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Abstract: Neuroinflammation, apoptosis, and oxidative stress are connected to the pathogenesis of
neurodegenerative diseases (NDDs). Targeting these three factors, the intervention of neuroprotective
agents may have great potential in the treatment of NDDs. In the current study, the anti-inflammatory
effects of the methanol extract of Allium cepa (MEAC) in lipopolysaccharide (LPS)-induced BV-2
microglial cells were investigated. MEAC has been studied in regard to the regulation of the
antiapoptotic gene (Bcl-2) and various antioxidant enzyme (HO-1, NQO-1, and catalase) expressions in
N27-A cells. Additionally, the protective action of MEAC has also been studied against MPP+ -induced
death in N27-A cells. The results suggest that MEAC is significantly protected from NO release and
increase iNOS expression at the mRNA and protein levels in LPS-stimulated BV-2 microglial cells.
MEAC treatment also protects COX-2 expression at the mRNA and protein levels. Furthermore,
MEAC treatment prevents LPS-stimulated increases of proinflammatory cytokines, including TNF-α,
IL-6, and IL-1β. In N27-A cells, MEAC treatment significantly upregulates antiapoptotic gene (Bcl-2)
and antioxidant enzyme (HO-1, NQO1, and catalase) expressions. Moreover, MEAC treatment
protects against MPP+ -induced death in N27-A cells. To conclude, A cepa extract takes protective
action against LPS and MPP+ , and upregulates the antioxidant enzymes that could potentially be
used in the therapy of NDDs.
Keywords: Allium cepa; protection; neurodegenerative diseases; inflammatory markers; Bcl-2;
antioxidant enzymes

