 | 1.00 | 1.00 | 1.00 | 1.00
10 " 5 A | Methyl paraben 0.2 | 0.2 | 0.2 | 0.2 | 0.2

PPG—26—Buteth—26/

PEG—40
11 7}834] | Hydrogenated 1.0 1.0 1.0 1.0 1.0

castor oil

(Solubilisant LRI)
12 | 2FsPA]A] | Vitamin—E acetate 0.1 | 0.1 | 0.1 | 0.1 0.1
13 3k & | Fragrance 0.1 0.1 0.1 0.1 0.1
14 Hl B A | Imidazolidinyl urea 0.2 0.2 0.2 0.2 0.2
15 A A 4+ | Water 2.0 2.0 2.0 2.0 2.0
16 FEAOb FEE A | 5.0 | 40 | 3.5 | 3.0 25

r &4 &
17 OFEAlol] FEE B | 5.0 | 4.0 | 35 | 3.0 | 2.5
18 | pHxHA | TEA 0.1 | 0.1 | 0.1 | 0.1 | 0.1
19 A A 4+ | Water 2.0 2.0 2.0 2.0 2.0
Total 100.0/100.0(100.0{100.0{100.0
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7h) == v

T 7 4 = 3 F ()
Propylene glycol 6.0
. w5l pylene gly
Glycerin 3.0
2 AN A Benzophenone—9 0.05
3 A G A Allantoin 0.05
4 T4 ol Al | EDTA-2Na 0.05
5 A A F Hot water 10.0
6 # 5 A Methyl paraben 0.2
7 A A Water Q.s
8 7 oA Polymer (1% soln) 30.0
9 g4 = & SD alcohol 40 1.00
10 v B Methyl paraben 0.2
PPG—26—Buteth—26/
11 7} & 3} A PEG—40 Hydrogenated 1.0
castor oil(Solubilisant LRI)
12 A SFHEA] A Vitamin—E acetate 0.1
13 3k = Fragrance 0.1
14 # 5 A Imidazolidinyl urea 0.2
15 A A Water 2.0
16 AEAJOID FE2E A 5.0
& Ad%
17 AJEACII FZFE B 1.0
18 pH Z4A TEA 0.1
19 A A Water 2.0
Total 100.00
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Ayt o vRwstek F59 F7h 5o A gFel T& dHon,
AlZEe] s 5ol wel YElE A AR w5ket AAIE dage] wmEE o] Yo
e 9IS =3t Fo o %Wéoﬂ ojiA WH-x3t7F e Hm 2o
A (UVA)o} #2ld B (UVB)9] mZell ol 2Ashes dHwmshs Ad 44
Fwestels gy uRe] Eow hEHa gtk Febdl AAde velrt
EAY, UVASH UVBYl w=EH S vl APA 580l Hobx yiwst 2 7
FEgol -

o Matrix metalloproteinases (MMPs)& 8 AA 557 2 A E, 22X Fo}
A, SAE T3 2 Ax=E5E 20y s Za 2 okd oA dR=E
t}A] (Endopeptidase)® 54 pHol A #A&3= aholth Al¥x+s ngdS &
A1 71 & 422 MMP—1 (type I collagen) ¥ wddL A= o2 g4
& Ads 2dstds 73S FHaARE 9 F7F g Ao el m=EEE A
E7F AFE wol AUl o2 MMP-10] @olA WA I§-F5o] AT

olgfgk MMPs+= x4 9] 34, &), %, dxad, 9iwest 2 F5, 34
DA Amel g sty HA I 7 Ao dofste HoE I A
gJom FxA FAEY 71E EolAdE AR o] MMPsE collagenases,

gelatinases, stromelysins, matrilysins, membrane type—MMPs 18] 11 <& %
A &L MMPs 502 EFEth MMPs+ growth factors, cytokines, tumor
promoters % ultraviolet (UV) &3} & theFst o5 zp=<21Ato] ofaiA 2}
DA

g5 AfolAEaA UVel s f=% MMPse thoksl w32 collagen©]
U Al s o2 Ax97]d (extracellular matrix: ECM)2] 33 & =3}
7] WZel MMPse] &2 ¥ w=3kel "AL AAE 7HA L v 24
AbA % (reactive oxygen species, ROS)9 &AL UVel 93 FE%+= MAP
kinase—mediated signal transduction®] A% &S 34, ROS7} A
MMP-129] &&e] F7kEaL, o] g ROSO| EA& dAlste EdE52 UV
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of 98 fFEE= AP-1 243 MMP-129] @& JAA7]= Aoz g
A 3

o W3 A IS Avshe RE AEAe HEES WAl v 2 f=
4 @gatast g A AR ADNAT oidtel mjadEE, w7k
ASHES HRete] oF, w3 IPFRE Wk obye} Ae] AbslE
71e d, ol AT 5 gl wHeRe <Al W Falshl 2a *Mﬂ,—% &
ABATNAY AfiHer isAS A e Hrbehd sy, G oR
AR Al TR REA oldM A7F AAdatsiAl= *LJ%HM %o
g Aol 2 el ATIClA Aseh g Aol Ae it
shghdol gt AZtR Fel sbedh Awlageke] QREAJobd A
(3.8%)& ©l & 75 (A Faksl AF A, Frsh 7lsdnA, Y
A, ARsaA) e AT F ol 2AE 83 I Vs AE
S A F AEsed Asrte A5F5d B ofy shFAE] w9
A AYE AR =348 qRot bed Aow dwsodn

2. A 2 9y

7}. Free radical 27 #-&

DPPH (1,1—diphenyl—2—picryl hydrazil)+= A} radicale 3t J=H

Aol Y& free radicalEd ZE3sle] <A complexE THE. ©]2]3 DPPHE

Z+8-& hydroxyl radical®} FAF8te] free radiacal &7 Ao &RFHch H
H2 60 uMe] DPPH 2 mlel] thdAl A4S w=HZ Age o5 1851 &
I, 107 Fo 520 nmellA Z7sk3lth

. Superoxide &7 #H&

Xanthine (100 uM)¥} xanthine oxidase (0.02 U)E xga] A< superoxided
3l StEAOUY AATE dolR7] ¢3e] 0.1 M potassium—phosphate
buffer (pH 7.4)¢l &3t T StEAolUS AT e, Av F nitroblue
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tetrazolium (100 uM)& 7122 A}&35}e] StEA o} superoxide SALEE

Bshgch.

||V

o} MTT AssayE ©] &3 AX5A4 54

A MEZE 96—well microtiter plated] HEEE 5x10° cells/ml &= Z4A3}te] 100
WA wellel] ¥ tha O}E/\]O}” 4 t—BHPE sEH=E AT 3 v 1A17F H)
sk g HNS w3kek & MTT labeling reagent©l electron coupling reagentE
A7Vete] =83 MTT labeling mixtureE Z welld 10 wl® (H=5% 0.5mg/

m) 4A17F A2 & 550 nm oA FFEES 0|83t StEAolT zFA Q] A

2}, Hi kN ) Lactate dehydrogenase (LDH) =A

Fo| o] &gt FEAJol L] HGAME EAed gidt S ZAFEHY] f18ke] w)
vle] LDH &4<& =43 LDH €42 7|1& pyruvate?} lactate® FHAs &
=5 ZAete] FAT o] 7+ reduced NADH7ZF 2F8}% a1, 340 nmoll A &
 EFx= e, 0.1 M potassium phosphate buffer (pH 7.5) 2.7 ml<
cuvetteo] ¥l 0.1ml culture mediaZ® #7}8lxZ, 0.02 M sodium pyruvate 0.1 ml
2 mg) 0.1 m& H7tste]l & 4o+ F 340 nm FF =0

H (0
A 2% Bok FREE S4se

GEAlO}I S 1417 A AP F t—BHPS 0.25 mM ¥%=2 147 9k A&
k& W Elal, ice—cold PBSE Fxbdl A& g £ rubber policeman®o.2

Fo}x Homogenizer® &3} sk 2| A3k} (Lipid Peroxidation)2] A3 2
MDA® & A3 FIF AEE 05 ml FH3M 0.37% (w/v) TBA
(2—Thiobarbituric acid), 15% (w/v) TCA (Trichloroacetic acid)e] ¥3F = 0.25M
HCl 8§95 FHriste] 80C=E 1583 7Fdsta, w29 Fees Hubsh &
4000 g= 5E3F LA 2T TS Fal 530 nmo] oA FFEE SAS
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2 AIE W ROS®| 42 % probedl DCF-DAS A&3te] AT wfg ool
DCF—-DA (2',7'—Dichlorofluorescein diacetate)E& welld 25uM= ] 2]5}e] 158

Fgk § QFEAJold I} M U ROSE F¢AI7]+ t—BHP (0.25 mM)E A
sk whe & FJAH A XY HF23FELS excitation 3 485 nm, emission

530 nmell A fluorescenceE A3 th
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AXAE EE RAW 264.7 cellsS phenol red—free RPMI 1640 HIX& 5 x 10°
/ ml o FEZ A3 ABE 7Iste] 5% CO, vlg7]olA 24A1F 6 kst

T, wMgFAge] NOE A7 Hste vl A5 AS GriessAl o &3sk &
AL 105 wx £ 550nmolA] TFEE =4, NO, 9 %X NaNO3E 9]
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ZF. RT-PCRE o] &g MMP f+dx}e] &¢dd
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AlBE 4M guanidium thiocyanateo] &&|A]7] A RNAzol &8 o] &3le] A
A AEZW RNAZS E2 38 the, oligo d(T) cellulose spin columns ©]-&3}o
mRNAE #7. #83% mRNA 0.1ugE 0.5ug oligo d(T) 18 primer%t
Super—script reverse transcriptases ©]-&3t9] cDNAE 4. A3 cDNAE
ol-&3to] MMPs ¢ &3 o]l&°l i 5o]4 primerE ©]&3% PCRZ T
gt ZZ% PCRAFES 2% agarose gel AolA] Ethidium BromideS A}-g 3}
golslm A7]9d% & Image Analyzer System (KODAK)¥ PC Image
Analyser (NIH Imager)E A}-83}o] Aekst,

7k Alme] Az
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B16F10 AlX= CO2 Axvjd7]olA 10% FBS(gibco. co. USA)o] xE3SHH
DMEM uj#] & A3}t o] 7)o penicillin—streptomycin(sigma) & A7}l 2
™, 24A1%F F7]2 DMEM wjefalS wA 343t Sulforhodamine(SRB) assay
= Skehan®] WHlE Wste] FAsT wldEed 96 well #jFE7]el TCA
‘NS Hrlsto] AZolA 1A7HEQE Hytsto] vjkg 7o AdH AEE 14
ot AxE 53] B2 HojFE F AL 1xste] of7]d 0.4% SRBE 4
I 308 Bk WA F SRBE AASIL 1% RATOR 43 A3 o] AL A
AZAZ] & Tris baseE #7F8Fe] ELISA readerE ©]83}o] 490nmolA F3 =
& 543t 2etd e Hosoi 59 WS WEst] AREsith AEE )
Fsto] PBSE 23] AlHE F dAEY sto] Ax IS wHEAT 10%
DMSOE %7k IN NaOH &5 H7bsto] 80TColA 143kt &3l sho]
405nmelA FFEE SAsHoh dAebd e A debd S ARgste] A E
F7 AAeA Fstar, Aol ded
2 AAel ). Tyrosinase AL =4& Matienz—Esparzad] WiHo| s
ASFATE. 2 welld] AXE YAEYS ] AX HAAES 7= 100ul9 lysis
buffer(1% Triton X—100, 10mM sodium phosphate, 0.1mM phenyl methyl
sulfonylfluoride) & 7Fat3ith. Aol WAlste] AxE g Al7]aL A3 5
Fshe FHstd asgdoz ARESISIY. 100mM sodium phosphate 89
100ulell A& & A48 50ulE 7kekar 37°C, 305nme] F1e A FH3=o] ¥istE
=738kt

