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Abstract

This experiment was performed to determine the safety of the Korean red ginseng irradiated with
gamma rays with respect to genotoxicity. Ethanol extracts of the 5 and 10 kGy gamma-irradiated
red ginseng were examined in two short—-term in vitro tests : (1) Salmonella typhimurium reversion
assay(Ames test) in strain TA 98, TA 100 and TA 102 (2) Micronucleus test in cultured Chinese hamster
ovary (CHO) cells. No mutagenicity was detected in the two assays with or without metabolic activa—
tion. It was suggested that the Korean red ginseng irradiated with gamma rays did not cause genotoxicity
in vitro. Further tests of genotoxicity in vivo, chronic and reproductive toxicity should be carried
out to determine whether it is safe to irradiate Korean red ginseng with practical doses of gamma rays.

Key words: irradiated red ginseng, Ames test, micronucleus test, CHO cells

M B

AR AL A1 E] A A o HalA = 19809 F
A7)F ZAN FTF4 993 (FAO/TAEA/WHO
Expert Committee on the Wholesomeness of Irra-
diated Foods, JECFI)7} 2897824 “J 7 10 kGy
olgt2 FAMH RE A FL FATH R A,
PR 2L FA HAYE 2 A2E XY}
(D). et whabad 24} A F ol O3 LHAHES] Bot
< BA =] oot 39, 19924 59 WHOSIA & =
A =¥ 2] S(IOCU) 8] e Ztat A FFALE ube st
© AEAE 4 AFHI AT 225 A3 3
g AT A, 2L A Fo) bAA 4 ok Agt
A& AFAEA A EFL AxA 5o g} it
Ad ZAME AE A9 A3AE AFA e oo
AR o] Eale] A H A o, LulxtEA
v AEA AU SR gerh wdEdg
o(2). Wb FA 71 Feh F8 AR ST WA
27149 Azte}l AP S st AE 435S
AR Aoz o) r&o A4 g A

fTo whom all correspondence should be addressed

FAlsla glod, A 37NN Al F WAl =
AR A H T o1 F 28T AgH ez H43
Ha oloh3). FHAME AGA dhabad ZAF A 1
7171 19874 649 ¥¢ 7hEE 3 slew, 1996 &)
13 AlF FE5Fe gk WA 2AD 2 A Bx 8
25 Fri=Ede H2 A2AF A ethylene
oxide FZX 7} 3219 1(1991d 79 1Y) we} 4
FAd ol M Al 2 AP &0 8.7} F7bE 3 gl

342 93T A2TAH A AR sk AadEHz
sioh A7l Aol kg 7 Foll A FEAZ
o= AESF FAASNE JdoAd £ e 2A7}
sith oo wie}, gl da-FA A = 2ot 4
#F, AF A A, microwave A, 2.2 AL 2 A
PP oz yrls £ 29, F2d W g 4wy S
A DEAHA] 2 Aoz BasFHgchd).

et A2 52 F4ke] o1 4EE A% ekl =
Al7| x4 o] & 75 & A Es7] Sia) ol vl M EE
2, o] 3183 A G HUAFHILG), EiE okl
A8 A A5 EE A S Hotstaal 1
243 0 2 Salmonella typhimurium< ©) 43 2AE



492 2A7) - &FA .

a¥o] A3 ¥ Chinese hamster ovary(CHO) Al ¥-&
o] 83 AHAY F9 in vitro YL AA s

Mz Wy

EA extract =H|

FA4H2 19959 29 Az LA T
Al 61 2 1AM Panax ginseng C. A. Meyer) 2.2 A 3
T AFE FAdsted.

