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ABSTRACT
The purpose of this study was to explore the anti-inflammatory
mechanism of walnut peptide LPF in the LPS-induced RAW264.7
cells model. The walnut peptide LPF down-regulated the
phagocytic ability and the production of nitric oxide (NO)
induced by LPS-stimulated RAW264.7. Molecular docking analysis
showed that the walnut peptide LPF can bind into the active
pocket of inducible nitric oxide synthase (iNOS) with high affinity.
Further, the mRNA expression of inducible nitric oxide synthase
(iNOS), cyclooxygenase-2 (COX-2), and tumour necrosis factor-α
(TNF-α) were suppressed by the walnut peptide LPF intervention.
Later, we validated the under-expression of INOS protein by
western blot. The decreased mRNA expression of IκB-α
demonstrated the anti-inflammatory effects of the walnut peptide
LPF were related to the regulation of the NF-κB signalling
pathway. Our results suggest that the walnut peptide LPF has the
potential to be developed as a functional food ingredient against
inflammation.
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1. Introduction

Inflammation constitutes the intercellular signal cascade. It constitutes the immune
defense against harmful microbial invasion and speeds up tissue repair after damage
(Leuti et al., 2020). The activation of pattern recognition receptors on immune cells
and damage-associated receptor signalling induces massive leukocytes to these aberrant
sites. But a prolonged, uncontrolled inflammation state can cause irreversible tissue inju-
ries, chronic inflammatory diseases like rheumatoid diseases, cardiovascular diseases,
bowel diseases, and cancer (Alfaddagh et al., 2020). Diet intervention has shown under-
lying properties to prevent inflammation, the addition of functional food constituents in
the diet has been shown improvement in chronic diseases. For example, round scad pep-
tides showed neuroprotective effects on PC12 cells irrigated by glutamate which may be
through the interaction with Kelch-like ECH-associated protein-1 (Keap1) (Zhang et al.,
2020). The novel anti-inflammatory peptides GPETAFLR from lupine protein hydroly-
sate conducted a remarkable reduction of TNF, IL-1β, and CCL2 in THP-1-derived
macrophages, meanwhile, it also increased the expression of IL-10, which contributed
to the prevention of chronic inflammation. To conclude, the mining and development
of novel natural food compounds is a new anti-inflammatory treatment strategy (Busi-
naro et al., 2021; Kim et al., 2021).

Walnut has always occupied an important position in the functional food market due
to its high nutritional and functional properties. Multiple functions of walnut such as
anticancer, anti-inflammation, antioxidant activity, and several pharmacological activi-
ties like brain and cardiovascular protection, diabetes treatment were reported by
many kinds of literature (Ni et al., 2021). Walnut protein as one of the main ingredients
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in a defatted walnut meal comprised approximately 14.6% of the total mass, is usually
used as feed due to inadequate solubility and functional insufficiency (Feng et al.,
2019). The by-products with high protein content could be a good source of bioactive
peptides. Recently, increasing numbers of bioactive peptides identified from walnut
protein have received focus (Lv et al., 2017). Moreover, some researchers reported that
walnut peptides could improve oxidative stress, decrease the neuroinflammation
caused by excessive pro-inflammatory factors such as neurodegenerative disorder
(Daroit & Brandelli, 2021; Wang et al., 2018). Defatted walnut meal hydrolysates pro-
tected PC12 cells from H2O2-induced oxidative damage and improve memory disturb-
ance in mice (Chen et al., 2015). Walnut peptide EVSGPGLSPN could alleviate the
neuroinflammation induced by H2O2 via enhancing antioxidant enzyme activity and
suppressing the overactivation of NF-κB and Caspase (Liu et al., 2019).

