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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 the consumption of
Jood treated with EO might cause harmful effects in human. Since, in Korea the use of EO gas for food
treatment was banned in 1991. Since then, irradiation technique has been developed as an alternative.
This study was carried out to investigate the effects of irradiated ginseng on fertility, and reproductive and
developmental toxicity. Either EO gas_fumigated or gamma-irradiated ginseng was administered to male
rats by oral gavage for 63 days during the premating period. Female rats were administered_from 14 days
before mating to day 20 of gestation or to day 21 of lactation. The exposure amount of irradiation used was
5, 10 and 30 kGy, respectively. There were no treatment related changes of dams in clinical signs, and
parturition. No treatment related changes in_food consumption, body/organ weights, male/female repro-
ductive and fertility performances were observed. F1 fetuses showed no external abnormality. Reflex/sen-
sory functions, physical/behavioral development, and reproductive performance of F1 rats were not
adversary affected. The results of this study show that gamma-irradiated ginseng, up to 30 kGy, has no
adverse effects on the fertility, reproduction and development in Wistar rats.
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Fig. 1. Body weight change of male rats (FO) administered orally with
Y-irradiated ginseng during premating period (*: statisticaily different
from control group, #: statistically different from ginseng control
group).
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Fig. 2. Body weight change of female rats (FO) administered orally
with y-irradiated ginseng during premating, gestational and post par-
tum period (BC : before coitus, DC : during coitus, Day 0 : gestational
day, PP : post partum day).
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Table 1. Effects of y-irradiated ginseng on the fertility of FO rats
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Fig. 3. Body weight changes in F1 male (A) and female (B) rats (PP :
post partum day).
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Control G control EO 5 kGy 10 kGy 30 kGy

No. of animal for mating

male 25 25 23 22 19 23

female 25 25 23 22 19 23
No. of copulated animal

male 25 23 22 21 19 22

female 25 23 22 22 19 22
No. of impregnated male 24 20 19 21 19 20
No. of pregnant female 24 20 20 21 19 20
Male copulatiom index 100.0 96.0 96.0 95.5 100.0 96.0
Fertility index 96.0 87.0 90.9 100.0 100.0 90.9
Female copulation index 100.0 96.0 96.0 100.0 100.0 96.0
Pregnancy index 96.0 87.0 95.9 95.5 100.0 90.9
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Table 2. Reproductive performance of caesarean sectional dams (F0) administered orally with y-irradiated ginseng during from premating to
gestational period

Dose Control G control EO 5 kGy 10 kGy 30kGy —-
No. preg. animals 12 11 10 10 10 10
Corpora lutea 15.7+2.31 16.243.06 14.5+1.76 15.620.55 16.0+2.74 15.6+3.98
Implabtation 14.242.15 14.8+2.48 13.5+1.64 12.8+£1.94 14.4+2.07 13.0
(% to Cl)
Implant. rate 90.4 914 93.1 82.1 90.9 83.3
Resorptions
Total 8 11 5 7 10 3
Early 5 11 5 7 9 3
Late 3 0 0 1 0
Dead fetuses 0 0 0 0 0 1
Live fetuses
Male/Female 74/84 87/73 67/60 77/47 76/48 63/62
M/F ratio 0.88 1.19 1.12 1.64 1.58 1.02
Litter size 13.2 14.6 12.7 12.3 124 12.5
(% to implant.) 93.0 98.6 94.1 96.1 86.1 96.2
Body weight live fetuses
Male 3.9940.363 4.08+0.593 4.11+0.282 3.86+0.269 4.01+0.396 4.11£0.69
Female 3.78+0.285 3.7740.526 3.85+0.310 3.60+0.581 3.72+0.416 3.80+0.524
Total 3.88+0.339 3.9340.585 3.99+0.321 3.80+0.256 3.90+0.426 3.96+0.631
Placental weight 0.55+0.081 0.50+0.077* 0.51+£0.077* 0.51+0.079* 0.51+0.068* 0.51x0.064*

*Statistically different from control group (p < 0.05).

Table 3. Reproductive performance of delivery dams (F0) administered orally treated with y-irradiated ginseng during from premating to
lactating period

Control G control EO 5 kGy 10 kGy 30 kGy
No. of preg. anmals 12 9 10 11 9 10
Implantation 14.8+2.55 14.0+2.08 14.3+2.05 13.3£2.06 13.3+2.31 14.342.69
No. of pups 13.7+2.67 12.442.44 12.9+3.03 11.8+2.20 12.2:+1.54 13.6+3.09
M/F 77/87 60/52 67/62 65/65 63/47 73/63
M/F ratio 0.89 1.15 1.08 1.00 1.34 1.16
Pregnancy rats 92.6 88.6 90.2 88.7 91.7 95.1

Table 4. External and visceral alterations of the fetus obtained from dams (FO) administered orally with y-irradiated ginseng during premating to
gestational period

