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Zingiber officinale attenuates neuroinflammation in LPS-stimulated mouse microglia
by AKT/STAT3, MAPK, and NF-xB signaling

Suping HAO'?, Byoung Ok CHO**, Feng WANG, Jae Young SHIN*, Da Jeong SHIN?, Seon Il JANG"**

Abstract

To explore the protective activity of ginger (Zingiber officinale) root ethanol extract (GRE) on the neuroinflammation induced by
lipopolysaccharide in microglial cells. Ginger has been investigated as a neuroprotective and anti-aging agent. Nevertheless, ginger
extract attenuates neuroinflammation in microglia have not been discovered in depth. The results showed that GRE had high
total phenolic and (55.63 + 0.16 mg GAE/g) and total flavonoid content (4.33 + 0.17 mg QUE/g), and antioxidant activity. GRE
inhibited the release of cytokines and inflammatory mediators including COX-2, PGE,, Nitric oxide, interleukin-6, TNF-a, and
iNOS. GRE ameliorated microglia-mediated neuronal insults via upregulating the expression of Bax and reducing the expression
of Bcl-2. GRE suppressed NF-kB and AKT/STAT3, and the MAPK pathway in the neuroinflammatory response. In conclusions,
GRE positively affected anti-neuroinflammatory and neuroprotective activity without serious side eftects, which might be used
as a functional food additive and/or therapeutic material for the management and prevention of neurodegenerative diseases.
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Practical Application: Ginger can not only be applied to cooking spices and medicine but also processed into functional food.

1 Introduction

Ginger (Zingiber officinale), is the family Zingiberaceae,
has been employed as a food, medicine and spice for more
than 2000 years (Mao et al., 2019; Shahrajabian et al., 2019).
Ginger is cultivated around the world including in India,
China, Korea, and Australia (Beristain-Bauza et al., 2019).
Ginger has been considered safe for use in food processing
and medicine (Beristain-Bauza et al., 2019). Ginger rhizome is
applied for the prevention and treatment of numerous common
diseases, such as nausea, emesis, dysmenorrhea, carsickness,
headaches and colds (Beristain-Bauza et al., 2019). Recently,
ginger has been proven to possess multiple biological activities,
including anti-inflammatory (Lantz et al., 2007), antioxidant
(Si et al., 2018; Stoilova et al., 2007), anticancer (Habib et al.,
2008), antimicrobial (Sebiomo et al., 2011), neuroprotective
(Hussein et al., 2017; Sahardi & Makpol, 2019), cardiovascular
protective (Attyah & Ismail, 2012), and anti-obesity activities
(Kim et al., 2018). Ginger’s therapeutic effect mainly stems
from its active constituents, which include paradols, shogaols,
and gingerols (Mao et al., 2019). Ginger has been investigated
as a neuroprotective and anti-aging agent that protects against
inflammation and oxidative stress in neurodegenerative and
aging diseases (Sahardi & Makpol, 2019). 6-Gingerol (6-G),
a ginger compound, has been used as an in vitro and in vivo
neuroprotective agent in the lipopolysaccharide (LPS)-induced
microglia neuroinflammation model (Zhang et al., 2018).

Therefore, ginger might be a good natural food material to
relieve neuroinflammation of LPS-induced neurodegeneration.

