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Osteoarthritis (OA) is a most common type of arthritis occur in the aged population. It affects any joint in the body and
degenerates the articular cartilage and subchondral bone. Despite the pathophysiology of OA is different, still cartilage
resorption is a symbol of osteoarthritis. Matrix metalloproteinases (MMPs) are important proteolytic enzymes that degrade
extra-cellular matrix proteins (ECM) in the body. MMPs contribute to the turnover of cartilage and its break down; their
levels have increased in the joint tissues of OA patients. Application of chondroprotective drugs neutralize the activities of
MMPs. Natural products derived from herbs and plants developed as traditional medicine have paid much attention due to
their potential biological effects. Therapeutic value of natural products in OA has increased reputation by presenting
clinical impact with insignificant side effects. Several MMPs inhibitor have been used as therapeutic drugs for long time.
Recently, different types of compounds have been reviewed for their biological activities. In this review, we summarize
numerous natural products for the development as MMPs inhibitors in arthritic diseases and describe the major signaling
targets that involved for the treatments of these destructive joint diseases.

Keywords: arthritis ; MMPs ; natural products ; chondroprotection ; signaling pathways

| 1. Introduction

Osteoarthritis (OA) is the most common type of joint disease that affect millions of people worldwide and it primarily cause
disability in the aged population, affecting about 80% of individuals over the age of 75 L. Increased damage of cartilage
degradation is the hallmark of this destructive joint disease. In the cartilage matrix, proteoglycan and collagen exist as
major elements, and damage of proteoglycan could induce cartilage degeneration &, followed by the catabolism of
collagen fibrils, which increases the loss of cartilage structural integrity [&1. Matrix metalloproteinases (MMPs)-induced
cartilage degeneration is controlled by endogenous tissue inhibitors of metalloproteinase (TIMPs) 4, and the disproportion
in the ratio of TIMPs and MMPs could lead to a persistent matrix destruction in OA . It was proposed that MMPs
inhibition should be considered a therapeutic strategy in preventing cartilage degradation, which occurs in the arthritic
process (8. Although several inhibitors of the MMPs have been proposed as important therapeutic agents, there is a lack
of evidence related to the inhibition of MMPs by natural compounds for chondroprotection in the destructive joint diseases.

| 2. MMPs and Osteoarthritis

Matrix metalloproteinases are proteolytic enzymes that restore and degrade extracellular matrix (ECM) proteins and their
components. MMPs enzymes break down cartilages and their levels are elevated in joint tissues of patients with
rheumatoid arthritis (RA) and OA [, Joint inflammation and joint degenerative diseases are associated with increased
level of MMPs; so far, 23 MMP proteins have identified in humans [&l. Chondrocytes are vital cells that exist in the cartilage
and are mostly accountable for affecting ECM in joint space. Chondrocytes synthesize collagen type Il and aggrecan,
which are similar to ECM and secrete proteolytic MMPs.

Collagenases, such as MMP-1 and 13 are highly degraded collagens in the cartilage and bone. In osteoarthritis, the
components of cartilage matrix are hydrolyzed quickly and results in cartilage degradation. Collagenase-1 (MMP1) exists
in various cells, including chondrocytes [&l. MMP13 (collagenase-3) majorly induce collagen degrading activity, especially
of type Il collagen 19, and this enzyme plays a major role in the degradation of cartilage. Various MMP inhibitors were
established and verified for potential clinical use 111, Moreover, MMP-13 expression co-express with Cll degradation in OA
lesions, indicating that this enzyme exerts a pivotal role in cartilage degradation in OA [2. Moreover,
immunohistochemistry has revealed the presence of MMP13-specific type Il collagen degradation products and MMP13
enzymes in OA cartilage 2314 Though MMPs1, 8, and 13 have reported the only mammalian enzymes that degrade
native fibrillary collagen types |, Il, and Ill, other MMPs, including MMP2 and MMP14 also possess this activity 1516 The
collagenases enzyme MMP2 and MMP9 degrade type IV collagen, gelatin, and elastin, which are complicated in joint
diseases L1,



| 3. Inflammatory Cytokines in Osteoarthritic Chondrocytes

Inflammatory cytokines are the most important class of compounds contributing to the pathogenesis of OA. In the
cartilages, interleukin-1p (IL-1) and tumor necrosis factor-a (TNF) were shown to induce of MMPs 1, 3, 9, and 13
expression 8, and these cytokines are found to be a suitable model in the human SW1353 chondrosarcoma cell line that
is compatible with primary chondrocytes in OA X2, Interleukin-1p stimulates the release of degenerative MMPs enzymes
from chondrocytes and synoviocytes, and extracellular matrix proteins in chondrocytes 29, |L-1B is also involved in the
osteoclastogenesis and bone resorption, which is augmented in rheumatoid arthritis (RA) joints [21. Apoptotic chondrocyte
death in articular cartilage was observed in clinical specimens from RA and OA cartilages [22. A previous study reported
that anti-TNF-a treatment with a TNF antibody, gives a continued reduction of pain symptoms in OA [, therefore,
antagonists to TNF-a might serve as a potential beneficial strategy to decrease OA pain in patients 24,

