N

N

Terpenes as possible drugs for the mitigation of arthritic
symptoms - a systematic review.
Alexandra M.S. Carvalho, Luana Heimfarth, Klécia Anjos, Adriana Gibara,
Laurent Picot, Jackson Roberto Guedes da Silva Almeida, Jullyana de Souza

Siqueira Quintans, Lucindo José Quintans Junior

» To cite this version:

Alexandra M.S. Carvalho, Luana Heimfarth, Klécia Anjos, Adriana Gibara, Laurent Picot, et al.. Ter-
penes as possible drugs for the mitigation of arthritic symptoms - a systematic review.. Phytomedicine,
2019, 57, pp.137-147. 10.1016/j.phymed.2018.10.028 . hal-01920260

HAL Id: hal-01920260
https://univ-rochelle.hal.science/hal-01920260
Submitted on 13 Nov 2018

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://univ-rochelle.hal.science/hal-01920260
https://hal.archives-ouvertes.fr

Terpenes as possible drugs for the mitigation of arthritic symptoms - a systematic
review

Alexandra M.S. Carvalho*!, Luana Heimfarth*!, Klécia A. Santos®, Adriana G. Guimardes?,
Laurent Picot®, Jackson R.G.S. Almeida®, Jullyana S.S. Quintans®”, Lucindo J. Quintans-

Janior®”

% Department of Physiology, Federal University of Sergipe, Sdo Cristévédo, SE, Brazil. E-

mails: alexandrasantos22@hotmail.com, luhe@yahoo.com.br, klecias.anjos@gmail.com,

adrianagibara@hotmail.com, jullyanaquintans@gmail.com, lucindojr@gmail.com
® UMRi CNRS 7266 LIENSS, University of La Rochelle, 17042 La Rochelle, France. E-mail:

laurent.picot@univ-Ir.fr

‘Federal University of San Francisco Valley, 56304-205 Petrolina, PE, Brazil. E-mail:

jackson.quedes@univasf.edu.br

*Corresponding authors at: Federal University of Sergipe. Department of Physiology,
Laboratory of Neuroscience and Pharmacological Assays (LANEF). Av. Marechal Rondon,
SN, Rosa Elze, Sédo Cristovao, Sergipe, CEP: 49.100-000, Brazil. E-mail:
lucindojr@gmail.com (Prof. L.J. Quintans-Junior) or jullyanaquintans@gmail.com (Prof
J.S.S. Quintans).

Abstract
Background

Arthritis is a syndrome associated with exacerbated inflammation, joint destruction and
chronic pain and disability. Chronic treatment of arthritis is associated with several side
effects and high abandonment. Therefore, there has been an ongoing search for alternative
treatments to overcome these problems.

Purpose

Natural products, which are already widely used for their biological, cosmetic and
pharmacotechnic properties, are a possible source for new drugs. Terpenes, a large class of
organic compounds produced mainly by plants and trees, are a promising natural product and
have already been shown to be effective in treating chronic pain, particularly of an
inflammatory origin.

Study Design and Methods

This review identifies the main terpenes with anti-arthritic activity reported in the last 10
years. A survey was conducted between December 2017 and June 2018 in the PUBMED,
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SCOPUS and Science Direct databases using combinations of the descriptors terpenes,
arthritis and inflammation.

Results

The results showed that terpenes have promising biological effects in relation to the treatment
of arthritis, with the 24 terpenes identified in our survey being effective in the modulation of
inflammatory mediators important to the physiopathology of arthritis, such as IL-6, 1L-17,
TNF-a, NFxB, and COX-2, among others. It is important to note that most of the studies used
animal models, which limits, at least in part, the direct translation to humans of the
experimental evidence produced by the studies.

Conclusion
Together, our finds suggest that terpenes can modulate the immuno-regulatory and destructive

tissue events that underlie the clinical presentation and the progression of arthritis and are
worthy of further clinical investigation.

Graphical abstract
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Abbreviations: AA, Autoimmune Arthritis

AIlA — adjuvant induced-arthritis

CFA, Freund's complete adjuvant

CIA, collagen-induced arthritis

DMM, destabilization of the medial meniscus

Foxp3, Forkhead Box P3

GRO/KC, growth-regulated oncogene/ Keratinocyte chemoattractant
GR-0, glucocorticoid receptor alpha

KC, kaolin/carrageenan

MAPKAP2, Mitogen-Activated Protein Kinase-Activated Protein Kinase



MCP-1 — Monocyte chemoattractant protein-1

MMP13, matrix metalloproteinase-13

MMP3, matrix metalloproteinase-3

MMP9, Matrix Metalloproteinase-9

MPO — Myeloperoxidase

MSU- monosodium urate induced arthritis

MSUC, Monosodium urate crystal

NE, Neutrophil Elastase.

