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Summary

. Title
Reaearch on Novel Antioxidative Compound from the Unutilized Plant Resources in Korea

. Objective and Importance of the Project

As the consumption of edible oil has been increased in recent times, studies on the

devolopment of natural antioxidants has been researched in the view of the protection
of antioxidation in lipid rich foods and control of human aging.
Because the toxicity and carcinogenicity of the phenolic systhetic antioxidants e.g.
BHA, BHT, TBHQ has been gradually find out, the regulation of using them is being
fortified. o —-tocopherol is using as natural antioxidant in korea, but It is less
effective in plant oil and expensive. Oxygen free radical initiated from in vitro and
in vivo is causing aging, cancer and several diseases by the oxidative damage of living
cell. Therefore development of natural antioxidant functional food for preventing
these disorders is urgently need. In order to solve these problem some or more, we had
been examined the antioxidative effects of some discarded agricultural products and
medicinal edible plants and isolated and identified their antioxidant compounds.

On the basis of our research the industrialization of useful resources from discarded
agricultural products will be expected in the near furture.

. Scope and Contents of the Project

1. Research on the natural antioxidant from unutilized agricultural products

We had collected and prepared methanolic extracts of 35 kinds of plant leaves, 31
kinds of fruit and vegetable peels, 17 kinds of agricultural by-products and 69 kinds
of plant seeds. And the antioxidant effects of them had been examined by 2-deoxyribose
oxidation, ferric thiocyanate method in linoleic acid system and soybean lipoxygenase
inhibition method. The antioxidant compounds from mulberry leaf, chestnut peels, seeds
of Paeonia lactiflora and Humulous japonicus had been 1isolated by solvent
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fractionation, sephadex LH-20 column chromatography and preparative HPLC. Furtheremore
the chemical structure of purified compounds was identifed by the instrunental
analysis of W, IR, MS, H and I¥ NMR. The effect of their antioxidant compounds on
antioxidant enzyme system was examined in bromobenzene administrated rat.

Antioxidant effect using rat liver microsome and tyrosinase effect were also tested.
And mutagenicity of these natural antioxidants was verified by the Ames test and SOS
chromotest.

In order to examine the usefulness of these extracts and compounds as natural
antioxidant, AOM test by peroxide value and rancimat was accompanied.

2. Research on the natural antioxidant from medicinal and edible plant
resources

We have studied the effect of 151 extracts of the medicinal and edible plants on the
formation of lipud peroxide. The antioxidant compounds from Angelica keiskei,
Armoracis rusticana, Houttuymia cordata and Cirsium jJaponicum var. ussuriense was
isolated by the silica gel chromatography and their chemical structure was identified
by W, MS and NVR.

Their antioxidant effects and physiological detoxification mechanism in vivo had been
verified in bromobenzene administrated Sprague-Dawley rats.

. Results and Recommendations

1. Research on the natural antioxidant from unutilized agricultural products
The antioxidant effect of 152 kinds of unutilized agricultural products e.g. leaf,
peel, by-products and plant seeds had been screened by 2-deoxyribose oxidation method,
Terric thioxyanate method and lipoxygenase inhibition method. Leaves of the mulberry,
une and chestnut had stronger antioxidant effects than any other Kkinds of leaves.
Peels of the chestnut, onion and sweet potato showed strong antioxidants effects iIn
aqueous and lipid model test system. Paeonia moutan Sims, Cuscuta australis R. Brown
and Torreyta nucifera Sieb. et Zucc seeds had strong radical scavenging effect and
lipoxygenase inhibition effect. Chlorogenic acid, caffeic acid and quercetin-3-0-3
-D-glucose, kaempferol-3-o0-f -D-glucose was isolated and identified in Mulberry leaf by
the preparative TLC and HPLC. The antioxidant effects and tyrosinase inhibition effect
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of them were tested. The solvent fraction and identified antioxidant compound had no
mutagenicity. Ethyl acetate fraction had stronger effects than o -tocopherol in AOM
test by peroxide value and rancimat test.

Ethyl acetate fraction of mulberry leaf showed the strong antioxidant effect in agueous
and lipid model system. Chlorogenic acid, quercetin-3-0-f3 -D-glucose, kaempferol-3-o-
B -D—glucose was identified. Antioxidant effect using rat liver microsome was the
strongest iIn quercetin and tyrosinase inhibition effect was the strongest in
chlorogenic acid. Methanol extract and hot water extract of mulberry leaf and
antioxidant compounds isolated from them showed no mutagenicity in SOS chromo test and
showed antimutagenicity iIn indirect mutagenicity. Ethyl acetate fraction showed
stronger antioxidant effect than o -tocopherol in rancimat test with animal and plant
oil.

The ethyl acetate fraction of Eungi chestnut endoderm had strong antioxidant effect
and was isolaterd by sephadex LH-20 colum and HPLC. Gallic acid and ellagic acid was
identified by H and I NVR. They showed comparable antioxidant effect to
—tocopherol using rat liver microsome and DPPH test.

Solvent fraction of chestnut endoderm had no mutagenicity by Ames test and SOS
chromotest. The strong antioxidant effect was showed iIn the acetone extract of 80
air dried chestnut endoderm. Chestnut endoderm having strong antioxidant and
polyphenol compounds discarded in the chestnut processing company wil be expected to be
useful natural resource.

Methanol extract of Paeonia lactiflora seeds showed stronger antioxidant effects than
a —tocopherol. In order to isolate the strong antioxidant compounds, solvent
fractionation, silica gel, sephadex LH-20 column chromatography and preparactive HPLC
was executed. 5,7,37,4"-tetrahydroxyflavone(luteolin), 5,7,4"-trihydroxy-3"-methoxy
Tlavone, trans-3,5,4-trihydroxystilbene(resveratrol), 5,4"-dihydroxy-7,3"-dimethoxyflav-
one was identified. These isolated compounds  showed stronger effects than o
—tocopherol in rat liver microsome test and linoleic acid model system. Methanol
extract had no mutagenicity by Ames test and SOS chromotest. Resveratrol isolated from
Paeonis lactiflora seeds through this study is the novel functional compound contained
in wine. Resveratnol has varied physiological activities e.g. antitumor and
antiinflamation. In order to develop novel functional food and drugs from this plant
seeds, the application study of macro level isolating process and Vvaried
pharamacological activies should be urgently needed. The antioxidant flavonoids from



the ethyl acetate fraction of Humulous japonicus was isolated using Armberlite XAD-2
colum chromatography and preparative ODS HPLC. Vitexin, luteolin-7-0- -D-glucoside,
apigenin-7-0-3 -D-glucoside was identified by UV, MS and NVR analyses. Luteolin-7-0-f3
-D-glucoside and apigenin-7-o0-3 -D-glucoside showed stronger antioxidant effect than o
—tocopherol by the ferric thiocyanate method. On the results of Ames test and SOS
chromo test methanol fraction and ethyl acetate fraction showed no mutagenicity.
Humulous japonicus is richful plant resources well grom in contaminated fields. It
has contained high contents of antioxidant flavonoids e.g. luteolin by the result of
this study. The application study for macro level isolating these flavonoids and
safety and toxicity test should be followed to use functional foods and drugs.

2. Research on the natural antioxidant from medicinal and edible plant
resources
We have studied the effect of 151 extracts of the edible and medicinal plants on the

formation of lipid peroxide. The extracts of Angelica keiskel, Armoracia rusticana,
Houttuynia cordata and Cirsium japonicum var. ussuriense decreased the formation of
lipid peroxide in the isolated liver of rat. To investigate detoxification of
bromobenzene-induced hepatic lipid peroxidation by Angelica keiskei, hepatic lipid
peroxide level and the activities of enzymes responsible for production and removal of
epoxide were studied. The level of lipid peroxide elevated by bromobenzene was
significantly reduced by methanol extract and cynaroside. The methanol extract and
cynaroside administered daily over 4 weeks before intoxication with bromobenzene did
not affect the activities of aminopyrine N-demethylase, aniline hydroxylase, glu
tathione S-transferase. Epoxide hydrolase activity was decreased significantly by
bromobenzene, which was restored to the control level by pretreatment of cynaroside.
Bioactive component of this plant responsible for the detoxification of bromobenzene,
at least in part, is thought to be cynaroside. In the studies on lipid peroxidation iIn
bromobenzene-treated rats iIn vitro, the methanol extract of Armoracia rusticana, and
kaempferol-3-0-3 -D—-xylofuranoside, kaempferol-3-0-3 -D-galactopyranoside and
kaempferol-3-0-3 -D—-xylofuranosyl (1- 2)-3 -D-galactopyranoside isolated from Armoracia
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rusticana inhibited the lipid peroxidation. Hepatic lipid peroxide level in control
rats increased significantly by the i.p. injection of bromobenzene and pretreatment of
methanol extract of Houttuynia cordata prevented rats from hepatic lipid peroxidation.
Hispidulin 7-O-neohesperidoside isolated from Cirsium japonicum var. ussuriense reduced
the level of lipid peroxides induced by bromobenzene. Epoxide hydrolase activity was
restored in liver of rats given hispidulin 7-O-neohesperidoside. However hispidulin
7-0-nechesperidoside did not influence the activities of aminopyrine N-demethylase,

aniline hydroxylase and glutathione S-transferase.
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Table 1. Comparison of Antioxidants Effectiveness of Vitamins, Flavonoids and Phenclsa

corpound CH substitution ICEC(u M)
trolox rone 1.26
ascorbic acid (vitamin C) vicinal 1.45
a -tocophenal (vitamin E) rone 2.40
B -carotene (provitarin A) none 4.30
Flavanes
genistein (isoflavone) 5,7,4 14.3
apigenin 5,7,4 >16
baicalein 5,6,7 >16
chrysin 5,7 >16
flavone none >16
Flavanones
hesperitin 5,7,3 3.66
hesperidin(hesperetin rutinoside) 5,3 >16
neohesperidin 5,3 >16
naringenin 5,7,4 >16
Flavanols
quercetin 3,5,7,3 .4 0.224
taxifolin (dihydroquercetin) 3,5,7,3 4 0.344
morin 3,5,7,2 4 0.734
kaerpferol 3,5,7,4 1.82
Flavanols
epigal locatechin 3-gallate 503 A 0.075
epigallocatechin 3,5,7,3 .4 .,% 0.097
epicatechin 3-gallate 5,7,3 ,4 ,3" 4 0.142
catechin 3,5,7,3 .4 0.187
Anthacyanins
cyanindin chloride 3,5,7,3 4 0.212
grape skin extract 0.951b
Phenalic Acids
tannic acid (2-5 gallic ester with
glucose) 0-152
caffeic acid (cinnic acid) 3,4 0.241
nordihydroguairetic acid
pyrocatechol) 34,3 .4 0-2%5
chlarogenic acid (cinnaric ester) 3,4 0.296
3,4-dihydrobenzaic acid 3,4, 0.455
gallic acid (benzaic acid) 3,4,5 1.25
ellagic acid (gallic lactone) one ortho, cne mono 2.50




5. Caratencids

Singlet oxygen quencher

Carctencid  conjugated diene

B -carctene radical
6. Chlorophyll

Chlarophyl | pheaphytin
- 30
peroxy radical BHT 2
7. Alkaloids
inhibitor

cepharanthin(l) -

2.5x 105 M

caffeine BHA BHT

6-hydraxy-1,4-direthylcarbazole(2)
in vitro
1nmol/mg protein rat liver microsones
propyl gallate

- mepacrine(4)

rat

- 19 -

chlorgphyll A 2x 10-tM

in vivo in vitro
biskenzylisoquincline  alkacid
20
50% . tea coffee
alkalcid S-hydroxyellipticine(3)
inhibitor -

quinine

malondialdehyde -



alkaloid 102 - strychnine(5a)
brucine(bb) indol alkaloid - alkalaid
quencher singlet oxygen
spermine(€) polyamines ,
superoxide radical -
trimethylamine 3 peroxy radicals
- radical termination rate radical
chain reaction -
quinclizidine type alkaloid, sparteine(7) Lupinus 4
20m\V -
- Ww
filter -
9. Arino acids peptides and proteins
- Marcuse linoleic
acid, methyl lincleate, methyl linclate alanine, glycine, histidine,
tryptophan - histidine tryptophan
glycine, alanine -
- pH
pH , pH .
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16 1%

saffloner(

) oil emulsion

- histidine, lysine, methionine threonine

amino nitrogen

Clausen lard
hydroguinone, nordiphydroguaiaretic acid
tryptophan

Troloxyl-rethionine-methyl ester

lard
700 dalton peptide
Ramijn G, 8, 16, 24%
TBA value -
10. Phosphclipids
Phospholipids  ail
phespholipids  tocopherol

Phosphatidyl chaline

10C0ppm

, methionine

. Trolaox-C
corn oil BHA BHT
linclate enulsion BHA
peptide
beef beef
- Phospholipids

, off-flavar

ail

saybean oil

21 -

a -tacaopheral,

BHT



a.5 1ppm  Fe soybean acil -
phosphatidyl chaline Fe Fe ail
- phosphatidyl ethanclamine
phosphatidic acid  phosphatidyl choline phosphatidyl glycerol

phesphatidyl inositol -

phospholipid ail
- phaspholipid ail off-flavor
- phosphalipid
11.

Cliveto , crescte
bush(Larrea divaricata) NDGA -
NDGA 1950, &0

GRAS list -

(Guagacum cofficinale) .
a ,B —guaiacanic acid
phasphoric acid - Mastic
Pistacia lentiscus terpenclic acid
BHA - algae
- 2-benzafuran  Baker®™ and Brewers® yeast
- Srith  Alford 14 bacteria

lard BHA, BHT, o
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—tocaopheral . Zaika Smith  Aspergillus niger Pseudomonas ovalis
lard . Tutor 7 algae
75

vitarin E .
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17

63

152

Table 1. The sample list of unutilized plant leaves for antioxitative test

35

NO  sarple name production NO sarple nare production

area area
! GNL 19 BRL
2 SIL 20 PNL
3 PFL 21 HLL
N CAL 22 IBL
5 PPL 23 VPL
6 DKL 24 WL
7 BNL 25 HIL
8 AHL 26 ccL
9 PANL 27 CAL
10 PTL 28 PaL
1 ASL 29 ARL
1 COL 30 APL2
13 STL 31 231
" oL 2 *S) VALL
1 LLL 33 ( MAL2
10 APL1 34 ( MAL3
o CAL 35 RPL
18 CuL
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Table 2. The sample Hlist of unutilized fruit and vegetable peels for
antioxitative test

NO  sanple name production 1D NO sanple nare production
area area

1 MPL 17 CMOP
2 NP2 18 cMIP
3 VP3 19 P
4 WPL | 20 AHOP
5 WP2 | 21 AP
6 WP3 | 22 Ip
7 « D DKPL | 23 CVoP
8 C D DKP2 24 BAP
° ccP 25 TP
10 ZLP 26 1P
1 owp | 27 NP
12 cuL 28 w6
13 cu2 29 w7
14 cu3 30 U8
15 cu4 il o
16 cus
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Table 3. The sample list of unutilized agricultural by-products

No sample nare prodution ID No. sample name pro ution
area area

1 CAS 18 NFR
2 CMVS 19 DCR
3 s 20 0B BER
4 C D DKS1 21 2R
S C D DKS2 22 OR
6 ( ) NPS1 23 AR
7 « ) NPS2 24 FER
8 C ) NPS3 25 R
° Vs 26 SIR
10 PGS 27 2L

1 C ) WPSL | 28 0B HLR
12 ( ) WPS2 29 BRR
13 ( WPS3 30 RER
" 23S 31 SR
15 PPS 32 RER
16 C ) VARL 33 ARR
17 ( ) NAR2 34 3
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Table 4. The sample list of various plant seeds

No. Korean name Plant seeds No. Korean name Plant seeds
Prunus mume Sieb. et
1 Diospyros kaki Thunb. 19
Zucc.
2 () Brassica juncea Cosson | 20 Hordeum vulgare L.
3 Euryale ferox Salisbury | 21 Paeonia routan Sims
4 Pharbitis nil Choisy 22 Triticum aestivum L.
5 Cassia tora L. 23 Thuja orientalis L.
Torreyta nucifera
6 Capsicum annuum L. 24 :
Sieb. et Zucc.
; Amomum xanthoides o5 Eucnymus japonicus
Wallich Thunb.
Trichosanthes kirilowii _ L _
8 26 Zizyphus jujuba Miller
( Max.
Citrullus wlgaris
9 ) Dianthus sinensis L. 27
Schrad
10 Allium odorum L. 28 Punica granatum L.
Perilla sikokiana
1 Citrus aurantium L. 29 ;
Nakai
12 Panicum miliaceum L. 30 Lufa cylindrica Roem
13 ) Raphanus sativus L. 31 Sorghum bicolor Moench
14 Rhasealus radiatus L. 32 Spinacia cleracea L.
Nelumbonucifera
Fydnocarpus
15 o ) 33 Gaertner var.
anthelmintica Pierre o _
macrarhizimata Nakai
16 Prunus persica Batsch 34 Zea Mays L.
17 Benincasa hispida x5 Prunus ishidcyana
(Thunb.) Cogniiaux Nakai
18 ) Malva verticillata L. 36 Brassica campestris L.
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Table 4. continued

No. Korean name Plant seeds No. Korean name Plant seeds
a7 ( Plantago asiatica 45 Prunus ansu (Max.)
) Decaisne Komarov
Cucumis melo L. var L
38 46 (¢ ) Sesamum indicum L.
makuwa
i Draba nemorosa L. var.

39 Selosia argentea L. 47 (

( ) hebecarpa Ledebour

( L o
40 ) Leonurus sibiricus L. 48 Setaria italica BEAWV
a ( Cuscuta australis R. 9 Cenothera odarata
) Brown Jacq.-
42 Phaseolus angularis Wight|50 Ginkgo bilaoba L.
43 Vitis vinifera L. 51 Caix ma-yuen Roman
44 Ricinus communis L.
2.
10 5 2 ,
5 n-hexane 3 2

3.
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1) 2-Decxyribcse

OH 2-deoxyribose oxidation method - 0.1mM
FeSO4/EDTA 0.2ml, 10mM 2-deoxyribose 0.2ml, 0.2ml  0.1M phosphate buffer(pH
7.4) 1.2ml, 10mM HZ2 0.2ml 37 4 2.8%
TCA(trichloroacetic acid) Iml , 1.0% TBA(thiobarbituric
acid) Iml 100 10 532nm
_ i . cre _ _(Abs-_Abo)_
OH radical scavenging activity (1 (Abc- A bo) x 100
Abo : Absorbance of no treatment at 532nm
Abc : Absorbance of treated contral at 532rm
Abs : Absorbance of sample at 532nm
2) Benzioc acid
fenton CH C3, C4 -
- 0.1mM Fez/EDTA 200 , 0.1 mM sodium benzoate, 200 .1 /7 ) 0.1
phosphate buffer(pH 7.4) 1200 , 10mM H:02 200 37 2

0.1 mM DTPA( Diethylenetriamine-N,N,N* ,N"*,N"""—penatacetic acid)

exicitation 305nm, emission 407 nm .

3) CPPH radical scavenging activity
free radical sacvenging activity Blais (1958) DPPH

- , 0.2aM 1,1-diphenyl-2-picrylhyrazyl(CPPH) 1.0
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(G&0mg/mb) 2.0 10 517nm
radical scavenging activity -

100 - (A/B x 100) A: 517nm

B: 517nm ( )
1) Ferric thiacyanate
Linoleic acid Nakatani
thiocyanate - 8% 120 (G, 10 7 )
2.51% lincleic acid 2.88 , 40mM phosphate buffer(pH 7.0) 9 40
incubation 100 7% 9.7 3C%
ammonium thiccyanate 100 , 20mM FeClz/3.5% HC1 100 3

500nm .

2) Soybean lipoxygenase(SLC) assay

SLO assay Blaock -, 0.IM Tris buffer(pH
8.5) 2mL 20 cuvette soybean lipoxygenase(type V, 500U/ )]
30 5 linolenic acid(110p M/ ) 50 234nm 2

@ = (A-B)/A x 100 A: 2 234nm
B: 2 234nm

3) Rancimat



Rancimat

Al(antioxidative index, /
)] - 100ppm, 10ppm 130 , air flow rate 2Q¢
/hr, 2.59 -

4) Peroxide

, , oven test - 50Cppr

4g 70
4.
10% chloroform(ethyl

ether), ethyl acetate, butancl H0
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(Afsamplefpowderggw

i extracted with Methanol

Vethanal Extract

lsuspended in H:0(10% Methanol),
added chlaraform

Chlorcfarm fr. | —» Aqueous layer

added Ethyl acetate

Ethyl acetate fr.| —® Aqueous layer

¢ added Butanol

Butanol fr. | —® Aqueous layer

Fig. 1. Schematic diagram for the sclvent fractionation of extract
from each samples.

2) cclumn chramatography

Amberlite XAD-2 column chlomatography, Sepadex LH 20
column chromatography, Silica gel column chromatography -
3) TLC

silica gel coating plate(sigra, 250  thick)

ethyl acetate : methancl : H02 (7 = 1: 2) -
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w lamp band - band Prep. TLC

ethylacetate : methancl : HXO (75:14:11) band
ethyl acetate 50 2 HPLC band
4) HPLC
methancl 0.45 nembrane
filter - HPLC(LC-1CA,

Shimadzu Co, Japan), colurn  Develosil CDS-5(5 , 250 x 4.6 i.d., Nomura Co.,
Japan), mchile phase  H0(100%) methanal (100%) gradient 60 , Flow rate
0.8 /min - W detector(SPD-1CA, Shimadzu Co, Japan)

254 , 280 -

- Uv-visible spectrophotonetry
spectraphotoreter (S2030, SINCO Co., Kaorea)

200-600nm scanning -

- JH-NMR J:C-NMR spectrascopy
H, I:C-NMR (500VHZ) Unity Flus 300 spectrometer (Bruker, Germany)
, , CDXCD, b0 acetane dt ,

TVS (trimethylsilane) -

- 33 -



- EI-MS spectrometer

Quattro 11 EI-MS spectrometer (VG, U.K) (7CeVv),
ion source temperature 200 direct inlet -
6.
. Ames test
D
Ares test Salmonella typhimurium TA 98 TA 100 TA 98
histidine dehydrogenase  coding hisD gene frame shift
mutation 8 -GC- , -GCGCCCGC-  sequence -
TA 98 frame shift mutagen - TA 100 histidine
coding hisG gene wild type -GAG-(leucine)
-GCC-(praline) - TA 100 G-C pair paint
mutation - TA98 TA 100
Table 5 -

Table 5. Genotype of Salmonella typhimurium TA 98 and TA 100 strains used for
mutagenisity and antimutagenicity test

Histidine mutation Additional mutations Introduced R-factor
Strains*
in strain in LPS Repair pKM 101
TA 98 hisD3052 rfa(C )uvrB
TA 100 hisG46 rfa(C )uvrB

* Two strains were arginally derived from Salmonella typhimurium LT-2. The deletion( )
through uvrB also includes the nitrate reductase and biotin genes. The rfa rutations
elirinate the polysaccharide side chain of lipopolysaccharides(ILPS) that coats the
bacterial surface.
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2) Toxicity Dose-respons test

cap tube top agar 3ml

, 100 100 vartex nutrient agar plate
, 37 24
3 S9 rixture
Minimal glucose agar  Vogel-Bonner medium E 1.5% Bacto-Difco agar 2%
glucose , Vogel-Bonner medium E(50x ) distilled water  670ml,

MgSO<_7HzO 10g, citric acid monohydrate 100g, KZHPO4 500g, NaNHZPO<_4HZO 175g
. Top agar 0.6% Difco agar 0.5% NaCl top agar
100ml 10ml 0.5mM L-histidine/0.5mM biotine -

S9 mixture Maron  Ames 7€) Sprague-Dawley rale
rat aroclor 1245 5 4 0.15M
KC1(3ml/g liver) homogenizer 9,000rpm 10

(89 fraction) 2.0ml MgCIZ-KCI salts 1.0ml, 1M glucose-6-phosphate
0.25ml, O0.IM NADP 2.0ml, 0.2M sodium phosphate buffer(pH 7.4) 25.0ml,

19.75ml -
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4)

Maron  Ames Fig. 3 preincubation
- cap tube ice bath S9 mix 0.5mL(
)] phosphate buffer 0.5ml( ), nutrient brath
7 , 120rpm) O.1nL, 0.05mL tube vartex
37 30 preincubation - 45 top agar 3ml tube 3
vartex minimal glucose agar top agar ,
37 48 histidine revertant -
3 plate

negative control 2

mutagen  0.05mL
- Mutagen
NQO(4-nitroquinolin-N-oxide) NPD(4-nitro-o-phenylenediamine) ,

2-AF(2-aminofluorene) ,

Inhibition(k) = -\ "—o>-x 100

M - number of revertants by mutagen
S1 : number of spontaneous revertants
S2 : number of revertants when the sample and mutagen were added to

TA series simultaneously
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. SCS chramotest

Ares test histidine
. Quillardet
SCS chramotest histidine frame
shift mutation point mutation -
Quillardet - E. cali
PQ37 50 5ml L mediur 37 0.3-0.4 2
, L medium 1710 -
gewell micro plate 10 , 100
37 2 scs , B - galactosidase
CONFG 100 , alkaline phaosphatase PNPP 100
30 , B —galactosidase 1.5M NazCC3 100 , alkaline phosphatase
M HCI 50 , 5 akaline phophatase 50 2M Tris
buffer HCI , ELISA processor  405nm -
GD 405nm Miller enzyre unit(Eu) , IF(induction
factar) -

Eu = (1000 x A«5)/t(min)
Induction factor(IF) = R(C/RO
RO : C R , RO: 0 R

R - B -calactcsidase Eu/Akaline phophatase Eu

7. Tyrosinase

Mushroom tyrosinase Kubao -
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mushroom tyrosinase (2,75Cunits/ ) /15 M (pH 6.8) 2
5 0.03% L-DCPA 25 2
475nr - , 475nm 2

, tyrosinase -

Inhibition(®) = (A - B)/A x 100
A: Absorbance at 475nm after incubation without test sample.