ZAe] WAA Fale EAAE G P Ao A s
= Zebd AR (AR Co-60, 109 Ci)&- o] &3}
o Ao A7t 1 kGyS AFER 5 10 kGy2
F FrAFEE A2E Y ol FeAFS gd
3}7] $) 3} free radical dosimeter<} ceric cerous dosi-
meterg o] &3 ch

e ZAL 9 B]2AL BAF 40gel) 10wREke] 80%

ethanol$ 7}3] 60°C water bathell 4] 84|74 23] &
3}3 o] 2| (Whatman No.5) & o33 ¥ 33ets &3l
85° Brix9] ¥4t extract® A|Zskgr}.

Salmonella typhimuriumg& ol8%t 3| &M
o] AIH

A& A uiR), A19F 2 S9 mix2] = A} AP
& Marton® Ames®] W (6)<] 3ich S9 28-S
Microbiological Associates(Bethesda, Maryland, U.S.
Aol A Pl stedch Aol ALS-RF Salmonelia typhi-
murium TAS8, TA100, TA102 & §+FH B Aqkdd
Teog e Fopigtr) 24 FF3 histidine 874,
deep rough(rfa) 54, UVel] et 917 = (wwrB 94
o)), R-factorel] €] &} ampicillin =+ tetracycline WA
59 gL A3 F AR Agsisch

Al JALRAI 3 A7) A %= A-H(standard plate
incorporation test)} AL 314 71 3 (preincu-
bation test)Z vre] Al etk Aol 4t
-9 0.5mi(ALEA 3} A7) 73 += S9 mix 0.5ml),
A #8494 0.1ml 7} Oxoid nutrient brothel| 4] }-Z4} vl <F
A7) Faoked 0.1ml-g ol 7R A vortexstd et thAF
LA e Ao 3087 37°Col A dnjujaigt
chS (AL EA 8L A 71%] ke 7 $-oll= vlE) histidine/
biotin®] A 7}% top agar(45°C)E 2ml 7}3}2 327} vor-
tex 3} minimal glucose agar plate Aol ¥o] 3@ 73}
Al gt} 37°Coll 4] 48413} k&t F revertant colony &
Astgct, Sadoe] fAde] B A9 A Al
wet B we) A4l 4o hERTe] 28 o)ate]HA

SFAEAS 2 AT FHLE

ZRF HSMEE 0|28t LAY

Al ol AH-4% Chinese hamster ovary(CHO) A £
EAEdSy nAREYL D 242 Fe o
gt} Hi R 10% fetal bovine serum, 100U/ml peni-
cillin, 100ug/ml streptomycin, 5X10™° 2-mercapto-
ethanol ¥ 20mM HEPES bufferZ 3 7}4] %! McCoy's
5A WX & A28l oo, 25 GIBCO BRL, Inc.(U.S.A)
oA Flstsdch wioke T3 AldGE ZA3A
5% CO;E ZF3he= 37°C9 CO: Incubatorel] Al 43
L=

A y-e CHO A X 35%10°7]F 100mm dishel]
mEate] 27t wikd F, AFEA-S Hrbsla 244
7F Fo NEE A3 28-S 5} Fenech
¢l Morley 4] cytokinesis-block(CB) ¥ (7)o w2}
cytochalasin B(Cyt-B ; 3ug/ml, Aldrich)E A3 &3
7} A A7kl o). Trypsin-EDTA0.05%)-8 %2 2
AEE A8t A28 4, 75mM KCl £
Z JAgA A 587 w3 o2, 24 W (methanol : ace-
tic acid, 3: D22 33 247l F Fr|AEzHPoE
A EF RS S} 3% Giemsa @AY (pH 6522
1587k o Hate] spata v o2 4008 ol A Fadahe]
t}. Cyt-BE DMSOe] 2mg/mlzZ %o -70°Cell 23
&3, 24317 Az 3¢ Hanks' balanced salt
solution2. 2 34 s}e] Al-&3tgich cfALRA EA 3
o A e oo AEE wg F, AHEA
3} S9 mix(¥l 212 20% vl -&)S A7lsle] 641 F<t
Wik} ohE-, A4} vl A 2 mgstw Cyt-BE #7143}
o 18417t o] wlokd ¥ AEE S

