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Abstract

Background: Osteoarthritis is the most common joint damage that leads to cartilage destruction, pain, and disability.
The aim of this study is to investigate the effects of resistance exercises and Nano curcumin supplementation on
synovial levels of collagenase-2 and NO in patients with knee osteoarthritis.

Methods: Forty women with primary knee osteoarthritis were divided into four groups including control, exercise,
supplementation, and supplementation /exercises. The resistance exercise group performed exercises in 16 weeks
(three sessions per week). The supplement group consumed one Nano curcumin capsule (1000 mg) per day
for 16 weeks. Exercise and supplementation group also performed resistance exercises along with consuming
Nano curcumin. Synovial fluid samplings were done in two stages of pre-test (24 h before training and
supplementation) and post-test (48 h after the last session of treatment and supplementation). The obtained
synovial fluid was used to measure the synovial level of collagenase -II and nitric oxide.

Results: Although, there were not any significant correlations between resistance exercise, nanocurcumum
supplementation, and synovial levels of collagenase-2 and NO among women with knee osteoarthritis, we
observed interesting reduced levels of both markers following the supplementation.

Conclusions: It can be concluded that the Nano curcumin supplementation can be an effective method to
reduce the levels of these inflammatory factors in synovial fluids of cases with knee Osteoarthritis. Longer
duration of the protocol may have more promoting results.

Trial registration: The project was registered at Iranian Registry of Clinical Trials (Trial registration number:
IRCT20161208031300N1).
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Background
Osteoarthritis (OA) is a slow and progressive disorder of
joints and cartilage [1]. OA is the most common musculo-
skeletal disorder and causes social and economic disabil-
ities in the elderly population [2]. Various risk factors are
associated with OA including age, obesity, occupation,
gender (women are more susceptible than men), inherit-
ance, metabolic diseases, knee trauma, and inertia [3–5].
The most common symptoms of OA are pain, morning
stiffness, mobility limitation of joint, bone and soft tissue
sensitivity, swelling, and clicking or cracking sound during
joint bending and effusion. Early diagnosis plays a key role
in effective treatment and OA management [6, 7]. Colla-
gen fiber is the major collagen of the cartilage [8]. There-
fore, the loss of collagen type II leads to loss of cartilage
tensile properties [9]. Collagenase-2 is synthesized by con-
nective tissue and is involved in subchondral bone synthe-
sis (type I collagen) and cartilage (type II collagen) [10].
Moreover, increased levels of collagenase-2 have also been
observed in synovial fluid during inflammation. It is inhib-
ited by serum proteins and possess pivotal role in cartilage
regeneration. Besides, collagenase-2 is secreted by neutro-
phils through interleukins which results in extracellular
matrix (ECM) degradation [11]. Collagenases are released
as pro-enzymes and activated outside the cell. It has been
shown that the MMP-1, MMP-8 (collagenase-2), and
MMP-13 initiate denaturation of fibrillar collagens which
results in articular cartilage degradation during OA. Nitric
oxide (NO) is a pro-inflammatory factor produced by con-
version of L-arginine to L-citrulline [12, 13]. Articular
chondrocytes and macrophages might be the main
sources of intra-articular NO [12]. It is noteworthy that
the NO is contributed in development of cartilage and
cartilage matrix synthesis [14, 15]. Inducible NO synthase
(iNOS) is the main enzyme involved in NO generation in
OA patients [13, 16]. NO causes some damaging events
such as apoptosis induction in the cartilage which results
in extracellular matrix degradation through preventing
proteoglycan secretion from chondrocytes. Several studies
have shown that the regular exercise besides medication
can be more efficient in attenuation of osteoarthritis
symptoms [12, 16]. Resistance exercise has been exerted
as the foremost effective exercise which has an efficient
impact on attenuation of osteoarthritis complications [17].
Physical activities in the articular cartilage can stimulate
lubrication and prevent the contraction of cartilage and
prevent the progression of osteoarthritis [18]. Exercise di-
minishes the destructive effects of aging on musculoskel-
etal system through improvement of functional capacity,
self-efficacy, emotional well-being, and weight control
[19]. Besides exercises, medicinal plants supplements may
also be effective in improving osteoarthritis. Curcumin is a
yellowish pigment that is isolated from Curcuma longa
(Turmeric) rhizomes. Curcumin has protective effects on

various diseases such as osteoarthritis. It is widely ac-
cepted that the curcumin possess efficient antioxidant,
anti-inflammation, and anti-cancer properties [20]. Curcu-
min is effective in maintaining articular flexibility, preserv-
ing joints function, and improving the pain in OA
patients. It accounts as a potent alternative of non-
steroidal anti-inflammatory drugs for cartilage regener-
ation and articular pain relief [21]. Since, curcumin is
sparingly soluble in water and possesses poor gastrointes-
tinal absorption, Nano formulation of curcumin has been
approved to increase its cellular uptake, circulation time,
and retention [22–24]. Considering the role of physical ac-
tivity and herbal supplements in prevention of OA pro-
gression, we aimed to investigate the impact of resistance
exercises besides Nano-curcumin supplementation on
synovial collagenase-II and nitric oxide levels in patients
with knee OA.