NF«B, Nuclear Factor-kappaB

OPG — Osteoprotegerin

(p)-MKK-3/6, phospho Mitogen-activated protein kinase kinase 3 or 6
p38MAPKS, p38 mitogen-activated protein kinases

PPARY — Peroxisome proliferator-activated receptor y

RANKL, Receptor activator of nuclear factor kappa-B ligand
RANTES, regulated upon activation normal T cell expressed and secreted
RORy, Retinoic acid-related Orphan Receptor y

Introduction

A common but little-understood disease, arthritis does not define a single disease, but rather a
set of diseases that affect the joints and mainly target the synovial membrane, cartilage and
bone. "Arthron™ means joints (in Greek) and "itis" means inflammation (in Latin). The term
arthritis is used to describe 100 to 150 types of rheumatic diseases or conditions that affect
joints and tissues around them, as well as other diseases of connective tissue. It affects
individuals in all age groups, sexes and races, being the leading cause of disability in
America, where more than 50 million adults and 300,000 children (Hazes and Luime, 2011)
have some form of arthritis. It is more common in females and tends to appear with advancing
age.

Among the various diseases associated with joint damage is rheumatoid arthritis (RA), a
chronic inflammatory disease that mainly affects the synovial membrane, cartilage and bone.
Affecting around 1% of the population, RA is associated with significant morbidity, disability
and increased mortality (Firestein, 2003). The pathophysiology involved in the inflammatory
process involves the participation of several inflammatory mediators such as TNF-a, I1L-1f,
IL-6, IL-17, NFkB, and COX-2, among others (Mclnnes and Schett, 2007).

The treatment is based on five drug classes: analgesics, non-steroidal anti-inflammatory
drugs, corticosteroids, disease modifying anti-rheumatoid drugs (DMARD) and target therapy
(Siebert et al., 2015, Singh et al., 2010). Biologic agents (DMARDS) are used in the treatment
of moderate to severe active disease, acting as immunosuppressants; therefore, being able to
reduce inflammation and prevent damage to the joints (Sullivan, 2008). This therapy is the
basis of RA treatment, but its high cost may limit access to these effective therapies for may
patients (Desai et al., 2014, Hopson et al., 2016) and the side effects associated with this
treatment contribute to low adherence.

The problems associated with the use of this type of therapy in RA promotes a need to find
new therapeutic options that provide relief from pain and reduce or block the tissue damage
associated with chronic inflammation.. In this respect, natural products (NPs) are invaluable
sources of new chemical entities with interesting biological activity profiles; among them, we
highlight the terpenes and iridoids (a type of monoterpenoids in the general form of
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cyclopentanopyran), secondary metabolites from plants, already known to be able to produce
pharmacological effects in relation to the management of inflammation and pain in a number
of clinical conditions (de Santana Souza et al., 2014, Gouveia et al., 2018, Guimarées et al.,
2014, Sarmento-Neto et al., 2016). This family of compounds have several important
biological properties including anti-inflammatory, antioxidant, antinociceptive, anti-tumor
and other effects (Figueiredo et al., 2007). Additionally, the anti-inflammatory effects of
terpene compounds are associated with changes in the production of pro- and anti-
inflammatory mediators (Barreto et al., 2016, Lima et al., 2013, Pae et al., 2007).

Terpenes are the main constituents of essential oils, and the earliest recorded use was
probably from the Egyptians who used them for a variety of purposes, including cosmetic,
religious and medicinal purposes (Thompson, 2005). Recent studies have reported the
efficacy of terpenes in the control and treatment of various diseases using animal models,
presenting promising activity in the treatment of cancer (Huang et al., 2012), neuropathic pain
(Lv_et al., 2017, Piccinelli et al., 2015) and diseases of inflammatory origin (Dutra et al.
2012, Quintans Junior et al., 2010, Rocha et al., 2011, Wang et al., 2011). Furthermore, there
are several studies that address the low in vivo and in vitro toxicity of terpenes, thus
demonstrating that these compounds are promising substances for pharmacotherapy, but the
need for studies demonstrating their efficacy in humans is notorious.

Interestingly, there are few reviews of the possible use of these compounds as drugs to
improve the symptoms of arthritis. Therefore, the purpose of this systematic review was to
gather information about terpenes that possess an anti-arthritic profile when assessed in
experimental models.

Methods

A systematic review was conducted through a bibliographic survey completed in July 2018
and includes articles published over approximately a 10-year period (December 2007 to June
2018). Three databases (PUBMED, SCOPUS and Science Direct) were consulted, using
different combinations of the following keywords: terpenes, arthritis and inflammation. The
central idea of this systematic review was to find articles that evaluated the therapeutic effect
of terpenes in animal models of arthritis. Moreover, additional studies were included in our
survey after a detailed analysis of all references of the selected articles. The selection of
manuscripts was based on the following inclusion criteria: articles published in English with
the keywords in the title, abstract or full text; studies of isolated terpenes; and in vivo studies.
Studies performed with structurally modified terpenes were excluded. For the selection of the
manuscripts, two independent investigators (AMSC and KAS) first selected the articles
according to the title, then to the abstract and then through an analysis of the full-text of the
publication. Any disagreement was resolved through a consensus between them or with the
participation of an independent researcher, who was the final referee. The resulting articles
were manually reviewed with the goal of identifying and excluding the works that did not fit
the criteria described above.

