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Abstract

Background and purpose Curcuma longa L. (CL), an
Indian herb, has been used to treat many disorders because
of its wide spectrum of pharmacological activities. It has
been shown to exhibit anti-oxidant and anti-inflammatory
properties, and is being used as herbal remedy since
ancient times. Osteoarthritis of knee (KOA) is a chronic
painful disorder in which prolong use of non-steroidal anti-
inflammatory drugs (NSAIDs) or steroids may result into
many serious side effects; hence, there is a need to develop
herbal drugs, having good analgesia without side effects.
Therefore, we planned to evaluate the efficacy of CL in
KOA.

Methods The study was designed as a randomized, double-
blind, placebo-controlled trial in patients of KOA. After
obtaining ethical clearance and written informed consent, a
total of 160 patients of KOA were randomly enrolled into
two groups to receive either CL extract or placebo along
with the standard drug regimen. The patients were assessed
on day 0, day 60, and day 120. On the days of their visit,
the clinical prognosis was assessed by visual analog scale
(VAS) and Western Ontario and McMaster Universities
(WOMAC) Osteoarthritis index. On these days, the
radiographs were also taken for Kellgren and Lawrence
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grading and blood samples were collected for assessing the
changes in levels of IL-1B and biomarkers of oxidative
stress, such as reactive oxygen species and malondialde-
hyde (MDA).

Results Over all significant improvement was observed in
the patients of CL extract group as compared to placebo
group. Clinically, the VAS and WOMAC scores became
better, and simultaneously, the levels of biomarkers, viz.,
IL-1B, ROS, and MDA, were also significantly (p < 0.05)
improved.

Conclusion It may be concluded that on chronic adminis-
tration, CL suppresses inflammation and brings clinical
improvement in patients of KOA, which may be observed
by decreased level of IL-1B and VAS/WOMAC scores,
respectively. At the same time, CL decreases the oxidative
stress also.

Keywords Osteoarthritis of knee - Curcuma longa L. -
WOMAC - Inflammatory biomarkers

Introduction

Osteoarthritis (OA) is a progressively debilitating, inflam-
matory disorder of the synovial joints. It is characterized by
degradation of extracellular matrix macromolecules and
decreased expression of chondrocyte protein, resulting in
damage of cartilage, severe joint pain and restriction of
movements (Goldring Goldring and Otero 2011). Among the
joints of the body, the knee is most commonly involved and
the incidence of osteoarthritis of knee (KOA) has been found
to be increasing during last three decades (Ambrosia 2005;
Das and Farooqi 2008; Allen et al. 2010). Moreover, the age
of development of the disease has reduced in recent times
(Bhatia et al. 2013). Several comorbidity factors have been
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associated with KOA including but not limited to previous
injury, knee-bending occupations (Esser and Bailey 2011).

Therapy for KOA includes non-steroidal anti-inflam-
matory drugs (NSAIDs)/steroids, exercise, physiotherapy,
weight relieving braces, and total knee arthroplasty (Barron
and Rubin 2007; Wang et al. 2004). Modern drugs mainly
relieve the symptom pain, while the damaging inflamma-
tory process not significantly affected (Bjordal et al. 2004).
NSAIDs are one of the most commonly used medications
for the treatment of KOA. However, prolonged use of
NSAIDs presents side effects on the kidneys and gas-
trointestinal system. Similarly, therapy with steroids has its
known drawbacks and side effects. Furthermore, it has also
been observed that in the course of progress of KOA, once
the joint structures are damaged, the repair becomes
increasingly difficult. Therefore, preventive strategies at an
earlier stage are considered to be the best treatment for
KOA (Michael et al. 2010).

Hence, an application of alternative systems of medicine
with no side effects for the treatment of KOA is becoming
more essential. Medicinal plants are an important source of
active compounds, which have little or no side effects and a
very high therapeutic index (Dharmananda 1998). All over
the world, these traditionally used herbal agents are being
evaluated on scientific parameters and are being advocated
for OA (Altman and Marcussen 2001; Madhu et al. 2013).

