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Abstract

Neuroinflammation is caused by excessive activation of microglia and plays an essential role in neurodegenerative diseases.
After activation, microglia produce several kinds of inflammatory mediators, trigger an excessive inflammatory response,
and ultimately destroy the surrounding neurons. Therefore, agents that inhibit neuroinflammation may be potential drug
candidates for neurodegenerative diseases. Evodiamine (EV) has anti-inflammatory functions in peripheral tissues. However,
whether EV exerts the same function in neuroinflammation is not known. In the present study, the aim was to explore whether
EV attenuates microglial overactivation and therefore suppresses the development of neuroinflammation in lipopolysac-
charide (LPS)-stimulated BV-2 cells. It was found that EV effectively inhibited expression of proinflammatory mediators
(cyclooxygenase-2 (COX-2), inducible nitric oxide synthase (iNOS), interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-
a)) via AKT/Nrf2/HO-1 activation and suppressed NF-kB p65 phosphorylation. In addition, EV could suppress LPS-induced
inflammatory response and loss of dopaminergic neuron in mouse mesencephalic neuron--glia cells. Hence, these findings
demonstrate that EV suppresses neuroinflammation caused by overactivated microglia via regulating the AKT/Nrf2/HO-1/
NF-«B signaling axis.
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Introduction

Neurodegenerative disease is a general term for chronic
progressive central nervous system diseases that feature
the degeneration and loss of primary neuronal cells and
includes Alzheimer’s disease (AD), Parkinson’s disease
(PD), and Huntington’s disease (HD) (Jewett et al. 2017,
Khanam et al. 2016). Causes of neurodegenerative dis-
eases are still not well understood, and it is generally
believed that they are closely associated with heredity,
inflammation, apoptosis, oxidative stress, mitochondrial
dysfunction, and so on(Liddelow et al. 2017; Norden et al.
2015; Spires-Jones et al. 2017). Numerous studies have
recently indicated that neuroinflammation arising from
microglial overactivation plays a vital role in the patho-
genesis of neurodegenerative diseases (Hirsch and Hunot
2009; Miklossy et al. 2006; Mrvova et al. 2015). Upon
activation, microglia release proinflammatory media-
tors (inducible nitric oxide synthase (iNOS), cyclooxy-
genase-2 (COX-2), tumor necrosis factor-a (TNF-a), and
interleukin-6 (IL-6)), which damage surrounding neurons
(Hurley et al. 2003; Rosa et al. 2018). Neuronal damage
signals further activate microglia. Therefore, inhibiting the
inflammatory microglial response will be beneficial for
neurodegenerative disease therapy.

Evodiamine (EV) is a natural alkaloid and a primary
biologically active ingredient of Evodia rutaecarpa, a
medicinal plant used in traditional Chinese medicine (Hu
et al. 2017). Pharmacological studies have shown that EV
binds to a variety of proteins, and so it can be used as a
multitarget compound for tumors, obesity, pain, inflam-
mation, cardiovascular disease, and Alzheimer’s disease
(Cai et al. 2014; Wang et al. 2013; Wu et al. 2013; Yu
et al. 2013). It has been reported that EV plays specific
anti-inflammatory roles in cardiovascular and cerebro-
vascular diseases (e.g., atherosclerosis (Wei et al. 2013)),
gastrointestinal diseases (e.g., stomach ulcer (Zhao et al.
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2015) and colorectal cancer (Zhou et al. 2019)), and tumo-
rigenesis (e.g., lung cancer(Mohan et al. 2016) and ovarian
cancer (Wei et al. 2016)). However, there is currently no
research on the role of EV in neuroinflammation. It was
hypothesized that EV inhibits neuroinflammation mediated
by overactivation of microglia. Hence, this research pro-
vides a novel view of the role of EV in anti-inflammatory
responses, which in turn provides a potential therapeutic
approach for neuroinflammation.

Results
Effect of EV on BV-2 Cell Viability

To evaluate the toxicity of EV, the survival rates of BV-2
cells (after EV treatment) were measured by CCK-8 assay.
After culturing the cells with different doses of EV and
CCK-8 solution, the cell suspension was collected to meas-
ure the optical density (at 450 nm). No significant change
was found in optical density in the group incubated with EV
(2.5 pM, 5 pM, 10 pM, and 20 pM) or its solvent DMSO
compared to that of the control group. Therefore, EV at the
chosen concentration did not impact BV-2 cell viability

(Fig. ).