Mutual crosstalk between peripheral immunity and central neuroinflammation was
being found recently. LPS-induced macrophages stimulated the inflammatory response
of BV-2 microglia which indicated that peripheral inflammation mediated by macro-
phages could accelerate the onset of neuroinflammation (Pan et al., 2016). Similarly,
inflammatory microglial can recruit peripheral innate immune cells by secreting
various chemokines. The complex interactions between these innate immunity cells in
the two zones exacerbate the injury of the central nervous system. Therefore, reduction
of signalling transmission between the peripheral and central immune systems is an
effective strategy for the remission of neurodegenerative diseases. Although the walnut
peptide has significant potential in the field of prevention of neuroinflammation, only
few reports based on the immunoregulatory effect of walnut peptides on peripheral
innate immunity are available. The present study is based on LPF, a low molecular
weight peptide, isolated from walnut protein hydrolysates; the low-molecular-weight
fraction of walnut protein hydrolysate attenuated the memory impairment through redu-
cing the neuroinflammation and oxidative stress in brain tissue induced by intraperito-
neal injection of LPS; after purification and molecular characterization, a total of 18
peptides were identified from the low-molecular-weight fraction of walnut protein
hydrolysate, the LPF showed the strong inhibitory effects on proinflammatory mediators
by downregulating related enzyme expressions and mRNA expressions in LPS-induced
BV-2 microglial cells model (Wang et al., 2020). To further clarify the role of walnut
peptide LPF in moderation of peripheral inflammatory innate immune cells, we used
the RAW264.7 macrophages as an in vitromodel to explore the anti-inflammatory prop-
erties of LPF. In our research, we investigated the effects of LPF on the phagocytic ability,
the change in mRNA relative expression of pro-inflammatory factors such as INOS,
COX-2, TNF-α, and IκB-α, the levels of pro-inflammatory factors (IFN-γ, TNF-α, and
IL-6) in LPS-induced RAW264.7 cells, and explored the potential mechanisms of LPF
as an inhibitor of NO production.

2. Materials and methods

2.1. Materials and reagents

RAW264.7 mouse macrophage cells were obtained originally from the American type
culture collection (ATCC). The peptide was synthesized by Sangon Biotech Co., Ltd.
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(Shanghai, China) at >95% purity. Dulbecco’s modified Eagle’s medium (DMEM) and
fetal bovine serum (FBS) were purchased from Gibco Co. (MD, US). Mouse tumour
necrosis factor-α (TNF-α), interleukin-6 (IL-6), and interferon γ (IFN-γ) enzyme-
linked immunosorbent assay (ELISA) kits were obtained from ThermoFisher Scientific
(Waltham, MA, USA). Lipopolysaccharides (LPS, from Escherichia coli O55: B5) and
CCK-8 kit were acquired from Sigma (St. Louis, MO, USA). Terminal deoxynucleotidyl
transferase dUTP nick end labelling (TUNEL) Apoptosis Detection Kit, Cell Cycle and
Apoptosis Analysis Kit were purchased from Yeasen Biotech Co., Ltd. (Shanghai,
China). Primary antibodies against iNOS and β-actin were acquired from Abcam
(Shanghai, China).

2.2. Cell culture

RAW264.7 cells were cultured in DMEM medium (containing 10% FBS) at 37°C. The
cells were cultured in a 5% (v/v) CO2 incubator and digested with 0.25% (w/v) trypsin
before experiment.

2.3. Determination of cell viability, apoptosis and phagocytic ability

RAW264.7 cells were performed as described as reference Yi et al. (2020). The cells were
trypsinized and reseeded in a 96-well plate adjusted to a density of 6 × 104 cells/mL. After
plating, cells were stimulated by indicated concentration of LPS (100 ng/mL) and pep-
tides (0, 250, 500, 1000 μg/mL) for 24 h or 48 h culture. PBS was used in the control
group. The cell viability assay was performed using a CCK-8 kit (Sigma, USA) following
the manufacturer’s instructions. The phagocytic ability was detected by the neutral red
uptake assay described in Wang et al. (2016). Cell apoptosis was determined using
flow cytometry by Cell Cycle and Apoptosis Analysis Kit (Yeasen, China) according to
the manufacturer’s guidance at 24 h.

