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In the course of our continuous investigation on the bioactive marine-derived fungal metabolites, terrein
was isolated from marine-derived fungal strain Penicillium sp. SF-7181. Terrein inhibited the over-
production of pro-inflammatory mediators, such as nitric oxide (NO) and prostaglandin E2 (PGE2), as
well as inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) in lipopolysaccharide (LPS)-
stimulated BV2 and primary microglial cells. This compound also repressed the LPS-induced production
of pro-inflammatory cytokines, interleukin (IL)-1b and IL-6. These inhibitory effects of terrein were
associated with the inactivation of the nuclear factor kappa B (NF-kB) pathway through suppression of
the translocation of p65/p50 heterodimer into the nucleus, the phosphorylation and degradation of
inhibitor kappa B (IkB)-a and the DNA binding activity of the p65 subunit. In addition, terrein induced the
protein expression of heme oxygenase (HO)-1 through the activation of nuclear transcription factor
erythroid-2 related factor 2 (Nrf2) in BV2 and primary microglial cells. The anti-inflammatory effect of
terrein was blocked by pre-treatment with a selective HO-1 inhibitor, suggesting that its anti-
neuroinflammatory effect is mediated by HO-1 induction.

© 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of Japanese Pharmacological
Society. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Glial cells and neuronal cells are components of the central
nervous system (CNS) and the peripheral nervous system (PNS).
Glial cells include oligodendrocytes, astrocytes, ependymal cells,
and microglia, and the ratio of microglia is approximately 15%
among total glial cells.1 Microglia are a type of mononuclear
macrophage of the brain, and play important roles in immune de-
fense and tissue repair responses in the CNS.2 Under pathological
conditions in the brain, microglia are activated and extensively
release various pro-inflammatory mediators including nitric oxide
(NO), prostaglandins, and pro-inflammatory cytokines such as
rmacological Society.
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tumor necrosis factor (TNF)-a, interleukin (IL)-1b, and IL-6.3,4

Neuroinflammation mediated by microglia activation has been
implicated in the development of neurological disorders, including
trauma, stroke, brain infections, ischemia, and neurodegenerative
diseases, such as Alzheimer's disease (AD), Parkinson's disease
(PD), Huntington's disease (HD), multiple sclerosis (MS), and
amyotrophic lateral sclerosis (ALS).3 Therefore, the suppression of
neuroinflammation may have therapeutic and preventive potential
in the pathogenesis of neurodegenerative diseases.

In the course of searching for bioactive metabolites from
marine-derived fungal strains, terrein was isolated from an extract
of the cultured fungal strain Penicillium sp. SF-7181 (Fig. 1A). This
study describes the anti-neuroinflammatory effects of terrein in
lipopolysaccharide (LPS)-stimulated BV2 and rat-derived primary
microglial cells. Terrein was discovered as a secondary fungal
metabolite from Aspergillus terreus by Raistrick and Smith in 1935,5

and has been reported to occur in the genera Aspergillus (fischeri,6

stellatus,7 pulvinus8), Penicillium,9 Phoma,10 and Pestalotiopsis.11
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Fig. 1. (A) The chemical structure of terrein. (B, C) The effect of terrein on BV2 and primary microglial cell viability. Cells were treated with terrein at the indicated concentrations for
24 h, and cell viability was determined by MTT assay. **p < 0.01, and **p < 0.001 in comparison with the control group.
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Terrein has two stereogenic centers (C2 and C3), and the absolute
stereochemistry of (þ)-terrein as 2R, 3S was determined by Barton
& Miller.12 The structure of (þ)-terrein encountered in this study
was elucidated based on analysis of the mass spectrometry (MS),
specific rotation, and nuclear magnetic resonance (NMR) data,
along with a comparison of these data with those in the literature
(Fig. 1A).13

Secondary metabolites from marine-derived fungi have
contributed to the development of novel classes of drug candi-
dates.14 Although terrein was discovered many years ago, few
studies had been conducted with respect to its pharmacological
activities. Terrein has been reported to suppress inflammation in
human dental pulp cells through nuclear factor kappa B (NF-kB)
inactivation by blocking the activation of protein kinase B (Akt).15

