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Abstract

The antioxidant activity of methanol extracts of thirty plants was tested using the method of 1,1-diphenyl-2-pi-
cryl hydrazyl (DPPH) reactivity. Four methanol extracts from Zingiber officinale, Piper nigrum, Zanthoxylum sch-
inifolium and Capsicum annuum were found to be the most effective on DPPH radical scavenging activity. The
next effective ones were Perilla frutescens, Sedum sarmentosum, Raphnus sativas, Arctium lappa, Beta vuigaris,
Brassica oferacea var. acephala, Brassica juncea in order, and the others did not show a considerable activity.
The methanof extract cbtained from the seed coats of Zanthexyium schinifolium was fractionated with several
solvents. The interphase maierials exhibited the strongest antioxidant activity and was further purified by silica
gel and Sephadex LH-28 column chromatography. Twe active principles were isclated and identified as
guercetin-3-0-c-L-rhamnopyranoside (quercitrin} and quercetin 3-O-a-D-galactopyranoside (hyperoside) by
uftraviolet (UV), proton nuclear magnetic resonance (H-NMR) and carbon nuclear magnetic resonance (°C-
NMR]. lts antioxidative activity was a little higher than that of L-ascerbic acid.

Key words @ antioxidant activity, plant extracts, hyperoside, quercitrin, Zanthoxyium schinifolium

INTRODUCTION

Synthetic antioxidants such as butylated hydroxy-
anisole (BHA), butylated hydroxytoluene (BHT) has
been used to prevent lipid peroxidation, but their ap-
plications as food additives are confined to a narrow
range because of undesirable effects on the human
body'™. However phenolic antioxidants such as BH-
A, BHT, TBHQ, propyl gallate are still used partly as
food antioxidants because of their excellent effects
and low cost. Therefore, the development of alternati-
ve natural antioxidants has been strongly desired, and
the natural antioxidants such as a—tocopherot and £~
ascorbic acid have attained a high degree of consum-
er acceptance because of their safety. The antioxidant
activities of a-tocopherol and |-ascorbic acid are,
however, lower than those of synthetic antioxidants
such as BHA and BHT. Hence, there is a pressing ne-
ed to find safe, economic antioxidants with high ant-
ioxidant activity to replace these synthetic chemicals
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with the natural sources. Especially, the antioxidant
compounds present in edible plants have recently
been considered as reasonable food additives. To da-
te, although a large number of reports have appeared
in the literature concerning antioxigenic activity of fo-
ods™", a little data exist regarding antioxigenic prin-
ciples isolated from foods'**.

in the previous paper™, we studied the antioxidat-
ive activity of the plants and marine algae and found
{(+)—catechin along with flavonoids as active principi-
es from Prunus davidiana. In this report, we further
extends the screening results of thirty vegetables and
isolation of the antioxidant principles from the meth-
anol extract of Zanthoxyium schinifolium seed coats
used as a spice in Korea.

MATERIALS AND METHODS

Instruments

The mps were taken on a Thomas Hoover 6406-H
apparatus and are uncorrected. The infra red (IR) spe-
ctra were determined in KBr tablets on a Varian Tech-
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tron Model 635 spectrophotometer and the ultra vig-
let(UV) spectra were run with CE 399 Universal aut-
omatic scanning spectrophotometer, The "H-NMR
(300 MHz) and "C-NMR{75.5 MH2z) recorded with a
Brucker-AM 300 spectrometer in DMSO~de contai-
ning TMS as an internal standard and chemical shifts
are given as dippm). Optical rotations were measur-
ed on Rudolph Autopol 1t automatic polarimeter.

Materials

Korean pepper, Zanthoxylum schinifolium was gat-
hered from Mugori, Sacheon-Gun, Kyung Sang Nam
Do on August 1993, All other samples were purchas-
ed at a local market in Pusan at the same time.

1,1-diphenyl-2-picryl hydrazyl (DPPH), | -ascorbic
acid, BHA and BHT were reagent grade, purchased
from Sigma. All other reagents were of the highest gr-
ade commercially availabie.