EV Inhibits the Production of Proinflammatory
Factors and Proinflammatory Enzymes
in LPS-Stimulated BV-2 Cells

It was hypothesized that EV exerts an anti-inflammatory
effect in an induced neuroinflammation cell model. To vali-
date this hypothesis, it was first explored whether EV inhib-
its the production of proinflammatory mediators. The cell
suspension was collected using TRIzol reagent to analyze
the mRNA levels of proinflammatory mediators by quan-
titative real-time PCR. Under LPS stimulation, the mRNA
levels of proinflammatory cytokines showed rapid increase
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(increased by 74,736.18% in IL-6, 26,036.08% in TNF-a,
49,094.27%, in iNOS, and 4786.68% in COX-2, respectively,
as shown in Fig. 2a—d). It was found that EV reduced the
LPS-induced gene expression of proinflammatory media-
tors (10 pM EV reduced gene expression to 66.42% in IL-6,
73.13% in TNF-a, 70.92% in iNOS, and 53.24% in COX-2
compared to LPS-induced groups). 20 pM EV reduced gene
expression to 50.47%, 65.55%, 54.62%, and 49.82%, respec-
tively, as shown in Fig. 2a—d). Moreover, the protein levels
of proinflammatory cytokines (IL-6, TNF-a) and enzymes
(COX-2 and iNOS) were screened by Western blotting and
ELISA. It was found that EV also reduced the expression of
proinflammatory cytokines at the protein level (LPS stim-
ulation upregulates protein levels to 74,007.30% in IL-6,
28,486.27% in TNF-a, 2154.70% in iNOS, and 777.32% in
COX-2. 10 pM EV reduced protein expression to 42.34%

in IL-6,74.99% in TNF-a, 49.82% in iNOS, and 57.44%
in COX-2, respectively; 20 pM EV reduced it to 16.15%,
29.28%, 51.94%, and 54.29%, respectively, as shown in
Fig. 2e—i).These results suggest that EV prevented the secre-
tion of proinflammatory mediators, which further demon-
strates that EV inhibits inflammation in LPS-stimulated
BV-2 cells (Fig. 2).

EV Suppresses NF-kB Pathway Activation
in LPS-Stimulated BV-2 Cells

Many molecules that are involved in the inflammatory
response are regulated by the NF-kB pathway. IxkB o is an
inhibitor of NF-xB. In the cytoplasm, NF-xB is not acti-
vated, and it is bound to IkBa. LPS activates IKK (IxkB
kinase), and activated IKK ubiquitinates, phosphorylates,
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Fig.2 eV treatment inhibiting the production of proinflammatory
mediators. BV-2 cells were pretreated with EV (10 pM and 20 pM)
for 1 h and then exposed to LPS (1 pg/mL) for 6 h. The mRNA lev-
els were quantified by quantitative real-time PCR. The protein levels

were examined by Western blotting or ELISA. Blots were analyzed
by Image]. The values are presented as the mean+SEM (n=5 in
each level). #p<0.01 compared to the untreated group. “p<0.01
versus the LPS-treated group
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and degrades IkBa, which activates NF-xB and transfers it
into the nucleus (specifically the p65 subunit), where NF-kB
binds with the promoters of inflammation-associated genes,
initiates inflammatory mediator transcription, and induces
an inflammatory response. The molecular mechanism was
further investigated by detecting the effects of EV on IxkBa
degradation and NF-kB p65 and IxkBa phosphorylation.
LPS stimulation reduced IxkBa to 25.87%, upregulated p-
IkBa (809.09%) and p-NF-xB p65 (445.93%) compared to
the control. EV inhibited LPS-mediated IxkBa degradation
(EV10: 196.24%, EV20: 268.21%), the phosphorylation
of IkBa (EV10: 88.19%, EV20: 51.49%), and NF-kB p65
(EV10: 57.60%, EV20: 40.88%), further indicating that EV
plays an anti-inflammatory role by suppressing activation of
the NF-«B signaling pathway (Fig. 3).