Interleukin (IL)-1 is one of the most essential degrading cytokines secreted by chondrocytes in arthritic joint disease 22,
Augmented levels of IL-1 were noticed in synovial fluids from RA and OA patients 28, and its over expression in
osteoarthritic cartilage tissue was also reported by Teslow et al. 13, A high level of IL-1 receptor type 16 was observed in
osteoarthritic chondrocytes, compared to normal chondrocytes, and inhibitors of IL-1 converting enzyme, a protease
crucial for IL-1 processing, was found to reduce collagen-induced arthritis 22, Moreover, opposing data were noted in a
potential up- and down-regulation of IL-1B, in osteoarthritic cartilage 28], IL-1 was reported to produce excessive effects in
chondrocytes, including (i) a major reduction in the expression of collagen type Il 22; (ii) over expression of MMP-1, 3,
and 13 BY: and (iii) solid stimulation of intercellular mediators like leukemia inhibitory factor and IL-6. Interleukin-6,
another well-recognized cytokine involved in cartilage degradation, was reported to connect with hyperalgesia and
hypersensitivity in joint tissues Y. This cytokine played a vital role in the progression of RA, as its level was found to
increase in the serum and synovial fluid of arthritic patients 2. Interleukin-6 reacted remarkably to primary afferent
neurons 28l and hence it could play a role in pain transmission in arthritic states. In the skeleton system, IL-6 triggers
osteoclasts and stimulates the synovium to produce MMPs that are responsible for degrading cartilage in OA B4,
Therefore, inhibiting IL-6 over-expression in synovial fibroblasts (SF) is believed to be an auspicious method to prevent
OA progression, in which the clarification of molecular mechanisms underlying IL-6 over-expression in SF is essential.

| 4. Conclusions and Future Direction on Therapy for Osteoarthritis

A conservative controlling of osteoarthritis cannot discourse the major cause of the disease, when the application of
agents is used alone. Additionally, these agents are not acceptable for long-term control of osteoarthritis, as they display
major side effects. In contrast, varieties of natural products show protective effects against proinflammatory cytokine-
induced expression and the catabolic activity of MMPs in articular cartilage, via the regulation of the NF-kB signaling
pathway. Natural products exhibited inhibitive effects on the apoptosis in chondrocytes, and decline in the production of
the ECM in articular cartilage. Nevertheless, although several preclinical and clinical studies are directed so far in natural
product chemistry, still there are no perfect natural products recommended as an antagonist to the progression of the
symptoms of osteoarthritis. This review might provide absolute readings about how natural compounds are beneficial for
the treatments of joint diseases. Additionally, the information of the chondroprotective mechanism of natural substances
would afford new opportunities to promote therapeutic strategies projected at encouraging destructive joint disorders.

References

1. Brosseau, L.; Wells, G.A.; Kenny, G.P.; Reid, R.; Maetzel, A.; Tugwell, P.; Huijbregts, M.; McCullough, C.; De Angelis,
G.; Chen, L. The implementation of a community-based aerobic walking program for mild to moderate knee osteoarthrit
is (OA): A knowledge translation (KT) randomized controlled trial (RCT): Part II: Clinical outcomes. BMC Public Health
2012, 12, 1073-1088.

2. Mankin, H.J.; Lippiello, L. Biochemical and Metabolic Abnormalities in Articular Cartilage from Osteo-Arthritic Human Hi
ps. J. Bone Jt. Surg. Am. 1970, 52, 424-434.

3. Jubb, R.W.; Fell, H.B. The breakdown of collagen by chondrocytes. J. Pathol. 1980, 130, 59-167.

4. Burger, D.; Rezzonico, R.; Li, J.M.; Modoux, C.; Pierce, R.A.; Welgus, H.G.; Dayer, J.M. Imbalance between interstitial
collagenase and tissue inhibitor of metalloproteinases 1 in synoviocytes and fibroblasts upon direct contact with stimula
ted T lymphocytes: Involvement of membrane-associated cytokines. Arthritis Rheum. 2004, 41, 1748-1759.

