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Abstract

Purpose: To investigate the protective effect of cimiracemate A on Freund’s adjuvant-induced
rheumatoid arthritis (RA) in neonatal rats, and the underlying mechanism.

Methods: Rheumatoid arthritis was induced in rat pups using Complete Freund’s adjuvant (100 pg/100
pL/body weight) which was intra-dermally injected at the tail region. After 21 days of establishment of
RA, the rats were randomly assigned to four groups of ten rats each: control group, RA group, 5 mg/kg
cimiracemate A group, and 10 mg/kg cimiracemate A group. Cimiracemate A was orally administered
for 45 days. The effect of cimiracemate A on oxidative stress biomarkers, superoxide dismutase (SOD),
malondialdehyde (MDA) and reduced glutathione (GSH) were determined using standard methods.
Plasma levels of the inflammatory cytokines interleukin 18 (IL-18) and tumor necrosis factor-a (TNF-a),
and prostaglandin E2 (PGE-2) and matrix metalloproteinase-3 (MMP-3) were determined using
enzyme-linked immunosorbent assay (ELISA). Western blotting was used to determine the levels of
protein expressions of INOS, NF-«kB and TLR-4.

Results: The level of MDA significantly increased and the level of GSH significantly decreased in RA
group relative to control group (p < 0.05) following treatment with cimiracemate A. SOD activity was
significantly reduced in RA group, when compared with control group (p < 0.05). However, treatment
with cimiracemate A significantly and dose-dependently reversed the altered levels of MDA and GSH
and SOD activity, when compared with RA group (p < 0.05). Plasma levels of IL-18, TNF-a, PGE-2 and
MMP-3 were significantly higher in RA group than in control group, but were significantly and dose-
dependently reduced after treatment with cimiracemate A (p < 0.05). There were significant increases in
the levels of expression of INOS, NF-kB and TLR-4 proteins in the chondrocytes of RA group, relative to
control group (p < 0.05). However, treatment with cimiracemate A significantly and dose-dependently
down-regulated the expressions of these proteins, when compared with RA group (p < 0.05).
Conclusion: The results of this study indicate that cimiracemate A confers some degree of protection
on arthritic neonatal rats via a mechanism that involves regulation of INOS/NF-kB/TLR-4 pathway.
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune
disorder characterized by impairment of articular
cartilage and inflammation of joints [1]. About 1
% of the world’'s population suffer from this
disease [2]. Environmental, genetic and
immunologic  factors  contribute to the
development of RA. Vascular endothelial factors,
monocytes, neutrophils, and B and T
lymphocytes also contribute to the pathogenesis
of RA [3]. Inflammatory cytokines such as IL-1
and TNF-a have been reported to play key roles
in the onset of this disease [4]. Toll-like receptor-
4 (TLR-4) activates nuclear factor-kB (NF-kB)
signaling pathway and innate immunity by
binding to lipopolysaccharides (LPS), and the
TLR-4/NF-kB pathway has been shown to be an
important mechanism for the progression of RA

[5].

The use of alternative medicine has shown
potential over conventional therapies in the
treatment of RA. Cimiracemate A is isolated from
Cimicifuga racemosa L. (Ranunculaceae) and it
is used in Traditional Chinese Medicine (TCM)
for the treatment of sore throat, pain, headache,
fever and inflammation [6]. Cimicifuga
racemosa L. extract has been reported to
possess anti-inflammatory and anti-allergic
activities [7]. Cimiracemate A reduces the
activity of mitogen-activated protein (MAP)
kinase and concentration of TNF-a [8]. Its
antioxidant activity has also been reported [9].
The present study investigated the protective
effect of cimiracemate A in Freund's adjuvant-
induced RA in neonatal rats, and the underlying
mechanism.

EXPERIMENTAL
Experimental rats

Neonatal rats were obtained from Peking
University Health Science Center, China. Rat
pups weighing 6 - 7 g (mean weight = 6.5 + 0.5
g) were used for this study. The rats were
housed in plastic cages under optimum
conditions: 12 h day/12 h night cycle at 25 °C
and relative humidity of 60 - 65 %. They were
allowed free access to standard rat feed and
clean water. The study protocol was approved by
the Institutional Ethics Committee of The First
Affiliated Hospital of Nanchang University
(approval no. IACUC/FAH/NU/2017/19).
Guidelines for the proper use and care of
animals as prepared by the National Academy of
Sciences, National Institute of Health were
followed to provide humane care for all the rats
[10].

