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Abstract: Osteoarthritis is a degenerative disease of the joint affecting aging populations
worldwide. It has an underlying inflammatory cause, which contributes to the loss of chon-
drocytes, leading to diminished cartilage layer at the affected joints. Compounds with anti-
inflammatory properties are potential treatment agents for osteoarthritis. Curcumin derived from
Curcuma species is an anti-inflammatory compound as such. This review aims to summarize
the antiosteoarthritic effects of curcumin derived from clinical and preclinical studies. Many
clinical trials have been conducted to determine the effectiveness of curcumin in osteoarthritic
patients. Extracts of Curcuma species, curcuminoids and enhanced curcumin, were used in these
studies. Patients with osteoarthritis showed improvement in pain, physical function, and quality
of life after taking curcumin. They also reported reduced concomitant usage of analgesics and
side effects during treatment. In vitro studies demonstrated that curcumin could prevent the
apoptosis of chondrocytes, suppress the release of proteoglycans and metal metalloproteases and
expression of cyclooxygenase, prostaglandin E-2, and inflammatory cytokines in chondrocytes.
These were achieved by blocking the activation of nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) system in the chondrocytes, by preventing the activation of nuclear
factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha, phosphorylation,
and translocation of the p65 subunit of NF-kB complexes into the nucleus. In conclusion, cur-
cumin is a potential candidate for the treatment of osteoarthritis. More well-planned randomized
control trials and enhanced curcumin formulation are required to justify the use of curcumin
in treating osteoarthritis.
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Introduction

Osteoarthritis is a degenerative disease of the movable joints affecting the elderly
population worldwide. It is characterized by localized loss of cartilage, remodeling
of adjacent bone, and bony overgrowth. It is the consequence of a maladaptive repair
process of the cartilage due to overwhelming trauma. Its presentation is highly vari-
able between individuals, with some common features, such as joint pain, impaired
movement, tenderness, crepitus, occasional effusion, and local inflammation.'” The
Osteoarthritis Expert Group of the Global Burden of Disease 2010 Study reported that
the prevalence of knee osteoarthritis worldwide was 3.8% (95% uncertainty interval
[UI]: 3.6%—4.1%), and it is higher among females (4.8%; 95% UI: 4.4%—5.2%) com-
pared to males (2.8%, 95% UI: 2.6%-3.1%).* Hip osteoarthritis occurred at lower rate
(0.85%; 95% UI: 0.75%—1.02%), but it was still more prevalent in females (0.98%;
95% UI: 0.82%—1.29%) compared to males (0.70; 95% UI: 0.58%-0.90%).* The Third
National Health and Nutrition Examination Survey of the United States revealed that
37.4% of the elderly population aged 60 years above (females: 42.1% and males: 31.2%)
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suffered from radiographic arthritis, in which 12.1% were
symptomatic.’ This translated to one in every ten Americans,
or 4.3 million elderly population.® Osteoarthritis is not fatal,
but it increases the all-cause mortality rate among the patients
(standardized mortality ratio [SMR]: 1.55, 95% confidence
interval [CI]: 1.41-1.70), particularly death related to cardio-
vascular system (SMR: 1.71, 95% CI: 1.49-1.99) and demen-
tia (SMR: 1.99, 95% CI: 1.22%—3.25%).° Despite the higher
prevalence in females, mortality rate in osteoarthritic males is
higher (SMR: 1.59, 95% CI: 1.30-1.96).° Osteoarthritis ranks
eleventh in terms of years of life lived with disease, above
asthma, ischemic heart disease, and Alzheimer’s disease.”
It incurs significant health care and economic burden to
the patients. A study by Ruiz et al reported that the cost for
total knee replacement for end-stage osteoarthritic patients
was approximately 20,635 USD, and the societal cost was
around 39,565 USD due to loss of productivity, employment,
earning, and missed working days.® The net societal saving
for knee arthroplasties procedure for the year 2009 in the US
alone was 12 billion USD.*

