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Chen et al.: Effect of Resveratrol on Rheumatoid Arthritis Injury

To investigate whether calprotectin is involved in the protective effect of resveratrol on rheumatoid arthritis 
injury and its potential mechanism. 12 of the 72 rats were randomly selected as blank group; rheumatoid 
arthritis model was constructed by bovine collagen II complete Freund's adjuvant method. The rats with 
successful modeling were divided into model group, high, medium and low-dose resveratrol groups (60, 30, 
and 15 mg/kg), and toll-like receptor 4 agonist (neoseptin 3) group (resveratrol 60 mg/kg+neoseptin 3 1 
mg/kg), with 12 rats in each group. Each group was intervened by gavage of corresponding drugs once a 
day for 42 d. The general state of the rats was observed; the rat ankle joint volume was detected and the 
swelling degree was calculated; rats were scored for arthritis index; serum levels of interleukin 6, tumor 
necrosis factor-alpha and interleukin 1 beta contents were measured by enzyme-linked immunosorbent 
assay; the histological changes of ankle joints were observed by hematoxylin and eosin staining; calprotectin, 
toll-like receptor 4 and nuclear factors-kappa B p65 protein expression in ankle tissues were determined 
by Western blot analysis. The rats in resveratrol group had good mental state, significantly reduced joint 
swelling, increased body weight, decreased inflammatory cell infiltration and new pannus in synovial tissue, 
the joint swelling rate, arthritis index, serum tumor necrosis factor-alpha, interleukin 6 and interleukin 1 
beta contents, calprotectin, toll-like receptor 4, nuclear factors-kappa B p65 protein expression in ankle joint 
tissue were significantly lower (p<0.05); in a dose-dependent manner. Neoseptin 3 can reverse the protective 
effect of resveratrol on rheumatoid arthritis rats. Resveratrol may inhibit calprotectin expression, which in 
turn may inhibit the activation of toll-like receptor 4/nuclear factors-kappa B p65 signaling pathway, thereby 
exerting a protective effect on rheumatoid arthritis rats.
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Rheumatoid Arthritis (RA) is a systemic 
autoimmune disease characterized pathologically 
by synovial hyperplasia and pannus production; 
the infiltration of inflammatory mediators and 
hyperplasia of synoviocytes play an important role 
in the pathogenesis of RA[1]. Calprotectin (S100A8/
A9), a proinflammatory cytokine, is closely related 
to the occurrence and development of several 
autoimmune diseases[2]. Recently, studies have found 
that S100A8/A9 protein is highly expressed in the 
synovium of RA patients and in RA fibroblast like 
synoviocytes[3,4], and that its expression level can 
directly reflect the inflammatory activity of the 
synovium and synovial fluid in RA patients and is 
an ideal indicator for assessing the disease activity 
of RA patients[5]. Resveratrol, a bioactive compound 
mainly found in fruits such as grapes and peanuts, has 

been found to possess antioxidant, anti-inflammatory, 
anticancer and cardiovascular protective activities[6]; 
in vitro and in vivo experimental evidence has 
shown that resveratrol attenuates inflammation in 
RA synoviocytes[7,8] and has great clinical potential 
as a novel drug for RA treatment. However, whether 
the effect of resveratrol in treating RA is related to 
S100A8/A9 has not been reported, and therefore, this 
study aims to further investigate whether S100A8/
A9 is involved in the protective effect of resveratrol 
on RA injury and its underlying mechanism.
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MATERIALS AND METHODS 

Experimental animals:

72 Sprague-Dawley (SD) rats of Specific Pathogen 
Free (SPF) grade were purchased from Beijing Vital 
River Laboratory Animal Technology Co., Ltd. [License 
No.: SCXK (J) 2016-0011], male, body mass 200-240 
g, housed under conditions of temperature 22°-26°, 
humidity 50 %-60 %, 12 light/dark cycle and had free 
access to food and water.

Main instruments and reagents:

Resveratrol (Shanghai Macklin Biochemical Co., Ltd., 
China); complete Freund's adjuvant, bovine collagen II 
(Sigma-Aldrich, China); Toll-Like Receptor 4 (TLR4) 
agonist-neoseptin 3 (Med Chem Express Inc., United 
States of America (USA)); Tumor Necrosis Factor-
Alpha (TNF-α), Interleukin (IL)-6 and IL-1 beta (β) 
Enzyme-Linked Immunosorbent Assay (ELISA) kit 
(Wuhan Bio swamp Biotechnology Co., Ltd., China); 
Mouse anti-S100A8/A9 complex antibodies (Novus 
Corporation, USA), TLR4, Nuclear Factors-Kappa 
B p65 (NF-κB p65), beta-Actin, goat anti-mouse 
Immunoglobulin G (IgG) (Heavy and Light chains 
(H+L))/Horseradish Peroxidase (HRP), goat anti-rabbit 
IgG (H+L)/HRP (Beijing Biosynthesis Biotechnology 
Co., Ltd., China); iMark680 multifunctional 
micro plate reader (Bio-Rad Inc., USA), BX61 light 
microscope (Olympus, Japan).

