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Effect of Gamma Irradiation on the Antioxidative Activity and In vitro
Genotoxicol Safety of Red Ginseng Powder
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ABSTRACT — The yields of solvent fractions of irradiated red ginseng powder were in-
creased in the order of petroleum ether(PE)<diethyl ether(DE)<ethyl acetate(EA)<n-butanol
(BU)<aqueous fraction(AQ), and did not show any changes in fraction yields by irradiation dose
levels. Inhibition activities of lipid peroxide formation were increased in the order of AQ<BU
<PE<EA<DE. Inhibition activities of malonaldehyde formation were increased in the order of
AQ=BU<EA<PE<DE. AQ fraction showed little effects on the antioxidative activity and all the
activities of the samples did not changed by gamma irradiation. The reverse mutation assay us-
ing Salmonella typhimurium (TA98, TA100 and TA102) demonstrated that the nonirradiated and ir-
radiated red ginseng powder extract did not have mutagenic activity (presence of S9 mix or not).
The chromosomal aberration test in mammalian animal cell (Chinese hamster lung fibroblast,
CHL) showed no significant increase in incidence of structural and numerical aberrations, com-
paring gamma-irradiated red ginseng powder extracts to nonirradiated red ginseng powder ex-
tract in the concentration of the sample producing cytotoxicity(presence of S9 mix or not). There-
fore, gamma-irradiatied red ginseng powder (upto 10 kGy) could be safe on the genotoxic point
of view.
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Fig. 1. Flow diagram for the extraction and fractionation
of red ginseng powder with various solvents.
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tiong BAh 1 £3& v E4Z27e W et
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¥ Aesste 302N 4829 &8 T
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Table 1. Yield of each fraction extracted from nonirradiated and gamma-irradiated red ginseng powder'

Irradiation dose (kGy)

Fraction
0 2.5 5 7.5 10
Petroleum ether 0.461+0.01 0.461+0.02 0.4740.01 0.47+0.01 0.48+0.02
Diethy! ether 0.50+0.02 0.49+0.01 0.47+0.03 0.48+0.02 0.48+0.02
Ethyl acetate 0.77+0.03 0.74+0.02 0.79+0.04 0.77+0.03 0.75+£0.02
n-Butanol 9.55+0.10 9.13+0.21 9.35+0.20 9.58+0.17 9.14+£0.12
Aqueous 28.86+0.20 28.93+0.14 28.96+0.15 28.80+0.11 28.84+0.22

'Each sample was analyzed immediately after gamma irradiation and each value is mean+standard deviation of triplicate de-

terminations and expressed as g 100 g’ dry basis.
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Table 2. Changes in peroxide value of various fractions extracted from nonirradiated and gamma-irradiated red ginseng

powder'
Fraction Irradiation dose Incubation time (hr)
(kGy) 24 48 72 96 120
Blank 831.66 1773.54 2995.98 2845.68 2565.12
0 ' 20.04 430.86 1202.40 2424 .84 2835.66
Petroleum ether 2.5 20.04 450.90 1202.40 2494.98 2865.72
5 25.06 440.88 1222.44 2384.76 2875.74
7.5 20.04 460.92 1212.42 2484.96 2815.62
10 26.06 460.94 1182.36 2444 88 2865.72
Blank 831.66 1773.54 2995.98 2845.68 2565.12
0 15.03 20.04 50.01 60.12 210.42
Dicthy! ether 25 12.02 20.03 60.12 60.12 220.44
5 5.01 20.04 50.01 60.12 21042
75 12.02 23.05 60.12 70.14 230.46
10 15.01 20.04 60.12 70.14 220.44
Blank 831.66 1773.54 2995.98 2845.68 2565.12
0 30.06 170.34 1182.36 2384.76 2815.62
Ethyl acetate 2.5 30.06 170.30 1177.35 2374.74 2795.58
5 30.07 170.34 .1207.41 2374.74 2745.48
7.5 25.05 180.46 1192.38 2344.68 2815.62
10 25.05 180.36 1182.36 2404.80 2785.56
Blank 831.66 1773.54 2995.98 2845.68 2565.12
0 120.24 450.90 1052.10 2785.56 1623.24
n-Butanol 25 120.24 480.04 1012.02 2825.64 1643.28
5 130.26 460.92 1002.00 2795.58 1723.44
75 120.24 470.96 1062.12 2805.60 1663.32
10 130.26 480.96 1062.12 2805.60 1663.32
Blank 911.82 1773.54 1813.62 2124.24 2775.54
0 741.48 1523.44 1943.68 2885.76 2535.06
Aqueous 2.5 711.42 1533.46 1943.68 2905.80 2535.06
S 741.48 1463.32 1923.64 2905.80 2515.02
75 719.38 1463.32 1933.66 2935.86 2545.08
10 711.42 1533.46 1953.70 2925.84 2565.12