EV Promotes the Phosphorylation of AKT, Enhances
Intracellular Localization of Nrf2, and Upregulates
HO-1 Expression in BV-2 Cells

Previous studies have indicated that the Nrf2, HO-1, and
AKT pathways are involved in inflammation. To further
verify the anti-inflammatory mechanism of EV, the AKT,
Nrf2, and HO-1 signaling pathways were investigated after
EV (20 pM) treatment at different times (0, 0.5, 1, 3, and
6 h). Western blotting showed that EV promoted AKT phos-
phorylation, enhanced the nuclear translocation of Nrf2, and
upregulated the expression of HO-1 (Fig. 4).

EV Promotes Nuclear Translocation of Nrf2
via the AKT Signaling Pathway in BV-2 Cells

Previous studies have illustrated that Nrf2 activation is regu-
lated by upstream kinases. To confirm that EV treatment
regulates Nrf2 nuclear translocation by the AKT pathway,
BV-2 cells were pretreated with MK2206 (an AKT inhibi-
tor, 10 pM) and then stimulated the cells with EV (20 pM).
The expression of phospho-AKT, nuclear Nrf2 (Nu-Nrf2),
and cytoplasmic Nrf2 (Cy-Nrf2) was detected by Western
blotting. The results indicated that MK2206 pretreatment
suppressed EV-induced nuclear translocation of Nrf2, which
was mediated by the AKT pathway (Fig. 5).

EV Upregulates HO-1 Expression by Activating
the Nrf2 Pathway in BV-2 Cells

To illustrate the relationship between HO-1 and Nrf-2, BV-2
cells were pretreated with RA (an inhibitor of Nrf2, 5 uM)
for 4 h and then incubated with EV (20 pM) for 3 h. Then,
the protein levels of HO-1 and Nu-Nrf2 were measured. The
results indicated that the protein levels of HO-1 and Nu-Nrf2
increased considerably in the EV-treated group compared
to those of the untreated group (Fig. 6). As expected, the
inhibition of Nrf2 abolished the EV-induced upregulation of
HO-1 protein (Fig. 6a, c). In addition, RA treatment alone
did not affect the protein levels of HO-1 or Nu-Nrf2 (Fig. 6).
Overall, these results showed that EV upregulated HO-1
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Fig.6 a—c EV upregulating A
HO-1 expression by activat-
ing the Nrf2 pathway. After
exposed to RA (an inhibitor of
Nrf2, 5 pM) for 4 h, BV-2 cells
were treated with EV (20 pM)
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expression by activating the Nrf2 pathway. Furthermore,
it was examined whether RA and MK2206 pretreatment
affected the anti-inflammatory function of EV. It was found
that RA and MK?2206 pretreatment partially abolished the
effect of EV on inhibiting the production of proinflamma-
tory mediators (COX-2, iNOS, IL-6 and TNF-«) in BV-2
cells (Fig. 6d—g). The production of proinflammatory medi-
ators increased in LPS group (IL-6: 31,013.09%, TNF-a:
2227.04%, iNOS: 6890.72%, and COX-2: 200,083.37%).
EV +LPS group alleviated the secretion to 21.12% (IL-
6), 29.80% (TNF-a), 6.64% (iNOS), and 7.25% (COX-2)
compared to LPS group. After MK2206 blocking, the pro-
duction rapidly increased to 162.44% in IL-6, 135.95% in
TNF-a, 665.11% in iNOS, and 829.74% in COX-2 compared
to LPS +EV group. Similarly, RA blocking upregulates the
secretion to 210.89%, 243.94%, 329.51%, and 441.67%,
respectively. These results confirmed that EV inhibited the
inflammatory phenotype via the AKT/Nrf-2 pathway in
LPS-stimulated BV-2 cells.
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EV Inhibits Activation of the NF-kB Pathway
and Production of Proinflammatory Mediators
via the HO-1 Pathway in LPS-Stimulated BV-2 Cells

