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Anti-nociceptive effect of Portulaca
oleracea L. ethanol extracts attenuated
zymosan-induced mouse joint
inflammation via inhibition of
Nrf2 expression
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Abstract

The aim of this study was to explore the effects of ethanol extracts from Portulaca oleracea L. (ePO) on joint inflam-

mation and to explain the underlying mechanisms. A joint inflammation mouse model was constructed by injecting

zymosan, and the Von Frey method was employed and the joint thickness measured. The numbers of leukocytes,

neutrophils, and monocytes were counted in the joint cavity and the infiltration of inflammatory cells was assessed

by joint histopathological analysis. The mRNA levels of inflammatory cytokines were determined by quantitative RT-PCR

and their secretion levels were determined by specific ELISAs. Pre-treatment with ePO inhibited articular mechanical

hyperalgesia and edema and ameliorated the recruitment of mononuclear neutrophils and leukocytes. In addition, pre-

treatment with ePO improved pathological alternations in the joint tissues by reducing the number of inflammatory cells.

Pre-treatment with ePO regulated the nuclear factor erythroid 2-related factor 2 (Nrf2)-related proteins and thereby

inhibited oxidative stress. In addition, ePO inhibited NLR family pyrin domain containing 3 (NLRP3) inflammasome-

related genes (NLRP3, ASC, pro-caspase-1 and pro-IL-1ß), modulated inflammatory cytokines and the activation of

NF-jB. ePO attenuated zymosan-induced joint inflammation by regulating oxidative stress, NLRP3 inflammasome, and

NF-jB.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune condi-

tion that occurs when the immune system attacks the

joint tissues.1,2 In addition, the development of RA

damages other tissues including the heart, lung, vascu-

lar system, and skin.3 The incidence and prevalence of

RA are 0.03% and 1%, respectively, around the world.

Every year, 41 out of 10,000 people in the United States

are diagnosed with RA.4 Although RA is widely

known as an autoimmune disease, the detailed under-

lying molecular mechanism is still elusive.
RA is a chronic inflammation process which is asso-

ciated with an immune response. Immune system cells

(T lymphocytes, B lymphocytes, and macrophages) and

other types of cells, including osteoclasts and fibro-
blasts, are involved in the development of RA.5,6 The
production of metalloproteinases results in the migra-
tion of polymorphonuclear cells, which further cause

1Department of Pain, the Second Hospital Affiliated to University of

South China, Hengyang, Hunan, China
2Department of Biochemistry and Molecular Biology, Medical College,

University of South China, Hengyang, Hunan, China

Corresponding author:

Shiyin Long, Department of Biochemistry and Molecular Biology, Medical

College, University of South China, No. 28 Changsheng West Road,

Hengyang 421001, Hunan, China.

Email: shiyinlong@usc.edu.cn

Innate Immunity

2021, Vol. 27(3) 230–239

! The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/1753425921994190

journals.sagepub.com/home/ini

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and dis-

tribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.

sagepub.com/en-us/nam/open-access-at-sage).

http://orcid.org/0000-0002-7808-6612
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/1753425921994190


the erosion of the bone and cartilage. Inflammatory
cytokines (IL family cytokines including IL-1 and IL-
6 and TNF-a) have important roles in the pathogenesis
of RA.7,8 When TNF-a binds to TNF-receptors
(TNFRs), the downstream PI3K/Akt/NF-jB pathways
are activated, thereby triggering the release of inflam-
matory cytokines and mediators. The activation of
TNFRs also stimulates the release of adhesion mole-
cules, leading to the recruitment of leukocytes to the
damaged tissues.9 The IL-1–IL-1R signaling pathway is
another well-known participant in the pathogenesis of
RA.10 Interestingly, numerous studies have revealed
that blocking these cytokines is an effective treatment
for RA.11,12 For instance, anti-TNF-a therapy is the
standard care in RA treatments. However, anti-TNF-
a drugs also suppress the immune system, thereby lead-
ing to a significantly increased risk of infections.13 In
addition, as the mainstream drugs widely prescribed for
RA have many undesirable side effects after prolonged
use,14 many have turned to natural products by com-
plementary and alternative therapies to relieve symp-
toms of RA and its related ailments.