Results and discussion

This review searched for terpenes that have anti-arthritic activity in in vivo experiments
reported in the last 10 years. We found 604 articles, 203 in Science Direct, 145 in Scopus and
256 in PubMed. However, X number were duplicates and Y number did not meet the
selection criteria and were therefore excluded, resulting in a total of 104 articles. After initial
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screening of the abstracts and the full text of these 104 articles, 25 were selected as the others
did not meet the inclusion criteria (n=79). A flow chart of the selection process is shown in

Fig 2.

Science Direct
(n=182)

Scopus Pubmed
(n=145) (n=252)
Exclusion of repetitions
104
Articles that did not meet
inclusion criteria, based on titles,
abstract or full text
25

Fig. 2. Flowchart of included studies.
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Fig. 3. Molecular struture of terpenes includig in the study.

Arthritis exhibits symptoms such as swelling, pain, stiffness and decreased or loss of function
of the affected joint. The disease may result in chronic pain, inability to perform daily
activities and hinder walking, this is mainly associated with permanent joint changes
(American College of Rheumatology Pain Management Task Force 2010, Heiberg et al.,
2005, Lee, 2013). Thus, the presence of these signs and symptoms, when possible, are
extensively explored in experimental animal models of arthritis to try to create a correlation
with the disease in humans and make these studies as translational as possible.

Anti-edematogenic effects

Edema is one of the five classic signs of the inflammatory process. Defined as swelling
caused by excessive fluid retention in the soft tissues of the body, it is usually associated with
the venous or lymphatic systems. This is not a classic sign of arthritis, but some medications
used to treat arthritis, including non-steroidal anti-inflammatory drugs (NSAIDs) and steroids,
may decrease the formation of edema, reduce pain and some other arthritis symptoms (Trayes
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et al., 2013). Experimental models of arthritis simulate the features found in human disease
well, including joint edema. Animal models have been used for several decades to study
arthritis and have contributed greatly to the unraveling of the mechanisms of pathogenesis and
validating new targets for treatment (Vincent et al., 2012); however, there is no perfect model
which brings together the complexity and all the symptoms of the disease.

In our research, 14 studies demonstrated anti-edematogenic effect of terpenes after initiation
of treatment, both in the knee and paw of rodents. Li et al. reported that a reduction in edema
may be associated with inhibition of iNOS in synovial capsule tissue (Li et al., 2017). This
isoform produces a large amount of NO, causing increased capillary permeability (Bogdan,
2001). Additionally, other studies have associated reduced edema with decreased interleukins
and cell infiltrate. The results shown by the original articles in this review corroborate the
hypothesis that the reduction of cytokines, cellular infiltrates and iINOS may be associated
with decreased joint edema.

Additionally, a study conducted by Cascéo et al. (Cascdo et al., 2012) using celastrol, a plant-
derived triterpene known to improve autoimmune arthritis by suppressing Thl17
differentiation, showed it to be more effective in reducing edema than digoxin (Lee et al.,
2015). Celastrol was able to suppress arthritis scores in the early and late phase, while digoxin
was only effective when administered in the early stage. Celastrol was effective against joint
swelling induced by AIA (Adjuvant-Induced Arthritis), by reducing inflammatory infiltrate.

Molecular mechanisms involved in the attenuation of the symptoms of arthritis:
terpenes and target molecules

Arthritisis a generic term for inflammatory joint disease, and there are various forms
of arthritis, including osteoarthritis, rheumatoid arthritis and spondyloarthritis. Its
pathophysiological mechanism is associated with the increase of inflammatory mediators in
the joint. These appear the cardinal signs of inflammation: pain, heat, redness and edema. Its
etiology involves genetic, immunological and environmental mechanisms. Recent advances in
our understanding of the causes and progression of various forms of arthritis have created
hopes for better management and possible remission of the disease. Pharmacotherapy has
shifted from symptom management to the treatment of underlying disease processes (Casey,
2015). However, therapies that prevent or cure arthritis remain illusory, necessitating the
search for new compounds that may fill the gaps in the treatment of this disease.