5. Lin, N.; Liu, C.; Xiao, C.; Jia, H.; Imada, K.; Wu, H.; Ito, A. Triptolide, a diterpenoid triepoxide, suppresses inflammation
and cartilage destruction in collagen-induced arthritis mice. Biochem. Pharmacol. 2007, 73, 136-146.



10.

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

. Brinckerhoff, C.E. Joint destruction in arthritis: Metalloproteinases in the spotlight. Arthritis Rheum. 1991, 34, 1073-107

5.

. Abeles, A.M.; Pillinger, M.H. The role of the synovial fibroblast in rheumatoid arthritis-cartilage destruction and the regul

ation of matrix metalloproteinases. Bull. NYU Hosp. Jt. Dis. 2006, 64, 20-24.

. Hadler-Olsen, E.; Fadnes, B.; Sylte, I.; Uhlin-Hansen, L.; Winberg, J.O. Regulation of matrix metalloproteinase activity i

n health and disease. FEBS J. 2011, 278, 28-45.

. Shlopov, B.V.; Lie, W.R.; Mainardi, C.L.; Cole, A.A.; Chubinskaya, S.; Hasty, K.A. Osteoarthritic lesions: Involvement of

three different collagenases. Arthritis Rheum. 1997, 40, 2065-2074.

Knauper, V.; Cowell, S.; Smith, B.; Lopez-Otin, C.; O’Shea, M.; Morris, H.; Zardi, L.; Murphy, G. The role of the C-termin
al domain of human collagenase- 3 (MMP-13) in the activation of procollagenase-3, substrate specificity, and tissue inhi
bitor of metalloproteinase interaction. J. Biol. Chem. 1997, 272, 7608—-7616.

Cawston, T.E.; Wilson, A.J. Understanding the role of tissue degrading enzymes and their inhibitors in development an
d disease. Best Pract. Res. Clin. Rheumatol. 2006, 20, 983—1002.

Mitchell, P.G.; Magna, H.A.; Reeves, L.M.; Lopresti-Morrow, L.L.; Yocum, S.A.; Rosner, P.J.; Geoghegan, K.F.; Hambor,
J.E. Cloning, expression and type |l collagenolytic activity of matrix metalloproteinase-13 from human osteoarthritic cart
ilage. J. Clin. Investig. 1996, 97, 761-768.

Teslow, L.C.; Adlam, D.J.; Woolley, D.E. Matrix metalloproteinase and proinflammatory cytokine production by chondro
cytes of human osteoarthritic cartilage. Arthritis Rheum. 2001, 44, 585-594.

. Wu, W.; Billinghurst, R.C.; Pidour, |.; Antoniou, J.; Zukor, D.; Tanzer, M.; Poole, A.R. Sites of collagenase cleavage and

denaturation of type Il collagen in aging and osteoarthritic articular cartilage and their relationship to the distribution of
matrix metalloproteinase 1 and matrix metalloproteinase 13. Arthritis Rheum. 2002, 46, 2087-2094.

Konttinen, Y.T.; Ceponis, A.; Takagi, M.; Ainola, M.; Sorsa, T.; Sutinen, M.E.; Salo, T.; Ma, J.; Santavirta, S.; Seiki, M. N
ew collagenolytic enzymes cascade identified at the pannus—hard tissue junction in rheumatoid arthritis: Destruction fro
m above. Matrix Biol. 1998, 17, 585-601.

Ohuchi, E.; Imai, K.; Fujii, Y.; Sato, H.; Seiki, M.; Okada, Y. Membrane type 1 matrix metalloproteinase digests interstitia
| collagens and other extracellular matrix macromolecules. J. Biol. Chem. 1997, 272, 2446—-2451.

Konttinen, Y.T.; Ainola, M.; Valleala, H.; Ma, J.; Ida, H.; Mandelin, J.; Kinne, R.W.; Santavirta, S.; Sorsa, T.; L6pez-Otin,
C.; et al. Analysis of 16 different matrix metalloproteinases (MMP-1 to MMP-20) in the synovial membrane: Different pr
ofiles in trauma and rheumatoid arthritis. Ann. Rheum. Dis. 1999, 58, 691-697.

Mengshol, J.A.; Vincenti, M.P.; Coon, C.I.; Barchowsky, A.; Brinckerhoff, C.E. Interleukin-1 induction of collagenase 3
(matrix metalloproteinase 13) gene expression in chondrocytes requires p38, c-Jun N-terminal kinase, and nuclear fact
or kappaB: Differential regulation of collagenase 1 and collagenase 3. Arthritis Rheum. 2000, 43, 801-811.