Studies have indicated that HO-1 regulates the NF-kB path-
way. Furthermore, it was examined whether pretreatment
with SnPP IX (an inhibitor of HO-1, 40 uM) affects the
anti-inflammatory function of EV. The results showed that
SnPP IX pretreatment decreased the inhibitory effect of EV
on NF-kB p65 phosphorylation and the production of pro-
inflammatory mediators (COX-2, iNOS, IL-6, and TNF-a)
in BV-2 cells. The production of proinflammatory mediators
increased in LPS group (IL-6: 3121.49%, TNF-a: 2863.70%,
iNOS: 8484.49%, and COX-2: 4167.23%). EV +LPS group
alleviated the secretion to 49.82% (IL-6), 55.61% (TNF-a),
54.72% (iNOS), and 63.10% (COX-2) compared to LPS
group. After SnPP-IX blocking, the production rapidly
increased to 155.84% in IL-6, 121.03% in TNF-a, 134.08%
in iNOS, and 127.35% in COX-2 compared to LPS +EV
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group (Fig. 7c—f). These results suggest that EV inhibits
NF-«B pathway activation and the production of proinflam-
matory mediators via the HO-1 pathway in LPS-stimulated
BV-2 cells (Fig. 7).

EV Treatment Increases the Number of Tyrosine
Hydroxylase (Th)-Positive Cells and Inhibits
the Inflammatory Response in Primary Mouse
Mesencephalic Neuron--Glia Cells

LPS-induced primary mesencephalic neuron--glia cells
were used to study on the protection of anti-inflammatory
substances on dopaminergic neurons. In order to clarify

Fig.7 eV inhibiting activation
of the NF-xB pathway and the
production of proinflammatory
mediators via the HO-1 pathway
in LPS-stimulated BV-2 cells.
BV-2 cells were pretreated with
SnPP-IX (an inhibitor of HO-1,
40 pM) for 3 h, treated with EV
(20 pM) for 1 h, and stimulated
with LPS (1 pg/mL) for 6 h
(mRNA) or 1 h (protein). Pro-
tein levels of phospho-NF-xB
p65 and HO-1 were detected by
Western blotting. The expres-
sion proinflammatory mediators
(COX-2, iNOS, IL-6, and TNF-
a) were measured using quan-
titative real-time PCR. p-actin
was used as an internal control.
The values are presented as

the mean+SEM (n=5 in each
group). #p <0.01 compared to
the untreated group. “p <0.01
versus the LPS-treated group.
$$p <0.01 versus the EV +LPS-
treated group
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whether EV protects neurons via inhibiting neuroinflam-
mation, the loss of TH (biological markers of dopaminer-
gic neurons)-positive cells and the inflammatory response
were examined in LPS-induced primary mouse mesen-
cephalic neuron--glia cells. LPS reduced the number of
dopaminergic neurons to 54.80%. The results showed that
EV attenuated LPS-induced increase of gene expression
of proinflammatory mediators (IL-6, TNF-a, iNOS, and
COX-2) (Fig. 8a—d) and the loss of TH-positive cells (the
number of dopaminergic neurons was up to 145.26% com-
pared to LPS-stimulated group, as shown in Fig. 8f) in
mesencephalic neuron--glia cells. In addition, the process
of TH-positive cells became shorter and even deformed

B
P-NF-KB P65 o 4SS s
NENB PO _— i i
Braclint amm——— e
s—.
Tg 7
E2%
g8 E
R
ERrg
£95 2
o B
2
=
0_
- EVQOpM) - - + + -
+ SnPPIX (40 pM) - - . + o+
LPS (Ing/mL) - + + + -
D
40+
g 30 2
=g °" o
g
S $$
58 207 ok =
¥ .
EE 10
£
o_
+ - EV@opM) - -  + o+ -
+ + SnPP-IX (40 pM) -— - - + +
_ LPS (1pg/mL) — + + + _
¥
P 2
3 % £
“
=
ae
B
&3
£
+ - EV0uM) - - + + -
+ o+ SnPP-IX (40 uM) - - - + o+
+ - LPS (1pg/mL) — + + + _