B: Absarbance at 475nm after incubation with test sarple.

D
Sprague-Dawnley 4 14 »
130 g £ 10 g 6 stainless steel cage
6 - (contral), bromcbenzeren
®), (A+BrB), (AE + BrB), (F+B),
(FE + B), (C +BrB) (CE + BrB) -
18+ 2° C , 12 -
AIN-76

50mg/kg ;

2) Bromobenzen

bromcbenzere 1% tween 80  500mg/kg
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E)
6 12
30 2500 rpm 10
- 0-%%
Cg) 19 0.25M sucrose 5
homogenizer (Kinenratica, Switzerland) - 600g 10
- 10,0009 10
mitochondrial fraction , 105,000g 1
micrasaoral  fraction cytachrame P 450 , cytosalic

fraction superoxide dismutase, glutathione -S-transferase, glutathione peroxidase

. -70
- In vitro
1) microsare
micrasome Csawa - , Sprague-Dawley
(10 weeks, 180-200g) 24 .
0.1IM Tris-HCI buffer(pH 7.4) 10,000g 10
105,000g €0 micrasaore



- microsaome buffer 1.0 mg/mL
, microsaone Lowry -
microsame Pedersaon Aust - ,
microsome (10-100u g/nL) ( ) 1.7nM ADF/0.1mM FeClZ,
0-11nM EDTA/Q.1nM FeCl: C-.1mM NADPH 37 30
Buege Aust
- , 0.375% TBA/15% TCA/C.25N HCI 100 15
1,50Cg 15 535 nr
- TBA (TBA reacting substances) (1.56
x 105 M-Jer-1L-1) , cantrol(
)
- In vivo
D
ether
Uchiyama Mihara - 0.5g
9 0.01M sodium phosphate buffer(pH7.0) haorogenizer
(Kinematica AG, Switzerland) 0.5ml hamogenate 3ml 1%

phaspharic acid 1ml 0.6% TBA
bath 45 4 ml n-butancl

butanal (A 535nm)

2) Taotal glutathion
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boiling water

2000 rpm



GSH Tietz DTNB  GSH

3) Clutathion peroxidase activity

GSH-Px Paglia valentine glutathione glutathione
reductase  NADFH NADPH 340nm
- 0.IM Tris HCI (pH 7.2) buffer 2.6ml 30 mM glutathione 0.1rl emM
NADPH (0.IM Tris buffer NADPH, Sul/rl) O.1ml  6.25uM HzC2 25 5
preincubation C.1ml 25 5 incubation
340nm - 1 1 1nrol
NADPH

4) Clutathion S-transferase activity

GST Habig 1-chloro-2,4-dinitrobenzene  glutathione

GSH-DNCB conjugate 340nm

5) cytachram p-450

cytochrame P40 micrasome 5ml 0.25M
sucrose 19 8,000g 4 -
105,000g 1 cytasol
micrasome - pellet 4nl 0.25M sucrose
microsaome Crura Sato 450nr 490nm
spectrophotometer - micrasare Iml O.1nM phosphate (pH 7.4) 6ml
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Img/ml CO gas 3 5
base line - Sodium dithiconite 3 450nm -
molar extinction coefficient  9lmM-Icm-]
6) cytachrom b5
micrasonme Cytochrame b5 Cmura  Satac -
micrasome C.2r1  5ml  0.1IM phasphate buffer(pH 7.0) 2.5
mi cuvette  NADH C.5 i NABCH a.2mv 424rm
409nm - molar extinction coefficient 185 mV-Icm-]
7)SCD activity
SCD pyrogallol Marklund
Marklund - 50 mM Tris HCI buffer (10mM ECTA , pH 8.6) 2.8ml
15mM  pyrogall O.1ml 5 5 incubation G.-1ml
3.0rl - 25 10 IN
HCI O.1rl 440nm
- unit 15mM pyrogallacl
50% -
8) protein
Bradford bovine serum albumin  standard
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9) Total cholestercl, triglyceride, HDOL in liver and plasra
kit

, HOL .

necrosis -
, phosphate buffer saline(FPBS) 10% parafarmaldehyde/phosphate
buffer saline @ ) 2 , 4 30% sucrose/PBS
’ -70 -

C.C.T. campound 8um cryostat heratoxilin  eosin

SAS (statical analysis system)  two-way ANCVA
Fisher®s LSD test

- parameter caorrelation coefficient -
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Y

Table 1

Uv-A, UvV-B
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flavonoid

2-deoxyribose



Table 1. The antioxidative effects of unutilized plant leaves by 2-Deoxyribose
oxidation method

inhibition(®) inhibition(%)
NO 1D NO 1D

10ppm 1ppm 10ppm 1ppm
1 GML 77 9 19 BRL 85 36
2 SIL 86 76 20 PML 89 63
3 PFL 83 56 21 HLL 0 77
4 CAL 84 21 22 1BL A4 69
5 PPL 92 44 23 MPL 82 40
6 DKL 0 72 24 WL 85 72
7 BNL a3 62 25 HJIL 89 20
8 AHL 88 48 26 CCL 80 38
9 PAWL 74 31 27 CAL o1 62
10 PTL 78 34 28 PCL 86 15
11 ASL 38 7 29 ARL 84 53
12 GDL 88 26 30 APL2 83 34
13 STL 86 23 31 Z2JL 84 66
14 CML 31 3 32 MAL1 0 74
15 LLL 96 52 33 MAL2 95 80
16 APL1 o1 34 34 MAL3 89 54
17 CAL 84 36 35 RPL 87 18
18 CuL 96 63

2)
Linoleic acid ferric thiocyanate
table 2 - 10, 5Cppm - 10ppm
10% - , » » »
» » 10ppm 7Q%

- 45 -



Table 2. The antioxidative effects of unutilized plant leaves by ferric
thiocyanate oxidation method

inhibition(%) inhibition(%)

NO 1D NO 1D

50ppm 10ppm 50ppm  1Cppm
1 CML 30 8 19 BRL S 31
2 SIL 72 13 20 PML S 54
3 PFL 18 19 21 HLL 81 75
4 CAL 23 13 22 1BL 85 70
5 PPL 43 30 23 MPL €9 34
6 CKL 55 44 24 WL 55 17
7 BNL 45 32 25 HJIL 84 45
8 AHL 49 28 26 CCL g5 72
9 PAWL 84 23 27 CAL S 70
10 FTL 27 13 28 PCL S 27
11 ASL 9 7 29 ARL g3 35
12 DL 70 11 30 APL2 82 68
13 STL 63 40 31 ZJL 58 30
14 cML 47 29 32 VAL1 90 65
15 LLL 82 48 33 NVAL2 2 43
16 APL1 43 37 34 VAL3 S5 42
17 CAL 68 33 35 RPL 79 49
18 CuL 56 26

D

, , 1ppm 50% -
s guercetin s
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anthocyanin

Table 3. The antioxidative effects of unutilized fruit and vegetable peels by
2-Deoxyribose method

inhibition(®) inhibition(%)

NO 1D NO 1D
10ppm 1ppm 10ppm 1ppm
1 VPP1 83 35 17 CMCP 73 25
2 VPP2 83 22 18 CMIP 63 27
3 VPP3 81 12 19 GvP 79 43
4 WP1 45 11 20 AHCP 89 39
5 WP2 68 9 21 ACP 75 53
6 WP3 80 12 22 CVIP 74 40
7 CKP1 68 27 23 CVCP 66 42
8 CKP2 57 7 24 BAP 76 28
9 CCP 77 58 25 STP 84 53
10 ZLP 86 39 26 1BP 91 50
11 CMMP 70 45 27 CNP 84 32
12 cu1 5 8 28 Cue 65 18
13 cu2 40 24 29 Cu7 50 38
14 Ccu3 60 40 30 Ccus 67 27
15 cu4 55 23 31 Cu9 69 48
16 Ccus 57 20
2)
Table 4 .

- 2-Deoxyribose
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Table 4. The antioxidative effects of unutilized vegetable peels by ferric
thiocyanate oxidation method

inhibition(%) inhibition(®)
NO 1D NO 1D
S50ppm  1Cppm 50ppm  10ppm
1 VP1 35 15 17 CMCP 16 15
2 VP2 60 19 18 CMIP 16 5
3 VP3 53 20 19 GMP 21 3
4 WP1 22 8 20 AHCP 50 20
5 WP2 40 26 21 ACP 79 46
6 WPF3 32 22 22 CVIP 10 5
7 CKP1 8 5 23 CVCP 34 10
8 CKP2 44 12 24 BAP 55 32
9 CCP 83 51 25 STP 56 25
10 ZLP 68 16 26 1BP 70 50
11 CMMP 18 15 27 CNP 68 35
12 cul 15 10 28 CuU6 35 23
13 cu2 35 21 29 cu7 43 19
14 Cu3 37 29 30 cus 44 22
15 cu4 53 33 31 Ccu9 70 33
16 CuUs 42 32
51 soyben lipoxygenase
Table 5 - , , ,
soybean lipoxygenase , » ’ ’
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98%

Table 5. Electron donating activity and soybean lipoxygenase inhibitory
activity aof various plant seeds

Electron SLO Electron SLO
No. Korean name donating inhibitory No. Korean name donating inhibitary

activity activity activity activity
1 72 74 19 78 39
2 () ( ) 7 17 20 66 65
3 ( ) 35 22 21 46 98
4 ( ) 64 36 22 45 22
5 57 40 23 ( ) 69 58
6 73 36 24 ( ) 75 87
7 ( ) 48 78 25 79 90
8 (¢ ) 7 36 26 49 83
9 ( ) 57 46 27 'GD) 30 47
10 « ) 26 35 29 78 69
11 76 31 29 ( ) 78 82
12 53 27 30 70 32
13 « ) 68 52 31 62 a1
14 57 23 32 75 38
15 70 74 33 83 68
16 7 33 34 67 75
17 D) 80 24 35 ( ) 8 44
18 D) 85 25 36 D) 80 47
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Table 5. continued

Electro SLO Electro SLO

No. Korean name  donating inhibitoary No.  Korean name  donating inhibitory
activity activity activity activity

37 ( ) 74 35 45 « ) 28 29

38 43 28 46 54 78

39 86 21 47 68 54

¢ )

40 ( ) 74 37 48 77 30

41 ( ) 67 89 49 ( ) 78 30

42 80 40 50 80 41

43 91 87 51 25 26

44 A 29
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. flavonoid

8 C , , ,
’ ’ ’ ’ ) flavonoid

aglycane - Kaempferal 46 176mg%, quercetin 48 229mg%

TBA , , -

flavonoid -

Table 1. Flavonids contents and antioxidative activity of several Morus alba
L. cultivars

_ _ Kaempferal Radical scavenging
cultivars Quercetin(mng/100g) o

(mg/100g) activity (% at 1ppm)

229.06 176.61 85.28

76.358 69.50 71.17

110.98 76.36 80.88

48.19 88.19 82.88

146.61 81.71 83.43

112.27 62.56 77.47

49.56 46.85 €5.76

12237 76.06 72.97
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1) 2-deoxyribaose
Fenton - OH 2-deoxyribose

TBA(Thicbarbituric acid)

Fig.1 - ethyl acetate, chloroform,
g
butanol, water ethyl acetate BHA
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Fig. 1. Antioxidative activitives aof each
salvent from Norus alba L. leaves Ly
2-deoxyribose oxidation method.
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2) Ferric thiocyanate
Linoleic acid

. lincleic acid system

S0pprr

Lipid peroxidation inhipition (%)
o ™ # = &

- a -tocopheral

10ppm

2"
1::‘:"}}
X

W 50oom O 100om

Fig. 2. Antioxidative activitives of each

salvent fram NMorus alba L.
acid mraodel syster.
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1) TLC

ethyl acetate silica gel plate

(sigra, 250 thick) ethyl acetate : methanol : HXC2 (7 : 1: 2)
W lamp  band Fig. 3

uw(254nm) 7 band ,

kaempferol-3"-glucaside, quercetin-3-glucaside RT HPLC

o7
06

05
04 ob

03 o0a

02
o1l

Fig. 3. TLC pattern of ethyl acetate
fraction from Morus alba L. leaf and
authentic carpounds. a:quercetin-3-gluccside
b:kaempferol-3-glucoside, sclvent: ethyl
acetate/methancl/H0(75/14/11)
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ethyl acetate

Fig. 4. HPLC chromatogram of ethyl acetate fraction from Morus alba
L.leaf. column: ODS-5(206 x 250 ); mobil phase: gradient
elution from 0.1% TFA/HO to 0.1% TFA/MeCH; detector: UV 280
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Prep. TLC ethyl
acetate/methanol/H.C(75/14/11) 7 band
band ethyl acetate 50 2 band 1
(16.4mg), band 2(21.6rg), band 3(55.4rg), band 4(22.0rg), band 5(19.0rg), band
6(9-4rg) band 7(5.0mg) HPLC
2) HPLC
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1) compound 1  compound 2

Preparative HPLC campound 1 compound 2 H T’C-NVR data Table 2

. CDZCD H -NVR compound 1 7.55(1H,d), 7.04(1H, d), 6.94
(1H,dd), 6.75(1H,d), 6.25(1H,d) proton signal benzene ring praton olef
inic proton - caffeayl , FAB-NS spectra

34 - TC-NVR signal  Aldrich library NVR

spectra(1,1235,C) chlorogenic acid -

Campound 2 1H -NVR  6-8ppm carpound 2 proton signal -
FAB-NS spectra 180 J:C-NMR Aldrich library NVR

spectra  trans-3,4-dihydroxy cinnamic acid(2,1058,B) -
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Table 2. H and 1C-NVMR spectral data for compound 1 and 2

Carbon Compound 1 Compound 2 Proton Compound 1 Campound 2
c1 126.77 127.85 2-H 7.04(0) 7.03(d)
c2 115.17 115.13 5-H 6.75(d) 6.78(d)
c3 146.78 146.86 6-H 6.94(dd) 6.92(dd)
c4 149.55 14951 1"-H 7.55(c) 7.51(d)
c5 115.24 116.53 2"-H 6.25(d) 6.21(d)
C6 122 .96 122.89
c1- 147.06 147.09
cz- 116.46 115.56
c3* 168.65 171.06

c1-- 76.08
cz2=" 71.87
(OC 70.09
c4-" 38.99
ce"* 39.78
cre" 176.99
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EEE B

Fig. 5. FAB-NS spectrum of the carpound 1 from Moru
s alba L.

HEER] #:
i
|
|
|

Fig.6. FAB-MS spectrum of the compound 2 from
Morus alba L.
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OH

[
- o COoH
OC___J?K \\ ff ;#J“x |
OH x\
COoH Chlorogenic scid {eomp. 1)
C) )

Catteic acid acid(comp. 2)

0

OH OH
OH

Fig. 7. chemical structure of the compound 1 and 2 from Morus alba L.

. corpound 3 4
compound 3 HPLC, TLC
quercetin-3-glucoside  HPLC retention time

TLC Rf - H TC-NVR Table
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Table 3. IC-NVR and H-NVR data of corpound 3 and 4 isclated from Narus alba L.

Carbon Comp. 3 Comp. 4 Proton Comp. 3 Comp. 4
c2 147.6 158.5 H6 6.41(d)  6.22(d)
2 2l B m eno s
) ) H2", 6° 8.07(d) 7.96(d)
C5 160.4 164.0 H3" 5" 6.95(d) 7.02(d)
C6 98.8 9 ex 5.06(d) 5.29(d)
C7 162.7 166.0
C8 94.4 94.8
C9 155.8 159.1
C10 104.7 105.7
c1- 121.6 122.8
cz- 129.6 132.2
Cc3* 115.5 115.1
c4- 159.4 161.6
C5* 115.5 115.1
ce" 129.6 132.2
exl 99.9 103.3
G2 73.2 75.8
G3 77.2 77.1
G4 69.6 71.3
G5 76.5 78.3
G6 60.7 62.6
compound 3 4 quercetin-3-0-f -D-gluccside, kaempferol-3-C-f3

-D-glucoside -
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OH J;ﬁ“axu,f’(”*

0 o
Hi e D“u_ /,Fhwhuff s T
| | OH
. A N ““Hﬂxﬁ 5
3]
4} H 9
HO HOH -C |[U|[.-!{:

O O

Quercetin-3-C-f3 -D-glucoside(camp. 3) Kaempferol-3-C—-3 -D-glucoside(carp. 4)

Fig.-8. chemical structure of the compound 3 and 4 from Morus alba L.

. tyrosinase
1) 2-deoxyribose
ethyl acetate 4
- quercetin-3-glucoside
compound 3 chlorogenic acid, caffeic

acid BHA .
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FTR

Inhibition ratel

comp. | comp, 2 comp. 3 comp, 4 BHA
B 1Copm O 1pom
Fig. 9. Antioxidative activitives of each

corpound isclated from Morus alba L. leaf by
2-deoxyribose oxidation method.

2) micrasare
4 microsaome
Table 3 - Quercetin-3-gluccoside  kaempferol-3-glucoside
44_.07, 36.16% , chlarogenic acid caffeic acid

27.12%  4.62%
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Table 4. Inhibitory effects of each compound isolated from Morus alba L. on
enzymatically ADP/ NADPH/ EDTA/Fei+ induced lipid peroxidation in rat liver

microsaomes
Campounds Inhibition(%)
Chlorogenic acid 27.12
Caffeic acid 4.62
Quercetin-3-gluccside 44_.Q7
Kaempferaol-3-glucoside 36.16
BHA 62.46

Each experiment was performed in duplicate.
Lipid peroxidation was expressed as % inhibition of VDA(malondialdehyde) production
The cancentration of all compounds used was 10 ppm

Butylated hydroxyanisole(BHA) was used as a positive reference

3) Tyrasinase

Tyrosinase  tyrosine L-DCPA (L-dihydroxy- phenylalanine) ,
dopaquinane , quinane
quinane
melanin - kojic acid, arbutin, L-ascorhic acid
melanostatin
- 4
tyrosinase Table 5 . Caffeic acid,

quercetin-3-gluccside, Kaempferol-3-glucoside
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chlorogenic acid 20.76%  tyrcsinase - Kojic acid
ascorbic acid tyrosinase

chlarogenic acid ethyl acetate

Table 5. Inhibitory effects of each compound isolated from Morus alba L.
against caommercially available mushroom tyrosinase

Campounds Tyrosinase inhibitory activity(%)
Chlorogenic acid 20.76
Caffeic acid NE
Quercetin-3-glucoside NE
Kaempferal-3-gluccside NE
Kojic acid 78.42
Ascorhbic acid 18.12

The final concentration of all compounds tested was 0.16 mg/mL
Kajic acid and L-ascorbic acid were used as positive references
Each experiment was performed in duplicate.