Portulaca oleracea L. is also called purslane, belongs
to the family Portulacaceae, and has a wide distribu-
tion.15 As a fast-growing succulent plant, it has more
than 2,000 yr of medicinal use for various diseases and
is authorized by the World Health Organization. P.
oleracea L. is an edible herb and is widely distributed
in Asia, Central Europe, the United States, the
Mediterranean, and the Middle East.16 Purslane is
enriched with minerals, omega-3 fatty acids, vitamins
and other active ingredients.17,18 Modern pharmaco-
logical studies have revealed that purslane has
anti-oxidative stress properties,19 cytotoxic effects on
cancers,19,20 anti-bacterial properties,21 neuroprotec-
tive effects,22 and inflammatory modulation effects.23

Pre-treatment with P. oleracea L. ethanol extract (ePO)
inhibits reactive oxygen species and endothelial cell-
derived cytokines (intercellular adhesion molecule-1,
E-selectin) in endothelial cells induced by TNF-a.
Interestingly, in this study, the modulatory effects of
ePO are associated with NF-jB signaling proteins,
including p65 and the inhibitor molecule (I-B)
alpha.24 In addition, ePO exerts anti-oxidative stress
effects, which are supported by treatment with ePO
and increase the antioxidant enzymes (glutathione
(GSH), glutathione reductase, glutathione-
S-transferase, glutathione peroxidase, catalase and
superoxide dismutase) and suppress the secretion of
malondialdehyde and NO in rat tissues (liver, kidney,
and testis).25 On the other hand, it is still unknown
whether P. oleracea L. exhibits inflammatory modula-
tion effects on joint inflammation.

The current study explored whether ePO exerts ther-
apeutic effects on a joint inflammation mouse model

and elucidated its underlying molecular mechanisms.

The results demonstrated that pre-treatment with 100

mg/kg ePO suppressed joint inflammation and reduced

inflammatory cytokines (IL-6, TNF-a and IL-1b) in

the spinal cord. These inflammatory modulation effects

were associated with the activation of NF-jB and the

NLRP3 inflammasome. In addition to inflammatory

modulation effects, ePO also demonstrated antioxidant

properties by regulating Nrf2 in the recruited CD45þ

cells. Taken together, ePO appears to be a promising

agent to joint inflammation treatment.

Materials and methods

Drug preparation

The aerial parts of P. oleracea L. were harvested, dried,

and ground into powder. Next, the P. oleracea L.

powder (2 kg) was weighted and extracted by 80% eth-

anol reflux extraction. The supernatant liquid was con-

centrated in a rotary evaporator at 40�C to produce the

ePO.

Animals and drug administration

Male Swiss mice were purchased from the Beijing

Protein Biotech Company and were kept under temper-

atures of 22–24�C with 60� 5% humidity. The animals

were randomly divided into five groups after 1 wk of

acclimation. Animal protocol was approved by the

Ethics Committee of the University of South China

and a schematic illustration is shown in Figure 1a.
The mice were orally gavaged with saline solutions

in the saline group. The mice were injected with zymo-

san in the ePO0 group. The mice were orally gavaged

with ePO (dissolved in 0.5 ml distilled water) at doses

of 50, 100, or 200 mg/kg per d in the drug administra-

tion group in the ePO50, ePO100, and ePO200 groups,

respectively. The doses were chosen based on the pre-

vious literature.26,27 The drug was continuously admin-

istered for 7 d, then a knee joint inflammation model

was constructed by injecting 10% zymosan solution

into the tibio-tarsal joint. The mice were utilized after

8 h of zymosan injections.
Finally, the tissues were collected and stored at

�20�C for further analysis.

Evaluation of articular mechanical hyperalgesia and

edema

To evaluate the effects of ePO on the articular mechan-

ical hyperalgesia, the Von Frey method (electronic ver-

sion) was performed after administration of ePO at 2,

4, 6, and 8 h, according to a previously reported

method. In addition, a digital caliper was applied to
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measure the knee joint thickness. The delta reaction

was calculated by the reduction in the diameter mea-

sured before the injection from the diameter measured

after the injection.

Evaluation of leukocyte recruitment

After the mice were injected with 10% zymosan for 8 h,

a sterile saline solution containing EDTA was used to

wash the joint cavity. After that, the cell suspension

was collected and the numbers of leukocytes, neutro-

phils, and monocytes were counted.

Histopathological analysis

After the mice were utilized, the joint tissues were har-

vested. The joint tissues were embedded in paraffin

after fixing (10% formalin solution).

Figure 1. ePO inhibited zymosan-induced articular mechanical hyperalgesia, edema and reduced the numbers of leukocytes. (a)
General procedures of model construction and drug administration. The mice were continuously administered with distilled water or
P. oleracea L. ethanol extract (ePO) at doses of 50, 100, or 200 mg/kg. Next, the mice were injected with 10% zymosan solution and
histopathological analysis was determined at 2, 4, 6, and 8 h. After zymosan injection was performed for 8 h, mice were sacrificed,, and
tissue was collected for further assays. (b), (c) Joint mechanical pain allergy and edema were measured at different time points,
including 2, 4, 6, and 8 h after zymosan injection. (d)–(f) After zymosan injection for 7 h, numbers of the total mononuclear,
neutrophils, and leukocytes were counted in the knee membrane tissues. **P< 0.01, *P< 0.05 versus saline group; #P< 0.05 versus
ePO0 group. n¼ 12 for each group.
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Histopathological analysis was based on the hematox-

ylin and eosin (H&E) staining. The infiltration of

inflammatory cells was evaluated in each group and

histopathological scores were determined. Pixel dimen-

sions of the image size are 279� 195 in per field.

