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Abstract

The imitagenic and antirnutagenic activities of juices from 20 comman edible wild herbs found in Korea
were investigated using the spore-rec assay and Ames test. The juices of Hemerocallis fulva and Capsella
bursapastoris exhibited a little induction or inhibition of mutagenesis in the presence of selected metal ions,
but juices ol most edible wild herbs did not affect on the mutagenesis in the spore-rec assay. In the other
hand, all of the juices strongly inhibited the mutagenesis intuced by benzolalpyrene, 2—-amino-fluorene, and
J-amino~1,4-dimethyl-5H-pyridal tested on Salmonella typhimurium T AS8 or TA100 in the presence of 5-9
mix. The antimutagenic effects increased as the concentration of the mutagens increase. The results suggest
that concentration of samples or types of various mutagen mnteract to affect the antimutagenic potential of

the juices in the TA98 and TA100 strain.
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INTRODUCTION

Recently, there has been increased interest in con-
sumption of edible wild herbs because of concern about
human health as people income increased. Generally,
many processed foods, such as broiled foods, salty foods,
fish, fermented vegetahles, grains contain harmful com-
ponents Jor carcinogenic contarnination or occurrence
of cancer(1). Such harmful facters are of potential human
concermn. On the other hand, many researchers have re-
ported the antinutagenic effect of natural food com-
ponents from plants, fruits, and vegetables(2-5). It has
heen reported that high correlation between carcinoge-
necity and mutagenecity is established and significant
proportion of mammalian cancers may arise as a con-
sequence of induced somatic mutations(6). Increasing
reparts on dietary carcinogens and anticarcinogens gave
us to clue that the screening on the antimutagenic ef-
fects of wild edible herbs are of high potential value in
preventing cancer and other disease linked with muta-
tional occurrence.

Edible wild herbs have been traditionally used as
foed stuffs or medicinal materials without any scientific
proat. Consumption of wild herbs depends on the cus-
toms and tastes of the each people. The herhs have been
usually used as an appetizer or side dishes, and some
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of them used due to their medicinal effects. However,
little works have been reported on the physiological
effects of wild herbs on human.

We have previously investigated potent inhibitors
of mutagenicity extracted from various heated wild herbs
{7} and recently, consumption of fresh edible herbs has
rapidly increased due to nutritional value and health con-
cerms. Thus, the pwpose of this study was to screen
whether {resh juices of twenty species of Korean wild
herbs contain the mutagenic properties by themselves
or the antimutagenic activities on benzolalpyrene(BlalP),
Z-aminofluorene(2-AF), and 3-amino—1 4-dimethyl~bH-
pyrdeld 3-dlindole(Trp-P-1] induced mutagenesis.

MATERIALS AND METHODS

Materials

Twenty edible wild herbs, Aster tartaricus, Scilia scil-
[oides, Rumex crispus, Hemerooallis fulva, Pimpinelia
brachycarpa, Yongia sonchifolia, Capselia bursapastoris,
Taraxacum platveapum, Sonchus oleraceus, Allivum fu-
berosum, Ligularia fischeri, Aster scaber, Petasites
Japoricus, Adenophora triphilla, Portulaca oleracea, Sy-
nurus deltcides, Ixeris dentata, Plontago asiatica, Am-~
aranthus lividus, and Allium monanthum were used for
mutagenic and antimutagenic assay. They were obtained
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from various mountain areas of Hongcheon in Korea,
NADP, G-6-P, BlaJP, 2-AF, and Trp-P-1 were pur-
chased from the Kangwa company(Japan), and biotin,
histidine and other reagents were obtained from Wako
Pure Chernical Industries(Japan).

Preparation of edible wild herb juices

Each wild herb was washed with distilled water and
drained with paper towels before grinding with pestle
in a pre—cooled mortar, Exiracts were then obtained us-
ing stainless steel press and were centrifuged at 30,000
g for 30min at 4°C. The supemnatants were fitter—
sterilized using a G.45um memtbrane filter(Millipore
Products Division, Bedford, MA) and the filtered juices
were kept at —80°C for further experiments.