1. Introduction
Progressive dysfunction and toxicities within neurons characterize the debilitating multifactorial
disorders known as neurodegenerative diseases (NDDs). These diseases lead to a slow but
irreversible weakening of all brain function. Around 30 million individuals worldwide are affected by
NDDs. Although some symptomatic treatments are available, specific treatments have not yet been
discovered [1]. Neurons and microglial cells are considered to be key parts of the central nervous
system (CNS), and microglial cells occupy 5–10% of brain cells [2]. In a healthy brain, microglia play a
vital role in neuroprotection, and phagocytes remove cell debris and damaged neurons [3,4]. On the
other hand, the neuroinflammatory and neurotoxic responses are accelerated from activated microglia
and astrocytes by releasing numerous inflammatory markers, includingcyclooxygenase-2 (COX-2),
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nitric oxide synthase (iNOS), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and interleukin-1β
(IL-1β) [2,5,6].
The deregulation of apoptosis and neuroinflammatory responses is strongly correlated with
NDDs [7,8]. Both apoptosis and neuroinflammation are triggered by oxidative stress (an imbalance
between the generation of free radicals and antioxidant defenses) [9–11]. The regulation of
oxidative stress, neuroinflammation, and apoptosis represent an emerging approach for protecting
neurodegeneration-related disease.
A bulbous herb, Allium cepa L. (onion), belongs to the Alliaceae family and is cultivated worldwide
for commercial purpose [12]. The dietary intake of onions is connected to a reduced risk of developing
different types of cancer, cardiovascular disease, and NDDs as per several epidemiological studies [13].
The presence of high content of phytoactive constituents, such as phenolic compounds, particularly
flavonoids and numerous organosulfur compounds, are attributed to the beneficial effect of onions [13].
Several studies have noted the ameliorating effect of A. cepa (AC) against neurological disorders. A. cepa
extract protects against ischemia and reperfusion-induced cerebral injury, and aluminum-induced
neurotoxicity in rodent models [14,15].
A recent study explores how the methanol extracts of A. cepa and quercetin prevent cortical
neuronal cells from oxidative stress via protein kinase c-ε inactivation/extracellular signal-regulated
kinase-1/2 activation [16]. The current study aims to examine the preventive action of the methanol
extract of A. cepa (MEAC) against lipopolysaccharide (LPS)-induced inflammatory markers in BV-2
microglial cells. This study also analyzes the regulatory effect of MEAC on an antiapoptotic gene, B-cell
lymphoma 2 (Bcl-2), and several antioxidant enzymes such as hemeoxygenase-1 (HO-1), NAD(P)H
Quinone Dehydrogenase 1 (NQO1), and catalase in dopaminergic N27-A cells. Finally, the preventive
action of MEAC is investigated against 1-methyl-4-phenylpyridinium (MPP+ )-induced death in
N27-A cells.
2. Materials and Methods
2.1. Materials
MEAC (Korea Plant Extract Bank, Ref no: PB2051.2), LPS (Escherichia coli; 055:B5), MPP+ ,
dimethyl sulfoxide (DMSO), N-(1-naphthyl)ethylenediamine dihydrochloride, sulfanilamide, 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), and sodium nitrite were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Fetal bovine serum (FBS) and phosphate-buffered saline were
procured from Gibco/Invitrogen (Carlsbad, CA, USA). The RPMI was obtained from Corning (USA),
and Dulbecco’s modified Eagle medium (DMEM) was obtained from Gibco/Invitrogen (Carlsbad, CA,
