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1 Introduction
Innate immunity is cured via microglial cells in CNS, 

which are resident cells responsible for adjusting inflammation 
within CNS to fight insults outside and inside CNS. Microglial 
cells are acquired from erythro-myeloid progenitors located 
in yolk sac in the forepart of embryonic process and they 
make proliferation continuously; thus, maintaining a steady 
population throughout life (Askew et al. 2017; Hoeffel et al., 
2015). Under normal physiological conditions, microglial cells 
counteract overall disorders in immunological homeostasis in 
order to enhance neural precursor cell proliferation along with 
survival, a phenomenon that protects neurons that have minor 
influence on regeneration. In the environment of pathologic, 
the activation of microglial cells are completed and they have 
significant influence in the development of neurodegenerative 
sickness covering amyotrophic lateral sclerosis, Alzheimer’s 
disease, multiple sclerosis, Parkinson’s disease along with prion-
induced neurodegeneration (Perry et al., 2010). In their naïve 
state or upon interacting with else incoming immune cells 
(working as antigen-presenting cells), microglia make the release 
of many inflammatory intermediaries covering interleukin-6, 
nitric oxide, interleukin-1β, prostaglandin E2 together with 
reactive oxygen and nitrogen species which cause neurotoxicity. 
Thus, modulation of microglial activation, neuroinflammation, 
and oxidative stress generated as the result of reduced free 

radical accumulation might indicate a therapeutic strategy for 
neurodegenerative diseases.

Humulus japonicus Siebold & Zucc (HJ) is an annual medicinal 
herb from the Cannabaceae family (Park  et  al., 1994). HJ is 
cognized as hop from Japan in wide range and is widespread 
in temperate Asia covering the Republic of Korea, Japan as well 
as Taiwan. People in the Republic of Korea adopt this herb to 
treat pulmonary tuberculosis and hypertension (Yu et al., 2007). 
It exerts numerous beneficial properties covering anti-aging, 
anti-inflammatory along with antioxidant impacts, which 
could result from presence of polyphenols (Choi et al., 2018; 
Sung et al., 2015; Yu et al., 2007). The protective effects of 100% 
methanolic HJ extracts have been demonstrated in Alzheimer’s 
disease model in mice (Park et al., 2017), while those of 100% 
methanolic and ethanolic HJ extracts have been demonstrated 
in 6-hydroxydopamine-induced Parkinson’s sickness models 
(Lee et al., 2019; Ryu et al., 2017) and in antiaging yeast models 
(Sung et al., 2015). HJ was found to exert anti-inflammatory 
effects in the context of neurodegenerative diseases. However, 
anti-inflammatory effects along with mechanism of HJ extract 
action have been rarely reported.

Thus, in this work, we discovered anti-inflammatory impacts 
of the HJ extracts in lipopolysaccharide (LPS)-stimulated microglia 
cells by evaluating the levels of proinflammatory intermediaries, 
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Abstract
Humulus japonicus (HJ) is administered to patients with pulmonary disease and skin disease owing to its anti-inflammatory and 
antioxidant effects. Lately, HJ has been shown to exert impacts on protection against neurodegenerative sickness. Nevertheless, 
its impacts on microglia have not been discovered in depth. As a result, anti-inflammatory impacts of HJ ethanol extract (HJE) 
and its active compound luteolin on lipopolysaccharide-stimulated SIM-A9 cells were investigated. The results showed that HJE 
luteolin inhibited generation of interleukin-1β, tumor necrosis factor-α, nitric oxide, interleukin-6, together with prostaglandin 
E2, iNOS, COX-2 along with HO-1 induction. Furthermore, HJE and luteolin reduced degrees of NF-κB pathway components 
within cytoplasm and nucleus, while reducing cytoplasmic MAPK levels and increasing Nrf2 levels in the cytoplasm and 
nucleus. In conclusion, our results demonstrate that HJE might exhibit neuroprotective effects and could be used as a novel 
drug for various neurological diseases.
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for example, NO, PGE2, iNOS along with COX2, and cytokines, 
for example, IL-6, IL-1β, TNF-α along with HO-1. Furthermore, 
role of HJ extract in the control of NF-κB/MAPK/Nrf2 signaling 
pathways was explored.