Methods:

Constructing RA models: 12 rats were selected as 
blank group by random number table method and 
the remaining rats were used to induce RA rat model 
by bovine collagen II complete Freund's adjuvant 
method[9]. Bovine collagen II was formulated as a 2 
mg/ml solution (solvent was 0.1 M acetic acid) with 
an equal volume of complete Freund's adjuvant, mixed 
and placed in a refrigerator at 4° until fully emulsified 
to make a 1 mg/ml solvent emulsion. Primary 
immunization; three points were selected on the back of 
the rats, one point each on the caudal root and right hind 
paw, and emulsifier was injected subcutaneously into 
the rats at a volume of 0.2 ml per rat; after 7 d, an equal 
volume of emulsifier was injected subcutaneously again 
for booster immunization. The blank group was injected 
with an equal volume of normal saline. On the 20th d, 
the foot and ankle joints developed acute inflammatory 
swelling and were observed by rat plantar camera 
photographs and radiographs, with severe redness and 

continuous low-density shadow and osteolysis, and the 
Arthritis Index (AI) score ≥2 points were classified as 
the replication success of the model[10,11]; 0 point for 
normal, no redness; 1 point for redness and swelling of 
toe joints; 2 points for redness and swelling of toe joints 
and plantar joints; 3 points for redness and swelling of 
the entire foot below the ankle joint; 4 points for total 
redness and deformity of foot and ankle joints. All rats 
in this study were successfully modeled.

Grouping and administration: 60 rats with successful 
modeling were randomly divided into model group, 
high-medium and low-dose resveratrol groups (60, 30, 
and 15 mg/kg)[12], and neoseptin 3 group (resveratrol 
60 mg/kg+neoseptin 3 1 mg/kg)[13], with 12 rats in each 
group. Resveratrol high, medium and low-dose groups 
were administered the corresponding doses of the drug 
by intragastric gavage at a volume of 1 ml/100 g, and 
neoseptin 3 group received 1 mg/kg neoseptin 3 by tail 
vein injection after 60 mg/kg gavage; the blank group 
and the model group were given the same volume of 
normal saline, 1 time/d, continuous administration for 
42 d.

Observation of rat status: During the experiment, the 
rats were observed for mobility, diet, body weight, coat 
color and joint swelling.

Joint swelling detection: The rat ankle volumes 
were measured by an articulator before, immediately 
after (before administration) and at the end of drug 
administration to calculate swelling. The ratio of the 
volume of joint replacement water measured at the first 
time before modeling (used as the base value) to that 
measured at each subsequent time was the rate of joint 
swelling.

AI: The rats were scored for AI before and after drug 
administration, respectively. The cumulative score for 
individual joints was AI for each rat.

Serum inflammatory factor content by ELISA: 1 
h after the last administration, rats were anesthetized 
with an intraperitoneal injection of 40 mg/kg sodium 
pentobarbital, blood was collected from the abdominal 
aorta, serum was isolated, and TNF-α, IL-6 and IL-
1β contents were measured in accordance with the 
instructions of the ELISA kit.

Histological changes in the ankle joint were observed 
by Hematoxylin and Eosin (HE) staining:

After the completion of blood collection, the rats were 
sacrificed, and the right ankle joints of 6 rats were 
fixed in 4 % paraformaldehyde, embedded in paraffin, 
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sectioned and deparaffinized and hydrated for HE 
staining. Histological changes in the ankle joints were 
observed under a light microscope.

Western blot was used to detect S100A8/A9, TLR4 
and NF-κB p65 protein expression in ankle tissues: 
Total protein was extracted from the synovial tissues of 
6 rat ankles and equal protein samples were separated 
by Sodium Dodecyl Sulphate-Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) and transferred and 
after the membranes were blocked in 5 % non-fat milk 
for 1 h and incubated at 4° with primary antibodies 
(S100A8/A9, TLR4, NF-κB p65, 1:1000; β-actin, 
1:2000) for 24 h and then, membranes were incubated 
with HRP labeled secondary antibodies (1:5000) for 1 
h at room temperature, developed, protein bands were 
observed and band gray values were quantified, relative 
expression of each protein of interest was calculated, 
where β-actin was used as internal reference.