Another study demonstrated that terrein inhibits age-related
inflammation in oxidative stress-induced aged human diploid
fibroblast (HDF) cells by increasing cell viability against hydrogen
peroxide (H2O2) stress, and decreasing inflammatory molecules
such as intracellular adhesion molecule (ICAM)-1, cyclooxygenase
(COX)-2, IL-1b, and TNF-a.16 Synthetic (þ)-terrein represses IL-6-
induced vascular endothelial growth factor (VEFG) secretion, and
its inflammatory disease progression in human gingival fibro-
blasts.17 However, the anti-neuroinflammatory effects of terrein
have not yet been investigated, and to the best of our knowledge,
this study would be the first report on the anti-neuroinflammatory
effects of terrein.
2. Materials and methods

2.1. General experimental procedures

Optical rotations were recorded using a Jasco P-2000 digital
polarimeter. 1D and 2D NMR spectra were recorded using a JEOL
JNM ECP-400 spectrometer (400 MHz for 1H and 100 MHz for 13C).
HRESIMS data were obtained using an electrospray ionization
quadrupole-time of flight tandem mass spectrometry system (AB
SCRIEX Triple).
2.2. Fungal materials, fermentation, extraction, and isolation of
fungal metabolites

Penicillium sp. SF-7181 was isolated from sediment collected
from the Ross Sea, Antarctica in January 2015. One gram of the
sample was ground with a mortar and pestle, and mixed with
sterile seawater (10 mL). A portion (0.1 mL) of the sample was
processed utilizing the spread plate method in potato dextrose
agar (PDA) medium containing seawater and incubated at 25 �C
for 14 days. After sub-culturing the isolates several times, the final
pure cultures were selected and stored at �75 �C. The fungal strain
SF-7181 was identified based on the analysis of the ITS gene
sequence. A GenBank search with the ITS gene of SF-7181 (Gen-
Bank accession number MK300684) indicated Penicillium cairn-
sense (JN617669), Penicillium quebecense (JN617661), Penicillium
neomiczynskii (JX230996), and Penicillium cosmopolitanum
(MH864384) as the closest matches showing sequence identities
of 100%, 99.83%, 99.83%, and 99.5%, respectively. Therefore, the
marine-derived fungal strain SF-7181 was characterized as
P. cairnsense. The fungal strain SF-7181 was cultured in a
Fernbach-style flask containing 150 mL of PDA with 3% NaCl. The
flask was incubated at 25 �C for 14 days. The culture flask was
extracted with 1 L of ethyl acetate (EtOAc), and the resulting
organic phase was then evaporated in vacuo to yield the EtOAc
extract of SF-7181 (121.6 mg). Then, 20 mg of EtOAc extract was
separated by semi-preparative HPLC and eluted with a gradient of
20e100% MeOH in H2O over 30 min to give SF-7181-2 (6.8 mg,
tR ¼ 14 min).
2.2.1. (þ)-Terrein
Colorless solid; [a]D22 þ103.8 (c 0.14, H2O); 1H NMR (CD3OD,

400 MHz) d 6.83 (1H, m, H-7), 6.43 (1H, d, J ¼ 15.8 Hz, H-6), 6.00
(1H, s, H-5), 4.66 (1H, d, J¼ 2.7 Hz, H-3), 4.06 (1H, d, J¼ 2.7 Hz, H-2),
1.94 (3H, dd, J ¼ 1.5, 6.8 Hz, H-8); 13C NMR (CD3OD, 100 MHz)
d 205.6 (C-1), 170.9 (C-4), 141.8 (C-7), 126.4 (C-6), 125.9 (C-5), 82.4
(C-2), 78.1 (C-3), 19.4 (C-8); HRESIMS m/z 155.0709 [M þ H]þ

(calculated for C8H11O3, 155.0708).



Fig. 2. (A, B) Effects of terrein on the LPS-induced production of nitrite and PGE2. Cells were pretreated with or without the indicated concentration of terrein for 3 h and then
stimulated with LPS (1 mg/mL) for 24 h. Nitrite levels were determined using the Griess reaction and PGE2 was quantified by ELISA. Values shown are means ± SD of three in-
dependent experiments. *p < 0.05, **p < 0.01 and ***p < 0.001 in comparison with the LPS group. (C) Effects of terrein on the LPS-induced expression of iNOS and COX-2. Lysates
were prepared from cells pre-treated with or without the indicated concentrations of terrein for 3 h and then with LPS (1 mg/mL) for 24 h. The level of iNOS and COX-2 protein
expression was determined by Western blot analysis. Representative blots from three independent experiments are shown. *p < 0.05, **p < 0.01 and ***p < 0.001 in comparison
with the LPS group.
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2.3. Chemicals and reagents

Details of chemicals and reagents used in this investigationwere
described in our previous report.18 LPS (from Escherichia coli,
serotype 055:B5) were purchased from SigmaeAldrich (St. Louis,
MO, USA).

