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SUMMARY

(FEQFE)
1. Title
Development of new beverages liquior containing Akebia quinata extracts with

antioxidants activity and hepatoprotective effect

IT. Object

This study was Investigated the physicochemical properties and antioxidant activity

hepatoprotective effect of beverage of Akebia quinata fruits and leaf.

IM. Necessity of research

- Increase of famers income
- Identification of antioxidant and hepatoprotective effect of Akebia quinata

- Development of food industry using beverage of the Akebia quinata fruits and leaf
extracts .
— Thus, our results suggest that the effective antioxidant activity of Akebia quinata could be

effectively used as functional material of food.

IV. Content of Result research

1part: Development of beverage using Akebia quinata

This study was investigated the physicochemical properties and antioxidant activity of vinegar
beverage added different levels (0%, 1%, 3%, 5%, and 7%) of Akebia quinata fruits by two
step fermentation. The physicochemical properties of vinegar were evaluated the pH, total
acidity, alcohol, total sugar and amino acid. The antioxidant activities were estimated the
ABTS" radical scavenging activity, SOD-like activity and reducing power. During alcohol
fermentation, total acidity and the alcohol contents of vinegar increased but total sugar
contents decreased. During acid fermentation, total acidities of vinegar increased. Vinegar
added 7% Akebia quinata fruits showed the highest total sensory score. Total polyphenol
contents of vinegar added 0% and 1% Akebia quinata fruits were not significant difference. But
3, b and 7% Akebia quinata fruits increased significantly higher 136.6, 381.59, 415.35 mg/100 g at
13 day than at 1 day fermentation, respectively. Also, total flavonoid contents of vinegar added
0~7% Akebia quinata fruits increased significantly higher 21.73, 15.79, 15.15, 26.19, 26.87 mg/100
g at 13 day than at 1 day fermentation, respectively. In addition, tannin contents of vinegar
added O~7% Akebia quinata fruits increased significantly higher 0.2042, 0.2004, 0.1255, 0.1384,

_10_



0.1255 mg/100 g at 13 day than at 1 day fermentation, respectively. Moreover, ABTS" radical
scavenging activities of vinegar added 0~7% Akebia quinata fruits increased significantly higher
5.87, 12.59, 25.63, 34.02, 35.25% at 13 day than at 1 day fermentation at concentration of 5
mg/mL, respectively. Additionally, SOD-like activities of vinegar added O0~7% Akebia quinata
fruits increased significantly higher 8.22, 17.49, 16.86, 16.89, 15.68% Akebia quinata at 13 day
than at 1 day fermentation, respectively. Reducing power of 7% Akebra quinata fruits was 0.527
at 1 day and 1.539 at 13 day. Our results demonstrated that the antioxidant activity significantly
increased during fermentation, which indicated them dependent on the adding Akebia quinata
fruits contents. Also, these results showed that total polyphenol, flavonoid and tannin contents
are closely related with antioxidant activities. Thus, our results suggest that the effective
antioxidant activity of Akebia quinata could be effectively used as vinegar and functional

material of food.

2part : Identification of oleanolic acid and triterpenoide and Quality Characteristics of

Akebia quinata compound

1. Biological activities of different fractions from Akebia quinata

The free radical scavenging activity of the extracts was evaluated by using the DPPH
method. The result observed that methanol - fraction of AQ fruits showed the highest
DPPH scavenging activity among other fractions (Fig. 1). To determine the inhibitory
effect of AQ fractions on the formation of NO on RAW 264.7 cells, we performed NO
assay. The ICsyvaluesof AQfruitsfractionsinhibitedNOgenerationwerecalculatedas207.53-704.45
pe/mé at 24 hr. There were no cytotoxic effects in RAW 2647 cells. The
ICsovalueofNOinhibitionactivityofmethanolextractofAQ  was 20753  pg/ml.  Our results

demonstrated that the methanol fractions strongly inhibited NO generation

2. Different extracts of Akebia quinata and isolation of oleanolic acid and
hederagenin

The fruits of AQ were collected at Hamyang city in Korea. The dried material (30 g)
was extracted with hexane, chloroform, acetone, ethyl acetate, 7096 ethanol, methanol and
water (300 ml) using a shaking incubator (SI-600 Lab, companion) for 12hr at 25C. The
extracts filtered through filter paper (Whatman #2, Whatman, Inc., Clifton, N.J.) were
concentrated by a rotary vacuum evaporator (Ecospin 3180C, Hanil Co. Ltd, Korea) under
reduced pressure at 40C.

The air-dried and milled fruits of AQ (4 kg) were subjected to extraction with methanol
(40 L) for up to 30 days at room temperature. The filtered extract was concentrated under
vacuum to furnish (400 g) of residue, which was dissolved in methanol, followed by
sequential partition with ethyl acetate, n—butanol and water using a shaking incubator for

24 hr at 25°C. After filtrating with filter paper (Whatman #2), the n-butanol-soluble

_11_



fraction (20 g) was hydrolyzed in 5% HCl in MeOH/H-O(2:8vol/vol)under reflux for 4hr.
After cooling, there action mixture was extracted ethylacetate. The
ethylacetate—solublefraction (0.3g) was washed with distilled water and chromatographed
ona TLC (ThinLayerChromatography) using EtoAC-MeOH-H>O (70:27:3 by volume) to
produce four subfractions. In order to analyze the compounds in the extract, high
performance liquid chromatography (HPLC) were carried out on HPLC Empower Software
(Waters, Milford, USA) with the reversed phase column (SunFire C18, 4.6 x 250 mm, 5 um
diameter, Waters, Milford, MA, USA). The mobile phase was acetonitrile: methanol: water
The flow rate and injection volume were 1 ml/min and 20 ul, respectively. The
chromatograms were detected at 270 nm and collected at 30 . Oleanolic acid was
purchased from (Sigma-Aldrich, St. Louis, MO, USA, 97%) and used as an authentic

standard.

3. NO and Super oxide anion radical (Oz )inhibitionactivitiesof oleanolicacid and
hederagenin

NO is known to generate in conjunction with the conversion of L-arginine to the
stoichiometric amount of L-citrulline. While measurement of nitrite (NO: ) by the Griess
assay allows detection of the sumof the NO generation inhibitory and NO scavenging
effects, the L-citrulline measurement strictly reflects the former. Therefore, the data in the
present study showed the suppressive effect on NO generation from RAW?264.7cells. No
cytotoxicity was observed at a concentration of 507500 pg/ml. It is quite interesting that
the effects of OA on NO generation are definitely variable (Inhibitory rates: 10.7 61.8%),
Thus, the ICs value of OA inhibited formation of NO wase valuated as 318.15xg/ml. This
anti-inflammatory effect is a common property of many triterpenoids (Price et al., 1987).
The inhibitory effect of a red wine polyphenol, resveratrol (Murakami et al., 2003) was also
examined for comparison of activity, and its inhibitory potency was found to be similar to
that of OA. And OA 1is notable triterpenoid compound. Additionally, OA has also been
shown to inhibit rat paw edema produced by dextran and to suppress adjuvant-induced
arthritis in rats and mice (Singh et al., 1992) Our result demonstrated that the DPPH
scavenger activity is not shown, but OA showed inhibition activity of super oxide anion

radical.

4. Protective Effects Hederagenin and Ethanol Extract from Akebia quinata Fruit on
Alcohol-induced Liver Injury
In this study, hederagenin was evaluated for its superoxide radiacal and nitric oxide (NO)

inhibition activities. Also, we studied the effects of hederagenin and ethanol extract from
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Akebia  quinata  fruit (EA) on alcohol induced hepatotoxicity in rats. The
ICspvalueofethanolextractfractionandhederagenininhibitedformationofNOwasevaluatedas209.69and
25 pg/ml, respectively. Experimental animals were randomly divided into four groups: (1) a
normal group, (2) a group fed 25% alcohol, (3) 25% alcohol +a group fed Ethanol extract
from Akebia quinata fruit (4) 25% ethanol + hederagenin. Each groups was fed orally one
time per day for 2ldays. Alcohol group had significantly increased levels of serum
aspartate aminotransferase (AST), alanine aminotransferase (ALT). On the contrary, ethanol
extract group and hederagenin group decreased the levels of serum AST and ALT. The
levels of serum triglyceride and cholesterol were increased by alcohol treatment, and EA an
heeragenin groups supplementation normalized triglyceride and cholesterol level. The ethanol
extract of Akebia quinata fruit also activated the mRNA expression of alcohol
dehydrogenase and acetaldehyde dehydrogenase-2. These results indicate that Akebia quinata

fruit may be protected role against alcohol-induced liver injury.

5. Protective Effects of Akebia quinata extracts added Beverage and Akebia quinata
Sikhye on Alcohol-induced Hepatotoxicity in Rats

The purpose of this study was to investigate the protective effects of Akebia quinata
sikhye and Akebia quinata water extracts added herb beverage on chronic alcohol-induced
liver injury in rats. Wistar rats were divided into four groups: normal, alcohol control
(36.8% of total calorie), 10 ml/kg BW of Akebia quinata sikhye group (AS), and 10 ml/kg
BW Akebia quinata water extracts added herb beverage groups (AB). Each group was fed
orally one time per day for 2ldays. The levels of serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were increased by alcohol treatment, and AS and
AB groups supplementation normalized ALT and AST level. Serum concentrations of
triglyceride and total cholesterol were elevated by the alcohol group, however AS and AB
groups were significantly decreased compared to the alcohol group (p<0.05).In human body
experiment,

AS and AB was effective in decreasing on the respiration ethanol concentration. These
results suggest that Akebia quinata fruit may be protect in chronic alcohol-induced liver

injury.

3 part : Investigation of hepato-protective effects of Akebia Quinata

1 Investigation of anti-oxidative effects of Akebia Quinata in vivo

We studied the effects of Akebia quinata fruit extract (AQ) on acute alcohol-induced
hepatotoxicity in mice. AQ (30-1,000 mg/kg body weight (BW) per day) was orally
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administered to the study group, once daily for 1 week. On the last day of AQ treatment,
ethanol (6 mg/kg BW) was orally administered to induce acute liver injury. The
AQ-treated group showed significantly lower levels of alanine aminotransferase and
aspartate aminotransferase, compared to the only ethanol-treated group (ETG). The
glutathione level in the AQ-treated group elevated up to 20.6%, compared to that
observed in the ETG. The mRNA expression of glutathione synthetic enzymes was also
higher in the AQ-treated group, compared to the ETG. The AQ-treated group also
exhibited lower levels of expression of NADPH oxidase 4 and tumor necrosis factor alpha
mRNA. Thus, these results show that AQ treatment can be a potential method to reduce
oxidative stress and inflammation in ethanol-treated mouse liver and also that AQ can be
a useful therapeutic agent for acute alcohol-induced hepatotoxicity. In addition, We studied
the effects of oleanolic acid and hederagenin on acute alcohol-induced hepatotoxicity.
Oleanolic acid (10, 20 mg/Kg body weight(BW) per day) or hederagenin(10, 20 mg/Kg
body weight(BW) per day) was orally administered to the study group for 1 week. On the
last day of treatment, ethanol (5 g/Kg BW) was orally administered to induce acute liver
injury. The oleanolic acid—treated group showed lower levels of alanine aminotransferase
compared to the ethanol-treated group (EtOH). The mRNA expression level of alcohol
dehydrogenase was significantly increased in the high dosage oleanolic acid-treated group
(EtOH+OH) compared with the control and EtOH groups. The glutathione levels of the
oleanolic acid or hederagenin-treated groups were elevated significantly compared with
those of the control and EtOH groups. The mRNA expression levels of glutathione
synthetic enzymes were also elevated in the oleanolic acid-treated groups. The oleanolic
acid or hederagenin—treated groups also showed lower levels of mRNA expression of tumor
necrosis factor alpha. Thus, these results show that oleanolic acid and hederagenin could

reduce oxidative stress and hepatotoxicity in ethanol-treated mouse liver.

2 Studies of hepato—protective effects of Akebia Quinata in vitro

This study was to investigate the effects of Akebia quinata (AQ) leaf and fruit extract
on acute alcohol-induced hepatotoxicity in AMLI12 cells. Different concentrations of AQ
extracts (250 pg/ml and 2500 pg/ml) were treatment to the AMLI12 cells with or without
ethanol for 24 hours challenging for inducing acute alcohol cytotoxicity for 24 hours. AQ
extracts treated AML12 cells showed the enhanced expression of GSH synthetic enzymes
and the suppressed expression of oxidative stress maker such as NOX4, and decreased
expression of TNF-a, inflammatory marker, in acute alcohol induced hepatotoxicity.
Further, it was observed that 100 mM ethanol treatment to AMLI12 cells resulted in global
change of mRNA expression in micro array but AQ leaf extract treatment reversed the
global change of mRNA expression pattern into normal condition. AQ extract or functional
component from AQ can be useful therapeutic agent in acute alcohol-induced hepatotoxicity
by reducing oxidative stress and inflammation responses. In addition, the present study

demonstrated that treatment of AQ leaf and fruit extract showed a possibility of
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anti-oxidative and anti-inflammatory activities by quantitative PCR and microarray
analysis. The response of gene expression changes observed after acute EtOH induced
hepatotoxicity was global. The globally changed gene expression, which was subjected to
treatment of 100 mM of EtOH, were almost turned into pattern of control by treatment of
AQ leaf extracts. Taken together, AQ extract or functional component from AQ can be
useful therapeutic agent in acute alcohol-induced hepatotoxicity by reducing oxidative

stress and inflammation responses.

3 Pre-clinical test of Akebia Quinata beverage

The present study was conducted to investigate the effects of beverage containing
fermented Akebia quinata extracts on alcoholic hangover. For this study, we recruited 25
healthy young men. All participants consumed 100 mL of water (placebo), commercial
hangover beverage A, B, fermented A. quinata leaf (AQL) of fruit (AQF) extract before
alcohol consumption. After an hour, all participants consumed a bottle of Soju, Korean
distilled liquor (360 mL), containing 20% alcohol. Blood was collected in Oh, 1h, 3h, and 5h
after alcohol consumption. The plasma ALT activity was highest in placebo group.
Compared with control group, AQL and AQF groups showed decreased ALT activity at 5h
after alcohol consumption. Plasma ethanol concentration was increased after alcohol intake
and peak at 3 hours after alcohol consumption. Compared with Control group, A group
showed higher plasma ethanol concentration at 1h (P<0.05). At 3 hours after alcohol
consumption, AQF group showed the lowest mean plasma ethanol concentration compared
to other groups, however there were no statistical differences. 5 hours after alcohol
consumption, AQL and AQF groups showed lower plasma ethanol concentration compared
with B group. Sensory evaluation score of fermented A. quinata fruit extract was lower
than that of commercial hangover beverages. In conclusion, the present intervention study
suggested that fermented A. quinata extracts alleviates alcoholic hangover and reduce the

plasma ethanol concentration.
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Al

o Q9 10% B9 968 ow AA AL AP 107 ¥ 1658 9] A9l 62%AFA]

24 =9 A A%

v 7] 5Al AEY #dEste] ‘89 KB nutraceutical(nutrient + pharmaceutical) o] 2
AR oem T R0t FREEE oy AFAWNNCD A &= 19903 F-E 5

5 A EA & (phytochemicals)” A7& FastHAA & A d&2& @
o] 3Ff3F 2% = “designer food”o] /WS A Exo styz XA, v HAY
FAAT ik MA7EA = gl et o] 98W7bA] 3000%HE FFo = F

Zhetg o, A =2 94 oF 200H oA 98y °oF 3000H o2 5 zE oF 15w 5 s

N

_

A& o= yEtEy WA Ve AE dd A AR AAE L, gs A4,
e wof o]Fo} A Slu. Ve AdAE #d A= 19849 H
199437kA] 3dAle A EHFAEEAAT dEHz FAEAS. Al 194 A7 D@ EE
Ao Aol Al 33k sl e w Ve AETel o7k AlAE AL, 1990 (V1S A
AET A “SARAE AET ok &ol7t AAEHA. o] ‘SARAE AFE I
AR Al 12z vEG o] 191958 Al E = 20010 SAHRAE A5 JF
BAAEE Woets BV AF ARR TdEo 295 s SARAE HES
o] FES 37F e v SFE AE A 2001 9] AP RS 22470 5l 2,000
otk Aol AdstEa = Ve AF 2ARAME Holds, 29, 7
o, 7 A, fEtel= 2 g, v A, vEd R, 7E H=AdE, vdE

N N
1—4—1

19, 4
of Hi 2 I off

i
:lmsz

2 yebebt rge] @t EU AbdellA BdE 71 AF e gled B2 HE
& JFFo J5. @A EUCIA 7igso] Al € 7sA AF 2A4zs evrk-3 A%
bSO, 8T EE, Ak, &elal e, A e 2HE, Aol Sol &
= =] & =

3. -9 JlE TGN A sHs 91K

B ARy s o290 SRS A thd Ay zi= 025 Aqw 3o
2 AA4E 58 gHE 4ye 5o AR FEEQ e - FAT S A
F SR o Al Vs RN Thed e AAlsks sk R AR A 28

oge o 4% 9P, adn AhE o §sm Jom B ATE ool U L T
59 714l FYRGE, T AB] ¥AEA 2AE WES Sl F7h 25F
7o e 5 gloelet o

£ o= 2 AAE T3 FHE Vles e AE LR &8s FEste] @3/
Axst / AAS] EolA A= Ul Al FgoErs g1 9 vEg AEad &8
of gk AFTIIEA B el Adtoldhe Mo oo g S Aom didH. YA
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1L 12d A7 s34y

B)¥s] U F&2x24 g9 2 HH & IAYUES 749

Az o829 gdF o dwl(30g)E ethyl acetate, acetone, methanol, 70% ethanol, chloroform,
hexane, water(300g)l 43¢] shaking incubator(SI-600 Lab, companion)®l (rpm 200, temp 25C)
24A1 3t shaking ¥+ $ filter paper(Whatman)=Z ¢ #}3}¢ ethyl acetate, acetone, methanol, 70%
ethanol, chloroform, hexane, watere] 3t & &S AU} °]E rotary vacuum evaporator(R-114,
Buchi Co., Switzerland)Z 7%}, 553ttt %% A2 & ethyl acetate, acetone, methanol, 70%
ethanol, chloroform, hexane, water W& w53 A 89 Yo w58 AEE AF 3 % viald] ¥
-70C ZA-24Y% 1 (Ishin Co., deep freezer)ol 1Azt WE A7l 3 5271 %7|shin Co., freezering

dryer)oll SAAZE 33 <.

A= 9 o B2 vgE A

21,3, 671 #E, A Y AxEds 3

QoF dvzE 2 A%, ¥F A, I A%

01,03, 670 A A dujet APy W dx 3

@oF Pz 42 A ¥d A, I A%

21,3, 6719 #E A Ve AxEYE B

B) pHZA, 27F 33 24 438 3dF 34, 39 FE34, Td5 4, A5H1A

OpHZ=A & conical tubecl] < 5 mL ¥°] pH meter(HI 8014, Hanna Instruments,
Keysborough, Australia)® % 33] =433 2.
@27y = FA4e wAAY] FREATAE HAE &R S oJ#g AR 10 mLel 1%
phenolphtalein (Daejung chemicals & Metals Co., LTD., Gyeonggi, Korea) A A]2kS 2739 #7135t

% 0.IN NaOH-& % (Daejung chemicals & Metals Co.)S B35 o] Yeld w7tx] A Aste] A3
SIS ST T AT FAS 2ATHF (R oE e A S
A WaAddyed Als 100 mLE g ¥ 500 mL AH7&et~add &30 o
3] Urol AlEE H3E 100 mL WAAddged AS § 1 dS 500 mL
d3E FFS SAHSIAY SHFAl 70 mL7t HH FA S THT 30 mLE
T

==
bl
HES AL & 2 E50 0T 25

i
pic)
‘W' o
2
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@ZF T HEFZ=AHL phenol-sulfuric acidP o2 24P S. 42 U4F A8 1 mLe A& S0
Y3 SHE 10008 A% & Vialdl 2 mLS # 3 % 5% phenol(Daejung Chemicals & Metals
Co)&N 1 mLE Y &3 A HY. 7] 95% sulfuric acid(Daejung Chemicals & Metals Co.) 5
mL 3] 7}ste] HdA 7l F 308 Eo AL A3 1S Spectrometer (Genesys 10-S, Thermo
Fisher Scientific, Madison, WI, USA)E ©]&3}¢] 470 nmol A SF =S SA3IS. T FHF2
glucoseE FFE A E A}8319] standard curveo & $HAE

=4 Tde AN8E Fd3A 4ol 1 mLS Eird A A dgl 103 g Ayl wef
3] ® A& 1 mL ¢ plate count agar (pancreatic digest of casein 5.0 g, yeast extract 2.5

1.0 g, agar 15.0 g, distilled water 1.0 L ; Difco Co., MI USA) 20 mLE petri dishel
TASA & B3 F 37CAA 24-4873F Fot vlFsle] FHFE AF3HA

A ek, AlEk, 2t 3, 5EA, dubd Ve o dEer 74 HEWow X

¢

oy

=

Z\eTieta A 208 AAste] AAE A
2. 22 A7 =30

(1) 252859 NEEHY gHES 4A
DOF E9¥s 2 & EdExol= B3l 34
Z ZYAE ¥dF =AHL Folin—ciocalteu ol <93 725 nmolA FHLEES
(Sigma-Aldrich Co., St. Louis, MO, USA)E A}-&3lo] A 89 5
AR A8t FEE 100 g9 mg gallic acid equivalent (GAE, dry basis) & 5]
2rE3AY. = g o= e Zhishen 53 Zou 52 WHel wel 510 nmolA SFE=E

% ]
A, TFFA AAo = catechin (Sigma-Aldrich Co)S A}83l9aL, A 89 & ZElHx
3heF2 mg catechin equivalents (CE)/100 g2 YEMAT. & 3k AOACHH 93] 725 nmell A
FeE =AHEA L, FF34 FAolE tannin acid (Sigma-Aldrich Co)E A&3 1, & vl stk
mg tannin aicd equivalent (TAE)/100 g= YERHA T
@ hederagin ¥4

HPLC #4

2]
Ao A= A e UF), FEEFAPEGA S84 348F), Q7EH7E HEA FX5)0

A AxE RS st ARt dsd o5 dulE S AT S A A AHE As

T4, 4 Azt AMESIATE X Acetobacter pasteurianusE A @A A wjgEte] AFESER S

W, me] QA Al 2%(v/v) FF kol 37T 72A13F Al oF Al

@old o5 AxeE Holx AR
ANz Agqt FEAAANA AT o5 oddS AFo] FAste] A H AAdete] Az F vt
HAetel Al AMESRAL, B(HAEFE UF), FHEARSA 4T 24F), AVEE 7= A EA

=
EA5)S Az AL 7Y AFgE AT FX = acetobacter pasteurianusE A Ao A w3l

Tl A 7271 3F A E A2

_‘d
R
ki
=2
Ach
2
ﬁ,

=z M
—=
>
=
)
BN
<
<
iy
ofN

ol
ol
e
W
|

pH =74 & pH meter(HI 8014, Hanna Instruments, Keysborough, Australia)® & 33 =A3}% 1,

_33_



NaOH(Daejung, Siheung, Gyonggido, Korea)® Z A 3d % acetic acid(%)E &4Fste] YeElth. &=
< FHS Al 100 mLol E/5 30 mLE 7t 538k8 & /3o 100 mLE WopA HFAE 1
5CoAAM ¢3s FqEFS F43A)

Q@ F%F F=F L ofn Al 3

=

2 g x4 wgd 1 mLE FHsEe 0.1% phenolphtaleing A AJefoz  dte] 01 N

ool
ol
I

-

3

=

Jut

3
@542 phenol-sulfuric acid® 2.2 Z73}01(33), spectrometer(Genes ys 10, Thermo
spectronic, NY, USA)E o] &3to] 470 nmolA F34 =S =AstAch 3 A ZFS glucoses: FFE4d=E
ALE3ste] F5 A A 3AEEA T ol Ak ke AR 10 mLol formalin(Daejung) €< 5 mLE
7}stiL, 0.1 N NaOH (Daejung) &Aoo 2 A Aste] A& 59| ofn]wAitS glycinel & =4 319t
@M =

A= FAHL AAA(CR-400, Konica Minolta, Osaka, Japan)& ©]&3te] ZA43te], L(HLE,
lightness), a(4 2%, redness), b(&4 %=, yellowness)# &2 e AT

GESER

=
9

udt

s AANE A ohar luh 2k g Byg] dukd v)swe] gRow 74 AL wog A&}y
=i st A 2085 Aol RIS AASH.