NE; no effect

Y
) Ames test

Arves test  Salmonella typhimurium

» calony
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frare shift type nutant TAS8 base pair exchange

type mutant  TA1CC Table 6 - plate
C.5mg 4 _0ng , calony  (histidine
revertant) , S-9 rixture

histidine revertant ,

Table 6. Mutagenicity of extractions from Morus alba L. on Salmonella
typhimurium TA 98 and TA 100

Revertants/plate
Dose - _ _ _
Samples Without S-9 mix With S-9-mix
( /plate)
TA98 TA1C00 TA98 TA100
Spaontaneaus 19+ 2 151+ 12 21+ 2 148+ 14
MeCH ex. 0.5 21+ 1 150+ 2 23+ 0 161+ 7
1.0 22+ 2 149+ 5 22+ 1 158+ 14
2.0 23t 3 174+ 11 27+ 3 163+ 7
4.0 22+ 3 161+ 9 24+ 4 171+ 8
Water ex. 0.5 18+ 3 151+ 11 20+ 3 159+ 13
1.0 20t 4 157« 7 23t 2 150+ 9
2.0 24+ 2 171+ 19 25+ 2 168+ 11
4.0 21+ 1 154+ 9 21+ 4 154+ 7
) SOS chrarotest
SCS chramatest histidine , frame shift
mutation point mutation , -
S0S chramotest Table 7 -
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NQC , IF(induction factor) 2.328 SOS

, IF -

Ares test SCS chromotest

Table 7. Mutagenicity of each extraction from Morus alba L. by SCS

chromotest
Dose B -galactosidase Alkaline phasphatase Induction
Samples Jolat factor
C/plEte) s it D45 unit
Negative 0.275 9.54 1.027 33.92 1.000
NQO 0.02 0.693 23.87 1.134 37.85 2.328
MeCH ex. 1 0.288 10.57 1.054 35.60 1.019
2.5 0.278 9.79 1.078 34.40 1.033
5 0.276 9.12 1.092 36.30 1.032
10 0.301 9.10 1.114 37.27 1.037
Water ex. 1 0.286 10.47 1.111 34.37 1.054
2.5 0.294 11.70 1.059 35.36 1.047
5 0.289 9.83 1.041 35.60 1.058
10 0.321 10.45 1.067 36.27 1.088
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2)

Table 8,9
NPD  NQO TA 98 TA 100
TA 98 53.5%, TA 100 69.4%
- TA 98 46.1%, TA 100 48.0%

NPFD  NQO ]

2-AF SO mixture TA 98 TA 100

Table 9 TA 98 81.1%, TA 100
65.7% , TA 98 44.5%, TA 100

26.4% -
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Table. 8. Antimutagenic
Morus alba L. on the mutagenecity
Salmonella typhimurium TA 98 and TA 100 without S9 mixture

effects of
induced by direct mutagen(NPD and NQC) in

methanol and water extraction from

Revertants/plate(inhibition %)

Samples

TA 98 TA 100
Spontanecus 20 2 128+ 6
NPD 800+ 31
NQO 673+ 17
MeCH ex. 374+ 19(53.5) 210+ 18(69.4)
Water ex. 429+ 25(46.1) 348+ 33(48.0)

Table. 9. Antimutagenic effects of methanol and water extraction from Morus
alba L. on the mutagenecity induced by indirect mutagen(2-aminoflucrene) in
Salmonella typhimurium TA 98 and TA 100 with S9 mixture

Revertants/plate(inhibition %)

Samples

TA 98 TA 100
Spontanecus 20 2 128+ 6
2-AF 1160+ 21 380+ 17
MeCH ex. 225+ 17(81.1) 134+ 9(65.7)
Water ex. 645+ 32(44.5) 224+ 14(26.4)
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D

4 S. typhimurium TA 98 TA 100
Ames test 4 frame shift mutant TA 98  base pair
exchange mutant TA 100 negative mutant ratic 2.0

Table 10. Mutagenicity of antioxidant compounds isclated from Morus alba L.

on Salmonella typhimurium TA 98 and TA 100

5 Revertants/plate
ose
Samples Without S-9 rix With S-9-mix
( /plate)
TA98 TA1C00 TA98 TA100
Spantanecus 17+ 2 157+ 13 22+ 3 145+ 12
Chlarogenic
id 0.5 20+ 3 153t 6 21+ 2 164+ 6
aci
1.0 21+ 4 151+ 7 21+ 3 159+ 14
2.0 24+ 2 164+ 10 26+ 3 157+ 9
4.0 21+ 2 160+ 5 25+ 1 17C+ 7
caffeic acid 0.5 19+ 2 157+ 10 24+ 4 162+ 12
1.0 21+ 3 150+ 8 25t 5 147+ 14
2.0 23t 0 168+ 12 24+ 3 168+ 10
4.0 21+ 1 176t 7 20t 2 153+ 7
Quercetin-3-
_ 0.5 17+ 4 154+ 14 21+ 3 156+ 12
gluccside
1.0 23t 2 150+ 6 22+ 5 157+ 9
2.0 19+ 3 171+ 11 26+ 3 164+ 10
4.0 20+ 0 150+ 10 27+ 2 161+ 8
Kaempferol-3-
_ 0.5 21+ 2 153+ 9 21+ 3 151+ 12
gluccside
1.0 23t 1 161+ 9 25+ 1 154+ 11
2.0 22+ 3 170+ 10 23t 2 162+ 10
4.0 19+ 2 149+ 7 26+ 3 152+ 8
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4)

4 S. typhimurium TA 98 TA 100
4-NQC  aflatoxin Bl Aves test Table 11,12
4-NQC TA 98 TA 100 chlorogenic acid

, caffeic acid , guercetin-3

—-glucoside  kaerpferol-3-glucaside -
aflatoxin BI S-9 mix
Table 12 - chlarogenic acid
TA 98 17.6%, TA 100 25_4% -
kaempferal-3-glucoside

TA 100 20. 7% -

Table 11. Antimutagenic effects of antioxidant compounds isolated from
Morus alba L. on the mutagenicity induced by 4-nitroguinclin-1-oxide
(4-NQC, 0.25 /plate) in  Salmonella typhinurium TA 98 and TA 1C0

Revertant / plate

Samples
TA 98 TA 100

Spantaneous 23+ 4 147+ 10
4-NCO 872+ 34 1529+ 49
Chlarogenic acid 706+ 13(19.6) 885+ 15(46.6)
Caffeic acid 718+ 43(18.1) 1178+ 60(25.4)
Quercetin-3-glucoside 998+ 23(-) 1605+ 27(-)
Kaerpferal-3-glucoside 883+ 26(-) 1515+ 37(1.0)
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Table 12. Antimutagenic effects of antioxidant compounds isclated from
Morus alba L. samples on the mutagenicity induced by aflatoxin Bl (AFBI1, 1
/plate) in Salmonella typhimurium TA 98 and TA 100

Revertant / plate

Sanrples
TA 98 TA 100
Spontanecus 21+ 1 144+ 7
AFB1 815+ 36 1768+ 128

Chlorogenic acid
Caffeic acid
Quercetin-3-glucoside

Kaempferol-3-gluccside

675+ 28(17.6)
749+ 24(8.3)
841+ 30(-)

763+ 22(6.5)

1356+ 71(25.4)
1414+ 62(21.8)
1745+ 63(1.4)

1432+ 58(20.7)

D
65

PCV Fig.10 )

a —tocapherol )
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Fig.10. POV of each solvent fractions from Morus alba L.
leaf on lard.

2)
100 PCV
Fig. 11 ]
3 PCV
ethyl acetate BHA a -tocopheraol

- ethyl acetate

a —tacopheral
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Fig.11. POV of each solvent fractions from Morus alba L.

leaf on soybean acil.

3) Rancimat test

rnacinat
Al(antioxidative index) - Table 13

ethyl acetate fr.(1.7), chlorofarm fr.(1.5), methanol ex.(1.4)

Al oven test
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Table 13. Antioxidative iIndex of each solvent fractions of Morus alba L.on
soybean oil

Solvent extraction Antioxidative index
MeCH ex. 1.4
CHCI3 fr. 1.5
EtCAC fr. 1.7
Water ex. 1.3
a -tocaophercl 1.5
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1.
) 2-deoxyrihbose
radical
- radical ,
radical ascorbic acid, tocopheral, paolyphenacl,
carctencid -
Fig. 14 - 10ppm Ippm
- BHA
, BHA
- ether
ether butancl -

- 75 -



=]

40

Outypen radical ecavengrg activity| %)

Crude Ether E#DAC BuOH \Water BHA

B 10ppm O 1pom

Fig. 1. Oxygen radical scavenging
activity of each solvent fractions of
Chukpa endoderm.

=]

40

Outypen radical ecavengrg activity| %)

Crude Ether E#DAC BuOH \Water BHA

B 10ppm O 1pom

Fig. 2. Cxygen radical scavenging activity
af each sclvent fracticns of Chukpa husk.
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e o

Crude Ether EDAC BuOH Water BHA

B 10pom O1pom

Fig.3. Oxygen  radical scavenging
activity of each solvent fractions of
Eungi endoderm.

ooty T )

Qiygen radical acavanging

Crsde  Ether EDAC BudH  Water  BHA

B 10ppm O 1ppm

Fig-4. Cxygen radical scavenging activity
af each solvent fractions of Eungi husk.
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) Ferric thiocyanate

, CNA
BHA, BHT -
50mg/kg/day
Linoleic acid ferric thiocyanate
SCppr, 1Cppm Fig. 5-8 -
linoleic acid »
- ether
a —tacapheral ethyl acetate, butanol,
water , .
, butanol  water
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parcaidation inhibdtion(%)
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e
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B S0eem O 10pem

Fig. 5. Antioxidative activitives of each
solvent fractions of Chukpa endoderm in
linoleic acid radel syster.
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£ 8
£ 60|
B
E 40 |
E-:::;
I:I L1
e gt e o o A
o o & e B .,:.'a\?ph
A

e

B 50ppen O 100Rm

Fig. 6. Antioxidative activitives of
each solvent fractions of Chukpa husk
in lincleic acid model syster.
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Fig. 7. Anticxicative activitives of each
solvent fractions of Eungi endoderm
in lincleic acid rodel syster.
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Fig. 8. Antioxidative activitives of
each solvent fractions of Eungi husk
in linoleic acid model syster.
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2)

) GC
, simple phencl, phenyl propancid

GC - Y
HCI aglycane ethyl acetate
N,C-bis-(trimethlsilyl)-acetamide TMS GC Fig. 9

gallic acid, ellagic acid, caffeic acid 10
retention time peak area
Table 1 -
gallic acid(431.59), ellagic acid(187.89), p-hydroxybenzoic

acid(183.29mg%) , ellagic acid(158.63rg%) ,

gallic acid(98.91mg%), protocatechuic acid(25.55mg%) -

gallic acid(254.70mg%), ellagic acid(66.74mg%), syringic

acid(31.95rg%) , ellagic acid(50.07mg%), gallic

acid(35.92), pratocatechuic acid(25.14mg) -

gallic acid ellagic acid 50%

vanillic acid -
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12

Fig. 9-B

Fig. 9. CC chraratogram of endoderm of Eungi.

A: auter peel of Eungi

B: authentic phenclic acid

1:salicylic acid  2:p-hydroxybenzcic acid 3:vanillic acid
4:-pratocatecuic acid 5:syringic acid 6:p-couraric acid 7:gallic acid
8:ferulic acid 9:caffeic acid 10:sinaric acid 11:chlorogenic acid
12:ellagic acid
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Table 1. Contents of phencolic acids in chestnut peels (mg%, dry basis)

Eungi Chukpa
Phenclic acid

Endaderm Husk Endoderm Husk
Catechol - - 27.54 1.02
Salicylic acid 18.96 1.02 25.90 2.39
z;:zdmxy benzolc 183.29 1.10 4.55 1.69
vVanillic acid 21.69 - 7.43 -
Protocatechuic acid 47.31 25.55 24.37 25.14
Syringic acid 93.49 13.39 31.95 6.62
p-coumaric acid - - - 1.62
Gallic acid 431.59 98.91 254.70 35.92
Ferulic acid - 25.38 9.94 9.78
Caffeic acid 43.39 - 3.49 4.32
Ellagic acid 187.89 158.63 66.74 58.07

) Column chromatography
sephadex LH-20 calumn 95%

, 0% DPPH

- 83 -



Fig. 10 - 7 (SE 1:1-9(test tube No.), SE2:10-14,
SE3:15-22, SE4:16-30, SE5:31-37, SE6:37-42, SE7:43-50)
Fig. 11 SE2  SE5

prep. HPLC -

100

Bl
i
40}
20

I 4 7 10131612 22 25 26 31 34 37 40 43 46 49

Antioxidative activity! %)

Fraction Mo,

Fig- 11. Electron donating activity of each fraction
isclated fram chestnut endoderm by Sepadex LH 20 calurn
chravatography -
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Electron donating activity

Fig. 12.

Al

SES  BE4  BES BBE6 5BV

Fracion
W 1000en O oo

Electron donating activity of each

subfraction isclated from chestnut endoderm by

Sepadex LH 20 calurn chraratagraphy.
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) HPLC

Column chromatography 7 CPPH SE2

SES ODS-5(20@ x 250 ) column 20% methanaol

column peak -

3
) compound 1 2
HPLC conrpound 1 w 278nm
compound 2 253nm  360nm - H I:C-NVR
Table 1 - compound 1  gallic acid, compound 2

ellagic acid -
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Table 1. H and I:C-NVR spectral data for compound 1 and 2

e Compound 1 Compound 2 H Carpound 1 Compound 2
C1 121.19 101.9 1-H 7.01(d)
c2 109.76 139.7 5-H 7.61(s)
C3 145.47 153.2 5"-H 7.45(s)
c4 138.59 154.6
c5 145.47 115.4
Cc6 109.76 117.5
c7 163.0
c1- 69.12 107.7
cz- 138.3
c3- 146.7
c4- 150.6
cs- 110.3
ce" 114.9
cr- 163.0
c1-- 144.1
cz2=" 140.3
c3" " 135.9
c4-" 140.1
cs" " 106.7
ce"" 112.9
COOH /-/ L
"
HO 7 OH
OH
Grallic seidicomp. 1) Ellagic acidicomp. 2}

Fig. 13. Chemical structure of the compound 1 and 2 isolated
from chest nut endoderm.
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4)

) Oxtgen radical

trosinase

gallic acid ellagic acid radical
Fig.-14 - Gallic acid, ellagic acid radical
BHA a —tacapherol
- GC
100
#
E 80
&
£ 60
el
5 40
8
=]
2 20
=
&
& 0
ﬂﬁ_zggi _¢;2;J: fﬁﬂk ﬁgfﬁﬁﬁ
G},E'l\‘“. %}\,&Q’_ f".,' OC\J
B 10pppm O 1 ppm
Fig. 14. Oxygen radical scavenging activity of
antioxidant compounds isclated from chestnut
endoderm.
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)
1,1-diphenyl-2-picrylhyrazyl (CPPH)

ellagic acid

Fig. 15

gallic acid

- 2-deoxyribose oxidation

radical

, 10ppr

gallic scid

gallic acid, ellagic acid

gallic acid

ellagic acid
BHA o -tocopheracl

ellagic acid

100

a0

40

20

Electron donating activity(%)

-

) {-}?\u’
; t}x?k

QLC}'&’ c®
‘\:': wer

o

B 1 00ppm O 10ppm

Fig. 15. Electron donating activity of antioxidant

compounds isolated from chestnut endoderm.
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) rancirat test

gallic acid ellgic acid Rancimat
Al(antioxidative index, /
)] . Table 3 lard gallic acid ellagic acid
Al 1.7 2.1 ellagic acid a -tocaophercl
Al gallic

acid ellagic acid

Table 3. Antioxidative iIndex of antioxidant compounds isclated from chest

nut endoderm

Antioxidative index(Al)

campounds
Lard Saya bean oil
Gallic acid 1.7 1.4
Ellagic acid 2.1 1.9
BHA 2.3 2.2
a -tocaophercl 1.7 1.5
) Peroxide value
100 48 POV . cantral
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PCV  140mea/kg

—tacopheral (45req/kg)

—taocapheral

50%

gallic acid ellagic acid

Fig. 17

- 91 -

16req/kg, 18meg/kg

BHA(12reaskg),

BHA, ellagic acid, gallic acid, a

- 48

PQV
gallic acid

ellagic

ellagic
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40
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0 1 2

el days]
—e— Conirol —8— Tocoperol  —k— Gallic acid

- EHA —#%— Ellagic acig —e—

Fig. 16. POV of each compounds isolated from
chestnut endoderm on lard during storage at 100
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POV{mea/ka)

0

—— Control

—— BHA, —m Ellapic acid

Fig. 17. POV of each compounds isolated from chestnut

1
Tirme(deays)

—a— Tocoperol

L]

—— (Gallic acid

endoderm on soybean oil during storage at 100 .

D) microsame
microsaome
gallic acid ellagic acid

ellagic acid 53.11%

- 03 -

gallic acid

BHA

57.06%,



Table 4.

Inhibitory effects of each compound

isclated from chest nut

endoderm on enzymatically ADP/ NADPH/ EDTA/Fei+ induced lipid peroxidation

in rat liver microsomes

Campounds Inhibition(%)
Gallic acid 27.12
Ellagic acid 4.62
BHA €2.46

) Tyrosinase

Tyrosinase  tyrosine
dopaquinane
quinane
melanin
5 - gallic acid

ascorbic acid

L-DOPA (L-dihydroxy- phenylalanine)

2 tyrosinase

41.73%, ellagic acid

- 94 -

27.95%

quinone

tyrosinase

Table



Table 5. Inhibitory effects of each compound isclated from chest nut endoderm
against caommercially available mushroom tyrosinase

Campounds Tyrosinase inhibitory activity(%)
Gallic acid 41.73
Ellagic acid 27.95
Kojic acid 78.42
Ascorhbic acid 18.12

The final concentration of all compounds tested was 0.16 mg/mL
Kajic acid and L-ascorbic acid were used as positive references
Each experiment was performed in duplicate.

NE; no effect

5
)
Ares test  Salmonella typhimuriur
» calony .

frare shift type nutant TAG8 hase pair exchange type

mutant  TA100 Table 6 - plate (C.5mg
4_0mg , calony (histidine
revertant) , S-9 rixture

histidine revertant
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Table 6. Mutagenicity of each extraction from chest nut endoderm on

Salmonella typhimurium TA 98 and TA 100

Revertants/plate
Dose - _ _ _
Samples Without S-9 mix With S-9-mix
( /plate)
TAG8 TA100 TAS8 TA100
~ Spontanecus 21+ 4 147+ 12 23+ 3 156+ 11
MeCH ex. a.5 22+ 3 153+ 7 24+ 2 169+ 13
1.0 24+ 2 162+ 9 23+ 0 174+ 15
2.0 24+ 3 154+ 11 26+ 2 168+ 9
4.0 24+ 4 167+ 8 25+ 3 178+ 12
Acetane ex. c.5 19+ 3 147+ 10 19+ 4 155+ 12
1.0 21+ 4 153+ 6 24+ 2 163+ 9
2.0 22+ 3 162+ 10 26+ 3 172+ 13
4.0 22+ 2 158+ 7 27+ 2 169+
Water ex. a.5 22+ 1 148+ 7 26+ 4 159+
1.0 23+ 4 143+ 9 24+ 7 158+ 12
2.0 23t 2 156+ 7 23+ 2 163+ 19
4.0 21+ 3 162+ 12 28+ 5 161+ 13
)
, Table 7,8
NPD  NQC TA 88 TA 100
TA 98 70.5%, TA 100 65.1%
TA 98 65.4%, TA 100 58.1% .
TA 98 47.5%, TA 100 42 0%
. NPD  NQC
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2-AF  S9 mixture TA 98 TA 100
Table 8 TA 98 85.3%, TA 100
76.3% TA 98 69.3%, TA 100 47 1%

TA 98 43.4%, TA 100 39.1%

Table. 7. Antimutagenic effects of each solvent extractions from chest nut
endoderm on the mutagenecity induced by indirect mutagen(2-amincfluorene) in
Salmonella typhimurium TAG8 and TA 100 without S9 mixture

Revertants/plate(inhibition %)

Samples

TA 98 TA 100
Spontanecus 20 2 139+ 5
NQO 956+ 21 1210+ 12
MeCH ex. 123+ 7(70.5) 172+ 9(65.1)
Acetare ex. 63+ 5(65.4) 151+ 6(58.1)
Water ex 417+ 13(47.5) 203+ 11(42.0)
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Table. 8. Antimutagenic effects of each solvent extractions from chest nut
endoderm on the mutagenecity induced by indirect mutagen(2-amincfluorene) in
Salmonella typhimurium TAS8 and TA 100 with SO mixture

Revertants/plate(inhibition %)

Samples
TA 98 TA 100
Spontanecus 20 2 139+ 5
2-AF 820+ 21 324+ 12
MeCH ex. 123+ 9(85.3) 196+ 11(76.3)
Acetane ex. 190+ 11(69-3) 262+ 20(47.1)
Water ex 564+ 14(43.4) 287+ 17(39.1)
1) In vivo
)
1 ipoxygenase
malondialdehyde(MDA)
- MDA
bramcbenzene i
MDA bramobenzene
- MDA

- 98 -



Table 9. Malondialdehyde contents in liver of rats fed chestnut extract

and powder

Group MCA content
Cantrol 3.545+ 0.32
A 3.964+ 1.70
CEA 2.219+ 1.72
CFA 2.979%t 0.%4
B 4.215+ 1.86
CEB 3.256+ 1.13
CFB 3.050+ C.81

All values are mean = SD

Means with different superscripts are significantly different at p<0.05 by Fisher®s LSD
test

ns:not significant, A: pre-treatment control, B: post-treatment control,

CE: chestnut skin extract, CF: chestnut skin powder

) Total glutathione

Glutathione glutathicne peroxidase glutathione(GSH)
glutathione(GSSG) free radical
glutathione canjugation epoxide  mercapturic acid
- brarobenzene
glutathione -
bromcbenzene 2
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Table 10. CGlutathion contents in liver and kidney of rats fed chestnut

extract and powder (u moles/min)
Group liver kidney
Control 7.076x 2.06* 7.21+ 1.43ns
A 7.780t 3.36*ns 6.638+ 2.17
CEA 5.276+ 4.19 5.885+ 1.69
CFA 13.254+ 0.84b 3.468+ 1.44b
B 16.477+ 3.57*c 9.448+ 1.67
CEB 15.728+ 4.30c 8.282+ 1.47
CFB 16.283+ 1.96c 5.783+ 0.89d*

All values are mean = SD

Means with different superscripts are significantly different at p<0.05 by Fisher®s LSD
test

ns:not significant, A: pre-treatment control, B: post-treatment control,

CE: chestnut skin extract, CF: chestnut skin powder

) CGlutathione peroxidase
Glutathione peroxidase
glutathione hydrogen peroxide

selenium . bramobenzene

bromobenzene

bromobenzene .

glutathione peroxidase -
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Table 11. CGlutathion peroxidase activity in liver and kidneyof rats fed

chestnut extract and powder (u moles/mg protein/min)

Group liver kidney

Control 11.105+ 1.%94ns 1.446+ 0.39*

A 9.722+ 3.04 2.461+ 0.65*ns

CEA 7.402+ 3.86 1.907+ 0.30*

CFA 20.468+ 3.09 3.582+ 1.24

B 6.620+ 2.72 4.03%t 0.38

CEB 7.551+ Q.76 4.806x 1.60*

CFB 9.040+ 3.23 7.363t 3.70

All values are mean = SD

Means with different superscripts are significantly different at p<0.05 by Fisher®s LSD
test

ns:not significant, A: pre-treatment control, B: post-treatment control,

CE: chestnut skin extract, CF: chestnut skin powder

) CGlutathione-s-transferase
Clutathione-s-transferase  glutathiane canjugation

. bromobenzene

bromobenzene

glutathione-s-transferase
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Table 12_ Glutathion-s-transferase activity in liver and kidney of rats fed

chestnut extract and powder (n moles/mg protein/min)
Group liver kidney
Control 735.252+ 13.95* 8.969+ 2.82ns
A 499.130+ 28.51a 14.285+ 4.01
CEA 291.498+ 51.50b 7.360+ 0.59
CFA 343.063+ 25.87b 24936+ 12.11*
B 551.621+ 26.94c 14.68C+ 2.58*ns
CEB 323.916+ 15.34d 19.145+ 9.06
CFB 331.866+ 22.68d 32.004+ 22.56*

All values are mean = SD

Means with different superscripts are significantly different at p<0.05 by Fisher®s LSD
test

ns:not significant, A: pre-treatment control, B: post-treatment control,

CE: chestnut skin extract, CF: chestnut skin powder

) Cytochrome p-450

Cytochrame p-450 cytochrome b5  NADPH ~ NADP , ,

- cytocchrame p-450  cytochrome b5
NADPH cytochrame p-450
cytochrame b5 - cytochrame p-450

cytochrome b5 NADPH
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Table 13. Effect of chestnut on the liver microsomal cytochrome P-450,
cytochrome b5 and NADPH Cytochrome reductase(u moles/mg protein)

Group Cytachrome p-450 cytachrame b5 NADPH Cytochrame reductase
Control 14.932+ 7.18* 2.76%+ 1.31* 5.830+ 3.87ns
A 6.23%+ 5.87ns 2.408t 1.53*a 5.074+ 2.94
CEA 5.069+ 1.99 2.354+ 0.65*a 7.093t 7.25
CFA 4.204+ 2.77 2.777« 1.24a 2.20+ 0.58a
B 4_.363+ 2.95ns 1.550+ 0.68ns 3.477« 3.12ns
CEB 3.279+ 1.25 1.792+ 0.51* 7.926+ 7.48
CFB 2.064+ 0.82 1.548+ 0.20 2.360+ 0.28

All values are mean = SD

Means with different superscripts are significantly different at p<0.05 by Fisher®s LSD
test

ns:not significant, A: pre-treatment control, B: post-treatment control,
CE: chestnut skin extract, CF: chestnut skin powder

) Superoxide dismutase
Superoxide dismutase(SCD)  superoxide anion radical

. bromobenzene

bromobenzene

- Supercoxide dismutase
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Table 14. Superoxide dismutase activity in liver and kidney of rats fed

chestnut extract and powder (u moles/mg protein/min)
Group liver kidney
Control 15.348+ 1.28* 8.014+ 1.11*
A 12.609t 1.28*ns 12.80+ 0.31*ns
CEA 10.933+ 3.30* 6.674+ 1.88*
CFA 6.674+ 1.88 15.394+ 0.66
B 18.020+ 4.17 16.512+ 0.50*c
CEB 12.218+ 1.86*c 11.024+ 0.56*c
CFB 11.024+ 0.56 15.213+ 0.60c

All values are mean = SD

Means with different superscripts are significantly different at p<0.05 by Fisher®s LSD
test

ns:not significant, A: pre-treatment control, B: post-treatment control,

CE: chestnut skin extract, CF: chestnut skin powder

) Cholesteral
Chollesteral

(myelin sheath)

. cholesterol braomobenzene
bromobenzene
. cholesteral

cholesteral .
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Table 15. Cholesteraol level in blood and liver of rats fed chestnut extract

and powder
Group plasma(mg/100ml serum) liver(rg/g tissue)
Control 126.391+ 31.58* 16.11+ 4.44ns
A 129.484+ 30.49*a 17.559+ 3.21
CEA 127535+ 32.53*a 16.783+ 1.09
CFA 98.350+ 17.32*b 14.944+ 1.27
B 217.113+ 65.83c 17.616+ 1.78
CEB 132.247+ 15.14*d 17.371+ 0.97
CFB 102.474+ 18.63*d 15.100+ 2.53

All values are mean = SD

Means with different superscripts are significantly different at p<0.05 by Fisher®s LSD
test

ns:not significant, A: pre-treatment control, B: post-treatment control,

CE: chestnut skin extract, CF: chestnut skin powder

) Triglyceride

Triglyceride

bromobenzene

bromobenzene .

bromobenzene
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Table 16. Triglyceride contents in blood and
extract and powder

liver of rats fed chestnut

Group plasma(mg/100ml serum) liver(rg/g tissue)
Control 82.514+ 6.93* 17.031+ 4.77*
A 101.336+ 13.40*ns 16.543+ 1.29*a
CEA 104.224+ 14.62* 13.684+ 1.52b
CFA 85.166+ 17.74* 11.461+ 0.91b
B 159.351+ 20.12c 14.688+ 1.46*c
CEB 118.092+ 16.13d 11.156+ 1.31d
CFB 113.359+ 13.45d 11.893+ 0.74d

All values are mean = SD

Means with different superscripts are significantly different at p<0.05 by Fisher®s LSD

test

ns:nct significant,
CE: chestnut skin extract,

) HOL

HDL cholesterol

cholesteral

ester

HDL

bromobenzene

bromobenzene

A: pre-treatment control,
CF: chestnut skin powder

ester

bromobenzene
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Table 17. High density lipoprotein contents in blood and liver of rats
fed chestnut extract and powder

Group plasma(mg/100ml serum)
Control 95.606+ 12.17
A 108.636+ 30.84a
CEA 119.834+ 24 _47a
CFA 109.772+ 41.60
B 87.190+ 13.44ns
CEB 87.777+ 15.81
CFB 97.603+ 36.19

All values are mean = SD

Means with different superscripts are significantly different at p<0.05 by Fisher®s LSD
test

ns:not significant, A: pre-treatment control, B: post-treatment control,

CE: chestnut skin extract, CF: chestnut skin powder

D

bromobenzene

. brorobenzene
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Fig. 18. Microscopic photographs of the liver tissue of
chestnut endodermel ethyl acetate extract diet rat.

