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Abstract. Inflammation reaction plays an important role in the 
pathogenesis of ankle fracture. The aim of the present study 
was to investigate the effect of RvD1 on the inflammatory 
response and underlying molecular mechanisms in MG‑63 
cells. Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR) and ELISA were used to determine the 
mRNA and protein expression of cytokines extracted from 
peripheral blood in children with or without ankle fracture, 
respectively. MG‑63 cells were pre‑treated with/without RvD1 
and stimulated with 1 µg/ml LPS. The cell viability was detected 
by MTT assay. The production of cytokines from MG‑63 cells 
was assessed by RT‑qPCR and western blot, respectively. 
The expression of p‑p38, NF‑κB (p50) and cyclooxygenase‑2 
(COX‑2) mRNA and protein were detected by western 
blot and/or RT‑qPCR. The levels of NLRP3, associated 
recruitment domain (ASC), cleaved caspase1, caspase‑1 were 
measured by RT‑qPCR and/or western blot. The levels of 
interleukin (IL)‑1β, IL‑6 and tumor necrosis factor (TNF‑α) 
mRNA and protein were up‑regulated in children with ankle 
fracture compared with healthy children. RvD1 treatment did 
not induce cytotoxicity in MG‑63 cells, but it can inhibit LPS 
induced MG‑63 cell proliferation inhibition. RvD1 was able to 
dose‑dependently reverse LPS induced up‑regulation of TNF‑α, 
IL-1β, IL‑6 mRNA and protein expression. Furthermore, 
the LPS induced up‑regulation of p‑p38, NF‑κB (p50), and 
NLRP3, ASC, cleaved caspase‑1/caspase‑1, and COX‑2 was 
dose‑dependently reversed by RvD1. In conclusion, The 
present study demonstrated that RvD1 inhibited inflammation 
though inhibiting MAPKp38/NF‑κB pathway and NLRP3 

inflammasome expression in MG‑63 cells, indicating that it 
may be an effective drug for the treatment of ankle fracture.

Introduction

Fracture is a very common bone injury. The incidence of frac-
tures in the hands, forearm and feet of children is high, especially 
in the ankles, and the global accident rate is 187 out of every 
100,000 people. However, there are differences in the incidence 
of fractures in different countries with different genders and 
ages (1‑3). Childhood is the most vigorous and active stage of 
growth and development in a person's life. The growth and 
development of the skeletal system is significantly different from 
adults in terms of tissue anatomy, mechanical properties, injury 
and healing characteristics. At the same time, due to children's 
imperfect development of the nervous system, low tolerance, 
a strong reaction after fracture, manifested as anxiety, crying, 
kicking, etc., can lead to an extension of the range of fracture 
damage. Therefore, high‑quality care for fractures is especially 
important. Nursing staff should be familiar with the above 
characteristics, combined with nursing professional skills and 
clinical experience, in order to take corresponding measures in 
the nursing work to prevent various complications and promote 
fracture healing. Owing to the special nature of children's bones, 
delay and/or improper treatment of ankle fractures in children 
may result in skeletal deformities and disability (4). The balance 
between the activity of osteoblasts and osteoclasts promotes 
bone formation, and the healing of fracture requires large 
amounts of osteoblasts (5). There is increasing evidence indi-
cated that inflammation reaction plays an important role in the 
pathogenesis of ankle fracture. It has been reported that there is a 
link between osteoclasts and inflammatory cytokines, including 
a large number of TNF‑α and IL‑1β produced after fracture (6).