=
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1) AEL AAE 24 ALE AT P BY 2F

2bsl 2E# 2 (Oxidative stress)oll &gk o8l {1y 2 F9 Akl 283, <1
7] w3F 9 7 AWS fistE AoE d#A g AsE Z&o g A
el fE QFEAold M4 o] kst as dolry] 98, 72t FAlA &

o

¢}
4gAQ A W FE ADL gl AANNEHE 54 A
\l}

=
DMSO°l 571 tEAlobd s H7bste] 7 &t Aol WA 4844

E 2 4= &t
o A5 dnt A Ao Hs] A GETF 30%0]d s o™ (Fig.d), H o o
F5 AEE o] &3 ks 5 AE HAFst (lipid peroxidation ; LPO) 5+
o] g3te] A3 Ay} EAJopd MAol Eo] Hlgste] AFsHNkSo] st
e el & 5 A}dH (Fig 5)

LIl parox detlan

T T T
sybsnl antmciEEk 200 anRacEmAD0  anlacyase MO

Fig. 4 The inhibitory effect of anthocyanin from purple—fleshed sweet potato
on the rancidity of soybean oil. Anthocyanine(200, 400, 800 ug/ml) was
mixed with soybean oil (10ml) in ethanol and DMSO mixture. Each
value represents the mean S.D. of three independent experiments,

performed in triplicate. #P < 0.05, significantly.
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Fig. 5 The inhibitory effect of anthocyanin from purple—fleshed sweet potato
on oxidative stress effect induced FeCl,. Anthocyanin(10, 50, 100, 200
ug/ml) was mixed with brain extract (100mg) in PBS 1ml with FeCl2.
Each value represents the mean S.D. of three independent
experiments, performed in triplicate. #£ < 0.05, significantly. AA :

vit.C.
2) Amaigtel {2 QFEAJold o] 3itsl &4 S

A A 3kske] AMftg-o wholsk= AFEH free radicals A71%Fo2A FAtEkA|

2 g3t 242 free radical?! BHA$ DPPH  (1,1—diphenyl—2—

picrylhydrazyl)E hydrazine HE| 2 $AA 7= THS ZAgGozH HAE 4=

At BHA W3} DPPH ¥ < ol&ste] Avjaiynt f TEAOMA free
3}

radical 274 %< &<13t A3 DPPHY 7% vitamin CY 1/2H =9 33t 55
an_ojq BHAZ o] &3+ 343 2H8< vitamin CY A U3 AL =&

ol
o

B 4 29Tl (Table 16). FHtoll AAul Aoz A7x

< o] free radicalell <3l Ak

A oe] 88l 95t

g4 A% (reactive oxygen species; ROS)Z A 3tE™ A A
|
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W wshel Ayl Aol H7)% @k 919 ehEAlold Ao aHaks Fu)

SEALE ol §3 Fiksl APlA BAsA &3S vhehieA] Sopns] 915
of, WHALE ol &3t ROSE 574 stk A, Bsh5A (0
) F7H ROSE) ghol SHEAlohd kel wxel oEs) ghdtt A%
@ % A HFig 6).

Table 16. Radical scavenging activity of aerial parts of purple—{fleshed sweet

potato (against DPPH and superoxide radical)

SCs0® values (mM)

Compounds
DPPH Superoxide radical®
Purple—fleshed sweet 018 018
Dbotato
BHA' 0.12 0.25
Vitamin C 0.10 0.21

a . SC50 wvalues, sample concentration to scavenge reactive oxygen species
by 50%.

b : DPPH, 1,1—diphenyl—2—picrylhydrazyl redical. ¢ : superoxide radical was
produced from xanthin with xanthine oxydease oxidation reaction. d : BHA,

3—t—butyl—4—hydro xyanisole. AA : Vit.C.
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Fig. 6 Effects of purple—fleshed sweet potato(jami) on HsO:—induced cellular
ROS  production. Hepatocytes were treated with different
concentrations of tongo, algo and pakak with H2:0.. The bars
represent the increase in fluorescence relative to unstimulated control
cells at 20 min after addition of the stimulants. Each value represents

mean*S.E. of three independent experiments carried out in triplicate.



3) AvaTuk fol SLEAOIIY WAL BE 24§

AVBA Ao o] wrAlElE EEAE =Ad dle AdS a3 Azt dak
ol oa Saktdl AEbE zp2ooe] Abda] 7= A|Ee] ko] otE Aol
ARE B4 AP 89S A9 dAA 2d=s RS A F 5 ATk oY
3 Az, Avnpul G FEAohd Mal st AFe Zo] EEA T
e A8S o s 4 & AAH(Fig 7)
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Cell vibility
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Fig. 7 Effect of anthocyanin on HO;—mediated cytotoxicity in peritoenral
macrophages. The cells (1X105 cells/ml) were treated with various
concentrations of anthocyanin and the cells were tested for viability
by MTT assay 24h after the treatment of purple sweet potato. The
value represented the mean®xS.E.M. from four independent

experiments.
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Fig. 8 Effects of purple—fleshed sweet potato(jami) on NO production.
Peritoneal macrophages were cultured with the indicated
concentrations of jami for 24 h. NO production was determined by
measuring the accumulation of nitrite in the medium. Each bar
shows the mean £ S.D. of four independent experiments, performed

in triplicate.
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Uvel o3& =% MMPs9 thoksk ia 2 collageno|y AgtE S 2 A X9

714 (extracellular matrix: ECM)9] 33 & fFk=st7] wjZol MMPs¢ 274d&

g5 wstel WHe #AE HAL Adn & ARs

species, ROS)e] AL UVl 93] %%+ MAP kinase—mediated signal
A4 oes shH, ROS7F HAEH MMP-12¢] Z@lo] F715

i, ol2]gk ROSO g4 &

MMP—129] 2&-3 A
e}
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% (reactive oxygen

transduction®l|

92kDa— <— MMP-9 proform

72kDa —

64kDa <«— MMP-2 proform

“— MMP-2 active form

Na 10nM 50nM 10ug 1lug

TCDD ANT

Fig 9. Typical samples of gelatin zymography for MMP—2 and MMP-9.

MMP—-2 activity was observed as a transparent band at 62 kDa in

the stained gel.
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3) MMPse] a4 &4

MMPs o & Zymographys A% A3} Fig 10014 Hi= wpe} o] zbujal
Tub SFEAQFAM A Eo] o)FEate], WRAFO|(NIH 3T3)AEe] =23k
MMP292] &Alo] Zrlste= ZAS &l & 4+ A},

GAPDOH

MMP-2

MMP-9

NA ANT1 ANT10 NT20
ANTS0

Fig 10. Effect of anthocyanin on MMP—2 and MMP—-9 mRNA expression in
NIH3T3 cells by RT—PCR: cellular RNA of NIH3T3 cells were
harvested 24 h after depsipeptide treatment and analyzed for

MMP—-2 and MMP—-9. GAPDH served as an internal control.

ol wae BAHY WEHI HUA B@ g o)A sty

3ol MMP—2,99] tj3 RT—-PCRS 3 33}, 3 23 &

29
d& 7 UNeH, mae] & ane] wd W] ofF A

U3 A3E St
o P
S 4 AT



~ @
o o
| |

2}
o
| s

[$)]
o
| s

o
o
1 L

Collagenase activity
8
1 L

N
o
1

-
o
| s

o
s

Fig. 11. Effect of anthocyanin on collagenase activity in NIH3T3 cells by
pro—collagen of NIH3T3 cells were harvested 24hr after depsipeptide

treatment and analyzed for collagenase activity.
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Fig 12. Effects of anthocyanin on cell viability of NTH3T3 cells in 24hr, and
48hr by WST—1 assay. Values represents % of control. Experiments
were performed in triplicate and each value is mean £ S.E.M. of

three independent experiments.
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Fig 13. Effects of anthocyanin on cell viability of NTH3T3 cells in 24hr, and
48hr by WST—1 assay. Values represents % of control. Experiments
were performed in triplicate and each value is mean £ S.E.M. of
three independent experiments.

T AR

Table 17. Radical scavenging activity of aerial parts of purple—fleshed

sweet potato (against DPPH and superoxide radical)

SC50* values (mM)

Compounds DPPH" Superoxide radical®
Purple—fleshed sweet

potato(F-¢h) 0.18 0.21
Purple—fleshed sweet

potato(FY) 0.19 0.13

Vitamin C 0.11 0.23

a « SCH0 values, sample concentration to scavenge reactive oxygen species by 50%.

b : DPPH, 1,1—diphenyl—2—picrylhydrazyl redical.

¢ . superoxide radical was produced from xanthin with xanthine oxydease
oxidation reaction.
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Fig 12.
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Effects of anthocyanin on cell viability of b16F10 cells in 24 h by
WST—1 assay. Values represents % of control. Experiments were
performed in triplicate and each value is mean = S.E.M. of three

independent experiments.
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Fig 13. Effects of anthocyanin on on the proliferation of B16F10 mouse
melanoma cells. Values represents % of control. Experiments were
performed in triplicate and each value is mean = S.E.M. of three

independent experiments.

o} Avjatel {58 A Ede] Iy v g
1) B16 mouse melanoma A E¢ A3}

Z=%0°] B16 mouse melanoma A X2 o ojudt JaFS v X
flste] Awaignt 2288 Agskal 7243F s gk $oll AlE
Ay vzl wlske] Awagtet FEE AR AESFTE of

S7tE = Ads Hou AR FAS gl (Table 18.)



Table 18. Comparison to the number of melanoma between control group

and experiment group at 24hr culture

Compounds number of melanoma cell line
control 100 £ 0
anthocyanin 1 1004 *+ 7.2
anthocyanin 10 101.2 £ 4
anthocyanin 50 107 £ 6
anthocyanin 100 109 £ 74
anthocyanin 200 108 £ 4.2

a . SC50 wvalues, sample concentration to scavenge reactive oxygen species
by 50%.

b : DPPH, 1,1—diphenyl—2—picrylhydrazyl redical.

¢ . superoxide radical was produced from xanthin with xanthine oxydease

oxidation
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o} wjgd BEE AR FHsle SA33.
3) a—MSH7} @Weld Ao mx]= ok

A AAEAT 522 (MSH, melanocyte stimulating hormone)-2 ¥ 8} 4| of] A
ACTH(adrenocorticotropic hormone), Lipotropic 23} Endolpine® A-7A<!
POMC (proopiomelanocortin) 2] JEjZ 0] =™, SAF Hxe} A 5Eo] A
UM E(murine melanocyte)d] @ d3E =3t Aoz 84 gl 19)
19613+ Lermer®t McGuire 20)7F ¢1Ao] Weltd AE 2= =228 F9)3
T oy RA Y] MAZAS fstal QA ¥R "t} o] s=Edte] A

AL AAEG T AR atel FEE-0] B16 mouse melanoma A ES] #Hzbd &
Aol HX= GES 5457 Mol WA dehd Aol Mg awel e 4

01nMol A 10nM7HA] Thekdt sz 2 e
4383tk Fig 14.914 Hi npel 2o
oml SIA 7kl e (p<0.05), 53]
A A4 S7hE Bdvh Avke o
g Fol 2u) SIFE AT A A vhe}

0
aFaL 72A1ZF weker o dEhd $S
a—MSHA g]ato] djxtel| ulste] BT
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Fig. 14 Effect of anthocyanin concentration on melanin content of B16
mouse melanoma cells. Data were means £. This experiment was

repeated five times.
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Fig. 15 Effect of anthocyanin concentration on tyrosinase activity of B 16
mouse melanoma cells. Data were means . This experiment was

repeated five times.