Statistical methods:

Statistical Package for the Social Sciences (SPSS) 
22.0 software was used for statistical analysis and 
the metrology data conformed to normal distribution 
expressed in (x̄±s), and one-way Analysis of Variance 
(ANOVA) and Least Significant Difference (LSD)-t 
test were used for multiple comparisons among groups. 
p<0.05 indicated statistical significance.

RESULTS AND DISCUSSION 
The rats in the blank group before and after modeling 
and after administration exhibited normal activity, 
smooth and shiny hair, large appetite and normal 
body weight gain; after modeling, the model rats were 
apathetic with minimal activity, sparse and dull hair, 
decreased appetite, significantly swollen joints and 
reduced body weight (p<0.05; after the intervention, 
compared with the blank group, the rats in the model 
group were apathetic and less active, with dull hair, 

decreased appetite, swollen joints and decreased body 
weight (p<0.05); compared with the model group, the 
rats in the different doses of resveratrol group showed 
increased activity, higher diet, shiny hair, reduced joint 
swelling and higher body weight (p<0.05); compared 
with the high-dose resveratrol group, the rats in the 
neoseptin 3 group had poorer general status and 
significantly lower body weight (p<0.05) as shown in 
Table 1.

Before administration, the swelling of joints in the 
model rats increased compared with the blank group 
(p<0.05); after administration, the joint swelling rate 
of the model rats increased compared with that of 
the blank group (p<0.05), and decreased compared 
with that of the model rats in the high, medium and 
low-dose resveratrol groups (p<0.05), and resveratrol 
exhibited a certain dose-dependent manner, with the 
joint swelling rate significantly higher in the neoseptin 
3 group compared with the high-dose resveratrol group 
(p<0.05) as shown in Table 2.

Before administration, the AI of the model rats 
increased compared with the blank group (p<0.05); 
after administration, the AI of the model rats increased 
(p<0.05) compared with that of the blank group, and 
decreased (p<0.05) compared with that of the model 
rats in the high, medium and low-dose resveratrol 
groups; the AI was significantly higher (p<0.05) in 
the neoseptin 3 group compared with the high-dose 
resveratrol group as shown in Table 3.

After administration, compared with the blank group, 
TNF-α, IL-6 and IL-1 β levels in the model group 
were increased (p<0.05) and the levels of the above 
indicators were decreased (p<0.05) in the high, medium 
and low-dose resveratrol groups compared with the 
model group. In contrast to the high-dose resveratrol 
group, TNF-α, IL-6 and IL-1 β levels in the neoseptin 3 
were significantly higher (p<0.05) as shown in Table 4.

Group Dose mg•kg-1 Before modeling Before 
administration

After 
administration

Blank group - 200.11±5.43 289.33±19.83 376.74±18.31

Model group - 202.64±7.55 226.91±18.38a 251.84±17.54a

Resveratrol

High-dose group 60 201.35±5.19 227.88±19.91a 322.58±17.62ab

Medium-dose group 30 203.88±6.15 231.78±11.71a 298.31±16.99ab

Low-dose group 15 202.45±7.08 229.82±17.85a 279.87±18.35ab

Neoseptin 3 group 1 205.73±5.66 225.01±19.07a 260.87±16.78ac

Note: (a) vs. blank group; (b) vs. model group and (c) vs. resveratrol high-dose group, p<0.05

TABLE 1: EFFECT OF RESVERATROL ON BODY WEIGHT OF RA RATS BEFORE AND AFTER 
ADMINISTRATION (x̄±s, g, n=12)
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Group Dose mg•kg-1 Before administration After administration

Blank group - 1.06±0.10 1.09±0.11

Model group - 2.23±0.12a 1.83±0.14a

Resveratrol

High-dose group 60 2.21±0.14a 1.28±0.12ab

Medium-dose group 30 2.25±0.11a 1.49±0.11ab

Low-dose group 15 2.22±0.15a 1.57±0.15ab

Neoseptin 3 group 1 2.23±0.13a 1.75±0.13ac

Note: (a) vs. blank group; (b) vs. model group and (c) vs. resveratrol high-dose group, p<0.05

TABLE 2: EFFECT OF RESVERATROL ON THE RATE OF JOINT SWELLING IN RA RATS (x̄±s, g, n=12)