@ Springer



Cellular and Molecular Neurobiology (2021) 41:115-127

122
Fig.8 eV treatment increas- A
ing the number of tyrosine
hydroxylase (TH)-positive cells €7
and inhibiting the inflamma-
tory response in primary mouse =
mesencephalic neuron--glia < ,E,
cells. Mesencephalic neuron- § §
-glia cells were pretreated with g =
EV (20 pM) for 1 h and then 3 :
stimulated with LPS for 4 h. ==
The mRNA levels of IL-6 a, E
TNF-a b, iNOS ¢, and COX-2d
were examined by quantitative
real-time PCR. Cultures were EV (20 pM) B *
pretreated with EV (20 uM) LPS (1pg/mL) - -
for 1 h and then stimulated
with LPS. Seven days later,
LPS-induced neurotoxicity C
was assessed by representative 4-
immunostaining images a, the
number of tyrosine hydroxy-
lase (TH)-positive cells b. The z 31
values are presented as the - E
mean+ SEM (n=5 in each E 2 2-
group). #p <0.01 compared to 5 2 -
the untreated group. **p <0.01 =
versus the LPS-treated group & % 11 o
n-
EV(@ipM) -+
LPS (1pg/mL) = =
E

after LPS treatment (Fig. 8e). As expected, EV could abol-
ish this phenomenon (Figs. 8e and 9).

Discussion

The current findings indicated that EV exerts anti-inflam-
matory effects by decreasing the production of proinflam-
matory factor (IL-6 and TNF-a) and enzyme (iNOS and
COX-2). The mechanism underlying this process involves
the activation of the AKT/Nrf-2/HO-1 signaling pathways
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and inhibition of the NF-kB pathway. These results high-
light EV as a potential drug candidate in neuroinflammation
because of its anti-inflammatory effect through activating
the AKT/Nrf-2/HO-1 pathway and inhibiting the NF-xB
pathway (Fig. 8).

Neurodegenerative diseases are generally associated with
oxidative stress, mitochondrial dysfunction (Lin and Beal
20006), excitatory toxins (Fletcher et al. 2017), and inflam-
mation (Amor et al. 2010). The latest research is looking for
new causes, such as obesity (Mazon et al. 2017), sleep disor-
ders (Iranzo 2016), and environmental neurotoxin exposure
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Fig.9 Graphical abstract sum-
marizing the anti-inflammatory
effects of EV on LPS-induced
BV-2 cells via regulation of
the AKT/Nrf-2/HO-1/NF-kB
signaling pathways

TINF-o IL-6

(Cannon and Greenamyre 2011). Many neuropathological
conditions are accompanied by microglia overactivation due
to the inflammatory response. Under normal circumstances,
microglia ensure the structural integrity of the CNS, but
continuous overactivation leads to irreversible nerve dam-
age and chronic neurodegenerative diseases. Activation of
microglia is accompanied by the production of proinflam-
matory mediators (iNOS, COX-2, IL-6, and TNF-«), which
in turn induce neuronal dysfunction by activating microglia
in the brain, interfering with neuronal homeostasis and dis-
rupting the neuronal milieu(Bedi et al. 2013; Bilbo 2010).
LPS is a bacterial endotoxin that is frequently used to
induce neuroinflammatory models. Studies have shown
that LPS in the brain binds to CD14 receptors on micro-
glial membranes, leading to activation of microglia, further
inducing inflammation in the brain, producing neurotoxic
substances, and mediating neuronal damage (Herrera et al.
2000; Martins 2015; Qin et al. 2007). EV is an important
alkaloid component in Wusong. A large number of studies
have shown that EV has many pharmacological effects, such
as antitumor, anti-inflammatory, analgesic, antibacterial,
endocrine, and hypoglycemic effects (Huang et al. 2015).
EV is able to cross the blood-brain barrier (BBB) (Zhang
et al. 2018; Zhao et al. 2015). However, no findings have
shown whether EV exerts the same neuroprotective effect on
BV-2 cells, and the underlying mechanisms remain unclear.
In this study, the BV-2 microglial cell line was used
to examine the molecular mechanisms and anti-neuroin-
flammatory effects of EV in vitro. These cells are not only
highly purified but also similar in morphology, phenotype,
and functional characteristics to primary cultured microglia

- Activation

_—| Inhibition

(Huang et al. 2018; Mrvova et al. 2015). Besides, to eluci-
date whether EV’s neuroprotective activity involves an anti-
inflammatory function, the effect of EV on LPS-induced
damage to dopaminergic neurons was investigated in a pri-
mary mesencephalic neuron/glia mixed culture (Fu et al.
2015; Jeohn et al. 2002; Tran et al. 2019). It was found that
EV attenuated the LPS-induced loss of TH-ir neurons in a
primary mesencephalic neuron/glia mixed culture.