USA). The protease and phosphatase inhibitors were obtained from Roche (Indianapolis, IN, USA),
and the cell culture plates were procured from Nunc Inc. (Aurora, IL, USA).
2.2. BV-2 and N27-A Cell Cultures
The obtaining of BV-2 microglial cells was noted previously [17,18]. The cells were cultured in
DMEM and supplemented with 5% FBS and 1% of 100 units/mL of penicillin/streptomycin. The rat
dopaminergic cell line, N27-A, was obtained from the Gates Center for Stem Cell Research and
Regenerative Medicine, and the Human Medical Genetics and Genomics Program, University of
Colorado School of Medicine, Aurora, Colorado, USA. The N27-A cells were cultured in an RPMI
1640 medium (10% FBS, 2 mM L-glutamine, and 100 U/mL of penicillin and streptomycin). Both cell
lines were maintained at 37 ◦ C in a 5% CO2 and 95% humidified air incubator for the indicated time
cells. MEAC was dissolved in DMSO. In all of the experiments, cells were seeded at a density of
2.5 × 105 cells/mL.
The expressions of inflammatory markers were investigated according to protocol of Cho et al. [2]
with slight modifications. BV-2 microglial cells were pretreated with MEAC (50 µg/mL, 250 µg/mL, and
500 µg/mL). The LPS (200 ng/mL) solution was treated 1 h later than the MEAC treatment. The treated
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cells were then incubated for the indicated times (6 h for mRNA and 18 h protein). N27-A cells were
treated with MEAC (500 µg/mL) for 18 h to check the regulatory action of the antiapoptotic gene (Bcl-2)
and antioxidant enzymes (HO-1, NQO1, and catalase). All of the experiments were done for three
individual sets.
2.3. Cell Viability and Nitrite Assay
The BV-2 microglial cells were seeded at a density of 2.5 × 105 cells/mL and were co-treated with
various concentrations of MEAC (50 µg/mL, 250 µg/mL, and 500 µg/mL) and LPS (200 ng/mL) for
24 h. The viability of the cells was measured according to the method of Park et al. [19]. The nitrite
assay procedure was followed according to the method of Cho et al. [2]. The BV-2 microglial cells
were seeded at a density of 2.5 × 105 cells/mL and then treated with various concentrations of MEAC
(50 µg/mL, 250 µg/mL, and 500 µg/mL) and LPS (200 ng/mL) for 24 h for the nitrite assay. To check
the protective action of MEAC against MPP+ -induction, the N27-A cells were pretreated with several
concentrations of MEAC and, 2 h later, MPP+ was treated and harvested for 24 h and cell viability was
calculated by following the protocol of Park et al. [19].
2.4. Isolation of Total RNA and Reverse Transcription Polymerase Chain Reaction (RT-PCR)
A trizol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) was used to isolate the
total RNA from the BV-2 microglial cells and N27-A cells following the manufacturer’s guidelines.
A first-strand cDNA synthesis was performed using 2.5 µg of total RNA with the ReverTra Ace-α kit
(Toyobo, Osaka, Japan). The reaction was executed at 60◦ C for 60 min and was then heated at 95 ◦ C
for five min; 1 µL from each RT-reaction mixture was used for PCR amplification. PCR amplification
was accomplished using specific primers (Bioneer, Daejeon, Korea), as reported in Table 1. By using
1.2% agarose-gel electrophoresis, all of the PCR products were resolved and visualized with the
GelRed®Nucleic Acid Gel Stain (Biotium, Inc., Landing Parkway, Fremont, CA, USA). The gels were
photographed; the pixel intensity for each band was determined in Image J (NIH), and they were
normalized to the band intensity of GAPDH mRNA.
Table 1. The list of PCR primers employed in the present study.
Gene Target.