Induction of RA

Type Il bovine collagen mixed in equal ratio with
Complete Freund’'s adjuvant (Mycobacterium
tuberculosis) was used for the preparation of
emulsion. Complete Freund’'s adjuvant (100
Mg/100 L) was injected intra-dermally at the tail
region for induction of RA, and the rats were
observed for 21 days. Booster dose of
incomplete Freund’s adjuvant was subsequently
given to all the rats. The rats were then randomly
assigned to four groups of ten rats each: control
group, RA group, 5 mg/kg bwt cimiracemate A
group, and 10 mg/kg cimiracemate A group.
Cimiracemate A was orally administered for 45
days.

Blood sample collection

At the end of the treatment period, the rats were
anesthetized and blood collected from the retro-
orbital plexuses. The blood was centrifuged at
2000 rpm for 10 min to obtain plasma which was
used for biochemical analyses.

Determination of markers of oxidative stress

The activity of SOD and plasma levels of MDA
and GSH were determined using standard
methods.

Evaluation of levels of inflammatory markers

Plasma levels of PGE-2, IL-1B3, TNF-a and MMP-
3 were determined using their respective ELISA
kits.

Isolation of chondrocytes

Chondrocytes were isolated using standard
methods [11]. Chondrocyte digestion was carried
out using  trypsin, hyaluronidase  and
collagenase. The cells were then cultured in
Dulbecco’'s Modified Eagle's medium (DMEM)
supplemented with 10 % fetal bovine serum until
they attained 80 % confluency.

Western blotting

The cells were washed with PBS and ice-cold
radio-immunoprecipitation assay buffer (RIPA)
containing protease inhibitor. The resultant lysate
was centrifuged at 12, 000 rpm for 10 min at 4
°C, and the protein concentration of the
supernatant was determined using BCA assay
kit. A portion of total cell protein (20 - 30 ug) from
each sample was separated on a 12 % sodium
dodecyl sulphate (SDS)-polyacrylamide gel
electrophoresis and transferred to a fixed
polyvinylidene fluoride membrane at 110 V and
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90 ° C for 120 min. Subsequently, non-fat milk
powder (3 %) in Tris-buffered saline containing
0.2 % Tween-20 (TBS-T) was added with gentle
shaking at 37 °C and incubated to block non-
specific binding of the blot. Incubation of the blots
was performed overnight at 4 °C with primary
antibodies for NF-kB, iNOS, TLR-4 and [3-actin at
a dilution of 1 to 500. Then, the membrane was
washed thrice with TBS-T and further incubated
with horseradish peroxidase-conjugated goat
anti-rabbit 1gG secondary antibody for 1 h at
room temperature. The blot was developed using
an x-ray film. Grayscale analysis of the bands
was performed using ImageJ analysis software
(4.6.2). The respective protein expression levels
were normalized to that of B-actin which was
used as a standard reference.

Statistical analysis

Data are expressed as mean = SEM. Statistical
analysis was performed using Graph Pad Prism
(version 6.1). Groups were compared using
Dunnett’'s post hoc test. Values of p < 0.05 were
considered statistically significant.

RESULTS

Effect of cimiracemate A on oxidative status
in RA rats

As shown in Figure 1, the level of MDA was
significantly increased and the level of GSH
significantly decreased in RA group, relative to
control group (p < 0.05). The activity of SOD was

significantly reduced in RA group, when
compared with control group (p < 0.05).
However, treatment with cimiracemate A

significantly and dose-dependently reversed the
altered levels of MDA and GSH and activity of
SOD, when compared with RA group (p < 0.05).

Levels of inflammatory markers in RA rats

Plasma levels of IL-13, TNF-a, PGE-2 and MMP-
3 were significantly higher in RA group than in
control group, but were significantly and dose-
dependently reduced after treatment with
cimiracemate A (p < 0.05; Figure 2).