Spore-rec assay

Barillus subtilis HY7 (rect) and M45 (rec-) strains
were culiured according to the methods deseribed by
Kada et al.{B), The juices of herbs without metal ions
were used as a control. On some of the plates, 10ul
of a 25mM solution of AT, Cu™", Fe®", Mn®", Ni¥*, Pb,
and Zn”" were added to determine the effect of metal
ions on the antimutagenesis of the juleces. The plates
were incubated at 4°C for 15h before incubation at

37°C for 28h and the zones of inhibition were then mea-
sured. The experiments were carried out duplicate.

Ames test for antimutagenicity

For the antimutagenecity test of the wild herb juices,
a mixed solution containing 0.25ml 5-9 mix made from
the rat liver S8 product(Organon Technica Corp, Darham,
NC, USA), 0.1ml of cell suspension of Salmonella ty-
phimurivm TA93 or TALK, 0 to 0.3m! of each juice
with appropriate aliquot deses of BlelP, 2-AF, and Trp-
P~1 was orepared. The prepared sample mixture was
preincubated at 37°C for 20min, and then 2ml of molten
top agar supplemented with L-histidine and D-biotin
at 45°C was added to the mixtures, gently mixed, and
then poured onto minimal glucose agar piates. The plates
were inverted and incubated at 37°C for 48h. Each set
of experiments was performed at least duplicate, and
colonies were counted, and the inhibition ratio was re-
corded using the following formula:

Inhibition ratio{%) = {{A — C){A - B)}=100

Al number of histidine revertants induced by the
mutagen alone

B! number of revertants induced in the presence of
wild herb juice alone and solvent(negative confrol}

Table 1. Mutagenesis of juices from edible wild herbs in the presence of metal ions by spore-rec assay

Metal ions

Edible wild herl juice
None Al

Cu Te Mn Ni Ph Zzn

Adenophora triphylia - -
Allium monanthum - -
Alliumn tuberosum -
Amaranthus lividus
Aster scaber

Aster tataricus
Capsella bursapastoris
Hemerocallis fulva
Ligularia fischeri
Ixeris dentata
Fetasites japoniciis
Pimpinella brachycarpa
Plantago asiatica - -
Portulaca oleracea - -
Rumex crispus - -
Seilla scilloides - -
Sonchus oleraceus - -
Synurus deltoides - -
Taraxactin platyoarpunt - -
Youngia sonchifolia —- -
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C: number of histidine revertants induced by mu-
tagen in the presence of the wild herb juice

RESULTS AND DISCUSSION

Before testing for the amtimutagenicity of edible wild
juices, the mutagenesis of juices by themself was in-
vestigated using spere-rec assay and Ames test, Table
1 shaws the effects of various wild herb juices with
metal ions on the mutagenesis in the spore-rec assay.
Among the twenty wild herbs juices without adding
metal ions, only juices from Hermerocallis fulva and
Capsella bursapastoris exhibited a little mutagenesis,
while all of other juices did not induce the mutagenesis.
The effect of metal ions on the mutagenesis of the jui-
ces of edible wild herbs was investigated because [oods
contain many minerals and these minerals may affect
the mutagenic properties. The addition of selected metal
ions, such as Niz*, 7n’", Alai Cu” and Fe® to the juices
of Allium fuberosum, Ligulgria fischert, Allium monan-
thum, Capsella bursapastorts, and Hemerocallis fulva
exhibited little induction or inhihition of mutagenesis,
while the addition of other metal ions fo the juices did
not induce mutagenesis as measured by the spore-rec
assay. Also, all twenty juices by themselves did not
influence the spontaneous mutation frequencies in the
Ames test{data not shown), This result indicate that
juices themselvels did not cause mutagenesis in both
assays and addition af metal ions to the juices did not
affect on the mutagenesis except for the juices of Cap-
sella bursapastoris and Hemeroowllis fulva

The juices of Hemerocallls fulva and Capsella bur-
sapastoris exhibited little mutagenesis in the spore-
rec assay, but no mutagenesis was observed in the
Ames test{data not shown). Thus, the inhibitory effect
of wild herb juices on mutagen-induced mutation was
mvestigated, The relationship between the doses of
the juices and inhibition of mutagenicity of BlalP is
shown in Table 2. The wild herb juices exhibited a
dose-related antimutagenic activity in the TA98 or
TAL00 strains. Most of the juices, with the exception
of Allium tuberosum, Scilla slicides, Sonchus olergceus,
and Youngia sonchifolia, showed more than 79% in-
hibition of mutagenesis In the Salmonella typhimurium
TA9S strain treated with BlalP in the presence of 250
il 59 mix. The juices extracted from Hemerocallis
fulva, Pimpinelle brachvearpa, Plantago gsiatica, Sv—
nurus deftoides, and Taraxacum platycarpum showed

more than 80% inhibition in TA100 strain.

