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ABSTRACT : Korean ginseng products have been_fumigated with ethylene oxide (EO) for sterilization and
prolongation of storage periods. However, there had been controversies indicating that consumption of EO
treated _foods might cause harmful effects in human. In Korea, the use EO gas for sterilization of food was
banned in 1991. Since then, irradiation technique has been developed as an alternative. This study was
carried out to evaluate the safety of irradiated ginseng on peri- and postnatal developmental toxicity in
rats. Either EO gas fumigated or gamma-irradiated ginseng was administered to pregnant Wistar rats by
oral gavage from gestational day 16 to postnatal day 21. The amount of irradiation used in this study was
5, 10 and 30 kGy, respectively. There were no treatment related changes of dams in deaths, clinical signs,
and parturition. No treatment related changes in food consumption, body/organ weight and lactation of
dams were observed. Also, no F1 fetuses in external abnormality, physical development, reflex/sensory
Junctions and behavioral development were found. The results of this study showed that gamma-irradi-
ated ginseng, up to 30 kGy, has no adverse effects on the peri- and postnatal development of rats.
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Table 1. Body weight changes of dams (F0O) administered orally with y-irradiated or EO treated ginseng during peri- and postnatal period

Ginseng
Day Vehicle control
Control EO 5 kGy 10 kGy 30 kGy
0 210.8+20.24° 208.8+17.20 208.1+24.58 206.8+19.60 209.0x17.60 211.0+18.11
7 238.3+22.71 237.7%23.39 237.8+27.86 243.5%23.15 244.7%19.55 246.8%18.67
14 272.1%31.53 277.9%25.56 278.8+£30.39 281.2%23.22 280.8%20.36 286.9%20.81
Gestational 16 301.3%17.42 297.3%26.26 291.6%27.56 294.2+25.60 294.0+24.55 300.9+£21.82
day 17 299.0+£31.51 309.9+26.31 300.1+£25.72 304.8+26.74 309.0+24.58 313.4%22.05
18 312.8+28.02 320.8+24.79 321.7+29.01 318.1%26.70 322.2+25.71 327.3+22.33
19 326.9+33.24 342.2+26.57 335.7+28.13 330.4%28.51 336.2+28.69 341.2421.56
20 342.9+31.52 350.6%29.25 351.2+27.15 342.0%£27.12 348.7%33.50 355.2+24.65
0 280.4%22.25 280.3+28.82 279.3+30.41 282.0+25.30 273.8+23.48 281.1%£23.75
Postpartum 294.9+20.47 291.0+27.42 286.3+26.55 281.8+20.04 287.5+20.16 291.1+24.07
day 301.3x21.06 293.1+24.75 293.3+27.21 289.2424.33 292.4420.32 294.5x21.77
14 304.0+28.08 308.6+23.36 293.4+31.24 296.4+23.95 300.0x+18.20 301.8+24.53
21 285.6%+19.55 287.1*19.16 283.6+21.40 284.3+18.76 285.2+19.43 283.1%26.37

“Values are mean(g)£SD.

Table 2. Food consumption of dams (FO) administered orally with y-irradiated or EO treated ginseng during peri- and postnatal period

Ginseng
Day Vehicle control
Control EO 5 kGy 10 kGy 30 kGy
0~6 18.1£1.91° 18.3%2.29 19.2+2.38" 19.6+1.22" 19.7+1.27" 19.9+1.23"
Gestational 7~13 22.242.60 21.7%1.78 22.842.65 22.8+2.01 23.0+1.94 2324217
day 14~15 2224434 23.3+2.78 23.5+3.08 24.5+2.66 23.4+1.08 23.7+3.04
16~17 25.9+3.57 27.0+3.62 26.6+5.54 24.9+5.31 26.2+4.61 27.1+4.06
18~19 25.7+5.01 24.832.52 24.64.07 22.3+3.77 25.2+3.87 24.3%3.18
Postpartum 1~6 35.3£5.69 34.8£8.09 32.6+4.76 30.0£5.41 :‘f 31.8+7.31 32.9+5.36
day 7~13 52.3£5.30 48.3+8.71 49.65.95 45.2+8.59 48.6+7.30 51.6%7.25
14~20 60.6+7.56 60.5+8.02 61.1+7.33 56.5+7.69 61.1+7.84 60.0+8.16