Osteoarthritis is an inflammatory disease, although the
extent of inflammation is lower compared to rheumatoid
arthritis. Kraus et al proposed that altered inflammatory state
is the underlying cause of osteoarthritis, and mechanical
stress is the inducer.' Patients with arthroscopic manifestation
of early osteoarthritis and knee pain but normal radiographs
(n=10, mean age: 63.4 years) exhibited significantly higher
immunohistological measures of inflammation, such as tumor
necrosis factor alpha (TNFq), interleukin 1 beta (IL-10),
nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-xB), and cyclooxygenase 2 (COX-2) in synovial tissue
compared to late osteoarthritic patients who required arthro-
plasty (n=15, mean age: 74.4 years).’ Another study by Sohn
et al showed that 108 proteins were differentially expressed in
the synovial fluid of osteoarthritic patients compared to nor-
mal patients. These proteins included plasma proteins, serine
protease inhibitors, cartilage turnover proteins, and inflam-
matory and immunity proteins. Some of the plasma proteins,
such as Ge-globulin, alpha 1-, and alpha 2-microglobulin,
could promote the secretion of inflammatory cytokines by
macrophages through interaction with toll-like receptor 4.1
Local damage to the joint due to trauma or overuse can cause
pathological inflammation, which serves as the initiator of
osteoarthritis. Inflammation stimulates the release of dam-
age associated molecular patterns, such as fibronectin and
hyaluronan, from the breakdown of cartilage extracellular
matrix. These damage associated molecular patterns further
enhance the release of inflammatory cytokines TNFo. and

IL-1pB, and matrix metalloproteinases (MMP)-1 and -3 to
promote chondrolysis and breakdown of extracellular matrix,
thus forming a vicious cycle. The inflammation is further
promoted by alarmins released by stressed and dying chon-
drocytes and plasma proteins that enter the joint space due
to vascular leakage resulting from local damage.!! Oxidative
stress is implicated in the inflammatory process of osteoar-
thritis. Under the stimulation of TNFo and IL-1[3, adenosine
triphosphate production of chondrocytes is reduced due to the
inhibition of complex I in mitochondrial respiratory chain,
thereby reducing the mitochondrial membrane potential. At
the same time, nitric oxide, free oxygen species, and super-
oxide anions released by macrophages and mitochondrial
dysfunction can result in the death of chondrocytes.?

Pharmacological treatments currently available for osteoar-
thritis include paracetamol (acetaminophen) as the first-line
treatment, oral and topical nonsteroidal anti-inflammatory
agents (NSAIDs) as the second-line treatment, tramadol and
intra-articular corticosteroid injections. Opioids, duloxetine,
and intra-articular hyaluronate injections are recommended
when these initial treatments fail. Nonpharmacological
modalities included biomechanical interventions, land-based
and water-based exercise, strength training, and weight
management.'>! The efficacy of glucosamine sulfate,
chondroitin sulphate, and avocado soybean unsaponifiables
remains uncertain.'® Most of these treatments relieve the
symptoms of osteoarthritis, but they do not modify the under-
lying cause of the disease, which is chronic inflammation.
While nonselective NSAIDs can suppress inflammation,
they are known to be associated with gastrointestinal toxicity
(relative risk [RR]: 5.36, 95% CI: 1.79-16.10)."7 Selective
NSAIDs such as celecoxib (RR: 1.12, 95% CI: 1.00-1.24),
rofecoxib (RR: 1.34, 95% CI: 1.22—1.48), and etoricoxib
(RR: 1.97, 95% CI: 1.35-2.89), are associated with acute
myocardial infarction.'® Total knee replacement is recom-
mended for end-stage osteoarthritic patients but it has
been associated with risk of deep infection and deep vein
thrombosis.!” The quest for an effective treatment regime
with fewer side effects is on-going.