Primer Sequence
50 -GAG

Size (bp)
-30

iNOS

F
GTA CTC AGC GTC CTC CA
R 50 -AGG GAG GAA AGG GAG AGA GG-30

444

COX-2

F 50 -TGA GTG GTA GCC AGC AAA GC-30
R 50 -CTG CAG TCC AGG TTC AAT GG -30

319

TNF-α

F 50 -TTC GAG TGA CAA GCC TGT AGC-30
R 50 -AGA TTG ACC TCA GCG CTG AGT-30

390

IL-1β

F 50 -CAA GGA GAA CCA AGC AAC GA-30
R 50 -TTG GCC GAG GAC TAA GGA GT-30

428

IL-6

F 50 -GGA GGC TTA ATT ACA CAT GTT-30
R 50 -TGA TTT CAA GAT GAA TTG GAT-30

435

Bcl-2

F-50 -CCA GGC CTT CAA CCA TTA TC-30
R-50 -CTC ATT GAA CTC GTC TCC GA-30

127

HO-1

F-50 TGT CAC CCT GTG CTT GAC CT-30
R-50 -ATA CCC GCT ACC TGG GTG AC-30

200

NQO1

F-50 -AGA GCC CTG ATT GTA TTG GC-30
R-AGG TCA GAT TCG ACC ACC TC-3’

113

Catalase

F-50 -CCT GAC ATG GTC TGG GAC TT-30
R-50 -CAA GTT TTT GAT GCC GTG GT-30

201

GAPDH

F 50 - ACC ACA GTC CAT GCC ATC AC -30
R 50 - CCA CCA CCC TGT TGC TGT AG-30

472
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2.5. Western Blot Analysis
The cells were placed at 4 ◦ C upon the 2-time washing with PBS and lysed for 10 min in a lysis
buffer (1× RIPA lysis buffer, protease-inhibitor cocktail, and phosphatase-inhibitor cocktail). The lysates
were centrifuged at 14,000 rpm at 4 ◦ C, and the collected supernatants were collected for further
investigation. Equal amounts of protein (20 µg or 40 µg) were separated electrophoretically using a 10%
sodium dodecyl sulfate-polyacrylamide electrophoresis, and the resolved proteins were transferred to
polyvinylidene-difluoride membranes (Millipore, Bedford, MA, USA). The membranes were incubated
for 1 h with 3% bovine serum albumin in Tris-buffered saline; a 0.1% Tween 20 buffer was used to
prevent nonspecific binding.
Subsequently, the blots were incubated with primary antibodies, including anti-iNOS (1:2000;
Cell Signaling Technology, Danvers, MA, USA), anti-COX-2 (1:2000; Santa Cruz Biotechnology, Santa
Cruz, CA, USA), and anti-β-actin (1:5000; Santa Cruz Biotechnology, Santa Cruz, CA, USA). The blots
were visualized with an enhanced chemiluminescence detection system (Santa Cruz Biotechnology) as
per the recommended protocol.
2.6. Statistical Analysis
A Graph Pad Prism ver. 5.01 (Graph Pad, Inc., La Jolla, CA, USA) was employed to analyze
experimental data. All of the data is expressed as the mean ± standard error of at least three independent
experiments that were performed in triplicate. A one-way variance analysis and Tukey’s multiplecomparison test were employed for the statistical analysis; p < 0.05 is considered statistically significant.
3. Results
3.1. Action of MEAC Treatment on LPS-Induced Cell Viability and NO Production
Several concentrations of MEAC (50 µg/mL, 250 µg/mL and 500 µg/mL), and/or LPS (200 ng/mL)
were primarily treated to BV-2 microglial cells to check whether they exert any toxicity in MTT assay.
MEAC (50 µg/mL, 250 µg/mL, and 500 µg/mL) treatments with LPS (200 ng/mL) did not affect the BV-2
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Antioxidants
8, 348on the suppression of LPS-stimulated NO release in BV-2 microglial cells. (B)
5 of 12
with2019,
MEAC
MEAC
treatment-mediated
cell
viability
was
evaluated
using
the
3
-(4
,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide(MTT)assay.Theresults
treated to microglial cells for 24 h. LPS induction markedly elevated NO production (18.8 ± 0.55 µM)
present as a percentage of the control samples. Data are presented as the mean ± SEM. ### p
compared to the control (2.52 ± 0.12 µM). As per results, the treatment with MEAC notably prevented
< 0.001 versus untreated group; *** p < 0.001 versus LPS group (n = 3
).
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Figure 2. Effect of MEAC on LPS-induced iNOS expressions at mRNA and protein level in
microglial cells. (A) MEAC-treated prevention of iNOS expression at mRNA level. (B) The treatment
BV-2 microglial cells. (A) MEAC-treated prevention of iNOS expression at mRNA level.
with MEAC protects LPS-stimulated iNOS expression at protein level. Data are presented as the mean
(B) The treatment with MEAC protects LPS-stimulated iNOS expression at protein level.
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BV-2 microglial cells were treated with LPS in the absence or presence of MEAC for 6 h or 18 h to
investigate COX-2 expression at the mRNA and protein levels. Stimulation with LPS for 6 h significantly
elevated the COX-2 gene expression compared with that of the control group; however, the pretreatment
with MEAC 1 h before LPS stimulation significantly prevented the COX-2-mRNA expression in a
dose-dependent manner (Figure 3A). In addition, LPS treatment for 18 h also dose-dependently
increased COX-2 expression at the protein level, while MEAC pretreatment prevented LPS-induced
increase COX-2 expression (Figure 3B).