A : Bromobenzene injection befaore feeding

B : Bromobenzene injection after feeding
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Fig. 19. Microscopic photographs of the liver tissue of
chestnut endoderm powder diet rat.
A : Bromobenzene injection before feeding

B : Bromobenzene injection after feeding
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Radicial scavengmp ackiviby] %)

e vl weater

HiHA ;
e lon e

ethanol

HO&H

D

Fig. 20. Oxygen radical scaveging activities of solvent
extracts from chestnut endoderm by 2-doxyribose oxidation
method(10ppm).

HD 120 : hcot ailr drying at 120 , HD 60 : hot air drying at 60

HD 80 : hot air drying at 80 , ID 80 : infrared drying at &C
FD : freeze drying

) Peroxide value

(0]

0.2% 60 , 120 500ppM
POV Fig. 21,22 ;
3, 6, 9, 15, 20 POV 15meq/ N .H.RP(80%

) 4, 25, 59, 65, 75meq/
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, W.H.RP( 80
- A_H.RP(70% 80
115meq/

POV W_H_.RP

tocopheral
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8, 37, 46, 68 85meq/

)

3 13veq/
1, 2, 3
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POY{mealkg)

i1 3 4] 9 12 15 18 21
Tire {days)
——M HRPF —8—WHRP —X-AHRP

—o—0 —Tea —{—=Conitral

Fig. 21. Change of peroxide values during the storage of
lard containing chestnu endoderm sclvent exstracts at 60 .
F_F_RF(ECY% etrarcl extrect rcestirg preccessess efter ket eir cryirg et €C )
A _RF(7C% ecetcre extrect rcestirg prccessess efter ket eir cryirg et €C )
V.F_RF(Fct weter extracts rcestirg prccessess efter ket eir cryirg et &C )
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100

POVimeqkg)

Time (days)
—-— W H.RP —i— M _H.RFP =¥ =A.H.RF
—&—a -Tco == Control

Fig. 22. Change of peroxide values during the storage of
soybean oil containing chestnut endoderm solvent exstracts

at 120 .

F_F_RF(ECY% etrarcl extract rcestirg prccessess efter et eir cryirg et €C )
A+ _RF(7C% ecetcre extrect rcestirg prccessess efter ket eir cryirg et €C )
V.F_FF(Fct weter extrects rcestirg prccessess efter ket eir cryirg st €C )

) Rancimat test
70%
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Fig. 23

- Al(Antioxidative index)

- 500ppm, 100Cppm

H.RP(Hot drying at 80 Roasting processess) Al
Fig. 24 ]
70% H.RP(80 )
—tacaophercl, Vit-C,cCitric acid Al
citric acid Al 1.2, 2, 1.5
a -tacaopherol Al 2.78
citric acid Al 1.8 2
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Antioxidative index(Al)

11kl

a-TC HN2O HDED 1020 HDED FD HRP

B 10000om 0 500ppm

Fig. 23. Induction periods of acetone extracts from
chestnut endoderm in lard.

HD 120 : hot air drying at 120 ,HD 60 : hot air drying at
60 , HD 80 hot air drying at 80 , ID 80 : infrared drying

at 80 , FD : freeze cryirg - F.RP - efter rcestirg prccesses Fct
elr cryirg et &C
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Anticxidative index(Al)

U‘Ill‘”

a-Ic HRAF ¥t  Gilric a +HRAF VHH R GHARP

Fig. 24. Synergistic effect of acetone extracts with
several synergists.

HD 120 : hot air drying at 120 ,HD 60 : hot air drying at

60 , HD 8 hot air drying at 80 , ID 80 : infrared drying
at 80 , FD : freeze cryirg - F.FP - efter rcestirg grccesses rct
elr cryirg et &C
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n-hexane MeCH

electron donation activity, saoybean lipoxygenase(SLC) inhibitory activity,

rancimat test - SLG 98%
, 2.1, 1.7 Al
Table 1. Antioxidative activity of Paeonia lactiflora seeds
Antioxidative test Antioxidative activity
Electron donating activity(%) 46
Lipoxygenase inhibitary activity(%) a8
Antioxidative index(Al) in lard 2.1
Antioxidative index(Al) in soya bean oil 1.7
D
lipoxygenase
- , n-hexane MeCH
- 80%
n-hexane -

ether, ethyl acetate n-butancl
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2) Calumn chramatography
Et0 (7.29) silica gel column CHCIZ:MeCH(5:1)

Sepadex LH 20 callumn

prep. HPLC -(Fig- 1)
3) HPLC
Column chraratography SLO (Uvmax A =225, 250
and 336nm) preparative HPLC . - HPLC

; Column, Novapak CI8 (2cm x 25cm x 2 catridge); solvent, 50% NMeCH

containing 0.1% TFA; flow rate, 5.0mL/min; WV detector, 340nm.
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Paeonia lactiflora seeds (600g)
‘ extracted with n-hexane(20 x 3, 2hr) under reflux

v v

Hexane ext. Residue
(4.59) ¢ extracted with MeCH(3t x 3, 2hr) under reflux
MeOH ext.

solubilized in 80% aquecus MeCH, & added n-hexane

; }

80% aqueous MeOH layer n-Hexane layer(1.19)
partitioned with ether, ethyl acetate and n-butancl, stepwise
|
v v v
EtZ0 fr. EtOAc fr. n-BuOH fr. D-Hz0 fr.

(7-29)

\

Silica gel C. C.
i eluted with CHCI:-MeCH(5:1, w/v), as increasing with MeCH

Sephadex LH-20 C. C.
L eluted with MeCH

Preparative HPLC
Column, Nova-pak CI¢; gradient elution(40% MeOH — 100% MeCH);
i flow rate, 5SmL/min; detection, 300nm

UV, IR, H-/1:C-NMR & MS spectrometry

\ ‘
TDF lIuteolin trans-resveratrol € -viniferin
(7.5mg) (18.3mg) (376.3mg) (245.2mg)

Fig. 1. Isolation and purification of Paeonia lactiflora seeds.
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1) Compound 1 2

Campound 1 W 253nm, 349nm , EI-NS(n/2)
286 H-NMR  I:C-NVR  data carpound 1
5,7,3” ,4” -tetrahydroxyflavane(luteclin) - Compound 2 278nm, 342nm
, EI-NS(/2) 286 H-NVR
IC-\MR  data compound 2 5,7, ,4” —trihydroxy-3"-rethoxyflavane

Compound 1 compound 2 Uv, IR MS, H-NVR  I:C-NVR data Table 2 -
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Table 2. W, IR, NMR and EI-MS spectral data of Luteolin and TDF isclated from

Paeonia lactifloa seeds

Instrumental
) Luteolin TDF*
analysis
UVAnex nm
Cloge ) 253 (4.13), 349 (4.17) 278 (4.12), 342 (4.07)

IRvnex (cm-1)

JH-NMR

-0CH3
-0CH3
JTC-NVR

-0CH3
-0CH3

EI-NS (1/2)

3421 (CH), 2927, 2853, 1680 (C=0),

1629, 1453, 1203

6.69 (1H, s, H-3)
6.22 (1H, d, J=2.0 Hz, H-6)
6.47 (1H, d, J=2.0 Hz, H-8)

6.92 (1H, d, J=8.8 Hz, H-57)
7.44 (IH, dd, J=2.0 & 8.8 Hz, H-6")
7.59 (1H, d, J=2.0 Hz, H-27)

166.32 (C-2)
103.92 (C-3)
183.92 (C-4)
163.34 (C-5)
100.15 (C-6)
166.02 (C-7)
94.94 (C-8)

159.48 (C-9)
105.37 (C-10)
123.75 (C-17)
114.16 (C-2%)
147.02 (C-3%)
150.93 (C-4%)
116.84 (C-5)
120.37 (C-6%)

286 [W4], 270, 242

3423 (CH), 2929, 2876, 1682 (C=0),
1612, 1449, 1211

6.67 (1H, s, H-3)
6.28 (IH, s, H-8)

6.96 (1H, d, J=8.8 Hz, H-5%)

7.56 (1H, d, J=2.0 Hz, H-2%)

7.60 (1H, dd, J=2.0 & 8.8 Hz, H-6")
3.97 (3H, )

3.94 (3H, 9)

166.05 (C-2)
104.37 (C-3)
184.39 (C-4)
151.89 (C-5)
131.23 (C-6)
156.64 (C-7)
91.41 (C-8)
148.46 (C-9)
105.61 (C-10)
122.63 (C-17)
112.42 (C-2%)
148.22 (C-3%)
150.24 (C-4%)
116.12 (C-5)
119.02 (C-6%)
56.61

55.77

330 [W], 314, 286
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2) Caompound 3 4

Corpound 3 w 219nr, 308nm, 320nm ,
EI-MS(n/2) 228 H-NWVR  I:C-NVR  data caompound
3 trans-3,5,4-trihydroxystilbene(resveratral) - Corpound 4  218nm,
312nr, 324nm , EI-MS(n/z2) 454
H-NVR  XC-NMR data campound 4 5,4"-dihydroxy-7,3"-dimethoxyflavcne

Compound 3 4 UV, IR VS, H-NVR  XZC-NMR data Table 3 -
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Table 3. UV.

IR.

NVR and EI-MS spectral

data of trans-resveratrol and ¢

-viniferin isclated from Paecnia lactiflora seeds

Instrumental

analysis

trans-Resveratrol

€ -Viniferin

UVAnex nm(loge )
IRvnex (cm-1)
JH-NVR

JT:C-\VR

EI-NS (1/2)

219 (4.28), 308 (4.02), 320 218 (4.52), 312 (4.40), 324 (4.48)

(3.3%) 3230, 1594, 1510, 1440, 1,002, 964

3200-3300, 1589, 1507, 1150, 966  7.19 (2H, d, J=8.5 Hz, H-2 & 6)

6.43 (1H, d, J=2.5 Hz, H-2) 6.83 (2H, d, J=8.5 Hz, H-3 & 5)

6.14 (1H, t, J=2.5 Hz, H-4) 5.41 (IH, d, J=5.5 Hz, H-7)

6.43 (1H, d, J=2.5 Hz, H-6) 4.47 (IH, d, J=5.5 Hz, H-8)

7.33 (1H, d, J=6.5 Hz, H-2") 6.32 (2H, d, J=2.0 Hz, H-10 & 14)

7.33 (1H, d, J=6.5 Hz, H-67) 6.29 (1H, t, J=2.0 Hz, H-12)

6.75 (1H, d, J=6.5 Hz, H-3%) 7.15 (2H, d, J=8.5 Hz, H-2" & 67)

6.75 (1H, d, J=6.5 Hz, H-5%) 6.75 (2H, d, J=8.5 Hz, H-3" & 57)

6.79 (1H, d, J=16.5 Hz, Ha ) 6.91 (IH, d, J=16.5 Hz, H-7")

6.94 (1H, d, J=16.5 Hz, HB ) 6.71 (1H, d, J=16.5 Hz, H-87)
6.24 (1H, d, J=1.0 Hz, H-127)
6.03 (1H, d, J=1.0 Hz, H-14")
133.69 (C-1)

141.31 (C-1) 127.93 (C-2 & 6)

105.76 (C-2) 116.27 (C-3 & 5)

159.37 (C-3) 158.27 (C-4 & C-4")

102.64 (C-4) 94.13 (C-7)

159.37 (C-5) 57.01 (C-8)

108.20 (C-6) 147.17 (C-9)

127.02 (Ca ) 106.90 (C-10 & 14)

130.42 (CB ) 159.83 (C-11 & 13)

131.40 (C-17) 101.76 (C-12)

129.38 (C-2%) 129.87 (C-1%)

115.84 (C-3%) 128.72 (C-2" & 6%)

158.37 (C-4%)
116.48 (C-57)
128.79 (C-6")

228 V4], 181

, 114

116.27 (C-3" & 5%)

130.88 (C-77)

126.12 (C-8%)

137.18 (C-9%)

120.03 (C-107)

162.56 (C-11)

96.53 (C-127)

159.51 (C-13)

106.72 (C-14)

454 [WH], 438, 360, 342, 256, 239
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; 0OH
g | OH
Hi-. o .
= Y o o
[ -
T
HO o

HO
5,7,3” ,4”-tetrahydroxyflavaone 5,7, ,4” -trihydroxy-3=-methoxyflavone
(lutealin) (caomp. 1) (comp. 2)

HO - H\‘\-\_\__-""

/\\ _
\\ ff " HO

trans-Resveratrol (comp, 3)

g=Viniferin{comp. 4)

OH

Fig. 2. Chemical structure of antioxidant compounds isclated from

Paeonia lactiflora seeds.
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) tyrasinase

1) linoleic acid
4 lincleic acid
water-alcohol erulsion system - C
0.3 )} luteclin
o -tocophercl  BHA BHA

Table 4. Antioxidative index of antioxidant compounds isolated from Paeonia

lactiflora
Campound Atioxidative Index
5,7,3° ,4"-Tetrahydroxyflavane(luteclin) 15
5,7,4"-Trihydroxy-3"-methoxyflavone 22
5,4"-Cihydroxy-7,3"-dimethoxyflavone 24
trans-3,5,4"-Trihydroxystilbene(resveratral) 20
BHA 27
o -Tacopheroal 18
2) micrasare
micraosome 4
. 25, 50, 100 4 a -tacaopheral
, luteclin  resveratrol 100mM 100%
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Table 5. Inhibition effects of lipid peroxidation of eantioxidant compounds

isclated from Paecnia lactiflora in rat liver microsome

compounds Inhibition(%)
250 M 50u M 100u M
5,7,3° ,4"-Tetrahydroxyflavone(lutealin) 65 85 98
5,7,4"-Trihydroxy-3"-methoxyflavone 46 68 87
5,47 -Dihydroxy-7,3"-dimethoxyflavone 45 71 89
trans-3,5,4"-Trihydroxystilbene(resveratral) 67 89 99
a -Tacaopheral 8 11 28
3) Soybean lipoxygenase
Lipoxygenase(EC 1.13.11.12) cis,cis-1,4-pentadiene
hydroperaoxide -
» saybean lipoxygenase(SBL)
- , 5-lipoxygenase(5-LC)
5-hydraoperoxy-6,8,11,14-eicosatetraencic acid ,
leukatrienes - leukotrienes ,
SLO Table 6 -
€ —-viniferin 1CX( 0.81py M , T1DF
trans-resveratrol 1.24u M, 1.02u M 1CX( SLO NDGA
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Table 6. Inhibitory effects of antioxidant compounds isclated from Paeonia
lactiflora seeds on a soybean lipoxygenase (SBL)

Camrpound SBL inhibitory activity (ICX, p M)*
TDF 1.24
Luteclin 10.23
trans-Resveratral 1.02
€ -Viniferin c.a1
NDGA 0.57

*ICE0 vallue, the concentration of sample causing 50% inhibition of SBL activity, was
calculated by linear regression analysis

TOF; 5,6,4"-trihydroxy-7,3"-dimethaxyflavone

NDGA, nordihydroguaiaretic acid, was used as a reference campound.

4) Tyrosinase

polyphenal oxidase(PPO; C-diphencl; C2

oxidoreductase, EC 1.14.18.1) polyphenclase
tyrosinase - Tyrcsinase tyrosine L-DCPA(L-dihydroxy-
phenylalanine) , dopaquinane ,
quinane quinane
melanin - , tyrosinase
melanin - tyrosinase

kojic acid, arbutin, L-ascorbic acid

melanostatin
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tyrosinase Table 7 -
Table 7 4 mushrocom tyrosinase

trans-resveratral 2.35%

Table 7. Inhibitory effects of antioxidant compounds isolated from Paeonia
lactiflora seeds against commercially available mushroom tyrosinase

Compounds Inhibition(%)
TDF* NE
Luteclin NE
trans-Resveratral 2.35
€ -Viniferin NE
Kojic acid 78.42
L-Ascaorbic acid 18.12

The final concentration of all compounds tested was C.16 mg/mL
Kajic acid and L-ascorbic acid were used as positive references
Each experiment was performed in duplicate.

TOF; 5,6,4"-trihydroxy-7,3"-dimethaxyflavone

NE; no effect
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kY

) Ames test
frare shift type mutant TAG8 base pair exchange type mutant
TA1C0 Table 8 - plate  Q0.5ng
4_0rg , calany  (histidine revertant)
, S-9 mixture histidine
revertant »
Table 8. Mutagenicity of methanol extract from Paeonia lactiflora on

Salmonella typhimurium TA 98 and TA 100

5 Revertants/plate
ose . . .
Samples i Without S-9 rix With S-9-mix
ate
¢ 7p ) TA98 TA1C00 TA98 TA100
Spantanecus 18+ 2 164+ 12 22+ 2 158+ 14
MeCH ex. 0.5 22+ 1 161+t 5 21+ 1 164+ 5
1.0 21+ 3 157« 7 24+ 3 159+ 13
2.0 19+ 2 172+ 11 26+ 4 164+ 8
4.0 22+ 2 169+ 3 23t 3 173+ 9
) SOS chramrotest
SOS chramotest Table 9
- NQC , IF(induction factor) 2.432 SCS
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IF , IF
. Ames test SGS chraro

test -

Table 9. Mutagenicity of methanol extract from Paeonia lactiflora by SOS

chromotest
Dose B -galactosidase Alkaline phasphatase Induction
Samples
( /plate) D45 unit D45 unit factor
Negative 0.268 9.45 1.018 33.64 1.000
NQO 0.02 0.686 23.66 1.129 37.25 2.432
MeCH ex. 1 0.283 10.10 1.046 36.58 1.016
2.5 0.287 10.74 1.088 35.55 1.045
5 0.291 9.33 1.076 37.90 1.028
10 0.302 9.46 1.109 37.30 1.027
2)
Table 10, 11
- NPFD  NQC TA 98 TA 100
TA 98 62.85%, TA 100 53.27%
NPD  NQC
2-AF  S9 mixture TA 88 TA 100
Table 11 TA 98 87.66%, TA 1C0
78 .93% -
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Table. 10. Antimutagenic effects of methancl extract from Paeonia
lactiflora on the mutagenecity induced by direct mutagen(NPD and NQO) in
Salmonella typhimurium TA 98 and TA 100 without SO mixture.

Revertants/plate(inhibition %)

Samples
TA 98 TA 100
Spontanecus 20 2 128+ 6
NPD 800+ 31
NQO 673+ 17
MeCH ex. 305+ 19(62.85) 389+ 16(53.27)

Table. 11. Antimutagenic effects of methanol extract from Paeonia
lactiflora on the mutagenecity induced by indirect mutagen(2-aminoflucrene)
in Salmonella typhimurium TA 98 and TA 100 with S9 mixture.

Revertants/plate(inhibition %)

Samples
TA 98 TA 100
Spontanecus 20 2 128+ 6
2-AF 1160+ 21 380+ 17
MeCH ex. 156+ 19(87.66) 189+ 7(78.93)
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, 80 8 2 DPPH radical
Table 1 . 22_8%
, 10.2%, 8.0%, 5.0%
- - DPPH radical

43.7% , 41.2%  37.8%

Table 1. DPPH radical scavenging activities by extraction solvents

Solvents Yield(%) DPPH radical scavenging(%)
Methanal 10.2 43.7
Ethanol 8.0 41.2
Dichlorarethane 2.8 32.5
Acetone 5.0 37.8
Water 22.8 0.0
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. Linoleic acid

Fig. 1 -

a —tocopherol
’ BHA - Hydroxyl

radical Fig. 2 -

—tocopherol , BHA .
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Fig. 1. Antioxidative activities of each solvent fractions

of Humulus japonucus in linoleic acid model system. (1ppm)
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Fig. 2. Hydroxyl radical scavenging activities of each
solvent fractions of Humulus japonucus.

1) Amberlite XAD-2 cclumn chromatography

Amberlite XAD-2 column chromatography

1,000mg Amberlite XAD-2 column  loading
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111.3mg, 50% 473.3mg,

fraction 90%

100
£ @
=
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=
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0
Fig. 3.

Amberlite XAD-2 column chromatography

linoleic acid

50% MeCH fraction

149.4mg, 30.6mg

Water SEMeH MelH

Aceton

Antioxidative activities of each fractions by

model system.

2) Preparative-HPLC

in

linocleic acid

50% MeCH fraction

50% MeOH fraction

0ODS-5 calurn(8x 250mm)
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0. 1%TFA MeCH 60 gradient , W detectar 365nm
- 4 column(u -Bondapak CI€, 3.9x 300mm)

peak .