"Values are mean(g)+SD.
*Statistically different from vehicle control group (P<0.05).
*Statistically different from control group (P<0.05).
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Table 3. Finding on delivery of dams (FO) administered orally with y-irradiated or EO treated ginseng during peri- and postnatal period

Vehicle Ginseng
control Control EO 5kGy 10kGy 30 kGy
No. of pregnant animals 23 20 18 21 20 20
No. of animals delivered normally 21 20 18 20 19 19
Delivery rate (%) 91.3 100.0 100.0 95.2 95.0 95.0
21 3 0 4 3 1 2
No. of animals delivered 22 14 16 12 15 16 16
on gestaional day 23 4 4 2 1 1 1
24 0 0 0 1 1 0
Gestation length (Day) 22.0+0.59* 222+0.41 21.9+0.58 22.0%0.65 22.1%+0.55 22.0+0.34

*Values are mean+SD.

Table 4. Absolute and relative organ weight of dams (FO) administered
period

orally with y-irradiated or EO treated ginseng during peri- and postnatal

Ginseng
Vehicle control
Control EO 5 kGy 10 kGy 30 kGy
Liver (g) 14.38+1.716" 14.85+2.061 15.28+1.881 14.13%1.685 15.23%£1.977 15.01£1.831
(%) 5.04+0.563 5.22+0.824 5.40£0.630 4.98+0.540 5.31+0.606 5.32+0.597
Right kidney (g) 1.09+0.111 1.11£0.090 1.08+£0.126 1.05+0.106 1.14+0.204 1.13+0.130
(%) 0.38+0.030 0.39+0.038 0.38+0.052 0.37+0.035 0.38+0.023 0.40+0.041
Left kidney (g) 1.05£0.092 1.08+0.100 1.07£0.117 1.04+0.123 1.04+0.116 1.11+0.082
(%) 0.37+0.027 0.38+0.043 0.38+0.036 0.37+0.039 0.3620.034 0.3940.042"
Values are mean(g)+SD.
Stansncally different from vehicle control group (P<0.05).
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Table 5. Reproductive performance of dams (FO) administered orally with y-irradiated or EO treated ginseng during peri- and postnatal period

Ginseng
Vehicle control
Control EO 5 kGy 10 kGy 30 kGy

No. of implantations 11.6%£2.96 11.6+3.82 12.2+2.39 11.2+3.59 11.4+3.10 12.1£3.16
No. of live fetuses 10.8%3.11 10.9+£3.92 11.7£2.49 10.3£3.75 11.3£2.70 11.6+3.20

Implantation rate (%) 93.1 93.9 95.9 91.9 99.1 959

M/F ratio 0.88 0.80 0.80 0.83 0.99 1.12
(Male/Female) (106/121) (97/122) (94/117) (94/113) (107/108) (116/104)

*Values are mean£SD.
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Table 6. Body weight of F1 rats obtained from dams administered orally with y-irradiated or EO treated ginseng during peri- and postnatal

