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Neuroprotective Effects of Ethanol Extract of Ganoderma lucidum L.
on murine hippocampal cells
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Abstract — Ganoderma lucidum L. (GL) is a traditional oriental medicine that has been widely used as anti-inflammatory, anti-
tumor and anti-oxidant in Korea and other Asian countries. In this study, we investigated the ethanol extract of GL has neu-
roprotective effects in murine hippocampal HT22 cells. GL ethanol extract has the potent neuroprotective effects on glutamate-
intoxicated cells by inducing the expression of heme oxygenase (HO)-1 in HT22 cells. GL ethanol extract increased JNK phos-
phorylation. Obviously, When we treated the GL extract with c-Jun N-terminal kinase (JNK) inhibitor (SP600125), HO-1
expression was reduced. Moreover, we found that GL treatment caused the nuclear accumulation of Nrf2. In conclusion, the
ethanol extract of GL significantly protects glutamate-induced oxidative damage by induction of HO-1 via Nrf2, JNK pathway
in mouse hippocampal HT22. These results suggest that GL ethanol extract would be a good source for taking active com-
pounds and may be a potential pharmaceutical products for brain disorder induced by neuronal damage and oxidative stress.
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Fig. 1. Effects of GL ethanol extract in a variety of concentration on glutamate-induced oxidative neurotoxicity and inhibition of
reactive oxygen species generation and expression of HO-1. (A) Cells were treated with samples and then incubated for 18 h with
glutamate (5 mM). (B) Expression of HO-1 was determined by western blot analysis, and representative blots of three independent
experiments are shown. CoPP (20 uM) was used for positive control. (C) Exposure of HT22 cells with 5 mM glutamate for 18 h
increased reactive oxygen species production. Each bar represents the mean+S.D. of three independent experiments. *P<0.05.

Trolox (50 uM) was used as the positive control.
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Fig. 2. Effect of GL 100% ethanol extract of HO-1 expression
in HT22 cells. Cells were incubated for 18 h with ethanol
extract. Expression of HO-1 was determined by western blot
analysis, and representative blots of three independent experi-
ments are shown. CoPP (20 uM) was used for positive control.
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Fig. 3. Effects of GL extract of 100% ethanol on glutamate-
induced oxidative neurotoxicity and inhibition of reactive oxy-
gen species generation. (A) Cells were treated with samples
and then incubated for 18 h with glutamate (5 mM). (B) Expo-
sure of HT22 cells with 5 mM glutamate for 18 h increased
reactive oxygen species production. Each bar represents the
mean+S.D. of three independent experiments. *P<0.05. Trolox
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Fig. 4. Effect of GL ethanol extract on Nrf2 nuclear translo-
cation in HT22 cells. Cells were treated with 200 pg/ml of GL
ethanol extract for 0.5, 1, and 1.5 h. The nuclei were frac-
tionated from the cytosol using PER-mammalian protein
extraction buffer as described in materials and methods. Nrf2
protein was detected by western blot analysis, and representa-
tive blots of three independent experiments are shown.
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Fig. 5. Effects of GL ethanol extract induced MAPK activation
in HT22 cells. (A) Cells were treated with 200 pg/ml of GL
100% ethanol extract for indicated times. The extract of cells
were analyzed by western blot with specific antibodies for
phosphorylated ERK1/2 (P-ERK)(A), phosphrylated JNK (P-
JNK) (B), and phosphorylated p38 (P-p38)(C). Membranes
were stripped and reprobed for total form of each MAPK anti-
body as a control, and the representative blots of three inde-
pendent experiments are shown.
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Fig. 6. Effects of GL ethanol extract induced JNK pathway
activation on HO-1 expression and glutamate-induced neuro-
toxicity. (A) Cells were incubated with 200 pg/ml of GL eth-
anol extract for 18 h in the presence or absence of PD98059
(40 uM), SB203580 (20 uM) and SP600125 (25 uM). West-
ern blotting was then performed with HO-1 antibody. (B) Cells
untreated or treated with GL ethanol extract (200 pg/ml) in the
presence or absence of each specific inhibitor for 18 h were
exposed to 5mM glutamate for 18 h. Trolox (50 mM) was
used as positive control. Each bar represents the mean+S.D. of
three independent experiments. Data shown represent the mean
values of three experiments=S.D. *P<0.05 compared to the
group with 5 mM glutamate.
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