2.4. BV2 cell culture and isolation of primary microglial cells

BV2 microglial cells were cultured and rat primary microglial
cells were isolated based on our previous reported protocols.19

2.5. MTT assay for cell viability

BV2 and primary microglial cells were seeded at 1� 105 cells/mL
and treated with terrein for 24 h. MTT assays were conducted to
determine BV2 and primary microglial cell viability based on the
previously reported protocol.20

2.6. Determination of nitrite

The nitrite concentration in the culture medium, an indicator of
NOproduction, wasmeasured using the Griess reaction. The detailed
procedures for this assay are described in our previous report.20

2.7. PGE2, IL-1b, IL-6, and TNF-a assay

The culture media were collected to determine the levels of
PGE2, IL-1b, IL-6, and TNF-a present in each sample using the
appropriate ELISA kit from R&D Systems Inc. (Minneapolis, MN,
USA). Three independent assays were performed according to the
manufacturer's instructions.



Fig. 3. Effects of terrein on the production of LPS-induced pro-inflammatory cytokines in BV2 and primary microglial cells. Cells were pretreated with or without the indicated
concentration of terrein for 3 h and then stimulated with LPS (1 mg/mL) for 24 h. The concentration of cytokines was measured by ELISA. *p < 0.05, **p < 0.01, and ***p < 0.001 in
comparison with the LPS-treated group.
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2.8. Western blot analysis

Western blot analysis was performed as described previously.19
2.9. Preparation of cytosolic and nuclear fractions

The cytosolic and nuclear fractions were extracted using the
Cayman Nuclear extraction kit from Cayman (Ann Arbor, MI, USA),
and each fraction was lysed according to the manufacturer's
instructions.
2.10. DNA binding activity

The DNA binding activity of NF-kB and Nrf2 in nuclear extracts
was measured using NF-kB transcription factor assay kits and Nrf2
transcription factor assay kits from Cayman (Ann Arbor, MI, USA)
respectively, according to the manufacturers’ instructions. Three
independent replicates were performed.
2.11. Nrf2 siRNA transfection

Nrf2-targeted siRNA was used to knockout Nrf2. The detailed
procedure was described in our previous report.18
2.12. Statistical analysis

The data are expressed as the mean ± standard deviation (SD) of
at least three independent experiments. To compare three or more
groups, a one-way analysis of variance (ANOVA) was used, followed
by Tukey's multiple comparison tests. Statistical analysis was per-
formed using GraphPad Prism software, version 3.03 (GraphPad
Software Inc., San Diego, CA, USA).



Fig. 4. Effects of terrein on the LPS-induced activation of NF-kB in BV2 and primary microglial cells. Cells were pre-treated with the indicated concentrations of terrein for 12 h and
then stimulated with LPS (1 mg/mL) for 1 h. (A) Nuclear and cytosolic extracts were isolated and the levels of p65 and p50 in the nuclear fraction and p-IkB-a and IkB-a in the
cytosolic fraction were determined by Western blot analysis. The experiment was repeated three times, and similar results were obtained. PCNA and b-actin were used as internal
controls. (B) NF-kB ELISA kit was used to determine the degree of NFekB binding in nuclear extracts. Values are means ± SD of three independent experiments. *p < 0.05, **p < 0.01,
and ***p < 0.001 in comparison with the LPS group.
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3. Results

3.1. Effect of terrein on the viability of BV2 and primary microglial
cells

To evaluate the cytotoxicity and to determine the appropriate
dose range of terrein for the study, we performed an MTT assay
to evaluate the viability of BV2 and primary microglial cells
treated with terrein. As shown in Fig. 1B and C, the non-
cytotoxic concentration range was determined to be
0.0e40 mM of terrein.
3.2. Effect of terrein on the LPS-induced upregulation of
inflammatory mediators in BV2 and primary microglial cells

