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Abstract : Korean red ginseng is known to have anti-stress and memory enhancing effects. Recent studies suggested that
stress-induced inhibition of adult neurogenesis in hippocampus may contribute, in part, to decreased negative feedback
inhibition of HPA axis. In order to elucidate the mechanism of Korean red ginseng in anti-stress and memory enhancing
effects, we observed the effects of repeated treatment of Korean red ginseng total saponin (GTS, 50 mg/keg, i.p.) in
response to repeated unpredictable stress for 10 days. Male Sprague-Dawley rats (230 - 260 g) received with either GTS
(50 mg/kg, i.p.) or vehicle (1 ml/kg, i.p.) 1 h before stress for 10 days. Rats were injected with bromodeoxyuridine (BrdU,
50 mg/kg, i.p.) 16-18 hr after last stress procedure, and were sacrificed 2 hr later by perfusion. Immunohistochemistry of
BrdU was done to measure proliferation of neural progenitor cells in hippocampus, which was used as an index of neu-
rogenesis. Repeated GTS treatment for 10 days increased neurogenesis in subgranular zone area of dentate gyrus (SGZ),
but not hilus, compared with vehicle-treated rats. Repeated unpredictable stress did not affect the neurogenesis compared
with controls, while repeated GTS treatment increased neurogenesis in SGZ in repeated unpredictable stress-exposed
group. BDNF mRNA was also measured in subregions of hippocampus by in situ hybridization. BDNF mRNA expres-
sion in CA3 and CA1 pyramidal cell layer was increased by repeated GTS treatment but not in dentate granule cell layer.
Repeated unpredictable stresses significantly decreased BDNF mRNA expression in all subregions of hippocampus, but
repeated GTS treatment did not prevent stress-induced BDNF mRNA downregulation. Given that repeated GTS treat-
ment increased proliferation of neural progenitor cells in repeated unpredictable stress-exposed rats in the presence of
decreased BDNF mRNA expression in dentate granule cell layer, it raise the possibility that BDNF may not play a sig-
nificant role in GTS-mediated increase of neurogenesis in adult rat hippocampus. Also, these results suggest that repeated
GTS treatment increased neurogenesis of SGZ and BDNF mRNA expression, which may account for memory enhancing
effect of Korean red ginseng. In addition, repeated GTS treatment appears not to have anti-stress effects in terms of neu-
rotrophin, but GTS-mediated increase of neurogenesis in hippocampus may contribute to increase negative feedback inhi-
bition of HPA axis.
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Day Time Type of Stress Duration Time Type of Stress Duration
Day 1 12:00 PM Cage rotation 50 min 1:00 PM Swim stress (28~32°(C) 4 min
Day 2 11:00 AM Cold (4°C) isolation 60 min 7:00 PM Lights on (overnight) 19 hours
Day 3 12:00 PM Lights off 3 hours 3:00 PM Cold isolation 15 min
Day 4 7:00 PM Cage rotation 50 min 7:00 PM Food/water deprivation overnight
Day 5 1:00 PM Swim stress (28~32°C) 3 min 7:00 PM Isolation housing overnight
Day 6 11:00 AM Restraint stress 60 min 3:00 PM Lights off 2 hours
Day 7 10:00 AM Swim stress (28~32°C) 4 min 4:00 PM Restraint stress 60 min
Day 8 7:00 PM Lights on overnight 7:00 PM Food/water deprivation overnight
Day 9 10:00 AM Cage rotation 20 min 7:00 PM Lights on overnight
Day 10 7:00 PM Isolation housing overnight 7:00 PM Food/water deprivation overnight
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Fig. 1. BrdU-immunostaining in the dentate gyrus of hippocampus.
SGZ, subgranular zone of hippocampus; Hilus; hilus area of
hippocampus.
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Fig. 2. The mean density of BrdU-stained cells in subgranular
zone (SGZ) and hilus of rats treated with either ginseng
total saponin (GTS, solid bars) or vehicle (open bars).
Results are expressed as the density of BrdU-labeled cells
and are mean (SEM in the each hippocampus area (n=12
hippocampi per group). ***p<0.01 compared with vehicle-
treated control (Student's r-test)
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Fig. 3. The mean density of BrdU-stained cells in subgranular zone
area of rats after repeated unpredictable stress (10 x US)
treated with either GTS (solid bars) or vehicle (open bars).
Results are expressed as the density of BrdU-labeled cells
in SGZ and are mean (ZSEM (n=12 hippocampi per
group). ***p<0.01 compared with vehicle-treated control
(two-way ANOVA with Tukey HSD post hoc test)
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Fig. 4. In situ hybridization analysis of BDNF mRNA in CA3 of

hippocampus. The results are expressed as percent of
vehicle-treated control and are the mean (S.EM. of 6
separate animals treated with GTS (solid bars) or vehicle
(open bars). *p<0.05 and ***p<0.01 compared with
vehicle-treated control (two-way ANOVA with Tukey HSD
post hoc test). ™p<0.01 compared with GTS-treated
control (two-way ANOVA with Tukey HSD post hoc test)
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Fig. 5. In situ hybridization analysis of BDNF mRNA in CA1 of

hippocampus. The results are expressed as percent of
vehicle-treated control and are the mean (£S.E.M. of 6
separate animals treated with GTS (solid bars) or vehicle
(open bars). *p<0.05, **¥p<0.01 compared with vehicle-
treated control and #¥p<0.01 compared with GTS-treated
control, respectively (two-way ANOVA with Tukey HSD
post hoc test)
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Fig. 6. In situ hybridization analysis of BDNF mRNA in granule
cell layer (GCL) of hippocampus. The results are
expressed as percent of vehicle-treated control and are
the mean (+S.E.M. of 6 separate animals treated with
GTS (solid bars) or vehicle (open bars). ***p<0.01 and
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