to investigate COX-2 expression at the mRNA and protein levels. Stimulation with LPS for 6 h
significantly elevated the COX-2 gene expression compared with that of the control group; however,
the pretreatment with MEAC 1 h before LPS stimulation significantly prevented the COX-2-mRNA
expression in a dose-dependent manner (Figure 3
A). In addition, LPS treatment for 18 h also
dose-dependently increased COX-2 expression at the protein level, while MEAC pretreatment
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3.5. Protective Activity of MEAC Against MPP+-Induced N27-A Cells
Various concentrations of MEAC (25, 50, 100, 250, and 500 μg/mL) were treated in N27-A cells
to investigate whether the treatment causes mortality. The results indicate that being treated with
MEAC for 24
h does not cause any significant cytotoxicity in N27-A cells (Figure 5A). Indeed, the

Figure 4. MEAC action on LPS-induced cytokine expressions in BV-2 microglial cells. (A)
The regulation of TNF-α, IL-1β, and IL-6 mRNA expressions by MEAC treatment (A). The
representative densitometry analyses of TNF-α (B), IL-6 (C), and IL-1β (D) compared with
GAPDH mRNA. Data are presented as the mean ± SEM. ### p < 0.001 versus control group
(n = 3
); * p < 0.05 and *** p < 0.001 versus LPS group (n = 3
).
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and catalase is displayed in Figure 6A. To investigate the regulatory action of MEAC on Bcl-2 expression,
N27-A cells were treated with MEAC (500 µg/mL) for 18 h. The treatment significantly upregulated
Bcl-2 expression to 1.48 ± 10 folds compared to the control group (Figure 6B). N27-A cells were treated
by MEAC (500 µg/mL) to evaluate the regulatory effect on HO-1 and NQO1 expressions. The treatment
with MEAC for 18 h significantly upregulated expression of HO-1 to 1.85 ± 0.04 folds compared to
the control group (Figure 6C). In comparison with the control group, MEAC extract significantly
upregulated NQO1 expression to 2.72 ± 0.25 (Figure 6D). Apart from HO-1 and NQO1, N27-A cells
were treated with MEAC to check its regulatory role on catalase expression. An 18-h MEAC (500 µg/mL)
treatment significantly upregulated catalase expression to 1.78 ± 0.04 folds in comparison with the
control group (Figure 6E).