One of the potential antiosteoarthritic agents under
limelight is curcumin. Curcumin is derived from turmeric, a
popular spice used in India, South Asia, and Japan, which is
the grounded root and rhizome of the plant Curcuma longa.
In traditional Indian medicine, turmeric is used to treat biliary
digestive disorder, wounds, and rheumatic diseases. Besides
other macro- and micronutrients, the extract of turmeric
contains 77% curcumin, 17% demethoxycurcumin, and 3%
bisdemethoxycurcumin, collectively named curcuminoids,
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Figure | Chemical structure of curcumin, demethoxycurcumin, and bisdemethoxy-
curcumin.

which render turmeric its distinct yellowish hue (Figure 1).2°2!
Curcumin possesses both anti-inflammatory and antioxida-
tive activities. Curcumin has been shown to suppress the
activation of IKB (inhibitor of nuclear factor kappa-light-
chain-enhancer of activated B cells [NF-xB]) kinase (IKK)
and the phosphorylation of AKT and the association between
the two signaling molecules induced by IL-10.%? In turn, this
results in the inhibition of phosphorylation and degradation
of nuclear factor of kappa light polypeptide gene enhancer
in B-cells inhibitor, alpha (IKBa), the endogenous blocker
of NF-kB.? Therefore, curcumin is able to inhibit transloca-
tion of NF-xB into the nucleus, thus preventing the inflam-
mation response of the cells.> Curcumin also prevents the
decrease of Bel-2 and Bcel-XL expressions and the increase
of Bax and caspase-3 expressions stimulated by IL-1p.22%
Decrease of Bel-2/Bax and Bcel-XL/Bad ratio is associated
with the loss of mitochondrial membrane potential.* It also
suppresses the phosphorylation of p38 and c-Jun N-terminal
kinases (JNK), and increase expression of ERK and AKT
serving as prosurvival signal, thereby inhibiting apoptosis.*
On the other hand, curcumin increases the phosphoryla-
tion and DNA binding activity of nuclear factor erythroid
2-related factor 2 to antioxidant response element,*** besides
acting as free radical scavenger itself.?® These translated to
reduced inflammation and oxidative stress in experimental
animals and humans supplemented with curcumin.?’-3! This
preliminary evidence justifies the potential of curcumin as
an antiosteoarthritic agent.

The objective of this review is to summarize the clinical
and preclinical evidence of curcumin as an antiarthritic agent
and the putative mechanisms involved for its actions.

Literature search

Literature search was performed from May 1, 2016 to
May 31, 2016, with keywords “curcumin OR curcuminoid
OR Curcuma” AND “osteoarthritis” using Scopus, Pubmed,
and Web of Science. Only original research articles written
in English were selected. Both clinical and preclinical
studies were included. Full texts of the relevant articles were
extracted after being screened for titles and abstracts.

Clinical studies

A total of 15 relevant clinical studies on the effects of
curcumin supplementation on osteoarthritic patients were
retrieved. Among the 13 randomized controlled trials, five
compared the effectiveness of curcumin with a placebo;3¢
four with NSAIDs (ibuprofen,’”* celecoxib,* and diclofenac
sodium*’); two with the best available treatment decided
by the attending physicians,**? one with chondroitin,* and
one compared currently with glucosamine and placebo.*
The remaining two studies were time series studies without
a control group.** The treatments assigned to the patients
included crude extracts of Curcuma domestica,*® Curcuma
longa alone,* or with Boswellia serrate,***° curcuminoids
alone,* or with piperine,**¢ and curcuminoids improved
in bioavailability.**#"**% Dosage of curcumin used in these
studies ranged from 180 mg* to 2,000 mg*® daily. The
treatment period ranged from 4 weeks* to 8 months.*! End-
points assessment included Western Ontario and McMaster
Universities Arthritis Index (WOMAC), Karnofsky Index,
visual analogue scale, mobility test, and various physical
assessments. Four studies®>***'4¢ determined the circulating
inflammatory cytokine levels and two studies**** determined
markers of oxidative stress in patients. The following discus-
sion will be based on the formulation of the curcumin used
in these studies.