Currently, the aging of the population is intensifying
worldwide due to reduced fertility and increased life expectancy
(Lunenfeld & Stratton, 2013). Increases in neurodegenerative
diseases accompany aging. For example, Parkinson’s disease
(PD) together with Alzheimer’s disease (AD) are becoming
major health issues (Pogacnik et al., 2020). These diseases
have the main biological mechanisms, including oxidative
stress, neuroinflammation, and protein misfolding, as well as
mitochondrial dysfunction. Previous studies have confirmed
that anti-inflammatory drugs and antioxidants could help treat
these diseases (Pogacnik et al., 2020). Microglia play pivotal
roles in the central nervous system (CNS). The activation of
microglia results in the accumulation of pro-inflammatory
factors and cell death in neurodegenerative diseases (Oh et al.,
2021). LPS is an endotoxin inducing inflammation and is used
to create neurodegenerative in vitro models (Oh et al., 2021).
LPS induces microglial cells activate inflammation through
AKT/STAT, NF-kB, and MAPKs signaling pathways, these cells
generate too many inflammatory mediators for instance NO and
PGE,, at the same time pro-inflammatory cytokines TNF-a,
IL-6,and IL-1 (Wang et al., 2021a; Wang et al., 2021b; Jung et al.,
2009; Ryu et al., 2019; Zhao et al., 2019). Thus, it is significant
to regulate MAPK, NF-kB, and the AKT/STAT pathways for
treating neuroinflammatory diseases and controlling microglial
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activation can be used to treat apoptosis and inflammation in
neurodegenerative diseases.

The purpose of this work was to explore the inhibition of
neurodegeneration and inflammation by GRE and its mechanisms
in LPS-stimulated microglial cells.

2 Materials and methods

2.1 Reagents

6-gingerol (6-G), Folin-Ciocalteu’s phenol reagent (2 N),
2,2-diphenyl-1-picrylhydrazyl (DPPH), gallic acid, Griess
reagent and 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) were obtained from Sigma-Aldrich (St. Louis, MO,
USA). L-Ascorbic acid (VC), butylated hydroxytoluene (BHT),
LPS, and antibodies for B-actin, phospho-AKT, phospho-IkBa,
phospho-p38, phospho-JNK, phospho-NF-«B, phospho-ERK1/2,
AKT, NF-kB, IkBa, JNK, p38, Bax, and Bcl-2 were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA, USA). STAT3,
p-STAT3, iNOS, ERK1/2, horseradish peroxidase (HRP)
labeled-IgG secondary antibodies were purchased from Cell
Signaling Technology (Danvers, MA, USA). Bradford’s reagent
was obtained from Bio-Rad (Hercules, CA, USA). RIPA buffer
and chemiluminescent Western blotting detection reagents
were purchased from Thermo Scientific™ (Rockford, IL, USA).
The Quanti-Max™ WST-8 cell viability assay kit and stripping
buffer were purchased from Biomax, Co. Ltd. (Seoul, Korea).
IL-6, TNF-qa, and PGE, ELISA kits were purchased from R&D
Systems (Minneapolis, MN, USA). Fetal bovine serum (FBS),
Dulbecco’s modified Eagle’s medium (DMEM), horse serum
(HS), and penicillin-streptomycin (P/S) were obtained from
GIBCO BRL (Grand Island, NY, USA).

2.2 Plant material and extract preparation

Ginger came from Bongdong traditional market (Wanju-
gun, Jeonbuk, Korea). The ginger rhizome were washed, the
peel has been scraped with a knife, and then cut into pieces
of uniform size, about 1 cm thick, dried at 40 °C for 48 hin a
dry oven (LabTech, Korea). The rhizome of ginger extracted
(20 g) in 50% (V/V) ethanol for 2 days at 40 °C. The extraction
was filtered and evaporated and freeze-dried into powder. An
exact concentration of 200 mg/mL was made with DMSO and
distilled water (1:1).

2.3 Total Polyphenol (TP) content in ginger extract

The TP content in GRE was measured by the method
of Folin-Ciocalteau (Cho et al., 2017). The GRE was diluted
into distilled water (1 mg/mL), standard (gallic acid) was
made with distilled water prepared various concentrations
(1000 - 0 ug/mL). The Folin-Ciocalteu’s phenol reagent (0.1
mL) was mixed with standard and GRE (100 pL). After five
minutes, 4% Na,CO, (1 mL) was added and mixtured. Samples
were cultivated for half an hour. At 750 nm, the absorbance
was detected. The gallic acid was utilized as a standard curve
(r*=0.9991). The TP contents was described as the gallic acid
equivalents GAE/g of ginger extract.