To investigate the inflammation regulatory effect of terrein, the
levels of various inflammatory mediators (NO, PGE2, iNOS, COX-2,
IL-1b, IL-6, and TNF-a) in LPS-treated cells were analyzed by Gri-
ess reaction, ELISA, and Western blotting. Pre-treatment with ter-
rein (5e40 mM) decreased LPS-induced NO and PGE2 production as
well as iNOS and COX-2 protein expression in BV2 and primary
microglial cells (Fig. 2). As shown in Fig. 3, pre-treatment with
terrein attenuated the production of IL-1b, IL-6, and TNF-a in both
microglial cells.
3.3. Effect of terrein on the LPS-induced activation of NF-kB in BV2
and primary microglial cells

Subsequently, the effect of terrein on the LPS-induced activation
of the NF-kB pathway was examined. Stimulation with LPS
increased the nuclear accumulation of NF-kB subunits (p65 and
p50) in a nuclear faction, and the phosphorylation and degradation
of IkB-a in cytosolic fraction in BV2 and primary microglial cells.
However, pre-treatment with terrein attenuated all these re-
sponses (Fig. 4A). In addition, the DNA binding activity of NF-kB
protein p65 increased in LPS-stimulated cells, but this activity was
attenuated upon pre-treatment with terrein in BV2 and primary
microglial cells (Fig. 4B).
3.4. Effect of terrein on the activation of HO-1/Nrf2

We further investigated whether the anti-neuroinflammatory
effect of terrein is involved in the activation of the HO-1/Nrf2
signaling pathway. Treatment with terrein for 12 h induced the
expression of HO-1 protein in both BV2 and primarymicroglial cells
in a dose-dependent pattern (Fig. 5A). In addition, the levels of Nrf2
decreased in cytosol, and increased in nuclear following treatment
with terrrein for 4 h, indicating that terrein activates the Nrf2
pathway (Fig. 5B). Furthermore, terrein increased the DNA binding



Fig. 5. Effects of terrein on the activation of HO-1/Nrf2 pathway in BV2 and primary microglial cells. (A) Cells were treated with terrein for 12 h at various concentrations and
Western blot analysis was performed for HO-1 expression. The HO-1 inducer, CoPP, was used as a positive control. Representative blots of three independent experiments are
shown. (B) Cells were treated with various concentrations of terrein for 4 h, and the levels of Nrf2 protein in nuclear and cytoplasm fractions were determined by Western blot
analysis. The experiment was repeated three times and similar results were obtained. (C) Nrf2 transcription factor assay kit was used to determine the degree of Nrf2 DNA binding in
nuclear extracts. *p < 0.05, **p < 0.01, and ***p < 0.001 in comparison with the control group. (D) Cells were transiently transfected with control siRNA and Nrf2 siRNA for 24 h, and
then treated with or without 40 mM terrein. Levels of HO-1 protein in each lysate were determined using Western blot analysis. Experiments were repeated three times and similar
results were obtained. PCNA and b-actin were used as internal controls.
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activity of Nrf2 in a dose-dependent manner (Fig. 5C). When BV2
and primary microglial cells were transfected with siRNA against
Nrf2, terrein-induced upregulation of HO-1 protein was blocked
(Fig. 5D).
3.5. Correlation of HO-1 upregulation by terrein with its anti-
neuroinflammatory effects

To determine the role of terrain-induced HO-1 in the anti-
neuroinflammatory effects observed in the LPS-stimulated cells,
we examined the effects of SnPP, which is an established HO ac-
tivity inhibitor, on LPS-induced inflammatory responses. Treatment
with terrein decreased LPS-induced NO/PGE2 production, iNOS/
COX-2 expression, nuclear translocation of NF-kB p65, and the
DNA binding activity of NF-kB p65. However, co-treatment with
SnPP partially blocked these effects in both BV2 and primary
microglial cells (Fig. 6). In addition, SnPP reversed the inhibitory
effect of terrein on the LPS-induced production of pro-
inflammatory cytokines (IL-1b, IL-6, and TNF-a) in both cells
(Fig. 7.).
4. Discussion

This study indicates that terrein has anti-neuroinflammatory
effects in LPS-stimulated BV2 and rat-derived primary micro-
glial cells. The anti-neuroinflammatory activity of terrein was