A combination extract of C. longa and boswellia (botani-
cal resin used in Ayurvedic medicine) was examined in the
earliest osteoarthritis study. In a double-blinded random-
ized controlled trial by Badria et al, 30 outpatients (age not
disclosed) with osteoarthritis were prescribed a combination
of extracts of C. longa and Boswellia carteri (percentage
of curcumin in the combination unknown) for 3 months.
The treatment group showed significant improvements in
the pain-free walking time, degree of pain before and after
passive and active movement tenderness, and grade of knee
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effusion compared to placebo. This was attributed to the
reduction in inflammation indicated by CD4* and CD45RO*
T-cells and serum Fas ligand, as well as oxidative stress indi-
cated by serum nitrite/nitrate and superoxide dismutase levels
in the patients.’? Another study by Kizhakkedath compared
the effects of the combination of 700 mg C. Jonga and 300 mg
B. serrate extract (n=14; mean age: 49.70 [8.20] years) and
200 mg celecoxib (n=14; mean age: 47.20 [9.70] years) for
12 weeks. Categorical analysis revealed that the number of
patients suffering from moderate-to-severe joint pain and
joint line tenderness was reduced in the treatment group
compared to the placebo group. However, the number
of patients who could walk <500 m and suffering from
crepitus was not different between the two groups.* Both
studies recruited a small number of subjects and the dura-
tion of treatment was rather short. Due to the nature of the
combination, individual effects of curcumin on osteoarthritis
patients could not be assessed. The study by Kulkarni et al
examining a herbomineral formulation containing C. longa
extract on osteoarthritic patients would not be discussed here
due to the low content of Curcuma extract in the formulation
(10% weight/weight).*’

C. longa extract alone was proven to be an effective
treatment for osteoarthritis. Madhu et al treated patients with
radiographic osteoarthritis grade 2—3 based on the Kellgren
and Lawrence scale with 1,000 mg C. longa extract (n=29),
1,500 mg glucosamine (n=28), the combination of both
(n=24), and placebo (n=29) for 42 days (mean age: 57.09
[standard deviation (SD): 9.41] years). C. longa extract alone
was more effective in improving all WOMAC subscales
and total score, clinician global impression of change, joint
tenderness, crepitation, effusion, and limitation to movement
than the combination and placebo group. The number of
patients needing paracetamol and cases of adverse reaction
was also the lowest in group taking C. longa extract alone.*
This study is single-blinded and falls short in the number of
the subjects and treatment duration. In other studies using
C. domestica extract, Kertia et al demonstrated that daily
supplementation of 120 mg of curcuminoids extracted from
C. domestica for 4 weeks (n=34) was as effective as 75 mg
of diclofenac sodium (n=39) in suppressing the synthesis
of COX-2 in monocytes in the synovial fluid of patients
(mean age: 64.05 [SD: 8.83] years) suffering from mild-
to-moderate osteoarthritis diagnosed using the criteria of
American College of Rheumatology.** However, it was
unclear whether the patients benefited from such a low dose
of curcumin supplementation in terms of changes in clinical
outcomes and pain relief. Kuptniratsaikul et al compared

the efficacy of C. domestica extract (2,000 mg per day) and
ibuprofen (800 mg per day) for 6 weeks in patients (mean
age: 61.4 [SD: 8.7] years) with radiographic osteoarthritis.
They observed no significant changes in severity of pain
and time needed for walking and climbing stairs between the
two groups. The number of patients suffering from adverse
reactions and their level of satisfaction were also similar
between the two groups.*® However, it should be noted that
the dose for ibuprofen in this study was suboptimal, thus
the comparison might not be fair. To counter the problems
of small sample size and dose of ibuprofen, a multicenter
study was conducted. A total of 185 osteoarthritic patients
(mean age: 60.3 [SD: 6.8] years) received 1,500 mg extract of
C. domestica, and 160 patients received 1,200 mg ibuprofen
per day for 4 weeks. Both groups exhibited similar improve-
ments in WOMAC subscales and total score at the end of the
treatment period. The occurrence of adverse effects, such as
dyspepsia, abdominal pain, nausea, loose stool, and edema,
patients’ global assessment, and satisfaction were not differ-
ent between the two groups.’” This is the largest curcumin
study on osteoarthritis recorded to date and it benefits from
having a large sample size, proper blinding and randomiza-
tion, despite a short duration of treatment.