2.4 Total Flavonoid (TF) content in ginger extract

The content of TF in GRE was measured with the aluminum
chloride colorimetric approach (Abessolo et al., 2021). Briefly,
the GRE was diluted into 1 mg/mL with distilled water, standard
Quercetin was made with ethanol prepared various concentrations
(1000 - 0 ug/mL). A 0.5 mL of GRE and standard was mixed with
10% AICI, for 5 min. At 405 nm, the absorbance was determined.
The calculation of the TF content was conducted from a standard
curve (r? =0.9991) utilizing Quercetin Equivalent (QUE).

2.5 DPPH radical scavenging activity

DPPH was applied to detect the free radical scavenging
ability of GRE (Cho et al., 2017). Briefly, 0.3 mM DPPH (0.1 mL)
was mixed with GRE (0.1 mL) having various concentrations,
cultured in darkness for half an hour with 540 nm absorbance.
The lower the absorbance at 540 nm, the higher the antioxidant
and free radical scavenging capacity of extract. Using BHT as
standard. The calculation of activity was carried out as below:
DPPH radical scavenging activity (%) = [1-(sample absorbance/
blank absorbance)] x100.

2.6 ABTS radical scavenging activity

The ABTS assay was conducted to detect free radical
scavenging (Cho et al., 2017). The ABTS stock solution made
by the mixture of potassium persulfate (2.6 mM) and ABTS
(7.4 mM) (1:1), stocked in darkness under a temperature of 4
°C for 12-24 h. Working solution dilute the stock solution of
ABTS through utilizing distilled water before the absorbance
is between 0.7 £+ 0.02 and 0.75 £ 0.02 at 750 nm. The GRE and
standard VC were made with distilled water prepared various
concentrations (1000 - 0 pg/mL), respectively. 50 uL of different
concentrations of GRE and VC and ABTS working solution 950
uL mixed, in dark for half an hour. At 750 nm, the absorbance
was determined. All of the experiments were implemented in
quadruplicate. The calculation of activity was conducted as below:
ABTS radical scavenging activity (%) = [1-(sample absorbance/
blank absorbance)] x100

2.7 Cell culture

SIM-A9 microglial cells (CRL-3265) were provided by
(ATCC, Manassas, VA, USA). The cells were the cell lines of
mouse microglia, which were grown in the DMEM adding
with heat-inactivated HS (5%), heat-inactivated FBS (10%),
and 1% P/S, in an incubator under a temperature of 37 °C, with
5 percent CO,. They were cultivated in the cell culture dishes
(SPL Life Sciences, gveonggi-do, Korea). The microglial cells
of SIM-A9 (2x10° cells per mL) were cultivated for 24 h and
pretreated with GRE (100, 200 ug/mL) and 6-G (100 uM) for 1
h and then stimulated through using LPS (2 ug/mL). After LPS
stimulation, the cells were incubated for either 24 h or 30 min
depending on the experiment to be carried out.

2.8 Cell viability

The microglia (1x10° cells per mL) were cultivated in the
cell culture plate (96-well) for one day. The cells were pretreated
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using or not using GRE (0-1000 pg/mL) for 1 h and subsequently
stimulated using or not using 2 pug/mL of LPS for 24 hours. The
cells after cultivating were added with WST-8 (10 pL) into each
well and next cultured for four hours. At 450 nm, the absorbance
was determined. The absorbance correlated with the number
of live microglia.

2.9 Nitric oxide measurement

The Griess reaction was employed for the measurement of
NO (Min et al., 2010). 100 pL culture media was mixed with
the reagent of Griess (100 pL) for ten minutes. At 540 nm, the
absorbance could be tested. Using nitrite ion standard solution
(NaNO,) as standard curve.