NF-xB is a nuclear transcriptional activator that has
been studied in recent years. During inflammation, NF-xB
regulates the expression of inflammatory mediators (such
as TNF-a, IL-6, iNOS, and COX-2). Under physiological
conditions, the NF-kB phosphorylation site is blocked by
IkB o and is in an inactive state. In various inflammatory
lesions, after the upstream IKK kinase degrades IkB a, the
nuclear localization signal of P50 is exposed, and NF-xkB
p65 is rapidly transferred into the nucleus. NF-kB p65 rec-
ognizes specific DNA sequences, binds to the IkB « site on
the promoter region or enhancer of certain inflammatory
factor genes, initiates transcription of related genes, induces
overexpression of various cytokines, and further activates
NF-kB, thereby amplifying the inflammatory cascade(Chun
et al. 2014). The present study concluded that EV activated
IxBa and inhibited the activation of NF-xB, thereby down-
regulating the secretion of proinflammatory factors and the
neuroinflammatory response.

AKT, a serine/threonine kinase, regulates the release of
inflammatory factors and has been confirmed to play a vital
role in various disease models, such as hypoxic ischemic
encephalopathy (Chang and Kong 2019), acute lung injury
(Yan et al. 2018), and hepatic ischemia—reperfusion injury
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(Chen et al. 2017). Based on these studies, it was hypothesized
that EV also affects the inflammatory response through phos-
phorylation of AKT in LPS-induced BV-2 cells. Western blot
results showed that EV promoted the phosphorylation of AKT,
which indicated that EV ameliorates the neuroinflammatory
response by activating the AKT pathway. Numerous studies
have shown that Nrf2 is a key regulator in maintaining redox
balance, especially when PI3K-AKT is continuously activated.
The activated PI3K-AKT pathway enhances the accumulation
of Nrf2 in the nucleus, allowing Nrf2 to express antioxidant,
anti-inflammatory, and antiapoptotic genes. These results
showed that EV promoted Nrf2 translocation into the nucleus
by activating the AKT pathway.

Heme oxygenase-1 (HO-1) is one of the most widely dis-
tributed antioxidant enzymes in the body, catalyzes the metab-
olism of heme to biliverdin, iron ions, and carbon monoxide,
and exerts anti-inflammatory effects. Studies have indicated
that HO-1 is regulated by the Nrf2 signaling pathway (Chen
et al. 2003; Pittala et al. 2013). Under physiological conditions,
through Keapl, Nrf2 is sequestered in the cytosol and is tar-
geted for proteasomal degradation. In the presence of reactive
oxygen species (ROS) or electrophilic species, Nrf2 is released
from Keap! and translocates into the nucleus to activate target
gene transcription, including HO-1(Nguyen et al. 2009). In
this study, BV-2 cells were treated with Nrf-2 and AKT inhibi-
tors, and it was found that EV activated the AKT/Nrf2/HO-1
signaling pathways in BV-2 cells. Furthermore, treatment with
an HO-1 inhibitor partly inhibited LPS-induced activation of
the NF-«xB pathway and reversed the anti-inflammatory effects
of EV, which suggests that EV exerts anti-neuroinflammatory
effects by activating the AKT/Nrf2/HO-1/NF-kB signaling
pathways. This study only investigated the effect of EV on
murine microglial line BV-2 cells. In vivo experiments are
also necessary to fully examine the anti-inflammatory effect
of EV. Other signaling pathways and molecular mechanisms
still need to be discovered.