4) a—MSH7”} tyrosinase Aol WX Jgk

a—MSH7F detd Aol WA= F3Fs Wel7] kel a—MSH A F
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6 well plateo] €=} HAEE seeding 3haL, U}u d FBS7} gl WA= x|
T Aargtel Aydd =l FEAOA S 24A13F A Psith FEAobd
A 2] gk wj Aol HBSS®l 2] *fz MTT Aok 100u ¥ 7kg %, 37C CO.
Incubatoro] A ¥k-& & 30% Fof cellS lysis A% § 550nmollA SH=E 54

s5ich.

rot

o

AHEELS oF 25~30 g9 Specific Pathogenic Free (SPF) male ICR miceE F
23|AL gigkalo]l e AR RE FYete] AdEsER AFEEAT Alae B2 A
FEA AFHEE 5, AFZAY 5= 21~24TC, A $5= 40~60%=

g *
Aslth, £ A A ok ol 1243wk MEHES 245, B8 A
=

9% oglwde] AehA BES Hepa—filters ol §813ith.

Apm L take] A A Bl StEAobd MM A
=1 (200, 400, 800 mg/kg) & 7Y FoF AL AT F
RS AT Fosle] otEAlold e &% S AAEAT

WS Acetaminophen (APAP, 400 mg/kg)S A ]2l 4=

pu. 1
P84 FEANIE niH oz Fold F 347
(e}



ol W% walt,
A EEIE SR

EA FREA e 3 &4 ddow FEEo] Q= alanine amino

transferase (ALT) % aspartate amino transferase (AST)9 %S =A3to 7N

b2 ARE A% & 9tk ALT % AST 92 Reitman—Frankel 9ol

TR AEgh $o wjgd S ALT % AST 714

37CAA 30 &<t ¥H-&AIA pyruvates A 5, Ty ol
4
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F. 7t ZZ oA 9] Glutathione (GSH) oFaF W3} A+

ZF 100mgS 0.02 M EDTAC] 2 % Homogoenizer® A3} AlFth 4T,

12000rpm o2 3043 A EE e & A5 100ul 7k FH3FAAT). o] d5dd 1.8
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% Foll dl2molH FREES Sk
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0~100%) ethanol I}AS AA &3 Xylenel & alcohold A A & %2

g8t sk paraffine AFAIA EFFEATE. 2259 olgE WAEY] f]8o]

poly—L—lysine (Sigma Chem., Chembio., Co., Seoul) S &&lo]=o] =8 AZFA

Ak vgPor oy 2AEES 9rHA W] (Microtome, Leica)® 4 mm T

7ol A& s FHsko] xylened ol&sto] Euebdst A71al, dAEE o&
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b o

o= A

At agteke] Aelgd =24l bEAJoldRES ©Row 7AXE A Fold
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xgoll/ 4C 30 &3F AL F, 5w
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Azs =3¢ &9 1 ms 2 & of&six # FHAI %
microcentrifuge tubeol] & th AW aiTtnte] A S =20 AFEAoPIRES F
& A5 APAPSF 22 3t &S sl SstE Aol tiabel dol® 7He] ¢
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2F. Az FAE o]k Cytochrome(CYP) P450 2E19] western blotting

[>
il
o

|83l Azxgk So] CYP 2E19] A& o] &3l western blottings
st Ay, A aigteke] ARl FEAOD Fo| s H=Z CYP 2E19
sk AL s

Al
A

F

=g

¥
o|\
olr

7k 3 AN BehEds o] &3 Al = A

96 well plated] 7+ AAMEE seeding 3ta, TS 9 FBS7} & WX = A



& % AvinTel e BYTAA FEAIIS 2447 AYFATh STEA I
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O
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= FEEE 244 AA st oghgol] ok 1F B4 i H AE SA4S
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o] 3ol ®mokth 4Ce] 3000 rpmellA 5&3F AR s, FFNE AAG L
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< lysis 21712 13000 rpmell A 1023F Ak A& stk FA% F5 &
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Fig 16. The cultured mouse hepatoma cells were pre—treated with different
concentrations of JAMI (ug/ml) for 24 h. The cell viabilities were
evaluated using the MTT assays. Each bar represents the mean *
SD of at least three independent experiments made in triplicate.

xSignificantly different from the control at 2 < 0.05.



Table 19. Dose—dependent effects of antocyanine on t—BHP—mediated

cytotoxicity in hepatotoxicity.

concentration LDH release MTT
(peg/ml) (% of t—BHP) (% of control)

control 32£6.7 100£7.3

anthocyanin 800 39+4.3 96+12

t—BHP 100+£8.8 34+3.8

anthocyanin 200 + t—BHP 87+6.4 65+8.4

anthocyanin 400 + t—BHP 55+7.2 83+10

anthocyanin 800 + t—BHP 42+5.3 92+11

The cultured hepatocytes were treated with t—BHP (250 uM) and anthocyanin
(200, 400 or 800 wg/ml) for 6 h (LDH and MTT assay) oxidative
hepatotoxicities were evaluated using the LDH and MTT assay. Each value
represents the mean = S.D. of three independent experiments, performed in

triplicate.
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Fig. 17 The mice were pre—treated with JAMI (200, 400 or 800 mg/kg, i.g.)
once daily for 7 consecutive days. The control mice were given
saline. Three h after the final treatment, the mice were treated with
APAP (400 mg/kg, ip). Hepatotoxicity was determined 18 hr later
by quantifying the serum activities of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST). Each value represents

the mean = SD of five mice.
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Fig 18. The mice were pre—treated with JAMI (200, 400 or 800 mg/kg, i.g.)
once daily for 7 consecutive days. The control mice were given
saline. Three h after the final treatment, the mice were treated with
APAP (400 mg/kg, ip). Hepatotoxicity was determined 18 hr later by
quantifying the hepatic lipid peroxidation. Each value represents the

mean * SD of five mice.



5) Glutathione (GSH) Z& 3}

APAPol 9ol&] Hdd A4 Ao uE 3F &Aow AAE FZ# U GSH 4
& gFo] Amagal A E AL StEAolY Fo] ko ulEste] GSH &
HS

o] F71ekE A2 GS

o
L

s
L

Glutathione (GSH)
(pmolefg liver wt )

ma
L

0 i
Inl Al e
A D(‘m;ig?; - 0 0 200 400 800

+ Acetaminophen

Fig. 19 The mice were pre—treated with JAMI (200, 400 or 800 mg/kg, i.g.)
once daily for 7 consecutive days. The control mice were given
saline. Three h after the final treatment, the mice were treated with
APAP (400 mg/kg, ip). Mice were sacrificed 18 h after the APAP
administration. Hepatic cellular glutathione (GSH) contents were

measured. Each bar represents the mean * SD for five mice.



6) Hematoxylin Eosin (HE) &4 23}
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Fig 20. The mice were pre—treated with JAMI (200, 400 or 800 mg/kg, i.g.)
once daily for 7 consecutive days. The control mice were given
saline. Three h after the final treatment, the mice were treated with
APAP (400 mg/kg, ip). Mice were sacrificed 18 h after the APAP
administration. At the end of the total treatment period, the liver
was removed, fixed in formalin solution, and stained with
Haematoxylin Eosin (100x) for histological examination under a light
microscope. A) Control mice receiving saline, (B) APAP mice
receiving saline, (C) APAP mice receiving JAMI (200 mg/kg), (D)
APAP mice receiving JAMI (400 mg/kg), and (E) APAP mice
receiving JAMI (800 mg/kg).
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Fig 21. The mice were pre—treated with JAMI (200, 400 or 800 mg/kg, i.g.)
once daily for 7 consecutive days. The control mice were given
saline. 24 hr after the final treatment, mice were killed and
cytochrome P450 1A1—dependent hepatic ethoxyresorufin—O—dealkylase
activities and cytochrome P450 2E1-—dependent hepatic aniline
4—hydroxyaniline activities were measured. Each bar represents the

mean * SD for five mice.



8) A|x AE o] 83 Cytochrome(CYP) P450 2E19] western blotting 23}

ol Eolu =g tAFAQl olM el A= o)Wl (N—acetyl—p—benzoquinone
imine) 22 AHA3A 7= &4 CYP 2E1 FAE vg2E o] &3l A|ZR3I 5o
CYP 2E1¢ FAZE o] &3}lo] western blottingS 483k A3}, zpujartnle] AY
2 &2l tEAlol T Fx HE CYP 2E19] w@édo] 7Adl= S western

blottingS &38Fe] &<2lsk3i ).

PrACHI | — p—— ™

n AH A
‘T‘m'*?‘n Bk 0 200 400 800 0
mgkg)

Pyridine - - - ) ¥

Fig 22. The mice were pre—treated with JAMI (200, 400 or 800 mg/kg, i.g.)
once daily for 7 consecutive days. The control mice were given
saline. 24 hr after the final treatment, mice were killed and hepatic

Cytochrome P450 2E1 expression were detected by western blotting.
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Fig 23. The cultured hepatic stellate cells were pre—treated with different
concentrations of JAMI (ug/ml) for 24 h. The cell viabilities were
evaluated using the WST—1 assays. Each bar represents the mean *
SD of at least three independent experiments made in triplicate.
xSignificantly different from the control at 2 < 0.05.
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Fig. 24 The cultured hepatic stellate cells were pretreated with different
concentrations of JAMI (ug/ml) for 24 h and were treated with
acetaldehyde (200 uM) for 24h. The alpha—smooth muscle actin

(a—SMA) in cellular extracts were detected by western blotting.
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Fig. 25 Rats were pre—treated with JAMI (50, 100 or 400 mg/kg, ig) once

daily for 6 times per weeks for 4 weeks. Control mice were given
saline. Dimethylnitrosamine (DMN 10mg/kg) was intraperitoneally
injected to rats 3 times per weeks for 3 weeks, and then on the
4th week the rats were subjected to five consecutive daily DMN
injection. Hepatotoxicity was determined 24 hr later by quantifying
the serum activities of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST). Each value represents the mean
* SD of five rats.
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Fig 26. Rats were pretreated with JAMI (50, 100 or 400 mg/kg, ig) once
daily for 6 times per weeks for 4 weeks. Control mice were given
saline. Dimethylnitrosamine (DMN 10mg/kg) was intraperitoneally
injected to rats 3 times per weeks for 3 weeks, and then on the 4th
week the rats were subjected to five consecutive daily DMN
injection. The alpha—smooth muscle actin (a—SMA) expression were
detected by western blotting.
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Fig 27. Rats were pretreated with JAMI (50, 100 or 400 mg/kg, ig) once
daily for 6 times per weeks for 4 weeks. Control mice were given
saline. Dimethylnitrosamine (DMN 10mg/kg) was intraperitoneally
injected to rats 3 times per weeks for 3 weeks, and then on the 4th
week the rats were subjected to five consecutive daily DMN

injection. The collagen type III expression were detected by western
blotting.
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Fig 28. Rats were pretreated with JAMI (50, 100 or 400 mg/kg, ig) once
daily for 6 times per weeks for 4 weeks. Control mice were given
saline. Dimethylnitrosamine (DMN 10mg/kg) was intraperitoneally
injected to rats 3 times per weeks for 3 weeks, and then on the 4th
week the rats were subjected to five consecutive daily DMN
injection. At the end of the total treatment period, the liver was
removed, fixed in Bouin's solution, and stained with Masson's
Trichome (100x) for histological examination under a light
microscope. (A) Control rat receiving saline, (B) DMN rat receiving
saline, (C) DMN rat receiving JAMI (50 mg/kg), (D) DMN rat
receiving JAMI (100 mg/kg), and (E) DMN rat receiving JAMI (400
mg/kg).
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Fig 29. Rats were pre—treated with JAMI (50, 100 or 400 mg/kg, ig) once
daily for 6 times per weeks for 4 weeks. Control mice were given
saline. Dimethylnitrosamine (DMN 10mg/kg) was intraperitoneally
injected to rats 3 times per weeks for 3 weeks, and then on the 4th
week the rats were subjected to five consecutive daily DMN

injection. The hepatic collagen content detected by 4—hydroxyproline.
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Abstract