2.10 PGE,, TNF-a, and IL-6 ELISA assays

The levels of IL-6, TNF-a, and PGE, in the cell culture
supernatants were examined through applying the TNF-q,
IL-6 and PGE, ELISA Kits in accordance with the protocol of
manufacturer.

2.11 Whole-cell protein extraction and Western blots

Whole-cell protein extraction was done using RIPA buffer
according to the manufacturer’s instruction. Bradford’s reagent
was applied to determine the concentration of proteins. Each
sample 20 micrograms protein and 5x SDS-PAGE loading
buffer (Biosesang, Korea) was mixed and heated to 95 °C, 5min.
Running on a SDS-PAGE gel (15% or 10%) and transferred onto
the membranes of PVDE, then incubated in 10 mL blocking
buffer for 5 min blocking to decreases non-specific antibody
binding to reduce background. The membranes were incubated
with a variety of primary antibodies overnight at 4 °C with
shaking. After washing, they were cultivated via the secondary
antibodies combined with corresponding HRP. After washing,
the membranes were then exposed to the WestGlow™ FEMTO
Chemiluminescent substrate reagent (Biomax, Korea) and
visualized on an ultraviolet detection imaging system. Then, the
membranes were stripped using stripping buffer and reprobed
with other primary antibodies applying protocol mentioned
previously. The band density were using Image]J analysis software
program.

2.12 Statistical analysis

Student’s t-test was exploited to analyze the data. p-value
of < 0.001, 0.01, and < 0.05 was set to confirm the statistically
significant outcomes.

3 Results and discussion

3.1 The total phenolic and flavonoid content and and
antioxidant activities of GRE

Free radical scavenging activity is an indicator of antioxidant
activity. The polyphenols and flavonoids in plants are highly reactive
to free radicals, so determining the content of these compounds
in selected plant extracts is also indicative of antioxidant activity
(Aryal et al.,, 2019; Chavez-Santiago et al., 2021; Zapata et al.,
2021). The TP and TF content of GRE is reflected in Table 1.
The TP content of GRE was 55.63 + 0.16 mg GAE/g and the TF
content was 4.33 + 0.17 mg QUE/g.

In vitro antioxidant activity is commonly measured by the
DPPH and ABTS methods (Olszowy & Dawidowicz, 2018)
To further investigate the more potent antioxidant activity of
GRE, the DPPH and ABTS methods were used. BHT and VC
were used as the reference standards, respectively. DPPH and
ABTS free radical scavenging activity are usually described as
IC50 (sample concentration producing a 50% decrease in free
radicals). Lower IC50 values indicate higher antioxidant activity.
The antioxidant activity of GRE is shown in Table 1. The GRE
IC50 was 552.52 + 3.71 pg/mL compared to the IC50 of BHT
of 652.72 +10.20 pg/mL, indicating that GRE was more potent
DPPH than BHT. The ABTS free radical scavenging IC50 of GRE
was 1665.98 + 16.20 pg/mL, whereas that of the VC reference
was 79.13 £ 0.18 pg/mL, indicating that VC had a significantly
greater free radical scavenging capacity than GPE. The results
showed the GRE had a high antioxidant capacity.

3.2 Effects of GRE on cell viability and apoptosis

Before investigating the latent anti-inflammatory effects
of the ginger extract, we first determined the effect of GRE
on microglia activity. According to the Figure 1A, the various
concentrations of GRE (including 50 pg/mL, 100 pg/mL, 200
pug/mL, 400 pg/mL, and 800 pug/mL) or 6-G (100 uM) were
employed, treatment with GRE alone for 24 h, the results
neither caused no cytotoxicity nor reduced neuron viability,
and at concentrations of > 400 pg/mL and 6-G group has slight
proliferation (p < 0.01). No more than 200 ug/mL observed no
significant changes in cell viability.

Then the GRE effects on inflammation and cell viability
stimulated by LPS were investigated. The cell viability did not
affect in protreatment with 100 or 200 pg/mL of GRE and
stimulated by LPS (2 pg/mL) compared to untreated control
group, and proliferation was found with the concentrations of
=100 pg/mL and 6-G group compared to LPS group (p < 0.01)

Table 1. Antioxidant activity and total flavonoid and phenolic content of GRE.