2 Materials and methods
2.1 Reagents

SIM-A9 microglial cells (CRL-3265) were obtained from 
ATCC (Manassas, VA, USA). The EZ-Cytox reagent assay 
kit along with EZ-western Lumi Pico Alpha was provided by 
DoGenBio (Seoul, South Korea). DMEM supplemented by the 
odium pyruvate (110 mg/mL), FBS, and HS was procured from 
Gibco (Gibco, Grand Island, NY, USA). We bought Penicillin 
together with streptomycin from Invitrogen (Invitrogen, 
Carlsbad, CA, USA) and bought SDS-PAGE loading buffer from 
Biosesang (Seongnam, South Korea) and polyvinylidene fluoride 
membranes from Millipore (MA, USA). Luteolin (purity>98%), 
DMSO and LPS from Escherichia coli O111:B4, Trypan Blue, 
Greiss reagent (modified), protease along with phosphatase 
inhibitors were porcured from Sigma-Aldrich (St. Louis, MO, 
USA). We acquired the RIPA buffer and NE-PER nuclear together 
with the extraction reagents of cytoplasm from Thermo Scientific 
(Rockford, IL, USA). The Bio-Rad Protein Assay was procured 
from Bio-Rad (Hercules, CA, USA). Phospho-Akt, Akt, lamin b 
antibodies were procured from Cell Signaling Technology Inc. 
(Beverly, MA, USA). Nrf2, NF-κB/65, ERK, p38, p-NF-κB/65, 
p-JNK, JNK, p-p38, p-ERK, HO-1, primary antibodies, as well 
as the secondary antibodies combined with HRP-IgG, which 
we bought from Santa Cruz Biotechnoogy (Santa Cruz, CA, 
USA). We obtained actin antibody from Biosciences (Franklin 
Lakes, NJ, USA) and bought IL-1β, TNF-α, IL-6, along with 
PEG2 ELISA kits from R&D Systems (Minneapolis, MN, USA).

2.2 HJ ethanol extracts (HJE)

We obtained HJ leaves from Cheonjam Hill, Wansan-Gu, 
Jeoju-shi, Jeonbuk, Korea on June 25, 2020. Professor Hong-Jun 
Kim from College of Oriental Medicine, Woosuk University 
identified and authenticated above-mentioned plant (Wanju, 
Korea). Our lab stored a voucher specimen (#2020-06-25-HJ). 
We washed these leaves by distilled water and make them dried 
under the temperature of 60 °C lasting sixteen hours, and incubated 
(50 g) with 80% (v/v) ethanol (two thousand mL) lasting 48 h at 
40 °C in a water bath. We utilized a filter paper to filter the extract 
through a 0.45 mm pore size (ADVANTEC, Togo, Japan). After 
filtering extract was vacuum concentrated at 45 °C along with 
ethanol being removed. Residual solution was freeze-dried in a 
freeze dryer at −55 °C for acquiring dry powder and kept under 
the environment of −20 °C for subsequent research.

2.3 Cell incubation conditions

We adopted DMEM solution to culture and keep Microglial 
cells (SIM-A9) and the above-mentioned solution was supplemented 
with fetal bovine serum of ten percent, 5% horse serum, 1mL 
penicillin together with one hundred µg/mL streptomycin 
antibiotics under the temperature of 37 °C in an atmosphere 
of five percent CO2. Cells were maintained in 90×20 mm cell 

culture dishes and 80% confluent culture dishes were used for 
the following research. The cells were not serum-starved in any 
of our research.

2.4 Cell viability

We adopted EZ-Cytox reagent to figure out cell viability. 
3 × 105 cells/mL of SIM-A9 cells were inoculated into 96-well 
plates and cultivated lasting sixteen hours and disposed by HJE 
or LPS for 20 h. We added EZ-Cytox reagent (0.01 mL) into each 
well and cultivated lasting four hours. Trough measuring the 
absorbance at 450 nm, we could observe cell viability with the 
assistance of a microplate reader (Tecan, Männedorf, Switzerland). 
We could make a comparison of optical density of viable cells 
vs that of untreated controls in order to figure out cell viability.