2.4. Evaluation of NO

The content of NO was determined as described previously with minor modifications
(Payoungkiattikun et al., 2020). Cells were seeded in a 96-well plate (1 × 104 cells/well)
and cultured until 80% confluence. 100 ng/mL of LPS with PBS or peptide (250–
1000 µg/mL) co-incubated for 24 h or 48 h at 37 °C. Then, an equal volume of Griess
reagent was mixed with medium, and then cultured in submerged static culture for 10
min at room temperature. The outcome measurements were obtained by a microplate
reader at 540 nm.

2.5. Molecular docking

The 3D structure of INOS (PDB ID: 3E6T), downloaded from the Protein Structure
Database (Protein Data Bank, PDB) (https://www1.rcsb.org/), was pretreated by remov-
ing the duplicate chain, water, and ligands, adding polar hydrogen atoms and computing
gasteiger charges using AutoDock Tools software (ADT, version 1.5.6) (Morris et al.,
2009). The 3D structure of walnut peptide LPF as the ligand was built and optimized
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by the GAFF force field using Avogadro (Hanwell et al., 2012). Before the docking analy-
sis, the LPF was performed the same preprocessing including the addition of polar hydro-
gen atoms and computation of gasteiger charges, and then the roots and the rotatable
bonds were automatically defined in AutoDock Tools software. The coordination of
co-crystallized inhibitor (ligand: 1A2) was chosen as the centre of grid box (X: 123.56,
Y: 114.68, Z: 35.75), the docking search area was set at 20 Å with a grid resolution of
1.00 size. Autodock Vina was used to searching the best binding sites (Trott & Olson,
2009). The best-docked conformation of ligand was chosen and visualized using
PYMOL version 1.8.2.2 and Discovery Studio 2016.

2.6. RT-qPCR analysis

RAW264.7 cells were seeded in a 24-well culture plate overnight. LPS (100 ng/mL) was
added for an additional 24 h after 2 h of different concentrations of peptides (0, 250, 500,
1000 μg/mL) treated. Total RNA of samples was extracted using the E.Z.N.A.® Total RNA
Kit II (Omega Bio-Tek, USA). The reverse transcription of RNA to cDNA was performed
using the HiScript® II qRT Super kit (Vazyme Biotech, USA). The SYBR Green I kit
(Vazyme Biotech, USA) with the Light Cycler® 480 II system (Roche, USA) was per-
formed to the real-time quantitative PCR analysis. The reaction mixture was prepared
for PCR at 95°C for 30 s, then performed to 40 cycles of denaturation at 95°C for 10 s,
annealing and extension at 60°C for 30 s. The expression of GAPDH was served as the
internal standard for calibration. The qPCR primers are listed in Table 1. 2−△△CT
method was calculated the relevant changes of mRNA expression.

2.7. Western blot analyses

RAW264.7 cells were cultured as indicated above. The total protein content of the cell
lysis buffer was measured by the BCA protein assay kit. Samples were subjected to
15% SDS-PAGE, and then transferred to polyvinylidene fluoride membranes (PVDF)
after. PVDF was incubated at 4°C with primary antibody overnight before blockage,
and then placed with alkaline phosphatase-conjugated secondary antibodies at room
temperature. The relative expression of protein was normalized by β-actin via Image J
applicant.

Table 1. The qPCR primers.
Gene FP RP Reference

iNOS GTGTTCCACCAGGAGATGTTG CTCCTGCCCACTGAGTTCCGTTC http://www.rsc.org/suppdata/c9/nr/
c9nr03060c/c9nr03060c1.pdf

COX-2 TGAGCAACTATTCCAAACCAGC GCACGTAGTCTTCGATCACTATC https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC3419084/

TNF-α GCCCACGTCGTAGCAAACCAC GCAGGGGCTCTTGACGGCAG https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5413058/table/pone.
0176823.t003/

IκBα TGAAGGACGAGGAGTACGAGC TTCGTGGATGATTGCCAAGTG https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC3419084/table/T1/

Cyclin
D1

GCCCTCCGTGTCTTACTTCA CTCTTCGCACTTCTGCTCCT https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4423449/
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2.8. Measurement of pro-inflammatory factors

RAW264.7 cells were cultured following the method described by Sui et al. (2020). In
short, RAW264.7 cells were plated in a 24-well culture plate and performed 12 h of incu-
bation for adherence. Then, peptides LPF (1000 µg/mL) were added. 2 h after peptides
addition, 100 ng/mL LPS was added for 24 h. The pro-inflammatory factors (IFN-γ,
TNF-α, IL-6) were measured by ELISA kits.