The present study was undertaken to examine the protective effects of anthocyanins fraction
(AF) obtained from Purple-Fleshed sweet potato on acetaminophen (APAP, paraceptamol)-
induced hepatotoxicity, and to determine the mechanism involved in mice. Animals
pretreated with AF prior to APAP administration showed significantly lower increases in the
activities of serum alanine aminotransferase and aspartate aminotransferase and hepatic
malondialdehyde formation than APAP treated animals. In addition, AF prevented hepatic
glutathione (GSH) depletion by APAP, and hepatic GSH levels and glutathione-S-transferase
(GST) activities were upregulated by AF. APAP-induced hepatotoxicity was also prevented
by AF, as indicated by liver histopathology findings. In addition, the authors examined the
effect of AF on cytochrome P450 (CYP) 2El, the major isozyme involved in APAP
bioactivation. Treatment of mice with AF significantly and dose-dependently reduced
CYP2EIl-dependent aniline hydroxylation and CYP2EI protein levels. Furthermore, AF had
an antioxidant effect on FeCl-ascorbate-induced lipid peroxidation in mouse liver
homogenates, and had superoxide radical scavenging activity. These results suggest that AF
protects against APAP-induced hepatotoxicity by blocking CYP2El-mediated APAP

bioactivation, by upregulating hepatic GSH levels, and by acting as a free radical scavenger.

INTRODUCTION

Acetaminophen (APAP) is widely used as analgesic and antipyretic drug throughout the

world. Nevertheless, overdoses of APAP may lead to severe and sometimes fatal hepatic

damage L2 Under nesmaleonditions At normal dosage levels, APAP is detoxified in the liver

by glucuronidation and sulfation, and a small amount of APAP is metabolized by cytochrome
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P450 (CYP) to form highly reactive species, such as, N-acetyl-p-benzoquinone imine
(NAPQI), which under normal conditions are readily detoxified by conjugation with
glutathione. However, the high doses of APAP result in the saturation of detoxification
pathways, to hepatic glutathione depletion, and the excessive production of NAPQI. which
freely binds to topically-expressed cellular molecules in humans and mice *. The toxicity of
APAP is initiated by formation of a reactive metabolite, which depletes glutathione and then
covalently binds to cellular proteins 8 Subsequently, covalent binding of NAPQI to cellular
macromolecules, membrane lipid peroxidation, and the disturbance of intracellular calcium
balance causes cell damage or death 7 Previous studies have that demonstrated that APAP-
induced hepatotoxicity can be modulated by substances that influence cytochrome P450 £¥R
activity 89 Moreover, at high doses, APAP is metabolized to NAPQI predominantly by
CYP2EI and to a lesser extent by CYP1A2 or CYP3A4 '™ 11,

Anthocyanins are polyphenols and are found in many red-skinned fruits, vegetables, and

14,

2,13 . . 5 . . . . ~
cereals '* ", and in red wine '*'°, but are not recognized as physiologically functional food

factors. Phyto-anthocyanins have recently received attention because of their varied

16,17

physiological functions, e.g., they have been reported to act as antioxidants , to prevent

. .18 5 o m W e
carcinogenesis , and to have a protective effect on liver injuries induced by carbon

31 and tert-butyl hydroperoxide 2 in rats. However, the physiological effects

tetrachloride
of anthocyanins and the mechanisms underlying their hepatoprotective effects with respect to
chemically-induced liver injury have not been determined.

The present study was undertaken to evaluate the protective effects of an anthocyanin
fraction (AF) obtained from the Purple-Fleshed Sweet Potato on APAP-induced
hepatotoxicity, and to elucidate the mechanisms underlying these protective effects in mice.
In addition, we explored the possibilities that AF inhibits the phase I enzymes involved in the
metabolic activation of APAP, and that it induces phase II conjugation enzymes that detoxify

the reactive product formed. To investigate this hypothesis, we examined the effects of AF on

CYP2E]I activity and on hepatic GSH levels.
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MATERIALS AND METHODS

Materials

Acetaminophen (APAP), corn oil, diagnostic kits to measure serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) activities, thiobarbituric acid, dithionitrobenzoic
acid, L-(-)-ascorbic acid, xanthine, xanthine oxidase, phenylmethoxysultonyl fluoride,
reduced GSH, ferrous sulfate, 1,1.3,3-tetracthoxypropan, superoxide dismutase, and
hydrogen peroxide were obtained from the Sigma Chemical Co. (St. Louis, MO). Antibodies
against CYP2EI and B-actin were purchased from Chemicon (Temecula, USA). All other

chemicals and solvents were of the highest grades commercially available.

Plant material

The anthocyanins fraction (AF) referred to was purified from the aqueous extract of the
whole bodies of purple-fleshed sweet potato, which was supplied by the Ji San Food Co.
(Hamyang, South Korea). AF was prepared using methods described elsewhere and their
compositions were previously published 20,22 Briefly, uniformly sized tubers without defects
were washed, peeled, diced into 0.5cm cubes, and freeze-dried. Freeze-dried tuber samples
(0.5g) were homogenized in 15 ml of 85:15 ethanol:water using an Ultra Turrax Tissumizer
(Cincinnati, OH) (30,000 rpm) and stored for 12 h at —20°C. Supernatants obtained by
centrifugation were concentrated and then diluted to 5 ml using 0.01% aqueous HCI (whole
extract), and passed through C-18 Sep-Pak cartridges (Waters, MA) preconditioned with

0.01% aciditied methanol to absorb anthocyanins 3 Anthocyanins were obtained by eluting
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columns with 0.01% methanolic HCl, concentrating eluates (under a nitrogen flow), and
reconstituted with either alcohol or DMSO. The yield of dried residue corresponded to 2.5%
of original dry hole body weight. This was powdered in a grinder to pass through a 40-mesh

sieve and kept at -20°C until used.

Animals and treatment

Male ICR mice (25-30 g) were obtained from Daehan Biolink (Chungbuk, Korea). The
experimental procedures were performed in accordance with the animal care guidelines
issued by the Korean National Institute of Health and the Korean Academy of Medical
Sciences. Animals were allowed free access to Purina Rodent Chow and tap water, and were
maintained in a controlled environment at 22+2°C and 50+5% relatively humidity under a 12
h dark/light cycle and acclimatized for at least 1 week before use. AF in saline was oral
administered at 0, 200, 400, 800 mg/kg once daily for 7 consecutive days. Three h after the
final treatment, mice were treated with APAP (400 mg/kg, per oral (p.o.), dissolved in saline
(2%. v/v)). Food was removed 18 h prior to APAP injection. Control group animals were
given appropriate vehicles. Eighteen hours after administrating APAP, the mice were
anesthetized with CO,. Blood was then removed by cardiac puncture to determine serum the
activities of ALT and AST, and the animals were killed by cervical dislocation. After
bleeding, livers were weighed, frozen quickly in dry ice, and stored at -70°C until required

for GSH content and lipid peroxidation analyses.

Hepatotoxicity studies
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The serum activities of ALT and AST, and hepatic lipid peroxidation levels were measured to
assess hepatotoxicity. The serum ALT and AST activities were measured using
spectrophotometric diagnostic kits obtained from the Sigma Chemical Co. Levels of hepatic
lipid peroxidation were measured by determining malondialdehyde (MDA) levels in serum, as

described previously #,

Histological examinations

Fresh liver tissues, which had been trimmed to a thickness of ca. 7 mm, were placed in plastic
cassettes and immersed in neutral buffered formalin for 24 h. These fixed tissues were then
embedded in paratfin, sectioned, deparaffinized, and de rehydrated using standard techniques.
The extent of APAP-induced necrosis was evaluated by assessing morphological changes in

liver sections stained with hematoxylin and eosin (H&E), again using standard techniques.

Hepatic GSH determinations and GST activity assays

Livers were quickly removed, weighed and perfused with ice-cold 0.15 M KCl, and then
homogenized in 4 vols. (w/v) of 10 mM Tris—HCI (pH 7.4) containing 0.15 M KCI, 0.1 mM
EDTA, 1.0 mM dithiothreitol and 0.01 mM phenylmethoxysulfonyl fluoride in a Potter—
Elvehjem homogenizer. Hepatic microsomal and cytosolic fractions were prepared by
differential centrifugation, as described previously **. Hepatic GSH levels were estimated
using a colorimetric method using Ellman’s reagent, as described previously % Cytosolic
fractions were used to assay GST activity, and cytosolic GST activities were determined

) . 2
using 1-chloro-2,4-dinitrobenzene as a substrate 2
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CYP2EI activity assays

Microsomal fractions were used to determine CYP2E1-specific oxidative activities, such as,
that of aniline hydroxylase, which was determined by measuring p-aminophenol formation 2
Microsomal protein levels were determined using Bradford method using bovine serum
albumin as a standard 2. For inhibition studies, anthocyanins were dissolved in saline and
added to incubation mixture as a previous described Al assays were run in triplicate. For

the inhibition study, AF was dissolved in saline and added to the incubation mixture.

Immunoblot analysis

CYP2EI was detected immunochemically, as described previously - Briefly, microsomal
proteins were the separated electrophoretically in 10% sodium dodecyl sulfate-
polyacrylamide gels (SDS-PAGE), electrotransferred to nitrocellulose membranes, and
immunoblotted with anti mouse-CYP2E1 (1000:1) or anti-B-actin antibodies (2000:1);
horseradish peroxidase-conjugated rabbit anti-rat IgG was used as the secondary antibody.
Blots were probed with an ECL western blot detection system, according to the
manufacturer’s instructions CYP2EL levels were normalized versus anti-B-actin after

quantitation using NIH Image software (Bethesda, MD). Relative CYP2EI levels were

arbitrarily set at 1.0 in the control group.

FeCly-ascorbic acid stimulated lipid peroxidation assays in liver homogenates and
superoxide scavenging activities

Liver homogenates weighing 20-25 g from male ICR mice were used. The R reaction
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mixtures were was composed of 0.25 ml of liver homogenate, 0.1 ml Tris-HCI butfer (pH
7.2), 0.05 ml of 0.1 mM ascorbic acid, 0.05 ml of 4 mM FeCl,, and 0.05 ml of solution with
various concentrations of AF. Lipid peroxidation products were quantified by the formation
of MDA (a thiobarbituric acid-reactive material), as described previously (Lee et al., 2007).
Superoxide was generated using xanthine (100 pM) and xanthine oxidase (0.02 U/pl) with or
without AF at various concentrations in | ml of a 10 mM KH,PO4-KOH buffer (pH 7.4), and
was detected using nitroblue tetrazolium (100 pM) and quantified spectrophotometrically at

N

550 nm, as described previously L Superoxide dismutase (100 U/ml) was used as the

reference inhibitor.