Immunofluorescent staining

The joint tissues were fixed with 4% paraformalde-

hyde. After Ag retrieval, the slides were then incubated

with 0.25% Triton X-100. The tissues were stained with

the PE-Cy5 conjugated primary Abs against CD45 or

Nrf2. Next, the tissues were stained with the Alexa

Fluor 488-conjugated secondary anti-rabbit Abs.

After immunofluorescent staining, a confocal laser

microscope was applied to evaluate the slides. ImageJ

was applied to qualify the intensities of fluorescence.

Measurement of superoxide anion and GSH

A nitroblue tetrazolium (NBT) assay was used to mea-

sure the production of superoxide anions. A commer-

cialized GSH assay kit (Abcam) was used to determine

the levels of GSH according to its instructions.

RT-qPCR

RNA was isolated from the joint tissues by using a

commercialized RNA extraction kit (Invitrogen).

After the concentrations of RNA were determined,

the cDNA library was synthesized by using reverse

transcriptase. To analyze the accuracy, the melting

curves were observed. The expressions of each gene

were calculated using the 2–DDCq method. The primers

for target genes were:
NLRP3 forward: 50-GTGGAGATCCTAGGTTT

CTCTG -30, and reverse: 50–CAGGATCTCATTCTC

TTGGATC-30; ASC forward: 50–CTCTGTATGG

CAATGTGCTGAC-30, and reverse: 50–GAACAAG

TTCTTGCAGGTCAG-30; pro-caspase-1 forward: 50-
AATGAAGTTGCTG CTGGAGGA-30, and reverse:

50-CAGAAGTCTTGTCGTCTGGGC-30; pro-IL1b
forward: 50-TGGACCTTCCAGGATGAGGACA -30,
and reverse: 50- GTTCATCTCGGAGCCTGTAGT-30.
The mRNA expression values of each target gene were

normalized to that of an internal control (GAPDH).

ELISA

Inflammatory cytokines (TNF-a, IL-1b, and IL-10)

and p65 (total and phosphorylated p65) in the joint

tissues were determined using specific ELISAs, accord-

ing to the instructions of the manufacturers (R&D

Biosystems).

Statistical analysis

GraphPad Prism 8 (GraphPad Software, Inc.) was
applied to analyze the data. All experiments were
repeated independently in triplicate. Data is presented
as mean�SD. One-way ANOVA for multiple compar-
isons followed by the Student–Newman–Keuls test
were performed. P< 0.05 was considered to indicate
statistically significant differences.

Results

ePO inhibited zymosan-induced articular mechanical
hyperalgesia, edema and reduced the number of
leukocytes

We first determined the effects of ePO on zymosan-
induced articular mechanical hyperalgesia. The results
showed a decrease of threshold in the ePO0 group com-
pared with the saline group (Figure 1b). However, pre-
treatment with ePO (100 or 200 mg/kg) significantly
increased the threshold at 6 and 8 h compared with
the ePO0 group, indicating that pre-treatment with
ePO inhibited zymosan-induced articular mechanical
hyperalgesia. In addition, we investigated delta reac-
tions at several time points (2, 4, 6, and 8 h) after
zymosan injection. The results demonstrated that pre-
treatment with ePO (100 and 200 mg/kg) significantly
reduced the delta reaction (Figure 1c), indicating that
pre-treatment with ePO suppressed the zymosan-
induced joint edema.

Furthermore, we evaluated the recruitment of leu-
kocytes in the joint cavity. Zymosan injection signifi-
cantly increased the numbers of mononuclear,
neutrophils, and leukocytes, which could be significant-
ly reduced by pre-treatment with ePO (100 and 200 mg/
kg) (Figure 1d-f). Interestingly, we observed that pre-
treatment with ePO (100 mg/kg) displayed significant
inhibitory effects on the recruitment of mononuclear,
neutrophils and leukocytes. These results demonstrated
that ePO showed anti-inflammatory properties against
zymosan-induced joint inflammation in mice.

ePO ameliorated zymosan-induced pathological
alternations in the joint tissues

We performed a histopathological examination on the
joint tissues. The results demonstrated that the leuko-
cytes accumulated in the synovial tissue in the ePO0
group as compared with the saline group (Figure 2a).