Curcuma longa L. (Family Zingiberaceae), commonly
known as Turmeric or ‘Haridra’ in India, is an Asian herb.
Haridra is mentioned in ‘Charaka Samhita’ (Indian tradi-
tional system of medicine) and is officially mentioned in the
Ayurvedic Pharmacopoeia of India (Kaviratna and Sharma
1913; Ayurvedic Pharmacopoeia of India 1989). It contains a
series of curcuminoids which are alkaloidal in nature, having
90 % curcumin as main active ingredient (Roth et al. 1998).
Curcuma longa L. (CL) has a long history of use for its anti-
inflammatory and anti-oxidant effects (Chandra and Gupta
1972; Sharma 1976; Selvam et al. 1995; Scartezzini and
Speroni 2000). It has been suggested that curcumin acts by
both direct and genomic activity on proinflammatory
cytokines (Jurenka 2009). Proinflammatory (PI) cytokines
are important in cell signaling and promote systemic
inflammation; they are produced predominantly by activated
macrophages and are involved in the upregulation of
inflammatory reactions (Amico et al. 2015). IL-1fB, a PI
cytokine, plays a central role in the pathophysiology of
cartilage damage and degradation (Ji et al. 2016). Previous
studies have shown that the levels of IL-1f are raised in KOA
patients compared to controls (Verma and Dalal 2013;
Shahine and Elhadidi 2014).

Reactive oxygen species (ROS) are highly reactive tran-
sient chemical species or free radicals, such as nitric oxide,
superoxide, and hydroxyl anions which are produced by
normal cellular biochemical reactions. Production of ROS is
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central to the progression of many inflammatory diseases.
These are produced by cells that are involved in the host-
defense response and promote endothelial dysfunction by
oxidation of crucial cellular signaling proteins. ROS acts
both as a signaling molecule and a mediator of inflammation.
When the production of ROS exceeds the capacity of the
body’s anti-oxidant defense, oxidative stress (OS) develops
(Mittal et al. 2014); Harma and Erel 2003). These are pro-
duced in excess by abnormal metabolism of chondrocytes
and by senescence of cartilage, ultimately leading to the
development of KOA (Martin et al. 2004; Yudoh et al. 2005).
The prime targets of the free radicals are the polyunsaturated
fatty acids in cell membranes and their interaction results in
lipid peroxidation (LPO) (Lopaczynski and Zeisel 2001).
Lipid peroxides are unstable and decompose to form reactive
carbonyl compounds such as MDA. A recent study has also
shown that the formation of ROS along with MDA is
increased in different grades of KOA patients in parallel to
the severity of the disease (Srivastava et al. 2015). Thus, it is
evident that the levels of above-mentioned biomarkers are
altered in patients of KOA. Hence, the study was planned
with two aims:

Primarily, to observe the effect of CL extract on clinical
improvement in patients of KOA as assessed by VAS
and WOMAC.

Secondarily, to correlate between clinical improvement
and biomarkers of oxidative stress and inflammation.

Methods
Trial design

The study was designed as a single centre, two-arm double-
blind, randomized, placebo-controlled parallel group clin-
ical trial conducted at King George’s Medical University,
Lucknow, India. The effect of CL extract was compared
with placebo in patients with primary KOA according to
the CONSORT statement for reporting RCTs (Moher et al.
2010).

The study was approved by the Institutional Ethics
Committee, King George’s Medical University (Ref.
code:57 E.C.M. IIB/P12) and registered in Clinical Trial
Registry of India (CTRI/2015/12/006438). All procedures
performed in the study were in accordance with the ethical
standards of the institutional ethics committee and with the
1964 Helsinki declaration and its later amendments.

Patient selection and eligibility criteria

Study was carried out on the patients who reported in the
out patients” Department of Orthopaedics in King George’s
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Medical University for OA of the knee joint. The criteria
for establishing a patient suffering from KOA were
according to the guidelines proposed/issued by ‘The
American College of Rheumatology’ (Altman et al. 1991).

Inclusion criteria

The patients within the age group of 40-80 years of both
sexes, who were suffering from primary KOA according to
the above-mentioned eligibility criteria who accepted to
participate, were included in the study.