2.5 NO generation

We cultivated Microglial cells (5 × 105 cells/mL) in 6-well 
dishes lasting sixteen hours and disposed by HJEs concentrated 
of 0, 25, or 50 µg/mL and 30 µM luteolin lasting one hour. After 
that, we stimulated the cells by 2 µg/mL of LPS lasting twenty-
four hours. There was NO secretion measurement through 
Griess approach. Shortly, we added 0.1 mL of a culture media 
supernatant into 0.1 mL of Griess reagent and cultivated lasting 
fifteen minutes under the temperature of 20 °C. Subsequently, 
we made the measurement of absorbance at 540 nm. Observing 
from a sodium nitrite standard curve which came from this 
work, the concentration of NO was formed.

2.6 ELISA

Microglial cells (5×105 cells/mL) were inoculated into 
6-well cell culture dish lasting sixteen hours and disposed by 0, 
25, or 50 µg/mL HJE and luteolin (30 µM) for 1 h in advance. 
Subsequently, we stimulated the cells by 2 µg/mL LPS lasting 
twenty-four hours. We made the collection of culture media and 
measured the production of TNF-α, PGE2, IL-1β, IL-6 in the 
supernatants by ELISA kits as per the manufacturer’s instructions.

2.7 Whole protein extraction and western blotting

Microglial cells (5 × 105 cells/mL) were seeded in 90×20 mm 
cell culture dish lasing sixteen hours, and treated with 0, 25, or 
50 µg/mL HJE and 30 µM luteolin for 1 h, after stimulating the 
cells by LPS (2 µg/mL) for 0.5 h or 24 h. Then, whole cell lysates 
corresponding to each treatment were prepared in RIPA buffer 
added with phosphatase and protease inhibitors and subsequently 
centrifuged at 12,000 × g lasting fifteen minutes under the 
temperature of 4 °C to acquire supernatant covering entire 
protein extract. Following protein quantification with Bio-Rad 
protein assay, protein from each sample was resolved on an 10% 
or twelve percent SDS-PAGE (110 V lasting 1.5 hour). Following 
separation, we moved the proteins onto polyvinylidene fluoride 
membranes (100 V lasting one hour). we placed membranes 
under block in five percent bovine serum albumin lasting one 
hour and then cultivated the whole night under the temperature 
of 4 °C by various antibodies (JNK, p-p38, p-ERK, ERK, Nrf2, 
iNOS, p-JNK, Cox-2, p38, HO-1, and β-actin). Later than this 
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step, we washed the membranes three times with TBST (5 minutes 
for every wash) and then cultivated by related HRP-conjugated 
secondary antibodies lasting two hours under the temperature of 
20 °C. After that, we washed membranes five times with TBST 
(5 minutes for every wash) and adopted EZ-western Lumi Pico 
Alpha chemiluminescence reagent to make them visualized on 
an imaging system (Alliance version 15.11; UVITEC Cambridge, 
UK). We utilized tripping buffer as well to make various proteins 
to be visualized on a sole membrane. The adoption of ImageJ 
version 1.52 (US National Institute of Health, Bethesda, MD, 
USA) could benefit determining band densities. For the sake of 
confirming protein loading with the same quantity, membranes 
were stripped and results with anti β-actin antibodies utilizing 
the above-mentioned protocol.

2.8 Cytosol and nuclear protein extraction and western 
blotting

Microglial cells (5 × 105 cells/mL) were inoculated into 
90 × 20 mm dishes lasting sixteen hours, after that being disposed 
by 0,25, or 50 µg/mL HJE and 30 µM luteolin lasting one hour, 
later than stimulating cells with LPS (2 µg/mL) lasting 0.5 hour. 
Then, nuclear along with cytoplasm proteins were extracted from 
cells in each treatment condition through NE-PERTM nuclear 
and cytoplasmic extraction reagent conforming to the producer`s 
instructions. Shortly, we cultivated cells by suspension in ice-cold 
DPBS and centrifuged at 500 × g lasting three minutes under 
the temperature of 4 °C to acquire cell pellets. Then we removed 
DPBS and added the reagent of ice-cold CER I (0.1 mL). Then, 
vigorously vortexed and cultivated on ice lasting ten minutes, 
we supplemented 0.0055 mL of CER II reagent and the resultant 
suspension vortexed, and cultivated on ice lasting one minute. 
After that, cell suspensions were centrifuged at 14000 × g lasting 
fifteen minutes, while supernatant including cytoplasmic proteins 
was at once moved into new tubes and kept under the temperature 
of -80 °C. Insoluble fraction acquired following centrifugation was 
resuspended in 0.05 mL ice-cold NER reagent covering phosphatase 
and protease inhibitors, and vortexed every ten minutes for a 
total of forty minutes corresponding with icy incubation. Then, 
centrifuged at 14000 × g lasting ten minutes, while supernatant 
covering nuclear extracts was moved to pre-chilled new tubes at 
once and kept under the temperature of -80 °C for the following 
studies. Protein quantification and western blotting, which was 
conducted according to previous description. But, at this moment, 
membranes were cultivated with Akt, p-Akt, lamin b, NF-κB, 
Nrf2, β-actin, or p-NF-κB antibodies.