Several studies have shown that modulation of inflammation by controlling the inflammatory
molecules in the synovial cavity (such as cytokines, chemokines, among others) (Leung et al.,
2017, Rohner et al., 2012, Snelling et al., 2017) and the modulation of signaling pathways that
perpetuate the inflammatory process (NFkB, COX-2, MAPK, among others) are important
targets for the effective treatment of arthritis. In this sense, in this review we address the
mechanisms by which terpenes act to relieve the symptoms of arthritis. We searched for
evidence of the main target molecules reached from the treatment with terpenes in animal
models. The union of these data may provide support for translational research, and may serve
as an inspiration for the beginning of these studies.

Modulate inflammatory and anti-inflammatory cytokines

Cytokines are small proteins secreted by cells of the immune system such as macrophages and
lymphocytes and have a specific effect on cell-cell communication, and can act in an
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autocrine, paracrine or endocrine form (Zhang and An, 2007). The inflammatory response can
be driven by the cytokine production and is certainly a major target in the management of
inflammatory diseases, such as arthritis. The sustained overproduction of pro-inflammatory
cytokines and the down-regulation of anti-inflammatory cytokines production are observed in
the pathogenesis of arthritic diseases. They are expressed and functionally active in synovial
tissues and contribute to chronic inflammation and progression of the disease (Dinarello
2000, Feldmann, 2008).

Chen et al. (2013) demonstrated up-regulated IL-1B, IL-6, and TNF-a levels in serum of
crystal-induced ankle arthritis in mice. In addition, the administration of collagen as an
inductor agent of arthritis caused increased TNF-a, IL-17A, IL-6, IL1B, and IFN-y levels, as
well as decreased IL-4, IL-10, and TGF-B1 production in the synovial fluid (Lu et al., 2012;
Z. M. Wang et al., 2011). Several studies report that arthritis induced by Freund's Complete
Adjuvant (CFA) (Liu et al., 2014, Saravanan et al., 2014) or kaolin/carrageenan (Salinas-
Sanchez et al., 2015) caused misregulation of pro-inflammatory or anti-inflammatory
cytokines, such as IL-1B, IL-6, TNF-a and IL-10 in bone marrow or serum, respectively.
Cytokines appear to play a key role in the development of arthritis and are a strategic target to
mitigate arthritis symptoms. Moreover, the altered levels of these small molecules have been
shown to contribute to bone loss, joint destruction and disease progression (Yue et al., 2018).

The use of substances able to induce anti-inflammatory or reduce proinflammatory cytokines
can represent an important advance in the therapeutic treatment of a range of diseases. In this
respect, terpenes stand out as an interesting option for the discovery of new bioactive
molecules for arthritis injury, especially as an alternative to reduce the inflammatory process
(Barreto et al., 2016, Brito et al., 2015, de Santana Souza et al., 2014, Lu et al., 2012, Salinas-
Sénchez et al., 2015) . Our review highlighted 14 terpenes (Table 1) that are able to modulate
the levels of cytokines in different models of arthritic diseases, and thereby contribute to
improving the clinical profile by reducing the inflammatory process and pain.

Emodinol, a triterpene isolated from Paeonia emodi (Riaz et al., 2003), reduced the levels of
pro-inflammatory cytokines (TNF-a, IL-1p, and IL-6) in the serum of MSU crystal-treated
mice, contributing to a reduction in anti-gouty arthritis activity by improving inflammatory
response (Chen et al., 2013). Geniposide, an iridoid glycoside purified from Gardenia
jasminoides Ellis (Rubiaceae), decreased proinflammatory cytokines, such as IL-1f, IL-6,
TNF-a, and increased the anti-inflammatory cytokine I1L-10 in complete Freund's adjuvant
(CFA) induced arthritis rats (Chen et al., 2015). In addition, Saravanan et al. (2014) evaluated
the immunomodulatory activity of swertiamarin, an iridoid glycoside isolated from
Enicostema axillare, and reported an important anti-inflammatory action for this terpene.
Pretreatment with this terpene reduced levels of TNF-a and IL-1f and increased the release of
IL-10 and IL-4 in the serum of animals, which appears to be critical in reducing arthritis.

Endale et al. (2013) and Lu et al. (2012), also demonstrated the modulation of IL-1f, TNF-a,
IL-6, IL-10 and/or IL-4 levels induced by the sesquiterpene torilin in serum, and by the
diterpenoid kirenol in synovial fluid, respectively. Moreover, both terpenes were able to
decrease IL-17 release, which has been associated with arthritis disease severity (Kirkham et
al., 2006). IL-17 enhances the activation of synoviocytes and the production of other
cytokines, contributing to bone and cartilage destruction (Lubberts et al., 2004).

Recently, Fukumitsu et al. 2016 evaluated the anti-inflammatory and anti-arthritic activity of
maslinic acid, a pentacyclic triterpene isolated from olive pomace. Treatment with maslinic
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acid reduced the expression of IL-1p, TNF-a, and IFN-y mRNA in the synovial membrane of
knee joints caused by collagen antibody induced arthritis (CAIA). Moreover, a study has
shown that the terpene clematichinenoside, a triterpenoid saponin, increased TGF-B1 release
in the serum of CFA induced arthritis rats and that this effect was associated with
inflammatory process attenuation (Xiong et al., 2014).