Exclusion criteria

The patients less than 40 years and more than 80 years of
age and those suffering from rheumatoid arthritis, diabetes
mellitus, renal insufficiency, hepatic disease, cardiovascu-
lar disease, gout, pregnant women or with any other
systematic disease were excluded from the study.
Radiographic OA of the knee was classified according to
the Kellgren—Lawrence (KL) grading scale (Kellgren and
Lawrence 1957). This scale involves the following grades:

Grade 1—Doubtful narrowing of the joint space and
possible osteophytic lipping.

Grade 2—Definite osteophytes and possible narrowing
of the joint space.

Grade 3—Moderate multiple osteophytes, definite nar-
rowing of the joint space, some sclerosis and possible
deformity of the bone contour.

Grade 4—Large osteophytes with marked narrowing of
the joint space, severe sclerosis and definite deformity of
the bone contour.

Study products

The extract from rhizomes of CL, developed and registered
as ‘Haridra’ by Himalaya Drug Company Bangalore, India
was used in this trial.

The formulation/manufacturing of the Turmeric A (CL
extract) capsules (Batch no. 1210001FD) and Turmeric
B/Placebo capsules (Talc, batch no. 1210002FD) was
carried out as per the principles of current Good Manu-
facturing Practices (cGMP) and quality parameters as per
the pharmacopeial standards.

Each capsule composed of CL extract, which was
standardized and extracted using organic solvent and then
evaporated at low pressure to obtain a semisolid containing
curcuminoids. The extract contained equal to or more than
95 % of total curcuminoids. The standardized CL extract
was blended with rhizome powder uniformly and was
processed by wet granulation method. The wet granules
formed were dried in fluidized bed dryer and sizing was

done to obtain uniform size of granules and the same was
filled in vegetable hydroxypropyl methyl cellulose
(HPMC) capsule shells. The final capsules were filled into
the high density polyethylene (HDPE) containers, which
served as primary packing.

The high-performance thin layer chromatography
(HPTLC) finger print analysis was done; chromatogram of
standard curcumin and CL extract are shown in Figs. 1 and
2a, b, respectively. Peak ratio of curcumin: demethoxy
curcumin: bisdemethoxycurcumin was 0.39:0.20:0.06.

Study protocol

After obtaining ethical clearance and written informed con-
sent from all individual participants, a total of 160 patients
who were suffering from KOA were enrolled in the study.

Randomization

Eligible patients were enrolled on ‘first come first serve’
basis and were assigned into a treatment group, i.e., CL
extract or placebo based on a computerized randomization
schedule. After recruitment into the study, every patient
was randomly allocated to receive either CL extract
500 mg or placebo 500 mg capsules which were to be
taken along with the standard treatment of Diclofenac
50 mg/day as and when required for 4 months.

78 patients took CL extract along with Diclofenac twice
a day and 82 patients took placebo capsules along with
Diclofenac twice a day for 4 months. Both CL extract and
placebo were procured in similar looking capsules from
‘The Himalaya Drug Company’, Bangalore, India.

Patients in both the treatment groups were evaluated clin-
ically, radiologically and for biochemical changes as well as

L= [x]

Fig. 1 HPTLC chromatogram of standard curcumin (Sc) and Cur-
cuma longa extract (S1) showing the presence of curcumin
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Fig. 2 a HPTLC chromatogram showing the peak of standard curcumin. b HPTLC chromatogram of CL extract (sample) showing the peak of

curcumin

clinical outcomes on day 0, after 2 months and after fourth
months. Blood samples along with the radiographs of the knee
joints were also obtained from the patients on each three visits,
for biochemical estimations and clinical prognosis status.

The dose of CL extract was decided based on the pre-
vious clinical studies, wherein CL showed significant
symptomatic relief in KOA patients (Madhu et al. 2013;
Pinsornsak and Niempoog 2012).

Sample size estimation
Based on the results of an RCT conducted in the past

(Belcaro et al. 2010), we excepted to achieve 37 %
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reduction (effect size: D) of CL extract in WOMAC score
in north Indian KOA patients in a 4 month trial in a double-
blind manner. To detect this, 1 SD (standard deviation),
5 % margin of error (¢ = 0.05), and 90 % power
(1 — B = 0.90) are required to get the sample size of 80
subjects per group. Hence, a total of 160 patients were
proposed to be enrolled in study.