period
Ginseng
Sex Day Vehicle control
Control EO 5kGy 10 kGy 30kGy
0 6.620.68" 6.5+0.27 6.4+0.67 6.620.72 6.720.57 6.5+0.55
4 11.7+1.75 11.10.67 10.9+1.65 11.9+2.15 11.9+1.27 11.1%1.08
7 18.0+2.23 17.2+1.83 16.9+2.45 17.8+2.87 18.0+2.20 17.3+1.51
Male 14 36.1+3.81 36.0+3.14 33.9+4.20 34.8+4.46 36.6+3.03 35.9+2.52
21 61.9+6.38 61.7+4.30 58.0+7.86 60.0+7.86 62.2+4.60 61.7+3.57
28 107.0+10.0 105.8%5.9 102.1£10.9 103.0+14.1 106.7+9.8 105.1%4.8
35 165.7+11.6 165.5+7.9 160.4+15.3 163.0+16.7 166.5%11.0 163.3£10.0
2 226.1+21.1 221.6+21.4 222.6+20.6 220.5+17.6 221.8+17.2 219.3%14.1
0 6.22+0.62 6.13+0.32 6.1140.56 6.140.59 6.35+0.54 6.14+0.59
4 11.1£1.55 10.6£0.81 10.6+1.67 11.0+1.68 11.4%1.22 10.4+1.11
7 17.1%2.23 16.7+2.20 16.5+2.55 16.742.39 17.442.09 16.6£1.76
Fomale 14 3474370 35.043.85 32.4+4.30" 33.243.62 35.33.11 35.2+3.20
o 21 58.3+5.52 59.1%5.11 56.4+7.52 56.5+6.50 59.245.13 58.1+2.95
28 95.5+9.6 95.626.8 92.8+11.1 91.6:+12.1 96.5+6.9 94.9+5.7
35 140.4+10.3 139.7+8.2 135.9+12.7 136.1£13.0 139.249.3 140.38.6
42 17124125 168.8+10.5 169.2+14.8 167.6%16.5 169.7+10.9 173.4+15.5
*Values are mean(g)+SD.
(Table 5). not shown).
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Table 7. Physical development of F1 rats obtained from dams administered orally with y-irradiated or EO treated ginseng during peri- and

postnatal period

Ginseng
Vehicle control

Control EO 5 kGy 10 kGy 30 kGy

male 67/67" 70/70 60/60 59/59 70/70 72/72

Auricle detachment female 82/82 74/74 77777 74/74 73/73 74/74
total 149/149 144/144 137/137 133/133 143/143 146/146

male 67/67 70/70 60/60 59/59 70/70 72/72

Incisor erruption female 82/82 74174 7777 74774 73/73 74174
total 149/149 144/144 137/137 133/133 143/143 146/146

male 67/67 70/70 60/60 59/59 70/70 72172

EyEOpening female 82/82 74/74 7777 74/74 73/73 74174
total 149/149 144/144 137/137 133/133 143/143 146/146

Testes descending 63/63 60/60 49/49 57/57 45/45 53/53

Vagina opening 42/42 40/40 35/35 37/37 29/29 36/36

*No. of animals developed normally/No. of total animals examined.
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Table 8. Reflex test of F1 rats obtained from dams administered orally with y-irradiated or EO treated ginseng during peri- and postnatal period

Ginseng
Vehicle control

Control EO 5 kGy 10 kGy 30 kGy

Surf i ohti male 67/67° 70/70 60/60 59/59 70/70 72172

af:ﬂréi ng female 82/82 74174 77177 74174 73173 74174
total 149/149 144/144 137/137 133/133 143/143 146/146

male 67/67 70/70 60/60 59/59 70/70 72/72

Nagative geotaxis female 82/82 74/74 7171 74/74 73/73 74/74
total 149/149 144/144 137/137 133/133 143/143 146/146

male 67/67 70/70 60/60 59/59 70/70 72172

Acoustic reflex female 82/82 74/74 777 74/74 73/73 74174
total 149/149 144/144 137/137 133/133 143/143 146/146

male 42/42 40/40 34/34 35/35 26/26 35/35

Iris reflex female 42/42 40/40 35/35 37/37 29/29 36/36

total 82/82 80/80 69/69 72172 55/55 71/71

*No. of animals developed normally/ No. of total animals examined.
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Table 9. Rotarod test results of F1 rats obtained from dams
administered orally with y-irradiated or EO treated ginseng during
peri- and postnatal period

Ginseng
Vehicle control
Control EO 5kGy 10kGy 30kGy
male 34/63° 44/60 24/49 41/57 26/45 35/53
female 52/63 48/60 39/49 44/54 38/48  35/54
total 86/126 92/120 63/98 85/111 64/93 70/107
(%) (68.2) (76.7) (643) (76.6) (68.8) (65.4)

*No. of animals showing positive response/ No. of total animals
examined.