Accordingly, this review has shown that cytokines represent one of the most important targets
for terpenoids and that this is an effective approach to in the treatment of arthritic diseases.
Terpenes reduce proinflammatory levels and can increase the production of some anti-
inflammatory cytokines, attenuating the inflammatory process and tissue destruction and
disease progression. It is well-known that suppression of the anti-inflammatory cytokines IL-
10 and IL-4 can cause cartilage degeneration (van Roon et al., 2003). Inflammation of the
joint tissues is related to the accumulation of toxic substances in the synovium that lead to
cartilage destruction (Darlington and Stone, 2001).

Moreover, TNF-a, IL-6 and IL1B were described as a molecular target of 13 terpenes (Table
1), thus highlighting the modulation of these cytokine levels as the main mechanism of action
of terpenes, as anti-inflammatory agents and as antiarthritic substances. TNF-a, IL-1p and IL-
6 promote synovial inflammation by up-regulating the expression of vascular growth factors,
endothelial mitogenesis and activate matrix metalloproteinases (Pan et al., 2009). These
cytokines facilitate the infiltration of inflammatory cells into the synovial tissues and
oxygenation of mass cells which enhances the inflammatory response (Paleolog, 2002),
contributing to development and progression of arthritic features.

The modulation of TNF-a, IL-6 and IL-1p release is evidence of the possible potent beneficial
effect of terpenes against arthritis. Studies have reported that blocking TNF-a produced
clinical benefits in inflammatory diseases (Gabay, 2002); and antagonize IL-6 receptor has
also produced clinical improvement in patients with rheumatic arthritis (Genovese et al.,
2008), showing the importance of TNF-a and IL-6 in the physiopathology of this disease.

Our results suggest that the terpenes analyzed are able to reduce pro-inflammatory cytokines
(TNF-a and B, IL-1, IL-1pB, IL-6, IL-17, IFN-y) and increase anti-inflammatory cytokines (IL-
4, 1L-10, TGF-B1), reducing the response caused by the arthritic chemical agents. Such an
effect may be associated with the regulation of the cells of the innate immune system. In
addition, models using genetically modified animals could contribute, at least in part, to
understanding the possible mechanisms of action of these terpenes and the real importance of
modulating cytokines to produce the antiarthritic profile. The data presented by the original
articles suggest that terpenes modulate cytokines, but do not clarify the mechanism of this
modulation. Therefore, deeper studies are needed to understand how they act in these cells.

Modulation of signaling pathways associated with inflammatory diseases

Several studies have demonstrated that complex molecular targets and mechanisms are
implicated in the pathology of arthritic diseases, contributing to damage of synovial
membrane, cartilage and bone (Khalifé and Zafarullah, 2011, Klareskog et al., 2006, Miossec,
2003, Vincent et al., 2012). In this context, alterations in the inflammatory mediator's
cascades play a pivotal role in the pathophysiological processes underlying inflammation and
tissue destruction in arthritic diseases. Some studies indicate that the beneficial
pharmacological properties of terpenes against arthritis phenomena are related to modulation
of several intracellular signaling pathway proteins, such as RANKL (Wang et al., 2016),
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NF«B (Z. M. Wang et al., 2011), the MAPK family (Chen et al., 2015), COX-2 (Lee et al.
2015), INOS (Lee et al., 2015, Li et al., 2017), PGE-2 (Li_et al., 2009), matrix
metalloproteinases (Liu et al., 2015, Nanjundaiah et al., 2012), MPO (Zhang et al., 2017) and
c-FOS (Kang et al., 2008). Terpenes can provoke the activation or inhibition of these
molecules or pathways reducing the diseases progression. Our review highlighted 14 terpenes
(Table 1) that modulate these inflammatory mediators in different models of arthritic diseases,
differently modulating various pathways of the inflammatory process.

Wang et al. (2016a) reported that the triterpene taraxasterol alters the expression of RANKL
(Receptor Activator of Nuclear Factor Kappa-B Ligand) and OPG (osteoprotegerin) protein,
an important signal regulating system of bone tissue metabolism that plays an essential role in
osteoclastogenesis. RANKL and OPG are an essential mediator of bone resorption and
osteoclast differentiation (Stolina et al., 2009, Van Campenhout and Golledge, 2009). In
addition, the binding of RANKL to its receptor RANK in osteoclast precursor cells causes the
activation of several intracellular signaling pathways associated with inflammatory response,
including the mitogen-activated protein kinase (MAPK) pathways and the NF-kB signaling
cascade (Darnay et al., 1999).