2.9. Statistical analysis

Statistical analysis was performed with SPSS 19.0. Data are shown as means ± standard
deviation. Multiple comparison tests were performed using one-way analysis of variance
(ANOVA), significant differences (p < 0.05) between groups were evaluated by Student t-
test.

3. Results

3.1. Effect of LPF on cell viability, apoptosis and phagocytic ability of
macrophages

As shown in Figure 1A, the effects of walnut peptide LPF on the viability of RAW264.7
macrophages induced by LPS were determined based on the CCK-8 method. Cell viabi-
lity did not significantly affect by LPS at 24 or 48 h, and there were no significant changes
in walnut peptides treatment. The apoptotic rates were largely enhanced in LPS-treated
RAW264.7 cells, but the walnut peptide LPF had no effects on preventing apoptosis at
24 h (Figure 1B). The results of phagocytic ability were observed in Figure 1C. LPS
increased significantly the phagocytic ability of RAW264.7 cells after 48 h compared
with control. For the treatment groups, 250 and 500 μg/mL of peptides inhibited the
enhanced phagocytic activities by nearly 37.38% and 36.19%, respectively. Additionally,
we determined the gene expression of Cyclin D1 to observe the potential influences of
walnut peptide LPF on the cell cycle. As evident from Figure 1D, the 500 and 1000 μg/
mL of walnut peptide LPF significantly suppressed the increased expression of Cyclin
D1 induced by LPS, the rates of inhibition were 29.87% and 37.89%, respectively.

3.2. Effects of walnut peptide LPF on the production of NO

The influences of LPS and walnut peptide LPF on the content of NO were showed in
Figure 2, the level of NO in the LPS treated group was upregulated nearly 2-fold at
24 h, but no significant changes after walnut peptide LPF treatment was observed. At
48 h, the LPS treated group still exhibited a higher expression level than the PBS
group (p < 0.001), while walnut peptide LPF treated groups all showed significant down-
regulation of NO (24.94%, 23.4%, and 20.73%, respectively). To investigate the mechan-
ism of walnut peptides affecting the production of NO, we further performed the
molecular docking analysis and determined the mRNA levels of iNOS in LPS-induced
RAW264.7 cells.
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Figure 1. Effects on cell viability (A), apoptosis (B), phagocytic ability (C) and mRNA expression of
Cyclin D1 (D) in RAW264.7 cells. Results of cell viability and phagocytic ability were expressed as a
percentage of the respective control. The results were expressed as the mean ±SD. * indicated p <
0.05; *** indicated p < 0.001 compared with the control group; # indicated p < 0.05, ## indicated p
< 0.01; NS indicated no significant changes compared with the LPS group. Uppercase letters indicated
differences for 24 h; lowercase letters denoted differences for 48 h (p < 0.05).

Figure 2. NO production in LPS-induced RAW264.7 cells at 24 and 48 h of treatment with walnut pep-
tides. The results were expressed as the mean ±SD. *** indicated p < 0.001 compared with control
group; # indicated p < 0.05; ## indicated p < 0.01 compared with LPS group.
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3.3. Molecular docking analysis

Based on the inhibitory ability of NO, we speculated walnut peptide LPF might be a
potential iNOS inhibitor. The interactions between walnut peptide LPF and the INOS
were shown in Figure 3. The main interactions included van der Waals, conventional
hydrogen bond, and pi-alkyl. Figure 3B showed that two hydrogen bond interactions
between the key active sites of INOS including Leu and Asp-376, Phe, and Glu-257; at
the same time, Phe also formed a pi-pi stacked bond to the cofactor HEM, which
plays a pivotal role in the electron transport chain. Other bonds such as pi-alkyl and
alkyl were shown in Figure 3C, these simulation results firmed our speculation that
the walnut peptide LPF would be a strong inhibitor of NO.