(4) hederagin® Zd¥s ¥ F ZdH o= Bl 54

D hederagin #4]

HPLC &4

@ F g9 9 F SR wols gd 54

% ZYdE I =4S Folin—ciocalteu ol 9&l 725 nmolA FF=ZS A3}

gallic acid (Sigma-Aldrich Co., St. Louis, MO, USA)E A}&3}] A58 HU3

& HAFA A8 FEE 100 g9 mg gallic acid equivalent (GAE, dry basis)® & =]

S AEFAY. F ZEg R o= 82 Zhishen 53 Zou 59 Wl wel 510 nmolA FHEE

ZAsA L, FF3A ZAol= catechin (Sigma-Aldrich Co.)S AFE3IA 3, AR F ZEE o=
@2 mg catechin equivalents (CE)/100 g= WeER A g 3k AOACHH A 93] 725 nmol A
Fes =AY, FFFA FAd = tannin acid (Sigma-Aldrich Co.)E A&t L, = g©@d st

mg tannin aicd equivalent (TAE)/100 g= YERHAT

SHjo]AE M AAE 3F

o
= 1
oAb A, a, A, 29 % S, dibd Vel 5 os 73 HE Woew dukel 100

211 §&: 289 A3 AE F& 3% AEEZ /1T H oleanolic acid
9 triterpenoide &2 ©|3tsty AHAA FRE T3 AFVSMNE

1. 12k 9% =3y
e FE53 &4 225 g2lstdA] a2 FA
AzE o F9o "+ ¢ 4duf(30g)E ethyl acetate, acetone, methanol, 70% ethanol, chloroform,

hexane, water(300g)e] 43¢ shaking incubator(SI-600 Lab, companion)®] (rpm 200, temp 25C) 244
7t shaking 3%+ ¥ filter paper(Whatman)® ¢]3}3}¢] ethyl acetate, acetone, methanol, 70% ethanol,
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chloroform, hexane, waterol w3t £33 &
Switzerland) 2 7%, &= 3ok &

[e)
chloroform, hexane, water &€& =% A &9

Hol w55 ARE ANF & F vialdl 23 -70C =
A2WY5 (Ishin Co., deep freezer)ol 1A7F WEAIZl & TA7HZ7|Mshin Co., freezering dryer)?l

)24 %74 & MTT. DPPH, NO , &4 & ol § #2 AA .

@ Cytotoxicity assay:3-(4, 5-dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium bromide (MTT test)&

= HEZEgoL W 548407 23] 84 EZH MTTA 934 formazan &2 Z3hE

F& ek, AEeke AxSse vEdh 5x10%cells/mle] AE7F EFF 96well plateS 2441 3F wf

¥, drugg A3t 24AS F7EE wdsh 2 F 2 welldl MTTE S (Gmg/mDS H7bshar 44

o wiSEES. 2 & wgdS AAG 3 AAE formazan Z2A S DMSO°| £3fA|A Elasa
(e} 3} L

[e]
readerE o] &3lo] 540nmollA] THFE=E =A s

s

9

=

@ Free radical-scavenging activity (DPPH):&4ks} WES-& X4 AAFTES #2 4 = DPPH
WS AbESlo] BESE S, A9 0.2 mM DPPH solutionsS 200 uL 9o &% % 37C, 3083 <
2N a1 F O &89 EF3B%E microplate readerE AFE3Fe] 520nmel A A3t} DPPH &4

2 WFSAI7]A] 282 DPPH solutions 7|22 she] S48 Ag

@ Nitric Oxide (NO) assay:NO &4 & cell®] supernatantol 41 €] nitric oxide(NO)2] & nitrite and
nitrateZ2A FA S 3132 Nitriteol] )8t nitrate2 $-gH Fo] A3t FE|<l griess reagentE AHE-38}
dom 96 well plated] 1x10°71<] cell confluence”} 80% < w], PBSZ 2¥ washingd o] 8%
WXl 2 wA F LPS, L-arginine, tetrahydrobropterin, IF-N-r& wello|t} Yo] X A A LS. 1 8 X
o NBZ AHHste] AFeATt NO WA HEHLS supernatantS Ho} griess reagent® 1087F ¥k-3-A1 71
$-o 540 nmollA FF =g FAHFA=.

@ BEYAA - Azx"® o299 (10kg)o]l methanol (100L)E 3 =7+ A2o)x =i & shaking
incubator(SI-600 Lab, companion)°] (200 rpm, 25C) 24417} shaking 3+ % filter paper (Whatman)oll
o] 78] methanol®] 3 ES A, o] 2 evaporator(R-114, Buchi Co., Switzerland) 2 7<), =3}
9 2. &% methanol FEES methanolo] A&&|staz t}r] o]  evaporator(R-114, Buchi Co.,
Switzerland) 2 7%, =39S, 53 methanol FEE AL FA3s3L ethyl acetate,
n-butanol, water®=2 2 59| shaking incubator(SI-600 Lab, companion)ol (200 rpm, 25C) 24A]3F
shaking 3 % filter paper(Whatman)® o33} A& ethyl acetate, n-butanol, waterd< U4

evaporator(R-114, Buchi Co., Switzerland) 2 7Z¢t, 533 S

o o

(3)oleanolic && A A, TLCS HPLC #37 AA

Az 9 Fdstd o F duf(10kg)E WiRbEol HAAA AA 30Y st FEAT 1 Enf
T8 E(kg)S ethyl acetate, butanol?} & 7F&5F=Z #2sttt. I % butanol 7F&F (20g)& 5%
HCI(MeOH/H:0)°ll 4A] 7+ 5<t 7F=E81S A7tk 2 E£3E S eathyl acetate (800mD)d thA] F&3F
T SR AMAHS Y. O EFES silica gel(450-580mesh)S A3t ® sty Ao =
ethyl acetate F+&% A& Z silica gel(25g, 707230 mesh, columm chromatography-&, Merck, Germany)<
ethyl acetate® columm (1.5x30 cm)°ll 5% A7l ¥ hexane 100, hexane : ethyl acetate 80 : 20, hexane
. ethyl acetate 70 : 30, hexane : ethyl acetate 50 : 50, methanol ©.& &< o] &3 o|F it
go] 7} £ fraction 80:20(v/v), 50:50(v/v)& TLColA thA] 23819 3. TLCEE A7En= 80:20
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o

& hexane-ethyl acetate(3:1), 50:50-& hexane—ethyl acetate(3:2)2 =A7NsAT. o = 80:20& 174
fraction, 50:502 A~C fraction® 2 5o ZFAS s w23 AZS AMIB0:20 1),
AM2(80:20 2), AMS(SO'ZO 3), AM4(80:20 4), AMA(0:50 A), AMB(50:50 B), AMC(0:50 C)o.& U+
o] &4 Ad 3 & A o] YEMY fractiong HPLC 3F9 S

(4)&%, pH W¥3le] u& g4 =4

(Doleanolic?} hederagenin =% =70, -20, 4, 25, 60°Cel 247+ A& % 343t &4 (DPPH)S o
=

@oleanolic¥} hederagenin pH W3l W& &4 =4
D AH G7HE 2 pHE ZE § 2413 9SS AR 1 $ oA AR pHE HEste] ks 248 54
51

@Free radical-scavenging activity (DPPH):&AF3} wk3-2 SAJAL A A ATS AT 4+ =
DPPHHM & AF&38lo] #2392, /\]Eoﬂ 0.2 mM DPPH solutionsS 200 pl ¥o] &3t
30E7 e A, a2 F O E3E 9 FFEE microplate readerES AF-&3e] 520nmol A &A g}
DPPH &4 2 ¥5A171# &2 DPPH solutions 7|F2o2 sto] 48 A4tbsh

G EFE59 s F4, ddTA ZgdHE 2 = 5]
Free radical-scavenging activity (DPPH):&4F3} wF-8-o A A A AFS @
AyE3Fe] TS5 2. AlR] 0.2 mM DPPH solutionsg 200 pL ¥o] &3 3 371

HS S , 30 7F
SAZ. 21 F 1 £3E5E9 FFEE microplate readerE AF3le] 520nmol A =A 3ktl. DPPH &4 &
HE-S-A1 7] A ¢k& DPPH solutiong 7|+ 2 3to] A4S ALksh

2. 2204 AL WY

(1)oleanolic acid —rﬂl AA = NO A2 RAW A XA oleanolic acid AMEXEA SFXAAE
oA B AR

(Doleanolic 2] A A
Az 9 EEsE oF dvji(10kg)E Uﬂ‘:&%oﬂ AAAA A2A 308 & FE=Ao. 1 Gl
23 E(1kg)S ethyl acetate, butanol® & 783 =2 Ea st T % butanol 7F&F (202)& 5%
HCI(MeOH/H20)°ll 4r13F5ot 7hialE Al7ith. 2 E£%HE S eathyl acetate (800mD)3F thA] F&3F
T FHF AYE I 1 EFES silica gel(450-580mesh) S AF-&3te] #&] 3o}

@Nitric Oxide (NO) assay:NO =A< cell9] supernatantol] 41 9] nitric oxide(NO)¢] #-S nitrite and
nitrate24 A& &9, Nitriteo] ™3 nitrate® L F 59 ¢+d3F FE)2l griess reagentE AM-&3}

Ao 96 well plate©l 1X1067H«] RAW 2645 cell& confluence’} 80% ¥4 uwl, PBS® 2% washing ¢t
S0 F8A wjx = A F LPS, L-arginine, tetrahydrobropterin, IF-N-r& wellolt} Yol A] z}=A|F
oA ARE A Elete] Aed Tt NO A %2 supernatantE .o} griess reagent® 107t
1 Fo] 540 nmellA FFEE SAAS.

@AEEA A3 Cytotoxicity assay:3—-(4, 5-dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium bromide
(MTT test)= Aolde HEZE=gol Y @528 art wadde F8A-4E4A MTTA 93
formazan 22 HA&H U2 Yo, AESE M ESFS g8 5x104cells/mle] A¥E7F 5
96well plateE 24A17F Bl 3 drugE A8t 24X 7S F7ME 8 gs 1 3 ZF wello] MTTE A
(bmg/mD< H7Fekal 443 &b wided S 1 F wgd S AAT 5, AAHdE formazan 2
DMSOe°| &3&lA]# Elasa readerE ©]&3Fo] 540nmolA SH=E SAS}AS. o W SHE F3F

(T do

Al

B

fr o o i

=4
ey
=
a



AEsE Az mEZEgoel gaigie os] MTTVE formazano. 2 HdeE ¢S e A&
= MEge vE g

@M ZEAHE
apoptosis ¥212 93] BD Pharmingen® FITC Annexin V Apoptosis Detection Kit 1 A|# & A}-&
sto] SAsEA T APAE AT A=A AR wel JAPHAT. A8 A F 24X3HE AEE
278 PBSE AF&3slod F¥ Al ey, 221 1X binding bufferdl 1x106cell/mle.2 AXE FAFAIZ]
o AEE A7 &9 100ul (1x105cells)S 5ml A& el %71tk o 7)o 5ul®] FITC Anenexin V
9} Sul PI& NS o] Fof 7MEAl EFAAT F, 1583 A olA ¥S-A1 71t} 400ul®] binding buffer
= F7tete flow cytometryE AFS-8ke] A48kl
® w2 b3 -western blotting
MEZE 5x105/6 well plateel plating 3+ & RPMIJJr 10% FBSE o] &3}9] 5% humidity CO2 chamber
ANA 7. 1x106702] AE7F HWH A5 FAF 24430 F Al B2 AlEel vide] e MEE
Z}Zy 7k 2] A5 harvestd}e] microtubedl] &3 ¥ b}lﬂ A A EE 2X lysis buffer [250 mM Tris-Cl (pH
6.5), 2% SDS, 4% B-mercaptoethanol, 0.02% BPB, 10% Glycerol]l& ¥o] Al¥E 713, 10~15 poly
acrylamide gelE ©]-83}o] H2]3t.

polyvinylidene difluoride membrane (PVDF; Millipore, Branford, MA)2. 2 transferdt %
£ 9] &3}9] blockingdt ¥ TTBS buffere] L3F3AE 1,000:1~2,000:1 H &2 Y & 12A7F W9

A AggAIZILE o)A A E<9 F chemiluminescence & 2 &le] X-ray S o2 ZH4A .

(2) Z&4A 2+ HPLCE &34l hederagin &8 &4 54 & MXANE, MTT. AX57] 4

O EZAA - Azxd oEAv(10kg)ol methanol (100L)S 3+ &3+ ’é}%oﬂ 1 WA % shaking
incubator(SI-600 Lab, companion)®] (200 rpm, 25C) 2413} shaking 3+ % filter paper (Whatman)®ll
o] 73} methanol®] &S A a1, o] 2 evaporator(R-114, Buchi Co., Switzerland) 2 7¢}, 533}
A5, 5% methanol FEFES methanoldl A&3s)3tal thA] ©]&  evaporator(R-114, Buchi Co.,
Switzerland) & 7%, 5539 S. %3 methanol FEHE0 FAHL A3l ethyl acetate,
n-butanol, water&2 2 9] shaking incubator(SI-600 Lab, companion)e] (200 rpm, 25C) 2447+
shaking 3t ¥ filter paper(Whatman)Z o]¥3sle] A2 ethyl acetate, n-butanol, waters< UTHA
evaporator(R-114, Buchi Co., Switzerland)® 7%, =3}

@ HPLCOA oleanolic acid #2 A A 39S . mobil phaset acetonitrile: water =50:50 %" S A}
&3sto] g ZA s

@A EEA A3 Cytotoxicity assay:3—-(4, 5-dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium bromide
(MTT test)= Aolde vEIZE=dol U E42aihrt wdde $8A4EZA MTTOl 2§ A
formazan ©&2 H3H FS UErlH, AEstE AlESe vEdh 5x104cells/mle] AlE7F EFE
96well plateE 24A17F Bl 3 drugE A @t 244 7-S F71= w3 O 3 7 wello] MTTR 48
(bmg/mD< H7Fekal 443 &b wided S 1§ wgd S AAT F, AAE formazan
DMSOe°] &3]A#A Elasa readerE ©]-83t4 540nmolA FF=E FAHA
AESIE Mre nEZ=gol g4 gadd o8 MTTYF formazano 2 2
= AlEget vk

@AM EZAHE
apoptosis #2418 $38te] BD Pharmingen® FITC Annexin V Apoptosis Detection Kit 1 A &S A&
sto] AR AP ATE AFzAe] Ay wel JAPHAL As A F 244 HEE
A7he PBSE Abgste] Tl Al# @t} 18] 3 1X binding bufferol] 1x106cell/mle 2 AEE #4bAIZ
o AEE BERAIZ £ 100ul (1x105cells)S 5ml 2@l &7tk o 7)o 5ule] FITC Anenexin V

U[o

o o
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¢} 5ul PI& 45 Yol &oh 7PiAl edAAE F
£ F7hste flow cytometry S ARE-8ke] 4 8t3ih
® ‘1]4—r7] -Er@;

AREE 24A3F A AEE 2000rpmel A 1083 AR F, FFAE AAGL T0% TS =
4T A 1A17F Tk @A ZIth PBSE FWH A3 & 300ule] Propidium iodid staistain & <ol A3
2 BAAIZ] B 37C Aol A 3087 A flow cytometryS A&3te] MEFVE BA A
(3) TLC®F HPLC % #Al NMR, FAB-MS +% #4]

M2 =424 54 s471x 9 2%9std o5 Euf(10kg)E mlebedd IAAIA A4 309 &<t
FE3A. 1 99 23 E(lkg)S ethyl acetate, butanol¥ & 71882 E g9tk =2 % butanol 7}
458 (20g)E 5% HCI(MeOH/HZO)Oﬂ AN ZEEtE ThaslE Azl o1 EFES eathyl acetate
800mD ©A] FE3 T Z=FFo AFL dth 2 £35S silica gel(450-580mesh) S AF&-3le] 2]
gt} A o] 9l ethyl acetate F55 A5 E silica gel(25g, 707230 mesh, columm chromatography
€, Merck, Germany)% ethyl acetate® columm (1.5x30 cm)ol %% A7l % hexane 100, hexane :
ethyl acetate 80 : 20, hexane : ethyl acetate 70 : 30, hexane : ethyl acetate 50 : 50, methanol &=

S yiro] B3} o] & gar#Eo] 7 £ fraction 80:20(v/v), 50:50(v/v)E& TLCOA thA] &+
25t S. TLCEE #7E vl 80:202 hexane-ethyl acetate(3:1), 50:50-> hexane-ethyl acetate(3:2)Z
AMsEE T o] F 80:202 174 fraction, 50:502 A~C fraction® & UFo] A4S FFstds. &3

A& AMI1(80:20 1), AM2(80:20 2), AM3(80:20 3), AM4(80:20 4), AMA(50:50 A), AMB(50:50 B),
AMC(50:50 C)o.= vpof &4 A9 3 5 A o] YEhd fractions HPLC 8k3l=. C-NMR, H-NMR,
FAB-MS &4

(4) &=

EFEs w84 =24
-3k o] =

A ethyl acetate F&% A5 & silica gel(25g, 707230 mesh, columm chromatography &,
Merck, Germany)& ethyl acetate® columm (1.5%30 cm)el %3 A]Zl & hexane 100, hexane : ethyl
acetate 80 : 20, hexane : ethyl acetate 70 : 30, hexane : ethyl acetate 50 : 50, methanol 2.2 5
Fol B3t fraction ¥ F&F &S ¥ 1% 2. fraction FF &2 HS3 At S Fy
o

gk ztol & H A5, o]F EA o] b F& fraction 80:20(v/v), 50:50(v/v)& TLCOIA ThA] ] 8H3

E

o] gtsl B4 FISA Zolvs 2 ZelH ol 8 hederagin A
Zo)H = %S Folin-Denis ¥4 (Singleton & Rossi. 1965)& W& sle] ZA3}o], 725 nmel &
= 7

ot

T £ 1 3
B s =AY Y. FFEZEE gallic acid (Sigma-Aldrich Co., St. Louis, MO, USA)E A}&-3}9] 1L,
%5 o9 mg gallic acid equivalent (GAE, dry basis)® % Zg#H %9 S &390 = =
Hxol= g2 Zhishen 53 Zou 59 ¥ wet =43}, 510 nmol A SH =S SAHIAL. ¥+
4 AAol+=  catechin(Sigma-Aldrich Co.) S A3 1, %— ZetEeol= ek mg catechin
equivalents (CE)/100 mL& YEFRATH g sk AOACHHHO wal =A3ke], 725 nmol A T3 =
= A3t B4 ZHAol = tannin ac1d(Slgma—Aldrlch Co)E AH&stadal, &d 35S mg
tannin acid equivalent (TAE)/100 g& & e
hederagin ¥21:HPLC
(BABSTEHUZ 2A% SAHANESALIEMTT assay) 24 SOD FA-EA S A

DSOD A4

SOD #A8A A& Marklund S¢ Marklund G(40)¢] S Hgsle] =A3t). A5 pH
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85% H A3 tris-HCl buffer(50 mM trisa mino- methane+10 mM EDTA, pH 85¢ 7.2 mM
pyrogallolS #7}sto] 25Cel A 107F ¥HgAIZ1 * 1 N HCIE 7F8to] 420 nmoll A F3EE SAH A
th. SOD A8 S F&5& 7‘&7}?9} THJ—L«] F4%E AolE WEE(%)E YEFH AT
@%d=" =4
Y HEL& AlFo 0.2 M sodium phosphate buffer (pH 6.6)2} 1% potassium ferricyanideS 242} &

gate] 50TColA 208 Sk WHS-AIZl $ 1% trichloroacetic acid ( w/v)E 7}ste] QAR & A4H
o] ZF, 01% ferric chloride &S Yol 700 nmolA T3S =43s9 21 L-ascorbic acid
(Sigma-Aldrich Co.)E FAETo 2 ALgste] YJERSITHAD).
@ABTS g]_];]yl— }\7%‘:. ZXJ
ABTS #&0Z 2A%52 Arano 5(37), Re 5(38)2] WS o] &3lo] 734 nmolA TFEE S,
A e FEE HA7 dxaS vt gz AAGAE S NS (%) E HERW T

@ MESZAFMTT assay)
AEEAAAFHMTT assay)2 Lee 5(28)8 WHS o] &3t T4 AE 5x104 cells/mLe] AX7} &5

96 well plateE 24A17F ¥lY¥ & AR E 5 mg/mLE A st 4ALTE F7IE wjLdedet. 1 &
wellol MTT-8 9 (Genetrone biotech, Gwangmyong, Gyonggido, Korea) 5 mg/mLS 3 7}8}3 44 3¢
oF wjkstAet 2 T wiFAS AAT T AAH formazan ZAH S DMSO (Biosesang, Sungnam,
Gyonggido, Korea)oll &3]A1#A 540 nmolA SHES A3 o] v =HE FTHE=+= A== A
yo] nEZegel geihgsd od MTT7F formazano.2 H3E S YelhlH AESE Az}
ClERc=2

G4

off N e

Plate Count Agar (pancreatic digest of casein 5.0 g, yeast extract 2.5 g, dextrose 1.0 g, agar 15.0 g,
distilled water 1.0 L: Difco) 20 mLZE petri dishel #3 t©}& 36T <lF¥ o]E(Lab. Companion,
Kimpo, Gyonggido, Korea)ol| 4] 24|13t &<t v %% Bacillus subtilis, Bacillus cereus, Escherichia coli,
Salmonella entrerica subsp, Shigella flexneri, Klebsiella pneumoniae 222 &S 100 pL % =23k
T paper disk (8 mm)E WX Yol =11 1 ol ?E’\ 1 mLell 52 A%x" A% 100 mgs 9 40
uLE FYstAdh 36T AFulolE oAl 24A13F &3t & paper diskT91oll A 7]+ clear zoned XA F
el st si .