± 0.04
folds compared to the control group (Figure 6C). In comparison with the control group,
MEAC extract significantly upregulated NQO1 expression to 2.72 ± 0.25 (Figure 6D). Apart from
HO-1 and NQO1, N27-A cells were treated with MEAC to check its regulatory role on catalase
expression. An 18-h MEAC (500 μg/mL) treatment significantly upregulated catalase expression to
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Figure 6. Effect of MEAC treatment on the expression of Bcl-2, HO-1, NQO1, and catalase at mRNA
Figure 6. Effect of MEAC treatment on the expression of Bcl-2, HO-1, NQO1, and catalase
levels (A). The representative densitometry analyses of Bcl-2 (B), HO-1(C), NQO1 (D), catalase (E)
at mRNA levels (A). The representative densitometry analyses of Bcl-2 (B), HO-1(C),
compared with GAPDH mRNA. Data are presented as the mean ± SEM. * p < 0.05, ** p < 0.01 and
NQO1
(D),versus
catalase
(E) compared
***
p < 0.001
control
group (n = with
3). GAPDH mRNA. Data are presented as the mean ±

SEM. * p < 0.05, ** p < 0.01 and *** p < 0.001 versus control group (n = 3
).
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The activation
influences
NF-κB
and/or other transcription
factors
in the
nucleus
and triggers
the
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of TLR4 release [3]. Thus, signaling
influences NF-κB and/or
other transcription factors in
the nucleus
triggers the
cytokine
for preventing/treating
neuroinflammation-related
diseases,
theand
modulation
of LPS and TLR interaction and/or activation has a potential value.
In a mouse MCAO model, AC extract prevents brain edema, hyperpermeability of blood–brain
barrier, and disruption of tight junction proteins, probably through its antioxidant effects. AC extract
may be a potential nutrient in the prevention of blood–brain barrier function during brain ischemia [26].
This study investigated the actions of MEAC extracts against LPS-stimulated increased expressions
of inflammatory markers. According to this study, the treatment with MEAC protected from the
LPS-induced NO release in BV-2 microglial cells. In the brain, prostaglandins are crucial when
neuroinflammation occurs. The synthesizing enzymes COX-2 and iNOS are some of the most-referred
proinflammatory mediators [2]. As per this study, MEAC also prevents the expression of COX-2 and
iNOS at the mRNA and protein levels. In addition, in the BV-2 microglial cells, the elevation of the
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expression of inflammatory cytokines such as IL-6, TNF-α, and IL-1β is a pointer of neuronal cell
damage [27]. Various concentrations of MEAC were treated to reveal the action against inflammatory
cytokine expressions. The present study has found that pretreatment with MEAC exhibits preventive
actions against LPS-stimulated increase mRNA expressions of IL-6, TNF- α, and IL-1β in BV-2 microglial
cells. However, further investigations are needed to confirm MEAC action on cytokine expressions at
the protein level.
In the progression of NDDs, apoptosis plays a critical role, according to several animal and
cellular model studies. However, research on human brains has demonstrated diverse outcomes.
In the brains of NDD patients, much-died neurons are detected and these conditions often accompany
significant cell loss as a result of distinctive morphological characteristics of apoptosis, including DNA
fragmentation, chromatin condensation, and cysteine-proteases, caspases activation. NDDs and cell
death are associated with oxidative stress [28,29].
As an antiapoptotic marker against acute neural injury, Bcl-2 belongs to the Bcl-2 family of apoptotic
regulators and is vital for cell survival. The downregulation of the Bcl-2 protein often precedes apoptosis.
On the contrary, other members of the Bcl-2 family, for example, Bcl-2 antagonist killer 1 (Bak) and Bcl-2
Associated X (Bax) promote apoptosis by increasing the release of cytochrome c from the mitochondria
and activating caspases. Bcl-2 can avert the activation of Bax via heterodimerization. For the cell
survival, the interplay of antiapoptotic and proapoptotic regulators is crucial, and Bax/Bcl-2 ratio
constitutes an important factor of the apoptotic status of the cell. Pro and antiapoptotic members of the
Bcl-2 family are extensively expressed throughout the CNS. Thus, the upregulation of Bcl-2 expression
may improve neuroprotective activity [30–32]. Based on the results, MEAC treatment upregulates
Bcl-2 expression.
Several endogenous and exogenous antioxidant enzymes have been found to play a neuroprotective
role in the model of NDDs [33]. Nrf2 and its downstream phase II genes (for instance, HO-1 and NQO1)
have potent capability to detoxify harmful compounds, combat reactive oxygen species, and directly or
indirectly modulate the BBB permeability, immune system, and inflammatory response. Thus, they are
considered as the emerging targets for the treatment of neurological diseases. Indeed, various inducers
of Nrf2 have been proven effective in familiar neurological disease models [34]. According to the study
results, MEAC treatment upregulates the expression of antioxidant enzymes, including HO-1, NQO1,
and catalase.
MPP+ is one of the agents that induced cytotoxicity in the experimental model; it causes oxidative
stress-mediated cell death [35]. The protective role of MEAC against MPP+ induction was also studied
in this study. The treatment with MEAC for 24 h protects from MPP+ -induced N27-A cell death.
The stability of MEAC in plasma could be studied further based on the data on both cell lines.
5. Conclusions
MEAC suppresses the LPS-induced production of proinflammatory mediators and cytokines in
BV-2 microglial cells. MEAC extract also upregulates the antiapoptotic gene (Bcl-2) and antioxidant
enzyme (HO-1 and NQO1) expressions in N27-A cells. Therefore, our study results support the
previously published outcomes of A. cepa extract against stroke and metalloid-induced neurotoxicity
in rodents. Future research should examine the A. cepa action on NDDs model. This study promotes
further investigation into the role of A. cepa extract against neurodegenerative disease.
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Allium cepa
B-cell lymphoma 2
Cyclooxygenase-2
Hemeoxygenase-1
Interleukin-1β
Interleukin-6
Nitric oxide synthase
Lipopolysaccharide
Methanol extract of A. cepa
1-methyl-4-phenylpyridinium
Neurodegenerative diseases
Nitric oxide
NAD(P)H Quinone Dehydrogenase 1
Toll-like receptor 4
Tumor necrosis factor-α