3.4. Effects of walnut peptide LPF on expression changes of pro-inflammatory
and NF-κB signalling factors in LPS-induced RAW264.7 cells

We assayed the expression of pro-inflammatory factors associated with LPS-stimulation.
As shown in Figure 4A and 4C, the mRNA and protein expression of iNOS in the LPS

Figure 3. The 3D molecular interactions of the walnut peptide LPF into the active sites of INOS (A). 3D
models of the interactions generated by PYMOL in INOS active sites (B), only hydrogen-bonding and
pi-pi stacked were labelled by green and pink dashes. The 2D molecular interactions of the walnut
peptide LPF with INOS generated by Discovery Studio Client 2016 (C).
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treated group was upregulated significantly compared with the control, and the 1000 μg/
mL of walnut peptide LPF showed the highest inhibitory rate in mRNA expression of
iNOS (p < 0.01). Likewise, the 1000 μg/mL of walnut peptides LPF significantly sup-
pressed the increment of COX-2 (Figure 4B), with the inhibitory rate of 30.68%. The
mRNA expression of TNF-α and IκB-α were measured by RT-qPCR, as indicated in

Figure 4. Effects of walnut peptide LPF on iNOS (A), COX-2 (B) encoding gene mRNA expression,
protein expression of iNOS (C), mRNA relative expression of TNF-α (D) and IκB-α (E) in LPS-induced
RAW264.7 cells. The results were expressed as the mean ±SD. ** indicated p < 0.01 compared with
control group; # p < 0.05, ## p < 0.01; N.S., no significance compared with LPS group.
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Figure 4D and 4E, the 1000 μg/mL of peptide LPF demonstrated the highest inhibitory
activity, the inhibitory percents were 39.38% and 38.32%, respectively. IκB-α is a direct
indicator of NF-κB signalling activation, it can be inferred that walnut peptide LPF
downregulated the mRNA expression of pro-inflammatory factors by inhibiting
upstream NF-κB signalling pathways.

3.5. Influences of the production of IFN-γ, TNF-α and IL-6 in LPS-induced
RAW264.7 cells

According to the results of expression of pro-inflammatory genes, the 1000 μg/mL treat-
ment group showed the best anti-inflammatory activity. Therefore, the concentration
was chosen to perform the ELISA experiments. Figure 5A showed that the walnut
peptide LPF significantly reduced the level of IFN-γ compared with the LPS treatment
group, the inhibitory rate was 12.73%. while the levels of TNF-α and IL-6 were remark-
ably elevated compared with the LPS group (Figure 5B and 5C), which displayed pro-
inflammatory phenotypes. The level change of TNF-α was against gene expression, it
might indicate the presence of post-transcriptional regulation of it.

Figure 5. The effects of walnut peptide LPF on IFN-γ (A), TNF-α (B), IL-6 (C) level in LPS-induced
RAW264.7. The results were expressed as the mean ±SD. * indicated p < 0.05; ** indicated p < 0.01
compared with LPS group.
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4. Discussion