1) Compound 2

campound 2 UV spectrum

A max 271, 334nm flavonoid A B Spectrum
, shift reagent NaCOMe , 280, 326, 39%5nm, AICI: , 277,
305, 347, 387nr, AICIZ/HCI , 278, 303, 342, 383nm, NaCAc , 271, 302,
340nr, NaCAc/HBO: , 270, 300, 342nm shift , LC-NS n/z
431(V-1) 432 .
JH-NVR spectrum proton signal 6 6 8 ppr , 0 6.26 singlet
flavoncid A H-6 signal C-8
- 0 6.52 singlet peak C-3
flavone . 6681 o67.51 o—coupled doublet
peak A proton B proton c-4-
- peak 3 4 ppm
peak glucase aglycone H-1
4.2 6 ppm 04.94 -
J:C-NMR spectrum signal S0 185 ppm flavonoid flavonaid
carbonyl (4-keto) 0 184.11 - C-8
5 103.62 C-8(5 94.0) 10 ppm
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C-glycasylatiaon , C-1 & 75.32 C-glycaside

C-1 o074 Cc-8 C-glycasylatiaon

Table 2 , compound 2 apigenin-8-C-f3

-D-glucoside , vitexin , Fig- 4 .
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Table 2. Spectral data of compound 2 isolated from Humulus japonicus

Items Spectral data

432

MS : m/z
(MeCH) 271, 334; (NaOve) 280, 326, 395; (AICI) 277,
305, 347, 387; (AICIZ/ZHCI) 278, 303, 342, 383; (NaCAc)
271, 302, 340; (NaCAc/HBCZ) 270, 300, 342

W : A max, nm

aglycone : & 6.52(1H, s, H-3), €.26(Q1H, s, H-6),
7.51(1H, d, H-2°), 6.81(dH, d, H-5), 7.51(1H, d,
H-6,) glycosyl : 4.95(1H, d, H-1), 4.08(1H, d, H-2),
3.52(1H, d, H-3), 3.95(1H, d, H-4), 3.50(1H, r, H-5),
3.77(2H, dd, H-6)

H-NVR : DNSC-d€, ppm

J:C-NMR : DMSC-d€, ppm
aglycone : 164.54(C-2), 100.87(C-3), 184.11(C-4),

158.06(C-5), 100.87(C-6), 166.06(C-7), 103.62(C-8),
162.63(C-9), 103.60(C-10), 123.99(C-1)), 120.88(C-2.),
116.68(C-3,), 162.61(C-4.), 116.68(C-5,), 120.88(C-6.)
glycosyl : 75.32(C-1), 72.80(C-2), 80.27(C-3),
72.26(C-4), 82.89(C-5), 63.19(C-6)***

Gile

Hi»

HO

Apigenin-8-C-3 -C-gluccside

Fig.4. Structure of caompound 2 isolated from Humulus japonicus
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2) Compound 3

campound 3 UV spectrum

A max 255, 267s, 348nr flavonecid A B
spectrum , shift reagent NaCOMe , 266, 403nr, AICIS , 274,
414nr, AICIZ/ZHCI , 272, 360, 387nm, NaCAc , 256, 350nm, NaCAc/H:BC:
, 259, 372nm  shift , LC-MS m/z  447(V-1)
448 )
HH-NVMR spectrum  proton  signal 6 6 8 ppr signal & 6.76
0 6.46 m-coupled doublets H-8 H-6 signal , 06.71
singlet peak H-3 peak compound 2 C-3
Tlavane - A signal 3 peak B 2
- peak 3 4 ppm
glucose H-1 & 5.07 -
J:C-NMR  spectrum signal 90 185 ppr flavonoid signal -
Carbonyl (4-keto) signal 181.85 ppm C-7 signal 162.92 ppm
C-7 signal 162.92 ppm C-7 signal(164.7) 1.78
ppm C-glycasylaticn , C-1 0 99.89
C-glycaside  C-1 signal 100 ppm
Table 3 , compound 3 luteclin-7-0-f3
-D-glucoside , Fig. 5 -
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Table 3. Spectral data of compound 3 isolated from Humullus japonicus

Itens

Spectral data

NS : m/z

W : A max, nm

H-NVR : DNSC-d€, ppm

1C-NVR = DMSO-dE, ppm

448

(MeCH) 255, 267s, 348; (NaCMe) 266, 403; (AICIY) 274,
414; (AICIZHCD) 272, 360, 387, 383; (NaGAc) 256, 350;
(NaCAC/HBO0Z) 259, 372

aglycone : & 6.71(1H, s, H-3), 6.46(1H, d, H-6),
6.76(1H, d, H-8), 7.47(1H, d, H-2°), 6.95(1H, d, H-5),
7.51(1H, dd, H-6)) glycosyl : 5.07(dH, d, H-1),
3.34(1H, w, H-2), 3.46(1H, dd, H-3), 3.22(1H, dd,
H-4), 3.51(1H, m, H-5), 3.64(2H, dd, H-6)

aglycone : 164.45(C-2), 103.12(C-3), 181.85(C-4),
161.10(C-5), 99.51(C-6), 162.92(C-7), 94.72(C-8),
156.91(C-9), 105.31(C-10), 121.34(C-1,), 113.58(C-2)),
145.70(C-3,), 149.90(C-4.), 115.98(C-5,), 119.90(C-6.)
glycosyl : 99.89(C-1), 73.10(C-2), 76.38(C-3),
69.54(C-4), 77.14(C-5), 60.59(C-6)

OH

Luteolin-7-0-3 -D-gluccside

Fig. 5. Structure of campound 3 isclated from Humullus japonicus
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3) Campound 4

campound 4 UV spectrum

A max 268, 329nm flavonoid A B spectrum
, shift reagent NaCve , 274, 392nm, AICIK: , 275, 300, 347,
385nm, AICI/HCI , 216, 299, 342, 382nr, NaCAc , 270, 335nm,
NaCAc/HBC: , 270, 298, 335nm shift , LC-MS nm/z
431(V-1) 432 .
HH-NVMR spectrum  proton signal 6 6 8 ppm signal 0665 & 6.36
m-coupled doublet H-8 H-6 , 0 6.48 singlet peak
compaund 2, 3 flavone - 0815 06.8 o—coupled
doublet peak c-7 C-4- .
peak & 3 4 ppm glucese - H1
0 4.88 -
J:C-NMR spectrum  compound 2, 3 90 185 ppm carbonyl (4-keto)
184.04 ppr - C-7 signal 162.90 ppm C-7
signal(164.9) 2 ppm C-glycaosylation ,
C-1 6101.14 C- C-glycoside -
Table 4 , campound 4  apigenin-7-C-3 -D-glucoside
, Fig. 6 -

- 143 -



Table 4. Spectral data of compound 4 isolated from Humullus japonicus

Items Spectral data
NSz m/z 432
W - A max, nm (MeCH) 268, 329; (NaQve) 274, 392; (AICIY) 275, 300,

347, 385; (AICI/ZHCD) 276, 299, 342; (NaCAc) 270, 335;
(NaCAC/HB0Z) 270, 298, 335

JH-NVR : DVSC-dt, ppm aglycone : & 6.65(1H, d, H-3), 6.36(1H, s, H-6),
€6.65(1H, d, H-8), 8.15(1H, d, H-2*)), 6.80(1H, d, H-3)),
6.80(1H, d, H-5,), 8.15(1H, d, H-6,) glycosyl :
4.88(1H, d, H-1), 3.41(1H, d, H-2), 3.49(1H, d, H-3),
3.34(1H, d, H-4), 3.49(1H, m, H-5), 3.76(2H, dd, H-6)

J:C-NMR - DMSC-d€, ppm aglycone :© 166.73(C-2), 104.10(C-3), 184.04(C-4),
158.92(C-5), 101.58(C-6), 162.90(C-7), 96.04(C-8),
164.76(C-9), 107.04(C-10), 123.03(C-1,), 120.88(C-2.),
117.01(C-3,), 162.83(C-4,), 117.01(C-5,), 120.88(C-6,)
glycosyl : 101.14(C-1), 74.70(C-2), 77.82(C-3),
71.24(C-4), 78.37(C-5), €62.43(C-6)""

F /.-U[I
J

o S e
T

Y

HO “
Apigenin-7-C—-3 -D-glucoside

Fig. 6. Structure of compound 4 isolated from Humulus japonicus
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1) Hydroxyl radical

Hydroxyl radical

hydroxyl radical Fig. 7
1ppm 90%
0-1ppm Iuteclin-7-C-(3
-D-gluccside  78%, compund 1 76% hydroxyl radical

apigenin-8-C-B -C-gluccside  apigenin-7-C—f -D-gluccside 44 46%

, lutealin-7-C-3 -D-gluccside  caompound 1  hydroxyl radical

OO0 1ppm B 1ippm

100

Hydroxyl radical scavenging(%)

D — ——t i —— -

Comp. 1 A-B-C-G L-7-0-G A=7-0-5 TOC

Fig. 7. Hydroxyl radical scavenging activities of flavonoid
compounds isolated from Humulus japonicus.
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2) Lincleic acid
Lincleic acid model system ferric thiocyanate
- Fig. 8 compound 1
91%, luteclin-7-0-B -C-gluccside 95%
, apigenin-8-C-B -D-gluccside  apigenin-7-C—-3 -C-gluccside  50%

. carpound 1  lutealin-7-0-B -D-gluccside a -tocopheral

, apigenin-8-C-B -D-glucoside o -tocopheral

100

EE 80
b
g
5

= Gl
E
&
=

E 40
=
¢
(]
(=%
el

5 =
|

0

Comp.1 AeB-C-5 L-7-D-G A=T-0-G

Fig. 8. Antioxidative activities cof flavoncid carpounds
isalated fraom Hurulus japonucus iIn linoleic acid model syster.
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3
500ppm
Table 5 -
» - o -tacopheral

, a —tacapheral

Table 5. Antioxidative activities of flavonoid compounds isolated from
Humulus japonucus on soybean oil by oven test at 70

PQV(mea/kg)

Campaounds Storage days
2 4 6 8 10 12
Control 20 49 87 123 190 330
Campound 1 16 36 75 101 140 305
A-8-C-G 15 35 73 95 135 275
L-7-C-G 34 34 69 90 155 300
A-7-0C-G 18 42 76 107 170 295
o ~tocophero 18 45 82 112 175 290

i)
Ames test  Salmonella typhimuriur

» calany
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frane shift type mutant TACS base pair

exchange type mutant  TA1CC Table 6 -
plate (0.5ng 4_0ng , colany
(histidine revertant) , S-9 mixture
histidine revertant ,
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Table 6. Mutagenicity of each solvent fractions from Humulus japonicus on
Salmonella typhimurium TA 98 and TA 100

Samples

Agfspontaneous
MeCH ex.

Hexane fr.

CHCI3 fr.

EtCAc fr.

BuCH fr.

Water fr.

Revertants/plate

Dose _ _ _ _

Without S-9 rix With S-9-mix

( /plate)

TAG8 TA100 TA98 TA100

21+ 4 147+ 12 23+ 3 156+ 11
0.5 22+ 3 153+ 7 24+ 2 169+ 13
1.0 24+ 2 162+ 9 23+ 0 174+ 15
2.0 24+ 3 154+ 11 26+ 2 168+ 9
4.0 24+ 4 167+ 8 25+ 3 178+ 12
0.5 19+ 3 147+ 10 19+ 4 155+ 12
1.0 21+ 4 153+ 6 24+ 2 163+ 9
2.0 22+ 3 162+ 10 26+ 3 172+ 13
4.0 22+ 2 158+ 27+ 2 169+ 8
0.5 23+ 5 156+ 22+ 5 164+ 12
1.0 21+ 6 141+ 12 20+ 4 153+ 14
2.0 23+ 2 156+ 7 28+ 2 169+ 7
4.0 22+ 3 162+ 10 26+ 4 172+ 13
0.5 18+ 4 149+ 8 25+ 1 169+ 16
1.0 23+ 2 153+ 15 23+ 3 159+ 13
2.0 21+ 3 166+ 11 26+ 4 171+ 8
4.0 22+ 1 162+ 8 24+ 5 172+ 12
0.5 24+ 2 167+ 9 27+ 3 164+ 8
1.0 25+ 3 155+ 7 25+ 4 159+ 13
2.0 21+ 4 162+ 10 27+ 4 168+ 17
4.0 23+ 2 159+ 11 20+ 5 162+ 12
0.5 22+ 1 148+ 7 26+ 4 159+ 7
1.0 23t 4 143+ 9 24+ 7 158+ 12
2.0 23+ 2 156+ 7 23+ 2 163+ 19
4.0 21+ 3 162+ 12 28+ 5 161+ 13
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2)

Table 7 Table 8

- NPD  NQO TA 98 TA 100
Table 7
- TA 98 21 3% , TA 100 12 36%
NPD  NQO ]
2-AF SO mixture TA 98 TA 100
Takle 8 - , TA 88 TA 100
) frame shift
type nutant TA 98 base pair exchange type mutant TA 100 90%
’ 80% S0%
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Table. 7. Antimutagenic effects of each solvent fractions from Humulus

Japonicus on the mutagenecity iInduced by direct mutagen(NPD and NQC) in
Salmonella typhimurium TAS8 and TA 100 without S9 mixture.

Revertants/plate(inhibition %)

Samples

TA 98 TA 100
Spontanecus 20 2 135+ 7
NPD 814+ 21
NQO 924+ 17
MeCH ex. 624+ 16(23.9) 699+ 13(32.3)
Hexane fr. 645+ 12(21.3) 640+ 23(36.0)
CHCI3 fr. 521+ 23(36.9) 691+ 18(29.5)
EtCAc fr. 614+ 16(25.2) 827+ 26(12.2)
BUCH fr. 539+ 11(27.6) 678+ 17(31.2)
Water fr. 586+ 19(28.7) 713+ 23(26.7)

The amount of NPD, NQO and test samples were 10 /plate, (0.2 /plate and 500
/plate , respectively.
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Table. 8. Antimutagenic effects of each solvent fractions from Humullus
Japonicus on the mutagenecity induced by indirect mutagen(2-aminofluorene) iIn
Salmonella typhimurium TAS8 and TA 100 with SO mixture

Revertants/plate(inhibition %)

Samples
TA 98 TA 100

Spontanecus 20 2 139+ 5

2-AF 820+ 21 324+ 12

MeCH ex. 123+ 7(87.1) 172+ 9(82.2)
Hexane fr. 171+ 11(81.1) 152+ 8(93.0)
CHCI3 fr. 153+ 11(83.4) 149+ 7(94.4)
EtCAC fr. 43+ 4(97.1) 147+ 8(95.7)
BUCH fr. 63+ 5(94.6) 151+ 6(93.5)
Water fr. 417+ 13(50.4) 203+ 11(65.4)

The amount of 2-AF and test samples were 10 /plate and 500 /plate, respectively.
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3) SCS chramotest
Ames test »
- SCS chromotest histidine

, Trare shift mutation point mutation

SCS chramotest

- NQC , IF(induction factor) 2.328

IF , IF

. Ames test

test

- 153 -

histidine

Table 9

SCS

SCS chromo



Table 9. Mutagenicity of each solvent fractions from Humullus japonicus by
SOS chromotest.

Dose B -galactosidase Alkaline phasphatase Induction
Samples
C /plate)  opgs unit D45 unit Tactor
Negative 0.272 9.47 1.037 33.90 1.000
NQO 0.02 0.686 22.87 1.124 37.47 2.328
MeOH ex. 1 0.287 9.57 1.074 35.80 1.019
2.5 0.292 9.73 1.071 35.70 1.042
5 0.2% 9.80 1.083 36.10 1.034
10 0.303 10.10 1.115 37.17 1.038
Hexane fr. 1 0.284 9.47 1.028 34.27 1.053
2.5 0.291 9.70 1.061 35.37 1.046
5 0.289 9.63 1.038 34.60 1.061
10 0.312 10.40 1.094 36.47 1.088
CHCI3 fr. 1 0.270 9.00 1.016 33.87 1.015
2.5 0.282 9.40 1.023 34.10 1.053
5 0.274 9.13 1.010 33.67 1.034
10 0.293 9.77 1.045 34.83 1.069
EtCAc fr. 1 0.281 9.37 1.045 34.83 1.027
2.5 0.279 9.30 1.072 35.73 0.992
5 0.301 10.03 1.084 36.13 1.061
10 0.296 9.87 1.107 36.90 1.019
BuCH fr. 1 0.286 9.53 1.072 35.73 1.019
2.5 0.291 9.70 1.088 36.17 1.023
5 0.286 9.53 1.096 36.53 0.996
10 0.307 10.23 1.114 37.13 1.053
Water fr. 1 0.274 9.13 1.010 33.67 1.034
2.5 0.272 9.07 1.021 34.03 1.019
5 0.283 9.43 1.032 34.40 1.045
10 0.279 9.30 1.069 35.63 0.996
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80% C , )

lipofusion

151
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, )} in viva

, calumn chramataography
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, 80%

acetane MeCH (Table 1).
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Table 1. Flant list

Scientific Name Korean name Family Used part

Acryranthes japonica (Mig.) Nakai Amaranthaceae  Aerial part
Acryranthes japonica (Mig.) Nakai Amaranthaceae  Root
Allium fistulosum L. Liliaceae Aerial part
Allium tuberosum RC. Liliaceae Aerial part
Allium monanthum MAX. Liliaceae Whaole plant
Angelica keiskei Koidz Urbelliferae Aerial part
Ajuga decumbens Thunb. Labiatae Whole plant
Aralia elata Seem. Araliaceae Leaf
Aralia elata Seem. Araliaceae Stem
Aralia elata Seem. Araliaceae Rachis

i} Aerial
Armoracia rusticana P. Gaertn Cruciferae

part

Arterisia apiacea Hance Compositae Aerial part
Arterisia apiacea Hance Compositae Root
Arterisia princeps var. orientalis (PAFN.) HFA Compositae Aerial part
Aster tripolium L. Compositae Aerial part
Beta vulgaris var. cicla L. Chenopodiaceae Aerial part
Brassica juncea var. integrifolia SINk. Cruciferae Aerial part
Capsicum annuum L. Borraginaceae Leaf
Castanea crenata S. et Z. Fagaceae Stem
Castanea crenata S. et Z. Fagaceae Leaf
Cedrela sinensis A. JI$S Meliaceae Leaf
Chamaecyparis obtusa (S. et Z.) Endl. Cupressaceae Leaf
Chamaecyparis obtusa (S. et Z.) Endl. Cupressaceae Stem
Chelidonium majus var. asiaticum (Hara) Chwi Papaveraceae Flos
Chelidonium majus var. asiaticum (Hara) Chwi Papaveraceae Aerial part
Chelidonium majus var. asiaticum (Hara) Chwi Papaveraceae Root
Chenapodium album var. centrorubrum Makino Chenopodiaceae Leaf
Chenapodium album var. centrorubrum Makino Chenopodiaceae Stem
Chenapodium album var. centrorubrum Makino Chenopodiaceae Root
Chenapodium virgatum Thunb. Chenopodiaceae Aerial part
Chenapodium virgatum Thunb. Chenopodiaceae Root
Cinaromum camphora SIEE. Lauraceae Leaf
Cinnamomum japonicum SIEE. Lauraceae Leaf
Cirsium japonicum var. ussuriense Kitamura Compositae Aerial part
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Table 1. continued

Scientific Nare Karean name Farily Used part
i Dioscoreacea _
Dioscorea batatas Decne. o Aerial part
i Dioscoreacea
Dioscarea batatas Decne. Raot
e
Duchesnea chrysantha (Zoll. et Marr.) Mig. Rosaceae Whale plant
Erigeron annuus (L.) Pers. Campositae Flos
Erigeron annuus (L.) Pers. Campositae Aerial part
Erigeron annuus (L.) Pers. Corpositae Raot
Eucommia ulroides OLNER Eucommiaceae Leaf
Euonymus japonica Thunb. Celastraceae Leaf
Euonymus japonica Thunb. Celastraceae Stem
Forsythia kareana Nakai Cleaceae Leaf
Forsythia kareana Nakai Cleaceae Stem
Ceranium nepalense subsp. thunbergii _ _
Geraniaceae Aerial part
(S. et Z.) Hara
Ceranium nepalense subsp. thunbergii _
Geraniaceae Raot
(S. et Z.) Hara
Clycine max MEFR Leguminasae Leaf
Hemerocallis fulva L. Liliaceae Aerial part
Hemistepta lyrata BINE Corpositae Aerial part
Houttuynia cordata BWNE Saurruraceae  Aerial part
Humulus japonicus S. et Z. Cannabinaceae Aerial part
Humulus japonicus S. et Z. Cannabinaceae Root
Imperata cylindrica var. koenigii (Retz.) _ _
) Gramineae Aerial part
Durand et Schinz
Imperata cylindrica var. koenigii (Retz.) _
i Gramineae Root
Durand et Schinz
Indigofera kirilowii Max. Leguminasae Aerial part
Indigofera kirilowii Max. Leguminasae Aerial part
Ixeris dentata (THME.) NA/I Corpositae Whale plant
Kummerowia striata (Thunb.) Schindl Leguminasae Whale plant
Lactuca indica var. laciniata (0. Kuntze) Hara Corpositae Whale plant
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Table 1. continued

Scientific Nare Karean name Farily Used part

Lygodium japonicum (Thunb.) Sw. Schizaeaceae Aerial part
Lygodium japonicum (Thunb.) Sw. Schizaeaceae Root
Machilus thunbergii S. et Z. Lauraceae Leaf
Machilus japonica SIEB Lauraceae Leaf

Malva verticillata L. Malvaceae Aerial part
Morus alba L. Moraceae Stem

Maorus alba L. Moraceae Leaf
Nandina domestica Thunb. Berberidaceae Leaf
Nandina domestica Thunb. Berberidaceae Stem
Nandina domestica Thunb. Berberidaceae Flos
Neolitsea aciculata (BL.) K(IZ Lauraceae Leaf
Neolitsea serical (BL.) K(IZ Lauraceae Leaf
Qeanathe javanica (BL.) DC. Umbelliferae Aerial part
Oenothera odorata Jacq- Cnagraceae Aerial part
Cenothera odarata Jacq- Onagraceae Root

Oxalis corniculata L. Oxalidaceae Whole plant
Parthenocissus tricuspidata _

. et 2.) Planch. Vitaceae Leaf
Parthenocissus tricuspidata _

. et 2.) Planch. Vitaceae Stem
Persicaria perfoliata H. Gross Polygonaceae Aerial part
Persicaria perfoliata H. Gross Polygonaceae Root
Photinia glabra (THM.) MA. Rosaceae Stem
Photinia glabra (THN.)) MA. Rosaceae Leaf
Phragmites cammunis Trin. Gramineae Aerial part
Phragmites caommunis Trin. Gramineae Root
Prysalis alkekengi var. francheti

Solanaceae Whole plant
(Masters) Hort.
Prytolacca esculenta V. Houtte Phytolaccaceae  Stem
Prytolacca esculenta V. Houtte Phytolaccaceae Leaf
Prytolacca esculenta V. Houtte Phytolaccaceae  Root
Prytolacca esculenta V. Houtte Phytolaccaceae  Fructus
Platycadon grandiflorum (JAC.) A. DC. Campanulaceae Root
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Table 1. continued

Scientific Nare Korean name Farily Used part

Prunella wulgaris var. lilacina Nakai C )] Labiatae Flos
Prunella vulgaris var. lilacina Nakai C )] Labiatae Aerial part
Prunella vulgaris var. lilacina Nakai C )] Labiatae Root
Pulsatilla kareana Nakai Ranunculaceae Aerial part
Pulsatilla kareana Nakai Ranuncullaceae Root
Quercus nyrsinaefolia BI. Fagaceae Stem
Quercus nyrsinaefolia Bl. Fagaceae Leaf
Raphanus sativus var. hortensis for. _ _

scanthisformis WHIO Cruciferferae Aerial part
Reynoutria elliptica (Koidz.) Migo Polygonaceae Leaf
Reynoutria elliptica (Koidz.) Migo Polygonaceae Stem
Reynautria elliptica (Koidz.) Migo Polygonaceae Root
Saxifraga stolonifera Meerb. Saxifragaceae Flos
Saxifraga stolonifera Meerb. Saxifragaceae Aerial part
Saxifraga stolonifera Meerb. Saxifragaceae Root
Sedum sarmentosum BINE Crassulaceae Aerial part
Srillax china L. Liliaceae Leaf
Srillax china L. Liliaceae Stem
Srillax china L. Liliaceae Root
Sophara flavescens Ait. Legurinasae Flos
Saophora flavescens Ait. Legurinosae Aerial part
Sophara flavescens Ait. Legurinasae Root
Suaeda asparagoides (Mig.) Makino Chencpodiaceae  Aerial part
Suaeda asparagoides (Mig.) Makino Chencpodiaceae  Root
Suaeda japonica Makino Chencpodiaceae  Aerial part
Suaeda japonica Makino Chencpodiaceae  Root
Taraxacum officinale Weber Compcsitae Flos
Taraxacum officinale Weber Compesitae Aerial part
Taraxacum officinale Weber Compcsitae Root
Taxodium distichum (L.) Rich. Taxodiaceae Leaf
Taxodium distichum (L.) Rich. Taxodiaceae Stem
Thuja orientalis L. Cupressaceae Leaf
Thuja orientalis L. Cupressaceae Stem
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Table 1. continued