2.9 Statistical analysis

Data are expressed with mean ± standard deviation. 
We suppose the significant difference when the p-value was 
lower than 0.05. Two-sample comparisons were carried out 
through Student’s t-test.

3 Results and discussion
3.1 Toxicity of HJE and luteolin toward microglial cells

We recognize LPS as a basic element of gram-negative 
bacteria and a strong stimulator of microglial activation and 

we usually adopted LPS for neuroinflammatory study (Xu et al., 
2018). The EZ-Cytox reagent was carried out cell viability. 
HJE treatment (0, 12.5, 25, 50, 100, 200, along with 400 µg/mL) 
and luteolin treatment (0, 5, 10, 20, 40, 60, and 80 µM), rare 
significant cytotoxicity was noticed up to a concentration of 
100 µg/mL of HJE (Figure 1A) and 80 µM of Luteolin (Figure 1C). 
Co-treatment with HJE (up to 100 µg/mL) along with LPS 
(2 µg/mL) (Figure 1B), co-treatment with luteolin (up to 60 µM) 
and LPS (2 µg/mL) (Figure 1D) had no linkage with cytotoxicity. 
From above results, 25 and 50 µg/mL of HJE, 30 µM of luteolin 
were prepared for next research.

3.2 Impacts of HJE and luteolin on pro-inflammatory 
cytokines (IL-1β, TNF-α, IL-6) and pro-inflammatory 
intermediaries (NO, iNOS, PGE2, COX2)

Microglia play a primary role in protecting Central Nervous 
System, thereby representing the first line of defense, and serving 
as initiators of immune responses against injuries and stimuli 
(Stephenson et al., 2018). Strangely activated microglia generate 
various pro-inflammatory intermediaries (ROS, COX2, PGE2, 
NO, iNOS) and cytokines (IL-1β, TNF-α, and IL-6) (Yang et al., 
2020). In addition, neuroinflammatory responses in the Central 
Nervous System are strongly correlated with neurological sickness, 
for example, Parkinson`s Diseases and Alzheimer`s Diseases, 
inducing neuronal death, synaptic degeneration together with 
cognitive impairment (Perry et al., 2010). As a result, control 
of the neuroinflammatory response represents a significant 
therapeutic tactics for neurological sickness.

If we stimulate microglia through activators like LPS, it will 
generate neurotoxic pro-inflammatory intermediaries, leading 
to the vanishment of nearby neurons (Onasanwo et al., 2016). 
Immoderate NO analysis by activated microglia results in reactive 
nitrogen species formation and neuronal death (Yuste et al., 2015). 
PGE2 which origins from overactivated microglia was supposed 
to induce neuronal death through activating the EP2 receptors 
(Miyagishi et al., 2013). Pro-inflammatory cytokines like TNF-α, 
IL-1β, IL-6 along with other intermediaries containing reactive 
oxygen species, are thought to take part in mediating neuronal 
vanishment and exacerbation of neurodegenerative sickness 
(Block & Hong, 2005). Our data showed when stimulated by 
only LPS, NO, iNOS, and PEG2, COX2 significantly increased 
(Figure 2) together with IL-1β, TNF-α, IL-6 also signifyingly 
increased (Figure  3). However, when pretreated with HJE 
and luteolin before stimulated by LPS, NO, iNOS, and PEG2, 
COX2 significantly decreased (Figure 2), as well as TNF-α, IL-6, 
and IL-1β also signifyingly decreased (Figure 3). The results 
showed HJE and luteolin significantly inhibited pro-inflammatory 
cytokines expression (IL-1β, TNF-α, IL-6) (Figure3) and pro-
inflammatory intermediaries (NO, iNOS, COX2 along with 
PGE2) (Figure 2) in LPS-activated SIM-A9 microglial cells.