1n
i

3. 37 A7 ALY
B ILol 1%y 250ge BCh 2@a B 5L9 1% o F7FEE Huhstel 100 1A7HESH Bl o

H
SAlZzE & Lol o7 I 1% tF 1%, #x 04%E 9ol & A3 F 4T ® a3t

o
o
e

o 7hE 1% tiF 1%, #x 04%E
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>

9 oS 16092 o R wEPAE ATk ST A7, B, A, 9w, A%, 20 7d 4
w2 A¥zA el

(3) A& E R

=2 1o =
Wistar rat +73 567%8& AH&3t & AdS AAeAn. AUEs 21722C, 12A13mkth Ay
5SS 2HEIAY  (n=6)S AT, 25% LI AFFA o, 5% A S HFEFA & F 29
55 Y 22 Utk AFFAs F g R HdE AFEA HES st
2197 AE F obF FHAIZ o A4S AFomFE AfFHS AT 18]l centrifugee] 3500rpm, 30
T Bt 584 ®EAIA plasmas AATH

(4
L 2AE 10%EFdHstol = A7 & g Fefsidh SumT7 dd & wPEA S wkEa
Hematoxylin-Eosin (H&E)Z GA3le] 7+ 22 &4 A5 ##s17] 98] 100 x vl LA 33t dn
8& A&kl Th

6 84 24 4 A

AST ¢ ALT+ Reitman-Frankel®] ®®eol| wg} AST/ALT kit(ASAN PHARM. Co., LTD.Seoul,
Korea)E AF83ith. Total cholesterol® TC Kkit(Sigma, St. Louis, MO)Z Al83} 1 triglyceride:=
TG kit(Sigma, USA)E A+-&3Fth

6) 25289 daE A3 F

Axgea F=2d AHAE
Alatieh Algtel weE 55 T ¢F F

o e 19 % €3S 360 mlE vHA|

7] el & 200 mlE viAl L &F & F 9
Ao, e IHL 19 % AFE 360 mlS kA 7] Ao o= A& (AS) 200 mlE vpA 3 &F &
o g FEE ZASAL. Axeh WA ARz rold azZe was R ea SAs

(7) A Zn)

RAW 2647(NAANE) AEFE S5 A ELF8 (Korean Cell Line Bank, KCLB)2 Z5E & Firo}
100 units/mL<¥] penicillin-streptomycin(GIBCO,Grand Island, NY, USA)¥} 10%¢] fetal bovine serum
(Hyclone, Logan, UT)e] %% DMEM uj#| (Welgene,Dalseogu, Daegu, Korea)E A}-&3}te] 370C, 5%
CO2 #2710 A v <Fatsl
(8) hederagein ¥ A=A 2 9l

Hederagein 3271 x 2 #3238 o5 du(10kg)E WEZ] JAAAA A4 30¢ s F=3)
gtk o I B3 E(1keg)S ethyl acetate, butanol® & 7832 B8t 7 = butanol 715
(20g)& 5% HCI(MeOH/H20)d 4A| &t 7Feisll & Atk 21 &FES eathyl acetate (800ml) =}
oAl FE2% T FHRFA AFRS . O TFES silica gel(450-580mesh) S AFE-sle] B3k S
HPLC CI18 columns o]&3ste] &&dte] AA 39ttt 227 oleanolic acid ¢+ hedragenin/d &5 &2

% AA 49

N

M

(9) Nitric Oxide(NO) assay

A A 2701 RAW 264.7 A2 =HE ditstd s Aike] AZ 24 ajYF A5 do] A€ NO 4t
329 NO2Z Griess Wre o2 =A3tH(Murakami et al., 2000). 96well platedl] 1x10670¢] cell&
PBS®E 2¥H FA3 Fo] FIA x| (Welgene)= A4 & LPS(20 pg/mL, Sigma-Aldrich Co., St.
Louis, MO, USA), tetrahydrobiopterin (BH4, 10 pg/mL, Sigma-Aldrich Co., St. Louis, MO,USA), 200
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mM l-arginine(Sigma-Aldrich Co., St. Louis, MO, USA) Z18]x IFN-y(100 U/mL, Sigma-Aldrich
Co.St. Louis, MO, USA))< z7te] wellellty H7bete] A=Azt 2 v x| A 85 Agste] st
St NO AA 3L supernatantE Fo} griess reagent® 10%7F ¥F3-Al 7l Fo] 540 nmolA 3=
Sk ofge] Aol wEl AgkS Aednh. Agk AbE F MXo] uigh Alse HAARE &
Q13t7] 913 MTT solution(5 mg/ml, Sigma-Aldrich Co., St. Louis, MO, USA)E A}-&3 MTT asaay
2 AFgste] AEFE =AsY T [(compound Abs540-negative Absb40)/(positive  Abs540-negative
Absb40)]1x100 (%)

d

TE AYY EE ARE 7% sE # 2 ARE A digud A ds JACUC ¢ HE KU
15,057), A&, tgvl=olA 5l sttt 57678 e +2 Wistar rats(L 2] NE nfo] o, )5 A0
AR sFTh AT 239 (7]221 ° C-22 ° C, MAFI] 12413 T0%F %) A4 AgAH oM AL
g9 E& AFF gk (1) ZADE, (2) 25 % oEE (3) 25 % o E2 + hederagenin : A &
S A R FoE Ui daeAd EE Fetr] flalf 21 47he] 25% ¢ EE Imls BT F
of stdth 21 4 F AE H 16 AZF s Ao w3 F JhEete] Ao FH dHS AFH s
Fom 2+ A NS AEsAnh A AL 30 B3F 3000 rpmell A fA B2 & S 22§
of FA ol A& AlE TS 715 F 70 ° Col W By 53

b 224 S 10% 25 stol ol 1Azl 5 Iebd 2wstdh SumTA A § WrEE S e
Hematoxylin-Fosin (H&E)Z @ A3le] 7+ 27 &4 =& #Zst7] 918 100 x )&l A 33 v

A gt

(12) 84 a2 g4 =4

AST ¢} ALTE Reitman-Frankel®] WHel| wz} AST/ALT kit(ASAN PHARM. Co., LTD.Seoul,
Korea)E A}&39th. Total cholesterol® TC Kkit(Sigma, St. Louis, MO)Z A}€3}9 3 triglyceride:=
TG kit(Sigma, USA)E AF-&-3}%1

(13) RT-PCR

kA A ] RNA 8+ Trizol§&HS o] &3t o™ mRNA 23 F52 RT-PCRYH o= A3
9 t}h. cDNAX first strand cDNA synthesis kit (18080-051, Invitrogen, MA, USA)S Apg&3ale] &4 sf
93 TaKaRa LA PCR kit (RR002A, Takara Bio, Shiga, Japan)S A}&3lo] PCR 3%l th. Primer:
GAPDH: 5  -ATCCCATCACCATCTTCCAG-3’, 5" -CCTGCTTCACCACCTTCTTG-3 ", ALDH2:
5" -GCTGTCAGCAAGAAAACATTCCCC-3 ", 5’ -CTTGTCAGCCCAGCCAGCATAATA-3 & A}
&5k At

[B12 @F : 259 3 B3 7|5 "WIAYSE 7%

1L 12hd 74 3P0
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ol 7] 98] alanine transaminase (ALT), aspartate

=

Q..

o
o2
1=
.
>,
ot

transaminase (AST) I H & E, oi
_ Al 64:,1,4 6}/\]-ﬂ_ le o] GSH *= ézé
- GSH synthetic enzyme2] mRNA #&d =3
- A3t~ E 9 2~ vl 9 NADPH oxidase 4 (NOX4) mRNA o& =4
- d=nkL WS ulA Rl tumor necrosis factor-alpha (TNF-a) mRNA 23

A

3

2. 220 ATFAT ST

(H7FEE WAYUSE 73S 93 AlE 3 DNAGA ¥ o] &
ZFAIE @ 7 A £ MES ZF24 AL (BrDU or MTT assay)@t Al Ex2H(Apoptosis) %2 Hochest
A AS =3 DNA fragmentations ©] &3] =A%

(2) #3E FAAe] mRNA 28, 5 tH 5 AHE9l

A 2 ZFAAEFE] glutathione (GSH) 525 3
GCLM, GSS)¢] mRNA % oz iy wists Z43o0=H
< A3

oFe FE= dF Ax F8A4 % ROS Ax A A Hlal (TNF-a, NOX #F73d4ke] 2d &
)

(4)Micro arrays 4
Micro array w41 &3l 7] /el A&shs Ao - dids g4ste] 059 HH T
=
=

ol tg w7ty

o A Az wWEW, wu ZhEA A H 10933 AE e AgE] 19959 FH 2006
A7k o] At AFERY F7kstar Jdow, 200669 = 5l 7he Al AL S 662,281F 2
2 19959 9] 8622E ] H&l 35.9%7F Z7FalE A, 2002 %= 2] 30,609E ] H & 5.4% Z7}s)
ol o
A=

o SEAEY AREAQ AVIHANE B et o)A | TheAl Ale] FEd AAAE BY
T AAD AL TheAk A Al A aclew A8 HIAW BeAQ "He S5
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O 079 FEFE&2 = FEEAA F5 58] 139%=2 M =4 F2HAS.(F
Table 1. & 59 &l FE+&

& FETE

ethyl acetate 1.91%

H20 13.95%

acetone 1.82%

chloroform 1.47%

ethanol 6.64%

70% ethanol 12.85%

hexane 2.60%

@ e5dn FEFES = FEE2 54%0laL 70% ole&=2 915%= 70% ol ¥l

Table 2 &&5<&mje] & FE5&

& B
ethyl acetate 0.86%
H0 5.40%
acetone 2.70%
chloroform 0.78%
ethanol 1.44%
"70%ethanol 9.15%
hexane 1.17%

@ oF@= FETFES 0% N&ES 9.15% ©]il & FEE 54%9. (3&3)

Table 3. &5@ =2 FE=5&

Rl FETE
ethyl acetate 0.86%
3C0) 5.40%
acetone 2.70%
chloroform 0.78%
ethanol 1.44%
70%ethanol 9.15%
hexane 1.17%

dFxzzel FE5552 70% ethanol ¥ & FEE5 o83t AA =105 A4Sk

4) 48 3% 37 AFA 34 B
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2y 92e dEd gd2urge wE 34 F pH(A)SE =43 A3E Fig. 19 JERRQ
S Ydoro® g A5 pHE A 561, B 516, C 5690 FEFoz @t A5 pH
= D 594, E 6.03, F 6.21 & YE%=. o|F 3¢ Al 543 743}

o] A 428 B 465, C
455, D 383, E 398, F, 39722 AdAT to] 94 zol7F vetws. 595 E= W3}
ol dAS =+ pHE YHERIN L HE pHE A 457, B 445, C 4.87, D 413, E 42, F
3o AR bl Fo A Aol vehbA @k g F59 FRel @Al pH
o5 Holx| k. pHY Aol T Ue %71*& ZHo WE ol

of ojgk Zleolw, pHe| Aste= Fuljvrol] ojgh S AWR TS 3 FAl s
S M AGAA HErt dojuA & =

J

B o2 119744 wo}u} %—7}‘6‘}% ol%% TE7F el wEh AdEs
| ol olgH =R pH7t F7hsh=

& o o

A ol FH THE Elste] g ¢F g UAH F =6l FEEAAI A
o

=

Gt oF Lo ¥E 34 T A=B)E AT Z434E Fig. 19 dE
15 A== A 0.110%, B 0.110%, C 0.170%, D 0.140%, E 0.110%, F 0.100%
o] Z ]l Apo]lE HoFA Fokth olF wE 54 A 0.630%, B 0.530%,
640%, D 0.920%, E 1.120%, F 1.000% &= E oA 7Fd =2 3ts HoFom =
AEZE S7hES BoFAT olF A S sk S HoFAen 1594 A

0.933%, B 0.975%, C 1.224%, D 0.972%, E 1.167%. F 1.212% = A3 1rol g=& A7}t

=

& 4F VRS FES W BB RE ol 404 Fo] B RJFAL BE /17 B
pH Wabsh Fitel 3 Wa2 nw 4 FF Z7h5m ot pHb WelAA g
ozt WM Bz ohulmite] Fbstel $EH AL ¥l Ty WEolntn wuHY
om@1). Fake] WE: 4 wae 4% WHE H/ L 5 A A Wk ofue, &
22 AAAANN HPgAon AHHE 22 wEe wE AALRL & F A= AW
Aol B ot vu THE Gese] HEd LR 44 F Lule FASAY nxE 4
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Fig. 1. Changes in pH(A) and Acidity(B) of alcohol fermentation added Koji and Nuruk
during fermentation period. Values are mean =+ standard deviations of triplicate

determination. Different superscript in a column (a~d) are significant differences (p<0.05).
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Fig. 2. Changes in Alcohol(C) and Total Sugar(D) of alcohol fermentation added Koji and Nuruk
during fermentation period. Values are mean =* standard deviations of triplicate determination.

Different superscript in a column (a™f) are significant differences (p<0.05).
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Table 1. Changes in Microbial cell counts of Makgeolli added Koji and Nuruk during fermentation

period
Alcohol fermentaion
D
A B C D E F
] 36.6715.86X 8.33x£5.03X1 264£9.9X10 275.67x22.7 60.67x7.02X 289%73.54X
108c 050 7ab 2><10821 1O7bc 1011abc
115.50£79.9 133.67£15.0 103x£15.10x 37%£6.93X10 304.50x7.78 21x2.65X10
3 %108 4x10MP 1010bed 9cd %1012 11d
248.33+101.1 313%*12.12x 314%14.11X 34£4.58<10 48.33+39.58 ah
o 9 11 11 8b 7b 49+7x10
9x10™ 10 107 x10
288+71.63x  183.50£7.78 326.67£107.0 33%£6.24X10 38.33%4.73X the
7 12 11lab 12 5bc 7 25i7><10
10 <10 4x10* ope 10°¢
2701£20.95X  96£12.49X1 84%19.67X10 38.67£1.15X 33£4.36X10 &.33£8.39X%1
9 101()3 08b 10b 1040 Tc O4c
183.33%£45.3 33£8.54X10 76.67%£10.97 35%£3.61X10 e 3.67E2.89X1
11 5><107a 7bc ><1010b 4bc 47i15><lo O4c
33+4.24X10 109.5%£40.31 46.67x17.95 33.33%£3.21X 51.33%£17.16 38.67£19.86
18 6b 6a b 3b S5ab 3b
x10 xX10 10 x10 x10
34.33+1.15X 4.33£1.53%X1 1.33%1.53%X1 4. 42.67£15.7x 20.5+£4.95%1
5a 5a ba 83i1><10 5a 3a
10 0 0 10 0
Values are meanzstandard deviations of triplicate determination. Different superscript in a column

(a~d) are significant differences (p<0.05).
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Fig. 3. Sensory evaluation of alcohol fermentation with different levels of Koji and Nuruk.
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Different superscripts (a—e) are significant differences (p<0.05)

< < o|ovey
" ﬁMﬂALw%o.
S = F o OF =
Raysll
o0 A_b,m LeLﬁdﬂ o)
NI i ise!
G& A OF L
=1 ,Eu%zu il
&ﬂ%oﬁﬂjlq N
Sy 2 XHOTRT

T ST maEy N
o~ OW EEEE&O

L 975
%3%E%ﬂi%l

) OT_ﬁ!

— KP—

TO pnaoX A g™ o
e
TN e AR

SRS T
A 2Py SO ony
o izﬂﬂ s G,Wﬂu%
T

= @
T S 10 T RARO 5 TH T

_58_



CHC im%aﬁ,gr@t :
. 3 = Alron
=k S R :
m )= TR O a0 W £
m CA Mu T B eiaau%A ol EEEE:
O o ® @i ~ =B = m_ ok 04%%%&.Mu€ﬂ U T_ oo~
. ! . I o o el
| 223 B - ik g S iy
' _ [ 523 R =T ] _ w
v ) = '
: =.2Y W W ﬂﬁu&oﬂ X dolomo
) o Lo o~ B 0
o O~ &O 7~IO# ,u|731r ]
5Ty S o by
ﬁcmmn.w __ " N uwumﬂigeua& NH R
" d1m ) _m =0 o o B .Wlxbtl.ﬂo_ﬁi ik ﬂwb
o o328 o5 O o/]&rro/
Eud w2 g TR Oo7%L| @r
=i (e o - S ,
g5 Poaw T AmIRSONT v
< cs <)o Al o do%u HLTH :
o = T & im ﬂ%lxo/ aa - B2
oo CLg T O ' Lao L%at :
s T ©.0 ~ TV &o] @aL W
7 0 QE . ﬂlL ;OEEDZ
i &3 o P &o_su;o N #Po_ﬂ.i _
.= £58 ) 3 "N ﬂ.maﬂ ] ‘DJO# b
c SE=RS il e KR | y
U N 2PE e RS A do
% e rmvﬂ I X o = == BT IR
. : 0| = il
g ggs o lEawiltal 0y
S8z 3 TIT JumilTees
g Sg5 = Ak % ot wzesa
£ S% T S om o o5\ X TR o
o b 2% 5 o X %u.l'. o A,OMA ol
d = e e 5 Hp oo T oS EOXo) ©
golol LI RS TS
S & <) ™ o SN JI];&OT =
5= X g T REREX o T e
®LEE N AR S )
s < —_ .- _—r O_Z ,_Iﬂ/IH._ o
ST Q =] o) B M o —F7 =N B
- cBE 5 Lo e T e
RERNa) DTN <r rH % Mo_l,_.&ulﬂ_ %
o N e Tl %) Mg
i i i i i mc:n.w ol ™ NN = Tolo|mi Ne Utum
o 1\ . o .
c m w ¢ & o 58 & wEw CormabuleA g aiaige
i OFE o, M R U dewR "o (%) 1000 pooe o
(%) Aupioe ejo) CITE X xRl o WINMETRIW Y A
wsg M
oo @ . .

are meantstandard deviations of triplicate

determination. Different superscripts (a—e) are significant differences (p<0.05)
— 59 —

Ferr‘r‘:er‘lta‘tio;ﬂ period [day])
Fig.9 Changes in amino acid of vinegar added control, 1, 3, 5 and 7% of Akebia quinata

during acid fermentation period. Values



Table 2 AT Lake] w3}

-
L

7}

R Qe WGNoRNBIR o] ISTHN o376
VR e AT D, e oy o)
ST TR =
s o l,oﬁﬂlo#_gﬂmﬂﬂeiLﬂ
A_..:MQH_777 iﬂﬁﬂmﬁﬂ aL.Eb_L_lLE‘_
e Zioo] T R B M v s
SR ETBRRF I  9
=~ S P
7_!Dr ~ 1o} ]5;0 Ng O OW —_
RrE ol =0 o WS °
BT RN BRI B
T TS 5 LSS S
,qoﬂmmﬁlo_Hn_AlEDEﬁﬁIEﬂW 0 | 10_
W ZuqﬂWOITLIHu!g.&oE
M E WK~ opentopko
(50| TN e ol eden N

v

6

Ho @ A

L8 smgn o ZeT s ma™
w0 B ﬂ%&d?.ﬁﬂﬂ

=Y N

=" wéuﬂu SEE N M o
maﬁfmmmﬁgﬂ% gt st olml
Qaw_ﬁuol ,MEEU‘OlE,._‘_.ﬂoF y:.;g - Lo_q
AR e B Ol
E#D_/ .O# ﬁl N !O# 7_| —
oo ol M N R < B
3" mmme@u_wmli _,Imﬂﬂlwm%ﬂr

_ 10
00 o N ok NEoE R
o> ol MMNb o)

EUO ﬁi ,ull,lné © HL,IE —
ﬂOC:T_ yﬂuﬂ 7._ Sl 52 © Jﬂ_ﬂﬂo =
% NS HE SR T A

—_ —~ O
PeATHpHN " g N ol S
— _nmomﬂz; .%ﬂ%.zunmuima
[ S =
§3ﬁ%ﬁ&ﬂﬂoﬁéwg%.&..
TG L .ﬂmmno,]rmwe VT B
STIENT ST =N~ WpT GRS

WRETSRATRN TET ol T TH ™

7b 1, 3, 5, 7%elA 7zt

=]
=1

& v
Fig. 10 “epH AT A,

=

-

— =
-

[©)
o g A
_60_

144 tixa"o] 4.48%,

oRBEiol of
OO . K



Table 2. Changes in colar, Total sugar of winrgar added 0, 1, 3,

Akebis guinsts during acid fermentation period

5 and 7% of

Afabrr guioxis

0 1day 13day
0 38.62+0.07" 51.99+0.43"
1 37.45+0.22* 47.18+0.34"
(Lighzlesszl 3 35.2310.27; 46.97+0.25°
5 34.07£0.06 43.02+0.24°
7 33.63+0.17° 42,49+0.47¢
0 -0.13+0.02¢ -0.47+0.00°
1 0.71+0.02¢ -0.13+0.02%

{Hedfms} 3 1.67+0.02" 0.68+0.02°
5 2,51+0.03" 1.36+0.01%

7 2,74+0.02* 2,14+0.03

0 5.81+0.01° 7.09+0.08°

1 B.13+0.03" 9.46+0.22¢
Weuc;mss} 3 9.03+0.01" 11.91+0.17"
5 9.69+0.02" 12.19+0.04"

7 9.99+0.02* 12.66+0.11"

0 4.48+0.01° 2.54+0,01"

1 6.46+0.01° 4,4+0.05¢

T otal sugar (%) 3 7.90%0.01%" 5+0.01%
5 9.76+0.01* §.39+0.02'F

7 11,37+0.00° B.74+0.01"

Walues are meantstandard deviations of triplicate determination Different superscript in a
column {a-e) are significant differences (p<0.05)

owvera
e SoUrness
acceptabilitw

tewture Swiestne =S P— (=3

flawor kittersness

Fig. 10. Sensory evaluation of vinegar with different levels of Akebia quinata.