Levels of expression of iNOS, NF-kB and
TLR-4 proteins in the chondrocytes of RA
rats

There were significant increases in the levels of
expression of iINOS, NF-kB and TLR-4 proteins
in the chondrocytes of RA group relative to
control group (p < 0.05). However, treatment with
cimiracemate A  significantly and dose-
dependently down-regulated the expressions of

these proteins, when compared with RA group (p
< 0.05). These results are shown in Figure 3.
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Figure 1. Effect of cimiracemate A on markers of
oxidative stress in the plasma of RA rats; @@p < 0.05,
when compared with control group; **p < 0.05, when
compared with RA group
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Figure 2: Effect of cimiracemate A on plasma levels of
inflammatory markers in RA rats; @@p < 0.05, when
compared with control group; **p < 0.05, when
compared with RA group

DISCUSSION

Rheumatoid arthritis is a chronic inflammatory
disease of joints characterized by infiltration of
activated macrophages and T cells [12]. In the
past few decades, alternative medicine has
shown potential over conventional therapies in
the treatment of RA. The present study
investigated the protective effect of cimiracemate
A in Freund’s adjuvant-induced RA in neonatal
rats, and the underlying mechanism. Studies
have shown that the severity of RA s
significantly elevated by imbalance in the
production of free radicals and decreased
antioxidant levels at the site of inflammation [13].
Free radical-induced cell membrane damage is
due to peroxidation of membrane lipids. In RA,
the levels of prostaglandins are significantly

increased as a result of oxidative stress and
inflammatory injuries [14].
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Figure 3: Effect of cimiracemate A on the levels of
expression of INOS, NF-kB and TLR-4 proteins; @@p <
0.05, when compared with control group; **p < 0.05,
when compared with RA group

In this study, treatment with cimiracemate A
significantly and dose-dependently reversed the
altered levels of MDA and GSH, and activity of
SOD, when compared with RA group. Plasma
levels of IL-1B, TNF-a, PGE-2 and MMP-3 were
significantly higher in RA group than in control
group, but were significantly and dose-
dependently reduced after treatment with
cimiracemate A. The inflammatory mediators IL-
1, PGE-2 and TNF-a are reported to be
significantly increased in RA patients, and anti-
inflammatory drugs exert their effects by
reducing their levels [15]. The production of
MMP-3 is enhanced in RA, and results in the
activation of pro-collagenases which catalyze the
hydrolysis of proteoglycans and type 1X collagen
in cartilages [16]. These events lead to
destruction of cartilages in RA patients.

It has been reported that inhibition of INOS/NF-
KB/TLR-4 pathway could be used as a strategy
for the treatment of RA, and that cimiracemate A
inhibits the NF-kB pathway [17]. The results of
this study showed that there were significant
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increases in the protein expression levels of
iNOS, NF-kB and TLR-4 in the chondrocytes of
RA group, relative to control group. However,
treatment with cimiracemate A significantly and
dose-dependently down-regulated the
expressions of these proteins, when compared
with RA group.

CONCLUSION

The results of this study have shown that
cimiracemate A confers some degree of
protection on arthritic neonatal rats, and the
underlying mechanism involves regulation of the
iINOS/NF-kB/TLR-4 pathway.

DECLARATIONS
Acknowledgement

The authors are thankful to the National Natural
Science Foundation of China (no. 31660263), the
Science and Technology plan projects of health
and family planning commission of Jiangxi
province (nos. 20155115 and 20171125) and the
Science and Technology Plan Project of the
Education Department of Jiangxi Province (no.
GJJ170135) for funding the work.

Conflict of interest

No conflict of interest is associated with this
work.

Contribution of authors

We declare that this work was done by the
authors named in this article and all liabilities
pertaining to claims relating to the content of this
article will be borne by the authors.

Open Access

This is an Open Access article that uses a fund-
ing model which does not charge readers or their
institutions for access and distributed under the
terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
4.0) and the Budapest Open Access Initiative
(http://mvww.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly credited.

REFERENCES

1. Amaya-Amaya J, Rojas-Villarraga A, Mantilla RD, et al.
Rheumatoid arthritis. In: Anaya JM, Shoenfeld Y, Rojas-

10.

11.

12.

13.

Villarraga A, et al., editors. Autoimmunity: From Bench
to Bedside [Internet]. Bogota (Colombia): El Rosario
University Press; 2013 Jul 18. Chapter 24.