'Each value is the average of triplicate determinations and expressed as meq kg’
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(conjugated aromatic ring)o] $=4}71(-OH) 2 4}+7)(-COOH)
v A¥E d=A SEES 2392 (hydrogen
donating activity)ol] & g+ Aol 93t A Q) Abgl=
JAAZIAY AAA e Aoz A Yo

X A2 SHEeIHEE MR 1}

TR Sod YF FEFEZE9 linoleic acid-¢)Akg:

Table 3. Changes in thiobarbituric acid value of various
fractions extracted from nonirradiated and gam-
ma-irradiated red ginseng powder'

Fraction Irradiation Incubation time (hr)

dose &GY) 5 19 20 30 40 50

Petroleum  Blank 1.62 7.83 17.45 12.46 10.67 7.90
ether 0 0.72 0.78 0.87 14.42 18.37 11.42
2.5 0.65 0.73 0.84 14.55 17.80 11.92

5 0.71 0.78 0.80 14.22 17.61 11.72

75 0.70 0.72 0.83 14.02 18.29 11.42

10 0.68 0.75 0.80 14.80 18.30 11.12

Diethyl Blank  1.62 7.83 17.45 12.46 10.67 7.90
ether 0 0.80 086 1.10 1.24 1.68 11.03
25 083 0.88 109 126 1.77 11.87
5 085 089 1.06 132 156 11.90
75 0.79 085 098 123 1.69 12.01
10 0.76 087 095 122 193 12.05

Ethyl Blank  1.62 7.83 17.45 12.46 10.67 7.90
acetate 0 0.83 1.88 13.20 17.32 10.34 10.20
2.5 0.78 1.91 12.13 17.38 10.23 10.01
5 0.84 1.90 12.05 17.47 10.31 10.13
75 0.79 1.85 12.83 17.63 10.52 10.15
10 0.81 1.88 12.98 17.40 10.58 10.17

n-Butanol  Blank  1.62 7.83 17.45 12.46 10.67 7.90
0 3.74 12.61 17.56 14.38 13.33 12.13
2.5 3.62 13.40 17.95 13.75 13.08 12.08
5 3.30 12.39 17.60 14.54 12.83 12.31
7.5 3.29 1248 17.14 14.16 12.85 12.40
10 3.79 12.43 17.32 14.25 12.99 12.07

Aqueous Blank 1.86 9.87 17.89 14.50 9.73 8.01
0 5.39 9.37 17.41 19.55 18.85 1856
25 5.84 9.10 17.94 19.84 19.12 18.67
5 5.55 9.74 17.79 19.51 19.00 18.00
75 5.30 8.92 17.97 19.24 18.84 18.39
10 5.33 8.99 18.00 19.40 18.58 18.42

'Each value is the average of triplicate determinations and
expressed as O.D at 532 nm x 10