Statistical analysis

All experiments were repeated at least three times. Means + SD were calculated for each
group and Dunnett's t test was used to calculate statistical significance. Differences were

considered statistically significant at the P <0.01 level.

RESULTS

Effect of AF on APAP-induced hepatotoxicity

The effects of AF pretreatment on the APAP-induced elevations of the activities of serum
ALT and AST are shown in Table 1. AF (800 mg/kg) treatment alone resulted in no change in
serum ALT and AST activities versus untreated controls (data not shown). A single dose of

APAP (400 mg/kg) had a hepatotoxic effect in mice, as was indicated by increases in ALT
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and AST serum activities after APAP administration (Table 1). AF pretreatment prevented the
APAP-induced elevations of ALT and AST serum activities in a dose-dependent manner.
Consistent with the serum activities ALT and AST, pretreatment with anthocyanins
significantly decreased APAP-induced hepatic lipid peroxidation in a dose-dependent manner
(Table 1). In addition, histopathological analysis showed that APAP induced hepatocyte and
hepatic cord degeneration and focal necrosis in mouse livers (Fig. 1). Microscopic
examinations showed that the severe hepatic lesions induced by APAP were remarkably
prevented by AF pretreatment, which agreed well with serum aminotransferase activities.
Necrosis, a more severe form of injury, was markedly reduced by AF pretreatment (Fig. 1F),

whereas AF (800 mg/kg) alone caused no change in liver histology (data not shown).

Effects of AF on APAP related CYP2E] activities and protein expressions

In mice, AF pretreatment was found to have a dose-dependent protective effect on APAP-
induced hepatotoxicity. It is known that APAP requires CYP2E1-associated bioactivation to
produce liver injury. Therefore, the effects of AF on hepatic microsomal CYP2EI-specific
monooxygenase activities were examined. As shown in Fig. 2A, hepatic microsomal fractions
from mice treated with AF showed significant dose-dependent decreases in the
hydroxylations of CYP2El-specific substrates, e.g., aniline. The inhibitory activities of
anthocyanins on hepatic microsomal CYP2El-specific monooxygenase activities were
confirmed in pyridine-induced hepatic microsomal incubations. Immunoblottag analysis was
performed to examine the effect of anthocyanins on CYP2EI protein expression. Hepatic
microsomes from AF pretreated mice were resolved by SDS-PAGE and immunoblotted with
anti-CYP2E1, and CYP2EI protein levels were found to be dose-dependently suppressed by

AF treatment (Fig. 2B).
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Effects of AF on hepatic GSH levels and GST activities

To determine whether AF can induce Phase II conjugation enzymes, we measured hepatic
GSH levels and GST activities in AF-pretreated mice for 7 days. Interestingly, hepatic GSH
levels (Fig. 3A) and GST activities (Fig. 3B) were increased by AF alone. In addition, APAP
administration alone significantly depleted the GSH levels, whereas pretreatment with AF

significantly and dose-dependently reduced this GSH depletion by APAP (Fig. 3C).

3.4. Effects of AF on FeCly-ascorbic acid stimulated lipid peroxidation and superoxide
scavenging activity

The effects of AF on lipid peroxidation in liver homogenates and its superoxide scavenging
activity were investigated in order to determine its antioxidant effects. Consistent with its
observed effect on APAP-induced hepatic lipid peroxidation, AF sas—feund—te showed a
dose-dependently inhibition of FeCl,-ascorbic acid stimulated lipid peroxidation in liver
homogenates (Fig. 4A), and also to exhibit dose-dependent superoxide-scavenging activity

(Fig. 4B).

DISCUSSION

The liver injuries induced by APAP are commonly used to screen potential hepatoprotective
activity of drugs 31 APAP increases the serum levels of ALT and AST, and is believed to
cause damage to the structural integrity of the liver, because ALT and AST are normally
located in the cytoplasm and are released into the circulation after cellular damage 32 The

present study demonstrates that oral AF pretreatment dramatically suppresses APAP-induced
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hepatic injury. In particular, AF (800 mg/kg) was observed to have a hepatoprotective effect
as demonstrated by significant decreases in the activities of ALT and AST and by reducing
histopathological changes in the livers of mice treated with APAP.

Based on the metabolism of APAP, this preventative effect of AF on APAP-induced
hepatotoxicity could be least, accomplished in the following ways: (1) by inhibiting of
CYP2E] sahibtiosn, (2) by stimulating GSH synthesis, or (3) by inhibiting oxidative stress.

APAP at high doses is metabolized to NAPQI predominantly by CYP2EIL, and to lesser
extents by CYP1A2 and CYP3A4 1011 NAPQI is formed by CYP in the liver and induces
liver damage through a chain of cellular events 332 Therefore, the suppression of CYP
could reduce the formation of reactive metabolites, and thus, reduce tissue injury. In a
previous study, CYP2EI inhibitors, like diallyl sulfide, which occurs naturally in garlic, was
found to effectively inhibit APAP-induced hepatotoxicity **. Therefore, this hypothesis
suggests that there is a good correlation between a reduction in the enzymic activity and
protein expression of CYP2E1 and the protection afforded against APAP-induced
hepatotoxicity in mice. This idea is consistent with our results, and suggests that CYP2EI
suppression by AF in mice plays an important role in AF-induced hepatoprotection against
APAP.

In contrast to the toxic effect of APAP via the CYP2E! pathway, the detoxification pathway
involves GSH conjugation of the NAPQI radical (a CYP2EIl-mediated APAP metabolite).
Previous studies on the mechanism of APAP-induced hepatotoxicity have shown that GSH
plays a key role in detoxitying the reactive toxic metabolites of APAP, and that liver necrosis

begins when GSH stores are depleted **

. Therefore, GSH conjugation is an important in
the mitigation of the hepatotoxic effect of APAP, and to be mediated by GST, which is

known to be important for APAP detoxification. Our results show that AF pretreatment

significantly inhibited the prevests APAP-induced depletion of hepatic GSH depletion.
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Moreover, treatment with AF only significantly induced hepatic GSH levels and GST
activities. These results suggested that the mechanism underlying the protective effect of AF
against APAP-induced hepatotoxicity is related to increases in hepatic GSH levels and GST
activities.

GSH contributes to the detoxification of APAP, and it has been suggested that lipid
peroxidation caused by the free radical derivatives of APAP is a principal cause of APAP-
induced liver injury ¥ 35 Therefore, the antioxidant activity and/or the inhibition of free
radical generation present important targets in terms of protecting the liver from APAP-
induced damage * In addition, Fe™* and ascorbic acid stimulated lipid peroxidation in rat liver
microsomes and mitochondria have been reported ** and that AF is an oxygen radical
scavenger ' 7. Therefore, in the present study, in vitro lipid peroxidation experiments were
carried out to determine the mechanism of AF protection with respect to APAP-induced liver
injury. The results obtained are consistent with the findings of previous reports, which
showed that AF inhibits FeCl,-ascorbic acid-stimulated lipid peroxidation in liver
homogenates and that it effectively scavenges superoxide radicals generated by the xanthine-
xanthine oxidase system. Therefore, we suggest that AF acts by scavenging free radicals and
ROS formed during the metabolism of APAP.

In conculsion, this study demonstrates that AF has a potent hepatoprotective effect in our
APAP-induced hepatic damage musime mouse model. Our results show that this
hepatoprotective effect of AF may be due to ke their ability e£4F to block the bioactivation
of APAP by inhibiting CYP2E1 activity and by upregulating GSH levels and GST activities,
which would reduce NAPQI radical formation and increase the antioxidant activity such as
GSH, and its abilities to scavenge free radicals and inhibit lipid peroxidation, all of which are

capable of producing hepatocellular injury.
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Table 1. Bese-dependent-e Effects of AF on acetaminophen-induced hepatotoxicity in mice

Hepatic Lipid
Serum ALT Serum AST

Treatment ) . peroxidation (MDA,
(Karmen Units/ml)  (Karmen Units/ml)
nmole/g liver wt.)

Control 3k 1* 36x14% 21£0.32%
APAP 372+ 44 470 £ 52 7.6+0.72
AF 200 + APAP 253+ 12 331 +21 6.5 £0.42
AF 400 + APAP 167 + 10* 182 +27* 39x042%
AF 800 + APAP 15ike5¥ 37+£8% 2.3 20,33 %

Mice were pretreated with AF (200, 400 or 800 mg/kg, &= p.o.) once daily for 7 consecutive
days. Control mice were given saline. Three hours after final treatment, mice were treated
with acetaminophen (APAP, 400 mg/kg, i.p.). Hepatotoxicity was determined 18 h later by
quantifying the serum activities of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), and by determining hepatic lipid peroxidation. Each value

represents the mean = SD of six mice. *Significantly different from APAP at p <0.01.
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Figure Legends

Fig. 1. Effects of AF on APAP-induced liver damage in mice. Mice were pretreated with AF
(200, 400 or 800 mg/kg, i.g.) once daily for 7 consecutive days; control mice were given
saline. Three h after final treatment, mice were treated with APAP (400 mg/kg, ip). Mice
were sacrificed 18 h after APAP administration. (A) Liver from a mouse treated with saline;
(B) liver from a mouse treated with APAP; (C) liver from a mouse treated with AF (200
mg/kg) plus APAP; (D) liver from a mouse treated with AF (400 mg/kg) plus APAP; (E)
liver from a mouse treated with AF (800 mg/kg) plus APAP. N: necrosis. X100. (F)

Quantitative examination of hepatic necrosis.

Fig. 2. Effects of AF on CYP2EI activity and protein expression. Liver microsomes were
obtained from 4 different mice treated with AF (200, 400 or 800 mg/kg, i.g.) once daily for 7
consecutive days. (A) CYP2E1 enzyme activities were measured as described in Materials
and Methods. (B) Microsomal proteins were electrophoresed on 10% SDS-polyacrylamide
gels, and CYP2E! and p-actin proteins were detected by immunoblotting using specific
antibodies. B-Actin was used as an internal control. (C) Quantitative analysis of CYP2EI

protein.

Fig. 3. Effects of AF on hepatic GSH levels and GST activities in mice. Animals were
pretreated with AF (200, 400 or 800 mg/kg, i.g.) once daily for 7 consecutive days: control
mice were given saline. Hepatic cellular GSH contents (A) and GST activities (B) were
measured as described in Materials and Methods. (C) Three h after final treatment, mice were
treated with APAP (400 mg/kg, i.p.). The mice were sacrificed 18 h after APAP treatment.

Hepatic cellular GSH levels were measured as described in Materials and Methods, Bars

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801
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represent means + SD for five mice. *Significantly different from APAP at the p < 0.01 level.