Scientific Name Karean name Family Used part
Trichosanthes kirilowii Max. Cucurhitaceae Aerial part
Viola mandshurica W. Becker Viclaceae Aerial part
Viola mandshurica W. Becker Violaceae Root
Youngia sonchifolia MA. Compcsitae Whole plant
Pancirus trifoliata Rafin. Rutaceae Fructus
Pancirus trifoliata Rafin. Rutaceae Leaf
Pancirus trifoliata Rafin. Rutaceae Stem
Pancirus trifoliata Rafin. Rutaceae Root
Pancirus trifoliata Rafin. Rutaceae Tharn
Partulaca oleracea L. Partulacaceae Aerial part
Paortulaca oleracea L. Partulacaceae Root
Lindera obtusiloba BL. Lauraceae Leaf
Lindera sercea (S. et Z.) BL. Lauraceae Leaf
Liriodendron tulipifera L. Magncliaceae Leaf
Liriodendron tulipifera L. Magncliaceae Stem
Litsea japonica J. Lauraceae Leaf
Lanicera japanica Thunb. Caprifaliaceae Leaf
Lanicera japanica Thunb. Caprifaliaceae Stem
Lozoste lancifolia (S. et Z.) NEIN Lauraceae Leaf
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Table 1. continued

Scientific Name Korean name Family Used part
" Cocculus  trilobus DC. _ _
Menispermaceae Aerial part
Cacculus trilobus DC. _
Menispermaceae Roat
Calocasia antiquorum _
Araceae Aerial part
var. esculenta Engl.
Cammelina comrmunis L. Carmelinaceae Aerial part
Caommelina cormunis L. Caommelinaceae Root
Cucurbita moschata _
Cucurbitaceae Leaf
DUCHESNEX
Daucus carota var. i}
i Urbelliferae Root
sativa CC.
Lindera erythrocarpa
Lauraceae Leaf
MEKINO
Lindera glauca Bl. Lauraceae Leaf
2.
150 =+ 10g Sprague-Dawley
C D202 - 50%, 12
light/dark cycle) , 24
Sprague-Dawley (15010 g 1
C 120 2, - 50%, 12 light/dark cycle)
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4 , Zampaglian

bromcbenzere 1% tween 80 460 mg/kg 12 2
1% tween 80 - 24

g 4 0.1M potassium phosphate buffer (pH 7.5) glass telfon

homogenizer - 60Cg 10
15,0009 10 -

105,000g 60 (cytosol )] glutathione
S-transferase , 4 0.1 M potassium
phosphate buffer (pH 7.5) epoxide hydrolase, aniline hydroxylase

amincopyrine N-demethylase -

4 .
Chkawa 1g 9
8.1% sodium dodecyl sulfate 20% acetate buffer (pH 3.5) 0.-8%
thiokarbituric acid 95 1 n-BuCH
: Pyridine (15:1) 15 n-BuCH : Pyridine
532 nm 14
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malondialdehyde nmole -

1) Arinopyrine N-demethylase

Nash 2ml 0.1 M Nai/K+ phasphate buffer (pH 7.5) 2
mM amonopyrine. HCI, 0.5 mM NADPH, 10 mM MgCIz, 1 mM semicarbizide (300-4C0
) 37 30 15% ZnSC< Ba(CH):
5 10 5ml
Nash reagent 60 30
415 nm -
1 mg protein formaldehyde n moles -
2) Aniline hydroxylase
Bidlack 2ml 10 mM MgCRz 150 mM KCI 50 mM Tris.
HCI (pH 7.4) 1 mM aniline HCI, 0.5 mM NACPH (300-400
) 37 20 20%
trichloroacetic acid 10 10% NazCC:
0-2 N-NaCH (2% phenal )} 37 30 640 nm
- 1 mg protein
p-aminaphencl n moles -
3) CGlutathion S-transferase
Habig 0.1 M potassium phosphate buffer (pH 6.5) 1M
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1-chloro-2,4-dinitrobenzene 1 nM glutathiaon

25 10 glutathion-2,4-dinitrobenzene conjugate 340 nm
1-chlorc-2,4-dinitrcbenzene mole 9.6 mM-Icm-1
- 1 mg protein

2,4-dinitrcbenzene-glutathione n mole -

4) Epoxide hydrolase

Hammock 50 mM potassium phosphate buffer (pH 7.0)

trans-stilbene oxide (TSC, 3 mvV) (100-200 )} 3l
- 37 20 229 nm
- 1

1 mg trans-stilbene oxide n mole -
5

Lowry bovine serum alburin (Sigma, Fr. V)

, Cuncan®s new multiple range test -
3.
- 1
D

- Gallen Kamp Melting Point Apparatus, Bomen MB 100-C15 FT-IR

spectrameter, CE 599 Universal automatic scanning  spectrphotometer, Bruker AM-200
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spectraometer column chromatography silica gel Kiesel gel 60(Merck
Art. 7729) Wako-300, thin layer chromatography precoated plates Kiesel gel 60

FzE4 (Merck Art. 5715) -

2)
(900g) MeCH 3
- MeCH 10% MeCH

CHCIZ, EtCAc, n-BuCH - EtCACc silica gel
column chromatography CHCI3 - MeCH - H:O (7:3:1, ), CHCI3 - MeCH - HO (
65:35:10, ) , 1 (Fig. 1).
3 1 (cynarcside)
mp: 250-252

KEr
IR v nexcm-1; 3450 (CH), 1659 (C=0), 1611, 1499 (C=C), 1088, 1029 (C-C)
UVA ne>,nm ; (MeOH): 255, 268, 349; (NaOMe): 264, 398 ; (NaCAc): 260, 370, 403 ;(NaCAc
+ HZBOZ): 260, 372; (AICIZ): 274, 300, 329, 431; (AICI3+ HCI): 273, 298, 359, 390
JH-NVR (DVSC-d€ , 200 MHz)3 13.1 (IH, brs., CE-CH), 7.65 (1H, d, J=8.9 Hz, H-6"), 7.58
(1H, s, H-2"), 6.90 (IH, d, J=8.9 Hz, H-5"), 6.78 (1H, d, J=2.0 Hz, H-8), 6.73 (IH, s,
H-3), 6.43 (1H, d, J=2.0 Hz, H-6), 5.07 (1H, d, J=7.0 Hz, anomeric H)
J:C-NVR (DMSC-d€, 100 NHz) : 181.79 (C-4), 164.44 (C-2), 162.88 (C-7), 161.08 (C-5),
156.87 (C-9), 149.96 (C-47), 145.77 (C-3"), 121.27 (C-1%), 119.05 (C-6"), 115.96

(C-57), 113.54 (C-2"), 105.29 (C-10), 103.07 (C-3), 99.90(G-1), 99.49 (C-6), 94.67
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(C-8), 77.12 (G-5), 76.36 (G-3), 73.08 (C-2), 69.55 (G-4), 66.60 (G-6)

4) 1

1 (50 ng) 5% H:S04 4

, EtCAc ) , MeCH (IR,
TH-NVR) luteclin -

- 168 -



Aerial part of Angelica keiskei Koidz

extracted with NVeCH
(3 hrs, 3 times with reflux)

concentrated
MeOH ext.

added with Hz:0-MeCH (9:1)

Hz0-MeCH Marc.

extracted with CHCI3

Ag. layer CHCI3 ext.

extracted with EtCAc

Evapd. in vacuo

EtOAC ext. Ag. layer

Si02 colurn chromatography

CHCIZ:MeCH:HO (7-3-1,
65-35.10, lower layer)

extracted with BuCH

Compound 1 n-BuCH ext. Aqueous layer

Fig. 1. Isolation of compound from Angelica keiskei
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kY

2)

IR spectrum Bruker IFS 66 FT-IR spectrophotaoreter , UV spectrum  Shimadzu Mps-50L

spectroreter , NVR spectrum  Bruker AM 200 spectrareter DMSC-de,
TMS - Gallen Karp Melting Point Appratus
1 , calumn chraomatography Kiesel gel 60 (70-230

mesh, Merk, No. 7734) , thin layer chraratography precoated kiesel gel 60 FX4

(Merck, No. 5735) -

3
@8 ) n-hexane 7 3
MeCH rotary evaporatar
MeCH 513 ¢ - MeCH 10% MeCH Scheme 1

CHCIZ, EtCAc, n-BuCH,
145 g, 27 g, 52 g 220 g -
EtCAC 27 g 20g silicagel 20 g CHCIZ
silica gel calumn silica gel 20 ¢

CHCI-MeCH-H0 (5:1:1, ), CHCI:-MeCH-Hz0 (25:8:5, ), CHCI:-NeCH-H0 (7:3:1, )]
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CHCI:-VeCH-H:0 (65:35:10, )] column chromatography

subfraction 30 3 (Fig- 2).
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Leaves of Armoracia rusticana

extracted with hexane
(7 days, 3 times at room temp.)
concentrated

Hexane ext.

extracted with MeCH
(7 days, 3 times room temp.)
concentrated

MeCH ext.
added with Hz0-MeCH (9:1)

Hz0-MeCH Marc.
| extd. with CHCI3

Ag. layer CHCI3 ext.

extd. with EtOAc

EtOAC ext. Ag. layer
sio2 Colum extd. with BuCH
Chromataography
(CHCIZzMeCH:H0 =
5-1-1, 25-8-5,

7-3-1, 65-35-10, n-BuCH ext. HO ext.

loner layer)

compounds 2, 3 and 4

Fig. 2. Isolation of compound 2, 3 and 4 from Armoracia rusticana
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4) 2 (kaempferol-3-C-f3 -D-xylofurancside)
mp: 242-244° .
IRV max cm-1: 3374 (CH), 1657 (o , P -unsaturated ketone), 1607, 1605, 1506, 1456

(araratic C=C), 1365, 1282, 1179, 1056 (glycasidic C-0).

W A no(MeOH)nm: 267, 355; (NaCMe) 278, 326, 407; (AICI) 276, 308, 353, 410;
(AICIZHCD) 276, 303, 354, 409; (NaCAc) 278, 310, 374; (NaCAc/H:BQZ) 267, 353.

IH-NVR (CMSC-dé, 400 MHz): & 12.62 (IH, s, CE-CH), 8.01 (2H, d, J=8.8 Hz, H-2" & H-6"),
6.89 (2H, d, J=8.8 Hz, H-3" & H-57), 6.44 (I1H, d, J=2.0 Hz, H-8), 6.21 (IH, d, J=2.0
Hz, H-6), 5.33 (1H, d, J=7.0 Hz, H-1").

I:.C-NMR (DVSC-dé, 100 MHz): Table 2

5) 3 (kaempferol-3-C-3 -D-galactopyrancside)

mp: 220 224° .

IRV max cm-1z 3457 (CH), 1659 (a , B -unsaturated ketone), 1605, 1560, 1491 (aromatic
C=C), 1362, 1262, 1183, 1062 (glycosidic C-0).

W A no(MeCH)nm : 265, 356; (NaQMe) 277, 329, 410; (AICIY) 277, 310, 355, 412;
(AICI/ZHCI) 275, 305, 348, 411; (NaGAc) 277, 307, 371; (NaCAc/HBCD) 263, 354.

TH-NVR (DMSC-d, 400 MHz): & 8.06 (2H, d, J=8.8 Hz, H-2" & H-6"), 6.85 (2H, d, J=8.8 Hz,
H-3" & H-5"), 6.42 (IH, d, J=1.9 Hz, H-8), 6.18 (IH, d, J=1.9 hz, H-6), 5.39 (IH, d,
J=7.5 Hz, H-1').

I:.C-NMR (DVSC-dé, 100 MHz): Table 2
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6) 4 (kaerpferol-3-0-f -D-xylofuranosyl(1- 2)-3 -D-galactopyrancside)

mp: 187-189°

IRV max cm-1: 3366(CH), 1657 (o , P -unsaturated ketone), 1608, 1605, 1504, 1443
(araratic C=C), 1360, 1280, 1173, 1045 (glycaosidic C-0).

W A no(MeCH)nm: 261, 354; (NaCMe) 273, 324, 404; (AICI) 274, 305, 357, 407;
(AICI/ZHCD) 273, 306, 349, 405; (NaCAc) 274, 305, 371; (NaCAc/H:BCZ) 263, 354.

TH-NVR (DVSC-d€, 400 MHz): & 8.13 (2H, d, J=8.8 Hz, H-2" & H-6"), 6.89 (2H, d, J=8.8 Hz,
H-3" & H-5"), 6.45 (1H, d, J=2.0 Hz, H-8), 6.21 (1K, d, J=2.0 Hz, H-6), 5.69 (IH, d,
J=7.6 Hz, H-1""), 4.57 (1H, d, J=7.3 Hz, H-1"").

I:C-NVMR (DVSC-dé, 100 MHz) : Takble 2
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Table 2. 1:C-NMR data for campounds 2, 3 and 4disclated fram Armaracia rusticana

Corpounds
Carbon No.
2 3 4

2 156.4 156.4 156.3
3 133.2 133.3 132.9
4 177.5 177.6 177.5
5 161.3 161.2 161.2
6 98.8 99.4 98.5
7 164.2 164.2 164.3
8 93.8 93.7 93.6
9 156.4 156.4 156.3
10 104.0 104.0 103.8
1" 120.7 120.9 120.9
2" 130.9 131.0 131.0
3" 115.4 115.1 115.2
4" 160.2 160.0 160.0
5" 115.4 115.1 115.2
6" 130.9 131.0 131.0
1 101.8 101.7 98.3
2" 73.8 71.2 79.7
3" 75.9 73.1 73.6
1" 69.6 67.9 67.7
5" 66.0 75.6 75.8
6" 60.2 60.0
1" 104.7
onie 74.0
3" 76.3
4" 69.4
5" 65.8
6"
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kY

2)
IR spectrum Bruker IFS 66 FT-IR spectrophctometer , UV spectrum Shimadzu
Mps-50L spectrometer , NVR spectrum  Bruker AM 200 spectraoreter DMSC-de,
TMS -
1 , calumn chraomatography Kiesel gel 60 (70-230
mesh, Merk, No. 7734) , thin layer chraratography precoated kiesel gel 60 FX*4

(Merck, No. 5735) -

3
G5 ) n-hexane 7 3
MeCH rotary evapcrator
VeCH 513 ¢ - MeCH 10% MeCH

CHCIZ, EtCAc, n-BuCH, -
EtCAC silica gel CHCI: silica gel
calunn silica gel CHCI:-VeCH-H:0 (5:1:1,
), CHCI:-MeCH-H:O (25:8:5, ), CHCI:-MeCH-H:O (7:3:1, )  CHCI:-MeCH-HO (65:35:
10, )] calumn chromatography 5, 6,7

(Fig. 3).
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Aerial parts of Houttuynia cordata

extracted with hexane
(7 days, 3 times at room temp.)
concentrated

Hexane ext.

extracted with MeCH
(7 days, 3 times room temp.)
concentrated

MeCH ext.

added with Hz0-MeCH (9:1)

HZz0-MeCH Marc.
| extd. with CHCI3

Ag. layer CHCI3 ext.
extd. with EtOAc

EtOAC ext. Ag. layer
S102 Colum extd. with BuCH
Chromatagraphy
(CHCIZzMeCH:HO =
5-1-1, 25-8-5,

7-3-1, 65-35-10, n-BuCH ext. H20 ext.

loner layer)

compounds 5, 6 and 7

Fig. 3. Isclation of compounds from Houttuynia cordata
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4) 5 (apigenin)
mp: 169-171
IRV max cm-1: 3374 (CH), 657 (o , P -unsaturated ketone), 1605, 1607, 1506, 1456

(araratic C=C), 1365, 1282, 1179

W Ynohe(H nm(loge) 265, 295sh, 335 ; with NaCMe 274, 323, 391 ; with NaCAc 273, 300,
375 ; with NaCActH:BC3 265, 301sh, 337 ; with AICI3 275, 300, 347, 383 ; with AICIHHCI
275, 298, 339, 380

H-NVR (DMSO-de, TMS) 2 : 7.92 (2H, d, J=8.7Hz, H-2" & 67), 6.92 (2H, d, J=8.7Hz, H-3"
& 57), 6.77 (H, s, H-3), 6.47 (IH, d, J=1.9Hz H-8), 6.18 (1H, d, J=1.9Hz, H-6)
1:C-NVR(DNVSC-de, TVMS) ; 163.7 (C-2), 102.6 (C-3), 181.7 (C-4), 161.0 (C-5), 98.7 (C-6),
164.0 (C-7), 93.7 (C-8), 157.3 (C-9), 103.6 (C-10), 121.1 (C-17), 128.4 (C-2" & 67),

115.8 (C-3" & 5%), 161.4 (C-4%)

5) 6 (afzelin)

mp: 175-177°

IRV max cm-1z 3420 (CH), 1660 (o , P -unsaturated ketone), 1614, 1506, 1448 (aromatic
C=C), 1362, 1285, 1175, 1063 (glyccsidic C-C)
W YnoleH nr(loge) 265, 344 ; with NaOVe 274, 325, 388 ; with NaCAc 271, 360 ;with
NaCAC+H:BO3 266, 348 ; with AICI3 274, 304, 348, 397 ; with AICIS+HCI 275, 301, 342, 396
H-NVR (CVSC-d€é, TVS) @ : 12.61 (IH, s, 5-CH), 7.74 (2H, d, J=8.6Hz, H-2" & 6%), 6.91
(2H, d, J=8.6Hz, H-3" & 57), 6.42 (1H, d, J=1.%Hz, H-8), 6.22 (IH, d, J=1.9Hz, H-6),
5.29 (1H, s, anareric H ), 0.78 (3H, d, J=5.3Hz, -CHY)

1:C-NVR(DVSO-dé, TVS) ; 157.3 (C-2), 134.2 (C-3), 177.7 (C-4), 161.3 (C-5), 98.7 (C-6),
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164.3 (C-7), 93.8 (C-8), 156.5 (C-9), 104.1 (C-10), 120.5 (C-1%), 130.6 (C-2" & 6%),
115.4 (C-3" & 5%), 160.0 (C-4%), 101.8 (R*-1), 70.1 (R-2), 70.4 (R-3), 70.6 (R-4), 71.1
(R-5), 17.5 (R-6)

*R:rhamnopyrancse

6) 7 (quercitrin)
mp: 186-188°

IRV max cm-1z 3370 (OH), 1658 (o , B -unsaturated ketone), 1607, 1574, 1507, 1452

(araratic C=C), 1375, 1280, 1169, 1050 (glycosidic C-0)

W Ynohe(H nr(loge) 259, 304sh, 352 ; with NaOve 272, 328, 365 ; with NaCAc 275, 324sh,

374 ; with NaCAc+HZBC3 263, 303sh, 369 ; with AICI3 278, 306sh, 335, 433 ; with AICIHHCI

273, 304sh, 354, 405

H-NVR (DVSC-de, TVS) 2 - 7.30 (QH, d, J=1.9Hz, H-2%), 7.24 (1H, dd, J=1.9 & 8.4Hz,

H-6"), 6.66 (1H, d, J=8.4Hz, H-57), 6.39 (1H, d, J=1.6Hz, H-8), 6.20 (IH, d, J=1.6Hz,

H-6), 5.25 (1H, s, anareric H)

1:C-NVR(DVSC-de, TMS) ; 157.3(C-2), 134.3(C-3), 177.8(C-4), 161.3(C-5), 98.8(C-6),

164.3(C-7), 93.7(C-8), 156.5(C-9), 104.1(C-10), 121.2(C-17), 115.6(C-2"), 145.3(C-37),
148.5(C-4"), 115.8(C-5"), 120.6(C-6"), 101.7(C’R-1), 70.1(R-2), 70.4(R-3), 71.3(R-4),

72.5(R-5), 17.5(R-6)

*R:rhamnopyrancse
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D
2)
IR spectrur  Hitachi 270-30 KBr , UV spectrur  CE 599 UASS
- NVR spectrum  Bruker AM-200, AMX 400 spectrometer DMSC-de,
TNS -
1 , Calurn chraratography kiesel gel 60 (70-230

mesh, Merck, No. 7734) thin layer chraratography precoated Kiesel gel 60 F254

(Merck, No. 5735) -

3

(1.0 kg) MeCH 10 3

ratary evaporator MeCH 140g - MeCH 10%
MeCH Scheme 1
(CHCIY), (EtCAC), (n-BuCH), (H:0)

40 g, 30 g, 20g n-BuCH 20 g silica gel 20 g

CHCIZ silica gel column CHCI:-MeCH-H:0 (25:8:5,
lower phase, 7:3:1, lower phase) calumn chroratographjy

8 (Fig. 4).
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1) 8 (hispidulin 7-C-nechesperidoside)

mp: 192-1960

IRz 3380 cn-1, 1606, 1569 cm-1 (a ,B -unsaturated carbonyl), 1073 cm-1 (glyccsidic C-0)
UVA nex heCtnm(loge ): MeCH; 275, 335, NaCMe; 270, 395, NaCAc; 276, 335, 390, AICIZ; 280,
305, 366, AICI3+ HCI; 286, 300, 350

H-NVR (DNVSO-d€, 200 MHz); 7.93 (2H, d, J=8.75 Hz, H-2" & 6), 7.02 (1H, s, H-8), 6.93
(2H, d, J=8.75 Hz, H-3" & 57), 6.83 (IH, s, H-3), 5.33 (IH, d, 7.25 Hz, anaoreric H of
Gluccse), 4.65 (1H, brs, anomeric H of Rhammose), 3.77 (3H, s, -CCH), 1.14 (3H, d,
J=6.3 Hz, -CH3 of Rhamnose)

1:C-NVR (DVSC-d€, 50.3 MHz) & : 182.3 (C-4), 164.4 (C-2), 161.5 (C-77), 155.8 (C-7),
152.5 (C-9), 152.1 (C-5), 132.8 (C-4" & 67), 128.6 (C-2" & 67), 121.1 (C-17), 116.1
(C-3" & 57), 105.8 (C-10), 102.7 (C-3), 100.0 (C-1"""), 70.6 (C-3"*"), 70.4 (C-2"'), 69.8

(C-4™"), 68.6 (C-5"'), 60.6 (C-6"""), 60.3 (OCH:), 18.2 (C-6""")
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Aerial part of Circium japonicum var. ussuriense
extracted with MeCH
MeCH ext.

added with Hz0-MeCH (9:1)

Hz0-MeCH Marc.

extd. with CHCI3

| | Evaporated in vacuo
Ag. layer CHCI3 ext.

extracted with EtCAc

Evapd. in vacuo

EtOAC ext. Ag. layer

extracted with BuCH

Evapd. in vacuo

n-BuCH ext. Aqueous layer

Si102 column chromatography
Sephadex LH-20 column

Compound 8

Fig. 4. Isclation of compound 8 fram Circium japonicum var. ussuriense
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1.
151
(Table 3, 4). (Angelica keiskei), (Armoracia
rusticana), (Houttuynia caordata) (Cirsium japonicum var. ussuriense)
in vitro 58%, 64%, 64%, 51% -
4 in vivo

colurn chromatography -
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Table 3. Effect of the extracts of edible and medicinal plants on the hepatic lipid
peroxide content

Used Malondialdehyde ol
scientific nare Korean partl Extract?) Dose le/d of Inhibition
xtractz n mole/g o
narme rgmny " m1e/ Q)
) tissue)
Contral 17.5 ¥ 0.98
Allium fistulosum A A 10-1 NS
Allium tuberosum A A 10-1 NS
Allium monanthum W A 10-2 16.9 7 1.35 3
10-1 14.6 ¥ 0.96* 17
1 11.8 ¥ 1.04** 33
Artemisia princeps var.
- , A M 10-1 NS
orientalis
Beta wulgaris var. cicla A A 10-2 12.7 ¥ 0.95** 27
10-1 9.5 7 1.63* 46
1 7.3 7 0.597* 58
Brassica juncea var. 10.9 7 0.327*
- o A A 10-2 38
integrifolia
10-1 9.0 7 0.31™7* 49
1 6.7 7 0.457* 62
Capsicum annuum L M 10-2 12.3 7 0.64** 30
10-1 9.7 7 0.597* 45
1 7.7 7 0.267* 56
Cedrela sinensis L M 10-1 NS
Cinamamum camphora L A 10-1 NS
Cinnaromum japonicum L A 101 NS
Daucus carcta var. sativa R A 10-1 NS
Eucomria ulmoides L M 10-1 NS
Hemistepta lyrata A A 10-1 NS
Ixeris dentata w A 10-1 NS
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Table 3. continued

Malonialdehyde Inhibiti

Scientifi Korean used tract?) le/g of on
cientific name extrac n mole/g o
name partl) ‘ (mg/ml) (¢ N g
tissue) €))
Lactuca indica var.
o W A 10-1 NS
laciniata
Lindera erythrocarpa L M 10-1 NS
Lindera glauca L M 101 NS
Lindera obtusiloba L M 10-1 NS
Lindera sercea L M 10-1 NS
Litsea japonica L M 101 NS
Lozoste lancifolia L M 10-1 NS
Machilus thunbergii L M 10-1 NS
Machilus japonica L M 101 NS
Malva verticillata A A 10-1 NS
Neolitsea aciculata L M 10-1 NS
Neolitsea serical L M 10-1 NS
Qeanathe javanica A M 10-1 NS
Platycodon grandiflorum R M 10-1 NS
Raphanus sativus var.
hartensis for. acanthis A A 10-1 NS
farmis
Sedum sarmentosum A M 10-1 NS
Youngia sonchifolia w A 10-1 NS

D A, eerial part; W, whole plant; L, leaf; R, root

2) A, 80% acetone extract; M, methancl extract

The values are mean £+ S.D. of 5 replications.