The bioavailability of curcumin is very low. An animal
study in rats revealed that a single oral dosage of curcumin
at 500 mg/kg resulted in a maximum serum concentration of
0.06 pg/mL (SD: 0.01) at41.7 minutes (SD: 5.4), equivalent
to an oral bioavailability of 1%.* There are various attempts
to improve the bioavailability of curcumin, including deliv-
ering curcumin in liposomes or solid lipid nanoparticles,
polymeric micelles, or nanoparticles.*’ The peak plasma level
and concentration time curve of curcumin in rats receiving
the compound formulated with phosphatidylcholine (Meriva)
orally were shown to be five times higher than rats receiving
unformulated curcumin.® The efficacy of Meriva has been
tested in patients with osteoarthritis.* 3 In a pilot study,
patients with radiographic bilateral osteoarthritis suffering
from mild-to-moderate pain were randomized into the treat-
ment group (n=50; mean age: 44.4 [SD: 7.2] years) receiving
1,000 mg Meriva tablets containing 200 mg curcuminoids
and the best available treatment given by the physicians
for 3 months and the control group (n=50; mean age: 45.3
[SD: 8.6] years) receiving only the best available treatment.
Significant improvements in WOMAC scores across all
subscales (pain, stiffness, physical function, social, emo-
tional) and treadmill test were observed in the treatment
group but not in the control group. Adverse effects (distal
edema, gastrointestinal complications) and management
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costs (pharmacological and nonpharmacological) were
significantly reduced in the treatment group compared to
the control group. The treatment group also experienced a
greater decrease in C-reactive protein value compared to the
control group.*? Similar improvements were demonstrated in
an extended 8-month study using the same treatment, with
additional betterments in Karnofsky Performance Scale Index
and expanded inflammation panel (serum CD40L, IL-1,
IL-6, vascular cell adhesion molecule-1, and erythrocyte
sedimentation rate) in the treatment group.*' In their latest
study, the effectiveness of daily 500 mg Meriva plus 500 mg
glucosamine (MG group; n=63) was compared to 400 mg
chondroitin plus 415 mg glucosamine (CG group; n=61) for
4 months (mean age of subjects: 56.4 [SD: 5.2] years). The
MG group showed greater improvements in all subscales of
WOMAC and Karnofsky Index compared to the CG group.
The improvement in treadmill test for the MG group started
as early as 1 month after treatment. The rate of concomitant
drug use, hospital management cost, and complications
(distal edema and gastrointestinal) were significantly lower
in the MG group compared to the CG group.** The patients
in these studies were relatively young (mean age <60 years),
hence it is unclear that similar effects will be observed in
older subjects with more severe osteoarthritis. The sample
size of these studies was limited, but duration was relatively
long (up to 8 months). Thus, the long-term beneficial and
adverse effects of Meriva could be assessed.

Flexofytol, another optimized curcumin formation with
emulsifier polysorbate 80, has been tested in osteoarthritic
patients. In a time series study by Henrotin et al, 22 osteoar-
thritic patients (mean age: 64.3 [SD: 8.4] years) were given
six caps of Flexofytol daily (equivalent to 252 mg curcumin)
for 84 days. The treatment significantly reduced circulating
markers of collagen degradation, such as Coll2-1, Fib3-1,
Fib3-2, Cartilaps, and myeloperoxidase and marker of inflam-
mation, C-reactive protein, in the patients. The global assess-
ment of disease activity assessed using a visual analogue scale
was significantly reduced despite a marginal decrease in pain
score.* In another large-scale time series study, 820 osteoar-
thritic patients (mean age: 64.2 [SD: 12.4] years) taking four
to six capsules of Flexofytol daily for at least 6 months were
surveyed and their physical improvement was assessed by
their attending general physicians using a 10-point scoring
system. The patients noted a decrease in the severity of pain
at all sites and improvements in mobility and quality of life
starting at week 6. The treatment also improved flexibility of
the patients at all sites, particularly at hand, and reduced con-
comitant medication use. Some patients reported the adverse

effects of gastrointestinal discomfort.* In these two studies
using Flexofytol, the endpoints were not determined using
the standardized method of assessments, such as WOMAC
and Karnofsky Index, thus hindering comparison with other
studies. Apart from that, they are not controlled trials, hence
the results are hypothesis-generating at best. Literature search
conducted at the time of writing revealed no study on the
bioavailability of Flexofytol.