Values are meanz*standard deviations of triplicate determination. Different superscripts (a-e)
are significant differences (p<0.05)
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Acid fermentation (day)
Fig.11Changes in pH of vinegar added 0O, 0.5, 1, 2, and 3% of Akebia quinata during acid

fermentation period. Values are mean = standard deviations of triplicate determination.
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Different superscript letters indicate significant differences (p<0.05).

Table 1.

Changes in pH, acidity,

total sugar and alc

Akabig guaoats during alcohol fermentation period

AEkehis guioats L)

Fermentatiaor

1

H

0
0.5

G.16+0.00°
B.OS+0.00%
B.01+x0.01"
B.11x0.01°°
E.a0+0.01°

Acidityw
9%

O Do

0.5

EBOx0,10F
SAhx0.00°
SFOox0.03"
SFOox0.03"
SJox0.02°

Taotal
sugar
(0

D Do

0.5

Ed+0.05°
Eo+x0.01°

10.49+0.01°
10.54+0.01°
11.49+0.02"°
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Fig. 12. Changes in acidity of vinegar added 0, 0.5, 1, 2, and 3% of Akebia quinata during
acid fermentation period. Values are mean * standard deviations of triplicate determination.
Different superscript letters indicate significant differences (p<0.05).
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Fig.13 Changes in amino acid of vinegar added 0, 05, 1, 2, and 3% of Akebia quinata
during acid fermentation period. Values are mean =* standard deviations of triplicate

determination. Different superscript letters indicate significant differences (p<0.05).
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Table 2. Changes in color and total sugar of vinegar of Akebhiz giEgats
dunng acid fermentation penod

Akehiz guiaats (%)

0 Hunter's
ay
color 0 0.5 1 2 3
1 37.01+0.36° 36.51+0.20° 40.02+0.50° 34.44+0.27° 2074+0.13°
19 25.43+0.16" 23.88+0.13° 23.88+0.13° 23.25+0.16° 20.31+0.08°
1 -0.81+0.02" -0.8240.01" -0.76+0.02° -0.54+0.03" -0.40+0.03°
a
19 2.208+0.02° 2.31+0.04°  1.80+0.02°  1.94+0.03°  1.41+0.03°
1 X .00+0.08°  7.0640.05° 0.11+0.04° 7.77+0.04° 6.00+0.03°
19 3,06+0.02"  458+0.01%  4.23+0.02°  472+0.04"  3.57+0.02°
1 Totm 484001  577+039° 588+0.01°° 6£27+0.01" 6.98+0.35°
19 Sugan®) 4 gE+0.02°  5.55+0.02°  5.57+0.00°  5.97+0.02°  5.63+0.01°

Values are meantstandard deviations of tnplicate determination. Different

superscript letters indicate significant differences {p<0.05).
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overall acceptability sourness

——0%
- 0.5%
a— 1%
2%
3%

texture & i osweetness

bittersness

flaver

Fig. 14. Sensory evaluation of vinegar with different levels of Akebia quinata (vinegars in
22 day fermentation). Values are mean * standard deviations of triplicate determination.

Different superscript letters indicate significant differences (p<0.05).

(4) Bt

T4 48 A ©

poly phenol flavonoid tanin
mg/100g mg /100g mg /100g
control 76.77083333 43.07693 0.314
1% 61.04081033 4435273 0.3343
3% 193.3010374 45.80483 0.3543
5% 952.1139166 60.6761 0.3756
7% 1022.421217 63.72423 0.37925
2) e 4% o=
poly phenol mg Flavonoid mg CE/100g Tanin mg
GAE/100g TAE/100g
0% 3555.425667 2089.583333 3596.33
0.5% 3682.716774 1927.083333 3538
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19 7 7 6 7 6
20 7 6 6 5 4
21 3 4 4 5 5
22 7 6 7 5 5
23 5 6 7 2 0
24 3 4 5 5 4
25 5 5 7 5 5
26 2 3 4 5 7
27 2 5 7 5 4
E- 4.888889 | 4.851852 | 4.851852 | 4.407407

bl 9 ojd o] o] EAL AA, BV YA F o5dn Ex I 10kge ) F 7
A7HBHS F5 F Skg @ AARAL 5g Hake] 25° C ZzolA 15Uzt WEHAL 218
AT WE F UTL B 9okl 75-80° C 2AGIA 087 AAYES APPT. LT Lol

=5
AAR BENS AFHE AY F AAF WL HH3te] 0B LEE S A

)
& 1Lol L% 250gs 2|3tk 1elal = 5L 1% o57HFE 3 7bske] 100l 14]3kE <t

#Zo] S EXFHAS)E WESRA

2) o5 £¥gSw

TS EARE 2 5L o8 dn) 1% FE 1%, #Fx 04%=2 Yol #Jh A3 T 4T
B s}

5g A#ste] 20Wf widk (40TC)el 53T HIHAM &F FF T AFE A} FERE WS

Qo EL ol 8% 259 AFREIIN AAATEL U3 HAE

texture smell color sweet sour bitter
oE=Y2E 6.2 41 5.6 5.5 41 45
cEdni=s3gE 6 4.6 5 6.1 37 4.2
S EAN 6 6.1 46 6.7 4 39
SEAUX 64 6 6.5 47 4 49
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Pt 394%F 25T lsFHl ol o

S

ato] 19

4

= %
=

% 10% (v/v)

R =

7} &

bl o,
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2], 1 @& @ 289 #F3 AHAE F& AT AFEZ MY %
oleanolic acid ¥ triterpenoide A &2 ©]3}std AN FHE E3

AE7IENE

L 12md

(1) FU AR 25L& o183 gude] B2 35 =4 B4
D) Ae ZA4o we gu 32 24 94

e Azx¥ oE° dw|(30g)E ethyl acetate, acetone, methanol, 70% ethanol, chloroform,
hexane, water(300g)°l 43¢} shaking incubator(SI-600 Lab, companion)®] (rpm 200, temp
25°C) 24*17F shaking 3 $ filter paper(Whatman)® ©]3}3}¢] ethyl acetate, acetone,
methanol, 70% ethanol, chloroform, hexane, waterd] ™3t £ &S AAL. o= rotary
vacuum evaporator(R-114, Buchi Co., Switzerland)Z 7%, T3S, 558 AZE
ethyl acetate, acetone, methanol, 70% ethanol, chloroform, hexane, water $"& 5%
Ao Yol 5" AlgE AFH 3 F vialdl ¥ -70C ZA2Ys 3 (Ishin Co., deep

freezer)oll 1A17F W5 A7l & %2471 %7]({shin Co., freezering dryer)o] TZAAZ 3L
2) CEd &id FE2E9 AYBA
D Free radical 2A%

F @E A &ulelM FE3 ¥ DPPH B S o &ste] oF duj5=
& dotE S o] Y] AR opMEN WESFEEolA ol wE
. o =

Sol Z7HEE #eld g L. aceton =3 70% etanol =l A
5
Ay g % 2002 & fractiono| A= Ao ##HA kS (29 4)

70.00 B 500 ug/me H 1500ug/me 2500pg/me
60.00 L

50.00 -
40.00
30.00
20.00

ST T e 1]

Hexane Chloroform Acetone  Ethyl Acetate 70% Ethanol Methanol Water

Free Radical Scavanging activity (%)

“1¥4. Free radical scavenging effect of different fractions (500, 1500, 2500 pg/ml) isolated from
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AQ fruits compared to control.

F

@

oF
=

Al

7‘3 2

(a) QA SH(Du 145) Aol e] &ufd

ey

<

o AYAtol A= 50 ug/ml FEAA = 0}/‘1]% FEE, 10% A& F25, vags FEEqAT 24
o] FAFUS. 250 ugml FEAAE F71&0 FEEANAE o] AFHULY EFFL ot
oA &t dAo] #EHA FAdS (LFD).

140
1 pu1as = s opeyme
= 100 = 2s0pgime
g' 30 " spopgime
= 60
= 40
= 20
<> & <> & R ¢°\ &
& & T ¢ T &
> YOS s\s -
(@) Q)& D

I3 5. Cytotoxicity of OA
MTT assay.

(b) ¥ FF AEUST) AEA 2 Lol

_IZ__O]:

A Z(US7) Aol M=

(5, 25 and 50 pg/ml) from different fractions against Dul45 cells using

e+

3

50 ug/ml FEA & 70% ol &

. S Hes FE5= 1k
o] L. 250 ug./ml FE 500 ug/mll A= #7118 m) —ir%%oﬂfﬂ% Aol AN &
FEES AU sRolM ¢ o] A F%S (1H6).

. 140 ﬂO,ugf’mQ -”\Oug me 7 S00 g/ me usz
= 120 -
.E' 100 -
g 80
= 60
E 40
L] 20
o
¢@
T i.° \"
<= \6‘*0 YS‘Q' -A\’?’
S <=

19 6. Cytotoxicity of OA
MTT assay.

(5, 25 and 50 pg/ml) from different fractions against U87 cells using

(c) ZAbF A Fet (Hela )M Zo A &njd 3FotahA]

o AEFZAHEY (Hela AE A3orE= 50 ug/rnl FTLAME 70% A8 FEEAT &Ao] FAzE
A, 250 ug./ml FE¢ 500 ug/mlol A= 7718 FEEAdAE &40 BFHJOY EFEES
ou gt Frolx ¢k Aol AR Lok (1-E7).

_75_



140.00
.;3 120.00
3. 100.00
= 80.00
= 60.00
—

= 40.00
= 20.00

0.00

Hela

= sopgme ®2sopgme T soopgme

Y 7.Cytotoxicity of OA (5, 25 and 50 pg/ml) from different fractions against HeLa cells using

MTT assay.
@ Fraet (MCF-7) MlxolAe] &g gehahA
o Y (MCF-7) Ax2AgAE 50 ug/ml sEolAe deddgdo] A=A ek, 500 ug/ml 5
Lo ARt dib Suf FEEAE o] AFHASY 70% oEE, MEE | EFEES AU ¥
Lo M= &t o] AFHA ks (1LHB).
— 140 MCF-7 " sopgme ™ 2s50pg/me 50009 me
= 120
= 100
= 80
= 60
- 40
= 20
e o

198 Cytotoxicity of OA (5, 25 and 50 pg/m¢) from different fractions against MCF-7 cells using

MTT assay.

o &wid A AAN o= dn] Ay EF FEEAME= Aol BHEA &S, AHA fractione
= g3 70% e FFE fractiondld FA EZAS AA ste=Ao /M 4% ZAoE Ho
A 2y FAakst oA meks gado] E=9k7] wiEd &4 ] AAle vEEs AFE FEE
A4 39
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@ Nitric oxide A A &A

o] FEZEE2 RAW 2647 A EA2 NO A oA A

du Wee FEE3 70% 822 NO A4S BHe] FAS. o ICHite
20853770445 pg/ml o2 AAE ST RAW 26479 AEEo = o] gAY WEE FEFEA
7 2349 NOAA oAlse] BYe. (289). Ao wr=w, 70% ethanol® methanol
7Hd =8 NO B A8t 5ol ol &,

o IC50EEd A= wErLo] 207.53ug/ml 2 7F8 $9Fom70% ethanolo] 209.69 ug/mlZ ThS-
Ao Ko FAS(F2)

Table 2. NO inhibition effects of the fractions in LPS-Induced RAW 264.7 Macrophage Cell

IC50 (ug/mb)a)

Extract
Hexane Chloroform |Acetone|Ethyl Acetate|70% Ethanol| Methanol | Water

INO inhibition|  387.27h) 339.56 248.89 243.45 209.69 207.53 704.45

-~ 120 -
P B 50ug/me ®25009/me
% 100 - Hg Hg
v
z
- 80
v
B

60 -
o
o
'EI 40 -
2

20

0

Hexane Chloroform Acetone Ethyl 70% Methanol Water

Acetate Ethanol

2199 Inhibitory effect of different fractions on NO production in RAW 264.7 macrophages cells

@ o5 <dv 8 FEEo FtdA

W@ 91te] NO 4

FE==0]

. S.enterica(S.e)7el A chlorofrom F&%°] 1.17cm% 7F4 =4 YEl i, Kpneumoniae(K.p)ol A =

chloroform F%&%°] 1.20cmZ 7} =4 YEls.  B.cereus(B.c)ol 4= chloroform, ethyl acetate,

aceton, 70% ethanol FE=°] 1.00cm= 7F¢ =A YESES. Bosubtilis(B.s)olA] methanol F&=©
1.10cm, S.flexneri(S.f)oll4] 70% ethanol 1.13cm®= YWEMIL E.coli(E.c)ollA] chloroform F&&°] 7 3
A vl dwrE o s dufo A= chloroform, methanol, 70% ethanol =04 74 B& A4S B

+.(3 3)
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Table 3 Antimicrobial effect of solvent extract of Akebia quinata fruit

Akebia quinata fruit (10mg/mL)

microbial -
. K.pneumoni . ) )
strains S.enterica B.cereus B.subtilis S.flexneri E.coli
ae
hexane 1.03£0.23 0 0.90+0™ 1.00£0**? 0.90+0™ 0.93+0.06

chloroform  1.17+0.12** 1.20£0™* 1.00£0"* 1.00£0"*" 1.00£0"® 1.17£0.06"
ethyl acetate ~ 0.97+0.06™" 0.90+0™" 1.00£0™* 0 0 0.90+0°
aceton 0.90£0™ 1.00+0%* 1.00£0%* 1.00£0**" 100010 1.03£0.06™
Methanol 1.000.10™" 1.00£0** 097+006™  110:0.17**  097+0.06™  0.93+0.06™
water 0 0.90+0"" 0.90+0%* 0 0 0.90+0°¢
70% ethanol ~ 1.00£0.10**" 1.10£0™* 1.00£0** 095:007"  1.13:0.12* 0.90+0°

Values are mean * standard deviations of triplicate determination. different superscript in a column
(a~c),(A~C) are significant differences (p<0.05).

(2) =W A AE 2 Ed A oleanolic acid 2 triterpenoide 7 &

D S A8 A

© Z9) A oleanolic acid =74 &4

i

e FAAZ Y EusE oF dufj(10kg)E wlErEo] HAA|A AoA 30 Fot FEF&IL 104
] &3 E(1lkg)S ethyl acetate, butanol? & 7F&F=Z E23t9tt. 2 % butanol 7} (20g)S
5% HCI(MeOH/HO)oll 4A]7bst 7FrEalE A1zt 1 E&3ES eathyl acetate (800ml)@ ThHA|

FE3 T ZFHF AFE 3 2 EFES silica gel(450-580mesh)S AFgEte] B3 AxE= )
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Dried fruit of Akebia quinata.

Methanol Ext.

extracted with extracted with BuOH extracted with
EtOAc water
LG B, — BuOH Ext. Water Ext. Aq. laver
, . xtracted witl
Adfaver SOHCT H,0:MeOH
Noble Compound HC]%
Oleanolic ac1d Triterpenoic acid

1910. Isolation scheme of OA from AQ fruits
2) oleanolic % ¥ &2 3 HCI fraction? &4

@D Free radical 27%

g 52 garsh Yol HEHA &3
] A=}

v oHERE A5 o g ol E
ol Wgk st &4 AAZ F72 a" ("l
. 80 - B HCI Fraction ™ ByOH Fraction ™ & == Fraction
&R il
::;, 70
N 60
&
oo 50 T
g
= 40
=
o2 30 i
E 20 |
= M = -
=t 10
8 |
‘EE: O T T T T T . T "

50ug/ml 250ug/ml 500ug/ml 1000ug/mI1500ug/ml2500ug/mli

1911, Free radical scavenging effect of different fractions (50, 250, 500, 1000, 1500, 2500
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Aee& FE29 5 gEHoE 27T o] F7FskA

° t}& fraction®] HCI fractionol A& &4t
W ZAdo]l FUF e 1Ry EA XA A
5ol 5%HCL methano: H20 =30 ml: 36ml
<. 19

e AEF = FE=Me ditst 24 AEH M.

o

o 3

1g/ml)



isolated from AQ fruits compared to control.

@ NO A A=

AA5S HCl ==
Eold 45 NO A4 A&

g o gl 1712).

oL m.hj
o
g
oo}
o
o
)

%
o] EolAE A3

2820 -

%)

7O

G0
50
20 -
20 -
10 -
o +— T — T

50ug/ me 100ug/ me 2509/ me 500ug/ me

Nitric Oxitde levels (
i
0

21912 Inhibitory effect of OA from AQ fruits on NO production in RAW 264.7 macrophages cells

3) oleanolic acid ¢ A

o€ & Hela, MCF-7, U87 EFollA] 73 &9 @4& HAS.(71913)

e
ez

140 - @ Hela
THMCF-7
120 =+« U7

100 -

60 |

Cell viability(%)

40

20

5 25 50
Dose concentration (pg/mg)

19 13 Cytotoxicity of OA (5, 25 and 50 pg/m¢) from AQ fruits on HeLa, MCF-7 and US7 cells
using MTT assay.

4) ZY AA AE o Ed A triterpenoide 7 A
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O 44 =4 A4 344 dFF=

Azd o 54ul(10kg)el methanol (100L)S 3§ @3 AF2oA WX $ shaking incubator(SI-600
Lab, companion)®] (200 rpm, 25C) 2447t shaking 3+ ¥ filter paper (Whatman)oll o] ¥}3}o]
methanol®] #8ES %3, o] E evaporator(R-114, Buchi Co., Switzerland)Z %, %33 <.
T%3H methanol FEES methanolol] A&t ©A] ©]&  evaporator(R-114, Buchi Co.,,
Switzerland)® ¢, ¥%319 8. 553 methanol F&&o] AL <189 ethyl acetate,
n-butanol, Waterzoi 9] shaking incubator(SI-600 Lab, companion)®l] (200 rpm, 25C) 244
7} shaking 3+ % filter paper(Whatman)® ©]3}3}¢] & ethyl acetate, n-butanol, water®< THA|
evaporator(R-114, Buchi Co., Switzerland) 2 7}, 5339 S-(2914).

@ o5dm) FE=9 B ARA

st o] Qi ethyl acetate F+E%E AR E silica gel(25g, 707230 mesh, columm chromatography £,
Merck, Germany)= ethyl acetate® columm (1.5x30 cm)°l 5% A]Zl & hexane 100, hexane : ethyl
acetate 80 : 20, hexane : ethyl acetate 70 : 30, hexane : ethyl acetate 50 : 50, methanol 2.2 &£
ol B3 fraction ¥ F&5 &2 X 13 g fractiion F& &2 v A A4S F
13l 2}olE HYS. o]F FAo] 7P L fraction 80:20(v/v), 50:50(v/v)S TLCol A thA] £ s}
A<, TLCEF HAME&riE 80:20 hexane—ethyl acetate(3:1), 50:50-& hexane-ethyl acetate(3:2)=
AMEFATH o] F 80:20 174 fraction, 50:502 A™C fraction® & Uro] &AL <53

¥4 2 &9 fraction % &
fraction FE T
80:20 4.49%
70:30 4.26%
50:50 4.47%

@ HPLC ol 93 &4 HE &

80: 20 g AEF2 AMI1(80:20 1), AM2(80:20 2), AM3(80:20 3), AM4(80:20 4) 3| =7} 1=
.19 15, 16, 173 25

5t 50: 50 fraction®| A= AMAGO:50 A), AMB (50:50 B), AMC((0:50 C)2.& 3709 peaks &<l
s M%(:LB’HIS.) A= Yo &4 A g & &Aoo YEd fractions HPLC 3R S(1H14). T
PLC 24L& ¥ 29 #Z5.

l‘ﬂ do

11

<
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ethyl acetate extract

Akebi quinata
10kg

Ethanol extract
1lkg

butanol extract H20 extract

81g 51g gz at ofzt
5% HCl in MeOH/H20
5 1 (2:8v/v)
utanol 10g -> 0.36g TLC 0.369
oleanolic acid hederagenin C18 HPLC
ethyl acetate 59 silicagel
Hexane(100%) Hex : Hex : Hex : Methanol(100%
1.2g A.A(80:20) A.A(70:30) A.A(50:50) )
A CD P32 I mm e
Sunfire C18 column 0|8 HPLC T3 Sunfire C18 column 0|8 HPLC Ax=EH™"
14 o F5dmfe 8 AA
¥5 HPLC #3g =1
Column Waters sunfire C18 5um, 4.6X250mm Column
Oven temp. 25T
Detector Uv/VIS
AM 1 213nm
AM 2 228nm
Wavelength
AM 3 231nm
AM C 225nm
Solvent acetonitrile : water 50 : 50
Run time 30 min
Injection vol. 20 pL
Flow rate 1.0 mL/min
oue] ‘M
0.01 i ||
oo AN N NS
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29 15 HPLC peak of AMI1 fraction of 80:20 extraction

0.00

2034
“

006
0.07

0.06

0.05-
0.04

0.06]

AU

- /u«wt s

0.004——=&

T T T T T T T T T L L
0.00 14’00 ‘ie'oo 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Minutes.

a9 16. HPLC peak of AM2 fraction of 80:20 extraction

2279
12

0.07-

AU
o
B
Il

2.946

"
{
|

T T T T L S RS S IO T ey B
0.00 200 4.00 6.00 8.00 10,00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Minutes

% 17. HPLC peak of AMS3 fraction of 80:20 extraction

0.20 l
5 0157
010
0.05 3 S
= &
o N

! Anmc
0.00+ ==

G L T T RN N L L L L L L
000 200 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22 00 2400 26.00 28.00 30.00
Minutes

29 18 HPLC peak of AMC fraction of 50:50 extraction

@ ©E9v) triterpenoide FE&2 &4

o (@) HEE FF 5 AHME FEEI 2 dAE AEIA 2

o5dn) FE= HAE AFAATE G467l 98k 507500 pg/me] FEE GAIE oEFEE
= At dEotAH ol E FEE FAAA TN = UST, SH- Sy5Y Dul45 AlZo|A Hela
A 74 =2 AdAdARAE BoAFAv ICs 278 9ug/ml). (L7 19)
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B 50,g/m0
B 25000/me
F500p0/me

120 Woater fraction

Cell Viability(%)

Cell Viability(%)

20

us7 SH HeLa MCF-7 DU145

120

100 -

80 -

60 -

40

¥ 50/m0

B 250pq/me
EtOAc Fraction ® S00ua/nk
us7 SH HelLa MCF-7 DU145

a3 19. Cytotoxicity of etOH and water fractions (50, 250 and 500 ug/ml¢) from AQ fruits on HelLa,
SH-SYbY, MCF-7, Dul45 and US87 cells using MTT assay.