Significantly different from the control value: * p<0.05, ** p<0.01, *** p<0.0C1.
NS: Not Significant
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Table 4. Effect of the methancl extracts of edible and medicinal plants on the
hepatic lipid peroxide content In bromobenzen treated rat.

Scientific Name Used part (ng./ﬁnfl) M?rl]o;;?;ighzie Inhl(t;/(l)tlon
tissue)
Normal 23.3 F 2.19
Contral 56.6 ¥ 1.44
Actyranthes japonica Root 1 NS
Aerial part 102 NS
101 46.2 ¥ 3.08 18
1 45.3 ¥ 1.83 20
Angelica keiskei?l) Aerial part 1 24.4 ¥ 2.47 58
Ajuga decunbens Whale plant NS
Aralia elata Leaf NS
Stem 102 545 F 2.16 4
101 51.4 ¥ 1.07 9
1 46.7 ¥ 1.79 17
Rachis 102 45.7 ¥ 0.61 20
101 42.7 ¥ 2.43 25
1 42.1 ¥ 1.82 26
Armoracia rustixanal) Aerial part 1 20.84 ¥ 1.84 64
Artemisia apiacea Aerial part 102 NS
101 NS
1 47.4 ¥ 1.11 16
Root 102 50.4 F¥ 1.06 11
101 456 ¥ 0.81 19
1 43.4 ¥ 1.16 23
Aster tripalium Aerial part 1 NS
Castanea crenata Leaf NS
Stem 102 53.9 ¥ 3.26 5
101 50.5 ¥ 0.81 11
1 44.0 ¥ 1.46 22
Chamaecyparis aobtusa Stem 1 NS
Leaf 102 454 F 2.21 20
101 43.4 ¥ 1.22 23
1 40.0 ¥ 1.32 29
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Table 4. continued

Malonialdehyde Inhibitio

Scientific Name Used part (ng./ﬁnfl) (n m_ole/q of n
tissue) @
Cirsium japonicum var. ussuriensel) Aerial part 1 28.8 ¥ 2.15 51
Cocculus trilabus Aerial part 102 51.8 ¥ 0.90 8
101 4.4 ¥ 1.72 22
1 41.6 ¥ 3.06 27
Cocculus trilabus Root 1 NS
Colocasia antiquorum var. esculenta  Aerial part 1 NS
Cormelina communis Aerial part 1 NS
Root 1 NS
Cucurbita maoschatal) Leaf 1 34.9 ¥ 0.72 40
Dioscorea batatas Aerial part 102 NS
101 53.7 ¥ 2.55 5
1 42.1 ¥ 1.56 26
Root 1 NS
Duchesnea chrysantha Whole plant 1 NS
Erigeron annuus Flos 1 NS
Aerial part 1 NS
Root 1 NS
Euanymus japonica Leaf 1 NS
Stem 1 NS
Forsythia koreana Leaf 1 NS
Stem 1 NS
Geranium nepalense subsp. thunbergii Aerial part 1 NS
Root 1 NS
Glycine maxl) Leaf 1 33.3 ¥ 4.01 43
Houttuynia cordatal) Aerial part 1 21.1 ¥ 1.50 64
Hererocallis fulva Aerial part 1 NS
Hurulus japonicus Aerial part 1 NS
Root 102 48.3 ¥ 1.87 15
101 43.3 ¥ 2.00 23
1 40.5 ¥ 0.61 28
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Table 4. continued

Malanialdehyde Inhibitio

Scientific Name Used part (r:go/srrel) (n m_ole/g of n
tissue) @
Lactuca indica var. laciniata Root 1 NS
Liriodendron tulipifera Stem 1 NS
Leaf 1 NS
Lonicera japonica Leaf 1 NS
Stem 1 NS
Lygodium japonicum Aerial part 1 NS
Root 1 NS
Morus alba Leaf 1 NS
Stem 1 NS
Nandina domestica Leaf 1 NS
Stem 102 4.7 F 1.41 21
101 42.8 ¥ 2.17 24
35.0 F 1.32 38
Flos 1 NS
Cenothera odorata Aerial part 1 NS
Root 102 40.3 ¥ 1.08 29
101 37.6 ¥ 1.02 34
1 30.6 ¥ 1.00 46
Oxalis corniculata L. Whole plant 1 NS
Parthenocissus tricuspidata Leaf 102 51.9 ¥ 3.64 8
101 38.5 F 1.25 32
35.9 ¥ 3.16 37
Stem 1 NS
Persicaria perfoliata Root 1 NS
Aerial part 102 39.3 ¥ 0.61 31
101 34.5 F 3.31 39
1 31.4 ¥ 1.61 45
Phatinia glabra Stem 1 NS
Leaf 102 NS
101 53.4 ¥ 3.06 6
1 36.3 ¥ 2.66 36
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Table 4. continued

Malonialdehyde L
Scientific Name Used part Pose (n mole/g of Inhibition
(mg/ml) ) (D)
tissue)
Phytolacca esculenta Stem 102 459 ¥ 1.76 19
101 4.4 ¥ 1.20 22
40.7 ¥ 1.51 28
Leaf NS
Fructus NS
Poncirus trifoliata Fructus 1 NS 27.4
Leaf 102 33.5 ¥ 3.10 41
101 36.6 ¥ 3.00 35
1 34.2 ¥ 2.37 40
Stem 1 NS
Root 1 NS
thorn 1 NS
Portulaca oleracea Aerial part 1 NS
Root 1 NS
Prunella wulgaris var. lilacina Flos 102 429 ¥ 2.17 24
101 44.3 ¥ 3.68 22
1 40.6 ¥ 1.1 18
Aerial part 102 NS
101 51.8 ¥ 2.80 8
1 35.8 ¥ 1.69 37
Root 102 53.9 ¥ 3.26 5
101 50.5 ¥ 0.81 11
44.0 ¥ 1.46 22
Pulsatilla koreana Raot NS
Aerial part NS
Quercus nyrsinaefolia Stem 1 NS
Leaf 102 NS
101 NS
1 459 F 1.37 19
Reynoutria elliptica Leaf 1 NS
Stem 1 NS
Root 1 NS
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Table 4. continued

Dose Malonialdehyde Inhibitio
Scientific Name Used part g/ (n m_ole/g of n
tissue) @
Sophora flavescens Flos 1 NS
Aerial part 1 NS
Root NS
Suaeda asparagoides Aerial part 102 2.4 F 0.87 25
101 41.3 ¥ 1.52 27
1 37.1 ¥ 2.06 34
Root 1 NS
Suaeda japonica Aerial part 1 NS
Root 1 NS
Taraxacum officinale Flos 1 NS
Aerial part 102 42.3 ¥ 1.97 25
101 38.6 ¥ 1.69 32
1 36.3 F 3.05 36
Root 1 NS
Taxodium distichum Leaf 1 NS
Stem 1 NS
Thuja orientalis Leaf 1 NS
Stem 1 NS
Fructus 1 NS
Imperata cylindrica var. koenigii Aerial part 1 NS
Root 102 4.6 ¥ 2.10 21
101 425 F 1.17 25
40.7 ¥ 0.81 28
Indigofera kirilowii Aerial part NS
Root 1 NS
Chelidonium majus var. asiaticum Aerial part 102 42.8 ¥ 1.42 24
101 415 ¥ 1.28 27
1 38.8 F 2.67 31
Root 1 NS
Flos 102 39.5 ¥ 1.30 30
101 35.3 F 0.95 38
1 30.0 ¥ 2.10 47
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Table 4. continued

Malonialdehyde L
Scientific  Name Used part pose (n mole/g of Inhibition

(mg/mt) tissue) 0
Trichosanthes kirilowii Aerial part 1 NS
Viala mandshurica Aerial part 1 NS
Root 1 NS
Saxifraga stolonifera Aerial part 1 NS

Flos 102 445 ¥ 0.82 21

101 41.4 ¥ 0.90 27

1 40.3 F 1.02 29
Root 1 NS
Smilax china Stem 1 NS
Root 1 NS
Leaf 1 NS
Phragmites cormunis Aerial part 1 NS
Root 1 NS
Physalis alkekengi var. francheti  Fructus 102 NS

101 43.8 ¥ 1.55 23

1 44.7 F 3.41 21
Physalis alkekengi var. francheti  Aerial part 1 NS
Root 1 NS
Phytolacca esculenta Root 102 NS
101 NS

1 42.7 ¥ 1.72 25
Chenopodium album var. centrorubrum Leaf 1 NS
Stem 1 NS

D cantrol 58.4F9.68
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EtCAc
JH-NVR spectrum meta coupling
d, J=2.0Hz), 6.43 (1H, d, J=2.0H2)]

- 0 6.73

flavone -

signal [6 5.07 (IH, d, J=7.0 Hz, H-1" )]

signal [0 99.90 (C-1'), 77.12 (C-5), 76

60.60 (C-6")] ] data
luteclin gluccside -
band 349nm flavaone
band

- JZC-NMR data
C-7 D-glucopyrancse
genin (H-NVR, WV, IR, mp)
- JH-NVMR JZC-NMR spectrum

(luteclin 7-0-R-D-gluccside) -
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single peak

1 -

araveric proton signal [0 €6.78 (1H,

flavonoid A H-8 H-6 signal

C-3
1 anareric proton

JZC-NMR spectrum D-glucopyrancse

-36 (C-3"), 73.08 (C-2'"), 69.55 (C-4"),

flavonoid flavone
WV spectrum MeCH
, NaCAc
C-7 flavone
luteclin
luteclin
1 cynarcside



CH-0OH

OH

OH
OH

OH Q

Fig 5. Compound 1 isclated fram
Angelica keiskei.
Compound 1: cynarcside

1

(Angelica keiskei Koidz)

1970 » ,

, Flavonoid, coumarin, saponin

cynarcside  brarcbenzene

epoxide

mixed function oxidation
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system

. Brorabenzene
bromcbenzene-3,4-oxide
bromcbenzene-3,4-dihyradicl

glutathione S-transferase

bromobenzene 3, 4-oxide

- Epoxide mradel

mixed function oxidation system

epoxide

- Epoxide

bromobenzene

epoxide hydrolase

bromobenzene glutathine

in vivo
epoxide , bromcbenzene  model
- epoxide
N-demethylase, aniline hydroxylase , epoxide
S-transferase , €poxide
epoxide
- Bromobenzene
, MeCH 100 mg
bromcbenzene 23%, 200 mg 27%
cynarcside 10mg bromobenzene

33% . (Table 5, 9).
MeCH bromobenzene
epoxide .
Brarabenzene epoxide
aniline hydroxylase MeCH
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aminopyrine
glutathione

epoxide hydrolase

bromobenzene

aminopyrine N-demethylase



epoxide
Bramobenzene epoxide

glutathione S-transferase

glutathione S-transferase

-(Table 7, 10)

Epoxide dihydrodicl
braomobenzene
MeCH 100 mg
bromobenzene
cynarcside 10 mg
braomobenzene 80%

(Table 8, 11).

bromobenzene
epoxide

hydrolase
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(Table 6).

glutathione
bromobenzene
epoxide hyrolase
braorcbenzene ,
40% -
bromobenzene
epoxide
- bromobenzene
cynarcside



Table 5. Effect of methancl extract of Angelica keiskei on the hepatic lipid peroxide
content in bromcbenzene-treated rats

Group Dose(rg/kg) Content Percentage
Contral 0 25,2+ 4.25a
Bramobenzene(BB) 460 52.6 £+ 11.72b 100
MeCH ext. + BB 50 43.2 + 3.26kc 82
100 40.7 £ 2.96¢c 7
200 38.6 + 3.17c 73

Rats were arally administered various concentration of methancl extract daily for one
week and then bramobenzene(BB) was intraperitoneally injected twice with 12 hrs
interval for two days. Rats were described in the experimental methods. Values are
mean + S.D. for five animals. Values followed by the sare letter are nct significantly
different from control (p 0.05)
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Table 6. Effect of methanol extract of Angelica keiskei on the hepatic microsomal
aminapyrine N-demethylase(AD) and aniline hydroxylase(AH) activities in
bromcbenzene-treated rats

AD activity AH activity
Croup Dose(rrg/kg) (p-arinophencl nrole/ (HCHO-nmole/mg
mg protein/min) pratein/min
Control 0 4.86 £ 0.58.b 0.49 = 0.0%
Brambenzene (BB) 460 5.97 + 0.76b 0.92 £+ 0.17b
MeCH ext. + BB 50 5.67 £+ 0.86b 0.86 £ 0.15b
100 5.86 + 0.80b 0.94 + 0.13b
200 5.90 + 0.€7b 0.93+ 0.17b

Rats were arally administered variocus concentration of methancl extract daily for one
week and then bramobenzene(BB) was intraperitoneally injected twice with 12 hrs
interval for two days. Rats were described in the experimental methods. Values are
mean + S.D. for five animals. Values followed by the sare letter are nct significantly
different from control (p 0.05)

Table 7. Effect of methanol extract of Angelica keiskei on the hepatic cytosclic
glutathione S-transferase activity In bramobenzene-treated rats

Group Dose(irg/ka) Activity™* Percentage
Control 0 258.7 £ 9.40a
Brambenzene (BB) 460 279.6 £ 10.40¢,b 100
MeCH ext. + BB 50 286.4 + 14.20e,b 102

100 288.1+ 22.12b 103

200 300.1 £+ 20.29% 107

Rats were arally administered various concentration of methancl extract daily for one
week and then bramobenzene(BB) was intraperitoneally injected twice with 12 hrs
interval for two days. Rats were described in the experimental methods. Values are
mean + S.D. for five animals. Values followed by the sare letter are nct significantly
different from control (p 0.05)
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Table 8. Effect of methanol extract of Angelica keiskei on the hepatic epoxide
hydrclase activity in bromobenzene-treated rats

Croup Dose(rg/kg) Activity* Percentage
Control 0 13.2+ 1.27a
Brambenzene (BB) 460 4.8 + (.83 100
MeCH ext. + BB 50 6.27 + (0.13,c 128
100 7.26 £ (0.13c 140
200 6.54+ (.79 113

Rats were arally administered various concentration of methancl extract daily for one
week and then bramobenzene(BB) was intraperitoneally injected twice with 12 hrs
interval for two days. Rats were described in the experimental methods. Values are
mean + S.D. for five animals. Values followed by the sare letter are nct significantly
different from control (p 0.05)

Table 9. Effect of cynarcside from Angelica keiskei on the hepatic lipid peroxide
content in bromobenzene-treated rats.

Treatment Dose(rg/kg) lipid peroxide Content™* Percentage
Control 0 18.5 + 1.31e,1).0)
Bramobenzene(BB) 460 35.3+ 1.48b 100
cynarcside + BB 5 325+ 2.42b 92
cynaroside + BB 10 23.6 + 1.74c 67

Rats were intraperitoneally injected cynarcside daily for one consecutive week. Then
braomcbenzene (460 mg/kg) was i.p- injected four times at 12h interval for final two
days. Rats were decapitated 12h after the injection of brorcbenzene treatment.

The assay procedure was described in the experimental methods.

D) Values represent mean £ S.D.(n=5)

2) Values sharing the same superscript letter are not significantly different each
ather(p 0.05) by Duncan‘s multiple range test.

*; lipid peroxide content: malondialdehyde(MDA) n mole / g tissue
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Table 10. Effect of cynarcside from Angelica keiskei on the hepatic glutathione
S-transferase(GST) activity In brorobenzene-treated rats.

Treatment Dose(rg/kg) GST* Percentage
Control 0 264.8 £ 7.76¢,b
Bramobenzene(BB) 460 272.1 + 9.36a 100
cynarcside + BB 5 275.6 + 8.€66a 101
cynarcside + BB 10 278.7 £+ 10.6b 102

Rats were intraperitoneally injected cynarcside daily for one consecutive week. Then
bromcbenzene (460 mg/kg) was i.p- injected four times at 12h interval for final two
days. Rats were decapitated 12h after the injection of brorcbenzene treatment.

The assay procedure was described in the experimental methods.

D) Values represent mean £ S.D.(n=6)

2) Values sharing the same superscript letter are not significantly different each
ather(p 0.05) by Duncan‘s multiple range test.

- ; 1,2-dinitro-4-nitrobenzene n mome / mg protein / min
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Table 11. Effect of cynarcside from Angelica keiskei on the hepatic epoxide hydrolase
activities in bramobenzene-treated rats.

Treatment Cose(mg/kg) Epoxide hydrolase* Percentage
Control 0 10.2 + 1.30e,T0.2)
Bramobenzene(BB) 460 4.6 + 0.54b 100
cynarcside + BB 5 5.3+ 0.66b 115
cynarcside + BB 10 8.3+ 0.94c 180

Rats were intraperitoneally injected cynarcside daily for one consecutive week. Then
braomcbenzene (460 mg/kg) was i.p- injected four times at 12h interval for final two
days. Rats were decapitated 12h after the injection of brorcbenzene treatment.

The assay procedure was described in the experimental methods.

T) Vvalues represent mean = S.D.(n=5)

z) Values sharing the same superscript letter are not significantly different each
ather(p 0.05) by Duncan‘s multiple range test.

- ; TSO n mole / g pratein 7/ rin

3.

- 2, 3 4

hexane MeCH EtCAc
silica gel column chromatography 3 kaempferol -
2 FeCl:, Mg/HCI IR spectrum 3374 ar-]

hyroxyl , 1567 cm-] o , B -unsaturated ketone 1607, 1605, 1506 cm-1

aramatic doulbe bond flavonoid - Molisch
test IR spectrum 1056 cm-] C-0 band
flavonoid , UV spectrum  MeCH band 355 nm  flavonoid
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C-3  free hydroxyl - Shift reagent )

MeCH  NaCAc band 11 nm C-7 free hydroxyl
, NaOve MeCH band 52 nm c-4-
free hydroxyl , AICIZ  AICI/HCI band B-ring

ortho dihydroxyl - JH-NVR spectrur meta coupling

aramatic proton  signal[d 6.44 (QH, J=2.0 Hz), 6.21 (1H, d, J=2.0 Hz)] ortho

coupling araratic proton signal [ 8.01 (2H, d, J=8.8 Hz), 6.89
(2H, d, J=8.8 Hz)] , anameric proton signal o 5.33 (1H, d, J=7.0 Hz)

- J:C-NMR spectrum chemical shift kaempferal<
anareric carbon 4 carbon data  D-methylxylofuranose 1C

signal & 73.8 (C-2), 75.9 (C-3"), 69.6 (C-4"), 66.0 (C-5) ;

data 2 kaempferal-xyloside -
aglycaone W MeCH band 355 nm
kaerpferol  I:C-NMR chemical shift C-3 shift C-3

- 2 kaempferal-3-C-3
-D-xylafuranoside - -
3 IR, W H-NVR spectral data 2 - JLC-NVR

spectrum signal 2 , D-galactopyrancse
signal [3 101.7 (C-1), 71.2 (C-2'), 73.1 (C-3"), 67.9 (C-4"), 75.6 (C-5'), 60.2 (C-6")

] . 2 data

kaempferol-3-C-f3 -D-galactopyrancside

4 data 2,3 kaempferal
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- JH-NMR spectrum anameric proton peak

(1H, d, J=7.3 Hz) 2 mole

I:C-NMR  spectrum galactase xylaose

galactose C-2 3 8.8 ppm
xylose . 4

B -D-xylofuranosyl(1- 2)-3 -C-galactopyranoside -

OH

campound 2 HO

oH

campound 4
Fig 4. Flavonoids isclated from Houttuynia cordata
Compound 2: kaempferol-3-C-3 -C—xylofurancside
Compound 3: kaempferol-3-C-3 -C-galactopyrancside
Campound4 :kaempferal-3-0-3 -D-xylafuranosy (1-2)
-B -D-galactopyrancside
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& 5.69 (IH, d, J=7.6 Hz), 4.57

(Table 2)

kaempferol-3-0-



. 2, 3,4 in vitro
(Armaracia rusticana)
haorseradish , - »

(Wasabia japonica Wasabia kareana)

- sinigrin
myrosinase
5 -
2 ( )1 2
- (
( ), ( ) ,
, MeCH flavonoid
braomobenzene
- MeCH 1 mg/ml 1C-1 mg/ml
64% (Table 12).
3 kaempferaol 10-2 mg/ml
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-D-galactaopyranoside

16%

radical

free radical

free
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1C-1 mg/ml

oxygen radical

free radical

radical

kaempferol-3-0-3

kaempferol-3-C- -D-xylafuranosyl(1- 2)- -C-galactopyrancside

free



Table 12. Effect of methanol extract and compounds isolated from Armoracia rusticana

on the hepatic lipid peroxidation in bromobenzene-treated rats in vitro

Grou Conc. (mg/ml) content Inhibi tion
P ) MDA n mole/g of tissue (%)
Control 0 58.4+7.68°
thanol extract 1 20.8+1.84° 64
nethane © 10" 21.2+3.31° 64
kaempferol-3-0- 8 -D- 10 57.7+1.07°
xylofuranoside 107 58.2+0.94"
kaempferol-3-0- 8 -D- 10™ 49.1%0.95° 16
galactopyranoside 10 57.2+0.97° 2
kaempferol-3-0- 8 -D- 10™ 35.4+1.09° 39
lofuranosyl(1—2 ;
oturanesy . ) 107 57.5%1.17° 2
galactopyranoside

The values are mean=*S.D. of three replications.

Means sharing the same superscript letter are not significantly different from control

(p €0.05).