The MAPK family and NF-kB signaling cascade are two important targets of terpenoid
molecules, altering the inflammatory process in several diseases, including arthritis (Feng et
al., 2017, Kashyap et al., 2016, Sanchez-Fidalgo et al., 2015).

Wang et al. (2011) reported that kirenol, a terpene derived from Herba siegesbeckia, inhibited
NF-xB activity and consequently the NF-kB binding to DNA and inflammatory molecules
transcription. NF-kB is a transcription factor required for up-regulation of inflammatory and
immune responses observed in arthritis pathology (Gilston et al., 1997, Han et al., 1998).
Activated NF-xB has been found in synovial tissue in the early stage of joint inflammation
(Gilston et al., 1997) and there is evidence suggesting that NF-xB activation plays a pivotal
role in the initiation and perpetuation stages of the chronic inflammation characteristic of
rheumatoid arthritis. The activation of this transcription factor also promotes cellular
proliferation and inhibits cellular apoptosis, facilitating synovial hyperplasia and pannus
formation (Makarov, 2001). All these characteristics contribute to the progression of
inflammatory disease pathology, including that of arthritis. Terpenes, which suppress NF-xB
activation, are a promising approach for arthritis treatment as they are also strong inhibitors of
common pain processes in rheumatic disease (Gouveia et al., 2018, Guimardes et al., 2013).

MAPK is a conserved family of proteins that is involved in the control of several fundamental
cellular processes that include cell survival, differentiation, apoptosis, proliferation,
metabolism and inflammation (Chong et al., 2003, O'Neill and Kolch, 2004, Wellbrock et al.,
2004) . One of the major roles of the MAPK family in arthritic diseases are regulation of the
synthesis of TNF-a, IL-1 and IL-6, which contribute to joint inflammation and structural
damage (Gortz et al., 2005, Lee et al., 1994). Studies have reported that terpenes are able to
inhibit the activation of MAPK, causing a decrease in the inflammatory process (Alghasham
and Rasheed, 2014, Ma et al., 2014) responsible for the tissue destruction in the arthritic
condition. Chen et al. (2015) have shown that the geniposide, an iridoid glycoside, inhibits the
expression of p38MAPK, decreasing the production of inflammatory mediators and tissue
destruction in rats with adjuvant arthritis. These findings could be associated with
improvements in the set of symptoms characteristic of the disease.
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Evidence points to the up-regulation of COX-2 and iNOS expression as an important factor
related to the inflammation process associated with the onset of arthritis (Fan et al., 2015).
The expression of these proteins in synoviocytes leads to the production of active
prostaglandin (PGE2) and NO, resulting in severe damage in bone and cartilage (Seibert et al.,
1994).

Studies have reported the beneficial effect of terpenes in various inflammatory conditions by
the attenuation of COX-2 and iNOS activation (Brinker et al., 2007). Lee et al. (2013)
demonstrated that the sesquiterpenoid lemnalol, extracted from Lemnalia tenuis and Lemnalia
cervicorni (Jean et al., 2008, Kikuchi et al., 1983), attenuated the MSU-induced up-regulation
of INOS and COX-2 expression in the ankle joint synovium. In this same study profile,
Saravannan et al. (2014) described that the oral administration of swertiamarin, an iridoid
glycoside, decreased the expression of the proangiogenic enzymes iNOS and COX-2 in a
model of rheumatoid arthritis. In addition, swertiamarin downregulated PGE-2 production
(Saravanan et al., 2014), leading to a lower inflammatory process and attenuating the bone
and cartilage destruction in synovium tissue. PGE-2 are also inhibited by madecassoside, a
triterpenoid, attenuating the ClIA-induced arthritis (Li et al., 2009).

During inflammation, vascular permeability is increased by the activation of various
inflammatory mediators (Loria et al., 2008, Phillipson and Kubes, 2011, Wilhelm, 1973),
provoking migration of polymorphonuclear neutrophils to the inflammatory site and,
consequently, the enhancement of myeloperoxidase (Butterfield et al., 2006, Selders et al.,
2017). Elevated MPO levels have been found in inflamed synovial joints and the pannus in
rheumatoid arthritis (Selders et al., 2017), being considered a new biomarker of inflammation
in several diseases.

Studies have shown that terpenes play an appreciable role in reduced leukocyte migration and
consequently MPO release in inflammatory diseases (Krishnan et al., 2014, Li et al., 2014,
Wen et al., 2015). These molecules present an anti-inflammatory profile, reducing the
degranulation of neutrophils and the MPO activity. In addition,Lazarevi¢-Pasti, Leskovac and
Vasi¢ (2015) suggest that natural products are promising candidates for therapy, because
many of them inhibit MPO activity without negative effects on the immune system and with
additional benefits to the patient receiving the treatment (Lazarevi¢-Pasti et al., 2015).
Tanshinone I1A, a terpene extracted from Salvia miltiorrhiza, inhibits neutrophil activation,
infiltration and apoptosis, leading to decreased MPO release. In agreement with these
findings, another study found reduced tissue damage and joint inflammation in an adjuvant-
induced arthritis model (Zhang et al., 2017).