Outcome measures
All efficacy assessment parameters were evaluated for each

visit. The primary assessment parameters were visual
analog scale (VAS) and Western Ontario and McMaster
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Universities Osteoarthritis index (WOMAC) scores
improvement level at day 0, 60, and 120, respectively. The
secondary assessment parameters were the levels of the
biomarkers’, such as IL-1B, ROS, and MDA at day 0, 60,
and 120, respectively.

Measurement of knee pain by VAS

The severity of pain was measured on VAS. It is a 10-cm
horizontal line which contains word descriptions at each
end, ranging from “0 to 10” (“0” indicating “no pain” and
“10” indicating “unbearable pain”). Pain was assessed by
the individual patient themselves by marking “no pain,
mild pain, moderate pain, and severe pain” on the pain
chart on each visit (Burckhardt and Jones 2003).

WOMAC score

The functional status of KOA patients was evaluated using
the WOMAC scores (Likert Version-3.0) (Bellamy et al.
1988). The index consists of three subscales: pain, stiffness
and physical function (PF). A higher score on the WOMAC
scale represents poorer function or greater pain; the score is

directly proportional to the severity of disease. WOMAC
was used for functional assessment with 24 questions
(Q) to grade: pain (Q1-5), stiffness (Q6—7), and physical
functional difficulty (Q8-24). The patient’s response was
graded qualitatively (0 = none, 1 = mild, 2 = moderate,
3 = severe, 4 = extreme) with a maximum score of 96.

Laboratory investigations

For biochemical estimations, blood samples were allowed
to clot and then centrifuged at 3000 rpm for 30 min to get
serum which was stored at —80 °C and analyzed within
1 month. Furthermore, serum analysis was done to measure
the levels of MDA and IL-1p.

Chemicals and reagents

2/, 7'-dichlorofluorescein diacetate, Histopaque-1077 solu-
tion and phosphate-buffered saline (Sigma-Aldrich, St.
Louis, MO, USA), thiobarbituric acid (Loba Chemei,
India), glacial acetic acid, and trichloroacetic acid
(Biobasic, India) and standard curcumin (CDH Pvt, Ltd.
New Delhi, India).

Assessed for eligibility (n=227)

Excluded (n=67)

»| + Not meeting inclusion criteria (n= 43)
+ Declined to participate (n=24)

Randomized (n= 160)

CL extract Placebo
| Allocation |
Allocated to intervention (n= 78)* Allocated to intervention (n= 82)*
Follow-Up
Lost to follow-up (n= 7) after 2 months Lost to follow-up (n=8) after 2 months
i Follow-Up
Lost to follow-up (n= 5) after 4 months Lost to follow-up (n=7) after 4 months
Analysis
A 4
Analyzed (n=66) Analyzed (n=67)

*Intention to treat (ITT)
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Table 1 Demographic characteristics of the patients

CL extract (n = 78)  Placebo (n = 82) p value

Age in years  50.23 + 8.08 50.27 £ 8.63 0.97¢
Gender, no. (%)

Male 25 (32.1) 32 (39.0) 0.35°

Female 53 (67.9) 50 (61.0)
KL grade

1 7 (9.0) 4 (4.9)

2 11 (14.1) 19 (23.2) 0.37°

3 32 (41.0) 34 (41.5)

4 28 (35.9) 25 (30.5)
BMI (kg/m?)  28.32 + 5.06 2740 £ 5.76 0.28*

* Unpaired ¢ test
® Chi-square test

Biochemical estimations
Estimation of intracellular ROS

2/ 7'-dichlorofluorescein diacetate is a stable non-fluores-
cent, cell permeable compound, which on penetrating the
cell is converted to DCFH, by intracellular esterases which
is trapped within the cell and is stable for a few hours. The
de-esterified product on oxidation by ROS is converted to
the highly fluorescent 2’,7'dichlorofluorescein (DCF) and
upon excitation at 488 nm emits green fluorescence which
is proportional to the intracellular level of ROS. Thus,
change in DCF fluorescence reflects mainly the intracel-
lular accumulation of ROS (Boldyrev 2000).