%o 71" 3 malonaldehyde A3 AA| Z 7= Table
33 Zv} 7+ 429 F£59] malonaldehyde A A &
= diethyl ether F¥o] 7} Zlom 71 t}& 0= petro-
leum ether &%, ethyl acetate & &2-2] 032 ¢ro] Hat3le,
AAAA agelAet dAz ved ZFe vt
%, TBAZI7F 23] dose AEE 7149 aAsitss
A FE77h0E YL diethyl ether HE-& 40A]3%,
petroleum ether 222 20A]7}, ethyl acetate 3£ 1047+
< YeRASIEE @3 nbutanol HE ) =44 o] AL
T A &3t gAY 23y Mg 2R AnE
YERIAEH ol YolME AF§5oe] olg R 3
Astatgo] gle JEEC] FRE0 gloy 1 gdEhRe
girst A4S0 viste FHY alE S o &2
AAEN &53oF o] s vehd Alkel Aagte) wal
23]y A& EAIE LS @ Aoz AdwEng. 7
vhd AN ST 4ol 2259 7} 8244 malo-
naldehyde A4 A &7A|8 A= Table 37 2} 22
oA HlzARE o P RARE Y] AN 27t 3k
g 3l lot FAR1 AfolE e Yoten 2 g

Table 4. Mutagenicity of nonirradiated and gamma-ir-
radiated red ginseng extracts with 80 %
ethanol in S.typhimurium TA 98

Extract con- S9 mix Irradiation dose (kGy)

centration (mg/plate)

0 5 10

0 - 30+2 - -
0.3 - 26+1  28+1 28+8
1.0 - 3442 3242 3242
3.0 - 33+2 310 30+7
10.0 - 33+3  38+2 37+7
30.0 - 43+3  44+2  36+2

NPD' - 35134123 - -

0 - 31+1 - -

0 + 34+1 - -
0.3 + 33+£2 3616 36+4
1.0 + 3142 40+5  36+4
3.0 + 3542 41+2  36+1
10.0 + 41+4  41+0  40+1
30.0 + 4+2 44+4  43+0

2-AF + 1471438 - -

INPD (4-nitro-o-phenylenediamine):20 pg/plate.
22-AF(2-aminofluorene):10 pg/plate.

Each value expressed as number of revertant colonies per
plate.
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Table 5. Mutagenicity of nonirradiated and gamma-ir-
radiated red ginseng extracts with 80 %
ethanol in S.typhimurium TA 100

100 ¥ TA1029 Wit SAdtizT e BNl H&+E £
A}g Astolu). TA982] 74 9-(Table 4) S 2T HH
Wol Mg 307402 EHA 2 30~507) ¥ o'
E 4t extract 73] F7bek A ThA Fgrt F7HE U
28 Bo Hul ¥rEEe] 30 me/plateo A= 36~4370 HH
Art o]l gt L&Y il A B o] JEFo Fke
A} extractel] #-ejobm) Akl histidine®] Fa7} A3}
fofl 7jelet ez AzhEv) by v RANE 2 ez
Abe] Ml wE Eviwle]e] 9ee HE AlETolA
A gakehol 23 AR Ao FUI B ol
A g el S9mixE o] 43 tiAlAg A Eel o
oM E S9mixE AE312] o2 AN FAE e Y
ERfoich B AgelA FAddlzsRHES SImixE H7Hg
tALgtA 3le) A48 Fatste] Ztzhe] A4 T i)
of Bydol &+2 A FrAA B AYo| Agst
A W] B & & AUk S.oyphimurium TA1002
TA102¢8] 750l AR S A &35k @2 o A
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o}(Table 5, 6) 3-9] HPALMZAL WALE T In vitro 734

Table 6. Mutagenicity of nonirradiated and gamma-ir-
radiated red ginseng extracts with 80 %
ethanol in S.typhimurium TA 102

Extract concentration S9 mix  Irradiation dose (kGy)

Extract concentration S9 mix Irradiation dose (kGy)