3.3 Impacts of HJE and luteolin on the NF-κB, AKT, and 
MAPK pathway in stimulated microglia

There have been some studies indicating that LPS-activated 
microglia exhibit pro-inflammatory reactions through different 
signaling pathways that prompt sickness development in 
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neurodegeneration models (Fellner et al., 2017; Subedi et al., 2017). 
The transcription element NF-κB controls various ways of innate 
and adaptive immune systems and acts as crucial intermediaries 
of inflammatory replies. Different pro-inflammatory genes’ 
expression results from NF-κB covering encoding cytokines 
and chemokines, and takes part in inflammasome control. 
Besides, NF-κB possesses significant effect on controlling the 
survival, differentiation and activation of inflammatory T cells 
and innate immune cells. As a result, NF-κB activation which 
out of control induces pathogenesis of different inflammatory 
sickness (Liu  et  al., 2017). Only LPS disposal lasting thirty 
minutes benefited NF-κB/p65 phosphorylation of observed 
from Figure 4A. But if cells were disposed by HJE or luteolin in 
advance, these cells demonstrated distinct decrease in p-NF-κB/
p65 expression. As shown in Figure 4B, stimulating microglial 
cells by LPS alone lasting thirty minutes obviously contributed 
to p-NF-κB/p65 translocation. Nevertheless, when the cells were 
pre-treated through luteolin or HJE, p-NF-κB/p65 expression 
in the nuclear extracts was obviously reduced.

During neuroinflammation, NF-κB activation regulates 
pro-inflammatory intermediaries’ generation like NO together 
with its mediator protein iNOS as well as PGE2 and its mediator 

protein COX2, TNF-α, ROS, cytokines IL-6 (Onasanwo et al., 
2016). Our studies revealed that HJE and luteolin treatment 
downregulated NF-κB phosphorylation, thus, reducing the 
degrees of pro-inflammatory intermediaries and cytokines.

It was advised that BV2 microglial cells were activated by 
LPS through MAPK/ERK pathway. In BV2 cells, LPS raised 
pro-inflammatory factors generation such as TNF-α, NO, 
along with iNOS (M1 phenotypic marker), and reduced anti-
inflammatory factors generation such as IL-10 together with 
CD206 (M2 phenotypic marker), coupled with phosphorylation of 
ERK1/2. Besides, cumulative demonstration confirms that various 
protein kinases covering mitogen activated phosphatidylinositol-
3-kinase (PI3K)/Akt and protein kinases (MAPKs), have 
the linkage of phosphorylation and nuclear accumulation of 
Nrf2 (Joshi & Johnson, 2012; Bryan et al., 2013).

Our data showed that when the cells were treated with in 
only LPS-stimulated SIM A9 microglial cells, AKT (Figure 4C) 
and MAPK (Figure 5) increased significantly, but after HJE and 
Luteolin pretreatment, AKT (Figure 4C) and MAPK (Figure 5) 
decreased significantly, as well as significantly decreased the levels 
of phosphorylated NF-κB (Figure 4A, 4B), which downregulate 
various inflammatory mediators’ generation covering IL-1β, 

Figure 1. The cell viability of Humulus japonicus extract (HJE) and Luteolin toward microglial cells. Microglial cells (5 ×105 cells/mL) were 
cultivated and disposed by HJE solely at mentioned concentrations (A), HJE at the indicated concentrations and disposed 2 µg/mL LPS (B), 
Luteolin alone at indicated concentrations (C), and Luteolin at 0, 15, 30, or 60 μM and treated 2 µg/mL LPS (D) lasting twenty-four hours before 
cell viability research conduction. Outcomes are displayed with the mean ± standard deviation (n = 3). ###P < .001 versus the control group.
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Figure 2. The effects of HJE and luteolin NO production (A), iNOS expression levels (B), PGE2 generation (C), and COX2 expression degrees 
(D) in LPS-stimulated microglia cells. Microglial cells were disposed by HJE (25 or 50 µg/mL), Luteolin (30 µM) lasting one hour,after that 
stimulated with LPS (2 µg/mL) lasting twenty-four hours. The measurement of NO and PGE2 production degrees in cell culture supernatants 
was conducted through Griess assay kit and ELISA kit. The iNOS and COX2 expression degrees were discovered through western blot analysis 
of whole-cell protein extract. Error bars stand for means ±SD; ###P < .001 versus the control group; **P < .01, ***P < .001 versus only LPS team. 
Results from three researches of independence are symbolic.