Methods
Study design and samples
The present study was a semi-experimental and double-
blind clinical trial. Forty women who referred to Imam Ali
hospital in Bojnourd (Iran) were enrolled in present study.
Patients were women aged 50–65 years, at grade 2 to 4 of
osteoarthritis with low regular physical activity. The cases
with nanocurcumin (turmeric) allergy, smoking, lower ex-
tremities fractures, use of analgesics, endocrine and meta-
bolic diseases, cardiovascular disease, mental illness,
epilepsy, anemia, and cancer were excluded from the
study. All the cases have completed informed consent
forms which were approved by the ethic committee. The
participants were categorized in four groups of interven-
tions including exercise and supplementation, exercise
and placebo, supplementation, and control. The height,
weight, and body mass index were measured. Localized
questionnaire for pain measurements such as WOMAC
index and VAS were also filled for each subject before
intervention initiation and at the end of study.

Randomization and allocation
The participants were randomly allocated into supplemen-
tation, resistance exercise, supplementation plus resistance
exercise, and control groups using a block randomization
method. Sequentially numbered, opaque sealed envelopes
(SNOSE) method was used to conceal the random se-
quence [25]. The participants and research assistants were
blinded to group allocation. SNOSE were also kept by an
independent researcher not involved in evaluation of
participants or data analysis. The envelopes were opened
following the baseline assessment of participants.

Resistance exercises and Nano curcumin supplementation
The resistance exercise group performed exercises in 16
weeks (three sessions per week). Each exercise session
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included warming for 10 min with a fixed-gear bicycle
prior the main resistance exercise program. The subjects
of each group performed knee and thigh resistance exer-
cises including knee extension, pelvic abduction, and
plantar flexion in three sets with an intensity of 50–75%
1RM for 3 days per week for 16 weeks [26]. Afterwards
the cooling was performed for 5 to 10 min. The 1RM
values of different movements were measured every 2
weeks, based on which the intensity of the exercises in-
creased. The supplement group consumed one Nano
curcumin capsule (1000 mg) per day for 16 weeks. Par-
ticipants of control group also received one daily soft
gelatin capsule as placebo to attenuate the psychiatric
effects of supplementation.

Sampling and enzyme-linked immunosorbent assay
(ELISA)
Synovial fluid samples were obtained 24 h prior to exer-
cises and supplement use and 48 h after exercises and
supplementation. The volume of aspirated synovial fluid
samples was different according to disease grade and
progression. The samples transferred to the laboratory
and kept at − 70 °C. Collagenase II and nitric oxide levels
of the synovial fluid were measured using human-
specific ELISA kit (collagenase II, Zelbio, Germany and
nitric oxide, Sib-zist, Iran) according to the manufac-
tures protocol.

Nitric oxide assay
Nitric Oxide (NO) is extremely unstable and undergoes
rapid oxidative degradation to stable nitrite (NO2-) and
nitrate (NO3-), which react with the colorant and pro-
duce azo-pink composition and is quantified spectro-
photometrically [27]. Serum levels of metabolites were
measured by colorimetric Griess assay. During the col-
orimetric assay, the nitrite concentration was determined
by measuring the absorbance at 450 nm.

Statistical analysis
Shapirowilk statistical test was used to evaluate the dis-
tribution of data. One-way analysis of variance and Bon-
ferroni post hoc were used for the data with normal
distribution (P ≤ 0.05). Leven test was used to compare
the intra-group variables from the correlated t-test for
normal variables. Wilcoxon test was also used for abnor-
mal variables. Bonferron’s post hoc test was also used
for paired comparison.