Another class of protein associated to arthritis process that are target of terpenes are the
matrix metalloproteinases (MMP). Liu et al (2016) described the inhibition of the expression
of MMP3 and MMP13 by the sesquiterpene lactones in the collagen-induced arthritis (CIA).
Moreover, Saravannan et al. (2014) reported the involvement of MMP9 in the beneficial
effect of swertiamarin in an adjuvant induced arthritis model. These findings indicate that
terpene treatment attenuates the arthritic inflammatory response by downregulating the
production of proinflammatory factors in inflamed joints. Synovial inflammation and
consequently bone destruction are directly related to the production of MMPs by synovial
fibroblasts. These metalloproteinases potentiate inflammation and facilitate invasion of the
articular cartilage (Itoh, 2015). Moreover, the synthesis and secretion of MMP are trigged by
increased c-FOS expression, which provokes arthritic joint destruction (Aikawa et al., 2008,
Cheung, 2006, Chu et al., 2004, McCarthy et al., 1998). c-FOS protein is routinely used as an
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indicator for neuronal activation and is expressed in different conditions, including in
inflammatory and pain conditions (Santos et al., 2017). Studies have reported that rheumatoid
arthritis and osteoarthritis patients present up-regulated c-FOS protein expression in the
synovial tissue (Cheung, 2006, McCarthy et al., 1998, Trabandt et al., 1992). Furthermore,
Kang et al. 2008 observed an increased number of c-FOS positive neurons in the lumbar
spinal cord of CFA-induced arthritis rats.

Features characteristic of joint destruction in rheumatic diseases, including synovial
overgrowth and bone resorption, are experimentally produced by augmenting c-fos gene
expression and its protein products, c-fos (Shiozawa et al., 1997). Several studies indicate that
terpenes are able to suppress c-FOS expression in inflammatory and non-inflammatory
diseases (Nascimento et al., 2014, Quintans-Junior et al., 2016, Santos et al., 2017).

Lee et al. (2013) reported that the sesquiterpene lemnalol decreased c-FOS expression in the
ankle synovium of MSU induced arthritis rats. In addition, the author suggests that lemnalol
blocked the destruction of the joint by modulating the expression of c-fos protein. (Lee et al.,
2013). Kang et al. (2008) demonstrated that oral administration of ursolic acid, a natural
pentacyclic triterpenoid carboxylic acid, decreased the number of c-FOS positive neurons in
the lumbar spinal cord, causing the inhibition of arthritic nociceptive input to the spinal cord.
This finding is in agreement with other studies that reported that terpenes have effective
action in inhibiting c-FOS protein expression; and it is also associated with the anti-
nociceptive effect of this molecule (Quintans-Junior et al., 2016, Santos et al., 2017). Ma and
Jiang (Ma and Jiang, 2016), proposed that terpenes are among the most effective compound
groups for the treatment of rheumatoid arthritis in traditional Chinese medicine.

Inhibit tissue destruction and bone changes

Morphological changes and tissue destruction appear with the progression of arthritis. The
degree of progressive damage is related to the intensity and duration of inflammation, so
suppression of inflammation in the early stages of the disease can result in substantial
improvements in long-term outcomes for the joints and other components of the
musculoskeletal system (National Institue for Health and Clinical Excellence Guideline,
2009).

In arthritis, changes are characterized by abnormal proliferation of synovium,
neovascularization and formation of granulation tissue. During the development of
rheumatoid arthritis, the exacerbated inflammatory process leads to destruction of the joints.
In experimental models of arthritis, terpenes such as crocin (Li et al., 2017), torilin (Endale et
al., 2013), celastrol (Cascdo et al., 2012) and others reduced arthritic scores, resulting in
reduced bone and cartilaginous degeneration. These results indicate a reduction in cellular
infiltrate (Chen et al., 2015, Fukumitsu et al., 2016), inhibition of proliferation of fibroblasts
and synovial cells as well as well as the suppression of the production of anti-collagen type Il
antibodies and a reduction in the formation of osteophytes (Wang et al., 2014).

Regulatory T cells (Tregs) are known for their important role in inducing and maintaining
homeostasis of the immune system and in the process of peripheral tolerance. These cells are
characterized by expression of the transcription factor Foxp3 that participates in the
differentiation and regulation of its suppressor phenotype (Schlieer et al., 2012). It is well
established that Foxp3 T cells are attracted to various chemokines and adhesion molecules
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expressed in non-lymphoid tissues at inflammatory sites, and can suppress excessive
inflammation (Kim, 2006).