Figure 3. Impacts of HJE and luteolin on IL-1β(A), TNF-α(B) along with IL-6 (C) production in the microglial cells stimulated by LPS. Cells 
were pretreated with HJE (25 or 50 µg/mL), Luteolin (30 µM) and stimulated with LPS (2 µg/mL). Microglial cells were disposed by HJE (25 or 
50 µg/mL), Luteolin (30 µM) lasting 1 h,and subsequently stimulated through 2 µg/mL LPS for one day. We made the collection of culture media 
supernatants and utilized for ELISA. Error bars stand for means ±SD; ###P < .001 versus the control group; **P < .01, and ***P < .001 versus only 
LPS team. Outcomes from three researches of independence are symbolic.
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Figure 4. HJE and luteolin regulate the activation of NF-κB signal pathways (A), inhibited the nuclear translocation of NF-κB (B), on AKT 
expression levels (C)in the microglial cells induced by LPS. Microglial cells (5×105 cells/mL) were cultivated and disposed by HJE or luteolin in 
advance and then stimulated with LPS lasting thirty minutes. The protein expression degrees of cell signaling kinases along with activated NF-κB 
from nuclear extract and AKT were discovered through western blot assays and the analysis of band densities was conducted with the assistance 
of ImageJ analysis software and normalized to β-actin and Lamin b degrees. Error bars represent the means ±SD; ###P < .001 versus control team; 
**P < .01, and ***P < .001 versus only LPS team. Outcomes from three researches of independence are symbolic.

Figure 5. HJE and luteolin control the MAPK signal pathways activation in microglial activation induced by LPS. 5×105 cells/mL of microglial 
cells were cultivated and disposed by HJE or luteolin (A) in advance and then stimulated with LPS lasting thirty minutes. The protein expression 
degrees of cell signaling kinases were discovered through western blot assays and the analysis of band densities was conducted with the assistance 
of ImageJ analysis software and normalized to the β-actin levels (B-D). Error bars represent the means ±SD; ###P < .001 versus control team; 
**P < .01, and ***P < .001 vs. only LPS group. Outcomes are representative of three independent experiments.
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TNF-α, together with IL-6 (Figure 3). The associated molecular 
mechanism through which HJE and luteolin influences microglial 
cells will be investigated in follow-up research.

3.4 Effect of HJE and luteolin on the Nrf2/HO-1 signaling 
pathway in stimulated microglial cells

Nrf2 as an antioxidant transcription element that fixes to gene 
promoters ARE, can regulate various endogenous cytoprotective 
genes, including encoding anti-inflammatory proteins (Ali et al., 
2018). It is revealed that Nrf2 signaling pathway had the close 
relationship with neurodegenerative sickness (Buendia et al., 
2016). Nrf2 pathway is of great value in therapeutic goal for 
neuroprotection (Johnson & Johnson, 2015). If Nrf2 inducers 
activate Nrf2/ARE pathway, Nrf2 translocates to the nucleus and 
leads to its downstream goal genes like HO-1 in the end (Zhang, 
2006). It is found that HO-1 also had the wide expression in 
inflammatory sickness. HO-1 restrains the heme in hemoglobin 
into CO, iron, and biliverdin. While biliverdin could be changed 
to bilirubin, which supposed to be an endogenous antioxidant 
(Ryter et al., 2006). Here, Nrf2 was increased in the cytosols and 
nucleus of HJE and luteolin-treated LPS-stimulated microglia 
cells (Figure 6A, 6B). Meanwhile, HJE and luteolin improved 
HO-1 expression in LPS-stimulated microglial cells (Figure 6C).