Results
Descriptive results of the research variables are pre-
sented in three sections: anthropometric characteristics,
health status, and blood variables. The findings included
mean values and standard deviations of variables. The
anthropometric characteristics are presented in Table 1.
The t-test and one-way ANOVA demonstrated that
there were not any significant correlation between resist-
ance exercise, supplement intake, exercise/supplementa-
tion, and synovial collagenase II levels (Table 2).
However, we interestingly observed that the synovial col-
lagenase II levels were decreased 4.67% in supplemented
group (0.102 ± 0.019 vs. 0.107 ± 0.053, ng/ml). Whereas
the supplementation/ exercise neutralizes the inhibitory
role of supplementation and notably increased (7.55%)
the levels of collagenase II among the cases (0.114 ±
0.048 vs. 0.106 ± 0.020, ng/ml) (Table 3). Regarding the
NO, our data showed that there were not also any sig-
nificant correlation between resistance exercise, supple-
ment intake, exercise/supplementation, and synovial
levels of nitric oxide (Table 4). However, we also ob-
served that the supplementation interestingly reduced
(26.67%) the NO synovial levels (0.11 ± 0.026 vs. 0.15 ±
0.074, ng/ml). In contrast with the collagenase II which
was increased in supplementation/ exercise, the NO
levels was notably decreased (13.3%) following the exer-
cise and supplementation (0.10 ± 0.019 vs. 0.12 ± 0.03,
ng/ml). Although the NO synovial levels were reduced
following the exercise/supplementation, the exercise also

Table 1 Mean ± standard deviation of the anthropometric characteristics of subjects in the pre-test and post-test groups

Indicator Test time Groups under investigation

Control
(n = 10)

Exercise
(n = 10)

Supplementation
(n = 10)

Exercise-supplementation
(n = 10)

Age (years) 59.4 ± 9.61 55.4 ± 2.96 57.4 ± 3.52 57.5 ± 7.12

Height (centimeters) 156.5 ± 6.3 155.31 ± 6 160.12 ± 6.38 155.6 ± 9.61

Weight (Kilograms) Pre-test 73.9 ± 2.32 73.6 ± 1.19 80.18 ± 2.51 71.9 ± 7.58

Post-test 71.9 ± 5.74 72/6 ± 8/58 78/17 ± 5/99 71.9 ± 5.51

Variation percent −2.30 −0.41 −2.12 −0.28

BMI (Kilograms per square meter) Pre-test 29.5 ± 95.37 30.2 ± 50.37 31.6 ± 2.96 29.5 ± 8.59

Post-test 29.5 ± 26.38 30.2 ± 46.2 29.6 ± 53.37 29.5 ± 38.84

Variation percent −2.30 −0.13 −5.35 −1.41
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neutralized the inhibitory role of supplementation from
26.67 to 13.3%. In the case of exercise without supplemen-
tation we also observed that the levels of collagenase II
and NO were increased in post-test groups (Table 3).
Moreover, we observed that the participant’s health and
satisfaction were significantly increased following the sup-
plementation and supplementation/exercises (p < 0.05).

Discussion
Pain and disability are common complications in patients
with osteoarthritis which lead to various physical limita-
tions [28]. Considering the fact that one of the goals of
osteoarthritis treatment is to minimize pain and disability
and improve the function in patients [29], the present
study assessed the probable effect of resistance exercise
and nano-curcumin supplementation on synovial levels of
collagenase -II and nitric oxide in patients with knee
osteoarthritis. It has been reported that the fixed-gear bi-
cycle exercises in water decrease knee pain and swelling
and increase aerobic capacity, respectively in knee osteo-
arthritis patients [30]. The exercise with sodium diclofenac
has been reported to significantly reduce synovial TNF-α,
hs-CRP, and MMP- 3 levels in osteoarthritis patients with
knee [31]. The results of present study revealed that there
were not any significant differences in synovial levels of
collagenase-II and NO between four groups. However, it
was shown that the supplementation notably reduced the
synovial levels of collagenase II and NO among cases. The
pain assessment of patients with VAS pain score and

WOMAC index also showed that the resistance exercises
and supplementation with nano-curcumin significantly
decreased pain and stiffness of joints. Moreover, patient
satisfaction confirmed the efficiency of our therapeutic
method to improve and manage knee osteoarthritis com-
plications. According to our results, it seems that the most
effective state will be observed after supplementation
without resistance exercises. It has been reported that the
12-week exercise protocol significantly decreased the IL-6
inflammatory marker [31]. Another group showed that
the regular and moderate physical activity (cycling in 70%
VO2max), significantly increased NO production in eld-
erly women which was not in line with the present study
[32]. The participants of the abovementioned study were
normal and healthy woman but in the present study the
participants were women with osteoarthritis. Type of exer-
cise program, intensity, duration and number of sessions
were different with the present study. Moreover, they
assessed serum levels, whereas we evaluated the synovial
levels of NO. The evaluation of synovial levels can be
strength point of our study, because the factors involved
in OA, firstly increase or decrease in synovial fluid and
after that in plasma. NO is mainly produced by the chon-
drocytes through stimulating inflammatory cytokines [33].
Cartilage also produces NO in osteoarthritis condition
[34]. In the present study in spite of insignificant decrease
in inflammatory markers, pain attenuation was considered
as a result of decreased levels of inflammatory factors. It
has been showed that the curcumin and diclofenac intake
decreased pain and improved quality of daily life [35].
Non-steroidal anti-inflammatory drugs (NSAIDs) are one
of the commonly used medications for treatment of knee
osteoarthritis which play analgesic and anti-inflammatory
roles by inhibiting the synthesis of prostaglandin with
COX-1 and COX-2 isoenzymes. However, the main side
effect of NSAIDs is that their long-term use affects the
kidneys, liver, and digestive system. In contrast, curcumin
as an herbal compound has not any noticeable side effect
and attenuates anti-inflammatory activity by regulation of
NF-κB, TNF-α, IL-1, IL-8, and NO. These cytokines could
have negative effects on knee in patient with OA. Another
group has also observed that the Flexofitol (biocompatible
curcumin) intake (two capsules per day) for 3 months also
significantly reduced Coll-2-1 and CRP [36]. Their results