(b) Aol EFE=9] gH 2AS

+ DPPH W ol§3te] 08 Auj3529 $435< dobl2 A, 0Fe B2FE3} EOACTE
oA Fol wEt fFojFor st o] FUHES Felslth. NO 445 EtOAc FEE ol A
EFEEET O A vEWYon EFEFEAA of I wet NOAAAA 5ol F7hska L,
EtOAc FEEUAA 92 sRolAxE F43] =2 NOAA oAl Ao AT (71720)
= %7 moszHio momEa 120 EOoEH20 MOoEEA
xR 90 | = = = =
£ =20 - 100 —
- ~
£ 70 - S
E,, 60 - cz’ 0
o @
e g e
S 30 = 40
T 20 - g
£ 10 pl 20
£ 0 - =
g = o
= & & & & & & = o
= QQ\}Q\ ,@QQ\ QQQ@\ BQQ\)%\ %QQQQ QQQQQ} LPS 50ug/me  100pg/m@ 250pg/m¢ 500ug/me

3 S < &
> > v O© E EA : EtOAc Fraction
© E H20 : Water fraction

2920, Inhibitory effect of etOH and water fractions from AQ fruits on NO production in RAW

264.7 macrophages cells

(¢) &7do]l Bl ddetAlEANA TLC Z2HS ol§ 2 AA

40 9 5g

-
. Al =2

ethyl acetate F&& A

Merck, Germany)2 ethyl acetate® columm (1.5%30 cm)el &% A7l ¥ hexane 100, hexane :
ethyl acetate 70 : 30, hexane :
fraction 80:20(v/v), 50:50(v/v)S TLCOlA] ©A] &2l

acetate 80 : 20, hexane :
Fof BHeeth ol F Fitee] 43

=0
s =

silica gel(25g, 707230 mesh, columm chromatography-&,

ethyl
ethyl acetate 50 : 50, methanol & =%

S TLCEY ANEwl= 80:202 hexane-ethyl acetate(3:1), 50:502 hexane-ethyl acetate(3:2)= #

M. o] F 80:20 174 fraction, 50:50 A~C fraction® 2 o] A4S el e.
AMI1(80:20 1), AM2(80:20 2), AM3(80:20 3),

> o
AJ:!E“E

2o @

AMA4(80:20 4), AMA(50:50 A), AMB(50:50 B),

AMC(0:50 )9 &4& 4% 23 = v53 2oz d 21).
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(@) TLC ZAgolA +2l% fraction? &4EA

oEdr  FEE WAE AF dATE FHAsr] Hste] dAlEel  cEFFEES
50ug/ml™500ug/mle] FE=2 A estgith. 5709 HEFELS o5 FE3= AL vk dEHow ¢
A 322 ‘é’é‘%ﬁﬂiﬁrg BojFodu., O A wEd oF dvf FEE52 DUL45, MCF-7

Hela, U87 1831 SH-SY5Yl tig F4s AF AATE RAFA wehrs o FduE ool o
s Am g oo v As Fow AztE

i}

1201 pu14s msopge 120 MCF-7 =Ll
100 - B 250ug/me 100 - = 500pg/me
—_ T 500ug/me
£ 80 - £ 80
= E
é 60 - £ 60
) -
= o=
2 40 - > 40 -
= =
& 20 T 20
0 - 0
mel00 hex100 3020 7030 5050 mel00 hex100 8020 7030 5050
. 150 = 50pg/ne
MeOH 100% fration _ Hela .ng%”}w
e
Hexane 100% £ 100 = 500p0400
fraction z
Hex : MeOH(80:20) B
Hex : MeOH (70:30) 3 .
Hex : MeOH (50:50)
120 | yay :50ug/rﬂll mel00 heXlOCizo %020 7030 5050 u s0uq/me
. 250ug/ne SH-SY5Y B 250,0/m¢
100 - 200Kg/ng 100 - 5 500)0/m0
S ]
g_ 20 ‘E“ 80 -
2 0 2 &0
- -
T 40 T 40
o O
20 20 -
0 o1
mel00 hex100 8020 7030 5050 mel00 hex100 8020 7030 5050

1921, Cytotoxicity of fractions from AQ fruits on HelLa, MCF-7 and US87 cells using MTT assay
(e) TLC ZHol A Eg % fraction®] Nitric oxide A A A

dufFE= oAl MeOHI00% FEE01A NOAAG SAlso] @& FEANAE
e FEEMe & 248 BolA st (1922)

e

57179 &
RN R
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LN W5oug/me ™ 100ug/me
30 - 250ug/me ™ 500ug/me

20

10 -

0 -

-10 -

-20 -

Nitric Oxide levels(%)

-30 -

A0 -

-5Q -

1922, Inhibitory effect of fractions from AQ fruits on NO production in RAW 264.7 macrophages

cells
(f) TLC HHoA #2l ¥ fraction? A4

029 E methanol W2 FEF3}] W= FEES ethyl acetate, butanol, water® F&3te] &4
Aolt}, ethyl acetatem S.elA 1.00cm, KpolA 1.00cm, B.collA 1.00cm, B.sollA 1.00cm, S.follA]

1.00cm, E.collA 1.00cme = eI butanol, waterel A= &t o] Holx] &kt (E6).

36. Antimicrobial effect of Akebia quinata extract in various solvents

Akebia quinata (%)

Akehia quinata
. K.pneumon . . .
fruit S.enterica ] B.cereus B.subtilis S.flexneri E.coli
iae
Methanol 1.00+0.10" 1.00+0" 0.97+0.06" 1.10+0.17° 0.97+0.06" 0.93+0.06"
ethyl acetate 1.00+0° 1.00+0° 1.00+0" 1.00+0° 1.00+0° 1.00+0
butanol - - - - - -
water - - - - - -

- no clear zone
Values are mean *+ standard deviations of triplicate determination. different superscript in a column
(a™b),(A™B) are significant differences (p<0.05).

o O EdAv|E ethyl acetate EW|Z F&E3}] THE FEFEE silica gel2 235l wE AZ9] a3 Z
oA yERgTh EElE 80:20, 70:30, 50:5000 4 shrEAd o] yER AL 80:20, 50:509 = EETel
o] vrelwtTh (3E7)

FEES TLCE A 83 23} Table 9, 10. o YElstt}h Table 9.914 & AMI1 ™300 A
Ebykal, Table 10.9141%= AMCOl A RE &g o] YERSTE (3287 9)

Lo
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7. Antimicrobial effects Akebia quinata fraction separated by silica gel column chromatograph

Akebia quinata (%)

solvent S.enterica K.pnieat;mon B.cereus B.subtilis S.flexneri E.coli
hexane - - - - - -
80:20 1£0° 1+0° 107 1+0° 1£0° 1£0°
70:30 1£0° X 140° 1.2+0° 1.1+0° 1£0°
50:50 1£0° 1£0° 0.9£0° 1.1+0° 1.1£0° 1£0°
MeoH - - - - - -

- ! no clear zone

80 : 20, 70 : 30, 50 : 50(hexane : EtOAc)

Values are meanzstandard deviations of triplicate determination, different superscript in a
column(a~e) are significant differences(p<0.05)

8. Antimicrobial effect of AM173 fractions separated by preparative TLC

Akebia quinata (%)

microbial
. . K.pneumon . ) )
strains S.enterica . B.cereus B.subtilis S.flexneri E.coli
iae
AM1 1.0£0° 1.0£0° 0.9+0 0.9+0 1.0+0° 0.9+0
AM?Z 1.0+0° 1.1£0° 1.1£0° 1.1£0° 1.0+0" 0.9£0°
AM3 1.0£0° 0.9+0" 0.9£0" 0.9£0" 1.0+0° 0.940"

- no clear zone

TLC was carrid out on siica coated glass sheets with hexane : EtOAc 3: 1 solvent system, Values
are meanzstandard deviations of triplicate etermination, different superscript in a column(a™e) are
significant differences(p<0.05)
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9. Antimicrobial effect of AMA™C fractions separated by preparative TLC

Akeblia quinata (%)

microbial
. K.pneum ) _
strains S.enterica ] B.cereus  B.subtilis  S.flexneri E.coli
oniae
AMA - - - - - -
AMB - - - - - -
AMC 1L.1+£0°  1.1£0°  1.240*  1.1£0"  1.1£0°  0.9£0°

- I no clear zone
TLC was carrid out on siica coated glass sheets with hexane : EtOAc 3: 1 solvent system, Values
are meantstandard deviations of triplicate etermination, different superscript in a column(a™e) are

significant differences(p<0.05)

(3) 2 E9 A AHAHoleanolic acid ¢ hederagin ¢ ©o]3s3 AAAY HI7} 4
(&5, A= dAAH H7T)

1) oleanolic¥} hederagenin2>%=" :-70, -20, 4, 25, 60Co| 24A17F A F F A3t &4
(DPPH) & ##

o

e oleanolic acide @A2t3} @Alo] Holx &g 2uW =4 Fo AW} ¢l

e 184} leukemica AEZUW TPA % & FAEHE HO, A AE o= free rdiacal
S YAItE FA S Ho FAS. T 2% 70, 20, 4, 25 oA= Al WHIyF gloy
60ColA= &Ae W7l oz, (29233 3%10)

100 —
o0
80

Oy inhibition activity (%)

TFO
60 -
50
40
30 -
20 -
10 -

0 —
S0 S00

Dose concentration (pg/ml)
1923, OA (50, 500 pg/ml) for suppressing in TPA-induced O- generation in differentiated
HL-60cells.

3t 10 Different temperature condition of OA for suppressing in TPA-induced O generation
in differentiated HL-60cells.
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temperature(C) 02 inhibition activitity(%)
=70 50
-20 48
4 50
25 50
60 0

2) oleanolic?} hederagenin pH ¥ 3lo] W& &

o 1 4H Y4IEE pHE %E $ 2417 S Al 1§ A FA40E pHE HEste] g4ts)
g8 A3 oleanolic acide= 4tst &2do] Holx] ¢S pH Wsle] mE &4 49|
HolA] g5

e hederagin A DPPH =% A] dAk3sl &Ajo] Ho|x ke

(4) &5 oJdY FEE9 &4

1) o2& olde EFus € FHEEolE TF

e OF o FEE EYdsEd FgH kot IS st HegE FEERUE
dFFEEA EHEY SR o= ko] =2 Flo] YETE ol oF odd
F=EY HUH 2AT EFFEEANA 9 =2 &S YEEd EE9sd S8R
wole ey #weo] AdeS s FAT(GE11)

Table 11. Total phenoland flavonoid content of metanol and water extracts of young leaf

fron AQ
7 Total phenolic content Total flavonoid content
Sample
(mg GAED/¢) (mg CE?/g)
LAY AF FEE 0.95+0.07% 471.5+7.07
o0F oA Y FE2E 0.21+0.06 394.84+25.93

UTotal phenolic content was expressed as mg/g gallic acid equivalent (GAL).
8Total flavonoid content was expressed as mg/g catechin equivalent (CE).

AMach value is mean+SD of triplicate determinations.
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+ DPPHES 4830d oF odgel /1A 403 245E Ut A 28508
=gz aA%el g A =
AgAgol Frhste A4S Festgth(1924)

B\waterF ®MeOHF

80 -
60 -
40 -

20

DPPH scavenging activit

250ug/ml  500ug/ml  750ug/ml 1000ug/ml 1250ug/ml

1924. Free radical scavenger activity of metanol and water extracts of young leaf
fron AQ

3) 25 U FE=9 HAE FAA &

e OF oY EF FEEI UEE FEE UA
o X

ﬂl’ DU145 Ao A wlee FEZo] A3 oAl
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1925, Cytotoxicity of metanol and water extracts of young leaf fron AQ on Hela,

150
Dul45, MCF-7 and SH-SY5Y cells using MTT assay

100

DU145

={e]
(8]

() Sprgera )

84

¥ NO oA &4

(1) Oleanolic acid ¥ triterpenoide & M EXFZE o] &

A 22 EH4EA

1) Oleanolic acid A3

74 A
oleanolic acid
21 2 RAW

= a9 1A &
(1€ 1B). ICs
F2 oleanolic acidrk
Tma gy oA

PiE
%ixﬂ#ﬂ
.d_ﬂze_,ﬂ;o ﬁa}s 7E,|x
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NO level (%)
=]

—4— Qeandicaid 100 -
1001 — O LPs 00 -
80
0 oo
60 -
50 A
2 40 -
30
m 20
10 -

0 - T T T 1

0 T T T T
50100 %0 50 S50ug/mL  100ug/mL 250ug/mL 500ug/mL

Dose ceoriration (ug/im) Dose concentration
Fig.1 Inhibitory effects of oleanolic acid on nitric oxide production in RAW 264.7

macrophages cells (A) and. Cytotoxicity of oleanolic acid aganist RAW 264.7 macrophages
cells(B) Values with different letters were significantly different at p<0.05 by Duncan’s

multiple range test. Each value is meantSD (n=3).
2) Oleanolic acid MEZFE o]&3 FANALFT A &4

o AelA AAHASIE st A4S o= HANA UREA S =® free radicale]l ¥
ol gttt 2del A daL, free radicalS XA s &4 A= non-microsomal oxidizing system
9] xanthine oxidase % aldehyde oxidaseE°] <& A Attt WHE = 2]Fo] Q2o 23|
Hesk feg YAl (free radical chain)® 283 I A A A= M9
48 AFAFS DNAEY, w3kt ddd Axe] Hah 2 9o HAS oA €th Free
radicals¥ ¥ E A A5 b4 diAbEt Astes vk o3 AP, tumor
promotion®] &3 #F&& 3t} Yolrt tumor promotions A EE Aow A A
protease inhibitors”} free radical @S A3l & 4 A3, vitamin A FXA7} tumor
promotions ¢ A8} 3L retinoid 3}3=-2 phagocyte O, A2 AsjAlolt;. ZH P2 free
radical scavergers® A F ol 93] free radicaloll 2%t &AM AAEAS BRI F IS
Folth. W ALFE HL-60914 TPASl 93] S%d 0, A4 AHBHS =4sn
o 1 Ay a9 29 2o

e oleanolic acid 50 ¢} 100 pg/més=olAx A A3} z+2y 51.04%3F 91.35% O, A4 A
S HolFATh

do b i

20
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O,-inhibitory activity (%o)

120

100 -

BO -

60 -

40

20 -

50 ug/mL 100 ug/mL

Fig.2. Effects of on TPA-induced superoxide radical(O. ) formation in HL-60 cells. Values

with different letters were significantly different at p<0.05 by Duncan’s multiple range test.

Each value is mean*SD (n=3).

AAAEF A E ol A9 Oleanolic acid A% 43

A 29 (BNL CL. 2) 9F I F A2 (Hs 68)° 4] oleanolic acidS 0, 25, 50, 100, and
250 pug/mL & 24A17F Al & AlEx 545 3 A3 250 ug/mLel Al 50% ©]/e] HAd o]
ettt (27 3A). 2Eu AlEol A= B oA E HAlE AME E3E BHo F9
t}. 53] AFAHEY HelLa Al¥Eo| A= oleanolic acid’} ICs & 31.68 ug/mLe] i, 8t
MCF-74| 39 A = oleanolic acid”} ICs < 31.83 ug/mL ©| i ¥ F ¢ AEF2 UST A E
]+ oleanolic acid”’} ICs) & 24.79 ug/mL 2 AF =X 50% Al¥x AEES Ho FAT
(€ 3B).

4) Oleanolic acid7} dA|xEoA el AbE &3}

$2]+=  oleanolic acid®] FAE  digt A Fol AEAPE  (apoptosis) B E
FACSxxhdgotj &¢<latsdtt. &3] Al7FA] b Eo] t3] Annexine V-FITC MW o= o]
2 3aEAr}. (194) BE A FE oleanolic acidS 503 1000 pg/mle] == X2 dha
24 A|ZF "S- A1 7 31 oleanolic acidAtS apoptotic Al E2] 7} Fol ulg} Z7kA1 7= A3
5 HAFRT 53], oleanolic acide A HAAGA LA = 7HF 7= 3k apoptosis WSS
BoF=A 50ug/mloll A= 7.69% 100 pg/miol A= 27% AXEAPES Hol F=t. MCF-74
Xo| A AdE apoptosis Ao W= oleanolic acids=7F 0, 503 100 pg/ml = Z7}g+
of mwa} 0. 20.9, 27% .2 apoptotic AE] 7} F7 AT Tk URT A EZ A& 50ug/ml
ol M= 4.02% 100 pg/mlol A= 15.7% 2.2  apoptotic A2l 71 F71stdth o] A2y= o
EolA FE9 2dol=gsto]l Coleus tuberosus L.olA 3% % oleanolic acid B &34 o
2 apoptosisE FEA7I= ALRE FAHAT. S EGud A FE3 oleanolic acid®]

apoptosis &= &
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150 -
— Hs 68 150 —‘ BNL CL2
2
=y * * =
E 100 - N F 100 * * 3
= 50 - * £ ®
= § 50
U -
—I
0 : : : : : I : : . :
(ng/mL) 0 25 50 100 250 (ng/mL) o 25 50 100 250
B
100 | T 100 - 120 -
HeLa { MCF-7 L Us7
100 -
80 - 80
S ) = 80
.60 Z. 60 =
& = £ 60
=} E =
=40 - E 40 ]
: = : 40
20 20 - i 20 -
0 l. 0 . ; 0 .
Spg/me  25pg/me Sopg/me Spg/m@  25pg/m@ S0pg/me@ Spg/m@  25pg/m@ S0pg/me

Fig 3. Cytotoxicity of AQ fruit-derived oleanolic acid in cancer cells (DU145, Hela, U&7,
and MCF-7) and normal cells (BNL CL. 2 and Hs 68) as determined using the MTT

assay.

ekttt # <ol Prunella Vulgarisol Al %% oleanolic acid
o] SPA-1M3Z ¢ apoptosisE FEFThL AR EJQoH, ofd =il &2 B (0.europaea)?}
Ao A FE=H S@otsgAto] 132IN1 AMEoA F&E ] w2} apoptosis = AT Go-Gi7]
off 5 Mol FIF FUtE Y= EIU} AAT} o] AT oleanolic acide Dul4ds, MCF-73
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A 0BGl OA (100 pg
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i . i
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O -
A= N
)
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U87
B DU145 MCE-7 Us7 WNbierols
S— " W Early apoptotic cells
[ aN0s - =
3 130 “x’;\ Lo W Late apoptotic call
= = p p otc cels
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w w
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o o
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D & y & ‘;ao q\\\\"u &
A oo @Q&

Fig 4. Dose dependence of oleanolic acid-induced apoptotic cell death in DU 145 and
MCF-7 and U&7 cells. (A)Results of annexin V-FITC/PI staining for detection of apoptotic
cells .After treatment with oleanolic acid (0,50,0r100pg/mL),cells were stained with annexin

V-FITC/PI and subjected t o flowcytometry.(B) Quantitation of the FACS data shown
in(A)

5) oleanolic acid®] @] W& apoptosis THE oz o] Hig

= 94
Fa= 23l

A9 apoptosis ™l

Hslel e glon
21t} Baxi= cytosols

e Apoptosisi= apoptosis Hd HAAoz L4z plasma ¥ FEY
S5 EE wE caspase?} endonuclease®] HH|E Al E Tl A
olg}al St} apoptosis 2% AGA FQ3 FTZ<2 caspase
AYUFolA Fa3g 95 drh. 183l caspase-3% AlXE

a =1
caspase®] Wd o] Z7}E apoptosis ko] F71EE Aolgta o 4

>
F
N
e 1o

Moo
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o] A cytochorome 2] Ao W& nmEFZ=gole] uio] #oddte] apoptosisdE Ao g
Uth 183 cytochorome c= Al APE ©lz Ha) g4 - @43 22 - 1 (APAF-1)
o} 435 #8E 3l caspase-39] EA3lel apoptosis® T2l poly (ADPribose)
polymerase (PARP)?] A4S FE=AZIth 2 AFZAse] wpz, oA o] thdk oleanolic
acid®] apoptosis =4S Bax$l caspase-39 Ay #FHE o] Lo] i 2
2.5). oleanolic acide= Dul4bA XM= pb3, cytochrome c, caspase 3%7FHE EF Il
MCF-7 A ¥4+ p53, cytochrome c, Bax, PARP @2l o] Z71E H At} UST AlEo
AE 100 ug/ml XA ph3, cytochrome ¢, Bax, Wdo] Z7lES sHalstgich 2 A
A3} oleanolic acidy: ¢HA| F ol A o] Zcytosol ol A& pb3, Bax$} caspase-3¢ & =719}
FHdo]l deluda walA, oleanolic acid< mitochondria-mediate apoptosis © ¥& ¥
AT - MEAEFE g Aol WH3lsE FEAI|EE apoptosise FEdh= Ao= Hox
=3

Oleanolic acid
(ng/mL)

Con 50 100

DU145 p53 ’ L
Cytochrome ¢ ‘:", — .