Resolvins (RVs) are a class of anti‑inflammatory bioactive 
small molecules derived from ω‑PUFA docosahexaenoic acid 
(DHA) under natural condition (7). Resolvin D1 (RvD1) is one 
of the most widely and intensively studied RVs with potent 
anti‑inflammatory and erythropoietic activity (7,8). It has 
significant efficacy in the treatment of inflammation‑related 
diseases. Pattern Recognition Receptors (PRRs) belong to the 
innate immune system and are responsible for identifying the 
pathogen‑associated molecular pattern (PAMP) of pathogenic 
microorganisms, and then activating innate and adaptive 
immune responses (9). NLRP3 inflammasome is involved 
in the development of chronic inflammatory responses, 

Anti‑inflammatory effect of Resolvin D1 
on LPS‑treated MG‑63 cells

DAN CAO*,  JING PI*,  YIHONG SHAN*,  YUPING TANG  and  PING ZHOU

Department of Orthopedics, Children's Hospital of Nanjing Medical University, Nanjing, Jiangsu 210009, P.R. China

Received April 27, 2018;  Accepted August 30, 2018

DOI:  10.3892/etm.2018.6721

Correspondence to: Dr Yuping Tang or Dr Ping Zhou, Department 
of Orthopedics, Children's Hospital of Nanjing Medical University, 
8 Jiangdong South Road, Nanjing, Jiangsu 210009, P.R. China
E‑mail: tangyp2017@163.com
E‑mail: zhouping04201@163.com

*Contributed equally

Key words: Resolvin D1, ankle fracture, NF‑κB, p‑p38, NLRP3 
inflammasome



CAO et al:  RvD1 PROTECTS ANKLE FRACTURE IN CHILDREN4284

which consists of NLRP3, ASC, and caspase‑1 (10). Nuclear 
factor‑κB (NF‑κB), a significant therapeutic target for the 
control of inflammatory processes. RvD1 has been reported 
to inhibit NF‑κB signaling pathway and cytokines to protect 
against ischemia‑reperfusion kidney injury (11). Furthermore, 
RvD1 has been reported to inhibit NLRP3 inflammasome and 
NF‑κB signaling pathway in STZ‑induced diabetic retinopathy 
rats (12). However, the anti‑inflammatory role of RvD1 in 
ankle fracture has not been clarified.

Therefore, the present study investigated the effects of 
RvD1on inflammatory response using MG‑63 cells stimulated 
with LPS as an inflammatory process model. The findings of 
current study demonstrated that RvD1 reduced the expres-
sion of inflammatory cytokines (IL‑1β, IL‑6 and TNF‑α) in 
lipopolysaccharide (LPS)‑induced MG‑63 cells. Moreover, 
RvD1 down‑regulated the expression of p‑p38, NF‑κB (p50) 
and NLRP3 inflammasome in MG‑63 cells treated with LPS. 
Therefore, the function of RvD1 may be a new direction for the 
treatment of ankle fractures.

Materials and methods

Reagents. LPS (Escherichia coli, 0111:B4) was obtained from 
Sigma‑Aldrich; Merck KGaA, (Darmstadt, Germany). RvD1 
was purchased from Cayman Chemical Company, (Ann Arbor, 
MI, USA). Dulbecco's modified Eagle's medium (DMEM) 
and fetal bovine serum (FBS) were purchased from Gibco; 
Thermo Fisher Scientific, Inc., (Waltham, MA, USA). Primary 
antibodies: TNF‑α (1:1,000; cat. no. 3707), IL‑1β (1:1,000; 
cat. no. 12703), IL‑6 (1:1,000; cat. no. 12153), p‑p38 (1:1,000; 
cat. no. 1170), NF‑κB (p50) (1:1,000; cat. no. 13586), NLRP3 
(1:1,000; cat. no. 15101), ASC (1:1,000; cat. no. 67824), cleaved 
caspase‑1 (1:1,000; cat. no. 4199), caspase‑1 (1:1,000; cat. 
no. 3866), and COX‑2 (1:1,000; cat. no. 12282), β‑actin (1:5,000; 
cat. no. 4970), and the anti‑rabbit and anti‑mouse horseradish 
peroxidase‑linked secondary antibody were purchased from 
Cell Signaling Technology, Inc., (Danvers, MA, USA). IL‑1β 
(cat. no. E‑EL‑H0149c), IL‑6 (cat. no. E‑EL‑H0102c) and 
TNF‑α (cat. no. E‑EL‑H0109c) ELISA kits were purchased 
from Elabscience Biotechnology Co., Ltd, (Hubei, China).