However, pre-treatment with ePO (100 and 200 mg/
kg) inhibited the accumulation of leukocytes. We also
observed a significantly increased number of infiltrated
inflammatory cells in the ePO0 group, which was inhib-
ited by pre-treatment with ePO (100 and 200 mg/kg)
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(Figure 2b). Notably, pre-treatment with ePO (100 mg/

kg) demonstrated significant inhibitory effects on the

infiltration of inflammatory cells. Taken together, these

results supported that pre-treatment with ePO amelio-

rated the pathological alternations in the joint tissues

by reducing the inflammatory cells.

ePO inhibited oxidative stress by regulating Nrf2-

related signaling proteins

Oxidative stress-related biomarkers were then deter-

mined. The results demonstrated that mRNA levels

of GP91 were significantly increased by the injection

of zymosan, which was inhibited by the pre-treatment

with ePO (100 and 200 mg/kg) (Figure 3a).
Besides this, an elevation of superoxide anions was

observed in the ePO0 group, which was inhibited by the

pre-treatment with ePO (100 and 200 mg/kg)

(Figure 3b). A reduction in GSH levels were also

observed in the ePO0 group, which was enhanced by

pre-treatment with ePO (100mg/kg) (Figure 3c). In

addition, pre-treatment with ePO (100mg/kg)

increased the mRNA levels of heme oxygenase 1

(HO-1) compared with the other groups (Figure 3d).
Immunofluorescent analysis of the synovial cells was

performed by CD45 and Nrf2 staining. The results

demonstrated significantly increased fluorescent inten-

sities of CD45 and Nrf2 in the ePO0 group. Pre-

treatment with ePO (100 mg/kg) could successfully

decrease the CD45 expression, while enhancing Nrf2

expression (Figures S1, 3e, and 3f). These results

suggested that pre-treatment with ePO inhibited oxida-
tive stress by regulating the Nrf2-related signaling
proteins.

ePO inhibited the mRNA levels of NLRP3
inflammasome components in the joint tissues

To explore the mechanism underlying the ePO effect on
joint inflammation, next we analyzed the mRNA levels
of the NLRP3 inflammasome components, including
NLRP3, ASC, pro-caspase-1, and pro-IL-1ß. The
mRNA levels of NLRP3, ASC, pro-caspase-1, and
pro-IL-1ß were significantly increased compared with
the saline group, which could be significantly decreased
by pre-treatment with ePO (100 mg/kg) (Figure 4a–d).
These results suggested that ePO ameliorated the joint
inflammation, at least in part, by regulating the
NLRP3 inflammasome.

ePO Inhibited NF-jB and inflammatory cytokines

To confirm the anti-inflammatory effects of ePO, we
evaluated the expressions of inflammatory cytokines
and NF-jB activation in the joint tissues. The results
demonstrated that inflammatory cytokines, including
TNF-a and IL-1b, were significantly increased in the
ePO0 group, which were inhibited by pre-treatment
with ePO (100 mg/kg) (Figure 5a and b).

In addition, an elevation of anti-inflammatory cyto-
kine IL-10 was observed in the ePO0 group and was
restored by pre-treatment with ePO (100 mg/kg)
(Figure 5d). Moreover, NF-jB activation was evaluat-
ed by measuring the total p65 and phosphorylated p65.

Figure 2. ePO ameliorated pathological alternations in articular cartilage in the patellofemoral joint tissue caused by the injection of
zymosan. (a) Representative H&E staining pictures of joint histopathological examinations from different groups. (b) Infiltration of
inflammatory cells was counted in slides of joint tissue from different groups. **P< 0.01 versus saline; #P< 0.05 versus ePO0 group.
Scale bar¼ 1 mm. n¼ 12 for each group.
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Figure 4. ePO inhibited NLRP3 inflammasome component mRNA levels in joint tissue. After zymosan injection was performed for
8 h, mice were sacrificed, and joint tissue was collected. (a)–(d) qPCR was performed to determine mRNA levels of Nlrp3, ASC, pro-
caspase-1, and IL-1b. **P< 0.01, *P< 0.05 versus saline; #P< 0.05 versus ePO0 group. n¼ 12 for each group.

Figure 3. ePO inhibited oxidative stress by regulating the Nrf2-related signaling proteins. The joint tissue was collected after the
mice were sacrificed. (a) qRT-PCR was used to determine mRNA levels of gp91phox. (b) NBT reduction assay was used to determine
the production of superoxide anions. (c) GSH assay kit was used to measure levels of GSH. (d) qRT-PCR was used to determine
mRNA levels of HO-1. (e), (f) The confocal immunofluorescent analysis was applied to determine the expressions of CD45 and Nrf2
in the synovial cells. **P< 0.01, *P< 0.05 versus saline; #P< 0.05 versus ePO0 group. n¼ 12 for each group.
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The results demonstrated that the decreased ratio of

total p65 to phosphorylated p65 was restored in the

ePO (100 mg/kg) group (Figure 5c). These results sug-

gested that ePO ameliorated the joint inflammation by

regulating NF-jB activation and inflammatory

cytokines.