(Cytosol)

Bax - s d
Caspase-3 - -
p-Actin — A a—

MCF-7 p53 R .

Cytochrome ¢ P—
(Cytosol)

o — - -
PARP-1 - ——— ﬂ
B-Actin e —— —

U87 p33 B -
Cytochrome ¢
(Cytosol) -
Bax -

B-Actin GEEMS T Smmm

Fig,5 The expression of pb3, cytochrome ¢ Bax, and caspase-3 was determined by
western-blot analysis in Dul4b, MCF-7 and U87 cacner cells. Equal loading was confirmed

by B-actin quantification.
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(2) 7)€} triperpencide 5 %7 #¥: hederagin 35 274 Y

1) hederagin &2 AA 2 3l

d

* hederagin s Z2471x ¥ FZ3H o5 Aul(10kg)E wEtEol| HAAIA A2eA 30¢
ot F&3Ak. 1 9 23 E(1kg)S ethyl acetate, butanol® & 7}&3 =2 233t}
71 % butanol 7F&H (20g)S 5% HCI(MeOH/H-0)oll 44 7Fs¢t 7hEa| S A7k 1

il

S5 S eathyl acetate (800ml) I} ThA] F%3F & SHFol| A 3. 1 £35S silica

2

gel(450-580mesh) S AF-g3te] 235 HPLC C18 columng o] &3fe] Eedte] A

[ %

t}. 143} oleanolic acid ¢ hedragind#+S &8 &% AA 3%t} hederagin +% ¥4

S Us 2" 63 73 2

Dried fruit of Akebia guinata.

Methanol Ext.
extracted with extracted with extracted with
EtOAcC BuOH water
EtOAc Ext. ’— BuOH Ext. Water Ext. Aq. laver
Aa'l extracted with
Ad.ayer 5%HCI/H-,0:MeOH
HCI1 Ext.
|
[ |
Friac’rion-l Fraction-3
Oleanolic acid hederagin
/4| ]
_//‘%v-’%\&f:

HO

Fig.6 .Isolation scheme of oleanolic acid and hederagin from AQ fruits

3#1 HPLC #2 =4
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Column Waters sunfire C18 5um, 4.6X250mm Column

Oven temp. 25T
Detector UV/VIS
220nm
Wavelength
Solvent acetonitrile : water 50 : 50
Run time 30 min
Injection vol. 20 pL
Flow rate 1.0 mL/min
2 " hederagenin

ooo b8 100 188 2 E 1 130 A awg so0 550 600 = 0 L8 LI 5 80 250 o0 1080 100 IS0 WD 12H 1380 IS W00 WS e
Wrutes

Bpiprmicn Tea &rps Hipaghs
F R ] i} Ve e Arp ey i Ty | Aot |gnds | Peak Type

1 2438 FSENANTIE | P00 00 | XIZTEED | b Ak T

Fig 7 HPLC peak of hederagenin from Akebia quinata Decne

2) hederagenin NO <] =] &4
120

| i
100 LPS ——hederagenin
80

60

- —

Nitric oxide Levels(%)

20

LPS S50 ug/me 100ug/me€ 250ug/me€  S00ug/me

Fig 8. Inhibitory effects of hederagin on nitric oxide production in RAW 264.7 macrophages
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cells

hederagin 50 ug/mL &Xo]lA RAW246.7 Al¥o4 LPSE #7}% imflamation % %
hederagin ¢ & NO 9#| &84S A3 A3 623 % JA FAS Ho] =2t hederagin
= ghkftiddl 719 A= &= 22 BHoyxt) (Fig 8).

3)hederagenin ¢ A Z ol A <] &bt

e U87, HeLa, MCF-7, DU145, SH-SY5Y ¢AlZol A= 250 ug/mLs =0l AlXE AEFE
o] ¥yt 30%E HAth ey 50 ug/mLoAlA = ¥ FGF AEQ] USTHIXEE 70% AXE A&
&S Bygon $WYAES MCF-7 AlEFolA = 68%, APAGAZAME 75% A A

ZES Holoy Hela AEFoIME 375 % AE AEES HoFAY, hederagine

triperpenoid T%Z 717 EZ 2 Hela AXFolA 625% AEXZA &3S HFAc}

o TSP MTT el o&f Azl A AMEEHE HAFS Flaaitt

S - ®sopg/me ™ 250pg/me " 500pg/me

80 |

70 A

Cell Viability(%)

us7 Hela MCF-7 DU145 SH-SYS5Y

Fig.9. Cytotoxicity of AQ fruit-derived hederagin in cancer cells (DU145, HelLa, U87, and
MCF-17)
he

4) hederagenin®] $FA|EoA el A EAE 73

e HeLA|¥®5 oA+ heragenin 50 ug/mL F°A] apoptosis 7} 22.9% <Lojit}ar 250ug/mL%s
Tolapptosis 7} 22.9% YU oukt}. hederagening =oluwtet &A1& =7)ebA| &gkt MCF-7
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f-HFob A E o)l = heragenin 50 ug/mL ¥ A] apoptosis 7} 34.98% Lol 250ug/mLE
o apptosis 7} 46.11% <L H}A] hederagin & =°l Wz} apoptosiseh S7}8t= o= H
oz} (Fig 10).

E 0.03 0.06 T1.14 22.9
tela 0.16 18.82 B
g ar - - — Lo T -
Hederagenin(50 pg/ml) Hederagenin(250 pg/ml)

0.32| 118 1.87 34.98

MCF-7 i

0

o

us7 =

fogly

L

‘5.) Eldh " . L o o o
Hederagenin (50 pg/ml) Hcderagenianm (250 pg/ml)

Hela

100
20 mNecrosis
: J . l r
a0 = Early apoptotic cells
55 | mViable cells
o4

Con SOug'ml 250 ugml

4
5

MCF-7

mNecrosis

= Late apoptotic cells
®Eary apoptotic cells
mViable cells

Cen 50 pzml 250 pzml

Apoptoticcells (%)  Apoptotic cells (%

oy
ok o @ O
o & & & & ©

us7

BNecrosis
mLate apoptotic cells
mEarly apoptotic cells
=mViable cells

Apoptotic cells (%)

Con 50 pg'ml 250 pgmal

Figl0 Apoptotic cells induced by hedragenin in HelLa, MCF-7, and U87 cell lines. (A)
Annexin V-FITC/PI staining analysis for apoptosis. Cells were treated with hedragenin (0,
50, and 250 pg/ml). After treatment, the cells were stained with Annexin V-FITC/PI and

subjected to flow cytometry analysis. (B) Quantitative results of the apoptotic cell analysis.
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4) hederagenin®] <tA|E ool AHEF7|o] BJE Felsh
-HeLa Ouﬂl%ﬂl/ﬂl;— hederageninFo] & Z7}38to] we} Gl arrest’}t dojvar S7F 74 &=
S Ak MCF-7 AXF, U87 AlXoAME Fx7t F7Fste] wal Gl arrest’} dojva

S7b 7h 2 gu AFe T30 By (Fig 10).

o E5dufo] A F=4 hederagenine LTI} L EHE AlmHT

d G0-G1:54.97% G0-G1:88.76%

£ G2-M: 0% IR G2-M:4.10%
HelLa =7 S:45.03 HE TR S:7.13%

= ¥ “‘ \

Hederagenin (250pg/ml)

' | \

Iy 'liw‘“i'k G0-G1:20.77 % ol n G0-G1:40.61 % 1\ GO0-G1:94.91 %
[N~ G2-M:2.09% i G2-M:1.10% 3 G2-M: 0%
$:77.14% S:58.29% = $:5.09%

MCF-7 ;

L NI " Br 24 8 g o N ] p - T . -
control Hederagenin (50pg/ml) Hederagerﬁ'ﬁ”’(? S50ug/ml)

&

U8 i

|
1
[N
G0-G1:18.76 % al GO-G1:38.92% % GO-G1:73.05%
< R GO / 5 X sl
i1 | G2-M: 0.66 % il G2-M:26.95 %
SoBL2AR \ W s:60.42% I\ S:0%
N \
comrol Hederagenin (50pug/ml) Hederagenin (250pg/ml)

Fig.11Hederagenin—-induced cell cycle arrest in HelLa, MCF-7, and U87 cells. (A) Flow

cytometric detection of cell cycle in cancer cells treated with 50 and 250 ug/ml hedragenin

(3) At B =ZE &4

e Aol 9 ethyl acetate FE=E AEE silica gel(25g, 707230 mesh, columm
chromatography-&, Merck, Germany)< ethyl acetate® columm (1.5x30 cm)oll &% A7l &
hexane 100, hexane : ethyl acetate 80 : 20, hexane : ethyl acetate 70 : 30, hexane : ethyl
acetate 50 @ 50, methanol &2 FT& Yo g3ttt fraction ® F%F F&2 3% 13 2

fraction % T&& °[5T AW S FHE AolE HAS. ofF Ao 7t F
fraction 80:20(v/v), 50:50(v/v)< TLCAIA Al &8ss, TLCE= A7]&ri+= 80:20
hexane—ethyl acetate(3:1), 50:50-> hexane—ethyl acetate(3:2)& Z7l&tAt}. o] 5 80:20

174 fraction, 50:502 A~C fraction®. = o] &4 & 22333 (Fig.12)

flo rlo rlo do
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Akebi quinata

10kg
Ethanol extract
1lkg
ethyl acetate extract butanol extract H20 extract
81g 51g il KAl 5l
5% HCl in MeOH/H20
(2:8v/v)
Butanol 10g -> 0.36g TLC 0.36g
oleanolic acid hederagenin Cl8 H
ethyl acetate 5g silicagel
Hexane(100%) Hex : Hex : Hex : Methanol(1
1.2g A.A(80:20) A.A(70:30) A.A(50:50) )
Fig 12. o&4me] &2 A
1) hexan : etoH= 80:205 Al &2l ¥ B fraction
- WS 0] 39S (1H13-16)
I .
I
| Lan
L - R
N ) "0 P D A O 1 . s, (DH -NMR

54 50 as | alz s's E

Fig 13. B fraction of H-NMR

@C-NMR
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3-cyano-4-1-phenyl-2(1H)thiopyrid-3-yl)-6-phenyl-2(1H)-pyridone
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Fig 19. Cfraction of H-NMR
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3) hexan : etoH= 50:50=| 4 #2] % II fraction 7% &4

ornosanine %% F3A DPPH #A]o|A free radiacal scvenger activity A< 714 (Fig
22-26)

iy 1=
L L [l th 1y | :,;.UUUU
Fig 22 C-NMR of III fraction from hexan:etoh=50:50 extracts
St e free
|
|U L
I | =
| = -
PR N . U L IL,MR, AV N PO

Fig 23 H-NMR of III fraction from hexan:etoh=50:50 extracts
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Different superscripts (a-e) are significant differences (p<0.05)
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determination. Different superscripts (a—e) are significant differences (p<0.05)
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Fig 31. Reducing power effect of vinegar added with different levels of Akebia



quinata during acid fermentation period. Values are meanzxstandard deviations of

triplicate determination. Different superscripts (a—e) are significant differences (p<0.05)
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Fig 32. ABTS+ radical scavenging activity of vinegar with different levels of Akebia

quinata (vinegars in 22 day fermentation). Values are mean * standard deviations of
triplicate determination. Different superscript letters indicate significant differences (p<0.05).
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P
o

e S paper discH o2 =43 A Table 4.9 2t} B, cereus® clear zone
A7 gE2ToA 833 mmPa o5 oY HIFE 05%, 1%, 2%, 3%°lA 8.67 mm,
8.00 mm, 9.00 mm, 9.33 mmo = o5 o HI7t 3%eNA 7 =gt E. coli®l clear
zone A7 ERTAA 867 mmAL °oF A A" 05%, 1%, 2%, 3%°lA] 867
mm, 867 mm, 9.00 mm, 9.33 mmo = o & QS HUbsko wet dargo] ARFNS &
T AU S Aesneri®] clear zone A7|& UlERTOlA 833 mmAa oF oY HIM
0.5%, 1%, 2%, 3%°l 4] 833 mm, 867 mm, 867 mm, 9.00 mmo.=2 S. Aesneri o st &
e T3 oF odYd HINE 3%A 7P =Y. B, subtilis, Sal. enterica, K.
pneumoniae®] clear zone A7 S5 o HIMT 3%°A 867 mm, 9.67 mm, 9.00
mmo.Z g Zzae] FoA Aot AATH(p<0.05). F 671 HAAEAA FaES AT
cH FEHoE oF AU MU 3%A 7 e S R Foh

=t & F 4

o ol txdel HlEl oF ofdd HIRelA das, otvmAl Sol FrFSHA uE=
FEEEol WE Ago JAsE Aow nolw, Lee 59 oF Y Av WHFE
o] 7 U wA R A g S Ro|lw St mutans R St sobinus®) AE EIE K i1s)
Ail, Lee 5o 08 A7bd whe ATAY oBHvbwel we G FFS )
Ak Aol welt, #9 Kim 5o 299 wZe] o] s 9 ZTajn o= g
3 Qe AVBAS I, Yu 5O FoH FEE FERIAL 25 FHE dm
H BAS /% Avz e B AT =3 itde te gle] Felssy Fe
Hiolt FheFn A4 s 3o Alnd

Table 4. Antimicrobial effect of vinegar of Akebia quinata
Different Akebia quinata (%)
strains 0 05 1 9 3

ab

B. cereus 8.33+0.58° 8.67+1.15 8.00£0.00° 9.00£0.00° 9.3340.58"

b

E. coli 8.67+0.58" 8.67+0.29" 8.67+0.58" 9.00+0.00"° 9.33+0.58"

b

S. flexneri  8.33+0.58" 8.33+0.58" 8.67+0.58" 8.67+£0.58"  9.00%1.00

2)

B. subtilis N.D N.D N.D N.D 8.6740.58
Sal. enterica N.D N.D 8.67+0.58" 9.33+1.15" 9.67+0.58"
K. pneumoniae N.D N.D N.D N.D 9.00+0.00

Values are meantstandard deviations of triplicate determination. Different superscript
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letters indicate significant differences (p<0.05).
1)Vinegars in 22 day fermentation.

“Not detected. growth inhibition none

E 1L R 250gs #RTE 1Elal = 5L 1% SE7HFE H7bete] 100Te] 1A17bE

2) ¢3S AR E F8F ratso] 2 FHFH Fo

Axgsty 5 @ 7#Ao2REH FS v FEAYS AAEAT JACUC 5909 s
KU 15057), Wistar rat 3 5678 & A&ttt AU 21722C, 127410t o A&
2439 T(n=6)S A, 25% ISR HAFFAS o, 25% dIES ATF & F
S F AEE el woE Ut AR ¥ o5 AHiE AFEA HEE skt 214
H A & gF FE A Fd dAS AFoZREH AHSIT. 18]al centrifugeol
3500rpm, 30% &<t EHA EZAA plasmas AU plasmazH-E AST, ALT, TC, TG %t
< Tekdth 2ga 1 AEE AE @ Fo FAE S-S 55, 1S 4 49 A%

o A= ool 1w 2t

Table 1. Characteristics of animals.

Treatment Normal Ethanol AS?
Initial body weight (g) 128.50 + 3.39% 128.71 + 5.31°% 127.17 + 5.85°
Final body weight (g) 245.13 + 41.49% 270.01 + 31.01*% 237.94 + 13.23°%

Weight gain(g/day) 56 £ 181 °% 6.7 +£12°2 5.27 £ 0.35
Beverage intake ND ND? 138+ 9.5
Liver 26.72 + 0.59% 259 + 0.28 ® 20.9 + 0.09 °
Kidney 6.37 + 0.041 ® 6.6 + 0.05 *® 5.14 + 0.01°
Spleen 2.12 + 0.037 2.14 £ 0.047 * 1.64 + 0.01°

VAB :Akebraquinatawater extracts added herb beverage groups
2AS :Akebiaquinatasikhyegroup

ND : No Detected

The rats were divided into 4 group (6 rats in each group )

Effects of Akebiaquinataon bodyweight, weight gain, organ weight and beverage intake in
a rat mode of alcohol-induced hepatotoxicity. We measured the body weight twice per
week for 3 weeks. Organ weight is g/ 100g of body weight. The weight again was higher
in the ethanol-treated group. Results are presented as mean * standard deviation. Different
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superscript in a row are significant differences (p<0.05)

3) 8H T 549 W

plasmaZFH €2 AST, ALT Z3+= Fig 1, Table 2 ¢ 2t} ASTolA AT 113.03
IU/L, €32&7 23593 IU/L, 25438+ 1486 IU/LZ YERIE. ALTAA 3514 TU/L, &
FEao A= 4217 TU/L, o & A8l 2742 IU/LE YERSTE ALT A= 282387 84
B v X5 HAFAY. plasmazZHH €& TC, TG 23+ Fig2, Table 39 &t} TC
o A= 8555 mg/dl, ¥Z =X = 100.05 mg/dl, o524 d oA+ 84.17 mg/dlZ YERU AT
TGAA = G4t 3028 mg/dl, ¢FE& T2 5532 mg/dl, &5 Ao A= 3022 e
th ool ¥l Ade dubdom dmE doA FX7F Sk A EHE AHE ol T
27} 7+ 2~3k A gt} o] A3 ©F 23 += alcohol- induced hepatotoxicty =HE H
SE%E AST, ALTE B3lA RAFA B 85 A4 =85 H3F5 2945 TC, TG

Table2. Effects of Akebia quinata Sikhye the serum lanine aminotransferase (ALT) and

aspartate aminotransferase levels (AST) in rats with alcohol-induced liver damage.

Group AST (IU/L) ALT (IU/L)
Normal 113.03 + 28.21 35.14 + 241
Ethanol 23593 + 45.38 4217 £ 2048

AS 1486 + 27.32 2742 + 871

300 A

2501 I

200

W Mormal
E50 X
i Ethanol
100 - HAS
50 - T
. o B
AST ALT

Fig. 1. Effects of Akebiaguinata sikhyethe serum alanine aminotransferase (ALT) and
aspartate-aminotransferase levels (AST) in rats with alcohol-induced liver damage.

(1ufL)

AS :Akebiaquinatasikhyegroup

Indicate significant differences (p<0.05).Results are presented as mean * standard deviation.
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Table 3. Effects of Akebiaquinata sikhye the serum total cholesterol and triglyceride levels
in rats with alcohol-induced liver damage.

Group TC TG

Normal 8555 + 4.06" 30.28 + 1055

Ethanol 100.05 + 6.10° 55.32 £ 9.79"
AS 84.17 + 10.22% 30.2 + 9.08

120 4

100

80
i B Mormal
% 60
E W Ethanal
40 HAS

20

Fig. 2. Effects of Akebraquinata sikhye the serum total cholesterol and triglyceride levels in
rats with alcohol-induced liver damage.

AS :Akebraquinata sikhyegroup

Indicate significant differences (p<0.05).Results are presented as mean * standard deviation.

4) Histopathological analysis
At 7o tiet 22 AR S Fig 33 Figdel YeRd Sl

Normal

Fig 3. Effects of Akebia quinata sikhye on the morphology of the liver tissue. _
Representative photomicrographs (magnification x100) of hematoxylin and eosin-stained
sections of the liver and kidney.
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Fig 4. Effects of Akebra quinata sikhye on the morphology of the kidney. Representative

photomicrographs (magnification x100) of hematoxylin and eosin-stained sections of the
liver and kidney.

(2) Te89 PRI EH 029 FJA3 57
1) EFsA4AX
EFg2EARE Z 5L o 9] 1% HF 1%, #E 04%= Yol #Ah 43 F 4T

[} .
o HuEe 28Ut T (=60 YT, 5% 2L , %
TECl @ F EFLEES 9 T 0 Hrh ATRAY F EGSEE AREA 9D
shert

Table4. Characteristic of animals.

Treatment Normal Ethanol AB"
Initial body weight (g)  128.50 + 3.39° 128.71 + 5.31° 131.00 + 2.97°
Final body weight (g)  245.13 + 41.49° 270.01 + 31.01° 24323 + 13.05°

Weight gain(g/day) 56 +181° 6.7 £1.2° 534 £ 048 °
Beverage intake )
ND ND? 142.30 + 10.3

(mL/day)

Liver 26.72 £ 0.59° 259 + 028 ° 20.19 = 0.16°
Kidney 6.37 £ 0.041 * 6.6 £ 0.05* 5.25 + 0.01°
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Spleen 2.12 £ 0.037 * 2.14 £ 0.047 * 1.68 + 0.01°
YAB :Akebiaquinatawater extracts added herb beverage groups
“ND : No Detected
The rats were divided into 4 group (6 rats in each group )
Effects of Akebiaquinataon bodyweight, weight gain, organ weight and beverage intake in a rat
mode of alcohol-induced hepatotoxicity. We measured the body weight twice per week for 3 weeks.
Organ weight is g/ 100g of body weight. The weight again was higher in the ethanol-treated group.
Results are presented as mean + standard deviation. Different superscript in a row are

significant differences (p<0.05)

3) 84 T 549 W3
plasmaZ 58 AST, ALT, TC, TG #= T3ty 28l 1 AldS A=

rob

X

e 8 o

|
SAstATh F5A, W oF, 13 A FAE ofwe #4¢9 2l plasmaEZFH A
AST, ALTZ¥+= Fig 3, Table 53 #t}. ASTAA A4S 113.03 IU/L, &3S 235.
IU/L 283 &8s o2 17588 IU/LE YER ST ALTel A Adw2 3514 TU/Lol AL,
& T 4217 U/LE AR S71el9t. EF98E 43S & 3185 IU/LE AdnT}
FX7F @A 4tk plasmazZH-E 28 TC, TG 23+ Fig 4, Table 63 Zt} TColA A
T2 8555 mg/dl ola, ¢EET2 100.05 mg/dleltt 283 ESEE AAHAST L2 77.05
mg/dl &2 YEFAT. TGAA = AdTS 30.28 mg/dl, €¥7Z& &2 5532 mg/dl, EF=
= A3 #+S 3066 mg/dle] ZA¥E HAFATE o] Ay S EE alcohol- induced
hepatotoxicty 2 H-E] H 3 F 3= AST, ALTE EdlA HFAr}. T3 85 Xd w25 U
HAFE 295 TC, TGE Tl ®olFAu)

Fol ¥

ot

Tabled. Effects of the water extract of Akebriaquinataon the serum lanine aminotransferase

(ALT) and aspartate aminotransferase levels (AST) in rats with alcohol-induced liver

damage.
Group AST (IU/L) ALT (IU/L)
Normal 113.03 + 28.21 35.14 + 241
Ethanol 23593 + 45.38 42.17 + 20.48
AB 175.88 + 28.27 31.85 + 4.15
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- 150 -
= W Ethanol
2 120 -

HAB

90 4
60
30 A

AST ALT
Fig 5. Effects of the beverage containing the water extract of Akebraquinataon the serum
alanine aminotransferase (ALT) and aspartate aminotransferase levels (AST) in rats with
alcohol-induced liver damage.
AB :Akebraquinata water extracts added herb beverage groups
Indicate significant differences (p<0.05).Results are presented as mean * standard deviation.