Patients. A total of 35 peripheral blood samples (2 ml per 
individual) from 35 children with ankle fracture, as well as 
35 peripheral blood samples from 35 healthy children were 
collected at our hospital from 2016 to 2017. The average age 
of children with ankle fracture and the healthy controls were 
5.5±1.3 and 5.6±1.2 years old, respectively. Equal propor-
tion of boys and girls in both groups. Informed consent was 
obtained from the parents or guardians of all children enrolled 
and the present study, and the present study was approved 
by the Ethics Committee of Children's Hospital Affiliated to 
Nanjing Medical University.

Cell culture. The human osteoblastic osteosarcoma cell line 
MG‑63 was purchased from the American Type Culture 
Collection (cat. no. CRL‑1427; Manassas, VA, USA). MG‑63 
cells were cultured in DMEM containing 10% FBS, 0.1 mM 
nonessential amino acids, 1% penicillin/streptomycin, and 
1.0 mM sodium pyruvate (Gibco; Thermo Fisher Scientific, 
Inc.), and incubated in a humidified environment at 37˚C with 

5% CO2. For the experiments, MG‑63 cells (1x105 cells per 
well) were seeded into 6‑well plates and randomly divided 
into following six groups: 1) control group (medium only), 
2) LPS group (LPS 1 µg/ml), 3) vehicle control+ LPS (0.1% 
ethanol +LPS 1 µg/ml) 4) RvD1 50+ LPS group (RvD1 50 nM 
+ LPS 1 µg/ml), and 5) RvD1 100+ LPS group (RvD1 100 nM 
+ LPS 1 µg/ml), RvD1 200+ LPS group (RvD1 200 nM + LPS 
1 µg/ml). In RvD1 group, cells were pretreated with RvD1 (50, 
100, 200 nM) (13) 2 h prior to LPS administration.

Cell viability assay. Cell viability was tested using MTT 
according to the manufacturer's protocol. Briefly, MG‑63 cells 
(5x104 cells/well) were seeded in 24‑well plates, pretreated with 
different concentrations of RvD1 (50, 100, 200 nM) for 2 h, 
then these cells were treated with or without 1 µg/ml LPS for 
48 h, then removed the medium and incubated with 0.5 mg/ml 
MTT (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) at 
37˚C for 4 h. Then, removed the supernatant and added the 
DMSO (Sigma‑Aldrich; Merck KGaA) for a further 30 min 
at 37˚C in the dark. The absorbance at 540 nm was measured 
using Bio‑Rad absorbance reader (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA).

ELISA assay. The supernatants were collected from the periph-
eral blood of healthy controls and children with ankle fracture 
by centrifugation at 3,000 x g for 15 min at 4˚C. The levels 
of IL‑1β (cat. no. E‑EL‑H0149c), IL‑6 (cat. no. E‑EL‑H0102c) 
and TNF‑α (cat. no. E‑EL‑H0109c) in the peripheral blood of 
healthy controls and children with ankle fracture was detected 
by ELISA kits according to the manufacturer's protocol.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA from MG‑63 cells was extracted 
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) after 
24 h of incubation, according to the manufacturer's protocol. 
1 µg of total RNA was reverse‑transcribed into cDNA using 
TaqMan microRNA Reverse Transcription kit (Invitrogen; 
Thermo Fisher Scientific, Inc), following the manufacturer's 
protocol. TaqMan® Universal PCR Master Mix kit (Thermo 
Fisher Scientific, Inc.) was used to analyze the mRNA levels. 
The amplification conditions were as following: 95˚C for 
10 min, followed by 40 cycles of 95˚C for 10 sec and 60˚C for 
60 sec. The primer sequences used were as following: IL‑1β, 
forward, 5'‑TGT GAA ATG CCA CCT TTT GA‑3' and reverse, 
5'‑TGA GTG ATA CTG CCT GCC TG‑3'; IL‑6, forward, 5'‑CCG 
GAG AGG AGA CTT CAC AG‑3' and reverse, 5'‑CAG AAT TGC 
CAT TGC ACA‑3'; TNF‑α, forward, 5'‑GAA CTG GCA GAA 
GAG GCA CT‑3' and reverse, 5'‑GGT CTG GGC CAT AGA ACT 
GA‑3'; cyclooxygenase (COX)‑2, forward, 5'‑TCC ATT GAC 
CAG AGC AGA GA‑3' and reverse, 5'‑TCT GGA CGA GGT TTT 
TCC AC‑3'; GAPDH was used as internal controls, forward, 
5'‑GGC ATT GCT CTC AAT GAC AA‑3' and reverse, 5'‑TGT 
GAG GGA GAT GCT CAG TG‑3'. The 2-ΔΔCq method was used 
to quantify relative gene expression (14).