Sample Radical scavenging activity (IC50) Total phenolic Total flavonoid
DPPH ABTS content content
GRE 552.52 + 3.71 pg/mL 1665.98 + 16.20 pg/mL 55.63 + 0.16 mgGAE/g 433 +0.17 mgQUE/g
BHT 652.72 + 10.20 pg/mL
VC 79.13 £ 0.18 pug/mL

Results are expressed as the mean + standard deviation (n = 4). GRE: ginger root 50% ethanol extract; BHT: butylated hydroxytoluene;VC: L-ascorbic acid; GAE: gallic acid; QUE: quercetin.
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Figure 1. The effects of GRE on cell viability and Bax/Bcl-2 ratio in microglial cells treated with or without LPS. (A) Percentage of viable cells
at diverse GRE concentrations without LPS, assessed using WST assays; (B) Percentage of viable cells with LPS stimulated. (C) The assay of
western blot was implemented utilizing the specific antibodies on Bax and Bcl-2, show the results of WB on Bcl-2 and Bax. (D) The graphs show
the quantitative analysis on the Bax/Bcl-2 ratio. The results are described with the mean + SD (n = 3). # p < 0.05 ; ## p < 0.01; ### p < 0.001 vs.

control group. ** p < 0.10, *** p < 0.001 vs. only LPS group.

(Figure 2B). From the above results, the concentration 100, 200
pg/mL was selected to further investigate.

Excessive inflammatory response and aerobic metabolism
may inflict cellular damage and lead to cell apoptosis (Pawlowski
& Kraft, 2000). Bax and Bcl-2 are regulators of mitochondrial-
mediated anti-apoptotic pathways. In brief, upregulation of the
Bax to Bcl-2 ratio leads to cell apoptosis (Guadagno etal., 2013).
Neuroinflammation leads to cell death, which is mediated by
upregulated Bax levels and reduced Bcl-2 levels (Pawlowski
& Kraft, 2000; Subedi et al., 2017). The Bax/Bcl-2 ratio was
quantified through Western blotting to evaluate LPS-induced
apoptosis. The LPS-induced group showed the upregulated
expression of Bax and reduced Bcl-2, indicating increased Bax/
Bcl-2 ratios compared to non-stimulated cells (p < 0.001). The
results suggested that LPS led to microglial cell apoptosis by
regulating Bcl-2 and Bax expression levels. However, pretreatment
with GRE or 6-G effectively downregulated the Bax/Bcl-2 ratio
induced by LPS (p < 0.001) (Figure 1C, D). GRE or 6-G lead
to alterations in the Bax/Bcl-2 ratio, inhibiting apoptosis. Also,

the Bax/Bcl-2 value in the 6-G group was lower than that in the
GRE group. The present results indicated that GRE inhibited
LPS-induced apoptosis without accompanying cytotoxicity in
microglial cells. These results were consistent with the viability
assay results that showed cell proliferation.

3.3 Effect of GRE on LPS-induced production of NO
and PGE, and protein expression of iNOS and COX-2 in
microglial cells

NO, PGE,, iNOS, and COX-2 have been related to pro-
inflammatory mediators induced by LPS and exert an essential
effect in neuroinflammatory diseases. The COX-2 and iNOS
enzymes mediate PGE, and NO generation, respectively
(Giovannini et al., 2003).