Theracurmin is a curcumin formulation dispensed with
colloidal submicron-particles. Pharmacokinetic studies
comparing different enhanced curcumin formulations
revealed that peak plasma curcumin concentration and
area under the concentration—time curve of Theracurmin in
capsule or liquid form were significantly higher compared
to other formulations in the market.’*? Safety studies also
revealed that Theracurmin up to 400 mg for 9 months was
safe in cancer patients receiving chemotherapy.> A study by
Nakagawa et al showed that supplementation of 180 mg of
Theracurmin daily in patients with osteoarthritis grade 2 or
3 based on Kellgren and Lawrence scale (n=15; mean age:
68.7 [SD: 7.0] years) for 8 weeks reduced the severity of pain
and rate of concomitant celecoxib use. However, there was
no significant change in the disease assessment score deter-
mined by Japanese Knee Osteoarthritis Measure between the
treatment and the placebo group.®* A large sample size and
a longer duration of treatment are warranted to validate the
findings of this study.

Piperine is a natural inhibitor of UDP-glucuronyltrans-
ferase in the liver.”* Concomitant administration of piper-
ine and curcumin was shown to increase the half-life and
bioavailability of curcumin and reduce its clearance.’® In
humans, concurrent administration of 2,000 mg curcumin and
20 mg piperine enhanced the bioavailability of curcumin by
2,000%.> The effects of concomitant piperine and curcumin
administration on osteoarthritis patients have been evaluated.
In a randomized double-blinded placebo-controlled trial,
patients with mild-to-moderate primary osteoarthritis and
pain with active movement were allocated to the treatment
group (n=19; mean age: 57.32 [SD: 8.78] years) receiving
1,500 mg curcuminoids and 15 mg piperine daily for 6 weeks
or placebo group (n=21; mean age: 57.57 [SD: 9.05] years)
receiving inert starch. Both groups showed a significant
reduction in WOMAC pain stiffness scales after 6 weeks
of treatment. Curcuminoids alone caused a significant
decrease in WOMAC physical function and global score.
The improvements of the treatment group in WOMAC pain
index, physical function, and global score were significantly
better compared to placebo. Pain measured by Lequesne’s
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index and visual analogue scale was significantly lower in
the treatment group compared to the control group.’ Further
analysis revealed that inflammation, indicated by circulating
IL-4, IL-6, and TGF-P levels, was reduced by the treatment
after 6 weeks of treatment.’® However, the difference in
rate of change was not significant between the treatment
and control groups. While this observation did not seem to
agree with the physical improvement among the patients,
inflammation in osteoarthritis is localized at the joint rather
than systemic. Thus, circulating inflammatory markers might
not reflect the local inflammatory status of the joint. With
respect to the oxidative level, the treatment group showed
an increased superoxide dismutase and glutathione level
and a reduced malondialdehyde level (a product of lipid
peroxidation) compared to placebo.** The assessment of
these biochemical markers of oxidative status was conducted
using simple spectrophotometry, which could be improved
using more sensitive and reliable methods. Overall, these
studies involved only a small number of subjects and a short
duration of time.

Overall, the extensive clinical trials on the effects of cur-
cumin in osteoarthritic patients revealed that curcumin could
reduce pain and improve the functionality of the patients
(Table 1). These effects could be achieved as early as 4 weeks.
Its effects were comparable to standard pharmacological
agents, such as NSAIDs and glucosamine. These effects
could be contributed to its antioxidant and anti-inflammatory
activities. These mechanisms will be elaborated further in
the following section.