References
1.

2.

3.

4.
5.
6.

7.

8.
9.
10.
11.
12.
13.

14.

Jakaria, M.; Kim, J.; Karthivashan, G.; Park, S.Y.; Ganesan, P.; Choi, D.K. Emerging signals modulating
potential of ginseng and its active compounds focusing on neurodegenerative diseases. J. Ginseng Res. 2019,
43, 163–171. [CrossRef] [PubMed]
Cho, D.Y.; Ko, H.; Kim, J.; Kim, B.W.; Yun, Y.S.; Park, J.I.; Ganesan, P.; Lee, J.T.; Choi, D.K. Scoparone inhibits
LPS-simulated inflammatory response by suppressing IRF3 and ERK in BV-2 microglial cells. Molecules 2016,
21, 1718. [CrossRef] [PubMed]
Nam, H.Y.; Nam, J.H.; Yoon, G.; Lee, J.Y.; Nam, Y.; Kang, H.J.; Cho, H.J.; Kim, J.; Hoe, H.S. Ibrutinib suppresses
LPS-induced neuroinflammatory responses in BV2 microglial cells and wild-type mice. J. Neuroinflamm.
2018, 15, 271. [CrossRef] [PubMed]
Haque, M.E.; Kim, I.S.; Jakaria, M.; Akther, M.; Choi, D.K. Importance of GPCR-Mediated Microglial
Activation in Alzheimer’s Disease. Front. Cell. Neurosci. 2018, 12, 258. [CrossRef]
Kirkley, K.S.; Popichak, K.A.; Afzali, M.F.; Legare, M.E.; Tjalkens, R.B. Microglia amplify inflammatory
activation of astrocytes in manganese neurotoxicity. J. Neuroinflamm. 2017, 14, 99. [CrossRef] [PubMed]
Azam, S.; Jakaria, M.; Kim, I.S.; Kim, J.; Haque, M.E.; Choi, D.K. Regulation of Toll-Like Receptor (TLR)
Signaling Pathway by Polyphenols in the Treatment of Age-Linked Neurodegenerative Diseases: Focus on
TLR4 Signaling. Front. Immunol. 2019, 10. [CrossRef] [PubMed]
Ghavami, S.; Shojaei, S.; Yeganeh, B.; Ande, S.R.; Jangamreddy, J.R.; Mehrpour, M.; Christoffersson, J.; Chaabane, W.;
Moghadam, A.R.; Kashani, H.H.; et al. Autophagy and apoptosis dysfunction in neurodegenerative disorders.
Prog. Neurobiol. 2014, 112, 24–49. [CrossRef]
Dansokho, C.; Heneka, M.T. Neuroinflammatory responses in Alzheimer’s disease. J. Neural Transm. 2018,
125, 771–779. [CrossRef]
Solleiro-Villavicencio, H.; Rivas-Arancibia, S. Effect of chronic oxidative stress on neuroinflammatory response
mediated by CD4+ T cells in neurodegenerative diseases. Front. Cell. Neurosci. 2018, 12, 114. [CrossRef]
Redza-Dutordoir, M.; Averill-Bates, D.A. Activation of apoptosis signalling pathways by reactive oxygen
species. Biochim. Biophys. Acta 2016, 1863, 2977–2992. [CrossRef]
Chandra, J.; Samali, A.; Orrenius, S. Triggering and modulation of apoptosis by oxidative stress. Free Radic.
Biol. Med. 2000, 29, 323–333. [CrossRef]
Bhanot, A.; Shri, R. A comparative profile of methanol extracts of Allium cepa and Allium sativum in diabetic
neuropathy in mice. Pharmacogn. Res. 2010, 2, 374–384.
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Chemical Composition and Biological Activity of Allium cepa L. and Allium × cornutum (Clementi ex
Visiani 1842) Methanolic Extracts. Molecules 2017, 22, 448. [CrossRef] [PubMed]
Shri, R.; Bora, K.S. Neuroprotective effect of methanolic extracts of Allium cepa on ischemia and
reperfusion-induced cerebral injury. Fitoterapia 2008, 79, 86–96. [CrossRef] [PubMed]