Fig. 6. Effects of SnPP on terrein-induced regulation of nitrite, PGE2, iNOS, COX-2, and activation of NF-kB in BV2 and primary microglial cells. (A, B, C) Effects of SnPP on terrein-
induced inhibitory effects of production of nitrite and PGE2, and protein expression of iNOS and COX-2. Cells were pre-treated with 50 mM SnPP for 1 h, incubated with or without
40 mM of terrein for 3 h, and then stimulated with LPS (1 mg/mL) for 24 h. Nitrite levels were determined using Griess reaction, and PGE2 was quantified using ELISA. The levels of
iNOS and COX-2 were determined by Western blot analysis. Values are means ± SD of three independent experiments. b-Actin was used as an internal control. ***p < 0.001. (D)
Effects of SnPP on terrein-induced inactivation of NF-kB. Cells were pre-treated with 50 mM SnPP for 1 h, incubated with or without 40 mM of terrein for 12 h, and then stimulated
with LPS (1 mg/mL) for 1 h. The levels of nuclear p65 were determined using Western blot analysis. A NF-kB ELISA kit was used to determine the degree of NFekB binding in nuclear
extracts. PCNA was used as the internal control. All experiments were repeated three times and similar results were obtained.
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Fig. 7. Effects of SnPP on terrein-induced production of pro-inflammatory cytokines in BV2 and primary microglial cells. Cells were pre-treated with 50 mM SnPP for 1 h, incubated
with or without 40 mM of terrein for 3 h, and then stimulated with LPS (1 mg/mL) for 24 h. The concentration of cytokines was measured by ELISA. ***p < 0.001.
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correlated with the inhibition of NF-kB pathway. In addition,
terrein was shown to activate the HO-1/Nrf2 signaling pathway,
and this response could contribute to inactivation of NF-kB
pathway.

In this study, BV2 cell line and rat-derived microglial cells were
employed to evaluate the anti-neuroinflammatory effects of ter-
rein. The BV2 cell line is derived from v-raf/v-myc-immortalized
murine primary microglia, and primary microglial cells are iso-
lated from the cortex of rats or mice. These cells can be activated
by various stimulants including LPS, interferon, or b-amyloid,
whereupon they release pro-inflammatory mediators.21 Therefore,
these cells have been mostly used as in vitro models for the
investigation of cellular functions, pharmacologic and physiologic
features in microglial cells.21,22 Nevertheless, BV2 cells cannot
mimic all characteristics of primary microglial cells. Primary
microglial cells can react more sensitively to LPS and exhibit
greater responses as compared to BV2 cells with regard to
migration, expression of activation markers, and production and
secretion of inflammatory mediators.21,23,24 Moreover, cultured
primary microglial cells retain the majority of in vivo physiological
functions of activated microglia, thus they have been regarded as
an in vitro model more appropriate than BV2 cells for investigating
the pharmacological and neurological characteristics of microglial
cells.21,22 Therefore, the anti-neuroinflammatory effects of terrein
were elucidated in not only BV2 immortalized cells but also in
primary microglial cells.
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Activated microglial cells can induce the secretion of pro-
inflammatory mediators such as NO, PGE2, iNOS, COX-2, and cy-
tokines including IL-1b, IL-6, and TNF-a.25,26 The expression of iNOS
and COX-2 is responsible for the production of NO and PGE2
respectively. These enzymes and byproducts have a basic role in
immune response in various immune cells such as macrophages,
microglia, and astrocytes.27 In addition, excessive production of
pro-inflammatory cytokines exacerbates inflammatory responses
in the CNS, and contributes to the pathogenesis of neuro-
inflammation in neurodegenerative diseases.28 Previous studies
have shown the anti-neuroinflammatory effects of some natural
products through the inhibition of pro-inflammatory cyto-
kines.28,29 Therefore, the inactivation of these pro-inflammatory
mediators could be regarded as one of the targets for treatment
of neuroinflammatory diseases. The current study sought to eluci-
date the anti-neuroinflammatory effects of terrein in LPS-induced
BV2 and primary microglial cells. The overproduction of NO/PGE2
and the protein expression of iNOS/COX-2 were repressed by pre-
treatment with terrein (Fig. 2). In addition, terrein decreased the
overproduction of IL-1b, IL-6, and TNF-a cytokines in both LPS-
stimulated BV2 and primary microglial cells (Fig. 3).