AP EA & A xuohul A 2 FAstg oy HI F
FollA mlokgekd] 1/108 3ot 4 2T 2E
g ql Azafulx) g, JAH HETFLEZE AAHY
AN E F7F<o =2 mitomycin C(Sigma)E 0.04
ug/mlE, A8 3 ol A= DMSOe] 32l benzo
(a)pyrene(Sigma)S 0.02mg/mlZ A7}alsdth

Micronucli(MN)¢] #E-2 Almassy 5(8)2 7%
of] upsket, 1,00070 ] binucleated CBAl £E 5 MN-&
e AEE Agsidrt

ik}

ST e

savoly 4

PAEA o] AAGAY L mEsld Az A

ol



Avhd 2 el AAel BB HASHRH 97 493

Table 1. Revertant colonies of strain TA 98 in the Salmonella typhimurium reversion assay with nonirradiated
and gamma-irradiated Korean red ginseng extract

Concentration . Irradiation dose (kGy)
S9 mix

(mg/plate) 0 5 10

0 - 30t2 - —
0.3 - 26*1 28*1 288
10 - 34*2 32+2 32x2
3.0 - 332 31£1 307
10.0 - 33%3 382 377
30.0 - 4313 44*2 36E2

NPD” - 3513+123 - -

0 — 31+1 — —

0 + 34+1 - —
03 + 33+2 36+6 36*4
1.0 + 31%2 40=*5 36+4
3.0 + 3B=E2 41*2 36*1
10.0 + 41*4 410 40*1
30.0 + 44%2 44 43*0

2-AF? + 1471+38 - -

The top agar containing test compound(0.1ml), test strain{fresh overnight culture, 0.Iml) and S9 mix(0.5ml) was
poured onto minimal glucose agar plate. The compound was tested with or without 89 mix. In the test with S9
mix, preincubation at 37°C for 30min preceded addition of the top agar. After incubation at 37°C for 48h, revertant

colonies were counted

Values represent mean+S.D. of revertant colonies per plate in duplicate experiments except for negative control

groups (triplicate)
UNPD(4-nitro-o-phenylenediamine): 20ug/plate
22- AF(2~aminofluorene): 10ug/plate
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Table 2. Revertant colonies of strain TA 100 in the Salmonella typhimurium reversion assay with nonirradiated
and gamma-irradiated Korean red ginseng extract

Concentration S9 mix Irradiation dose(kGy)
(mg/plate) 0 5 10
0 - 200120 - -~
0.3 - 211%16 2001 192+13
1.0 - 194+ 5 199+1 210 7
3.0 - 198+11 199+1 190+ 0
10.0 - 215+34 212+1 222+17
30.0 - 254t 19 261+1 254+13
Sodium azide” - 1307%45 - -
0 - 211+£13 - -
0 + 196+ 5 - -
03 + 191+ 6 194+ 3 20114
1.0 + 196+19 195+ 3 211%21
3.0 + 202+ 9 198+12 20612
10.0 + 199+16 196+ 2 205 0
30.0 + 223t 2 206%13 209+ 7
2-AF? + 583+ 35 - -

The top agar containing test compound(0.1ml), tester strain(fresh overnight culture, 0.1ml) and S9 mix(0.5ml) was
poured onto minimal glucose agar plate. The compound was tested with or without S9 mix. In the test with S9
mix, preincubation at 37°C for 30min preceded addition of the top agar. After incubation at 37°C for 48h, revertant
colonies were counted

Values represent mean £ S.D. of revertant colonies per plate in duplicate experiments except for negative control groups
(triplicate)

USodium azide: 1.5ug/plate

22~ AF(2-aminofluorene): 10ug/plate

Table 3. Revertant colonies of strain TA 102 in the Salmonella typhimurium reversion assay with nonirradiated
and gamma-~irradiated Korean red ginseng extract