In accordance with the NO detection assay results, NO
was strongly increased in microglial cells by LPS stimulation
(p < 0.001). Pretreatment with GRE strongly inhibited NO
production induced by LPS (p < 0.001), and GRE at 200 ug/mL
produced no significant changes compared to the 6-G group
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Figure 2. The GRE effects on production induced by LPS of PGE, and NO and COX-2 and iNOS protein expression in the microglial cells.
Microglial cells were pretreated via using GRE (100 and 200 pg/mL) and 6-G (100 uM) for 60 minutes, and then conducted the incubation for
one day using 2 ug/mL LPS. The contents of NO and PGE, generation in the cell culture supernatants was detected with Griess assay kit and
ELISA Kit. (A) NO production; (B) PGE, production; (C) A same amounts of the cell lysates were subjected for electrophoresis. iNOS protein
level and expression, utilizing the -actin as the internal control. (D) COX-2 protein expression and level. The outcomes represent three separated
researches. The error bar expresses the mean + SDs. #** p < 0.001 vs. control group. ™" p < 0.001 vs. only LPS group.

(Figure 2A). The PGE, results under the same conditions were
the same. PGE, production was significantly increased by LPS
stimulation (p < 0.001), and pretreatment with GRE significantly
inhibited PGE, production in a dose-dependent manner
(p < 0.001). GRE at 200 pg/mL and the 6-G group showed no
significant changes (Figure 2B).

The microglial cells stimulated by LPS the iNOS or COX-2
protein expression highly significantly elevated compared with
non-stimulated group (p < 0.001), the pretreatment with GRE or
6-G effectively down-regulated protein expression of COX-2 and
iNOS (p < 0.001). GRE pretreatment attenuated of LPS-stimulated
expression of COX-2 and iNOS with a dose-dependent mode.
Also findings showed that GRE highly significantly inhibited
expression of COX-2 and iNOS and subsequent NO and PGE,

Food Sci. Technol, Campinas, v42, e104221, 2022

release (Figure 2C, 2D). So, the GRE could protective effects
against inflammation in microglial cells. In summary, GRE
could exert protective neuroinflammatory effects by inhibiting
the expression of COX-2 and iNOS and the subsequent PGE,
and NO release.

3.4 Effect of GRE on LPS-stimulated production of IL-6 and
TNEF-a and protein expression of AKT and STST3

Neurodegenerative diseases are associated with
neuroinflammation due to microglial activation in the CNS
(Anetal., 2020). Therefore, the suppression of neuroinflammation
due to microglia over-activation is considered a potential
treatment or prevention of inflammation-related brain diseases.
Pro-inflammatory cytokines initiate the inflammatory response



Original Article

Anti-neuroinflammation effect of ginger extract

and lead to the development of neuroinflammatory diseases
(Smith et al., 2012).

The TNF-a and IL-6 levels remarkably up-regulated in the
microglOia stimulated by LPS (p < 0.001). Pretreatment with GRE
at 100 or 200 pug/mL markedly reduced IL-6 and TNF-a secretion
(p < 0.001) (Figure 3A, 3B). So, GRE inhibited inflammatory
cytokine secretion in activated microglia. We next examined
the possible mechanism of GRE reducing the expression of
inflammatory cytokines.
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2017). PI3K/Akt is an important regulator of inflammation and
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by microglia (Dong et al., 2014). The recent research confirmed
that suppressing microglia-mediated neuroinflammation and
pro-inflammatory cytokine and production of NO is regulated
by Akt-mTOR-STAT3 pathway. PI3K/Akt signaling pathway
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Figure 3. The GRE effects on the production stimulated by LPS of TNF-a and IL-6 and activation of AKT and STAT3 in microglial cells. Microglial
cells were subsequently pretreated through GRE for 60 minutes, next 30 min or 24 h of incubation with LPS (2 ug/mL). The supernatants of
culture media were harvested and determined TNF-aand IL-6 with ELISA Kit. (A) IL-6, (B) TNF-a. The expression levels of STAT3 and AKT
were measured with the analysis of western blot of whole-cell protein extract, where utilizing f-actin as the internal control. (C) The protein
expression of AKT and P-AKT; (D) AKT/AKT expression levels. (E) The protein expression of STAT3 and P-STAT3; (F) STAT3/STAT3 expression
levels. Error bars represent the means + SDs. * p < 0.01; ** p < 0.001 vs. control group. ~ p < 0.10, ™" p < 0.001 vs. only LPS group.
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triggered inflammatory response by regulating transcription factor
such as NF-«B. LR4/PI3K/AKT and STAT?3 signaling alters IL-6
(Liu et al., 2020). The GRE may effect anti-neuroinflammation
by the AKT-STAT3 pathway. LPS-stimulated microglia increased
the phosphorylation of the expression of STAT3 and Akt while
GRE or 6-G pretreatment attenuated the phosphorylation of the
expression level of STAT3 and Akt with the dose-dependent mode
(Figure 3C, 3D, 3E, 3F). Therefore, GRE inhibits the production
of TNF-a and IL-6 induced by LPS via Akt-STAT3 pathway.
GRE could inhibit neuroinflammation and nerve protection
by Akt-STAT3 pathway.
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3.5 Effects of GRE on MAPK pathway and NF-«B activation
in LPS-stimulated microglial cells