NF-kB is one of the most important transcription factors asso-
ciated with immune responses, and plays a significant role in the
induction of pro-inflammatory cytokine gene expression.30 The NF-
kB family consists of five proteins, p65, Rel B, c-Rel, p105/p50, and
p100/p52. These subunits can form 15 different homodimeric and
heterodimeric complexes, and the p65/p50 heterodimer is themost
abundant dimer found in almost cell types.31 Under normal con-
ditions, these complexes are present in the cytoplasm of cells
through binding to the IkB protein and remain inactive. Under
condition of inflammatory response induced by LPS, IkB can be
phosphorylated and degraded, and NF-kB dimers are then disso-
ciated from IkB. The released NF-kB dimers translocate into the
nucleus, bind to DNA at the kB site, and induce the expression of
inflammation-related genes.28 The abnormal regulation of the NF-
kB pathway in microglia is involved in the development of patho-
logical conditions such as autoimmune encephalomyelitis,
ischemia, and Alzheimer's disease.32 In the current study, pre-
treatment with terrein downregulated the LPS-induced trans-
location of p65/p50 subunits into the nucleus, phosphorylation and
degradation of IkB, and DNA binding activity of the p65 subunit
(Fig. 4). Thus, our data showed that the inhibitory effect of terrein
on neuroinflammatory responses was mediated by inactivating the
NF-kB pathway. Several agents that can block NF-kB activation have
potential immunosuppressive effects. Dexamethasone and leflu-
nomide metabolite were reported as a novel immunosuppressive
and anti-inflammatory agent, and these compounds inhibited NF-
kB activation in a human T cell line.33,34 Terrein showed complete
inhibition of NF-kB signaling in this study, therefore this compound
could also have the possible effects of the immunosuppression.

Microglia can express various detoxifying or antioxidant en-
zymes including HO-1, NAD(P)H:quinone oxidoreductase 1
(NQO1), peroxiredoxin (PRX), and thioredoxin (Trx), and can pre-
vent damages to neighboring neurons by regulating Nrf2, a mem-
ber of the NF-E2 family of the basic leucin zipper transcription
factors.4 Under normal conditions, the activity of Nrf2 is repressed
in the cytoplasm by forming a complex with Kelch-like ECH-asso-
ciated protein 1 (Keap1). Under cellular stress or inflammatory
conditions, Nrf2 dissociates from Keap1, and translocates into the
nucleus. In the nucleus, Nrf2 binds to an antioxidant response el-
ements (ARE) site on the DNA, and accelerates the expression of
various cytoprotective genes.4 Especially, HO-1 is one of the
inducible enzymes mediated by upregulation of the Nrf2/ARE
pathway, and is involved in a variety of regulatory and protective
cellular mechanisms.35 HO-1 can catalyze the conversion of heme
to biliverdin, ferrous ion (Fe2þ), and carbon monoxide, which have
been shown to have antioxidant and anti-inflammatory activities.4

Various reports have demonstrated that HO-1 expression and its
related signaling pathways induce anti-inflammatory effects.1,4 Our
recent studies also showed that HO-1 induction inhibits the neu-
roinflammatory responses in microglial cells.18,19 In the present
study, we explored the effects of terrein on the activation of the
Nrf2/HO-1 pathway. Our results showed that terrein induced HO-1
protein, and this response was associated with the nuclear trans-
location of Nrf2 (Fig. 5). A selective inhibitor of HO activity (SnPP)
reversed the anti-neuroinflammatory effects of terrein, which are
inhibition of NO/PGE2 production, iNOS/COX-2 expression, nuclear
translocation of p65, and DNA binding activity of p65 (Fig. 6). Taken
together, our data demonstrate that terrein upregulated Nrf2
signaling and subsequently induced HO-1 protein, which were
correlated to its anti-neuroinflammatory effects.

Conclusion

In this study, our chemical investigation of the marine-derived
fungal isolate Penicillium sp. SF-7181 resulted in the isolation and
identification of secondary metabolite, terrein. Terrein showed
anti-neuroinflammatory effects by inhibiting the production of NO,
PGE2, and pro-inflammatory cytokines, and the protein expression
of iNOS and COX-2 through inactivation of the NF-kB pathway. In
addition, terrein-induced activation of Nrf2/HO-1 pathway was
related to the anti-neuroinflammatory effects of terrein. Thus, ter-
rein may serve as a potential candidate for the development of
preventive agents to treat neurodegenerative diseases.
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