Briefly, 1 ml of heparinized blood was carefully layered
over 1-ml density gradient histopaque-1077 solution
(Sigma-Aldrich), and then, it was centrifuged for 30 min at
300 xg. The interface band of peripheral blood mononu-
clear cells (PBMCs) containing lymphocytes was isolated
and washed with phosphate-buffered saline (PBS) and
centrifuged at 3000 rpm. The supernatant was discarded,
and the PBMCs so obtained were incubated with (10 M)
2/, 7'dichlorofluorescein  diacetate (DCF-DA) dye for
30 min at 37 °C in dark.

A minimum of 10,000 events were acquired and lym-
phocyte population was focused on an ASSIST calibrated
Image Stream X Mark II flow cytometer (AMNIS Corpo-
ration, Seattle, USA). RAW image files (rif) were acquired
and adjusted for spectral overlap using IDEAS analysis
software (AMNIS v.6.1.602).

Evaluation of serum MDA

The quantitative measurement of LPO in the terms of
MDA equivalent was measured using TBARS assay
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according to the modified method (Ohkawa et al. 1979;
Wade and van Rij 1988).

200 pl of trichloroacetic acid (TCA) (25-g TCA in
10 ml distilled water) was added to 1 ml of serum. The
mixture was centrifuged at 1000 xg for 10 min and the
precipitate was reacted with 1 ml of 0.67 % TBA (w/v).
The samples were heated at 90 °C for 30 min. After cen-
trifugation, the absorption of MDA-TBA chromogen was
measured at 532 nm on UV-spectrophotometer; using
1,1,3,3-tetramethoxy propane as standard. The results are
expressed as nmol/ml using molar extinction coefficient of
1.56 x 10° M~ em™".

Estimation of serum IL-1§

The quantitative estimation of serum IL-1p was done using
a commercially available Enzyme Linked Immunosorbent
Assay (ELISA) kit, according to the manufacturer’s pro-
tocol (Diaclone, Human serum ELISA Kit) with sensitivity
of <5 pg/ml.

Statistical analysis

The results are presented as mean & SE. Chi-square test
was used to compare the categorical variables, and an
unpaired ¢ test was used to compare the discrete variables
between the groups. Paired ¢ test was used to compare the
mean change in discrete variables from day O to day 60,
day 60 to day 120, and day O to day 120. Study analysis
was adjusted for the covariables, such as age, gender, and
BML. A p value <0.05 was considered to be significant. All
the analysis was carried on SPSS 16.0 version (Chicago,
Inc., USA).

Results

The demographic characteristics of the patients are given in
Table 1, which shows that the mean age of the patients was
50.27 % 8.63 for CL extract and 50.23 £ 8.08 for placebo
group. In this study, number of female patients was 53 and
50 for CL extract and placebo group, respectively, while
male patients were 25 and 32 for CL extract and placebo
group, respectively. Radiographs of the knee of enrolled
patients were taken, and the patients were graded according
to KL grading scale revealing severity of the disease. On
the basis of KL grade; KL-I = 7 and 4 patients, KL-II
comprised of 11 and 19 patients, KL-III = 32 and 34
patients and KL-IV = 28 and 25 patients were there in
group A and group B, respectively. The mean BMI of the
patients was 28.32 £+ 5.06 for test group and 27.40 + 5.76
for placebo group patients.
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Table 2 Effect of treatment on VAS and WOMAC scores between
the groups

Table 3 Effect of treatment on biochemical parameters between the
study groups

Parameters Group A (n =78) Group B (n =82) p value® Parameters CL extract (n = 78)  Placebo (n = 82)  p value®
VAS score IL-1B (pg/ml)

Day 0 7.94 £ 0.13 7.66 £ 0.14 0.15 Day 0 126.4 £+ 19.94 131.5 £ 19.79 0.85

Day 60 4.96 £+ 0.07 6.00 £ 0.11 0.0001* Day 60 65.61 £ 21.59 74.83 £ 22.31 0.76

Day 120 4.03 £ 0.08 5.11 £ 0.14 0.0001* Day 120 21.11 £ 1.176 35.82 £ 7.53 0.55

WOMAC score ROS (MFI)