Antiarthritic mechanism of curcumin
The mechanistic studies on the antiosteoarthritic properties of
curcumin were performed on primary chondrocytes isolated

62 equine,® or leporine®

from human,**%! bovine,* canine,
cartilage, or immortal cell line. Cultures of chondrocyte
monolayer and explant have been attempted. Two studies also
examined the effect of curcumin on synoviocytes,**¢” another
important constituent of the joint. Another study assessed
the effects of mesenchymal stem cells that give rise to
chondrocytes.® Most studies induced a state of inflammation
in the culture using IL-1f3. The main mechanisms studied
to explain the antiarthritic actions of curcumin included
chondrocyte regeneration and apoptosis, inflammation, and
oxidative stress.

The vicious cycle of inflammation transpiring in the
microenvironment of joint space favors the destruction of
chondrocytes and suppresses their regeneration, thus produc-
ing a net cartilage loss. It would be intriguing to determine
whether curcumin can reverse this process by enhancing the

proliferation of chondrocytes and inhibiting their apoptosis.
Studies showed that curcumin at low concentration (<25 uM)
was not toxic to equine chondrocytes monolayer or explant
culture.®® Curcumin at higher concentration (5 mM) did not
promote or inhibit proliferation of immortalized C-28/12
chondrocytes.® Chondrogenesis was not promoted in canine
mesenchymal stem cells cultured with curcumin.®* However,
curcumin prevented IL-1f induced suppression of chondro-
genesis, indicated by elevated markers of chondrocytic differ-
entiation markers, such as chondroitin sulfate proteoglycans,
collagen type IT and B1-integrin, and Src-homology collagen,
compared to untreated cells.? Curcumin also prevented apop-
tosis of canine chondrocytes induced by IL-1p, indicated by
reduced capases-3 expression.® Similar results were obtained
in human primary chondrocytes cultures, whereby cellular
features of apoptosis, such as development of multiple vacu-
oles, swelling of rough endoplasmic reticulum, clustering of
swollen mitochondria and other organelles, condensation of
heterochromatin in the nuclei, development of autophagic
cytoplasmic vacuoles, disappearance of microvilli-like pro-
cesses, and swelling of human primary chondrocytes, were
reversed by treatment with curcumin for 15-30 minutes.'
Curcumin reversed apoptosis of chondrocytes induced by
IL-1P via increasing the expression at antiapoptotic protein,
such as Bcl-2, Bel-xL, and TNF receptor-associated factor 1,
and suppressing caspase-3.5 Further studies showed that
mitogen-activated protein kinases pathway was implicated
in the antiapoptotic action of curcumin. Pretreatment with
10 uM curcumin prevented apoptosis in human chondrocytes
caused by U0126, an inhibitor of mitogen-activated protein
kinases. It also suppressed the activation of extracellular
signal-regulated kinases 1 and 2, thereby preventing the
activation of caspase-3 and degradation of integrin.® Inter-
estingly, a study by Lev-Ari et al showed that a combination
treatment of curcumin and celecoxib induced apoptosis of
human synovial adherent cells, a source of inflammatory
cytokines in the joint space.*

Inflammation within the joint space is aggravated by
proteoglycans and MMPs or a disintegrin and metalloprotei-
nase with thrombospondin motifs (ADAMTS) released from
chondrocytes. Curcumin was able to suppress the expression
of MMP-3 and MMP-9, COX-2 (enzyme responsible for syn-
thesis of prostaglandin E-2 [PGE-2]), and PGE-2 (mediator
of inflammation) in human primary chondrocytes induced
by IL-13 or TNFo..’%5%¢76¢ Comblain et al demonstrated that
curcuminoids decreased the gene expressions of MMP-3,
ADAMTS4, ADAMTSS5, COX-2, PGE-2, and IL-6.% They
also found that the combination of curcuminoids, hydro-
lyzed collagen, and green tea extract were more effective in
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suppressing these genes than curcuminoids alone.* Currently,
curcumin reduced the level of MMP-3 and aggrecans released
into the media by the bovine chondrocytes.*® This was in
contrast with the findings of Mathy-Hartert et al, whereby
production of aggrecans by chondrocytes was not affected
by curcumin.®® Furthermore, they showed that curcumin was
able to inhibit proteoglycan degradation in human chon-
drocytes in basal state but not in IL-1 stimulated model.®
Besides, expression of tissue inhibitor of metalloproteinase- 1
was not affected by curcumin treatment in their study.®® On
the other hand, combination treatment of curcumin and cele-
coxib was able to suppress PGE-2 production in synoviocyte
culture without affecting the protein expression of COX.%
However, curcumin increased the expression of MMP-3 and
ADAMTS4 in immortalized C-28/I12 chondrocytes, indicat-
ing that curcumin might act distinctly in different in vitro
chondrocyte models.%