In conclusion, EV plays an important role in neuroinflam-
mation by activating the AKT/Nrf-2/HO-1/NF-kB signaling
pathways in LPS-stimulated BV-2 cells, and EV has a neuro-
protective effect on dopaminergic neurons in mesencephalic
neuron--glia cells. Previous studies have shown that EV can
pass through the BBB (Zhang et al. 2018; Zhao et al. 2015).
This indicates that EV exhibits significant neuroprotective
properties, providing a potential basis for EV as a therapeu-
tic agent for neurodegenerative diseases.

Materials and Methods
Reagents and Chemicals

TRIzol reagent and Cell Counting Kit-8 (CCK-8) were pro-
vided by BestBio (Shanghai, China). Trypsin was purchased
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from MP Biomedicals (Santa Ana, California, USA). Peni-
cillin—streptomycin (PS) solution and phosphate buffered
saline (PBS) were supplied by Meilunbio (Dalian, China).
IL-6 and TNF-a ELISA kits were procured from Sino Bio-
logical (Beijing, China). LPS (E. coli, Serotype O55:B5)
and Dulbecco’s modified Eagle’s medium (DMEM) were
obtained from Solarbio (Beijing, China). Evodiamine
(EV,>98% purity) was purchased from Yuan ye Biotech
(Shanghai, China). Fetal bovine serum (FBS) and dimethyl
sulfoxide (DMSO) were obtained from Genetimes (Shang-
hai, China). MK2206 dihydrochloride (an AKT inhibitor),
retinoic acid (RA, a Nrf-2 inhibitor), and tin protoporphyrin-
IX (SnPP-IX, a HO-1 inhibitor) were purchased from Santa
Cruz (CA, USA).

Cell Culture and Treatment

The mouse microglial cell line BV-2 was provided by the
Cell Culture Center in the Chinese Academy of Medical
Sciences (Beijing, China). BV-2 cells were plated in DMEM
containing 10% FBS and cultured in an incubator containing
5% CO, at 37 °C. The medium was replaced every day, and
the cells were passaged every two days by trypsin digestion
(0.05%). Once the density reached approximately 80%, BV-2
cells were cultured in 24-well, 12-well, or 96-well plates
for subsequent experiments. The medium was changed to
incomplete medium (without serum) 4 h before the cells
were treated with LPS or EV. Pretreatment of BV-2 cells
was performed with various concentrations (10 and 20 pM)
of EV (in 0.1% DMSO solution) for 1 h. Then, BV-2 cells
were treated with LPS (1 pg/mL) for specific periods
(12h,6hor 1 h).

Cell Viability Assay

Cell viability was detected using a CCK-8 assay kit (Beyo-
time Inst. Biotech, Beijing, China). Briefly, BV-2 cells were
cultured in 96-well plates at an initial density of 10* cells per
well for one day and then incubated with or without EV at
concentrations of 0, 2.5, 5, 10, or 20 uM in 0.1% DMSO for
24 h. After that, the supernatant was discarded, and CCK-8
solution was added for 2 h. Absorbance at 450 nm was meas-
ured using a spectrophotometer (Cole-Parmer, Chicago, IL,
USA).

Quantitative Real-Time PCR

Total RNA was extracted using TRIzol reagent (BestBio,
Shanghai, China) according to the instructions and reverse
transcribed to create cDNA templates with the cDNA syn-
thesis kit (Thermo Scientific, Waltham, MA, USA). The
cDNA templates were then amplified by the Rapid SYBR®
Green qPCR kit to assess mRNA levels of various genes,
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and each sample was performed in triplicate. The primer
sequences (Chen et al. 2017; He et al. 2018) evaluated are
shown in Table 1.