Antioxidants 2019, 8, 348

15.
16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.
29.
30.
31.

32.

33.

11 of 12

Singh, T.; Goel, R.K. Neuroprotective effect of Allium cepa L. in aluminium chloride induced neurotoxicity.
Neurotoxicology 2015, 49, 1–7. [CrossRef] [PubMed]
Lee, B.K.; Jung, Y.S. Allium cepa extract and quercetin protect neuronal cells from oxidative stress via PKC-ε
inactivation/ERK1/2 activation. Oxidative Med. Cell. Longev. 2016, 2016. [CrossRef] [PubMed]
Kim, B.W.; More, S.V.; Yun, Y.S.; Ko, H.M.; Kwak, J.H.; Lee, H.; Suk, K.; Kim, I.S.; Choi, D.K. A novel synthetic
compound MCAP suppresses LPS-induced murine microglial activation in vitro via inhibiting NF-kB and
p38 MAPK pathways. Acta Pharmacol. Sin. 2016, 37, 334–343. [CrossRef]
Ko, H.M.; Koppula, S.; Kim, B.W.; Kim, I.S.; Hwang, B.Y.; Suk, K.; Park, E.J.; Choi, D.K. Inflexin attenuates
proinflammatory responses and nuclear factor-kappaB activation in LPS-treated microglia. Eur. J. Pharmacol.
2010, 633, 98–106. [CrossRef]
Park, S.Y.; Karthivashan, G.; Ko, H.M.; Cho, D.Y.; Kim, J.; Cho, D.J.; Ganesan, P.; Su-Kim, I.; Choi, D.K.
Aqueous Extract of Dendropanaxmorbiferus Leaves Effectively Alleviated Neuroinflammation and Behavioral
Impediments in MPTP-Induced Parkinson’s Mouse Model. Oxidative Med. Cell. Longev. 2018, 2018. [CrossRef]
Jakaria, M.; Park, S.Y.; Haque, M.E.; Karthivashan, G.; Kim, I.S.; Ganesan, P.; Choi, D.K. Neurotoxic
Agent-Induced Injury in Neurodegenerative Disease Model: Focus on Involvement of Glutamate Receptors.
Front. Mol. Neurosci. 2018, 11, 307. [CrossRef]
Jakaria, M.; Azam, S.; Haque, M.E.; Jo, S.H.; Uddin, M.S.; Kim, I.S.; Choi, D.K. Taurine and its analogs in
neurological disorders: Focus on therapeutic potential and molecular mechanisms. Redox Biol. 2019, 24,
101223. [CrossRef] [PubMed]
Jakaria, M.; Cho, D.Y.; EzazulHaque, M.; Karthivashan, G.; Kim, I.S.; Ganesan, P.; Choi, D.K.
Neuropharmacological Potential and Delivery Prospects of Thymoquinone for Neurological Disorders.
Oxid. Med. cell. Longev. 2018, 2018. [CrossRef] [PubMed]
Uddin, M.S.; Al Mamun, A.; Kabir, M.T.; Jakaria, M.; Mathew, B.; Barreto, G.E.; Ashraf, G.M. Nootropic and
Anti-Alzheimer’s Actions of Medicinal Plants: Molecular Insight into Therapeutic Potential to Alleviate
Alzheimer’s Neuropathology. Mol. Neurobiol. 2019, 56, 4925–4944. [CrossRef] [PubMed]
Jakaria, M.; Haque, M.E.; Kim, J.; Cho, D.Y.; Kim, I.S.; Choi, D.K. Active ginseng components in cognitive
impairment: Therapeutic potential and prospects for delivery and clinical study. Oncotarget 2018, 9,
33601–33620. [CrossRef] [PubMed]
Jakaria, M.; Haque, M.E.; Cho, D.Y.; Azam, S.; Kim, I.S.; Choi, D.K. Molecular Insights into NR4A2(Nurr1):
An Emerging Target for Neuroprotective Therapy Against Neuroinflammation and Neuronal Cell Death.
Mol. Neurobiol. 2019, 56, 5799–5814. [CrossRef]
Hyun, S.W.; Jang, M.; Park, S.W.; Kim, E.J.; Jung, Y.S. Onion (Allium cepa) extract attenuates brain edema.
Nutrition 2013, 29, 244–249. [CrossRef] [PubMed]
Ko, H.M.; Kim, S.Y.; Joo, S.H.; Cheong, J.H.; Yang, S.I.; Shin, C.Y.; Koo, B.N. Synergistic activation of
lipopolysaccharide-stimulated glial cells by propofol. Biochem. Biophys. Res. Commun. 2013, 438, 420–426.
[CrossRef]
Radi, E.; Formichi, P.; Battisti, C.; Federico, A. Apoptosis and oxidative stress in neurodegenerative diseases.
J. Alzheimers Dis. 2014, 42, S125–S152. [CrossRef]
Gorman, A.M.; McGowan, A.; O’Neill, C.; Cotter, T. Oxidative stress and apoptosis in neurodegeneration.
J. Neurol. Sci. 1996, 139, 45–52. [CrossRef]
Anilkumar, U.; Prehn, J.H.M. Anti-apoptotic BCL-2 family proteins in acute neural injury. Front. Cell.
Neurosci. 2014, 8, 281. [CrossRef]
Phatak, N.R.; Stankowska, D.L.; Krishnamoorthy, R.R. Bcl-2, Bcl-xL, and p-AKT are involved in neuroprotective
effects of transcription factor Brn3b in an ocular hypertension rat model of glaucoma. Mol. Vis. 2016, 22,
1048–1061. [PubMed]
Franke, C.; Nöldner, M.; Abdel-Kader, R.; Johnson-Anuna, L.N.; Gibson Wood, W.; Müller, W.E.; Eckert, G.P.
Bcl-2 upregulation and neuroprotection in guinea pig brain following chronic simvastatin treatment.
Neurobiol. Dis. 2007, 25, 438–445. [CrossRef] [PubMed]
Kim, G.H.; Kim, J.E.; Rhie, S.J.; Yoon, S. The Role of Oxidative Stress in Neurodegenerative Diseases.
Exp. Neurol. 2015, 24, 325–340. [CrossRef] [PubMed]

Antioxidants 2019, 8, 348

34.
35.

12 of 12

Zhang, M.; An, C.; Gao, Y.; Leak, R.K.; Chen, J.; Zhang, F. Emerging roles of Nrf2 and phase II antioxidant
enzymes in neuroprotection. Prog. Neurobiol. 2013, 100, 30–47. [CrossRef] [PubMed]
Ye, Q.; Huang, B.; Zhang, X.; Zhu, Y.; Chen, X. Astaxanthin protects against MPP(+)-induced oxidative stress
in PC12 cells via the HO-1/NOX2 axis. BMC Neurosci. 2012, 13, 156. [CrossRef] [PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