Walnuts as a functional food have attracted much attention in health-promotion,
walnut-enriched diet can reduce the level of inflammatory factors in vivo (Atanasov
et al., 2018). Bioactive peptides from walnut protein have become a focus of functional
gradient research. Bioactive peptides are usually consisting of 2–20 amino acids, existing
in protein, with low cost, high efficiency, absorbability, and nontoxicity (Ulug et al.,
2021). Short peptides derived from walnut showed various bioactivity, especially the pro-
tection of neuroinflammation along with oxidative stress. The tripeptide LPF displayed
strong anti-neuroinflammatory effects (Wang et al., 2020). The tripeptide was composed
of three hydrophobic amino acids, high hydrophobicity benefited for the peptide to cross
the cellular membrane (Vo et al., 2013). As reported, Leucine can attenuate the LPS-
induced inflammatory responses in vitro and in vivo through inhibited TLR4-MyD88 sig-
nalling and upregulated the expression of IL-10 (Giri et al., 2016). Additionally, the
proline-rich polypeptide manifests anti-inflammatory activity through the inhibition of
NF-κB activation (Zabłocka et al., 2010). Thus, the amino acid composition of peptides
might be critical for the anti-inflammatory property. Macrophages could be activated by
LPS to increase phagocytic potential (Markov et al., 2020). As shown in Figure 1C, LPF
suppressed the increment of phagocytic ability caused by LPS. Cyclins are the key pro-
teins involved in cell cycle progression, Cyclin D1 is responsible for G1/S phase transition
(Pawlonka et al., 2021). Our results showed that the 500 and 1000 μg/mL of peptide LPF
down-regulated the Cyclin D1 mRNA expression (Figure 1D). Therefore, the LPF might
inhibit the excessive cell proliferation stimulated by LPS, thus influence the proliferation
and differentiation of macrophages.

NO is an important inflammation mediator produced by inducible nitric oxide
synthase (iNOS). iNOS, mainly mediated by the NF-κB signalling pathway, is usually
inactive at a steady-state and activated to synthesize NO when macrophages are stimu-
lated by TNF-α, LPS, and IL-1β (Wen et al., 2016). A long-term high level of NO has been
confirmed to cause endotoxemia and severe inflammation (Moon et al., 2019). To inhibit
LPS-induced NO generation is one of the main strategies to attenuate the inflammation.
Computer-aided molecular docking has been widely used to study the interactions
between natural production and inflammatory mediator. The walnut peptide LPF
resulted in a significant decrease in the level of NO at 48 h (Figure 2). The docking
results showed the LPF firmed strong interactions with INOS protein (Figure 3). The
residue Arg-375 is a key amino acid to regulate H4B which contributes to electron trans-
fer and stability of dimer (Cinelli et al., 2020). Cofactor heme (HEM 901) is the catalytic
centre that oxidizes L-arginine to L-citrulline, it also serves as an anchor and plays a key
role in the electron transfer chain (Bignon et al., 2019). Additionally, it has been reported
that Arg-260 and Gln-257 were the targeted residues of novel NO inhibitors (Wang et al.,
2017). In our results, the LPF could fit in the active pocket, and firm stable molecular
bonds with these critical residues and heme, thus it has the potential to be a NO inhibitor.

The level of pro-inflammatory factors was regulated by multiple signalling pathways.
Rodgersia podophylla leaves extracts decreased the pro-inflammatory mediators NO and
iNOS via degradation of IκB-α and nuclear accumulation of p65 (Kim et al., 2020). NF-
κB is a key signalling pathway to respond the external stimulation, it is involved in cell
proliferation, apoptosis, inflammation, and diverse cellular activities. NF-κB is activated
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when LPS specially binds to TLR4 (Q. Zhang et al., 2017). IκB-α is one of the inhibitors of
κB assembled from three members, IκB kinase β (IKKβ) is phosphorylated and activated
in classical pathway, subsequently phosphorylates IκB-α and contributes to IκB-α-p50-
p65 polymer breakage and p50/p65 subunits nuclear translocation (Zinatizadeh et al.,
2021). After that, IκB-α was quickly expressed to form a negative feedback loop,
making it to be an ideal indicator for NF-κB signalling activation. In the present
study, the 500 and 1000 μg/mL of LPF treatment groups significantly reduced the
mRNA expressions of IκB-α in LPS-induced RAW264.7 cells (Figure 4E). Similar
results were reported in other food-derived peptides (Ren et al., 2018; Yi et al., 2020).
Cyclooxygenase enzymes-2 (COX-2) is an essential rate-limiting enzyme involved in cat-
alyzing the biosynthesis of pro-inflammatory factor prostaglandin E2 (PGE2) from ara-
chidonic acid (Xue et al., 2020). In this study, the mRNA expressions of INOS, COX-2,
TNF-α, and the protein content of INOS were down-regulated in LPF treatment groups
(Figure 4A-4D). These changes in pro-inflammatory factors might be linked to the
decrease in mRNA expressions of IκB-α.