Similar results were found in 2-AF or Trp-P-1 in-
duced mutagenesis in the presence of S8 mix, and the
inhibitory activity increased as doses of the juices in-
creased in both strainsiTable 3 and 4). Three hundred
W of juices from only Hemerocallis fulva exhibited more
than 90% inhibition in hoth of the strains treated with
10itg/plate of 2-AT, while mices from Aster tartaricus,
Aster scaber, Capselln bursapastroris, Ligulariafischeri,
Ixeris dentata, Pimpinella brachyoarpa, and Planfago
asiaticn showed more than 90% inhibition in the TAS3
strain and Svnurus delfoides in the TAI00 strain. For
the 300W treatments, only the jices from Hemerocallis
fulva, Synurus deltoides, and Ixeris denfata showed more
than 90% inhibition in both of TA9E and TAL0 treated
with 0.0lug/plate of Trp-P-1(Table 4). The results in-
dicate that the concertration of juice treatments and the
types of mutagens used in the test affect the antimuta-
genic potential of the wild herb juices in the TADBR or
TAI0) strains.

Edible wild herbs have played a major role in the
livelihood of Korean people with little scientific know-
ledge as food stuffs ar traditionally medicinal mate-
rials. Relatively little research has been carried cut on
the medicinal effects of Korean wild herbs, but com-
pounds isolated from these plants may becoine a very
valuable source of antirmitagens and anticarcinogens
in the future.

Natural antimutagens or anticarcinogens found in
{nod, especiaily in plants are most likely safe, inexpen-
sive, and easily obtained. Earlier studies have shown
that numerous compounds with antimutagenic properties
have been isolated from plants. These nclude ascaorbic,
caffeic, chlorogenic, ellagic, ferulic, vanillic acid and cate—
chin gailate. rutin and quercetin(9-12). These compo-
nents have been used as food additives and in medi-
cines to help prevent carcinogenesis related to active
cxygen radicals(13). The present study shows that the
juices of edible wild herbs exhibited strong antimutage-
nic effects. Amoeng these wild edible herbs, some of herbs,
such as Allium monanthum, Capsella bursapastroris,
Ligularia fischeri, and Synurus delioides contain alliin,
allicin, palmitic acid, §-carotene, acetylcholin and tara-
xoll4). These components might exert antimutagenic
effect from the juices.

The respits show that the jnice of Hemerocallis ful-
va has the strongest antimutagenic effect on the BlalP
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Table 2. Inhibitory activities of juices from edible wild herbs on B[a]P” induced mutagenesis with 59 mix in Sai-
monella typhimurium TAS8 and TA100

Dose™ Tnhibition(2)? Dose Inhitution(?s)

Sample (W/olate) TASR TALOD Sampie (Wi/plate) TADS TAIN
50 66.2 69.4 50 00.1 68.3
Adenophora 100 76.5 745 Plantago 100 92.0 79.1
triphylic 200 83.3 75 asiatica 200 93.1 797
300 836 712 300 933 0.8
50 102 145 50 30.8 519
Allium 100 201 212 Petasites 100 629 68.2
tuberosum 200 202 201 Japonicus 200 886 T3.1
300 215 30.7 300 839 785
50 8.3 193 50 7%6.2 755
Allium 100 117 319 Pimpinelia 100 88.2 73.9
mongnthum 200 24.4 519 brachycarpa 200 82.8 83.2
300 90.0 59.3 300 943 3.0
50 32.0 322 50 6.2 301
Amaranthus 100 513 o7.3 Porulaca 100 43.8 45.0
lividus 200 736 57.8 oleraceq 200 583 60.3
300 79.4 65.4 300 9.7 722
50 56.2 72.9 50 34.1 16.6
Aster 100 82.3 781 Rumex 100 544 325
scaber 200 87.9 78.4 crispus 200 799 323
300 90.9 78.4 300 5.1 527
56 7286 255 50 415 326
Aster 100 855 304 Seilla 100 46.3 394
tataricus 200 925 424 scifloides 200 60.8 60.6
300 966 43.8 300 62.2 65.2
50 552 61.2 50 8.2 203
Capsella 100 623 63.3 Sonchiis 100 314 3382
bursapastoris 200 T30 Ti4 aleraceus 200 437 406
300 821 72.6 300 61.6 538
50 535 518 50 7.6 75.0
Ligularia 100 745 609 Svnurus 100 £89.3 30.4
Jfischeri 200 ™6 637 deltoides 200 934 83.5
300 79.6 62.6 300 93.2 37
50 423 442 6] 46.2 254
Ixeris 100 e 52.1 Taraxacum 100 713 70.1
denttta 200 855 62.3 platvearpum 200 845 79.3
300 85.6 62.7 300 87.0 807
50 n8.4 30.6 50 223 30.2
Hemerocallis 100 0.3 239 Youngia 100 405 40.3
fulva 200 94,1 90.1 sonchifolia 200 70.1 425
300 96.0 92.3 300 s 484

