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Ganoderma lucidum extract protects dopaminergic neurons through inhibiting
the production of inflammatory mediators by activated microglia

DING Hui, ZHOU Ming, ZHANG Rui-Ping, XU Sheng-Li"
Department of Neurobiology, Institute of Geriatrics of Beijing, Xuanwu Hospital of the Capital University of Medical Sciences, Key
Laboratory for Neurodegenerative Disease of Ministry of Education, Beijing 100053, China

Abstract: Abundant evidence has suggested that neuroinflammation participates in the pathogenesis of Parkinson’s disease (PD). The
emerging evidence has supported that microglia may play key roles in the progressive neurodegeneration in PD and might be a
promising therapeutic target. Ganoderma lucidum (GL), a traditional Chinese medicinal herb, has been shown potential neuroprotective
effect in our clinical trials that lead us to speculate that it might possess potent anti-inflammatory and immunomodulating properties.
To test this hypothesis, the present study investigated the potential neuroprotective effect of GL and underlying mechanism through
inhibiting microglial activation using co-cultures of dopaminergic neurons and microglia. The cultures of microglia or MES23.5 cells
alone or together were treated for 24 h with lipopolysaccharide (LPS, 0.25 pg/mL) as a positive control, GL extracts (50-400 pg/mL) or
MES23.5 cell membrane fragments (150 pg/mL) were used in treatment groups. Microglia activation, microglia-derived harmful factors
and [3H]dopamine (CH]DA) uptake of MES23.5 cells were analyzed. The results showed that microglia were activated by LPS and
MPP-treated MES23.5 cell membrane fragments, respectively. Meanwhile, GL extracts significantly prevented the production of
microglia-derived proinflammatory and cytotoxic factors, including nitric oxide, tumor necrosis factor-a. (TNF-a) and interleukin 1 (IL-1B),
in a dose-dependent manner and down-regulated the TNF-a and IL-1f expressions on mRNA level. In addition, GL extracts antago-

nized the reduction of ['H]DA uptake induced by MPP™ and microglial activation. In conclusion, these results suggest that GL may be

Received 2010-08-31  Accepted 2010-11-17
This work was supported by the National Natural Science Foundation of China (No. 30671950 and 30070279).
"Corresponding author. Tel: +86-10-83198834; Fax: +86-10-83161294; E-mail: xushengli@yahoo.com



548 AEFI243R Acta Physiologica Sinica, December 25, 2010, 62(6): 547-554

a promising agent for the treatment of PD through anti-inflammation.
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Table 1. The primers of IL-1 and TNF-a for real time-PCR

Sequence Accession Forward primer Reverse primer Product
name number size
IL-1B NM_008361 CCGTGGACCTTCCAGGATGA GGGAACGTCACACACCAGCA 102 bp
TNF-a NM_013693 CCACCACGCTCTTCTGTCTA AGGGTCTGGGCCATAGAACT 116 bp

B-actin NM 031144.2 CCTCTGAACCCTAAGGCCAA AGCCTGGATGGCTACGTACA 90 bp
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Fig. 1. The morphology of rat microglia cells labeled with OX-42. The rest ramified microglia (A, B) were transformed into an amoeboid
morphology after being treated with LPS (C, D). A, C: 100x; B, D: 400%. Scale bar, 100 um.
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Fig. 2. LPS and MPP"-treated MES23.5 cell membrane fragment
(CF) increased neurotoxic factors through activating microglia.
The levels of TNF-a, IL-13, NO and superoxide in control are
106.55 pg/mL, 119.09 pg/mL, 0.6 mmol/L and 5.22 U/mL,
respectively. Levels were expressed as fold increase as compared
to concentrations of the control. The levels of all factors were

increased significantly compared with those in control (P< 0.05).
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Fig. 3. GL protects against LPS- or CF-induced production of NO
in a dose-dependent manner. Data are expressed as fold increase
over control group (rest microglia without LPS or CF activation)
and presented as means+SD of two experiments performed in
triplicate. Vehicle groups were treated only with LPS or CF. "P<
0.05, "P<0.01compared with corresponding vehicles.
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Fig. 4. GL protects against LPS- or CF-induced production of
superoxide in a dose-dependent fashion. Data are expressed as
fold increase of control group (rest microglia without LPS or CF
activation) and presented as means+SD of two experiments per-
formed in triplicate. Vehicle groups were treated only with LPS or

CF. "P<0.05, "P<0.01 compared with corresponding vehicles.
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Fig. 5. GL protects against LPS- or CF-induced production of TNF-o and IL-1f in a dose-dependent fashion. Data are expressed as

means=SD of two experiments performed in triplicate. Vehicle groups were treated only with LPS or CF. "P<0.05, "P<0.01 compared

with corresponding vehicles.
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Fig. 6. GL protects against MPP*-induced reduction of ['H]DA
uptake in MES23.5 cell cultures with or without microglia. The
GL groups were pre-treated with 400 pg/mL GL for 30 min before
100 pmol/L MPP" incubation for 24 h. Data are expressed as
percentage increase of control group (MES23.5 cells without
microglia, MPP" and GL treatment) and presented as means+SD.
n=4."P<0.05 compared with corresponding MES23.5 in the
absence or presence of microglia cultures without exposure to
MPP"; "P<0.01 compared with the MPP"-treated MES23.5
cultures without microglia; “P<0.01 compared with correspond-
ing MPP"-treated MES23.5 in the absence or presence of microglia

cultures without exposure to GL.
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Fig. 7. GL protects against LPS-induced reduction of [*H]DA
uptake in MES23.5 cell cultures with or without microglia. Data
are expressed as percentage increase of control group (MES23.5
cells without microglia, LPS and GL treatment) and presented as
means+SD. n=4. "P<0.05 compared with corresponding MES23.5
in the absence or presence of microglia cultures without exposure
to LPS; P<0.01 compared with corresponding MES23.5 and

microglia co-cultures without exposure to GL.
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Fig. 8. GL protects against LPS- or CF-induced overexpression of mRNA levels of TNF-a (A) and IL-1 (B) in a dose-dependent fashion.
Data are expressed as percentage of the vehicle group (LPS or CF only treated group, respectively) calculated from the average

threshold cycle values and presented as the means£SD. Independent RNA preparations from different sets of cultures were prepared,

and determinations were performed in triplicate from the RNA samples of a set of experiment. ‘P<0.05 compared with corresponding

vehicles.
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