Ultimately, the cartilage-protective and anti-inflammatory
action of curcumin could be derived from its actions on the
NF-kB system, which mediates the cellular inflammatory
response (Figure 2). The NF-xB system is initiated by the
activation of IKK. It phosphorylates IKBa and causes it

Proinflammatory
signals (eg, IL-1a
or TNFo)

!

Activation of IKK

!

Phosphorylation
and degradation of |——
IKBo.

!

Translocation of
NF-xB complex
into the nucleus

!

Binding to specific
gene sequence

/\

Activation of
proinflammatory genes

Curcumin

Activation of
proapoptotic genes

\/

Suppressed chondrogenesis
apoptosis of chondrocytes

Figure 2 The action of curcumin on NF-xB pathway.
Abbreviations: IKK, IkB kinase; IL-10., interleukin | alpha; NF-kB, nuclear factor
kappa-light-chain-enhancer of activated B cells; TNFo., tumor necrosis factor alpha.

to degrade by ubiquitination. The freed NF-xB complex
(a dimer consisting of p50 and p65) then enters the nucleus
and switches on genes responsible for inflammation.® In vitro
studies strongly suggested that curcumin was able to prevent
the phosphorylation and translocation of p65 into the nucleus
of chondrocytes.’’>%%2 Shakibaei et al showed that curcumin
inhibited the phosphorylation of IKBo. and AKT induced by
IL-1p in human primary chondrocytes.” However, further
studies showed that expression and degradation of IKBo. in
chondrocytes were not affected by curcumin.’”* Curcumin
also did not alter the activation of IKK in chondrocytes.”’

Limited studies regarding the effects of curcumin on
oxidative status of chondrocytes were available. Yang et al
demonstrated that treatment with curcumin was able to sup-
press the level of reactive oxygen species and lipid per-
oxidation products in primary leporine chondrocytes treated
with advanced glycation product. This was attributed to the
ability of curcumin in increasing the activity of catalase and
superoxide dismutase.*

Potential research area

Despite the many clinical trials on osteoarthritis and cur-
cumin, only a multiple-center study was found in literature.
Researchers should consider more well-planned randomized
controlled trials with a larger sample size and a longer treat-
ment period on curcumin to justify its use in treating osteoar-
thritis. The efficacy of curcumin in treating older patients with
more severe forms of osteoarthritis should also be validated.
It will help to delay the need for total knee arthroplasty, which
is a costly procedure with some undesirable side effects.
Knowledge on the drug delivery system should be harnessed
to improve the bioavailability of curcumin, which in its crude
form, is poorly absorbed and quickly excreted by the body.
This will also help to develop curcumin from a traditional
supplement to a patterned pharmaceutical, thus improving
its commercial value and marketability.

Conclusion

Osteoarthritis is a significant medical condition for the aging
population worldwide. Curcumin, a NF-kB suppressor, dem-
onstrates potential as a treatment agent for osteoarthritis, a
disease with an underlying inflammatory cause. Its efficacy
in reducing pain, physical function, and quality of life among
osteoarthritic patients has been demonstrated in many clinical
trials. The effects of curcumin on osteoarthritis can be attrib-
uted to its ability to prevent apoptosis of chondrocytes due
to inflammation predominantly, and oxidative stress to a
lesser extent. Randomized controlled trials involving larger
sample size and longer treatment, proper selection of patients,

Drug Design, Development and Therapy 2016:10
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and improved formulation could better justify the use of
curcumin as an alternative treatment for osteoarthritis.
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