Fig. 4. Inhibitory effects of AF on FeCly-ascorbic acid stimulated lipid peroxidation and on
superoxide scavenging activity. (A) Mouse liver homogenates were stimulated with FeCl,-
ascorbic acid in the presence or absence of AF. Lipid peroxidation was measured as
described in Materials and Methods. (B) Superoxide was generated by the xanthine/xanthine
oxidase reaction in the presence or absence of AF, and scavenging activity was measured as
described in Materials and Methods. Values are presented as mean percentage inhibitions +

SD for three independent experiments performed in triplicate.
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T RS B B AFE F2 F A A2d 2HE $F0) o]Fejzck # A Adsies
(CCLY), ebMEctu] =™ (acetaminophen), ElRo}#|Zolulo]= (thivacetamide), B a7 (tacrine), 2E]la
H2AEH B (rubratoxin BIS SIS (B8 28 54 D549 508 %o oje) ) gape s g
ZFetotal (superoxide dismutase). FHeelolal (catalase), 22lm ZSeps)e W& x| thol Al (glutathione
peroxidase) 9 2 4] A8 oAl g Hobehis doln OB shbs 7 4 gs) way 9 ==
EieflelE mRdjolE olu|w7] HolEL (serm glutamate pyruvate transaminase: GPT, alanine .amino
transferase; ALTISH ¥3 2Febilol2 S 42olelol 2 oln) 7| Hol s (serum glutamate oxaloacetate
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Chem., 51, pp 3302-3308, 2003  Song et al., J, Agric. Food Chew., 51, pp 1571-1577. 2003).

oh|Eotul =gl (Actaminophen) & A2l M2 BuEA w2 AEde) 7T P2 98 mEE
54 fuEgz 3o off=m ek, J. Jollow et al., J. Pharmacol. Exp. Ther. 187, pp 105-202,
1873 5 J. R. Mitchell et al., J. Pharmacol. Exp. Ther. 187, pp 185-194, 1973), olMEclujnme aja s
480 Abbe o Tl Y, AFAo|Agt, B S0 MAE gl AWA 7L Eaba suaie 3
o2 deja k(B H. Rumack, Hepatology 40. pp 1015, 2004 : W, M. Lee, Hepatology 40, pp 60,
2004). opEojvde] stgn fof o2 APue SUAY BAES JabNecrosis)E 02 Fs o4y
9l 3 &aom duHcHD. Zakin et al., Hepatology. W. B. Saunders Company, Philadelphia, PA, pp 759
762, 1990). o|dj# S4& opdlEolu] o] gl AEZS(cytochrome) P50 Sldf PSR LarEel
NAPQL  (N-acetyl-p-benzoquinone imine)2 tf4bEl 2, o] cfapdat zhzale &4 2 a0 &gl
tage.

et Eotu) o] AEH f¥on Fojg of NAPYIE GSHiglutathionsz)s] Sl8f Ao Eo s =g s gk, s
ol Fod delt M GSH7F sztele] NAMIE WidlsE] Ralm ol Wl W, B3 @ maleld S4 3
B-& UEPAT(T, Do Gibson et al.. Chem. Res. Toxicol. 9, pp 580-585, 1996). o]+ mha} of#)Eabo]n
YR G549 1 FANY AR EU T FY FARY HAE A (Hepatic Central Necrosis)E vieh
i, PAEL =2 (Degeneration) ¥ HFHEL 29L LoNCHD. Zakin et al., Heparology, V. B.
Saunders Company, Philadelphia, PA, pp 7589-762, 1900). T8 APAPE =3 Fo®l o 7 &44 7134 So)y
o2 yeides 9993 AE2M AT(Alanine aninolransferase)®} Q¥ M Eo)al8 A H 3 1D (Lactare
dehydrogenase) @-30] Fe ek, vebsh, Q4 A GSH7F DR E ] 2le dol 4 opsEolo|Lfe W By
3l SR, opdEotv|mma] dlAbalal NAPQIZE e A4Flo] oS A™EF T B4 FEac(). D,
Gibson et al., Chem. Res. Toxicol. 9, pp 580-585, 1966). H449l Sefold ol Gsile] L2t a3 s
A= AT, SEE WAL= G BRI T8 sttale] SAS P A AMe) gEae =AY
(E. Y. Park et al., Chem. Biol. Interact. 155, pp 82-06, 2005), o} fbalal, 44 6H =7} FiE g
el vfele) s Fd @ 2 E4E FZHAG ol AL T4 HBY EX HOY o) Sabe] 7k 23 W4}
7t B3 GsHel A8 putalc S7dol olof W H FoMT. Tanvalcin et al.. Hepatol. Res. 18, pp 104-
109, 2000).

2 #oke 4 rlgdde detgos, oldEsiu|egl S49 AEE 9ss  wCi
acetyleysteine) ol 719 fraldhal AR Elm Qe whgelch ohebs NacH o HS BE 49 o diFerze) A
ol AlF e Aot

H, Aol (R aFek PurpleFleshed sweet potato)s 10034l 7188 chas ZE2 zum
EEoRED A4 H4F FRY obuiztdReldrE Hioa oF aMsy 0 Fool A4 AHHDL P A
FHEAEAN Aafom dge ATM0e-11, MAUES AdnTels] w@iwysd s2 (1004
Kinnosuke Odake 5 891, W3) 7|SHI 41(4), 287-20300 2 Auda)ds 21022 a5 (22095 )0 4
thegel Belse] E3muE Tl Ag 1998 e, 20008 2o, 2001de] AAn] 5 ke AETaw
HHE AT ofF HETE bl DFelY nf HRL DE AAsa glowa S g IFubst wlEg
gl ohere ofduoh o) ol4 Ww, nFol afe] FAY AFLE 4D ks FHL Aun gtk

alE g AdmTete) Fa FUHEL Febuol=Ae) M4l e GuBne(s Agric.
Food Chem. 51, pp 626-633, 2003: J Nat. Prod. 62, p 802, 1999 J Med. Food. 4 pp 211-218, 2001}, W o
(S Agric Food Chem. 43, pp 1948-1951, 2001), W4 2H-8(Cancer Lett, in press pp 1-12. 2005) fiat Fol
W AoR Hmsel g}, AMaTole Mriess ga) Py o 3.8 %5 Gasn 9o BT Rt
shdsh &3 dalst 48 Ade ga glid, of 2154 dad%el IuE Boks 10608, ERls 57
o ol AQ 2154 Ak WG ol 54 HFELARA AN} $5HG.
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F, 29 o9 9f 484 J5 olUIHolEY P Fa} b5 o AHE So| ALY 4 2ot Aol
AAAZE AdE(vitepsal), BbARE, Edlimeen) 61, 77422, AU, BEMBAGY Fo| 4aY =
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&7F W20 =20 AR Q=S ddc wP-20 Ao AT Al B4S g4 708 o9 BBE o] 85
of Al & o & Uk, FF 2 ARE B £ AnTFo} 4L FFE 2.5, 29,

Fad 1. AYEE 2 Mg

HETEE (F)dduclenazyy FU8% SPRSFYOFOILD)  [CRUnstitute of Cancer
Research) 4% 87 & 25-00g%) 3 o}42(nouse) T ALBSIAI, ALR (puring korea)o} 22 4557 43
SES dglod, A de] 2EE 2-UT, HOEEE 0-8052 S E£F 12 Aol wa) wo) @
HHAES AbEAd Ye A

splZobul i@ (Acetaminophen, APAP), ¥ebd oulde EdA®eld (alanine amine transferase,
ALT)SH efimtolE ool ER253tA| (aspartate amino transferase, AST) 712, E|Qubu|Feds
(Thiobarbituric acid, TBA), ZESCjLelalo|= (D-Phthaldiadehyde), SdmZ4 #F9g Zzgejs
(phenylmethoxyl sulfonylfloride)¥ SELE| 2 (Glutathione, GSH)IE A 20}A} (Signa chemical Cojolld 3
Y&l

Aol 1. 2 S4E FovlE B2Uo g@ AdaTFel 4L 32229 2wy w55
1-1, Adnrol My SEE Fo 9 SNo A5 ofd 7k Ea G

dHFE (IR Nouse)ol ZnFol 4 FFEE 200, 400, 800 mglkgo = A Aodz(0 g5a
NaCljol 5l 74 5k 37 Fejatsde, ol22& 4o JA+0.85% NaCDRE A7 Hcialoic ztape) 4
Ha futEle] FEE ARG, AdaFol dx 2FEL A Hel & & olMEckuld (APAP. 400
mg/kg) & %7 Folale QA T S4E FEAI D, 18T A Foll AT dej2E 0}y = g
% g AAsw.

1-2, g8 o alyl ofo)s Edsofala] (AT spratefalE ojvlle EdrwolA(ASTiSME 23

T £ g9 fere] Yo gehd opulz S (AT o 2stelE ofully Egis
HeAAUST) BH% & Fole A2 (Reitman — Franke!)(J Ethnopharmacol. 66, pp 263-269, 1999: J
Ethnopharmacol. 66, pp 855-361, 1999; J Nutr. Biochew. 11, pp 509-514, 2000) @Whls] @ate} =3 sjaich.
AYaTel 42 FFEE 7Y B2 FTHEG F olfEolu| @ ¥ngeR Aalsa 1843 Fo dgow
FE AR YL ALT % AST 222l 2| ds) 370olH d0% Y HEAH UTUS (yrovate) S 844 70
FooEARE ga, 208 F 0.4 -FHSER (NOHDE Ho1H 5348 wao) 5ol 505 mold B
SFAsgc. 0 d3e ® 19 2,

1
Sl e OFHIE olFl-H (APAP)
Agngpol 44 2F 0 200 400 800
| E (og/kg)
@3 AT 3£1 372+44 93+12 37410 155
(Karmen Units/me)
E3 AST 36+ 14 470+52 131421 82427 3748
(Karmen Units/m#)

47l B 13 = 12 ofdEoiu|ndo) o3 T 402 LY BHom fey Saly opu| b2
dEm e (LTSt ohxmelol = ofule EdadaA(ST) SHEE AW B3 45070} 4L FEEE
A A2E FER olMEctrARE BE Az)E Fof v A4nFo} A4 228 A F5o oz Ho
2 7k &4 AR ol olvjEdama (AN} ofaseolE oo w E Qs Al ASTI Al o| 7h el
orl, 58 AdaTol 4 F289 800 me/ked A AelFd BolME RN A 5o 7t wa &4
CALTS} AST %4 2208 dehgigie,

-3 7ta}e] Algl =

obdEotul o] elstel B9 Adsp gl qek AMnTal 4a 2286 7 &4 2EaE o
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da) wal B4 DECDHEIE (malon-dialdehyde, DAY %$E EovbulNE S (2-Thigbarbituric
acid, TBA)S} 1007C=04 2083t 7hed Wh3A14 47 Blomufad 448 502 meld EHEE S35,
I d8e % 24 P}

T2
T e AEE SHE shRlsd (APAP)
AMRnTel M S8 [i 200 400 8O0
(mez/kigr)
2| a8 2.1£0.32 7.6£0.72 | 5.5%042 | 424042 | 23403
(MDA, nmol/g liver)

A7) £ 29 & 2% opMESIH Mol o8] fitd A AsNE $28 A0 Anz AqnTo) M
FEEE A Ao w50 ohdEelu ks G Hag Fo ws] MR 520 BE gzAes &
2alRlon, AdnTeol 4t FEEG 00 ng/kgt B H AP AS dEFH S0 dw0) 7 Ms P4
(AT FE G2 e,

Hdd 2. g E4Ede] sl ghy SFeE L (Glutathione, GSH) % 832

AEE & FHFE 42 Fo 24 A2 F 778 A 0 0o dRE2 GEas 22hye o
& SH0 2 PUoRE HFE 2 100 oed 0024 EDTAS] 92 & R 47] (Howogneizer)§ o) 250} =3
& &7 Yk o] FEAE 12000 rpacl4] 20837 YR F b5 100 ulw 3 o}, o) dEaaf 15
nl Ez#olE-olciglofo] (phosphate-EDTA) S5ds} T@r)edstol= (O-Phthaldiadehyde) 100 ulE &
F. 158 Fo BB A(spectrophotometer)2 412 el M HSYES 2asich. o 2ds g au g}

X3
T % ES SHHE ofvliH (APAP)
A4nTol A 28 0 200 400 200
{ma/ke)
GSH 8.140.88 3.610.42 5.210.45 §.5120.71 8.3£0.93
(pmole/g liver wt.)