Rudan |, Sidhu S, Papana A, Meng SJ, Xin-Wei Y, Wang
W, Campbell-Page RM, Demaio AR, Nair H, Sridhar D,
Theodoratou E, Dowman B, Adeloye D, Majeed A, Car
J, Campbell H, Wang W, Chan KY, Prevalence of
rheumatoid arthritis  in  low- and middle-income
countries: A systematic review and analysis. J Glob
Health 2015; 5(1): 010409.

Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J, Li Y,
Wang X, Zhao L,
inflammation-associated diseases in
Oncotarget. 2017; 9(6): 7204-7218.

Wojdasiewicz P, Poniatowski tA, Szukiewicz D, The role

Inflammatory responses and

organs.

of inflammatory and anti-inflammatory cytokines in the
pathogenesis of osteoarthritis. Mediators Inflamm 2014;
2014: 561459.

Lawrence T. The nuclear factor NF-kappa B pathway in
inflammation. Cold Spring Harb Perspect Biol. 2009;
1(6): a001651.

Chen SN, Fabricant DS, Pauli GF, Fong HH, Farnsworth
NR. Synthesis of cimiracemate B, a phenylpropanoid
found in Cimicifuga racemosa. Nat Prod Res 2005;
19(3): 287-290.

Schmid D, Woehs F, Svoboda M, Thalhammer T, Chiba
P, Moeslinger T. Aqueous extracts of Cimicifuga

inhibit

proinflammatory cytokines in LPS-

J Physiol

racemosa and phenolcarboxylic constituents
production of
stimulated human whole blood. Can
Pharmacol 2009; 87(11): 963-972.

Pan MH, Chiou YS, Tsai ML, Ho CT. Anti-inflammatory
activity of traditional Chinese medicinal herbs. J Tradit
Complement Med 2011; 1(1): 8-24.

Burdette JE1, Chen SN, Lu ZZ, Xu H, White BE,
Fabricant DS, Liu J, Fong HH, Farnsworth NR,
Constantinou Al, Van Breemen RB, Pezzuto JM, Bolton
JL. Black cohosh (Cimicifuga racemosa L.) protects
against menadione-induced DNA damage through
reactive oxygen species: bioassay-
directed isolation and characterization of active
principles. J Agric Food Chem 2002; 50(24): 7022-7028.
National Research Council (US) Committee for the

scavenging of

Update of the Guide for the Care and Use of Laboratory
Animals. Guide for the Care and Use of Laboratory
Animals. 8th edition. Washington (DC):
Academies Press (US); 2011.

Gartland A, Mechler J, Mason-Savas A, MacKay CA,
Mailhot G, Marks SC Jr, Odgren PR.
chondrocyte using
chondrocytes as a source of primary rat chondrocyte

National

In vitro
differentiation costochondral
cultures: an improved isolation and cryopreservation
method. Bone. 2005; 37(4): 530-544.

Komatsu N, Takayanagi H. Inflammation and bone
destruction in arthritis: synergistic activity of immune and
mesenchymal cells in joints. Front Immunol. 2012; 3: 77.

Quifionez-Flores CM, Gonzalez-Chavez SA, Del Rio
Najera D, Pacheco-Tena C. Oxidative Stress Relevance

Trop J Pharm Res, May 2019; 18(5): 953


http://creativecommons.org/licenses/by/
http://www.budapestopenaccessinitiative.org/rea

Zou et al

in the Pathogenesis of the Rheumatoid Arthritis: A
Systematic Review. Biomed Res Int. 2016; 2016:
6097417.

14. Ricciotti E, FitzGerald GA. Prostaglandins and
inflammation. Arterioscler Thromb Vasc Biol. 2011,
31(5): 986-1000.

15. Guo Q, Wang Y, Xu D, Nossent J, Pavlos NJ, Xu J.
Rheumatoid arthritis:

pathological mechanisms and

modern pharmacologic therapies. Bone Res. 2018; 6:
15.

16. Troeberg L, Nagase H. Proteases involved in cartilage
matrix degradation in osteoarthritis. Biochim Biophys
Acta. 2011; 1824(1): 133-145.

17. Youn HS, Lee JY, Saitoh SI, Miyake K, Hwang DH.
Auranofin, as an anti-rheumatic gold compound,
suppresses LPS-induced homodimerization of TLRA4.
Biochem Biophys Res Commun. 2006; 350(4): 866-871.

Trop J Pharm Res, May 2019; 18(5): 954