IFN-γ is also regulated by the NF-κB signalling pathway in macrophages and is impor-
tant in macrophage activation, pro-inflammatory, the resistance of pathogens, promoting
T cells differentiate to Th1 cells, and antitumour (Guo et al., 2021). It can differentiate
unactivated macrophages into classically activated pro-inflammatory macrophages
(Type M1). In the present research, the content of IFN-γ induced by LPS was signifi-
cantly decreased by treating with the 1000 μg/mL of walnut peptide LPF (Figure 5A).
It demonstrated that the walnut peptide LPF probably played protective effects against
inflammation via preventing polarization of M1 type macrophages, subsequently, inhib-
ited excessive Th1-type immune response. Based on the results, further exploration was
needed to explain the phenomenon. TNF-α is the acute inflammatory factor causing sys-
tematic inflammatory. The present results demonstrated that the mRNA level of TNF-α
was reduced in the 1000 μg/mL of walnut peptide LPF treatment group (Figure 4D), we
speculated that the peptide LPF exerted the anti-inflammatory effects by inhibiting acti-
vation of NF-κB signalling pathway. However, the opposite results were noted for the
cytokine production, the level of TNF-α and IL-6 was significantly higher in the treat-
ment group than in the LPS group (Figure 5B, C). The changes in protein content are
determined by mRNA concentration, translation efficiency, and degradation of the exist-
ing protein, there is not a linear relationship between the mRNA content and protein (de
Sousa Abreu et al., 2009). Lahtvee et al. (2017) quantified protein and mRNA abundances
to demonstrate the discrepancy of translation efficiency is exist in eukaryotic cell Sac-
charomyces cerevisiae. The mature progress of proteins also needs complicated post-
translational modification, it can affect the consistency between the tendency of
mRNA and protein. Besides, the changes of mRNA and protein may have different
time windows. For the assays of iNOS and NO, there was no obvious effect on the
content of NO at 24 h, even though the mRNA expression of iNOS was suppressed
(Figure 2). Moreover, TNF-α and IL-6 were regulated by NF-κB, nuclear factor of T
cell (NEAT), activation protein-1 (AP-1) signalling pathways, the complex signal trans-
duction and different delivery velocity of pathways also lead to the results (Kaur et al.,
2020; Mahdavi Sharif et al., 2020).

The above results demonstrated that the walnut peptide LPF exerted the anti-inflam-
matory effects through regulation of the inflammatory signalling pathway and inhibition
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of cytokines level in LPS-induced RAW264.7 cells. Whereas, the in vitro model cannot
mock the complex disease state due to the lack of signalling substances present in
inflamed tissue such as protein, lipid, and lipoproteins. Due to this, further animal exper-
iments were required to validate and investigate the detailed anti-inflammatory mechan-
ism of walnut peptide LPF.

5. Conclusions

The research investigated the anti-inflammatory effects and mechanisms of walnut
peptide LPF in the LPS-irritated RAW264.7 cells. The walnut peptide LPF regulated
the phagocytic ability and the mRNA expression of Cyclin D1 in LPS-induced
RAW264.7 cells. Molecular docking results showed that the LPF can effectively bind to
active sits of INOS. Moreover, the walnut peptide LPF down-regulated the mRNA
expression of inflammatory mediators (such as INOS, COX-2, and TNF-α) and the
level of IFN-γ via inhibition of the NF-κB signalling pathway. Of all treatment groups,
the 1000 µg/mL of walnut peptide LPF showed the best inhibitory activity. In conclusion,
our finding indicated that the walnut peptide LPF could be applied in functional food
ingredients in health promotion to regulate inflammation-associated diseases.
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