Group Dose mg•kg-1 Before administration After administration

Blank group - 0.00±0.00 0.00±0.00

Model group - 4.17±0.54a 6.78±1.02a

Resveratrol

High-dose group 60 4.21±0.49a 4.82±0.87ab

Medium-dose group 30 4.23±0.51a 5.37±0.96ab

Low-dose group 15 4.19±0.46a 6.04±0.95ab

Neoseptin 3 group 1 4.22±0.51a 6.45±1.03ac

Note: (a) vs. blank group; (b) vs. model group and (c) vs. resveratrol high-dose group, p<0.05

TABLE 3: EFFECTS OF RESVERATROL ON AI IN RA RATS (x̄±s, n=12)

Group Dose mg•kg-1 TNF-α IL-6 IL-1β

Blank group - 189.7±18.11 154.38±27.07 121.06±16.89

Model group - 252.7±27.64a 397.97±24.58a 172.14±23.23a

Resveratrol

High-dose group 60 215.99±22.55ab 213.56±26.78ab 126.56±15.91ab

Medium-dose group 30 224.32±23.16ab 281.56±27.39ab 142.08±17.05ab

Low-dose group 15 237.31±19.94ab 310.56±27.23ab 152.6±18.47ab

Note: (a) vs. blank group; (b) vs. model group and (c) vs. resveratrol high-dose group, p<0.05

TABLE 4: EFFECT OF RESVERATROL ON SERUM TNF-α, IL-6 AND IL-1 Β CONTENTS IN RA RATS (x̄±s, 
pg/ml, n=12)

Rats in the blank group had normal joints and no synovial 
lesions; in the model group, the articular chondrocytes 
of the rats were swollen and necrotic, the joint cavity 
was narrow, synovial tissue proliferation was seen 
and inflammatory cell infiltration was obvious; a 
small number of chondrocyte swelling, necrosis and 
inflammatory cell infiltration and hyperplasia with 
increased joint space were seen in the high, medium, 
and low-dose resveratrol groups; the damage of 
cartilage and synovium tissues in rats was significantly 
aggravated in neoseptin 3 group compared with high-
dose resveratrol group as shown in fig. 1.

Compared with the blank group, S100A8/A9, TLR4 
and NF-κB p65 protein levels in the model group 
were increased (p<0.05), compared with those in the 
model group, S100A8/A9, TLR4 and NF-κB p65 
protein levels were reduced in the high and medium-
dose resveratrol groups (p<0.05), and compared with 
those in the high-dose resveratrol group, TLR4 and 

NF-κB p65 protein expression of ankle joint tissue was 
significantly increased in neoseptin 3 group (p<0.05) as 
shown in Table 5 and fig. 2.

Although the pathogenesis of RA is not fully defined, 
researchers have identified synovial inflammation as a 
key feature of the disease after years of effort[14]. During 
the pathogenesis of RA, a large number of neutrophils 
and macrophages activates, invades and releases a 
large number of proinflammatory mediators into the 
joint cavity, and increases synovial vascularity. The 
RA rat model induced by bovine collagen II complete 
Freund's adjuvant method behaves similarly to human 
RA and is a commonly used animal model to study RA. 
Swelling degree and AI of the toe was the main index 
for evaluating the inflammatory reaction in rats, and the 
symptoms were joint red, swelling, heat, pain, ulceration, 
damaged chondrocytes, hyperplasia and thickening 
of synovial tissue, inflammatory cell infiltration, and 
a large number of pannus in the joint cavity[15]. The 
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above symptoms were also manifested in the results of 
this experiment, and on the 20th d of modeling, the rat 
foot and ankle joints developed obvious inflammatory 
swelling, and the AI was significantly increased, and 
the results of subsequent HE staining confirmed that the 
synovial tissues of the model rats were proliferating, 
accompanied by a large amount of inflammatory cell 
infiltration, indicating that we successfully prepared a 
RA rat model.

Calprotectin, as a promising biomarker of RA disease 
activity, is a heterodimer complex composed of two 
calcium binding proteins, S100A8 and S100A9, 
involved in the pathogenesis of multiple chronic 
inflammatory diseases[16]. Recently, studies have found 
that S100A8/A9 proteins are highly expressed in the 
synovium of RA patients and in RA fibroblast like 
synoviocytes[3,4] and it is involved in the development 
and progression of RA. Calprotectin acts as an alarmin 
by binding to the receptor for advanced glycation end 
products and TLR-4 and amplifies the inflammatory 
response[17]. In arthritis, activated neutrophils and 
macrophages in inflamed joints may contribute to 