471 E 3% = 32 AMatel 4k 580 3 22 o)A epEceH MEGfon Ly
STEEE A& o) FATE o8] Adl @ =A o SFEHYLGH PE FH9P 27, Fana)
He 7228 A AW TE oHMESGT g g AP FZof vl 55 j2Aow Fsstdon =g
AT e Mk FEE 800 ngfed d AR AE Ol2Fo) SREES B falE) P50

¥ 3. 254 AEEL AR BFE AEIF P50 (cvtochrone PASD) SFEUIA} EARHE maz
A}

3= 1 (in wi A% olo] 5 2 F B

A BTk Y FEES 200, 400, B0 mp/kg 2 TUT AT FAE 7 100 wed 10 nla] 2w
o3 89 (homogenizer buffer)s] W& F #347) (homogenizer)& of fabed =alg alA) Rk o] &g
AE 0,000 kgl M 4C 30 £7 MAHRAY T, 459 g oA 2 @48 Fa {ultracentrifuge tube)o]
W F 100,000 xgel M 4T @ A 2 WARE AT 2 Q4EY F F 4599 AEE (cyrosel) &
A vlela2AEAFZ KM (nicrocentrifuge tube)ol &7, AAF D (nicrosome) & HABEE (storage
buffer ; ERAYIA & of 108 FAAEE EHT 89) Lnld Y0 AL o S84 = Raan &
el 2R MEHZ FE (microcentrifuge tube)o] &2 A A& A s -80T o wsisich
&@MWM@MM@&MMM&

in={-de = S

0.1 4 14128 (Potassium Phosphate, pll 7.4)91 2 mg/nl®] £84 2% 2 (bovine serun albumin), 10

i F1FEHE (Dicoumarol), NADPH #4407 (degeneration system) (5 ml S23A-g ma a2 (glucose-G-

-8 =

ENaYal
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<75
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<77
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phospate), 5 wnit/ml SFA2-G-LAmol2 tjslo| =2 A|ubal (glucese-G-phospate dehydrogenase)), 10 a
NADPH, 2.5 (m ol Zde|E8a (T-ethoxyresorufin) T olol ARFE (Microsome) A RS Z5He &o) 37T A
208 E BEA e W F AR AFFRA (resornfinde B (excitaion) B3 550 i, P (emission)
S 585 maof A AFLAZHY] (Flouroneter) 2 FAAT. vhela2F AR s sEs 22 So
WHon AAMS Ethnopharmacol, B5. pp 263-260, 1999: [ Mutr. Biochem. 14, pp 452-458, 2003;
Toxicon. 42, pp 367-372, 2003). 2 dob= ® 49 Pr}.

x4
+ & o A ITol A FEE (ng/he)
200 400 800
EROD %41 14.34£0.96 12.26 .48 4.4
(nmole/mg pretein/min)

A7 E 48 E 4= R S8 obIESled (Acetaninophen) & MIE S 3+ £4 Berpuso)
& =S KRNI O R0 Belthe 3] gAlEL PO I S JBS Zae oz
shlEetul el dlAbalel shidMZFE olel (N-acetyl-p-benzoquinone imine) S5 ARAT= FA piso
1A19] @& F452) f8le] p4s0 1010 So| =2l G489 EROD (ethoxyresorufin O-deethylase) SME
B S48 A% A4a7ol ML F2EE NA® 2EE A2 FEel 2802 e moD $ade] B
ek,

ﬁdﬁ&ﬂmm,mﬁﬂﬂm&ﬂ&ﬂ_&mm

obd el (aniline, 5-20 s} 10 im NADPH, NADPH #414F Ajasd (regeneraling system) 9 vlel2z
F MRE 0.1 M ZepE R oe|E 39 (potassium phosphate buffer, pH 7.4)8] Ea 3 37 © e
& (shacking water incubator}si4 20 &%t W3 A4l O, 20 % TAR 7bale] WHE & 2HA a5 & HE
7 2.5 N FARER (NOH) & 7hsto] 2 o}2, 2.5 N DUUES (Nal0:) & 7H5te] a0% Sob R B
WA A LA AT, 630 ol FHEE 2Astn slol=m 4 obyy (d=hydroxyaniline) d@Mozry
HHEE Addct o A= ® 59 o,

X5
T % EE AdnTol Hb 222 (ag/kg)
200 400 800
AH 34 11.34+1.2 6.23£0.7L 4.1640.33 2,65+0.32
{omol /s protein/min)

421 B 5% = 5% R A90E obdEelel o (Acetaminophen) & B2 6 7+ &4 HBagdsy
T EAE FEAlE Al S0 A pelal= agle] gAbEs paso 21 et d%E =9 Aoz,
obd| Eoful o] cfabael ol g Mz o]l (N-acetyl-p-benzoquinone imine) 22 Ha|7)= 74 paso
2ELR] A& HHab2) e Pas0 2Bl Ee) A0l F Akl AH Caniline hydroxy lase) BHEE 24 3
I AMnfol A4 2ZEL @ FEL A 52 gEHo: pPYe M s o] Faage,

-4, AESFE P4SD (cytochrome PASO) 21 SR} &4 wbel W za)

ARnTeh G 2F8 3 o) HE dAb B4 AEIF PSO 261 B € GRS TS| A8
of FAnTol Ak F2RE Hel@ el Bl ohol22F (nicrosone)d ol Lzl AEAE Paso 2819
e GAE ol gstal 20 B2 (Hestern blot)d FAS AT, A = 63 2o, & e gz FUue
cHiEelolied (Acetaminophen} & HIE§ ¢ &4 suigAsg) 7 EHE FENYE dAEe] Wdd B
B el oiAbfiL P50 2E1 BaEEol e o 8 2AMG oe S Eohu] e 0] tA}ae) ofaf <]
304z o8l (N-acetyl-p-benzoquinone iming) 22 HIA7|= &L Pasg 2n19] delo| AdnFol 44 x5
&9 Al F& ofFHow PAws dolatoich wlel-Ue(Boactin)e PASH 2E) Wiy e g g

[a¥aYa)
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2z AHgatgle
35, Azs gAY vitrol & 5 HEFE My

HEFEE (F)AAueloY IR FYE SPFEAHAZ0ITD) (SpragueDavley ; 5D) 4% g3
d 250-280g2] T8 HE(rat)] AHEE F Hel stgont, e PIS0 WL BE REE e TE T
& (PB-napthaflavone) & 2] P450 2E1 S2& Hadd (pyridine)d 3¢ 53 Fosidc. agls), #eg
A2 ol F B HFEHS A9 B FLHA DR el IRFE Foletm g AIn) -0
o o spsiich

36, Mxel gAdadol e AEAT P450 (cvtochrome P450)  IA1 SFEolAl f4o] ofdh Zola § 4 ukpol
Emn ;7 E!h“ /TESOr ﬁﬂ !J ﬂ:ﬂ v iﬂ:l i)\. gﬂE aﬁ

HEW BHAYANMS] EROD BEHEE SHT Fd3 $UF Bgez 4492 syadct, 2 28e
i# 5, = 73} g},

X6
S L Ed AQnTel 44 338 (ng/me)
200 400 200
EROD 4 634067 5.33£0.61 3.26£0.36 2.55x0.32
(nmo Le/mg
| protein/min)

47 £ 64 = 78 HUR RFUQ P AZalvlied (Acetaminophen) & W1HE 3 &4 HetR s
T E4E FEATIE dabalEe] 4o Bodie PPRe] gibEL JESF P50 AL Hagadd oie A8
& A og oy Eeiol ] Al ol AP HEI = ol (N-acetvl-p-henzoquinone imine) S2 HE
A7l B4 PAS0 1A19] £48 s e A4 ezt 2eld clelazEd e 44 258
& AP F P450 A1 SolFHel mAHL lethoxyresorufin O-deethylase) $HEE 34 A5 =
BnFol di 2ERE Held TEL A8 FEo ESHOE R A4 @40 dasienh

7
2 8 ez i (B-napthaflavone) H % 73t opolaeE
e A‘lﬁ FEE (e/ 0 200 400 00
m!
EROD &4 36.421+2.13 19.25+0.52 15.37+0.11 10:74x£3.21
(nmole/mg protein/min)

A7) B 7% E B NEAS PIS0 1Al 48 FESE WERUZEER S A 95 tlola] Helg
shel 2= Ze) M) S dgcl A2 A daTol Ha F5Fo 3 7 oAbEs AEIR PO W FARY
o ciek dukE A AoE, P4S0 1ALS] HolHl EAwE4) EROD (ethoxyresorufin O-deethylase) B4in
£ A% "o A4nIel 44 FFEL AP FEL MY w54 d2Yez ERD R: B4
wasd,

37, MEe] g A@AM NEIR PASO (cvtochrome P4S0) 2RI SHETIAL Ebof vigh Sol3 Fa uhEol
!B “ﬂ”in: h.!!:d:: v I::! E). ilg:& .!ﬁ

AE R FHdBAM] A BHEE S D ST e 49 S, o dRe 0
82 = os} @,

I8

7 % dzE | AAnFol B4 22E (ug/nt) |
200 [ 400 \ 80 |

= 0=

AN
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A g4
(mmole/ng protein/mind

A7 E 89 E 9 AR FYE oFAEotuid (Acetaninophen) S S]EH 7H =4 R a5
T EAE AT IS 40 dejsts BEUle) gjAlaA AJESE Pas) 26 EAgY O B39
& 2 AoR, o Ectel e fabilgl b AE AR ol Rl (N-acetyl-p-benzoquinone imine) &2 us
A7IE B2 P50 2819 R4 JA5) 9ald A4 Boeiy Polg ololaRFol ABuTol Mk 2gE
& Aele F P50 2E10] So| M) HAuk20) A (aniline hydroxylase) BYES S o A apol 4
£ FFEE A2 FEL A FE4 dZyom A A $ado| okl

10.32£1.21 ‘ 6.21+0.72 | 5.3420.63 3.03+0.44 —|

9
T % 28 (pyridine) §= 7H3% ojoj 32
Adqnyop gt 228 (g 0 200 400 800
/)
AH 24 28.37+3.92 13.72£2.12 10.28+1.75 7.31x0.84
{omole/mg protein/min)

47 E 0% &= 02 MEAF P4E0 61 ALE AESE AUL Hele dUFE gol4] waar
eholag2Fol Ax 8| SYdYoA9 FAaT0} 4L 2SR 9P T HREL NSIE PASO 2 AABA
of e Ae 2AbE FOR, P50 261 Sol el TS A (aniline hydroxylase) BHES EE
4 Agnpet B F2EE 42T FEL M FEd o EYoz A @40 P,

HYe] 4. 754 HEEAY A9 was vam EFEEl2-S-E kA H 2 ((glutathione-S-Transferase ;
GST) & % 9% =4}