Pain Day 0 3798 £+ 1507.77 2584 + 671.74 0.001%*
Day 0 15.10 £ 0.31 15.29 £ 0.26 0.64 Day 60 2553 4+ 775.67 2144 £+ 1275.97 0.001*
Day 60 11.19 £ 0.26 12.05 £ 0.21 0.01* Day 120 1200 + 864.08 2197 £+ 1378.90 0.0001*
Day 120 9.48 + 0.17 10.16 £ 0.16 0.06* MDA (nmol/ml)

Stiffness Day 0 5.03 £ 0.16 515+ 0.14 0.57
Day 0 5.55 £ 0.21 531 £0.12 0.53 Day 60 385+ 0.12 5.00 £ 0.11 0.0001*
Day 60 4.51 £ 0.21 4.70 £ 0.23 0.54 Day 120 3.69 + 0.12 491 £ 0.11 0.0001*
Day 120 4.08 £ 0.17 4.16 £ 0.18 0.73 * Significant (p < 0.05)

PF * Unpaired ¢ test
Day 0 54.03 £ 0.68 50.99 + 0.68 0.008
Day 60 41.28 + 0.51 45.11 £ 0.37 0.0001%* IL-1B, ROS, and MDA (biomarkers of oxidative stress)
Day 120  32.14 4 0.40 33.88 + 0.50 0.008%* was investigated. Thus, this double-blind, randomized,

* Significant (p < 0.05), ** (p < 0.0001)
* Unpaired ¢ test

Tables 2 and 5 and Fig. 4 show the primary outcome
parameters of the study, i.e., VAS and WOMAC scores.
The levels of VAS (4.96 + 0.07 and 4.03 £ 0.08) and
WOMAC score which included variables like pain
(11.19 £ 0.26 and 9.48 £ 0.17), stiffness (4.51 £ 0.21
and 4.08 £ 0.17) and PF (41.28 £ 0.51 and 32.14 +£ 0.40)
were also significantly (p < 0.05) reduced in the test drug
group than placebo group at day 60 and 120, when com-
pared with baseline values. Moreover, the secondary
outcome parameters, i.e., biochemical analysis of CL
extract and placebo group patients are shown in Tables 3
and 6 and Figs. 3 and 4. There was significant (p < 0.05)
reduction in the levels of IL-1B (65.61 £ 21.59 and
21.11 £ 1.176), ROS (2553 + 775.67 and
1200 £ 864.08), and MDA (3.85 4 0.12 and 3.69 + 0.12)
in the test drug group at day 60 and day 120, respectively,
when compared with baseline values. The effect of CL
extract and placebo treatment on clinical parameters is
shown in Table 4. Adverse effects in CL extract group were
2 in 78 patients and in placebo group were 4 in 82 patients
as detailed in Table 7.

Discussion
The study was envisaged primarily to evaluate the efficacy

of CL extract in patients of KOA. Simultaneously, a cor-
relation between severity of the disease and the levels of

placebo-controlled clinical trial was designed.

The incidence of OA is increasing, where the global
prevalence of KOA has become 3.8 % among population
between age 50-80 years; incidence being higher in
females than in males (Cross et al. 2014). As the knee is the
most affected (41 %) synovial joint (Cushnaghan and
Dieppe 1991), the maximum research has been carried out
on KOA; hence, we also targeted KOA in our study, more
so due to easy availability of the patients.

In our study, we found that there was overall clinical
improvement by CL in all three parameters of the WOMAC
score (Pain, Stiffness, and PF) and VAS in the patients of
KOA as compared to the placebo treated patients. This
finding is in concurrence with the findings of many other
workers (Belcaro et al. 2010; Kuptniratsaikul et al. 2014).
Moreover, apart from clinical improvement, there was a
decrease in disease-related biomarkers; the biomarker of
inflammation (IL-1B) and OS (ROS and MDA) showed
significant reduction. Various workers have worked with CL
on KOA, but they have not estimated such biomarkers
(Pinsornsak and Niempoog 2012; Madhu et al. 2013).