Control G control EO 5 kGy 10 kGy 30 kGy

No. fetus examined 148 150 117 114 112 115
No. malformed fetuses 1 1 0 0 0 0

- Fused placenta 0 0 1 0 0 0
Rt. subclavian 1 0 0 0 0 0
Artery innominate
General edema 0 1 0 0 0 0
Hemimelia 0 1 0 0 0 0
Exencephaly 0 1 0 0 0 0
Hydroureter 0 1 0 0 0 0
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Table 5. Axial skeletal alterations of fetuses obtained from dams (F0) administered with y-irradiated ginseng during from premating to

gestational period

group control G control EO 5 kGy 10 kGy 30 kGy
No. of dam examined 12 11 10 10 10 10
No. of fetus examined 80 72 51 64 88 67
No. fetus anomaly/variation examined 62 58 33 34 26 36
Thoracic vertebra centrum
dumb-bell 5 11 8 10 10 11
butterfly 2 13 2 14 12 12
bipartite 0 3 0 6 10 0
assymmetry 0 0 0 4 4 0
dumb-bell/assym 0 0 0 4 4 0
Lumbar vertebra centrum
dumb-bell 0 0 0 2 0 0
Sternebrae
bipartite . 5 8 5 2 2 1
hemisternebrae 32 15 15 10 14 22
dumb-bell 17 21 2 12 10 13
assymetry 21 31 10 10 12 9
No. ossification retardation 62 58 33 34 26 36
perfect retardation 11 10 13 6 2 4
scrambled 8 9 3 8 6 4
buttterfly 13 9 0 2 6 2
Ribs
unilateral rudimentary 4 1 2 2 2 2
bilateral rudimentary 0 4 5 2 0 1
unilateral accessory rib 0 0 0 0 0 1
bilateral accessory rib 0 1 0 0 0 0
wavy rib 1 0 2 0 2 0
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Table 6. Absolute and relative organ weight of male rats (FO) administered orally with y-irradiated ginseng during from premating to mating

period mean (g)+SD

Dose Control G control 5 kGy 10 kGy 30 kGy

Liver 15.97+0.329 16.48+0.536 15.2340.524 15.34+0.417 15.49+0.392 16.00+0.356
(%B.W) 3.86+0.071 4.02+0.126 3.77+0.180 3.69+0.111 3.75+0.098 3.75+0.076
Kidney (Rt) 1.61+0.035 1.64+0.039 1.57+0.044 1.59+0.033 1.55+0.034 1.61+0.035
(%B.W) 0.39+0.007 0.40+0.008 0.38+0.013 0.39+0.010 0.38+0.009 0.38+0.009
Kideny (Lt) 1.60+0.034 1.60+0.043 1.55+0.042 1.55+0.037 1.56+0.037 1.60+0.034
(%B.W) 0.39+0.007 0.39+0.010 0.37+0.012 0.38+0.010 0.38+0.010 0.38+0.008
Spleen 0.99+0.040 1.4140.462 1.01£0.047 0.9440.030 0.93+0.042 0.95+0.025
(%B.W) 0.24+0.010 0.33+0.102 0.24+0.013 0.23+0.007 0.22+0.010 0.22+0.007
Testis (Rt) 0.95+0.025 1.75+0.028 1.72+0.060 1.88+0.052 1.76+0.035 1.82+0.035
(%B.W) 0.44+0.008 0.43+0.010 0.41£0.017 0.45+0.014 0.43+0.012 0.43£0.010
Testis (Lt) 1.8140.026 1.79+0.030 1.74+0.064 1.85+0.034 1.81+0.039 1.85+0.034
(%B.W) 0.44+0.008 0.44+0.009 0.4240.017 0.45+0.009 0.44+0.012 0.44+0.010

Table 7. Absolute and relative organ weight of dams (FO) administered orally with y-irradiated ginseng during from premating to gestational 20

day (Caesarean sectional group) mean (g)+SD
Dose Control G control 5kGy 10 kGy 30 kGy
Liver 15.93+£0.592 14.9540.546 16.08+0.552 14.79+0.527 14.14+0.869 14.26+0.678
(%B.W) 3.86+0.043 3.87+0.12 3.86+0.043 3.60+0.116 3.82+0.144 3.67+0.096
Kidney (Rt) 1.02+0.027 1.10+0.061 1.07+£0.014 1.06+0.049 0.96+0.069 1.0140.033
(%B.W) 0.25+0.009 0.29+0.17 0.27+0.005 0.26+0.010 0.26+0.008 0.26+0.011
Kideny (Lt) 1.00+0.022 1.054+0.045 1.09£0.051 1.06+0.044 0.95+0.022 0.97+0.039
(%B.W) 0.24+0.007 0.26+0.009 0.27+0.012 0.26+0.009 0.26+0.008 0.25+0.012
Spleen 1.05+0.042 0.92+0.061 1.03+0.050 0.94+0.066 0.92+0.066 0.93+0.067
(%B.W) 0.26+0.012 0.240.010 0.26+0.012 0.23+0.020 0.25+0.014 0.24+0.016
Gravid uterus 82.26+4.390 78.63+3.205 74.15+3.785 72.53+£3.973 71.84+9.245 73.40+4.513
(%B.W) 19.98+0.971 20.34+1.008 18.39+0.839 17.50+0.805 19.36+2.104 18.81+0.687