4. o]z A A 2E W BEEYE

7h. BRIE 5, 6 W 79 H¥P2AY

A, 48, £F T Teol daA As oEx4 MeOH FEENA

< silica gel column chromatographyE& AlA|3le} 332 IYEES &439]

~ 202 -

Ty EtAcEHE

] st et 2}



UE 5= Yo BAY AAHOoT AAHurg (FeCls, Mg/HCL)2} IR spectrumolr] 3374 cm’!
(OH), 1657 cn” (@, B-unsaturated ketone), 1605, 1607, 1506, 1456 cm™ (aromatic C=C)]
2o flavonoid FUEUYS 4 9ldon MeOH 2ujE ZA3¥t UV spectrao]A band I
o] 335 nmollA L}E}L} C-30] free hydorxyl7]7} &7} E2h81#] ¢f&& & 4 Stk Shift
reagento] 2]%F W 3}ojlA] MeOHo| NaOAc 712 C-7¢]X|oll free hydroxylZ], NaOMeojlA] C-4’
2] X0 free hydroxyl?], AlCl3;&} AlCl13of HC1& #7}E C-5 hydroxyl7] &21§ £3% 4 9l

o, AlCl;Ruje} AlCIzof HC1 A 7to)A band o] W37} @151, NaOAc®} HsBO; 3718t
ZA3519 S uf band 10) MeOH &3t} xlo]7} ¢l B =E B-ringoll ortho dihydroxylZ]7} &2j
312 ¢} flavone HYEE 2Astgcrt. 'H-NMR spectrum®] & 7.92 (2H, J=8.7 Hz, H-2' &
H-6")2F 6.92 (2H, d, J=8.7 Hz, H-3' & H-5') peak: B-ring?] protono] 2}7|57}I& ortho
coupling 2} & 6.77 (1H, s, H-3), 6.47 (1H, d, J=1.9 Hz, H-8)=} 6.18 (1H, d, J=1.9 Hz,
-6)ollA] A-ring®] meta coupling J}iL & 6.770)A H-32] proton singnalo] J&E 2lcl
C-NMR spectrum dataollA] C-30] & 102.60]3 ol 7]Ql%} signale] ¢lodch 3HE 5& IR,
W 2 'He} PC-NMR spectral data®] £ OS2 flavone3}3HEQl apigenin®2 Z A3}t

S 63 7 AA4ur-g, IRQ 1100-1000 cm™ oA el F4oh W UVe] MeOHoIA 9] band 1
&3gkel 247t 344 9 355 nmoll A LR flavonol ¥l 3 staict.

BYE 6= MeOH BoiE AME-3¥ UV spectrumol] A band 1] 33HE 59 ZtHrch thupy olF
St} C-30] ABHASS & 4+ UL shift reagentol A HUE 59 S wlstsch
'H-NMR spectrumol| 4] aromatic B-ringoll 71Q1%¥} ortho couplinge] & 7.74 (2H, d, J=8.6Hz,
H-2" & 6')old FHE I A-ring®] meta coupling dH= methine protono] &6.91 (2H, d,
J=8.6Hz, H-3° & 5')¢} 6.42 (1H, d, J=1.9Hz, H-8)oA] Ho|m 1 moled ol 7]AU%
annomeric proton signale] & 5.29 (1H, s)&} rhamnose methyl7|2 F+AX: signale] 6

0.78 (3H, d, J=5.3, -CH3)ollA] T dcrt. 'C-NMR spectral datat WHE =23 signal
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o] kaempferolz} uf$ FA}SIG e ©@e L-rhamnose signalo] §101.8 (C-1), 70.1 (C-2),
70.4 (C-3), 70.6 (C-4), 71.1 (C-5) W 17.5 (C-6)olN [HEQUr). ojate] B33 Mo
2 33}E 62 kaempferol rhamnoside® FA3}gdt), wWi-el aglycone?] ZAUSIX|:= shift
reagento ¥ W EAAztel A “C-NMRoJA C-38] ko] kaempferolBr} A x}o)Este]
Wol c-3¢lxlo] AL YL U 4 vk wWebd HUE 6& kaempferol-3-0- g
-L-rhamnpyranosideql afzelin® 3T ZRE ZA St}

UE 72 HYE 62 npAIIRRE UV spectrumol] A MeOH -2ufje} Alcla/HC18} NaOAc/H;BO32
shift reagent &3 Zt=te] ¥]ZLE B-ringol ortho dihyroxyl7]7} 2x%e 2A-Y £ o}
'H-NMR spectrum & 7.30 (1H, d, J=1.9Hz), 7.24 (1H, dd, J=1.9 & 8.4Hz), 6.66 (IH, d,
J=8.4Hz)ollq} H{ZH signalo] ortho2} meta couplingd}o] aglyconeo) quercetin®dS & 4
9lem 1 moled] Tgoll 7]t signale FIE 69 FH Uxdtd HYE 72 quercetin
rhamnoside®& ¢ 4 th "C-MMR spectral datal agyconed quercetin®] E¥ 3|2} alx|
stm, =2} algyconed] AR HYUE 73} nlIIR2 We] shift reagento] 2%t &3}
3C-NMR spectral dataolA flavonol®] C-3 $]Xjoj AIIIE A< alr}, adEZ 3YE 79

3}3}F 2= quercetin-3-0- @ -L-rhamnpyranoside (quercitrin)® %3 3}gic}
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OH OH OH OH

compound 6 compound 7

Fig 7. Chemical structures isolated from Armoracia rusticana

Compound 5: apigenin
Compound 6: kaempferol-3-0- @ -L-rhamnpyranoside (afzelin)

Compound 7: quercetin-3-0- @ -L-rhamnpyranoside (quercitrin)
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U ojdx F2E ZER HUE 79 AU A 2GE

oldxE 4RY (Houttuynia cordata Thunb,)e] A2 A F, HUFLE F¢y, A
Yol &3t 3, £4, £F T Zeol &aA ch

thdd 2l o] AEL o] 15~50cnE ztete £7]9] sHi-= BHE Jloj7bRel de=
W oiclolA Rzt von T WMotk d& FTASt Zo] 3~8cm, ] 4~6cn2
Eol wEsID LRES Aol sHAtelE WWlEy ddo] it stHE BE Aol
gHe] guells HEIL L gleh BURIEFE €719 f18eA UebA o3t cigsia dole
oF 2cmolm WiAMjojrt, T A FL A3 MY &L AT A3 FHRE thh o)
3 3F AoloflA ZetA Ay ZAel Fx U2ch E2 @2 BAola s 5~64,
ZAA71E 10¢eltt. A7 UF go] U AFE W S5 xo EXcH

ELL dFog MAo] Z2HE YL wf ZHME mixed function oxidation systemoil 2
3lo] ZHEAHE o/|A|FlE RERWAG Ay A BHE ol&slq BHIALL F o4
Z MeOH $ZE 250 mg/kgd ZFF3ES wf BEfid dE5RFojFo w3 21, 500
ng/kgS FoAtHE B-Fole 24%2] AAzRAPGAAE2HE VehsitH(Table 13).

Bz oM ol zolM Rt BES quercitring 107, 107ng/nl FEE A@Bol A

7stde o Zhzt 125 W 16%e] x| A3arsielAYgdo] THAE glrh(Table 14).
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Table 13. Effect of the methanolic extract of Houttuynia cordata on the hepatic lipid

peroxidation in bromobenzene-treated rats

Group Dose(mg/kg) Content In}(l:;i tion

Control 0 22.4 £ 2.25

Bromobenzene(BB) 460 60.5 £ 4.00 0

MeOH ext. + BB 250 47.7 = 4.59 21
500 46.0 = 4.70 24

Rats were orally administered various concentration of methanol extract daily for one
week and then bromobenzene(BB) was intraperitoneally injected twice with 12 hrs
interval for two days. Rats were described in the experimental methods. Values are
mean * S.D. for five animals. .

Table 14. Effect of compound isolated from Houttuynia cordata on the hepatic lipid

peroxidation in normal rats in vitro

Table 14. Effect of the compound isolated from Houttuynia cordata on the hepatic lipid

peroxidation in normal rats in vitro

Conc. content
Group Inhibition (%)
(mg/ml) MDA n mole/g of tissue
Control - 17.5%0.98
Quecitrin 107 15.41£0.60 12
10 14.8+00.51 16

The values are mean®S.D. of three replications.
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5. 4RHY AAAEAA G A BYRYE
7}, BRE 89 T RAA

YIS 8L FeCly, Mg/HCl testolr] 9AFE Hol:, IR spectrum®] 3380 cm’ol|A] hydroxyl
B K1 i659 cn ol A ketone F4=r) 12| 1606, 1569 cm oA aromatic double bond®] F
2t} & JeEWIEE R aromatic ringoll hyroxyl 71&}t ketone”] 7} Q&= flavonoid®] outd Ad4}
2} 9x|s}m, Molisch testollA] o¥Adukg3} IR spectrom®] 1073 cn'd] F4ul: o] 3}3tEol
flavonoid WiZAH YL &8 4 QA stgrt EI UV spectrum?] MeOH fujoflA] B-ringol
7]Q1%} band 1o} 333 nmZ flavonoid ZZ 9] C-30] xX|#Ex] ¢} flavone E: C-39
hydroxylo] X|#H 33UEUE FHEY 4 2drt Shift reagento] &3 Fochy] HHE B
2 NaOMe 3 7}A] band [ o] MeOH fnjjollxle} vj2sle & o] 60 nm Fu}3 o] F3EH C-49
2)of free hydroxyl £x1& #&Y 4 Udchk EZ AICL; 7t F AR 71819& of AlCL; &
nﬂcﬂ]kfﬁ} dHjaofA] Band I©o] 30~40 nm %I} o]EdIX] ¢erE B-ringol]l ortho
dihydroxyl 7|7} Ql-&ol A3l MeOH Fuiel wlasigle of 20 o BIHY ojF3IE=R
C-52] hydroxyl7]2} C-60] methoxyl7]& ofj&3tgtt. NaOAc 3 7}A] MeOH2}e] v|alofA A-ring
ol 71913} band7} HEE Bo|x] QYOEBE C-791X|9] hydroxyl7]7} XBEHAUE Reg £33}
sich.

PC-NMR spectrumofl A, 80 ppm o}3te] 1xby} FoE AME o B2 2 moleo] EXHE, 2
2|3 18.2 ppm ¥ A7} BEEO e @ rhamncsed S o 4 AUdrh A ring?] data
(C-5, 6, 7. 8, 9, 10) @ C-2, 3, U 4] signal2 pectolinanrin®] spectrun3} uj-$ FA}s}
B2, oIFPEL C-7 ¢ixjo] ol AYUSIH, C-6 Xl methoxylZ|7} AYSIZ e
flavone wiQAHE Fgsigch. =EI B-ring (C-17, 2, 3', 4', 5, 6)° FF2
apigenin-7-0-glucoside®] data®} A& dx|FozA IYE 12 B-ring? C-4' $Ae]

hydroxyl7) 7} Agsta &S Vel glch wheba #H3E 1L aglyconeo] hispidulin® A
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o]9] C-7¢X]ol|l 2 moled] Fo] AUl Ut HYER Y 4 AUrh oot L2 A2
'H-NMR spectrumoll] EA5] & 4 gt 2 § 7.93 W & 6.932] coupling constant 8.75 Hz
2] 3304 B-ringe] H-2', 6'%} H-3',5'7} meta coupling3}22# C-4' ¢/ Xx]o] hydroxyl”]
7} Eajske AME ¢ 4 Atk i § 7.02 W 6.839 singletEE H-8, H-32%
assignment BB 24 9o} T AL AL vt FEELS H-NMR spectrumdild 2 7
2] anomeric proton (& 5.33, & 4.65) HZOS T 2 moled] Wo] &3S Hel 3 4 glo
o, ©o] 28 “C_NMR spectrung A E uj glucose®} rhamnose?] ¥ 39} GAFSIL, =3}
olm] & &{* ¢l rhamnose?] F¥X|2} v]adle] & uf glucosed] .C—29—} C-6 ¢ix|gt A=
Aol 7 U ASE o 4 Atk & 5.339 B-formYUE UehdoEH ©2 B-D-glucosed]
C-2 $]x]oll rhamnose’} ZA33t3 9l neohesperidose® A STl o]4te] @:}% 231519
E u HYE 18] FRE= hispidulin 7-0- g -L-rhamnopyranosy! (1—>2)-B-D—glucopyr_anoside

2 ZAstdct
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CH,OH

OH OH

Fig 8. Hispidulin 7-0-nechesperidoside
isolated from Cirsium Jjaponicum var.
usssuriense, compound 8: hispidulin

7-0-nechesperidoside

. dAFolA 223 HUE 89 Az A2E L ofe] 7] A

AAF oA Eelgt ZEe 3HE 8 (hispidulin 7-0-neohesperidoside)?] bromobenzeneo]
oJsled S =H 754 AAIAE 7Y FHoE AU ¥ U epoxided EA
FLo] o d¥e FE/E AEINCE HUYE 89 10mg/kgd THLE 15 FosiL
bromobenzene(460mg/kg, i.p. )& FAISIESn) 235 it 2] 8L bromobenzene THy
2o FoA tlxFRoh Zastget. o AR A A2 ofer|AE I35
93 T AYA Al¥olA  aminopyrine N-demethylase, aniline hydroxylase, glutathione
S-transferase@/doll A= W37t ¢l2loU epoxide hydrolase®’d& VA3 AJAHA Zo] ¥
Exalch

HERYAL ZAEZFY BEUEZA epoxided APAA F54& fusta ok &

bromobenzene mixed function oxidation systemo]| 2]3to E o] AL,
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bromobenzene-3, 4-oxide®  HAUEY o]  epoxide® - TiAIAHA EX4o0] A=
bromobenzene-3, 4-dihyrodiol ® tTHAIX]7|= & A7} epoxide hydrolaseo|l % C}E ARE:=
glutathione S-transferaseo] 2]3}o] bromobenzene glutathione©® wijAdHcl RFF A &
2|3t ZelHol= AEQl hispidulin 7-0-nechesperidoside ¥3}E2] 2] }At3} o A 2}HL-2]
obg| 7| A& st AEY FAYAHAFA, bromobenzened] Fojof &3t Akt
grarzb s HAILS  epoxide hydrolase & % P H 22 bromobenzened] 23 HEEH+=

epoxide& 3l H3le oe|71do] & Ao Algdch

Table 15. Effects of hispidulin 7-0-neohesperidoside (8) on the hepatic lipid peroxide
(LPO), aminopyrine N-demethylase(AD), aniline hydroxylase (AH), cytosolic glutathione

S-transferase (GST) and epoxide hydrolase (EH) activities in bromobenzene-treated rats

Dose
Group (mg/ Lpo® AD° AH° 6sT? EH°

kg)
Control 0 21.3 + 322 480 + 0.63 0.47 + 009 270.3 + 10.2 11.6 + 2.07
:‘"°“‘°' 460 3 e 098 % . 5.21 +
enzene (i.p.) 472" : : 0.13" e 0.79"
(BB)
Compound 8 10 ..\ | 600 0% 1.06 £ 006 + 20.3 7.43 + 0.97"
+ BB (p.o.) : 0.62" 0.23" : : A=

The values are mean = S.D. in five rats.

Significantly different from the control value: *p<0.05, *p<0.01.
*unit: malondialdehyde nmole/g of tissue

®unit: p-aminophenol nmole/mg protein/min

‘unit: HCHO-nmole/mg protein/min

%nit: conjugated 1,2-dichloro-4-nitrobenzene

funit: TSO nmole/mg protein/min,
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MNazh 48 A zelAre

1. oj#Eg Fixld ez iE 343t £ ©HE 9 o] &
oj#E AR o, ¥, FAF, JFETAEY ¥ BEE +84 W A8 =Y

A, lipoxygenase 43} W& AYATh o] F AFolAL B, ThUY, WY T W

ok

fl

B ™do] At A3 Felrs w3, guhy], Fuoty] Fo] A BHE Bt FAF
M ByE ¥R EARRL vz, APUE F2p 5o FAMEo %2} lipoxygenase 3] #
gol Zstalch

T84 U 288 ZEAY ¥ ABYLE FdY oeE 2FEE U &) E¥E ¥
A3 S BAY A ethyl acetate HFollN 7P 73 PA3PEdE BHgon o[RHE
chlorogenic acid, caffeic acid, quercetin-3-o-8-D-glucoside, kaempferol—S-o-.B
-D-glucosided #e}, AFstAct. 728l microsome A& A A AR L quercetinoi A
744 =3to ™ tyrosinase A3|BAJ-L chlorogenic acidolA 7}& &A eyt 24919] o
@ U EFFEE el ¥aE HJEELS Aves test W SOS chromotestoflA] ol ddo]
e Aoz g on Mol sty &2 VEIAHLLS Ueidct. B &
o] 2¥d PSS FEE /A W HEE RAE UBLE FHEAEES ZEY A ethyl
acetate HE L q¢-tocopherol® T} 43t 3}atztAd8 LlEho] a@-tocopherol THA] e 3
AEAZ A o]f/go] E AL g LIEIGITL

el 27, &u EFY ¥y uue ngke FEE PAUAHAYE 2-deoxyribose
oxidation'§ 2} 2|84 RAQ ferric thiocyanate] 2 ZAY Az}, oi¥e} vz 2F £
3 YA & Yehiddch &7 FF9 dYEFEES o8l £¥st g A
% A3} ethyl acetate HEAM 7MY w2 a3 viehdglch whelA Sepadex LH 20

column chromatography, HPLCE §3to] ¥t} Aol wlojdt HES Eeista, o8 +
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ZE 'H, “C-NR F 77124 & B3} gallic acid®} ellagic acid® A3 Ach ol& Ay
B& # 7t microsome XA}AHE PPAJAE A|BE A gallic acide 57.06%, ellagic
acidolA  53.11%2] XAJAHE AP dAE  Jehjdch  Bromobezened | Fo ¥t
Sprague-Dawley 94 #z|2] Alojo] Wuj&wkz} wly] ethyl acetate E£YE L Ariside ol
2o Hy} AoloA glutathion & A AA AN & AI}7F UAUZ cytochrome p-450 H{Y
F4£EO)AE ethyl acetate £HE A7t Aole] Fzrst itk 23 olF Aolol 23
cholesterol 3} x| 4ol afo] Yozl %22 ZAZ Az S| oy 3&Ho] 3l
Tt} Ames test W SOS chromotestol A #ue] &uf F&E2] Holdd2 fUe A= UYH
A3, BEAH AP HIAN & EdHIYAEE Uehddrt. =28 tFRE AHEslo
8]0 th¥t oven test2} rancimato 2 FAAH L X5t wl, gallic acid®} ellagic
acidollA @ -tocopherol BTt} 43t gilt3dl=g 191}:}. F3 Ax 9 & 2AE desly
Pgatzld g viaste e o) 80ToHAN A=st ¥ AHel¥ ¥ acetonel® &39S of 7}
A 7y gazbde Uehigch ‘#Lﬂnl% B AL S SR Qlon EY AT ThyRt
A2l 74 7R EulEYEY EA7 2 HES B3l YA {FE&AHLRA
ol-gAdo] wrl BF W JIFFHoIAM JHF F iR mHy"HZ e Y 4y € Wy =
&3 Az 5o A pH ol VA Jed FEY Y Eel W A FH| #
AF7t $utElojol & o2 ALz ™t
Zotye] WELE AZELS Ex|9} )EGo] thstd ¢-tocopherol BT o &L AAIBIH S

%

Uehelch erxzre gun Bdg Eesildstd ea8ul RYF silica gel,
Sepadex LH 20 column chromatography %! preparative HPLCE <S35ttt A HYES
w, 1R ® W, Pc-\MRE 2 EAM3le] 57,3, 4 -tetrahydroxyflavone(luteolin),
5,7,,4 -trihydroxy-3’-methoxyflavone, trans-3, 5, 4-trihydroxystilbene(resveratrol),

5,4’ -dihydroxy-7, 3'-dimethoxyflavone 2. & 3 3}4t}. Linoleic acid®} #|Z} microsmeS A}
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43} PAS Y1 34 ZAIRE A3}, 5,7, ,4 -trihydroxy-3'-methoxyflavone,
trans-3, 5, 4-trihydroxystilbene(resveratrol), 5,4’-dihydroxy-7,3’'-dimethoxyflavoneS @«
-tocoherol ¥t} 943t B & LIehlglch. Tyrosinase A3 E- AL QAU ok, 2o}
%] HEE FEEqAE Holdddo] gidlen, TYHolAY 2-AFollM= 80% o]4}e] FEdH
o] #3& viehidtt. 53] M olM FE|¥ resveratrolS X T Fof UFE o] U, ¥
HYE7Z &z 5 ol BeBd g Uehfo] 2 25U de 71548 deelth w
gt & A7 Z resveratrol & THY T3t gl ReZ WP oy FAFAHA
Erohel XN BAMZAME o]-§/do] ZIthHct. ¥ 2o 4 Fo resveratrol?] thy el
33, ¥ ¥EF T Uy 4e2F Jed AFE T V%8 ASH AY Ade &8
T % A3 A3t tEojopd Hesdo] glrh
Batd 2o gujEd ikl 282 ethyl acetate W butanol EYolA 713 &2 A
£ UYehjgch Azt #FMdo] &L ethyl acetate2HE  Amberlite XAD-2 column
chromatography 4 peperative HPLCE A}23}o] o]& vitexin, 1ute§1in-7—0-ﬁ—D-glucoside,
apigenin-7-0- 8-D-glucoside& ¥ W HA3}or} linoleic accid model Aol A 28] 3txtd}
84 AT A3} luteolin-7-0- 8-D-glucoside L apigenin-7-0- 8-D-glucosider= 90% ©]
Bel AANMEE P QAE HEo a-tocopherolBrl 43 S UEhHYTE Anes
test 3 SOS chromotest Zzt B|UHEZY wietE F2E3} SuiEYH L Holdd S UehiA
dgton, ZFwHoldd NPDL} NQOoj tﬂﬁ};“—t— EdHo] JA”go] A3tA] 2 Zez 1}
Elutet] v]sle] 2-AFE AMEY ZHFHoIdolAME E EYS AY3lis BEE ¥l 80 ~
90%2] & FEAWHO] Y& RArh. B|HFIZ AUolA Adste THU HEALLEA
£ dF A ¥aisido] £ luteoling ThY i3t ol ¢FL E 54 AAE T34

LF 48 VAAYe A o4l Fluiech.
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2. 48 W ARAE 2oy Al B g3

151%2] okg o A &AIE 2190 bromobenzenel 2 t E4E& REZ HAzolA x]AzjAtz
o) oA A8 FAMsETh o F AMZ, HYnAdol, oj4zs} 4R So] AU
A3t B4 oA ZH-go] Zstdch olE 3&'&.# &% silica gel chromatography2 Fel 3
A5t UV, MS, NMRE 28y F= & ZAAstyr
Bromobenzened RYIEE 3 EES UAoE MMM atzixae] A4 W epoxide 3
A fio nxe S XAl B TEF 5ol Fitd ZEQU cynarosider}
Boigre ). A odaFnudo] QoA E2|¥t kaempferol-3-o- 8 -D-galacto -pyronosidegt
kaempferol-3-o- 8 -D-xylofuranosyl (1—2)- 8 -D-galactopyranoside ] #z] ZtollA4 {ud =
Azt JPAA BE ZAIATE ofd oA Fel¥ quercetring B o iyt 2 A
Az dHBAE S 2ASIYT dAF o)A E2lR hispidulin 7-o- nechesperidoside?] 7t%:
el Az 7138E W37l slsted AbE A A A¥d U epoxide EA o] F= IS
Estodct

2 d3o)A in vitro W in vivoolA AApIE} A 2go] ASHA LR Adx, MER
Fo], oldzeot dZAE V¥ VHEIE AU 7 AFLEA YL Jbs’del wThL
mietd o]& A& /& MAHYES tpFE W Eelste 3 OA € AEYe ot
2 S8 At Adglel "asich ¥F olE & dF e, w5, AEAY uyg o
T A fdo] @t
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