Western blot analysis. Total protein from MG‑63 cells and 
the corresponding cell culture medium was extracted using 
lysis buffer (Beijing Solarbio Science & Technology Co., Ltd., 
Beijing, China). BCA assay (Thermo Fisher Scientific, Inc.) 
was used to measure the protein concentrations. Equal amount 
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of proteins (25 µg/lane) were subjected to 10% SDS‑PAGE 
and than electro‑transferred onto PVDF membranes (EMD 
Millipore, Billerica, MA, USA). Then, the membranes were 
blocked with 5% skim milk for 1 h at room temperature, and 
subsequently incubated with primary antibodies: TNF‑α, 
IL-1β, IL‑6, p‑p38, NF‑κB (p50), NLRP3, ASC, cleaved 
caspase‑1, caspase‑1, COX‑2, and β‑actin overnight at 4˚C. 
Then the membranes were incubated with an appropriate 
horseradish peroxidase‑linked secondary antibody at room 
temperature for 1 h. Protein bands were visualized using an 
enhanced chemiluminescence system (Pierce) according to 
the manufacturer's instructions and quantified using Quantity 
One Version 4.6 Image software (Bio‑Rad Laboratories, Inc.).

Statistical analysis. Statistical analyses were performed 
using SPSS v.19.0 (SPSS, Inc., Chicago, IL, USA). Student's 
t‑tests and one‑way ANOVA followed by NSK tests were 
performed to analyze the differences between groups. Data 
were expressed as the mean ± standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Levels of TNF‑α, IL‑1β and IL‑6 in children with ankle 
fracture are higher than those in healthy children. In order 

to determine the increase in inflammatory response in 
fractured children, the level of TNF‑α, IL-1β and IL‑6 was 
detected using RT‑qPCR and western blot assay respectively. 
As shown in Fig. 1A, the mRNA levels of TNF‑α, IL-1β 
and IL‑6 were significantly increased in children with ankle 
fractures compared with the healthy children. In addition, 
the results of ELISA assay indicated that protein levels of 
TNF‑α, IL-1β and IL‑6 were significantly increased in chil-
dren with ankle fractures compared with the healthy children 
(Fig. 1B).

RvD1 represses LPS induced proliferation inhibition in 
MG‑63 cells. To study whether RvD1 has toxic effects on the 
human osteoblastic osteosarcoma cell line MG‑63, MG‑63 
cells were pretreated with different concentrations of RvD1 
(50, 100, 200 nM) for 2 h, then these cells were treated with or 
without 1 µg/ml LPS for 48 h. Then, cell viability was detected 
using MTT. The results showed that there was no significant 
changes in absorbance between RvD1 treatment groups and the 
control group, indicating that RvD1 did not induce cytotoxicity 
in MG‑63 cells (Fig. 2A). However, compared with the 
control group, cell viability was significantly reduced by LPS 
treatment, and these reductions were markedly reversed by 
RvD1 treatment, indicating RvD1 inhibited LPS mediated cell 
proliferation inhibition (Fig. 2B).