The clinical improvement in WOMAC score and VAS
may be subjective, but the levels of biomarkers are certain
parameters depicting status of anti-inflammatory activity
and oxidative stress. It has been established that there is a
rise in these markers in various diseases and lowering of
these markers strongly correlates with the disease level
(Mateen et al. 2016; Attur et al. 2015).

We evaluated the effect of CL extract on biochemical
parameters, viz., IL-1B, ROS, and MDA and found that
there was a significant reduction in the levels of these
biomarkers in the CL extract group in all four grades of
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Fig. 3 Measurement of intracellular ROS production a and b are the
gating strategies for focused cells and single cell population
(lymphocyte), respectively. ¢ and d the quantitative estimation of

patients as compared to patients who received placebo. OS
is related to inflammation (Martin et al. 2004); hence, it can
be concluded that CL not only improves clinical parame-
ters but also reduces OS and inflammatory processes
related with KOA.

Madhu et al. (2013) have used curcuminoids free CL
extract in a dose of 1000 mg/day, while Belcaro et al.
(2010) have used a complex of curcumin in dose of
200 mg. It is claimed by the later workers that the complex
increases bioavailability of curcumin, while the adverse
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intracellular ROS formation in the two treatment groups, and its
subsequent level at day 0, 60, and 120, respectively

events if any are decreased to a great extent. Madhu et al.
(2013) have not estimated any biomarker in their study,
while Belcaro et al. (2010) evaluated IL-1B and found
reduction in elevated levels as has been observed in our
study also. Paracetamol was given as rescue medicine, by
Madhu et al. (2013); it is not clear whether given regularly
or on SOS basis. In the study conducted by Belcaro et al.
(2010), one group of patients was given ‘Best possible
treatment’ and other group received ‘Best possible treat-
ment’ plus the complex of curcumin (Meriva). However,
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Fig. 4 Effect of treatment on levels of VAS, IL-1B and MDA at day0, day 60, and day 120

both sets of workers have noted that the need for rescue
medication was decreased. During our study a fixed regi-
men of diclofenac 50 mg BD and omeprazole 20 mg once
day was given. As far as AE are concerned, very few AE
were reported by the patients and these too were quite mild
and of benign in nature. Other workers have also reported
mild AEs in their studies (Kuptniratsaikul et al. 2014;
Madhu et al. 2013).

The biomarkers were found to be significantly raised in
the subjects of all four grades in our study on day 0, i.e., at
the time of commencement of the study. Similarly, other
scientists have found raised levels of ROS in KOA (Sri-
vastava et al. 2015) and in other disorders also (Amico
et al. 2015; Sarkar et al. 2005) and the level of MDA has
also been reported to be elevated by some workers in OA
and other inflammatory disorders (Paliwal et al. 2012).

Our study showed that the treatment with CL brought a
decrease in baseline values of IL-1, ROS, and MDA after
2 months’ treatment. This decrease was further reduced as
the treatment was continued up to 4 months. Therefore,
this study shows that CL is able to decrease biomarkers of
inflammation.

KL grading scale is an established radiological method of
grading the KOA patients according to radiological findings

Table 4 Clinical assessment parameters among treatment groups
expressed as number (n) of patients and percentages (%)

Parameters CL extract Placebo p value'
(n="178) (n = 82)
Presence of joint crepitation
Day 0 30 (100) 35(100)
Day 60 15 (50) 32 (91.4)
Day 120 12 (40) 28 (80)
Number (% 18 (60) 7 (20) 0.001*
reduction)
Presence of joint stiffness
Day 0 25 (100) 22 (100)
Day 60 15 (60) 19 (86.3)
Day 120 09 (36) 15 (68.1)
Number and % 16 (64) 7 (31.8) 0.027*
reduction
Joint effusion
Day 0 29 (100) 27 (100)
Day 60 16 (72.7) 21 (77.7)
Day 120 07 (24.1) 17 (63)
Number and % 22 (75.8) 10 (37) 0.003*
reduction