OThe dose on plates treated with BlalP was 201g/plaie

PThe average number of spontaneous revertants/plate on TALOD and TAY8 strains was approximately 14020 and 2276,
respectively

9 The average number of revertants/plate on the Bla]P-treated TA100 and TAYS strains was approximately 560230 and 175120,
respectively

“The inhibition ratio of BialP induced revertants was calculated by the formula shown in materials and methods
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Table 3. Inhibitory effects of juices from edible wild herbs on 2-AF" induced mutagenesis with S8 mix in Sai-
monella typhimurium TA98 and TA100

Dose®? Tnhibition(%6)" Dose Inhibition{%:)
Sample R Sample —_—

plate TA9R TA100 {ul/plate) TAS8 TAIOO
50 a0l 50.2 50 87.1 67.1
Adernophora 100 375 614 Plantaga 100 90.3 712
triphyll 200 485 70.3 asiatica 200 622 79.0
300 56.7 776 300 a7h 202
50 95 41,0 50 302 418
Allium 100 183 52.4 Petasites 100 42.4 807
tuberostm 200 60.5 61.5 Japonicus 200 50.3 51.8
306 R0.1 732 300 5.7 61.7
50 323 274 a0 8.5 65.5
Allium 100 464 383 Pimpinelln 100 32.4 725
monarihum 200 717 5.2 brachycarpa 200 a0.3 995
300 82.6 68.6 300 98.2 824
50 324 272 50 165 15.2
Amaranthus 100 45.0 554 Portilaca 100 8.6 20,1
fividus 200 524 6525 oleracea 200 60.9 5.0
300 60.2 674 300 65 63.7
50 76.6 58.6 50 30.2 JIST5Y
Aster 100 84.5 52.4 Rumex 100 406 255
scaber 200 90.4 70.6 crispus 200 60.1 30.4
300 o6 79.4 300 67.7 37.6
a0 705 5 50 405 0.2
Aster 100 9.2 803 Scilla 100 £6.5 355
tataricus 200 88.3 g7.2 scilloides 200 8.4 405
300 a90.5 68.4 300 86.4 475
50 50.2 62.0 50 131 127
Capsella 100 734 72.2 Sonchus 100 22.3 215
bursapastoris 200 221 78.4 oleraceus 200 394 210
300 924 0.7 300 655 407
50 80.1 501 50 .1 510
Ligularia 100 8563 57.2 Svhurus 100 21.0 £9.5
fischeri 200 90.4 60.4 deltoides 200 84.0 &0.0
300 97.3 67.2 300 875 8935
50 25,6 306 50 B.3 20.2
Ixeris 100 b84 43.0 Taraaeum 100 159 280
deniata 200 82.5 A6.4 platvearpum 200 55.6 50.0
300 90.1 706 300 216 654
50 70.1 805 50 304 175
Hemerocalits 100 825 85.4 Youngia 100 123 35.4
fulva 200 90.0 913 sanchyfolia 200 681 £2.0
300 9.1 99.2 300 8.2 694

UThe dose on plates treated with 2-AF was 10ug/plale

“The average number of spontaneous revertants/plate on TAL00 and TA9R strains was approximately 140220 and 2256,
Tespectively

The average number of revertants/plate on the 2-AF-treated TA100 and TASR strains was approximately 260%30 and
1300120, respectively