Figure 1. Levels of TNF‑α, IL-1β and IL‑6 in children with or without fractured ankle. In order to determine the increase in inflammatory response in fractured 
children, the level of TNF‑α, IL-1β and IL‑6 was detected using RT‑qPCR and western blot assay. The mRNA (A) and protein (B) levels of TNF‑α, IL-1β and 
IL‑6 in children with or without fractured ankle were detected by RT‑qPCR and ELISA, respectively. **P<0.01 vs. Control.Control, healthy children; Patient, 
children with fractured ankle.

Figure 2. RvD1 shows no cytotoxicity on MG‑63 cells. To study whether RvD1 has toxic effects on the human osteoblastic osteosarcoma cell line MG‑63, 
MG‑63 cells were pretreated with different concentrations of RvD1 (50, 100, 200 nM) for 2 h, then these cells were treated without (A) or with (B) 1 µg/ml 
LPS for 48 h. Then, cell viability of MG‑63 cells was measured by MTT assay. Control, Cells Without any treatment; Vehicle control, Cells treated with 0.1% 
ethanol; RvD1 50, RvD1 100, RvD1 200: 50, 100 and 200 nM RvD1 treatment group. LPS, 1 µg/ml LPS treatment group; LPS + vehicle, 1 µg/ml LPS + 0.1% 
ethanol treatment group; LPS + RvD1 50, 1 µg/ml LPS + 50 nM RvD1 treatment group; LPS + RvD1 100, 1 µg/ml LPS + 100 nM RvD1 treatment group; LPS + 
RvD1 200, 1 µg/ml LPS + 200 nM RvD1 treatment group. *P<0.05 vs. Control; #P<0.05 vs. LPS. RvD1, resolvin D1.
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RvD1 significantly inhibits the LPS induced increase of 
TNF‑α, IL‑1β and IL‑6. We then investigated the effect of 
RvD1 on inflammatory response of MG‑63 cells. MG‑63 cells 
were pretreated with different concentrations of RvD1 (50, 
100, 200 nM) for 2 h, then these cells were treated with or 
without 1 µg/ml LPS for 48 h. The mRNA and protein levels 
of TNF‑α, IL-1β and IL‑6 were determined using RT‑qPCR 
and western blot respectively. As shown in Fig. 3, the mRNA 
and protein levels of TNF‑α, IL-1β and IL‑6 were significantly 
increased in the LPS treatment alone group compare with the 
control group, and these increases were dose‑dependently 
reversed following treatment with RvD1.

RvD1 significantly inhibits the LPS induced activation of p38, 
NF‑κB (p50) and increase of COX‑2. To investigate the molecular 
mechanism of anti‑inflammatory effect of RD1 on LPS treated 
MG‑63 cells, p38, NF‑κB (p50) and COX‑2 were analyzed in 
our present study. As shown in Fig. 4, the protein levels of p‑p38, 
and NF‑κB (p50) were significantly up‑regulated compare with 
the control group. And the mRNA and protein levels of COX‑2 

markedly up‑regulated compare with the control group. RvD1 
treatment markedly inhibited the LPS induced up‑regulation of 
p‑p38, NF‑κB (p50) and COX‑2 expression.

RvD1 markedly inhibits the LPS induced activation of NLRP3 
inflammasome. Previous studies indicated that NLRP3 inflam-
masome activation can be inhibited by RvD1. Therefore, in our 
study we finally investigated the effect of RvD1 on NLRP3 
inflammasome activation in MG‑63 cells. Our results indi-
cated that compared with the control group, the expression of 
NLRP3, ASC, cleaved caspase‑1 and caspase‑1 were all mark-
edly up‑regulated in the LPS treatment alone group. RvD1 
treatment markedly inhibited LPS induced up‑regulation of 
NLRP3, ASC, cleaved caspase‑1 and caspase‑1 (Fig. 5).