The Nrf2 signaling pathway was supposed to be essential in 
restraining neuroinflammation (Okorji et al., 2016). Nrf2 along 
with NF-κB signaling pathways mediate adverse cellular 
processes, resulting in either cytoprotective or pathological effects 
(Loboda et al., 2016). Furthermore, it was demonstrated that 
Nrf2 adjusts the anti-neuroinflammatory movement through 
directly inhibiting the NF-κB signaling pathway (Okorji et al., 
2016). Inflammation-induced activation of BV2 cells has been 
shown to take place mainly via LPS-induced stimulation which in 
turn interacts with the NF-κB and Nrf2/HO-1 signaling pathways 
(Ding et al., 2016; Koh et al., 2011). It has been revealed that Nrf2/ 
HO-1 signaling pathway activation has a restrained influence 

on the NF-κB pathway, while activation of above –mentioned 
two pathways is restrained to each other (Wang et al., 2018a). 
It was known that Nrf2 knockdown prompts NF-κB and IKKβ 
phosphorylation in LPS-stimulated BV2 cells, inducing improved 
degrees of IL-1β, TNF-α, and COX2 (Gozzelino et al., 2010). 
In addition, silencing of the Nrf2 gene is able to enhance the 
DNA-binding ability of NF-κB and provoke NF-κB signaling 
pathway, thereby leading to oxidative and inflammatory replies 
in LPS-stimulated BV2 cells (Wang et al., 2018b). Our findings 
suggested that HJE and luteolin promotes Nrf2 by inhibiting 
NF-κB phosphorylation. Furthermore, LPS-induced activation 
of microglial cells mainly involved the NF-κB along with Nrf2/
HO-1 signaling pathways, while Nrf2/HO-1 signaling pathway 
activation influenced restrainedly on the NF-κB signaling pathway. 
Our data suggest that these two pathways restrain to each other; 
however, whether the NF-κB along with Nrf2/HO-1 pathways 
play mutually restrictive roles in mediating the inflammatory 
replies of LPS-stimulated microglia warrants discovery in depth.

Furthermore, ERK1/2 was shown to mediate Nrf2 stability 
and subsequently activate HO-1 transcription. Moreover, 
it was indicated that the p38 MAPK movement negatively 
regulates Nrf2 stability and positively regulate HO-1 expression, 
manifesting that the p38MAPK and ERK1/2 seem to aim 
Nrf2/HO-1 signaling pathway through various locations 
(Qiu et al., 2020). At the same time, MAPKs have been involved 
in Nrf2 phosphorylation, allowing its translocation from 
cytoplasm to nucleus (Sun  et  al., 2009). In addition, it has 
shown that protein kinases involved in the phosphorylation 
and nuclear accumulation of Nrf2 include mitogen-activated 
PI3K/Akt and protein kinase (MAPKs) (Joshi & Johnson, 2012; 
Bryan et al., 2013). Our study suggest that the inflammatory 
responses of microglia are closely related to the Nrf2/HO-1, 
MAPK, along with AKT signaling pathways; however, we 
need to study of if MAPK pathway’s leading role existed in 
LPS-stimulated SIM A9 microglia inflammatory response.

Figure 6. HJE and luteolin regulate the activation of Nrf2 signal pathways (A), increased the nuclear translocation of Nrf2 (B), and HO-1 
expression levels (C) in the microglial activation induced via LPS. Microglial cells (5 × 105 cells/mL) were cultivated and disposed by HJE or 
luteolin in advance for 1 hour and subsequently stimulated through LPS for half an hour. The levels of protein expression of Nrf2 in the cytosol, 
nuclear extract and HO-1 expression levels were discovered through western blot assay and the analysis of band densities was conducted with 
the assistance of ImageJ analysis software, with respect to β-actin and Lamin b. Outcomes stand for mean ±SD. ##P < .01, and ###P < .001 versus 
the control team. **P < .01, and ***P < .001 versus only LPS group. Outcomes from three researches of independence are symbolic.
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4 Conclusions
In conclusion, HJE and luteolin attenuated LPS-induced IL-1β, 

IL-6, TNF-α, PGE2/COX2, along with NO /iNOS generation in 
SIM A9 microglial cells, which was associated with NF-κB and 
MAPK signaling pathway restrain, as well as Nrf2/HO-1 pathway 
activation. These outcomes suggesting that HJE and luteolin 
might represent a potential template for the development of 
neurological disease drugs. Nevertheless, studies investigating 
the mechanism underlying the anti-inflammatory effect of HJE 
and luteolin on the corresponding anti-neuroinflammatory 
effects in vivo experimental are also required.
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