Table 6. Effects of the water extract of Akebiaquinataon the serum total cholesterol and

triglyceride levels in rats with alcohol-induced liver damage.

Group TC (mg/dl) TG (mg/dl)

Normal 8555 + 4.06” 30.28 + 1055

Ethanol 100.05 + 6.10 55.32 + 9.79"
AB 7705 * 1562° 30.66 + 850

120

i B Normal

W

£ B Ethanol
BiB

1 Ta

Fig 6. Effects of the beverage containing the water extract of Akebraquinataon the serum
total cholesterol and triglyceride levels in rats with alcohol-induced liver damage.

AB :Akebraquinatawater extracts added herb beverage groups

Indicate significant differences (p<0.05).Results are presented as mean * standard deviation.
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4) Histopathological analysis
A3 Zhe) tis] 2 IS 3] Fig 59 Fig 6 o YERH AT

Fig 7. Effects of the herbal beverage containing the water extract of A. quinata on the
morphology of the liver tissue. Representative photomicrographs (magnification x100) of

hematoxylin and eosin-stained sections of the liver and kidney.

Fig 8. Effects of the herbal beverage containing the water extract of A. quinata on the
morphology of the kidney . Representative photomicrographs (magnification x100) of
hematoxylin and eosin-stained sections of the liver and kidney.

(3) o2& dvl A x9 EiE, FPRxos, 8 IF A

T Eodls, F Sdieols, g4 FqFS At s a s B 0§ I A x9
TE 1dAe B 13449 F EYdlE e 543 23+ Fig 4A9 2vh 2E 14 Al
F ¥ s IS g2 6993 mg/100 g, &5 Eul H7F 1, 3, 5, 7%A Z+7} 59.97, 56.7,
570.52, 607.07 mg/100ge. = YEltor o5 dAw] H7F 59 7%oA ozt Hlste] /9
Hog FrietAt. oa 13949 F EYdE 2 dlxde] 76.77 mg/100 g, &5 M7t
1, 3, 5, 7%°ll A 77} 61.04, 193.3, 952.11, 1,022.42 mg/100 g& YEIWTE o5 Ev H7to]
S7hge wek T ZelHs e oA oR e AT Alxd oF dnf Az 2E 1Y

d
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A F ZEtRicolE ghaFd dlFato] 21.35 mg/100 go & YElton, o du] H7) 1, 3, 5
7% A ZrZ 2856, 30.65, 34.49, 36.85 mg/100 g& YEFAT RE Ao A F SR o]
= o] {94 Aol HolA Fdth WE 1394 E ol 43.08 mg/100 go 2 LhE}
wom, oF dAwl H7E 1, 3, 5, 7%lA Zh7t 44.35, 45.8, 60.68, 63.72 mg/100 g& YEFWLL
o5 &l HIFE 58 7%l F EetEwol= T FoH FUHE Hol FAA oF I
A7 ol 57}%;?% T ZYtE o= 3ol fojHom Frtstdvh. of dw HIb 5

7904 % Febmiwol= gerel fold F74E molFQm oF dAv] Arhwe] F7E5E
$ Bouiols Bl FH0E FANAY, TH WA QHE B mE AR EolA
F SR wol= gafo] Wty Z7|HU tiFRdo] 21.73 mg/100 g, o5 Eul MU 1, 3, 5,

7%l A Z+2F 1579, 1515, 26.19, 26.87 mg/100 g& = o5 duf H7bat 5, 7% A o4 o=
S7te o] EYHEH fAS ATE BT, ol oF dvle] & Aol ¥E A
Al H Bol FEHE ZoR HAAY MR F oF Ax T vd FA ZAAE Fig. 4Co| HERY
Ak o5 Al Hrtge 2eEste Az o WAz Fovtd S Ta 1d Al
z=are] 01096 mg/ 100 g= YEtWew, o5 dwf 7t 1, 3, 5 7%l ZFZF 0.1339,
0.2288, 0.2372, 0.2538 mg/100g= WEtWt. o5 dul H7b 3, 5, 7701]*1 ghd el ehake]
oo FrskTh R 1394 el= thxaro]l 03140 mg/100 g & YEHoH, oF A
A7F 1, 3, 5, 7% A1 Zk2F 0.3343, 0.3543, 0.3756, 0.3793 mg/100 g& YEFWTEH TE 19 R
o g 13dA ] o5 dwf Az v FEFo] tixa 02042 mg/100 g, &5 EH H
7bt 1, 3, 5, 7%l A ZH7F 0.2004, 0.1255, 0.1384, 0.1255 mg/100 g 77t FoA o= S/t S
BRa oF A7k H7HE ¢ 5 Bd o] Fo4 Aol= BolA ekgkth
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Fig 9, Contents of total phenolics (A), total flavonoids (B), and total tannin acids (C) in
vinegar added with different levels of Akebia quinata during acid fermentation period.
Values are meant standard deviations of triplicate determination. Different letters (a—e)

above the bars are significantly different (p<0.05).

)

(4

PN'
o
ru}kl
il

o & dv 2 g ¥ =, Hxol= & A
tg 71t 5 % s g% Wste A xE E 194 gzl A 681.39
mg GAE/100 go|fla ©& o]l A7t 0.5%, 1%, 2%, 3%1A 841.40 mg GAE/100 g,
771.63 mg GAE /100 g, 731.95 mg GAE/100 g, 840.12 mg GAE/100 go. & ©& oj&9]
A7pto] izt loﬂ 27}0}0304 oA Apol= YERLEA] &Skt g 139 27 o
gol H7kE 0.5%°14 2,037.50 mg GAE/100 g & 7}4 =4 vetgth. gixa3 o0& o
Aol HA7bE 1%, 2%, 3%+ 1,715.70 mg GAE/100 g, 1,907.71 mg GAE/100 g, 1,939.71
mg GAE/100 g, 1,572.97 mg GAE/ 100 go 2 A8 zFo] fo]A o] Holx Fokth 1
gt 2hg 2294 ZYdE S tixtolA 3,555.43 mg GAE/100 gollar o8 oj@el
A7kt 0.5%, 1%, 2%, 3%14 3,682.72 mg GAE/100 g, 3,976.32 mg GAE/100 g,
4,146.70 mg GAE/100 g, 4,079.07 mg GAE/100 gl& ° 8% H/Na4=E & Zdds &
Fol oA or F7FEJATHP<0.05). gt wart g wel dg (LAl dinlste] %
2294 Ho ol Foldow FrtEd. e i) g wel B 1dA el oy
sto] whg 22UAol H 5 FA R FUHEAT. Ha F e T TV 254 4
ZolA thFet ARl gd e RS FRAAE Hole Aol AE
a3 T & EYExolE §%F A Fig. 4Boll YEhIH. AxE @ A% ¥a
194 glzaelA 364.58 mg CE/100 gollal o5 HI7kt 0.5%, 1%, 2%, 3%
477.08 mg CE/100 g, 635.42 mg CE/100 g, 731.25 mg CE/100 g, 1,064.58 mg CE/100
go® O°oF of’lelS HIIStel wEt Frtekdith wrE 13Yels tiEwtelA 1,185.42 mg

rl )
ol

mQL' ﬂl}r
ﬂl (T
‘101' _‘m’
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o}lt
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CE/100 gollar ©& oj&a HI7KE 0.5%, 1%, 2%, 3%°14 1,431.25 mg CE/100 g,
1,343.75 mg CE/100 g, 1,277.08 mg CE/100 g, 1,198.53 mg CE/100 go & °& oj¥9]
A7HE 1%E AL U A] 7oA folA Apol7h Bolx] kgt a 22d Ao tjxatd
A 2,089.58 mg CE/100 go|9la o= oj&ael A7kt 0.5%, 1%, 2%, 3% 1,927.08 mg
CE/100 g, 2,114.58 mg CE/100 g, 2,822.92 mg CE/100 g, 2,927.08 mg CE/100 go &
z, o8& oA H7 0.5%, 1% ol F94 Zpol7t §la izt Hs] o2& o«

o HI7HE 2%, 3%S] EEtR ol e foA oz FUFEATHP<0.05). | wra o] A
ol weg} ZEtH ol Al F Y HEY AR fFoHoR FUkedlen o & od
= MR FoHoR St A2 Ads Halth

T VI T ovd 3 Ade da 199 wde] e diEdtelA 1,223.0 mg
TAE/100 golar oF o 7 0.5%, 1%, 2%, 3%°01A 3,073.0 mg TAE/100 g,
2,783.0 mg TAE/100 g, 2,218.0 mg TAE/100 g, 2,883.0 mg TAE/100 gl & Wz Ht}
O F ol¥SlEs MG AlmeA o] o] foHor muth g 13949 tixatol A
3,443.0 mg TAE/100 go|la o5& o]l H7E 0.5%, 1%, 2%, 3%)A 3,298.0 mg
TAE/100 g, 3,515.7 mg TAE/100 g, 3,183.0 mg TAE/100 g, 3,468.0 mg TAE/ 100 g&
2 g 1Yol B8] Alm gl foA Aolrk itk waE 2294 ©d S diEatelA
3,596.3 mg TAE/ 100 gol®la o5& ofde HI7E 0.5%, 1%, 2%, 3%~ 3,538.0 mg
TAE/100 g, 3,513.0 mg TAE/100 g, 3,293.0 mg TAE/100 g, 3,618.0 mg TAE/100 g2
2§94 AZol7b gtk & AF Aol = Hart JdaHe wet gdoe] FrbE o it
a S715Y da JFdAdAE S7EA 2%

¢ 4000  MO% HOS%E1% 4 Sl B
___ b2% O3% bab ab 2
= 3500 - ==
2 Peg @ 1] H
=~ 3000
5 T
L
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&

& 1500
=
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=
c 500
m
'_
|:| 1 1 1
1 13 22

Fermentation (day)

Fig 10. Contents of total phenolics (A), flavonoids (B), and total tannin (C) in vinegar
with different levels of Akebia quinata. Values are meant standard deviations of triplicate

determination. Different letters (a—e) above the bars are significantly different (p<0.05).
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Table7 Effect of enzymatically decomposed Akebia quinata Sikhye on the respiration ethanol

concentration in human

0 30 min 60 min 90 min
Water 0.19 + 0.06° 0.17 + 0.04 * 0.14 + 0.04 * 0.13 + 0.04 *
AS 0.12 £ 0.1 ° 0.11 + 0.06 ° 0.12 + 0.05 * 0.11 + 0.05 *
g Men _ i
F00 4 Som, Women
£ 013 E
E 0.14 nas - ab
L g
g ah ah =
7 DLd bbb b & o b
§ 012 b E § b b
= 3] ]:I
§ 010 - W 3 015 8 Witer
2 002 A 3 A3
E 006 : 010 -
004 - E G
@002 .
0.0 %‘

0 0mm 60min S0 mm 0 30 min il min 90 min

Fig 10. Effect of enzymatically decomposed Akebia quinata Sikhye on the respiration
ethanol concentration in human
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Fig 11.Comparison of symptom severity scores immediately after alcohol consumption

(6) Hederagenin % triterpenoided] 93] ¢tdA 2 7 589
.1) hederagein ¥2 Al 2 <l

Hederagein 5 Z27% 2 243ty o0& Av(10kg)E vwek2o] HAA|AH A
¢t =&tk 1 dv] E8E(1kg)S ethyl acetate, butanol¥ & 7}g32 B3t 1
% butanol 7F&4 (20g)S 5% HCI(MeOH/H.0)oll 4A]7FHs<t 7hE8S A7
eathyl acetate (800mD)¥ TA] F=3 & FHT AHSE o O FEE  silica
gel(450-580mesh) S AFg3lo] £8]3% HPLC Cl18 columns ©o]&3te] Halste] AA 3t

ol

.

Dried fruit of Akebia quinata.

Ethal:JolExt.

I
| extracted withEtOAc | extractedwith BuOH |extracted with Ag. layer

EtOAcExt [ BuOHE=xtL. . v
i extracted with
| Agq. layer 5%HCI/H,0:MeOH

HC} Ext.

N

Hederagenin Triterpenoicacid

Noble Compound

Fig 12 Isolation scheme of oleanolic acid and hederagin from AQ fruits
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F:'-._ hederagenin.

o e (X 18 m 8 1 150 LR aw 50 50 €00 = ix La L1 %0 £l 5 W00 08 Q0 TS B9 REH M9 W Mg W& S

Vrules
Egtericn Teme arpa = Hagsghs
F R ] i} Ve e Arp oty i Ty | Aot |gnds | Peak Type

1 2438 FSENANTIE | P00 00 | XIZTEED | b kW

Fig 13. HPLC peak of hederagenin from Akebia quinata Decne

2) Hederagening ©] &% NO 9#| &4
Hederagin 50 ug/mL FXolA RAW246.7 A ¥4 LPSE #H7F% imflamation %
hederagin Fo % NO 9A A4S FH3 23 623 % A A4S Ho FATh
Hederagein 5= &40 S7H¥ A= ¥+ 2o=® Hozt

120

100 BN PS —+hederagenin

*®
=]

60

" o

— —=F

[

20

Nitric oxide Levels (%)

0 —
LPS  soug/me 100pg/me 250pg/me S00ug/me

Fig 14. Inhibitory effects of hederagin on nitric oxide production in RAW 264.7

macrophages cells

3) €3 E&A HAFE FE3 RatsQ.i—.—Ei Hederagenin &<
TE AP RE A¥E 7H s= ] 2 AFE Ax digue A9 93] (IACUC 5] W=

1] =3 of] A ’S‘ﬂ st 56539 % Wistar rats( 2] dE nlo] <.
)& ATol ARE SEelTh dA g JZ_Zi-J (7121 ° C-22 ° C, W&T7] 12713}, 710%%F %=
S ASAHeH AR =& At stk (1) AT, (2) 25 % oleke (3) 25 %
o &2 + hederagenin : 2% F& Al 7H.4 To8 UFrdrh g4meA 1E3e §357)
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4) EFA R % FF
ZF O

As D 7 T2 Table 1o YeEbWth Al T2 25% ethanols o3t 1353} hederagenins
Fogt a2 AYIFRT =doy Fold Aole= YA 2%tk 25%  ethanol 7}
hederagenin 159 F2} 21ge] T2 G4 ol vla)] viekont {94 2ol YERA] &
pig=

Table 8. Effects of the ethanol extract from

Akebraquinatafruitextractonbodyweightandliverweightinexperimentalgroups.

Treatment Normal Ethanol Hederagenin
Initial body weight (g)  128.5+3.39° 128.71+5.31° 130.17+3.19°

Final body weight (g) 245.13+41.49° 270.01£31.01°  260.86+9.68"

Body weight gain (g) 5.55+1.81 6.72£1.22 6.22+0.31
Liver weight (g) 10.90+1.43° 9.61+0.92° 9.39+1.07°
Kidney weight (g) 2.61+0.105 244+0.17 2.34+0.24

LW/BW 0.045+0.034 0.036+0.030 0.036+0.110

Results are presented as mean * standard deviation.

Within rows, means with different superscripts are significantly different (p < 0.001).

=4 Ege 72 T2 3 Ve &l Y 24 AST, ALT, TG, TCZ24&
F3 EAsHem  Table29t Figurelel YElWTl.  Alanine aminotransferase(AST)<}
Aspartate aminotransferase(ALT)= €32 fad A3 A9 IHoAe] o] F7kd
t}. AST+= ethanol1&©] 23593145389 A& Hol Foldoz 7H4 =90 ™ hederagenin
I35 2086532942 ethanol 1F X & F2& YERUT ALTE 1E7Ee] 9% Ao
7F yEbA] ekoktl B A A3} hederagenine &FSo] o3 HEAo ] RIEEE L}
el 7hs/d o] dvkal Bt

Total cholesterol(TC)2] Z3} ethanol 1% (95.47+8.65)> AN I1FHT dA3 =2 FAE
B 21 hederagenin1E-S 79.75+5.24% TGS F7F= A AA A} Triglyceride(TG)e A3},
ethanol 15 & 55.32+9.80% & 1&F] H|3] Fodoz & £xZ YeWtl hederagenin
155 4149.79% ethanolZ5&9] W3] TG7} #AadsS H Gt B ZA3+= hederagenine A &S
S A tiALE ke Ewel He Btk
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Table 9. Effects of supplementation with hederagenin and the ethanol extract from
Akebiaquinatafruit on serum aspartate aminotransferase (AST) and alanine aminotransferase
(ALT), total cholesterol (TC) and triglyceride (TG) levels in ethanol treated rats.

Treatment AST ALT TC TG
(IU/L) (IU/L) (mg/dL) (mg/dL)
Normal (n=6) 113.03+28.20°  35.14+2.41°  85.55+4.06°  30.28+10.55°
Ethanol (n=7)  235.93+4538"  32.77+0.83"  95.47+8.65°  55.32+9.80"
Hederagenin(n=6)  208.65+32.94°  27.53+7.38"  79.75+5.24" 41+9.79°

Results are presented as mean * standard deviation.

Within rows, means with different superscripts are significantly different (p < 0.001).

A 300 - B 120 -
a
H Normal
250 b u Normal 100 .
B Ethanol D
1 Hederagenin
200 - i1 Hederagenin 80 -
_| d
4 T
3 150 5 60 -
= £
100 - 40 -
50 - 20
0 0 - .
AST(IU/L) ALT(IU/L) T-CHO(mg/dL) TG(mg/dL)

Fig 15. (A) Effects of supplementation with hederagenin and the ethanol extract from
Akebiaquinatafruit on serum aspartate aminotransferase (AST) and alanine aminotransferase
(ALT), (B) total cholesterol (TC) and triglyceride (TG) levels in ethanol treated rats.

6) Histopathological analysis
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< Normal >

< Hederagenin >
Fig 16. Effect of hederagenin on liver tissue morphology

< Ethanol >

Fig 17. Effect of hederagenin on kidney tissue morphology

7) RT-PCREA]

AA7o A= ADH pathway’b 2 28t F43% g2 71 A cytosolic ADHe| 9
3l acetaldehyde® thAbETh o] 21> thA] mitochondrial aldehyde dehydrogenase(ALDH)®l €]
3 acetate® AF3FEITh Acetater™ acetyl-CoAZ H3EW TCAIEES F3] dUAE A
717G U z=d e Agate] 4ol o] &€ttt ALDH29] mRNAZE -2 hederagenin & ©]
ethanol1& Rt} Z7}3HS H YU}
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Fig 18. Effect of hederagenin and theethanolextractfromAkebiaguinatafruit (AE) on ALDH-2

expression levels in ethanol treated rats
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o5 FEE9 %*é dF 7 &Y g3 ayE #Eer] fd AE 1Y
C57BL/6 AFE S E5AHTT(AQ) I LA (EtOH) ¥ o &5¢ZA 87 (AQ-EtOH)d 77
AT A o5 FEES T4 gavages: &

A

o
—_ =
FE OF FEES 27UV HolAA oFe MAe Fol 27 Azl

o

il

54

I

ol
-

ujel oA al
Fro dF(NEL)S (6mg/kg body weight) 774 gavageE Z&) ZA T8t ¢=F F
o 184G Fol APEEL Agstel & A ol ARE A 259l W15 w5 o]
AFol ol% Sk FW 0F FEBL oAU AvjolA A5 FEE BYS FAAX
TPES 4 F B AHY F 7H2F ofdel & 3-13 2ol AP ot
Table 3-1. Treatment of extract of Akebia quinata on mice
Control EtOH AQ AQL-EtOH AQ2-EtOH AQ3-EtOH AQ4-EtOH
Treatment
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Extract of
Akebia quinata - - 30 30 100 400 1000
concentration”
EtOH
- - 6.00 - 6.00 6.00 6.00 6.00
concentration
* Dose (mg/kg body weight) #**Dose(g/body weight)
(2) 25 F=& Ao & RS g9 A5
(7}) Alanine aminotransferase (ALT)2} Aspartate aminotransferase (AST) =7
Plasma ALT ¢} ASTS W2 AolA b &4 a2 g AMgs o A ok mebA

B AT A ALTSE ASTE 24 o] 08 FE20] /% AAd nAe T2 $43
Atk Ase E 3-29 3-30 GERAAT

o5 dul FEE° A5 ALT, ASTE] 5] Hlx=e Aoz AU 47k A
EtOH AH2l49 2% 747} 3742 + 1248 TU/L #} 3824 + 16.08 IU/LS A& Ho] A
AA FoHog M =2 FAE UYEAT AQ AE el ALT #‘H A= A8
71 ke S Bt 338 AQ2-EtOH, AQ4-EtOH A& +2 749 e 9% xto]
S Holx| ¢ol &F AYE T v HHSE §IE L}EMHM. AST A9 Af%=
°F ATt &4 A Al vlE] FATF ol AFE UEhie] o F dvf F
=59 7F FA AMAE YEHTE oF ofdd FEEY AR F4 ¢FE Jd8 AsH

TAE 94 SEE S JEdo oF dn, o FEE ATFAE
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Table 3-2. Effects of Akebia quinata fruits extract on alanine aminotransferase

aspartate aminotransferase level in experimental mice groups.

reatment Control EtOH AQ AQI-EtOH AQ2-EtOH AQ3-EtOH AQ4-EtOH
reatmen
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Extract of
Akebia quinata - - 30 30 100 400 1000
concentration®
EtOH
o - 6.00 - 6.00 6.00 6.00 6.00
concentration
3 24.32 37.42 92.62 32.47 29.24 31.61 30.14
ALTAU/L) +3910 %7248 +3.36° +5.43% +5.15% +5.94% +3.75%
5 24.35 38.24 24.95 32.74 30.83 30.86 31.88
ASTAU/L) +352°  +16.08° +9.62° +7 .53 $10.43%  +6.40% +7.09%

and

; Dose (mg/kg body weight)

) Dose(g/kg body weight)

° Results are presented as mean * standard deviation.