Measurement of antioxidant or radical scaveng-
ing activity®"

An 4ml of methanol solution of test extracts at vari-
ous concentrations {2.5~120g/ ml) was added to a so-
lution of DPPH (1.5 X 107*M) in MeQOH (1ml), and the
reaction mixture was shaken vigorously. After storage
at room temperature for 30 minutes in air, the remain-
ing DPPH was determined by spectrophctometry at
520nm. The radical scavenging activity (%) of each
sample was expressed by the ratio of lowering of the
ahsorption of DPPH, relative to the absorption of DP-
PH solution in the absence of test sample (control).
The mean values were obtained from duplicate expe-
riments.

Extraction and fractionation

Commercially dried seed coats of Zanthoxylum
schinifolium (680g) were extracted with hot MeOH u-
nder reflux as shown in Scheme 1. The MeOH extra-
cts was partitioned with hexane, CHCl3, EtOAc, Bu-
OH, and H20 successively.

Isolation of active principles

The interphase materials was subjected to chroma-
tography using 5102 (B1OAC 1 MeOH=gradient) and
Sephadex LH-20 {MeOH) columns to vield compou-

nds 1 and 2 in the order of elution.

Compound 1(quercitrin}

mp 178-180°C, [alb~108{c=0.7, MeOH) ; UV 4
MeOH, nmilog & ; 260(4.15}, 305 (sh, 3.80), 3554,
02) ; A MeOH + NaOMe ; 275{(4, 24), 332(3.86), d
400{4.11) ; A MeOH+AICl: 278(4, 24), 305 (sh, 3.
71), 440(4.16) 3 A MeOH + AlClz + HCI 275 (4.16),
305 (sh, 3.75), 360(3.88), 405(3.91) ; A MeOH +-
NaQOAc 275(4.17), 325{sh, 3.88), 370(3.95) ; A Me-
OH + NaOAc + H3iBOs, 265{4.24), 300(sh,3.77),
370(4.06) ; "TH-NMR (DMSO-ds, TMS)S; 12.60(1H,
brs, Cs-OM), 7.15(1H, d, j=2.0, H-2"), 7.1% (1H, dd,
}=2.0 and 8.5, H-6;467"), 6.72{1H, d, }=8.5, H-5"),
6.23(TH, d, ]=2.0, H-8), 6.05(1H, d, }=2.0, H-6), 5.
11{1H, 5, anomeric), 0.80(3H, d, }=6.0, Me of rham-
nose) 5 PNMR (DM SO-ds, TMS) ; see Table 4

Compound 2¢(hyperoside)

mp 253-4°C, {odb-70(c=0.1, MeOH), (R KBr {cm
15 3200 (OH), 1650{C=0), 1600, 1540, 1500 (C=
C), 1075, 1050 (C-0),1015, 990, 928, 880, 855, 818,
785 5 UV A MeOH nm (log & 5 256 (4.10), 268 (sh, 4.
00), 295 (sh, 3.69), 360(4.02) ; & MeOH +NaOMe
272(4.15), 330(3.73), 410(4.11) ; A MeCH + AlCl3
272(4.16), 302 (3.64), 333 (3.50), 431(4.14) 5 1 Me-
OH + AICl3+ HCE 268 (4.14), 300(3.76), 360(3.94),

Dired seed coat of Zanthoxvium schinitoliun: (680g)

! Hot MeQHI(80° C, 3 hrs, 4 times)
i

MeOH ext
{(130g)
F
Hexane H20
{2.9g)
HzIO CHCl:  Interphase
j (309 408
BOAC H20
(2.92)
R s
BuOFki RO
{14.7g) (32.Cg)

Scheme 1. Extraction and fractionation of Z. shinifolium.
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398(3.96) ; A MeOH + NaQAc 272(4.10), 325(3.81),
372(3.95) 7 A MeOH +NaOQAc 272 (4.10), 325(3.81),
372(3.95) 5 A MeOH + NaQAc + H3BO3z 260 (4.16),
296 (3.60), 380(4.06) ; 'H-NMR{(DMSO-ds, TMS)S ;
12.60(1H, brs, OH), 10.77 (1H, brs, OH}, 9.80(TH,
brs, OH), 9.03(TH, brs, OH), 7.66(1H, dd, ]=2.0 and
8.5, H-6), 7.53(TH, d, ]=2.0, H-2'), 6.84 {1H, d, J=8.
5, H-53"), 6.40(1H, d, }=2.0, H-8), 6.19(1H, d, j= 2.0,
H-6), 5.36(1H, d, )=7.0, anomeric} ; "C-NMR(DN-
SO-ds, TMS)E ; see Table 4