Shi, J.; Schmitt-Talbot, E.; Dimattia, D.A.; Dullea, R.G. The differential effects of IL-1 and TNF-alpha on proinflammator
y cytokine and matrix metalloproteinase expression in human chondrosarcoma cells. Inflamm. Res. 2004, 53, 377-389.

Malemud, C.J.; Islam, N.; Haqqi, T.M. Pathophysiological mechanisms in osteoarthritis lead to novel therapeutic strateg
ies. Cells Tissues Organs 2003, 174, 34-48.

Jimi, E.; Aoki, K.; Saito, H.; D’Acquisto, F.; May, M.J.; Nakamura, |.; Suda, T.; Kojima, T.; Okamoto, F.; Fukushima, H.; e
t al. Selective inhibition of NF-kB blocks osteoclastogenesis and prevents inflammatory bone destruction in vivo. Nat. M
ed. 2004, 10, 617-624.

Héraud, F.; Héraud, A.; Harmand, M.F. Apoptosis in normal and osteoarthritic articular cartilage. Ann. Rheum. Dis. 200
0, 59, 959-965.

Grunke, M.; Schulze-Koops, H. Successful treatment of inflammatory knee osteoarthritis with tumour necrosis factor bl
ockade. Ann. Rheum. Dis. 2006, 65, 555-556.

Dray, A.; Read, S.J. Arthritis and Pain. Future Targets to Control Osteoarthritis Pain. Arthritis Res. Ther. 2007, 9, 212.
Goldring, M.B. Osteoarthritis and cartilage: The role of cytokines. Curr. Rheumatol. Rep. 2000, 2, 459-465.

Westacott, C.1.; Sharif, M. Cytokines in osteoarthritis: Mediators or markers of joint destruction? Semin. Arthritis Rheu
m. 1996, 25, 254-272.

Ku, G.; Faust, T.; Lauffer, L.L.; Livingston, D.J.; Harding, M.W. Interleukin-1_ converting enzyme inhibition blocks progr
ession of type Il collageninduced arthritis in mice. Cytokine 1996, 8, 377—-386.

Murata, M.; Trahan, C.; Hirahashi, J.; Mankin, H.J.; Towle, C.A. Intracellular interleukin-1 receptor antagonist in osteoar
thritis chondrocytes. Clin. Orthop. Relat. Res. 2003, 409, 285-295.



29. Richardson, D.W.; Dodge, G.R. Effects of interleukin-1f3 and tumor necrosis factor-a on expression of matrix-related ge
nes by cultured equine articular chondrocytes. Am. J. Vet. Res. 2000, 61, 624-630.

30. Bau, B.; Gebhard, P.M.; Haag, J.; Knorr, T.; Bartnik, E.; Aigner, T. Relative messenger RNA expression profiling of colla
genases and aggrecanases in human articular chondrocytes in vivo and in vitro. Arthritis Rheum. 2002, 46, 2648—-2657.

31. Brenn, D.; Richter, F.; Schaible, H. Sensitization of unmyelinated sensory fibers of the joint nerve to mechanical stimuli
by interleukin-6 in the rat: An inflammatory mechanism of joint pain. Arthritis Rheum. 2007, 56, 351-359.

32. Silacci, P.; Dayer, J.M.; Desgeorges, A.; Peter, R.; Manueddu, C.; Guerne, P.A. Interleukin (IL)-6 and its soluble recepto
r induce TIMP-1 expression in synoviocytes and chondrocytes, and block IL-1-induced collagenolytic activity. J. Biol. C
hem. 1998, 273, 13625-13629.

33. Obreja, O.; Biasio, W.; Andratsch, M.; Lips, K.S.; Rathee, P.K.; Ludwig, A.; Rose-John, S.; Kress, M. Fast modulation of
heat-activated ionic current by proinflammatory interleukin 6 in rat sensory neurons. Brain 2005, 128, 1634-1641.

34. Sakao, K.; Takahashi, K.A.; Arai, Y.; Saito, M.; Honjo, K.; Hiraoka, N.; Asada, H.; Shin-Ya, M.; Imanishi, J.; Mazda, O.; e
t al. Osteoblasts derived from osteophytes produce interleukin-6, interleukin-8, and matrix metalloproteinase-13 in oste
oarthritis. J. Bone Miner. Metab. 2009, 27, 412—-423.

Retrieved from https://encyclopedia.pub/entry/history/show/9108