Discussion

In the present study, we demonstrated that the levels of IL‑1β, 
IL‑6 and TNF‑α were up‑regulated in children with ankle 
fracture compared with the healthy children. Pretreatment 

Figure 4. Effect of RvD1 on activation of p38MAPK‑NF‑κB pathway and COX‑2 expression. MG‑63 cells were pretreated with different concentrations of 
RvD1 (50, 100, 200 nM) for 2 h, then these cells were treated with or without 1 µg/ml LPS for 48 h. Then, protein (A) levels of COX‑2, p‑p38, NF‑κB (p50) 
and p‑p65 were detected by western blot analysis. The mRNA level of COX‑2 was detected using RT‑qPCR (B). Control, Cells without any treatment; LPS, 
1 µg/ml LPS treatment group; LPS + vehicle, 1 µg/ml LPS + 0.1% ethanol treatment group; LPS + RvD1 50, 1 µg/ml LPS + 50 nM RvD1 treatment group; 
LPS + RvD1 100, 1 µg/ml LPS + 100 nM RvD1 treatment group; LPS + RvD1 200, 1 µg/ml LPS + 200 nM RvD1 treatment group. **P<0.01 vs. Control; #P<0.05 
vs. LPS; ##P<0.01 vs. LPS. RvD1, resolvin D1

Figure 3. Effect of RvD1 on TNF‑α, IL-1β and IL‑6 expression. MG‑63 cells were pretreated with different concentrations of RvD1 (50, 100, 200 nM) for 2 h, 
then these cells were treated with or without 1 µg/ml LPS for 48 h. The mRNA (A) and protein (B) levels of TNF‑α, IL-1β and IL‑6 were determined using 
RT‑qPCR and western blot respectively. Control, Cells without any treatment; LPS, 1 µg/ml LPS treatment group; LPS + vehicle, 1 µg/ml LPS + 0.1% ethanol 
treatment group; LPS + RvD1 50, 1 µg/ml LPS + 50 nM RvD1 treatment group; LPS + RvD1 100, 1 µg/ml LPS + 100 nM RvD1 treatment group; LPS + RvD1 
200, 1 µg/ml LPS + 200 nM RvD1 treatment group. **P<0.01 vs. Control; #P<0.05 vs. LPS; ##P<0.01 vs. LPS. RvD1, resolvin D1.
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of RvD1 dose‑dependently reversed the LPS induced 
up‑regulation of IL‑1β, IL‑6, TNF‑α, and COX‑2 mRNA and 
protein levels, and also decreased expression of the p‑p38, 
NF‑κB (50), and NLRP3 inflammasome, including NLRP3, 
ASC, cleaved caspase‑1/caspase‑1 induced by LPS treatment 
in MG‑63 cells. These findings suggested that RvD1 may 
relieve ankle fracture by inhibiting inflammatory response 
via repressing NLRP3 inflammasome and NF‑κB signaling 
pathway. The anti‑inflammatory function of RvD1 may reduce 
osteoclast and increase osteoblast thus promoting bone forma-
tion. Therefore, the present study identified a potential new 
method for the treatment of ankle fractures.

Inflammation plays a critical role in ankle fracture. Persistent 
elevation of inflammatory cytokines such as IL‑1β, IL‑6 and 
TNF‑α is associated with poor prognosis in children with ankle 
fracture (15). LPS administration significantly increased the 
level of IL‑1β, IL‑6 and TNF‑α, which was used to establish 
the cellar inflammation model of ankle fractures. RvD1 has 
been shown to down‑regulated the level of TNF‑α and IL‑6 in 
BALF of mice with LPS induced ALI (16). In the present study, 
we found that RvD1 dose‑dependently down‑regulated level of 
IL-1β, IL‑6 and TNF‑α in LPS induced MG‑63 cells.