Discussion

The current study discovered that ePO exerted poten-

tial anti-nociceptive effects on a zymosan-induced joint

inflammation mouse model. First, the results showed

that the numbers of mononuclear neutrophils and leu-

kocytes in the joint cavity were inhibited by the treat-

ment of ePO (200 mg/kg and 100 mg/kg). Consistently,

treatment of ePO ameliorated zymosan-induced joint

pathological changes by inhibiting infiltrated inflam-

matory cells. In addition, ePO also showed anti-

oxidative stress properties by regulating Nrf2.

Moreover, treatment of 100 mg/kg ePO suppressed

joint inflammation by regulating key components of

NLRP3 inflammasome and NF-jB activation.
Zymosan-induced mouse joint inflammation has

been widely employed in the evaluation of anti-

nociceptive activities of candidate drugs.28–30

Zymosan is commonly used to induce hyperalgesia,

edema, and leukocyte recruitment. In addition, some

components, including arachidonic acid lipid products,

complement system, and endothelin-1 (ET-1), are

involved in the inflammation caused by zymosan. In

addition, ET-1 and COX-2-derived prostaglandins are

important mediators involved in the inflammation

caused by zymosan.30,31 The current study found that

immune cells, including mononuclear neutrophils and

leukocytes, accumulated in the joint cavity, consistent

with characteristics of joint inflammation.32 We also

observed decreased numbers of leukocytes in the

ePO-treated group. Treatment of ePO also inhibited

the number of CD45þ cells. In addition to the accumu-

lation of inflammatory cells, other symptoms including

swelling and joint pain were observed in the joint

inflammation mouse model. Therefore, we evaluated

the effects of ePO on the joint inflammation-induced

pain and swelling symptoms. The results showed that

pre-treatment of ePO inhibited zymosan-induced artic-

ular mechanical hyperalgesia and joint edema.
Oxidative stress is associated with various inflamma-

tory diseases including arthritis, atherosclerosis, and

chronic obstructive pulmonary diseases.33,34 In the

pathogenesis of joint inflammation, oxidative stress

triggers the inflammatory response, which in turn indu-

ces the release of additional oxidative stress products.35

Figure 5. ePO inhibits NF-jB activation and inflammatory cytokines. After zymosan injection was performed for 8 h, mice were
sacrificed, and joint tissue was collected. (a)–(d) Protein levels of TNF-a, IL-1b, and IL-10 were determined using specific ELISAs. In
addition, levels of total p65 and phosphorylated p65 were measured using specific ELISAs and the ratio of p65 to phosphorylated p65
was calculated. **P< 0.01, *P< 0.05 versus saline; #P< 0.05 versus ePO0 group. n¼ 12 for each group.
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In the present study, we observed significant changes of
GSH, superoxide anions, and HO-1, indicating that
oxidative stress participates in joint inflammation.
GSH is known as an important nutrient in the defense
against joint inflammation, which neutralizes free rad-
icals such as superoxide anions produced during joint
inflammation.36 We observed decreased GSH and
increased superoxide anions in the zymosan-induced
joint inflammation mice, which was inhibited by ePO
(100 mg/kg). In addition, we further explored the
mechanism responsible for the ePO effect on oxidative
stress. Two key factors, Nrf2 and Gp91 phox, that are
associated with oxidative stress, were evaluated in the
present study. Nrf2 is known as a transcription factor
that regulates anti-oxidative proteins.37 Gp91 phox is
the heme-binding unit of nicotinamide adenine dinucle-
otide phosphate.38 Our results demonstrated that pre-
treatment with ePO (100 mg/kg) increased Nrf2 while
decreasing Gp91 phox, indicating that the regulatory
effects of ePO on joint inflammation are associated
with its modulatory effects on oxidative stress.

NLRP3 inflammasome is activated in the joint tis-
sues when inflammation occurs.39 The key components
of the NLRP3 inflammasome are adaptor protein ASC
and caspase-1 units. Once NLRP3 is activated,
caspase-1 cleaves pro-IL-1b, the latter is converted
into IL-1b and activates IL-1b signaling. As a result,
these events promote the release of inflammatory medi-
ators and adhesion molecules in the joint tissues.39 In
the present study, we observed that NLRP3, ASC, pro-
caspase-1, and pro-IL-1ß were significantly increased,
but were significantly decreased by pre-treatment with
ePO (100 mg/kg). Previous studies have reported the
anti-inflammation effects of ePO both in vitro and in
vivo.40,41 Our results demonstrated that the anti-
inflammatory effects of ePO are attributed to its regu-
latory effects on the NLRP3 inflammasome.