Table 8. Absolute and relative organ weight of dams (F0) administered orally with g-irradiated ginseng during from premating to lactating

period (Delivery group) mean (g)+SD
Dose Control G control 5 kGy 10 kGy 30 kGy
Liver 14.954+0.399 15.2740.546 14.04+0.471 16.13+0.601 15.60+0.585 15.62+0.752
(%B.W) 4.71+0.167 4.61£0.112 4.52+0.113 4.90+0.190 4.86=0.164 4.91+0.172
Kidney (Rt) 1.13£0.039 1.13+0.039 1.13+0.033 1.13+0.028 1.1740.039 1.08+0.056
(%B.W) 0.35+0.011 0.36+0.006 0.37+0.011 0.34+0.013 0.37+0.014 0.34+0.018
Kideny (Lt) 1.11£0.037 1.23+0.041 1.08+0.034 1.11+0.037 1.12+0.034 1.05+0.026
(%B.W) 0.35+0.009 0.3740.100 0.35+0.010 0.34+0.013 0.35£0.015 0.33+0.005
Spleen 0.73+£0.022 0.73+0.051 0.72+0.027 0.77+0.025 0.70+0.029 0.69+0.043
(%B.W) 0.23+0.008 0.22+0.013 0.23+0.009 0.23+0.010 0.2240.010 0.22+0.011
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Table 9. Physical development of F1 rats obtained from dams administered orally with y-irradiated ginseng during from premating to lactating

period
Control G control EO 5kGy 10 kGy 30 kGy
Auricle detachment (Y/N) 96/0 72/0 88/0 88/0 72/0 80/0
Incisor eurption (Y/N) 96/0 72/0 88/0 88/0 72/0 80/0
Eye opening (Y/N) 96/0 72/0 88/0 88/0 72/0 80/0
Descent of testis (Y/N) 46/0 36/0 42/0 46/0 38/0 42/0
Vagina opening (Y/N) 50/0 36/0 46/0 42/0 32/0 38/0

Table 10. Reflex test of F1 rats obtained from dams administered orally with y-irradiated ginseng during from premating to lactating period

(unit : number of rats)

Control G control EO 5 kGy 10 kGy 30 kGy
below 15.0 sec/over 15.0 sec
Negative geotaxis male 46/0 36/0 39/3 451 36/2 42/0
female 49/1 36/0 4472 40/2 331 36/2
total  95/1 72/0 83/5 85/3 69/3 7872
below 5.0 sec/over 5.0 sec
Surface righting reflex male 46/0 36/0 42/0 46/0 38/0 42/0
female 50/0 36/0 46/0 42/0 34/0 38/0
total  96/0 72/0 88/0 88/0 72/0 80/0
Acoustic reflex male 46/0 36/0 42/0 46/0 38/0 42/0
female 50/0 36/0 46/0 42/0 34/0 38/0
total  96/0 72/0 88/0 88/0 72/0 80/0
Iris reflex male 46/0 36/0 42/0 46/0 38/0 42/0
female 50/0 36/0 46/0 42/0 34/0 38/0
total  96/0 72/0 88/0 88/0 72/0 80/0
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Table 11. Rotarod test of Fl male rats obtained from dams
administered orally with y-irradiated ginseng during from premating
to lactating period (unit : no. of rats)

Control Gceontrol EO  S5kGy 10kGy 30kGy
Male 11/35 15/21 12/30  9/37 335  23/19
Female 21/29 15/21 13/33  8/34 3/31 8/30
Total 32/64 30/42  25/63 17/71  6/66  31/49
Positive (%) 67 58 72 81 82 61

below 15 sec/over 15 sec
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Table 12. Total traveled distance in activity monitoring system of F1 rats obtained from dams administered orally with y-irradiated ginseng

during from premating to lactating period (unit : cm)
Control G control EO 5 kGy 10 kGy 30 kGy
Male 895.0+395.21 878.5+455.71 952.7+323.40 078.2+330.06 863.2+336.18 790.7+428.64
Female 863.2+453.89 619.6+509.11 1008.3+483.79 990.5+430.41 936.6+408.88 902.5+461.45
Total 878.54418.16 757.7+482.48 980.5+404.78 984.6+375.61 895.7£364.48 853.6:436.27
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