We next examined the latent GRE mechanism in reducing
inflammatory cytokine expression. MAPK signaling pathways
are typical inflammatory signaling pathways and play important
roles in the LPS-induced neuroinflammatory response in
microglia (An et al., 2020). To confirm the anti-apoptosis
performances and anti-inflammatory of the GRE, we examined
the phosphorylation of three MAPK molecules. LPS significantly
enhanced the phosphorylation of INK, ERK, and p38 (p < 0.01),
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Figure 4. GRE reduced MAPK/NEF-kB signaling pathway activation induced by LPS in microglial cells. Microglial cells (2x10° cells per mL) were
cultured and pre-treated with GRE (100 and 200 pg/mL) and 100 uM 6-G for one hour and subsequently stimulated with LPS for half an hour.
(A) The protein expression levels of the phosphorylated or total forms of ERK1/2, p38, JNK, and NF-«B, and IxBa cell signaling kinase were
investigated by Western blot assays. (B-D) The band densities were analyzed compared to B-actin using ImageJ software. Error bars represent
the means + SDs. p < 0.01 and ***p < 0.001 vs. control group; p < 0.05, " p < 0.10, and ™ p < 0.001 vs. LPS-only group.
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pretreatment with GRE evidently inhibited the phosphorylation
up-regulation induced by LPS of JNK, ERK, and p38 with the
dose-dependent mode (Figure 4A, 4B).

NF-«B is also well known as a typical inflammatory signaling
pathway and a major drug target for inflammatory diseases (Zheng
& Wang, 2020). The GRE inhibits inflammatory in microglia
activated by LPS with the phosphorylation of IxB and NF-kB.
LPS highly evidently up-regulated the phosphorylation of the
protein expression of IkB and NF-kB (p < 0.001), and GRE or
6-G inhibits the degradation induced by LPS of IxB-a NF-kB
and with the dose-dependent mode (Figure 4A, 4C, 4D). As a
result, the inhibitory effect of the signaling pathway of NF-«B in
microglia via GRE may cause the decreasing pro-inflammatory
mediators, thus leading to an anti-inflammatory activity.

4 Conclusions

In conclusion, GRE had a high antioxidant capacity. GRE
or 6-gingrol have exert protective neuroinflammatory effects by
inhibiting the expression of COX-2 and iNOS and the subsequent
PGE, and NO release. GRE also inhibited the production of
TNF-a and IL-6 induced by LPS. GRE or 6-gingrol ameliorated
microglia-mediated neuronal insults by increasing Bax and
decreasing Bcl-2. We clearly demonstrated that GRE attenuates
neuroinflammation in LPS-stimulated mouse microglia by AKT/
STAT3, MAPK, and NF-kB signaling. In summary, GRE positively
exerted anti-neuroinflammatory and neuroprotective activity
without serious side effects, which might be used to contribute to
the management and prevention of neurodegenerative diseases.
Also, it can be used as a functional food additive.
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