In addition to NLRP3 inflammasome, NF-jB acti-
vation also participates in the pathogenesis of joint
inflammation.39 IL-1b is a unique biomarker indicating
the NLRP3 inflammasome activation.42 However, NF-
jB activation is associated with the production of a
series of inflammatory cytokines (IL-1b, IL-6, and
TNF-a).43,44 In the present study, in addition to IL-
1b, we also observed increased IL-6 and TNF-a levels
in the joint tissues, which could be inhibited by ePO.
Moreover, pre-treatment with ePO also suppressed the
NF-jB activation, indicating that ePO suppressed
inflammatory cytokines by inhibiting NF-jB activa-
tion. Interestingly, we also observed an elevation of
anti-inflammatory cytokine IL-10 in the ePO (100
mg/kg) group. However, further studies are needed to
elucidate the regulatory mechanisms of ePO on IL-10.
Another interesting phenomenon is that the anti-
inflammatory effects of ePO100 and ePO200 were not

consistent. Previous studies have demonstrated that

high doses of ePO exhibit over-dosage effects or toxic-

ity. For instance, it was reported that P. oleracea L. is

moderately toxic at high doses.45 Another study clari-

fied that P. oleracea L. extracts contained toxic cardiac

glycosides and oxalic acids, which may contribute to its

toxicity.46 In the present study, the behavioral observa-

tions showed an anti-inflammation effect of ePO at the

dose of 100 mg/kg, rather than 50 and 200 mg/kg,

suggesting that the anti-inflammatory activity of ePO

was restricted to a dose range. High doses of ePO may

cause undesirable adverse effects, thereby negating its

anti-inflammatory activity. However, to confirm this

phenomenon, further toxicological studies should be

performed.
One major challenge in the use of natural products

for therapy is their poor bioavailability. In the present

study, the pre-treatment of ePO showed potential ther-

apeutic effects against RA. However, investigations

into its distribution and bioavailability should be inves-

tigated in the future to further develop ePO into an

anti-inflammatory drug for inflammatory disease

treatment.
Taken together, the present study revealed that the

ameliorating effects of ePO against joint inflammation

are in part mediated through regulating NLRP3 inflam-

masome and NF-jB, both of which play important roles

in the inflammatory conditions including Alzheimer’s,

Parkinson’s and traumatic brain injury.47,48 Therefore,

the data presented in the current study also encourages

us to investigate the potential effects of ePO on neuro-

logical disorders in future studies.
The present study has identified ePO with anti-

nociceptive effects on the zymosan-induced joint inflam-

mation mouse model. Pre-treatment of 100 mg/kg ePO

ameliorated the pathological alternations in the joint by

attenuating the infiltration of inflammatory cells and oxi-

dative stress. The mechanism responsible for ePO effects

on joint inflammation is associated with its regulatory

role on NLRP3 inflammasome and NF-jB activation.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this

article.

Ethics statement

All animal experiments were approved by the Ethics

Committee of the University of South China.

Funding

The author(s) disclosed receipt of the following financial sup-

port for the research, authorship, and/or publication of this

He et al. 237



article: The Nature Science Fund of Hunan Province

(2018JJ2346 and 2018JJ2348).

ORCID iD

Shiyin Long https://orcid.org/0000-0002-7808-6612

Supplemental material

Supplemental material for this article is available online.

References

1. Firestein GS. Pathogenesis of Rheumatoid Arthritis: The

Intersection of Genetics and Epigenetics. Trans Am Clin

Climatol Assoc 2018; 129: 171–182.
2. Nemtsova MV, Zaletaev DV, Bure IV, et al. Epigenetic

Changes in the Pathogenesis of Rheumatoid Arthritis.

Front Genet 2019; 10: 570.
3. Shiozawa S, Tsumiyama K, Yoshida K, et al.

Pathogenesis of joint destruction in rheumatoid arthritis.

Arch Immunol Ther Exp (Warsz) 2011; 59: 89–95.

4. Zamanpoor M. The genetic pathogenesis, diagnosis and

therapeutic insight of rheumatoid arthritis. Clin Genet

2019; 95: 547–557.
5. Kumar H and Bot A. In this issue: Role of immune cells

and molecules in rheumatoid arthritis pathogenesis and

cancer immunotherapy. Int Rev Immunol 2018; 37:

127–128.
6. Kosmaczewska A, Swierkot J, Ciszak L, et al. [The role

of Th1, Th17, and Treg cells in the pathogenesis of rheu-

matoid arthritis including anti-inflammatory action of

Th1 cytokines]. Postepy Hig Med Dosw (Online) 2011;

65: 397–403.
7. Murakami M and Nishimoto N. [Inflammatory cyto-

kines in rheumatoid arthritis]. Clin Calcium 2012; 22:

1737–1746.
8. Smolen JS, Redlich K, Zwerina J, et al. Pro-inflammato-

ry cytokines in rheumatoid arthritis: pathogenetic and

therapeutic aspects. Clin Rev Allergy Immunol 2005; 28:

239–248.
9. Quirke AM, Fisher BA, Kinloch AJ, et al. Citrullination

of autoAgs: upstream of TNFalpha in the patho-

genesis of rheumatoid arthritis. FEBS Lett 2011; 585:

3681–3688.
10. Dayer JM. The saga of the discovery of IL-1 and TNF

and their specific inhibitors in the pathogenesis and treat-

ment of rheumatoid arthritis. Joint Bone Spine 2002; 69:

123–132.
11. Uttra AM, Alamgeer, Shahzad M, et al. Ribes orientale:

A novel therapeutic approach targeting rheumatoid

arthritis with reference to pro-inflammatory cytokines,

inflammatory enzymes and anti-inflammatory cytokines.

J Ethnopharmacol 2019; 237: 92–107.
12. Tan PL, Skinner MA and Grinlinton FM. New inflam-

matory mediators and therapeutic agents: cytokines in

rheumatoid arthritis. N Z Med J 1992; 105: 447–449.
13. Smolen JS, Aletaha D, Koeller M, et al. New therapies

for treatment of rheumatoid arthritis. Lancet 2007; 370:

1861–1874.

14. Saravanan V and Hamilton J. Advances in the treatment

of rheumatoid arthritis: old versus new therapies. Expert

Opin Pharmacother 2002; 3: 845–856.
15. Feral C. Purslane. Midwifery Today Childbirth Educ

1993: 8.
16. Iranshahy M, Javadi B, Iranshahi M, et al. A review of

traditional uses, phytochemistry and pharmacology of

Portulaca oleracea L. J Ethnopharmacol 2017; 205:

158–172.
17. Mohamed AI and Hussein AS. Chemical composition of

purslane (Portulaca oleracea). Plant Foods Hum Nutr

1994; 45: 1–9.
18. Simopoulos AP, Norman HA, Gillaspy JE, et al.

Common purslane: a source of omega-3 fatty acids and

antioxidants. J Am Coll Nutr 1992; 11: 374–382.
19. Guo G, Yue L, Fan S, et al. Antioxidant and

Antiproliferative Activities of Purslane Seed Oil. J

Hypertens (Los Angel) 2016; 5.
20. Li Y, Hu Y, Shi S, et al. Evaluation of antioxidant and

immuno-enhancing activities of Purslane polysaccharides

in gastric cancer rats. Int J Biol Macromol 2014; 68:

113–116.
21. Okafor I and Ezejindu D. Phytochemical studies on

Portulaca oleracea (purslane) plant. GJBAHS 2014; 3:

132–136.
22. Abdel Moneim AE. The neuroprotective effects of purs-

lane (Portulaca oleracea) on rotenone-induced biochem-

ical changes and apoptosis in brain of rat. CNS Neurol

Disord Drug Targets 2013; 12: 830–841.
23. Miao L, Tao H, Peng Y, et al. The anti-inflammatory

potential of Portulaca oleracea L. (purslane) extract by

partial suppression on NF-kappaB and MAPK activa-

tion. Food Chem 2019; 290: 239–245.
24. Lee AS, Kim JS, Lee YJ, et al. Anti-TNF-alpha activity

of Portulaca oleracea in vascular endothelial cells. Int J

Mol Sci 2012; 13: 5628–5644. 2012/07/04.
25. Dkhil MAM, Al-Quraishy A and Saleh & Awadallah R.

Antioxidant effect of Purslane (Portulaca oleracea) and

its mechanism of action. Journal of medicinal plant

research 2011; 5: 1563–1589.
26. Karimi G, Aghasizadeh M, Razavi M, et al. Protective

effects of aqueous and ethanolic extracts of Nigella sativa

L. and Portulaca oleracea L. on free radical

induced hemolysis of RBCs. Daru 2011; 19: 295–300.

27. Wang CQ and Yang GQ. Betacyanins from Portulaca

oleracea L. ameliorate cognition deficits and attenuate

oxidative damage induced by D-galactose in the brains

of senescent mice. Phytomedicine 2010; 17: 527–532.
28. Bussmann AJC, Borghi SM, Zaninelli TH, et al. The

citrus flavanone naringenin attenuates zymosan-induced

mouse joint inflammation: induction of Nrf2 expression

in recruited CD45(þ) hematopoietic cells.

Inflammopharmacology 2019; 27: 1229–1242.
29. Dimitrova P, Danova S and Ivanovska N. Pro-inflam-

matory action of Candida albicans DNA in zymosan-

induced arthritis. Inflamm Res 2012; 61: 649–656.
30. Guazelli CFS, Staurengo-Ferrari L, Zarpelon AC, et al.