Table 2 Correlation between t-test and analysis of variance of synovial collagenase-2 levels in post-test and pre-test groups

Variable Groups Average ± The standard
deviation

Inside the group (t
correlated)

Out group (analysis of
variance)

Pre-test Post-test T P F P

Collagenase II (ng/ml) Control 0.123 ± 0.069 0.109 ± 0.044 0.524 0.613 1.063 0.377

Exercise 0.139 ± 0.078 0.14 ± 0.075 −0.017 0.987

Supplementation 0.107 ± 0.053 0.102 ± 0.019 0.379 0.714

Exercise -supplementation 0.106 ± 0.020 0.114 ± 0.08 −0.610 0.557

Table 3 Synovia levels of collagenase 2 and NO in pre and
post-tests

Training and
supplementation
(n = 10)

supplementation
(n = 10)

Training
(n = 10)

Control
(n = 10)

Synovial Collagenase-2 (ng/ml)

Pre
test

0.106 ± 0.020 0.107 ± 0.053 0.139 ± 0.078 0.123 ± 0.069

Post
test

0.114 ± 0.048 0.102 ± 0.019 0.140 ± 0.075 0.109 ± 0.044

Synovial NO (ng/ml)

Pre
test

0.120 ± 0.03 0.150 ± 0.074 0.120 ± 0.023 0.120 ± 0.023

Post
test

0.100 ± 0.019 0.110 ± 0.026 0.140 ± 0.084 0.180 ± 0.240
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are not in line with the present investigation of nano-
curcumin effects on collagenase-II levels. The difference
in the results can be related to the differences in disease
severity, supplementation dosage, intake duration, or
chemical composition of the abovementioned supplemen-
tation with nano-curcumim. It has been shown that the
rat chondrocytes induction with IL-1β resulted in in-
creased and decreased levels of MMP-3 and collagen II,
respectively. Subsequently, treatment of the induced chon-
drocytes by curcumin decreased MMP-3 levels and in-
creased collagen-2 levels [37]. The results of the present
study are not consistent with the aforementioned study
which can be associated with type of subjects (animal
sample), intake duration, and curcumin dose.. It has also
been observed that the oral and injectable curcumin
methods significantly reduced NO concentration in mice
[38]. Anti-inflammatory and anti-oxidant potentials are
the most important biological effects of curcuminoid com-
pounds. Curcuminoids can effectively decline the levels of
inflammatory cytokines such as TNF-α, IL-1β, IL-6, and
prostaglandin E2. Curcuminoids aggregate in ECM and
prevent cartilage damage. They improve the chondrocytes
survival by apoptosis inhibition. They are strong antioxi-
dants that regulate oxidative stress through various mech-
anisms. Moreover, they are able to decline the free
radicals’ production through COX-II and induce nitric
oxide synthase. All of these properties might be efficient
for improving joint health and pain relief by curcuminoid
supplementation [39]. There were several limitations in
present study such as; the rate and type of physical activ-
ities of participants, lack of knee synovial fluid during as-
piration, knee joint movement restriction, and disability in
doing exercises. Therefore, it is recommended to change
the type, length, and intensity of resistance exercise pro-
grams, and intervals between training sessions and use of
combined exercises and supplementation with nano-
curcumin. Considering the positive effects of regular phys-
ical activities, herbal medicine, and medical treatment on
pain reduction and improving the quality of life, the co-
ordination of specialists in these three groups is useful
and necessary for optimal treatment of these patients.

Conclusions
The present study suggested that the resistance exercises
for 16 weeks with nanocurcumin supplementation had

not any significant effect on synovial fluid levels of se-
lected biomarkers in healthy menopause women.. More-
over, Nano curcumin supplementation or resistance
exercise/supplementation effectively attenuated the pain
and stiffness of joints in osteoarthritis patients and im-
proved their quality of life. Therefore, curcumin supple-
mentation can be used as an efficient herbal therapy
without side effects in knee osteoarthritis management.
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