Western Blotting Analysis

Cells were collected and lysed with POO13B RIPA lysis
buffer (Beyotime Inst. Biotech, Beijing, China) containing
10% phenylmethylsulfonyl fluoride (PMSF, Sigma-Aldrich,
Shanghai, China). The nucleoproteins of BV-2 cells were
obtained using a nuclear extraction kit (Epigentek, Farming-
dale, NY, USA). The protein concentration was quantified
using a bicinchoninic acid (BCA) protein assay kit (Beyo-
time Biotech, Shanghai, China). Protein samples (40 pg)
were subjected to 12% SDS-PAGE and then transferred to
polyvinylidene difluoride (PVDF) membranes (Beyotime
Biotech, Shanghai, China). Then, the membranes were incu-
bated with 5% skim milk at approximately 23 °C for 2 h, fol-
lowed by incubation with primary antibodies against iNOS
(1:2000), COX-2 (1:2000), Nrf2 (1:3000), AKT (1:3000),
NF-xB p65 (1:4000), IxB (1:3000), HO-1 (1:4000), phos-
pho-AKT (1:3000), phospho-NF-xB p65 (1:2000) (Cell
Signaling Technology, MA, USA), phospho-IkB (1:2000),
p-actin (1:4000), and PCNA (1:4000) (Santa Cruz, CA,
USA) at 4 °C for 24 h. The PVDF membranes were then
incubated with goat anti-rabbit (1:5000) or goat anti-mouse
(1:5000) secondary antibodies in skim milk for 2 h at room
temperature. ECL Western blot detection reagents (Milli-
pore, MA, USA) were used to visualize protein expression,
and the blots were quantified by ImageJ (National Institutes
of Health, Bethesda, MD, USA).

Enzyme-Linked Immunosorbent Assay (ELISA)

BV-2 cells were digested with 0.05% trypsin and cultured
in 12-well plates (5% 10° cells per well). When the density
reached approximately 80%, the cells were pretreated with
EV (10 and 20 pM) for 1 h and then exposed to LPS (1 pg/
mL) for 24 h. Cytokine determination was performed in
strict accordance with the instructions of the ELISA Kkits.

Mouse Mesencephalic Neuron--Glia Cultures

Ten fetal Wistar rats between 14 and 16 days old were col-
lected, and the whole brains were placed in Hank’s balanced
salt solution containing Ca®* and Mg?*. After removing
the meninges and blood vessels, the cells were separated
by digestion with 0.25% trypsin and centrifugation. The
supernatant was discarded, and an appropriate amount of
complete medium (MEM containing 10% FBS, 10% horse
serum, 2 mM L-glutamine, 1 mM sodium pyruvate, 100 pM
non-essential amino acids, 50 U/mL penicillin, and 50 pg/
mL streptomycin) was added. After counting the cells, an
appropriate amount of medium was added to adjust the num-
ber of cells, and 2 x 103 cells per well were seeded. The
24-well plate was placed in an incubator at 37 °C and 5%
CO,. A half-volume exchange of medium was performed
every two days, and the cells were used for experiments on
the seventh day.

Tyrosine Hydroxylase Immunocytochemical Analysis

The mouse mesencephalic neuron--glia cultures were fixed
and processed for immunostaining as described previously
(Fu et al. 2015). The primary antibody is rabbit polyclonal
anti-tyrosine hydroxylase (TH). To determine cell numbers,
TH-positive cells were counted by three researchers blind
to the experimental design, and the average of these scores
was reported.

Statistical Analysis

The data were acquired through repeated experiments and
are presented as the mean + SEM. Statistical analysis was
carried out by SPSS 20.0 software (SPSS Inc., Chicago, IL,
USA). Significance between different groups was evaluated
by analysis of variance (ANOVA), and minor differences
in mean values between results were determined by least
significant difference (LSD) tests. A value of p <0.05 or
p <0.01 indicated a significant difference.

Table 1 The primer sequences

. Gene Sequences Length (bp)
of TNF-q, IL-6, iNOS, COX-2,
and f-actin IL-6 (F) 5-CCAGAAACCGCTATGAAGTTCC-3' 138
(R) 5-GTTGGGAGTGGTATCCTCTGTGA-3'
TNE-o (F) 5-GCAACTGCTGCACGAAATC-3' 136
(R) 5-CTGCTTGTCCTCTGCCCAC -3'
iNOS (F) 5-GAACTGTAGCACAGCACAGGAAAT-3' 158
(R) 5-CGTACCGGATGAGCTGTGAAT-3'
COX-2 (F) 5-CAGTTTATGTTGTCTGTCCAGAGTTTC-3' 127
(R) 5-CCAGCACTTCACCCATCAGTT-3'
B-actin (F) 5-GTCAGGTCATCACTATCGGCAAT-3' 147

(R) 5'-AGAGGTCTTTACGGATGTCAACGT-3’
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