Concentration 59 mix Irradiation dose(kGy)
(mg/plate) 0 5 10
0 - 3/9E 11 - -
0.3 - 366t 8 369+t 2 382+ 4
1.0 - 3718t 4 377+ 3 391t 6
30 - /7L 9 3%+ 3 315+ 7
10.0 - 321 8 401£10 382+ 5
30.0 - 3p/2t 8 305+ 9 312+ 7
Mitomycin CP - 4354+118 - -
0 - 322+ 17 - -
0 + 412+ 22 - -
0.3 + 408+t 3 424+ 6 425+ 4
1.0 + 405+ 22 397+26 439+ 9
3.0 + 432+ 18 388+ 6 400+26
100 + 410 1 3R3+ 9 432 4
30.0 + 385* 31 422+ 6 415+ 5
2-AF? + 564 4 - -

The top agar containing test compound(0.1ml), tester strain(fresh overnight culture, 0.1ml) and S9 mix(0.5ml) was
poured onto minimal glucose agar plate. The compound was tested with or without S9 mix. In the test with S9
mix, preincubation at 37°C for 30min preceded addition of the top agar. After incubation at 37°C for 48hours, revertant
colonies were counted
Values represent mean* S.D. of revertant colonies per plate in duplicate experiments except for negative control groups
(triplicate)

"Mitomycin C: 05ug/plate

B9 AF(2-aminofluorene): 10ug/plate
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Table 4. Frequency of micronuclei(MN) in cytokinesis-blocked Chinese hamster ovary cells following treatment
with nonirradiated or gamma-irradiated Korean red ginseng extract

Test materials Concentration s9 No. of cells Frequency distribution of the number No. of No. of MN/1,000 cells
(mg/ml) without MN 1 2 3 4 MN (Mean*SD)
(=) Control - - 2,937 60 3 0 0 66 220 57
Ginseng(0 kGy) 5 - 2,919 78 3 0 0 &34 280t 3.1
25 - 2,926 69 5 0 0 79 263t 4.0
1.25 - 2,919 79 2 0 0 83 2717+ 37
Ginseng(5 kGy) 5 - 2,919 77 4 0 0 5] 283+ 25
25 - 2,925 73 2 0 0 77 257t 29
1.25 - 2,920 76 4 0 0 34 2801 40
Ginseng(10 kGy) 5 - 2,924 75 1 0 0 77 27+ 32
25 — 2,922 73 5 0 0 &3 2717t 38
1.25 - 2,924 73 3 0 0 79 263+ 39
Mitomycin C 0.1ug/ml - 2,698 266 30 5 1 345 1150%126
() Control - + 2,930 66 4 0 0 74 247+ 4.1
Ginseng(0 kGy) 5 + 2,925 67 8 0 0 83 2717t 37
25 + 2,919 5 6 0 0 87 200t 3.8
1.25 + 2,924 71 5 0 0 81 270t 35
Ginseng(5 kGy) 5 + 2,925 68 7 0 0 82 273* 3.2
25 + 2,929 64 7 0 0 78 260t 34
1.25 + 2,921 75 4 0 0 83 277+ 29
Ginseng(10 kGy) 5 + 2,920 75 5 0 0 8 2831+ 45
25 + 2,923 75 2 0 0 79 2631+ 33
1.25 + 2,923 73 4 0 0 81 270% 28
Benzo(a)pyrene 0.02 + 2,634 324 35 6 1 415 1383.3%194
DMSO - + 2925 70 5 0 0 80 267t 4.6

In the test without S9, CHO cells of 2-day culture were treated with test compound and cytochalasin B(3ug/ml) and

incubated for 24h

In the test with S9, the cells incubated with test compound and S9 mix for 6h were refreshed with medium containing
cytochalasin B, and incubated for 18h. The harvested cells were stained with Giemsa solution, and investigated under

microscope(400 X)

1,000 binucleated cells were scored in each of triplicate experiments
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