Quercetin attenuates zymosan-induced arthritis in mice.

Biomed Pharmacother 2018; 102: 175–184.

238 Innate Immunity 27(3)

http://orcid.org/0000-0002-7808-6612
https://orcid.org/0000-0002-7808-6612


31. Inada T, Arai K, Kawamura M, et al. Contribution of
the prostaglandin E2/E-prostanoid 2 receptor signaling
pathway in abscess formation in rat zymosan-induced
pleurisy. J Pharmacol Exp Ther 2009; 331: 860–870.

32. Frasnelli ME, Tarussio D, Chobaz-Peclat V, et al. TLR2
modulates inflammation in zymosan-induced arthritis in
mice. Arthritis Res Ther 2005; 7: R370–R379.

33. Halliwell B. Oxygen radicals, nitric oxide and human
inflammatory joint disease. Ann Rheum Dis 1995; 54:
505–510.

34. Chaudhari N, Talwar P, Parimisetty A, et al. A molecular
web: endoplasmic reticulum stress, inflammation, and
oxidative stress. Frontiers in cellular neuroscience 2014;
8: 213.

35. Vasanthi P, Nalini G and Rajasekhar G. Status of oxi-
dative stress in rheumatoid arthritis. Int J Rheum Dis

2009; 12: 29–33.
36. Desai PB, Manjunath S, Kadi S, et al. Oxidative stress

and enzymatic antioxidant status in rheumatoid arthritis:

a case control study. Eur Rev Med Pharmacol Sci 2010;
14: 959–967.

37. Ma Q. Role of nrf2 in oxidative stress and toxicity. Annu
Rev Pharmacol Toxicol 2013; 53: 401–426.

38. Liu S, Tang J, Ostrowski RP, et al. Oxidative stress after
subarachnoid hemorrhage in gp91phox knockout mice.
Can J Neurol Sci 2007; 34: 356–361.

39. Guo C, Fu R, Wang S, et al. NLRP3 inflammasome
activation contributes to the pathogenesis of rheumatoid
arthritis. Clin Exp Immunol 2018; 194: 231–243.

40. Allahmoradi E, Taghiloo S, Omrani-Nava V, et al. Anti-
inflammatory effects of the Portulaca oleracea hydroal-
cholic extract on human peripheral blood mononuclear
cells. Med J Islam Repub Iran 2018; 32: 80.

41. Yang X, Yan Y, Li J, et al. Protective effects of ethanol
extract from Portulaca oleracea L on dextran sulphate
sodium-induced mice ulcerative colitis involving anti-
inflammatory and antioxidant. Am J Transl Res 2016;
8: 2138–2148.

42. Mulay SR, Kulkarni OP, Rupanagudi KV, et al. Calcium
oxalate crystals induce renal inflammation by NLRP3-
mediated IL-1beta secretion. J Clin Invest 2013; 123:
236–246.

43. Liu C, Zhao J, Liu Y, et al. A novel pentacyclic triterpe-
noid, Ilexgenin A, shows reduction of atherosclerosis in
apolipoprotein E deficient mice. International immuno-

pharmacology 2016; 40: 115–124.
44. Sun W, Liu C, Zhang Y, et al. Ilexgenin A, a novel

pentacyclic triterpenoid extracted from Aquifoliaceae
shows reduction of LPS-induced peritonitis in mice.
European journal of pharmacology 2017; 797: 94–105.

45. Al-Sheddi ES, Farshori NN, Al-Oqail MM, et al.
Portulaca oleracea Seed Oil Exerts Cytotoxic Effects

on Human Liver Cancer (HepG2) and Human Lung
Cancer (A-549) Cell Lines. Asian Pac J Cancer Prev

2015; 16: 3383–3387.
46. Xu L, Ying Z, Wei W, et al. A novel alkaloid from

Portulaca oleracea L. Nat Prod Res 2017; 31: 902–908.
47. Eren E and €Oz€oren N. The NLRP3 inflammasome: a new

player in neurological diseases. Turk J Biol 2019; 43:
349–359.

48. Shih R-H, Wang C-Y and Yang C-M. NF-kappaB
signaling pathways in neurological inflammation: a
mini review. Frontiers in molecular neuroscience 2015;
8: 77.

He et al. 239



<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 600
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /FlateEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /None
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1200
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth 8
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages false
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 1200
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Error
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Average
	/EmitDSCWarnings false
	/AutoFilterColorImages false
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/QFactor 0.76
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/QFactor 0.76
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 600
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth 8
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /FlateEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/QFactor 0.76
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.3325
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /RelativeColorimeteric
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/QFactor 0.76
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		595.26
		841.88
	]
	/HWResolution [
		1800
		1800
	]
>>
setpagedevice