S100A8/A9 release[18]. Resveratrol, a polyphenolic 
compound with diverse biological functions and 
activities, has been regarded as a novel therapeutic 
agent for RA in recent years. Resveratrol has been 
found to prevent NF-κB p65 activation, inhibits RA-
Fibroblast Like Synoviocytes (RA-FLSs) proliferation 
and migration, and can activate B-cell lymphoma 
protein 2 (Bcl-2)-associated X (BAX) to induce 
apoptosis in RA-FLSs[19]; and resveratrol in RA rat 
model induced by bovine type II collagen and in an 
in vitro RA model of IL-1β stimulating synoviocytes 
(RSC-364), it can alleviate RA by reducing Reactive 
Oxygen Species (ROS) and inflammatory responses, 
inhibiting the Mitogen-Activated Protein Kinase 
(MAPK) signaling and attenuating Hypoxia-Inducible 
Factor 1-alpha (HIF-1α)-mediated angiogenesis[20]. The 
results of this study showed that after administration 
of resveratrol intervention, the general state of RA 
rats was significantly alleviated, the body weight was 
significantly increased, the joint swelling degree and 
AI were significantly reduced, and the pathological 
damage was significantly reduced, indicating that 
resveratrol has an obvious protective effect on RA rats.

Fig. 1: Results of H&E staining of ankle joint tissues from each group (magnification, 200×), (A): Blank group; (B): Model group; (C): High-dose 
resveratrol group; (D): Medium-dose resveratrol group; (E): Low-dose resveratrol group and (F): Neoseptin 3 group

Group Dose mg•kg-1 S100A8/A9 TLR4 NF-κB p65

Blank group - 0.32±0.05 0.22±0.04 0.40±0.06

Model group - 1.02±0.08a 0.93±0.07a 0.85±0.08a

Resveratrol

High-dose group 60 0.53±0.07ab 0.50±0.05ab 0.59±0.07ab

Medium-dose group 30 0.73±0.06ab 0.65±0.07ab 0.68±0.09ab

Low-dose group 15 0.94±0.08a 0.82±0.06ab 0.77±0.06ab

Neoseptin 3 group 1 0.52±0.06ab 0.84±0.08abc 0.76±0.09abc

Note: (a) vs. blank group; (b) vs. model group and (c) vs. resveratrol high-dose group, p<0.05

TABLE 5: EFFECTS OF RESVERATROL ON S100A8/A9, TLR4 AND NF-ΚB P65 PROTEIN EXPRESSION IN 
ANKLE TISSUES OF RA RATS (x̄±s, n=6)
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S100A8/A9 can bind through TLR4 and activate NF-
κB p65, which induces inflammatory responses[17]. 
Therefore, in this study, we evaluated the contents of 
inflammatory factors and measured S100A8/A9, TLR4, 
and NF-κB p65 protein expression in ankle synovial 
tissues. The results showed that TNF-α, IL-6 and IL-1β 
contents in the serum of rats in the model group were 
increased, and the levels of S100A8/A9, TLR4 and 
NF-κB p65 proteins in synovial tissues were increased, 
indicating that S100A8/A9 are highly expressed in 
RA rats and that TLR4/NF-κB p65 signaling pathway 
is activated; after administration of resveratrol 
intervention, the serum TNF-α, IL-6 and IL-1β levels 
of rats were significantly decreased, and S100A8/
A9, TLR4 and NF-κB p65 proteins were reduced 
significantly in the synovial tissues of ankle joints, 
and there was no significant difference in S100A8/
A9 protein expression in rats treated with a TLR4 
agonist (neoseptin 3) based on high-dose resveratrol, 
but the expression of TLR4 and NF-κB p65 increased 
significantly, indicating that administration of neoseptin 
3 reversed the protective effects of resveratrol on RA; 
it suggested that resveratrol may inhibit S100A8/A9 
expression, which in turn inhibits the activation of the 
TLR4/NF-κB p65 signaling pathway, thereby exerting 
a protective effect on RA rats.

In conclusion, resveratrol may inhibit S100A8/A9 
expression, which in turn may inhibit the activation 
of TLR4/NF-κB p65 signaling pathway, thereby 
exerting a protective effect on RA rats. This study 
further enriches the protective mechanism of 
resveratrol on RA and provides a theoretical basis for 
its application. Because of the condition limitation, 
this study investigated the possible mechanism by 

which resveratrol inhibited S100A8/A9 expression to 
exert RA protective effects from the animal level, and 
the subsequent in-depth study will be conducted from 
the cellular level; in addition, whether the suppression 
of S100A8/A9 expression by resveratrol is associated 
with the receptor for advanced glycation end products 
needs to be further investigated.
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