Acid hydrolysis of 1 and 2

Ten mg of samples was refluxed with 5% H2504
{30mi} for 5 hr. After cooling, the reaction mixture

was filtered. The aglycone was crystallized from Me-
OH 1o afford quercetin as yellow needles, mp 312-5.
It was confirmed by direct comparisons with an auth-
entic samples { TLC and mmp}. The filtrate was neutra-
lized with BaCQs, filtered and concentrated. L-rham-
nose from 1 and D-galactose from 2 was identified
by TLC (precoated cellulose, pyridine : EtO Ac : HO-
Ac : H20=36: 36 : 7 1 21, Rf (.65 and 0.40)

RESULTS AND DISCUSSION

Antioxidant activity of vegetable plants

To find the antioxidant materials from plants , the
free radical scavenging activity was evaluated by the

Yable 1, Free radical scavenging effects of several edible plants on DPPH

English name

Scientific name

Burdock
Chard

Kale

Korean cabbage
fettuce

Black pepper
Korean peper
Redish rod
Leaf mustard
Maklow
Spinach
Sedum

Crown daisy
Amaranth
Wild dropwort

CGreen peritla

Parsley

Onion

Garlic

Leek

Large Geen onion
Ginger root
Butterbur

jujube
Red peper

Dandelion
Doraji (Root of Chiness beliflower)

Arctium fappa
Beta vulgaris

Brassica oferacea var. acephala
Brassica campestris var. pekinensis

Lactuca sativa

Piper nigrum
Zanthoxylum shinifofium
Raphnus sativas

Brassica juncea

Malva verticillata
Spinacia oleracea
Sedum sarmeniosum
Chrysanthenum coronarium
Amaranthus margostanus
Oenanthe stolonifera
Isodon japonicus

Perilla frutescens

Perilia frutescens
Petroselium sativum
Allium cepa

Allium sativurm

Allium tuberosum
Allium fistulosum
Zingiber officinale
Petasites japonicus
Saururus chinensis
Zizypus jujuba
Capsicum annuum
Youngia sonchifoiia
Taraxacum platycarpum
Platycodor grandifforum
BHT

L-ascorhic acid

50% reduc.’(mg)

Part

seed 160.2
sead 61.6
seed 186.2
seed 2102
seed 323.0
seed 52.8
seed coat 59.0
seed 148.7
seed 194.0
seed 480<
seed 267.2
leaf 148.0
leaf 347.9
leaf 480
leaf 338.0
leaf 246.2
leaf 2643
seed 145.0
leaf 480<
rthizome 480<
semen 480<
leaf & stem 480
leaf & stem 480<
rhizome 49.6
leaf 206.8
leaf 460.0
seed 480
seed 84.6
leaf & stem 220.0
leaf 302.6
root 480<
9.5

8.1

“ Ameunt required for 50% reduction of DPPH after 30min



Further Screening for Antioxidant Activily of Vegetable Plants and lts Active Principles from Zanthoxylum schinifolium 469

scavenging effect of DPPH radical. The control inten-
sity (absence of sample extracts) was taken as 100%,
and the percentage intensity was calculated. The con-
centration of each fraction for 50% free radical inhib-
ition is shown in Table 1.

As shown in Table 1, some plant extracts such as
Perilla frutescens, Sedum sarmentosum, Raphnus sat-
ivas, Arctium lappa, Beta vulgaris, and Brassica junc-
ea exhibited somewhat high scavenging effects on
DPPH. The most effective ones were Zingiber officin-
ale, Piper nigrurn, Zanthoxylum schinifolium, and Ca-
psicum annuurm, These results suggest that these spic-
es contained a certain antioxidant (s).