Xiong et al (2014), studied the expression of Foxp3 in synovium, and found that expression
was higher in rodents induced with AIA when compared to normal controls, suggesting that
Foxp3 cells migrated to inflamed joint tissues, which may be necessary to suppress the
activation of autoreactive lymphocytes. Animals treated with clematichinenoside, a
triterpenoid saponin, decreased expression of Foxp3 and RORy, which plays an important role
for the differentiation of thymocytes in T helper cells 17 (Th17) (Sun et al., 2000).

Limitations of animal models in respect of translational research

Murine arthritis models have been developed with both rats and mice. They have contributed
to a better understanding of the disease and its molecular mechanisms and enabled new
substances for the treatment of arthritis to be studied. Other species have also been used over
the years, however murine models are common because of the cost, and genetic homogeneity.
Murine models are also widely used due to the ability to use genetically modified strains
(Kannan et al., 2005).

Most arthritis models simulate some pathological features similar to those occurring in human
diseases, but there are important differences such as rapid evolution, these models being
characterized mainly by an acute inflammatory response (Bendele et al., 1999). Although
several experimental models of arthritis have been developed in the last decades for
mechanistic studies and validation of therapeutic targets, none of them reflect all the articular,
systemic characteristics, immunological profiles and genetic factors typical of arthritis in
human (Di _Paola and Cuzzocrea, 2008). Thus, the models have been limited to producing
localized lesions, or induction by chemical agents or by other types of stress, so proving
specific symptoms and not the complex clinical state. Such characteristics limit the translation
of the results obtained in these models, due to the lack of homogeneity when compared to the
responses in human disease.

The pathology of RA is not confined to the joint and involves complex pathways and multiple
tissues. Therefore it is imperative that any animal model chosen for investigation mimics
enough of the human condition to be translatable (McNamee et al., 2015). In addition, in
human disease protein citrullination and the appearance of rheumatoid factor are important
features in the development of RA (Aho et al., 1991, Catrina et al., 2014). However, few
models of RA demonstrate the emergence of these characteristics. Thus, investigating events
that go beyond the inflammatory process, such as pain and associated comorbidities, reflects a
challenge to translate the results of murine models for humans. There are some excellent
reviews of the limitations imposed when studying arthritis in animal models, including those
published by Bevaart et al., 2010, Moudail et al., 2011, McNamee et al., 2015 and Choudhary

et al. (2018).

Final Considerations

The treatment of arthritis remains a challenge for modern medicine and improving the quality
of life of patients with the disease has been a challenge to be overcome by the new therapies.
For decades, folk and traditional medicine has used medicinal plants rich in terpenes for the
treatment of inflammatory conditions that affect the joints, cartilage and bone. Moreover,
there has been a great deal of research studying the effects of different terpenes on modulating
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the arthritis process, showing the beneficial effects of this family of molecules in the
prevention of the symptoms of arthritis or mitigating inflammatory pathways that influence
the establishment or evolution of this rheumatic disease.

In this review, we summarized the current knowledge on terpenes that present anti-arthritic
profiles which are able to modulate the immune-regulatory and tissue-destructive events that
underlie the clinical presentation and progression of arthritic diseases. Further, this review
suggests which terpenoid molecules are most important in terms of an effective approach to
treating this inflammatory disease.

This review described 23 terpenes (Fig. 3) that possess anti-arthritic profiles which modulate
cytokine release or alter inflammatory mediators and signaling pathway, provoking
suppression of bone or cartilage destruction. Several different inflammatory markers
associated with arthritis pathology were evaluated as a target of terpenes across the studies
included within the review. The proinflammatory and anti-inflammatory cytokines found
were TNF (a and B), IL-1, IL-1B, IL-6, IL-17, IL-4, 1L-10, TGF-B1, and IFN-y. In addition,
the most important inflammatory enzymes, inflammatory mediators or proteins found were
RANKL, NFKB, MAPK family, COX-2, iNOS, PGE-2, MPP, MPO, c-FOS, Foxp3 and
RORy. The modulation of these molecules blocks morphological changes and tissue
destruction, inhibiting progression of arthritis. Suppression of inflammation in the disease can
result in substantial improvements in long-term outcomes for the joints and other components
of the musculoskeletal system.

According to current the European League Against Rheumatism (EULAR) criteria,
rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP) are used for RA
diagnosis (Gavrila et al., 2016). However, these biomarkers are relatively unexplored by
animal studies. The experimental limitations of the animal models used in the studies in this
review, and generally not described in the articles, need to be overcome in order to develop
new drug proposals.

The common major pharmacological profile of these 23 terpenes is their ability to modulate
inflammatory response in joints, attenuate tissue destruction and minimize arthritis symptoms,
such as inflammation, swelling, pain and radiological changes. Despite the compelling
evidence of the substantial anti-arthritic effects of terpenes, and their lack of potential toxicity,
clinical studies are necessary to properly determine the use of these terpenes as new drugs in
the treatment of arthritis.
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