In order to better understand the immediate cellular response 
to an ankle fracture and further study the anti‑inflammatory 
function by the application of RvD1, we hypothesized that it may 
be possible to counteract the inflammatory signaling pathway 
involved in the injury‑mediated response by RvD1. NLRP plays 
a critical role in the development of chronic inflammatory 
response through the up‑regulation of the pro‑inflammatory 
cytokines IL‑18 and IL‑1β (17). Activation of the NLRP3 
inflammasome has been demonstrated in a wide variety of 
diseases, including liver injury (18). Previous study has reported 
that RvD1 abrogates hHcys‑induced podocyte injury by inhibi-
tion of the NLRP3 inflammasome activation (19). RvD1 plays a 
protective role in STZ induced diabetic retinopathy by inhibiting 

the level of activation of the NLRP3 inflammasome (12). Our 
results demonstrated that RvD1 inhibited the expression of 
NLRP3, ASC, cleaved caspase‑1 and caspase‑1 induced by LPS 
in MG‑63 cells. There results indicated that RvD1 alleviated 
ankle fracture may be by inhibiting the NLRP3 inflammasome.

NF‑κB, a ubiquitously expressed transcription factor that 
regulates many inflammatory cytokines. It has been reported 
that activation of NF‑κB participates in NLRP3 inflamma-
some activation (20). Previous study has reported that RvD1 
markedly reduced acute lung injury associated mortality 
through inhibiting the activation of NF‑κB pathway (21). In 
addtion, RvD1 has been shown to regulate NF‑κB activation to 
reduce mucosal inflammation (22). Furthermore, RvD1 mark-
edly inhibited IMQ induced activation of ERK1/2, p38, JNK 
(c‑Jun N‑terminal protein kinase, a subfamily of MAPKs), and 
NF‑κB (23). Our present study found that RvD1 could repress 
LPS induced NF‑κB and p38 activation.

Ankle injury commonly result in persistent pain, muscle 
wasting, functional impairments and stiffness (24). Till now, 
there is insufficient evidence to favor any particular reha-
bilitation approach after ankle fracture. The key to reducing 
pain and fracture healing is timely diagnosis, treatment and 
high‑quality care. The Ottawa Ankle Rule (OAR) (25,26) 
has been reported to help to determine whether radiography 
suitable for the diagnosis of ankle fracture in children with 
ankle pain. However, when pediatric emergency department 
(ED) nurses accurately apply and interpret OAR, children in 
the hospital ED receive treatment from the nurse Cooperative 
Practice Program (CPP) to minimize ankle radiography, 
waiting times, and costs without an increased rate of missed 
fractures (27).

In summary, the present study demonstrated that RvD1 
decreased the level of IL‑1β, IL‑6 and TNF‑α in LPS treated 
MG‑63 cells, which may be mediated by inhibiting the activa-
tion of p38/NF‑κB/NLRP3 inflammation signaling pathway, 

Figure 5. (A‑E) Effect of RvD1 on NLRP3 inflammasome. MG‑63 cells were pretreated with different concentrations of RvD1 (50, 100, 200 nM) for 2 h, then these 
cells were treated with or without 1 µg/ml LPS for 48 h. Then, protein (A, E) level of NLRP3, ASC and cleaved caspase‑1/caspase‑1, and mRNA (B‑D) levels of 
NLRP3, ASC and caspase‑1 were detected by western blot analysis and RT‑qPCR. Control, cells without any treatment; LPS, 1 µg/ml LPS treatment group; LPS 
+ vehicle, 1 µg/ml LPS + 0.1% ethanol treatment group; LPS + RvD1 50, 1 µg/ml LPS + 50 nM RvD1 treatment group; LPS + RvD1 100, 1 µg/ml LPS + 100 nM 
RvD1 treatment group; LPS + RvD1 200, 1 µg/ml LPS + 200 nM RvD1 treatment group. **P<0.01 vs. Control; #P<0.05 vs. LPS; ##P<0.01 vs. LPS. RvD1, resolvin D1.
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may therefore relieve ankle fracture. RvD1 may be a potential 
therapeutic agent for ankle fracture treatment.
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