“The inhibition ratio of 2-AF mduced revertants was calcilated by the formula shown in materials and methods
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Table 4. Inhibitory effects of juices from edible wild herbs on T rp—p—l“ induced mutagenesis with 59 mix in Sal-
monella typhimurium TA98 and TAI0D

Doge?™ Inhibition(%)" Dose Inhibition(%)

Sample o) Tacs  Tae | Sl (Wolate!  TAog TALDD
50 27.0 52.2 50 92.5 521
Adenophora 100 325 60.5 Plantago 100 94,1 545
triphylla 200 404 69.6 asiatica 200 9545 570
300 564 7.8 300 96.3 58,7
50 20 6.0 50 434 315
Allium 100 53.4 11.8 Petasites 100 72.4 426
tubarosum 200 75.8 329 Japonicus 200 A5 4770
300 90.1 50.7 300 835 50.4
50 481 11.4 50 76.4 0.1
Affium 100 67.3 206 Pimpinella 100 824 62.3
monanthum 200 80.3 295 brachyearpa 200 D05 ]
300 3.z 345 300 09.2 76.9
50 105 827 50 645 23.0
Amaranthus 100 29.6 84.0 Porulaca 100 L0 420
lividus 200 532 86.3 oleracea 200 9.0 60.5
300 79.3 90.5 300 91.2 65.4
50 70.6 28.3 50 675 60.1
Aster 100 80.7 52.3 Rumex 100 8424 6.3
sazher 200 915 50.2 crispus 200 90.3 304
300 976 61,7 200 67.7 80.2
50 703 52.5 50 703 52.2
Aster 100 822 60.5 Seilla 100 7.2 60.3
tataricus 200 004 69.4 scilfordes 200 925 0.4
300 082 734 300 899.3 775

50 70.0 225 50 134 487
Capsella 100 Bld 30.1 Sonchus 100 302 12.0
bursapastoris 200 9.7 37.0 clergeeus 200 7.6 22.0
300 952 45.8 300 ah.4 308
50 78.4 214 50 032 925
Ligularia 100 824 32.4 SynLrus 100 94.5 93.0
fischeri 200 913 333 delfoides 200 9.0 94.0
300 98.2 406 300 95.0 045
50 214 90.0 50 76.4 324
Ixeris 100 40,1 924 Taraxacum 106 8L0 41.6
denfata 200 725 94.0 platvearpum 200 80.0 47 8
300 a0.1 95.4 300 92.2 55.8
50 704 824 50 506 10.0
Hemerocallis 100 Bh5 29.3 Youngia 100 62.0 154
fulva 200 90.6 95.3 sonchifolia 200 72.3 187
300 99.3 100 300 a34 0.7

"The dose on plates treated with Trp—p-] was 0.5ug/plate

The average number of spontaneous reverfants/plate on TAIO0 and TADBR strains was appreximately 120+10 and 2818,
respectively

*The average number of revertants/plate Trp—p-1-treated TA100 and TA9S strains was approximately 9602100 and 1200+
100, respectively

“The inhihition Tatic of Tro—p-1 induced revertanls was calculated by the formula shown in materials and methods
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and 2-AF induced mutagenesis in the TAR and TA
100 strain and Synurus deltoides has the strongest on
Trp-P-1 induced mutagenesis compared with other
juices of wild edible herbs. Also, the antimutagenic ef-
lects increased as doses of the juices increased in the
both strains and TA9E strain was more sensitive than
TAI100 strain. This difference of sensitivity may come
from different genetic base pair arrangement between
TA9Bframeshift type mutant) and TA10M hase substi-
tution type mutant).

Reduced gastric cancer risk in a case—controlled study
was asscciated with increased intake of raw vegetables
and citrus fruits(15). The reduction in risk was asso-
ciated with raw but not with cooked vegetables and
with fresh Dut not with dried or preserved fruits, These
might be due to loss of active components by physical
damages. Similar expectation could be followed in the
wild edible herbs and some juices of the raw edible her-
bs exhibited rmch stronger antimutagenic effect than
heated herh juices at the same dose level(data not shown).

This is a preliminary study on the antimutagenic
activity of the juices ol edible wild herbs commonly
used as diet, food additives, and medicines in Korea.
This results have prompted further studies, including
extracts from various organic solvents, heat, and pH
stahility of extract and identification of the main active
substances in the edible wild herbs, and these experi-
ments are NOW in progress.
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