* Significant (p < 0.01)
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Table 5 Comparison of mean change from day O to day 60 and day
120 in VAS and WOMAC scores

Table 6 Comparison of mean change from Day 0 to Day 60 and Day
120 in biochemical parameters

CL extract (n = 78) Placebo (n = 82)

Mean p value®

difference

p value Mean
difference

CL extract (n = 78) Placebo (n = 82)

Mean
difference

Mean p value®

difference

p value

VAS score
Day 0 to day 60
Day 0 to day 120

Day 60 to day
120

WOMAC score
Pain
Day 0 to day
60

Day 0 to day
120

Day 60 to day
120

Stiffness

Day 0 to day
60

Day 0 to day
120

Day 60 to day
120

2.97 £0.12 0.0001*
391 £0.14 0.0001%*
0.93 £ 0.11 0.001*

1.65 £ 0.15 0.0001*
2.54 £0.21 0.0001*
0.89 £ 0.18 0.0001*

391 £ 0.34 0.0001* 3.24 + 0.33 0.0001*

5.61 £ 0.34 0.0001* 5.13 & 0.33 0.0001*

1.70 & 0.34 0.001*  1.89 &+ 0.33 0.0001*

1.00 £ 0.18 0.0001* 0.36 £ 0.17 0.03*

1.32 £ 0.21 0.0001* 0.36 £ 0.17 0.001*

0.32 £ 0.17 0.04* 0.36 & 0.17 0.03*

PF

Day 0 to day
60

Day 0 to day
120

Day 60 to day
120

12.74 £ 0.70 0.0001* 5.87 & 0.99 0.0001*

21.88 £ 0.78 0.0001* 17.11 £ 1.0 0.0001*

9.14 £ 0.55 0.0001* 11.23 4 0.58 0.0001*

* Significant
4 Paired 1 test

of the joint. In this study, it was used to grade the patients at
the beginning and twice during study period. It was observed
that the radiographic appearance of the joints was not
improved even after 4 months treatment; however, signifi-
cant symptomatic relief was observed after 2 months of
treatment as assessed by VAS and WOMAC scores. This
relief was further significantly increased after 4 months of
treatment. This explains that although radiographically there
was no change in the appearance of damaged joint, however,
as there was arrest of inflammatory process and OS, the
patients were relieved from pain and inflammation.

Conclusion
This study showed that adjuvant therapy of CL extract

along with Diclofenac produces overall significant
improvement in patients of KOA. It also improves the

@ Springer

IL-1B (pg/ml)

Day 0 to 60.81 £ 28.40 0.035*  56.64 £ 27.30 0.041*
day 60
Day 0 to 44.5 £ 21.70 0.043*  39.01 £ 23.51 0.101
day 120
Day 60 to  105.30 £ 20 0.0001** 95.65 £ 19.68 0.0001%**
day 120

ROS (MFI)
Day 0 to 1245 £ 732 0.001* 440 + 604 0.01*
day 60
Day 0 to 2598 + 643 0.0001** 401 &£ 707 0.01*
day 120
Day 60 to 1353 + 89 0.001* 53 £103 0.13
day 120

MDA (nmol/ml)
Day 0 to 1.17 £ 0.10  0.0001*  0.15 £ 0.08 0.08
day 60
Day 0 to 1.34 £0.11 0.0001* 024 £0.09 0.01*
day 120
Day 60 to 0.16 = 0.04 0.001* 0.09 £033 0.01%*
day 120

* Significant (p < 0.05), ** (p < 0.001)
4 Paired 1 test

Table 7 Adverse effects (AEs) reported in the two treatment groups

AEs CL extract Placebo
(n =178) (n = 82)

Dyspepsia 1 2

Nausea/vomiting 1 1

Constipation 0 1

Total no. of patients with AEs 2 4

quality of life in patients and can be taken as herbal sup-
plement. Thus, it is proposed that in the patients of KOA,
CL should be given as soon as the diagnosis is made. Any
NASID, if required may be given for a short period but CL
may be prescribed for long durations, without fear of
damaging GIT or kidneys of patient.
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