Table 11. Hot plate test of F1 rats obtained from dams administered
orally with y-irradiated or EO treated ginseng during peri- and
postnatal period

Ginseng

Vehicle control

Control EO 5kGy 10kGy 30kGy
male 21/21° 1919 17117 18/19 11/16 18/18
female 20/21 17719 16/18 13/19  9/15 14/18
total 41/42 36/38  33/35 31538 20131 32/36
(%) (97.6) (947) (942) (81.6) (64.5) (88.9)

*No. of animals showing positive response/ No. of total animals
examined.
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Table 10. Total distance traveled in activity monitoring system of F1 rats obtained from dams administered orally with y-irradiated or EO treated

ginseng during peri- and postnatal period

Ginseng
Vehicle control
Control EO 5 kGy 10 kGy 30 kGy
male 1130+382.4° 1218+431.6 14294294 3 1368+543.3 1326+488.1 1439+339.2
female 1322+311.3 1556+238.7 1597+565.6 1460+524.5 17125557 1757%465.5"
total 1226+357.9 1387+384.3 1516+456.1" 1414+528.8 1513£549.2" 1550+488.8"

*Values are mean(cm)£SD.
“Statistically different from vehicle control group (P<0.05).
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Table 12. Passive avoidance test in shuttle reflex system of F1 rats obtained from dams administered orally with y-irradiated or EO treated

ginseng during peri- and postnatal period

Ginseng
Vehicle control
Control EO 5 kGy 10 kGy 30 kGy
from start 23,1+21.46" 26.1+31.23 21.1£7.35 19.745.23 19.1£6.83 20.9+7.45
from light 13.7+7.48 15.8%12.58 13.6£7.10 11.2+4.25" 9.9+5.40" 15.3%11.13
from sound 5.8+4.14 7.0+4.98 6.6+4.76 5.8+3.87 5.3+4.54 6.1+4.73
from shock 1.7£1.65 2.4+220 2.0+1.88 2.6+2.75 2.1%£2.30 3.0+4.04

*Values are mean(second)£SD.
“Statistically different from vehicle control group (P<0.05).
*Statistically different from control group (P<0.05).

Table 13. Water T maze performance time of F1 rats obtained from dams administered orally with y-irradiated or EO treated ginseng during

peri- and postnatal period

Ginseng
Vehicle control
Control EO 5 kGy 10 kGy 30 kGy
male 20+8.5 344209 19+7.3 17+10.1 15+6.8 1549.0
1st day female 1946.0 17£11.0 13+10.3 18+12.8 17£9.2 18+11.2
total 19£72 26+184 16£9.1° 18+11.2° 16+8.0° 16x10.1
male 20+11.6' 36+22.6" 26+15.8 21+14.1" 24+12.4 21%11.5
2nd day female 21499 364214 21%20.3 13+7.4 1949.6 17+14.7
total 21+10.5 36215 23%17.9 19+11.0 22+11.1 19£13.0
male 20+10.8" 36+18.7" 21%15.9 19+16.1" 27+18.3 20%10.5
3rd day female 31423.7 30+13.3 26+22.1 13+7.4™ 19+13.6 21+13.8
total 25+18.8 33+16.1 24+18.9 16+12.5" 23+16.2 21+11.9°
male 20+7.7 35+17.0° 22+11.0 19+11.4 22+11.3 19+8.3
4th day female 2449 1 28+134 20+14.4 16+6.8" 18+7.0 19+9.1
total 22+8.4 31+154 21%12.5 17%9.2 20+9.3 19+8.5
:Values are mean(second)£SD.
Statistically different from vehicle control group (P<0.05).
"Statistically different from control group (P<0.05).
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