Antioxidant activity and active principles of Zan-
thoxylum schinifolium

The present study was also caried our to investig-
ate the active principles in MeQH extract of Zanthox-
vium schinifolium, whose seed coat showed marked
antioxidant activity. The MeOH extract of Zanthoxy!-
um schinifolium seed coat was partitioned by hexane,
CHCls, BtQOAc, BuOH, interphase materials and water
successively. And then, these solvent-soluble fracti-
ons were measured free radical scavenging effect on
DPPH. As the result of them, interphase materials sh-
owed the strongest antioxidant activity {Table 2). This

Table 2. Effects of several fraction of the methanol extract
from Zanthoxylum shinifolivm on DFPH

Fractions 50% reduc.” (mg)
Hexane 375.2
Interphase materials 9.7
CHClz 140.8
EtOAC 10.2
BuOH 34.0
H:O 91.6
L-ascorbic acid 14.7

2 Amount required for 50% reduction of after 30min.

Table 3. Effects of isolated compounds from Z. shinifolium

on DPPH
Compounds 50% reduc.” (mg)
Quercitrin 6.50
Hyperoside 8.45
L-ascorbic acid 4.7

* Amaunt required for 50% reduction of BPPH after 30min,

fraction was further purified to obtain active compo-
unds 1 and 2 by repeated silica gel and gel filtration
column chromatography. The two compounds 1 and
2 was identified as quercitrin and hyperoside, respec-
tively. Table 3 surnmarized the radical scavenging
results of isolated compounds on DPPH. Their antio-
xidant effects were a little higher than those of ascor-
bic acid.

Antioxidant activities of various flavonoids are well
known. As to flavonoids, the relationship between
the position of the hydroxyl groups and the antioxid-
ant activity has been discussed®. Quercetin is an eff-
ective flavonols in the same ways as morin, kaempfe-
rol, and luteolin®™. Quercitrin and hyperoside isolated
from the methanol extract of Z, schinifolitm also may
be usabie as an antioxidant component. The findings
of the present study indicate that the methanolic
extract of Z. schnifolium seed coats and its compone-
nts (quercitrin and hyperoside) may be usefu! for an-
tioxidant.

Structure elucidation of active principles

The interphase materials were subjected to chrom-
atography using SiQz and Sephadex LH-20 to vield
compounds 1 and 2 in the order of increasing polar-
ity.

Compound 1, mp 178-180°C and compound 2,
mp 254-6° C, showed positive Mg +HCI and Molisch
tests. Acid hydrolysis of each compound afforded as
the aglycone, quercetin, mp 315-6 and as the sugar,
L~rhamnose from compound 1 and D-galactose from
compound 2. The 'H-NMR and “C-NMR (Table 4)
spectra showed only one anomeric proton signal, in-

Table 4. “C-NMR chemical shift of compounds 1 and 2

Carbon No. 1 2 Carbon Mo, 1 2

2 157.2 156.2 37 1451  144.7
3 134.2 133.5 4° 1483 1483
4 1771.7 177 .4 57 1156 1157
5 161.3 161.1 % 121.0  121.0
6 98.6 98.5 1" 1017 1016
7 164.7 164.0 2" 0.0 7141
8 93.5 934 37 703 73.0
9 156.4 156.2 4 71.2 67.6

10 103.9 103.6 5% 7050 75.7
1 120.7 121.6 6" 174 60.0
2 154 115.1

¥ assignments may reversed
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dicating the presence of one mole of sugar in each
compound,

The UV spectrum of each compound, exhibiting
band 1 peak at 355-360nm, was very similar to these
reported for a number of 3~hydroxy substituted fia-
vonols™, A bathochromic shift of band | in the prese-
nee of AlCl or AlC + HCl and of band ti in the pres-
ence of NaQAc indicated the presence of free 5-hyd-
roxyl and 7-hydroxyl groups. And alse a bathochr-
omic shift with NaOMe, without a decrease in intens-
ity, showed the presence of a free 4" ~hydroxyl group.
It was thus, suggested that the sugar might be attach-
ed to 3-hydroxyl group. The *C-NMR spectrum of
each compound confirmed this suggestion, The confi-
guration and conformation of sugar moiety was det-
ermined by the j value of the anomeric proton signal.
Compounds 1 and 2 were, therefore, identified as qu-
ercetin 3-0O-o-L-rhamnogyranoside (quercitrin) and
guercetin 3-O-f-D-galactopyrancside (hyperoside),
respectively.
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