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Abstract : Previous studies suggest that even low-dose irradiation can lead to progressive cognitive decline and memory
deficits, which implicates, in part, hippocampal dysfunction in both humans and experimental animals. In this study,
whether red ginseng (RG) could attenuate memory impairment was investigated through a passive-avoidance and object
recognition memory test, as well as the suppression of hippocampal neurogenesis, using the TUNEL assay and immu-
nohistochemical detection with markers of neurogenesis (Ki-67 and doublecortin (DCX)) in adult mice treated with a rel-
atively low-dose exposure to gamma radiation (0.5 or 2.0 Gy). RG was administered intraperitonially at a dosage of 50
mg/kg of body weight, at 36 and 12 h pre-irradiation and at 30 minutes post-irradiation, or orally at a dosage of 250 mg/
kg of body weight/day for seven days before autopsy. In the passive-avoidance and object recognition memory test, the
mice that were trained for one day after acute irradiation (2 Gy) showed significant memory deficits compared with the
sham controls. The number of TUNEL-positive apoptotic nuclei in the dentate gyrus (DG) was increased 12 h after irra-
diation. In addition, the number of Ki-67- and DCX-positive cells was significantly decreased. RG treatment prior to irra-
diation attenuated the memory defect and blocked apoptotic death as well as a decrease in the Ki-67- and DCX-positive
cells. RG may attenuate memory defect in a relatively low-dose exposure to radiation in adult mice, possibly by inhibiting
the detrimental effect of irradiation on hippocampal neurogenesis.
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Fig. 1. Effect of pre-treatment of red ginseng (RG) on avoidance
learning-related memory. Sham controls (1 day after
sham irradiation, NC) and mice 1 day after 2 Gy of
gamma-irradiation with (RG+R) or without RG treatment
(RC) were trained by passive avoidance, respectively (n=8
for each group). The trained mice were tested 1 day after
training. The cross-over latency was recorded. Values are
expressed as mean + SEM. **Indicates a significant difference
at p<0.01 compared with the radiation control group.
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Fig. 2. Effect of pre-treatment of red ginseng (RG) on object
recognition learning-related memory. Sham controls (1
day after sham irradiation, NC) and mice 1 day after 2
Gy of gamma-irradiation with (RG + R) or without RG
treatment (RC) were examined (n=8 for each group).
During training, two objects were presented to each
mouse for 15 min. After 24 h, one of the old object was
replaced with a novel object (testing). If the mouse
remembered the old object, it would spend more time
with the novel object during testing, as indicated by
higher percentage of object preference. (A) The mice of
each group showed equal preference to the two objects
during training. (B) During testing, sham control and
irradiated mice treated with RG showed significant
preference to the novel object, but there is no significant
preference for the novel object in the mice trained 1 day
after irradiation without RG treatment. Values are expressed
as mean + SEM. **Indicates a significant difference at
p<0.01 compared with the preference of object B in
corresponding group and significant difference at p<0.01
compared with the preference of object C in the radiation
control group.
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Fig. 3. Photomicrographs of TUNEL (A, B, C)-stained sections,
immature progenitor cells (DCX, D, E, F) and proliferating
cells (Ki-67, G, H, I) of dentate gyrus 12 h after
irradiation with or without red ginseng (RG) treatment.
No apoptotic cell was observed in sham control (A). RG
(C) attenuated radiation-induced increases (B) in the
number of apoptotic cells. Representative images (D and
G) showing the DCX- and Ki-67-positive cells in the
mice from the sham controls. RG (F and I) attenuated
radiation-induced decreases (E and H) in the number of
DCX- and Ki-67-positive cells.
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Table 1. Effect of red ginseng (RG) pre-treatment against gamma radiation-induced histological changes of dentate gyrus

Groups TUNEL Ki-67 DCX

NC 0 9.57+1.27 46.86x6.07

RC (0.5Gy) 5.36£1.25 4.25+1.26 31.71x5.74
RG" + R (0.5 Gy) 4.83+2.40 5.43£1.62 30.5749.47
RG? + R (0.5 Gy) 3.25+2.63 7.00+1.83* 30.50+5.45
RC (2.0Gy) 18.50+3.19 2.86+1.21 19.57+4.20
RG" +R (2.0 Gy) 11.60+3.36* 4.57£1.38 29.50+4.20*
RG? + R (2.0 Gy) 10.50+£3.51* 3.50£1.91 20.3314.62

The ICR mice (n=4) were irradiated with gamma-rays (0.5 or 2.0 Gy) and were autopsied 12 hours later. Values are expressed as mean + SD.
YRG (50 mg/kg of body weight) was given i.p. at 36 and12 hours before irradiation, and 30 minutes after irradiation.

JRG (250 mg/kg of body weight/day) was given p.o. for 7 days before autopsy.

*Indicates a significant difference at p<0.05 compared with corresponding radiation control group.
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