(mg/plate) 0 5 10 (mg/plate) 0 s 10
0 - 200+20 - - 0 - 359=11 - -
0.3 - 211+16 200+14 192+13 3.0 - 366+8  369+2 382+4
1.0 - 194+5 199+8 210+7 1.0 - 378+4 377+3 391+6
3.0 - 198+11 199+2 1900 3.0 - 387+9  395%3 375+7
10.0 - 215+34 212431 222+17 10.0 - 321+£8 401+10 382+5
30.0 - 254+19 261+31 254+13 30.0 - 352+8 305+9 312x7
Sodium azide' - 1307145 - - Mitomycin C' - 4354+ 118 - -
0 - 211+13 - - 0 - 322+17 - -
0 + 196+5 - - 0 + 412+22 - -
03 + 19146 194+3 201+14 3.0 + 408+3 424+6 425+4
1.0 + 196119 195+3 211421 1.0 + 405+£22 397+26 439+9
30 + 20249 198+12 206+12 3.0 + 432418 38846 400+26
10.0 + 199+16 196+2 205+0 10.0 + 4101 383+9 432+4
30.0 + 223+2 206+13 209+7 30.0 + 385431 422+6 415%S5
2-AF +  583+35 - - 2-AF2 + 564+4 - -

'Sodium azide: 1.5 pg/plate.
2-AF (2-aminofluorene): 10 pg/plate.
Each value expressed as number of revertant colonies per

plate.

'Mitomycin C:0.5 pg/plate.
’2-AF (2-aminofluorene):10 pg/plate.
Each value expressed as number of revertant colonies per

plate.
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Table 7. Result of chromosomal aberration tests on gamma-irradiated red ginseng powder using a Chinese hamster lung
(CHL) cell line in the absence of S9mix’

Irradiation  Extract concentration Frequencies of cells with structural aberrations’
dose (kGy) (mg/plate)

0
1.25

0 2.50
5.00

10.00

1.25

5 2.50
5.00

10.00

2.25
10 2.50
5.00
10.00

MMC’ 0.04 pg/mi

Q
=

]
=1
=2

cte frg csb cse Total Judge

i O B o O T e B S e

[ B B P = o I = M =l ol (o e ol - 2
W W = W RN =N W N
'

N P T S T N e I P R
—mloocoocjococoocljlocooco o oo
cloococooc|locoocojoo oo
cloocococlcocooo oo oo o

DN =N DO

s
[\
[
[
+
+

'Treatment time:recovery time 24hr.

*ctg:chromatid gaps including chromosome gaps, ctb:chromatid breaks
cte:chromatid exchanges, frg:fragmentation, csb:chromosome breaks
cse:chromosome exchanges such as dicentrics and rings.
*MMC:mitomycin C

Table 8. Result of chromosomal aberration tests on gamma-irradiated red ginseng powder using a Chinese hamster lung
(CHL) cell line in the presence of S9mix"

Irradiation  Extract concentration Frequencies of cells with structural aberrations’

dose (kGy) (mg/plate) ctg ctb cte frg csb cse Total Judge
0 0 0 0 0 0 0 0 -
1.25 0 1 0 0 0 0 1 -
0 2.50 2 0 0 0 0 0 2 -
5.00 0 0 1 0 0 0 1 -
10.00 1 0 0 0 0 0 1 -
1.25 1 0 0 0 0 0 1 -
5 2.50 1 0 0 0 0 0 1 -
5.00 2 0 0 0 0 0 2 -
10.00 0 1 0 0 0 0 -
225 1 0 0 0 0 0 1 -
10 2.50 1 1 0 0 0 0 2 -
5.00 0 2 1 0 0 0 3 -
10.00 1 0 0 0 0 0 1 -
B(e)P’ 0.02 mg/m! 2 4 14 0 2 1 23 ++

'Treatment time:recovery time 24hr.

’ctg:chromatid gaps including chromosome gaps, ctb:chromatid breaks
cte:chromatid exchanges, frg:fragmentation, csb:chromosome breaks
cse:chromosome exchanges such as dicentrics and rings.

*B(a)P: benzo(o)pyrene
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