® A4 2ese] -B0TAM BdEislY B3 AEF (wiosal) ATAA H9l e @aebee-
S-Eskxdeld (giutathione-S-Transferase) B4 BHEE Y&t XS 10w, 0.0 JBRDH (0,14
potassium phosphate) 90 af, 10oM GSH 50 ue, 10sM +]c|<f¥](cDNB; l-chloro-2,4-dinitrobenzene) 50 pis
EHT Fof 37 T o4 wkRA)7|AA, 58 RHe T 158 Sob BAPz4 (spectrophatometer )2 340 nnofl 2]
FHEE SHYsA. 15 £ ol 4CAM 52T $Ado] 28 WAY £, 2o 5o wdon Bdg A
FeHAch (F Ethoopharmacol. 66, pp 263-269, 1999: J Mutr. Biochem, 14, pp 452-158, 2003: Toxicen. 42,
pp 367-372, 2008). 16% %Y @l 5F BF & AT X, AEE (ovrosel) W2] BFEER-s-Eday
2hl (glutathione=5-Transferase) o] BAZE Absisich o As: B 103 e,

X 10
N B e AMaFal M H2E (mellg)
200 400 BDO
GST &4 98+10.2 2244332 31643 .4 268+62.4
(mmole/ug protein/min)

A7) & 105 102 3 2 G99 b =oke) T (acetaminophen) S HlEg 7 =4 geRys
o T S8 AUANSE dAAE Badle] @3 EE L (glutathione)Tle) T8 (eonjugation)¥he2 2
Aelopdel gelsts thaus A2l (Phase 1) CJAEA BTeElR-5-=7 2l (glutaihiones-
Transferase}o] B4el @ A4nTol 9L 2229 daig =a0a goe Faate) 4 FEES A9
# TES Mg FEd 9EHo R By STeE &-5-Ed= et (glutathione-S-Transferase) 24 Y
o] Briee Hago.

el 2AEE FU § o, ohAZclulieol o g FHE Sabo] BT} Y4 B2 E o4 8
SEE WA U LS AT, ASHIY F HAEd) AARa $25 Sl Bosdg. g e} Eolu) e gio] g
W Add & 54 Fdel opdE-she-mz el ny MEL S WSFIT B B Sas wAHe allza

= 1=
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Wity SFEER-S-EaASA Eigyel aAlMuTel A4 AzPel sl 2sE e
gaolgpaic,

@ dAARE 7122 fa AYnTe}l de 2580 B2 A4S NEIE PiS0e) RLES 2R
EE 2 BERsE AR 2342 w4 olela2Z N P50 141 2 P450 2618l RAgAo] A} MmTop ags &
FEo A FE AEHLT DAt A2 HUAT F d2lon, ok olfEotunAe o8 oMz
ojdle] gAdo| gishe 7 S4E AW FHE & g

clgbs WEY sERYoRE FREfEE] ohENZAE olua FHHd 5 e Qo)
AAngel 44 589 P& TR Yol ¥E AFAo= Foh0E BRI, do, pas0 ALY
PA50 2E18) EAFAN AHE ot PHEAE o|UPMe) FHsSn 2Felel 2 ofalg-g - E= 5 oful
Aol Eoleol, o] 2ashes SRebe 2] o) Hed 2UE By 5 A

A 1. FAA AL Az

L= B 0.8 mg
B S PR 30 1] |
A O o T B L i s G He

B71 i g EUan Fe dYeR mIE @ &, 2ol 30 A AN AAN Faldn dze
=

Aol 2. AAY A=
Ao 18] APl A4 SF ..., .200 ng

ot

4
ke 2
il

eobgat sl &

Azle AR & Edstn S A Azuyel g BA%o g 4zH,
A 3. g Az

E ) FoT i S ) do 07 L P S .
H219) A Estn $49] Ao Azgd dald A BEc FAse] AeAE Az
A Aol 4. eixe) A=

AAldl 18] AMnFel A 258, 1000 ng
L e s 20 g
Lo i - AR U A s 0 g
o I e T S S S, 4G

AATE Aol An 1000w 2 B B4 G0l AU w4019 HEE Bote g, 2w
o 2L WEAA AAE Az
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AAe 5. Bz 4Fs Az

444 18) AdaFol dx FRE ..., 1000 mg
Hetgl EgE ...

HIERR] A obAlEl0)E,

BIER B e

o o I P ;
BIERRE o e e 0.15 mg
L e e 0.5 mg
HIBERLBIRL o e s 0.2 ng
Blebgl € 10 mg
L SR 10 ug
RO R |, oo s 1.7 mg
e o 50 ng
22 B S 2 e e RN 0.5 mg
Y ZHE.. . e e e
BPRLI e s 1,95 g
L T N PR 1
L 25.3 ng
MILAER e L 15 mg
iR o - U 55 mg
REREE i s 90 mg
BRI e s e 100 ng
bk i L O 24.8 mg

4718 MiEtEl o oluiE ZRE] e sjaY AP B Yo ARG R AP Aol wy
FAstdAT, 2 AglE dele dy dajsielE Pulan, o) ARAE xS wa 47l yne
U OE, HHE Azsn, B4 HEd fe APYE 248 Azl Y 5 Ao

AAdd 6. 2% 29 A=

AAlof 19 AATTO} Ya RBR L, 1000 mg
il oo 0 IS 1000 mg
L S R R 100 g
L s B e R T e e g
L= N lg
AT RS M 900 ml

B AR Aol ubeh A7)s] HEE B ohe oF 14 BR85S0 A) Ada @
wEeid fAE omale] @RE 2 L A7 HSs] L 2FE o 4P ups e 2 wulo ARgs
48 H=zd Apgwgc,

A7) 2AUs 0B JEsEe] A 4Ee AR QAR 2y 2as e FaAFZel
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FAF, AHESE F AGY, UEY g ga 2 YuE Yo Ay AHAE Teao

gge 23

AZ1NM Aol vis o), ¥ M) AgnTol Ma 2EES chlEejuls) DO S8 224
o £49 PAEE HBANE 38 trhio], T AP o = A28 TUSD, Salo] G A
A2 FHE HobE 9 ARIENELD A48T + Ut

EHe e H9
£ 12 AaTel da $EE) T B4 FUR ISR H)o o8 S48 1o HEhAE
ALTSH AST2] g4 02 ey 2o,

=22 AMael 4 38R AP AUERS] 719 HAsde $38 BEd soja,

® 32 AqnTel 4k FEEE AP AUER @ 23 o] FFReEE g ey weje,

E 4= AMRTol s F2ES HAR 29T Dol B oloj2RE s AEIE pasp
Ul Z49 Y4 & ekl molm,

£ 5e AHaTol d: FHES MY HYFE) M 2P ololaeF: vo AEa= psp
21 {42 42 el oo,

£ 62 AYaTrk N4 FEEE AYY LPFE DolM 2T vjolAREL o o] 2wl #®
& FHH Eola,

= Te AY YR ddA 2@ cbol22F o) AE9) B4 LW vitro)lHe MESE
P450 141 2] fbalol ol Aduvol 4r 3389 g Jebd oo

E §2 AEIE P40 A1 AaE FrEste M- Tel Bl e dalg S9EE0) el Hag
vlelaz el A AES) BHUYPAN ] AMDTA) Yt 228 AT PS0 A1 2 B4 8] moE
yepdl ol

= o= A% d9E R BedM 2AF ojolanE ule) HES) DYNH| Ha] AE2F P50 261 &
&9 @ge dig AMaTel 44 FE5Ee B4 @4 A ENE el woj,

=108 AESE P50 2E1 H4E fxsie madg Aug AUFRe pola] 2o olo| 22 Foll
4 xS gAYl AdaTo 4 FERe) NEDR P50 261 Kol B4 Aol AtE Ued me)
3t,

E NE Aol da FEEE A2 bels 2@ ofolazg we EFEHE R-S-E gk 2
Tagdd ved wojet,

- {1
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(19) i3EI=53 A (KR) (45) F2A= 2007009 199
(12) 525531 (81) (11) 5885 10-0760263
e (24) E=2AA 20079009 138
{51} Int. CI. (r3) Rz

e

A23L 2/02(2006.01)  A23L 2/04 (2006.01) A HUF aars 292 312

AZ3L 2/3812006.01) A23L 2/00 (2008.01)

(21) $99% 10-2007-0002077 AFFAdga Hotgdge
(22) &4d7) 20073019108 A AT Eabg dE 270
HATE 20079018109 (72) W3
(56) 497 EAEY A4
KR1020000072065 A ;B;*“:*E AFA stoizE steisviebte 1015
(selo) )
F4a
B AR Ao2E 307-1 FHeln=
101-805
(gete] A4
(74) W=l
el k|
- B S A S A0 7

(54) ArlmTohE FRYELE Hste FRZHSAA=Y

(57) A 9o

B owge fujnTold o g *‘iﬂ?:‘ﬂi FEEUZ GRS Wrlala S2aE Raud 47 2
Aretil Aded FEE s o 2 FRA 47) $599) gheajold gao Jfﬂ%%‘r Sidte] dAE
Ziate] $=E Edae s "*’ﬂi} A A Ak b BAE A 559 40-50% 0] ?”M?
"? % 2-65%, AlthERd 37 2, Solng 25-35FWNE Av)ste] A o ﬁ]— §‘L‘7ﬂ 2, 84711
SRhE ANT B3, T 0.2-0.63 %%, S S (flaver) 0.2-0 4B VEE TR 23 Eachlls
HHEe AuinyFebE FRAE0E H4P &8 ZAE9 2Py BH o|c),

2 9y e Aqayets] a9 Au]aTele] gk °}\-|°1 wta gy D Arls B AN Toldke] of
%.\'—1*’:—1!%"] FAAROE AMBORY e 2 T 75 M B § J54E AR 3l HEE )
gt S 5 fabgol glon, HYiEe) ‘T’-’]-?}Z] B EZL F 4 Ul ¥R BARS AFg,
LR gl 2 EAEE b ulAe 2468 AT Yo A3, 9 gl Ty e 7led &
58 MEgch

HEE- &1
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[aYaYa!
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=
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E3 570 W

A7 1

AvlnTelE AEse Addd;

A28d2 Aeas drlee FFae Faed;

47] AaRe AT ALED $EE S oA D E3uA);

A7) FH Ao GEAeld 429) GFAE oy diEYds Eohael Log zdsls Wi oy =& H

A7) M A GAE AN w5 0-50F W] LrlAT AF N 265 B8, AT 37 T, Laa
@ 25-BT R Whsked BeiNTIE 13 EfeA: 2

4] 1A TEEC AU 8-1232%, TA4A 0.2-0.63%, HlA((lavor) 0.2-0.4599F Z§she 23} 29
Al

E TA4EE AvnFog FadRon gasis 28 2480 =y
A7e 2
A1Fe A,

271 pEdAE 208 AUEE YRy 51082 Ukl BHFFFAR 00T Y 527 RFaps Fo
BAoR s AviTFold FAARSR GHls 25 =40 Axwy.

A7 3
A1,

A7) cla} g EHEAE AFLadd A ¢ 13 o L vlo) a2 LEo g 29 o REAE AHE A =
oz #a,

40-50C oM ALAERE RS WS Ao nFol F@da] FEr} 30-500rix7t SNES SR e EQdo
2 Fe AvjaTols Fadios @idte 28 2AE9 Azuy,

A7E4
ALk Uiz Aag F es Bl ey,
7| M b GAE AEAE TUH 50-60 BrixE FEF RH8E A 540z - AunTos
FANPOoT Phale 28 2489 Axgy.
g 4 A
g gaye 4
gye] 23

Yao] &5l Fls W 7 el Tz

2 45e AvjnyelE Fagdbom ¥ 48 2429 Az Piel B dom, Fujato Faa on) et
&Y, AlThesq, 2809 52 28y 28 Ag Yoz g,

ATt AgaFote] nulFoed FEAL Yol WIMNE HES 44 52 nTor BEY A9y
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