T Within rows, means with different superscripts are significantly different (p < 0.01).

Table 3-3. Effects of Akebia quinata leaf extract on alanine aminotransferase and aspartate

aminotransferase level in experimental mice groups.

Control EtOH AQ AQ1-EtOH AQ2-EtOH AQ3-EtOH AQ4-EtOH
Treatment
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Extract of
Akebia quinata - - 30 30 100 400 1000
concentration®
EtOH
L - 6.00 - 6.00 6.00 6.00 6.00
concentration
3 25.44 44.93 26.29 34.59 35.74 33.08 31.11
ALTAU/L) 13.49°  £21.94°  +4.46" +5.18" +5.14° +5.67" +3.31"
3 24.62 44 .46 22.65 34.03 35.13 31.94 28.82
ASTUIU/L) 1241 £25.01°  +4.40° +4.57% +6.51% 19650 x5.600d
"Dose (mg/kg body weight)
% Dose(g/kg body weight)
3 Results are presented as mean * standard deviation.
44 Within rows, means with different superscripts are significantly different (p < 0.01).
) As 2 1 FF
T4 2wk G Fol ot k& e TS A UEUAIRE dixd o s Auts
S 5 Uuh &Fof| 93 7hEAS Augto g Fhe]l Rulol FHS FU Al £ duhE B
= oy AFE T A Ak wEbA ATl tEk 3 FHE] v S-S Aol Ro] 1 A
A AEE ARE H F Ao & AYdAE AFTY AsH 3 FF R Asel dig 1k T
o] Hl&& % 3-3, 34 o YElAY. 1A o5 drf FE= Ag 24389 4F AQ3-EtOH
Ao AFol v gl Hl8] FAHoE =gkt sHANE o5 du] ¥ oA FEES
Toste AF 713 T vAGAR] AT FUte fahv #FEHA ZUth(data not shown).
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Table 3-3. Effects of Akebia quinata fruit extract on body weight, liver weight and ratio

of liver weight to body weight in experimental mice groups.

Control EtOH AQ AQ1-EtOH AQ2-EtOH AQ3-EtOH AQ4-EtOH
Treatment
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Extract of
Akebia quinata - - 30 30 100 400 1000
concentration®
EtOH
o - 6.00 - 6.00 6.00 6.00 6.00
concentration
Body 21.59 22.00 21.06 20.98 22.02 23.39 21.61
weight(g)® +1.23° +1.27° +0.88° +0.42° +0.90° +1.02° +1.11°
Liver 0.83 1.00 0.82 0.91 0.95 1.00 0.92
weight(g)® +0.08° +0.08% +0.02° +0.03° +0.04% +0.06% +0.08°
4 3.83 4.57 3.92 4.36 4.31 4.26 4.26
LW/BW C a c ab ab b b
+0.30 +0.27 +0.13 +0.08 +0.26 +0.12 +0.24

' Dose (mg/kg body weight)

% Dose(g/kg body weight)

3 Results are presented as mean *+ standard deviation.

! Ratio of liver weight to body weight

a¢ Within rows, means with different superscripts are significantly different (p < 0.01).
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Table 3-4. Effects of Akebia quinata leaf extract on body weight, liver weight and ratio of

liver weight to body weight in experimental mice groups.

Control EtOH AQ AQI1-EtOH AQ2-EtOH AQ3-EtOH AQ4-EtOH
Treatment
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Extract of
Akebia quinata - - 30 30 100 400 1000
concentration®
EtOH
.5 - 6.00 - 6.00 6.00 6.00 6.00
concentration
Body 22.19 22.78 21.55 21.13 21.66 21.81 21.12
weight(g)? +0.86 +1.51 +0.39 +0.88 +0.68 +0.28 +0.76
Liver 0.91 1.05 0.87 1.04 1.02 1.04 0.99
weight(g)® +0.02*  +0.08° +0.02° +0.14° +0.07" +0.04" +0.11%
4 4.11 4.63 4.04 4.92 4.68 4.77 4.70
L.W./B.W. b . b . . .
+0.10 +0.26° +0.15 +0.46° +0.23° +0.16% +0.43°

! Dose (mg/kg body weight)

% Dose(g/kg body weight)

% Results are presented as mean * standard deviation.
4 Ratio of liver weight to body weight

¥¢ Within rows, means with different superscripts are significantly different (p < 0.01).
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Figure 3-2. Oil red O staining of Akebia quinata (AQ) feaf extract & EtOH treated mice livers .
{A) control, (B) Only BtOH ®mg/kg BW), (C) AQ fruit (100mg/kg BW) and EtOH {(Bmg/kg
BW) treatment.
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Figure 3-5. Effects of Akebia quinata (AQ) fruit extract and EtOH on glutathione level in mice livers. Abbreviations: EtOH,
6mg of EtOH/kg B.W; AQ, 30mg of AQ fruits extract/kg B.W; AQI1-EtOH, 30mg of AQ fruits extract/kg B.W with EtOH;
AQ2-EtOH, 100mg of AQ fruits extract/kg B.W; AQ3-EtOH, 400mg of AQ fruits extract/kg B.W; AQ4-EtOH, 1000mg of AQ
fruits extract/kg B.W. Means with different superscripts are significantly different (p < 0.05).
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Figure 3-6. Effects of Akebia quinata (AQ) leaf extract and EtOH on glutathione level in mice livers. Abbreviations: EtOH,
6mg of EtOH/kg B.W; AQ, 30mg of AQ leaf extract/’kg B.W; AQI1-EtOH, 30mg of AQ leat extract/’kg B.W with EtOH;
AQ2-EtOH, 100mg of AQ leaf extract/kg B.W; AQ3-EtOH, 400mg of AQ leaf extract/kg B.W; AQ4-EtOH, 1000mg of AQ
leaf extract/kg B.W. Means with different superscripts are significantly different (p < 0.05).
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Figure 3-7. Effects of Akebia quinata (AQ) fruit extract and EtOH on NADPH oxidase 4 (NOX4) mRNA level in mice livers.
Abbreviations: EtOH, 6mg of EtOH/kg B.W; AQ, 30mg of AQ fruit extract/kg B.W; AQ1-EtOH, 30mg of AQ fruit extract/kg
B.W with EtOH; AQ2-EtOH, 100mg of AQ fruit extract/kg B.W; AQ3-EtOH, 400mg of AQ fruit extract’kg B.W; AQ4-EtOH,
1000mg of AQ fruit extract/kg B.W. Means with different superscripts are significantly different (p < 0.05).
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Figure 3-8. Effects of Akebia quinata (AQ) leaf extract and EtOH on NADPH oxidase 4 (NOX4) mRNA level in mice livers.
Abbreviations: EtOH, 6mg of EtOH/kg B.W; AQ, 30mg of AQ leaf extract/kg B.W; AQI1-EtOH, 30mg of AQ leat extract/kg
B.W with EtOH; AQ2-EtOH, 100mg of AQ leaf extract/kg B.W; AQ3-EtOH, 400mg of AQ leaf extract/kg B.W; AQ4-EtOH,
1000mg of AQ leaf extract/kg B.W. Means with different superscripts are significantly different (p < 0.05).

(vh) 9 Z9+S m7 - tumor necrosis factor-alpha (TNF-a) mRNA & =3

addtx o g 7hxAL HFHE JAdeES Al Edf(digestion) ® | Ed = TR V|TOEA,
o gh-g tjAY] o] Thol A dojdrt oA dEtEd dFIE ASE FIAAIE dIE
G228 A(ADH)O 93l oF 90%7F ol EL ol =2 U} AbstE A, v S 3E A3 A

- 144 -



o= ANEAE P-450 2E1 (CYP2E1l) &47F =7}8t] metabolic stress?} =511, 1 2y}
AsS doA TAMET 4T ol dm A 7 AE-dAd 95 9 g g 3k &
ol A= b AFsr B, 1t Aol A= TNF-a, TGF-B, EFZIL-18) %
IL-67F 22 Alo]EFI] FFo] Fr7hste 2oz g3 Qv
kA 2 AFAE o5 FEE9 AUt EF AEE A% dFHbsd HAE JEgs &
ofr 7] Sl EA AT ¥& AE TNF-a°] mRNA #d FE& 2486 4% 1
2 3-9, 3-10°] YEeERHATH
450
a
400
350
< g 300
=
% 3 250
35
d 2200
E X 150 b
c bc
100 ¢ C c
50

?S). \g}o‘é q/g}o‘e‘ g}o‘?‘ b‘g}o\}‘
Y*O' ?‘O. ?,O, ?yQ

Figure 3-9. Effects of Akebia quinata (AQ) fruit extract and EtOH on tumor necrosis factor-alpha (TNF-a) mRNA level in
mice livers. Abbreviations: EtOH, 6mg of EtOH/kg B.W; AQ, 30mg of AQ fruit extract/’kg B.W; AQ1-EtOH, 30mg of AQ
fruit extract/kg B.W with EtOH; AQ2-EtOH, 100mg of AQ fruit extract/’kg B.W; AQ3-EtOH, 400mg of AQ fruit extract/kg
B.W; AQ4-EtOH, 1000mg of AQ fruit extract/kg B.W. Means with different superscripts are significantly different (p < 0.05).
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Figure 3-10. Effects of Akebia quinata (AQ) leaf extract and EtOH on tumor necrosis factor-alpha (TNF-a) mRNA level in
mice livers. Abbreviations: EtOH, 6mg of EtOH/kg B.W; AQ, 30mg of AQ leaf extract/kg B.W; AQ1-EtOH, 30mg of AQ leat
extract/kg B.W with EtOH; AQ2-EtOH, 100mg of AQ leaf extract/’kg B.W; AQ3-EtOH, 400mg of AQ leaf extract/’kg B.W;
AQ4-EtOH, 1000mg of AQ leaf extract/kg B.W. Means with different superscripts are significantly different (p < 0.05).
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(7}) MTT(3- (4,5-dimethylthiazol-2yl)-2,5-diphenyl-2H-tetrazolium bromide) assay
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Figure 3-11. Effects of Akebia quinata (AQ) leaf and fruit extract and EtOH on cell proliferation. (A), AQ fruit extract
treatment. (B) AQ leaf extract treatment.
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Figure 3-12. Effects of Akebia quinata (AQ) leaf extract and EtOH on AML-12 apoptosis. (A), Control+EtOH; (B), Control;
(C), Hederagenin 10ug/ml treatment; (D) Hederagenin 25ug/ml treatment.
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Figure 3-13. Effects of Akebia quinata (AQ) leaf extract and EtOH on HepG-2 apoptosis. (A), Control+EtOH; (B), Control;
(C), Hederagenin 10ug/ml treatment; (D) Hederagenin 25ug/ml treatment.
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Figure 3-14. Effects of Akebia quinata (AQ) fruit extract and EtOH on relative mRNA expression level of glutathione

synthetic enzymes a in AML-12 cell (A), relative mRNA expression of glutamate-cysteine ligase catalytic subunit (GCLC);
(B), relative RNA expression of glutamate-cysteine ligase modifier subunit (GCML); (C), relative mRNA expression of
gluthathione synthase (GSS). Means with different superscripts are significantly different (p < 0.05).
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Figure 3-15. Effects of Akebia quinata (AQ) leaf extract and EtOH on relative mRNA expression level of glutathione
synthetic enzymes a in AML-12 cell (A), relative mRNA expression of glutamate-cysteine ligase catalytic subunit (GCLC);
(B), relative RNA expression of glutamate-cysteine ligase modifier subunit (GCML); (C), relative mRNA expression of
gluthathione synthase (GSS). Means with different superscripts are significantly different (p < 0.05).
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7FeAd S B, (Figure 3-15)
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Figure 3-16. Effects of Akebia quinata (AQ) leaf extract and EtOH on relative mRNA
expression level of glutathione synthetic enzymes a in AML-12 cell (A), relative mRNA
expression of glutamate-cysteine ligase catalytic subunit (GCLC); (B), relative RNA
expression of glutamate-cysteine ligase modifier subunit (GCML); (C), relative mRNA
expression of gluthathione synthase (GSS). Means with different superscripts are
significantly different (p < 0.05).
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Figure 3-17. Effects of Akebia quinata (AQ) fruit extract and EtOH on glutathione level
in AML-12 cell. Means with different superscripts are significantly different (p < 0.05).
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Figure 3-18. Effects of Akebia quinata (AQ) leaf extract and EtOH on glutathione level in AML-12 cell.
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Figure 3-19. Effect of hederagenin from Akebia quinata leaf on glutathione level in HepG-2 cell.
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Figure 3-20. Effects of Akebia quinata (AQ) fruit extract and EtOH on relative mRNA expression level of NADPH oxidase 4
(NOX4)
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Figure 3-22. Overall comparison among control(ALC), control+EtOH(ALEC), 2500ug/ml of
Akebia quinata leaf extract(AL5) and AL5+EtOH(ALES).
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Table 3-5. Significantly lowered mRNA expression list: AQ leaf treatment with EtOH
versus control with EtOH in AML-12 cell line

Gene . . antioxidant . . . .
angiogenesis o apoptotic process cell proliferation inflammatory response
Symbol activity

Itgh6

o

Itgh6
Casp4 O
Pbk
Serpinala
Serpinalb
Csfl O
Casp4 O
Gjal O O
Slcllal O
Sphkl O O O
Sehll
Cd40 O O
7fp36
Serpinala
Egfr O O
Tnfaip3 O O
Ly96
Tir3 O

©c O O OO oo o0 o oo o o o o o o oo

Mapk8 O

Prdx6
Ptgsl
Prdx6
Seplb
Prdx1
Gstkl
Txnrdl
Ltcds
Srxnl
Gpx3
Txnrd?2
Trpd3inpl
Prdx1
Mgst3
Ubiadl
Mgst2
Mgstl

©c O O O o oo o o o oo o o o o o oo

Gpx2
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Aspm
Nox4
Sftpd
Bripl
Robol
Ccdc88a
Iggap3
Bex1
Fignll
Ccenbl
Id2
Chek1
Tgfbrl
Cenbl
Ift80
Csfl

©c O O O

Fgfl3
Aqpl
Dab2
Dab2
Nox4
Plk1
Casp4
Robol
Fignll
Tpx2
Tgfbrl
Serpina3g
Melk
Wrn
Atf2
Asah?
Id1
Casp4
Gjal
Kritl

©c O O O oo o o o o o o o o o o o oo

©c O O O 00O O O OO0 oo o o o o o o o o o o o oo
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Ptprb
Aqgpl
Robol
Tnfaip2
Tgfbrl
Sema3e
Efnb2
Parva
1d1
Kritl
Ednl
Sphkl
Nrpl
Vegfc
Notch4
Nrpl
Clgaltl
Acvrl
Cyplbl
Meisl

© 0 O O oo oo o o o o o o o o o o oo

©c O o o O
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Table 3-6. Significantly over expression of mRNA listt AQ leaf treatment with EtOH
versus control with EtOH in AML-12 cell line

. . antioxidant . . . inflammatory
GeneSymbol angiogenesis o apoptotic process cell proliferation
activity response

Agt O O 0) O

Hdac5 O
Hifla O O
Perl
Rps19
Prkez O 0)
Lbp
Tnipl
Sigirr
Apoe O O (0]
Mapkapk?
Cyba
Hspdl
Gstpl
Nuprl

o O O O
o o O O O

Gpx1 (0] (0]
Gpx4 O
Clgbp

Prdx2 O O

o
©c O 0O O oo o o o o o o o o o o o o

Gstpl O

Gsto2
Srxnl
Ptgsl
Ces
Gsttl
Mgst3
Hp
Hp
Srxnl
Hp
Sodl
Prdx5
Prdx3
Gstol
Prdx5
Apoe
Seplb

Gpx1 (0]
Gpx4

o O 0 OO0 O o o o o o o o o o o o o©
o
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Prdx2

Tspo
Hspdl
Gstpl
Igfbp4d

Naca
Nuprl
Gpx1

Tsc22d1

Dctn2

Calr
Prdx2
Eif5a

Rps9

Tspo
Thrgl

Vim

Tspo

Rps6

Trf

Gstpl

©c © O0i0O

c O O O

]

©c O O O O oo 0 o0 o0 o0 o o o o o o o o 00

Traf4
Fisl
Trafd
Lgmn
Sqgstml
Ddit3
Tnfrsf22
Prdx2
Eifba
Arl6ipd
Len2
Tspo
Mtch2
Tspo
Hsp90abl
Hsp90abl
Rps3
Rps6
Ppplca
Gstpl

Epha2
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Plcd3 O
Cibl O O
Hdac5 O O
Mfge8 (0]
Bax O O @)
Agt (0] O
Hdac5 O O
Rtn4 O
Htatip2 (6] O
Hipk2 O O 0]
Rtn4 O
Sparc (0]
Flen O O O
Htatip2 (0] O
Cxcll7 O
Addl O
Hifla O @) O
Tnfrsfl2a (0] 0O
Gpx1 (0] O O 0O O
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Figure. 3-23. Liver alanine aminotransferase (a) and aspartate aminotransferase activity (b).
abMeans with different superscripts are significantly different (P<0.05). Each bar

represents the mean * standard error.
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o1, oleanolic acid®} hederagening Fojste ulgl 3 432 F%

S B UH(Fig. 3-24). €3] oleanolic acid®} hederagenins 2] 3k =] 2] ool
=R 85 43as vV U AATS g0 F AT AR S0l

= ZFol A alcohol dehydrogenase©] ¢]3 alcohol®] acetaldehyde® & &+ 34

st d# A ) oo B AFto A= oleanolic acid®} hederagening o3k

alcohol dehydrogenase mRNA W3 A =5 gPCRS o] &3lo] =43t dwbd o
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o> 1o o ok

W2 g £ XN Hr korlr o
e W 2 |o
e

& BN 4 AUTH(Fig. 3-24). £F EOHOH 1EolA 1 wdlo] Zrlets A& wol
(P<0.05) oleanolic acid®] %7} alcohol dehydrogenase® & o] Z7jo] &H7 &S <&
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Fig. 3-24. Serum ethanol concentration (a) and liver alcohol dehydrogenase mRNA
expression level (b). a-cMeans with different superscripts are significantly different

(P<0.05). Each bar represents the mean + standard error.
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B Ao fo)4 zolE Holx gkoth (Fig. 3-25C). 273 43A &S Fo3 1FAM
o] GSS mRNA I&e] Ao]& Holx ¢Fgtom, EtOH+OH 1% 4-¢ ¢i&S FoI 2
wol Hlste] GSS wdo] F7tste AL = e THP<0.05) (Fig. 3-25D). EtOH+OL 1% ¥
EtOH+HH 159 73 thxzw el Hste GSS mRNA #dd] {935 yehhx 2o
EtOH 13 Bkl Talo] S7tele 43S B & A3 7] AolA
daEE g 54 =AM oF FEEY FoUF s w9 FY b Aol disko
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Fig. 3-25. Effects of oleanolic acid, hederagenin and ethanol on relative mRNA expression level of glutathione synthetic
enzymes and glutathione concentration in mouse livers. (a), GSH level in mouse livers; (b), relative mRNA expression level
of glutamate—cystein ligase modifier subunit (GCLM); (c), relative mRNA expression level of glutamate-cysteine ligase
catalytic subunit (GCLC); (d), relative mRNA expression level of glutathione synthase (GSS). abMeans with different

superscripts are significantly different (P<0.05). Each bar represents the mean + standard error.
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@ Tumor necrosis factor-alpha mRNA #d 4
F4 dFLo HHE Ao &AL EI %

Y JH =4 JAFE FAA7]3, 9572 cytokine
o] S T7HAZIG A dH A JqTh(24). 53] oy At mEWE 54 v W4 ¢3E

o] HHE=E TERAHMAM HEAQA proinflammatory cytokine®! tumor necrosis factor—alpha
(TNF-a)¢ 2ds FYH oz 77T B TH25). wetA & A= 2§ F=
= W fFEAHE 3R E4Q oleanolic acid®} hederagenin® Fol7F &43& A= Qg 7+ =
2 W ASuksel mAls dFES LdotrR7] fstel EA] 95 wks A#Ed TNF-a9
mRNA o3& F5& ARG & A4 EtOH 1&<9 TNF-a mRNA 2d 4
o Hlste] Frhgk AS Fole] dEsE QI kA 2 AFWEo] HASA S ol
T »l?iﬂr(P<O 05) (Fig. 3-26). ¥+ EtOH A& ZLE9 oleanolic acid ¥+ hederagenine F+
3 o] A= AS F3}Y, oleanolic acid}

¢
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Relative mRNA expression

Fig. 3-26. Effects of oleanolic acid, hederagenin and ethanol on relative mRNA expression level of tumor necrosis factor—-alpha
in mouse livers. a,bMeans with different superscripts are significantly different (P<0.05). Each bar represents the mean *

standard error.
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Fig. 3-28. Serum ethanol concentration before and after alcohol consumption. ™ Means with different superscripts are
significantly different. Each bar represents the meanzstandard error.

Nz 71 AE sHAASR 2% 28 0§ TEX 239 #sH 7 A3}= Table
37 o GEHIUTh WA 9w, 2AG A, @ oH, AAH A)E RE R oF
BExe 7Y AR sH AR Hlete] W& HAeE B on) 53] g VS RoA W&
A2 wotth, st w Ao ALge o8 WwaxE AFES AAL AXNA &S AFAEFL
B2, Ao AFoR EAHY] A AEA A 2E i Bge] 2.3 Aolg Azt
Hr.

Table 3-7. Sensory evaluation survey of commercial hangover beverages and fermented A.
quinata extracts.

Control A B AQL AQF
AVG STD AVG STD AVG STD AVG STD AVG STD
Appearance 450 237 438 106 430 134 170 116 290 1.85

Texture 400 189 58 146 460 126 320 092 290 1.79
Color 450 217 475 183 410 137 220 114 320 187
Scent 400 194 563 151 430 125 310 137 210 166
Nasty

Nasts 360 196 225 191 450 071 470 195 390 1.0
?a‘gféaﬂ 400 194 600 053 510 110 270 095 220 148
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