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Background: Knee pain causes functional limitations, eventually compromising the quality
of life. We evaluated the efficacy of our water-dispersible turmeric formulation (60% natural
curcuminoids, TurmXTRA 60N®—WDTE60N), which exhibited better PK profile at low
dose (250 mg) than standard turmeric extract, in alleviating symptoms of chronic knee pain.
Methods: In this randomized, double-blind, placebo-controlled trial, subjects received either
250 mg WDTE60N capsule (150 mg curcuminoids; n = 53) or appearance-matched placebo
capsule (n = 53) once daily for 90 days. Primary endpoint was change in pain score on the
visual analogue scale (VAS) after 80-m fast-paced walk test.
Results: A total of 96 subjects completed the study. WDTE60N reduced VAS score from
baseline (5.4 ± 0.9) to day 90 (3.8 ± 0.8) with greater mean reduction than placebo (−1.5 ±
0.7 vs −0.6 ± 0.8, p < 0.0001; 2.5 times). It also significantly improved the time taken for 80m fast-paced walk test and 9-step stair-climb test; and improved all biomarkers compared to
placebo (p > 0.05). Three adverse events occurred but were unrelated to study products.
Conclusion: WDTE60N 250 mg administered once daily for 3 months, alleviated knee pain,
improved joint function in healthy subjects with chronic knee pain, was well tolerated and safe.
Keywords: biomarkers, chronic pain, curcuminoids, knee joint, turmeric, visual analog scale
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Chronic knee pain is one of the most common reasons for medical consultation at
primary care centers. People with knee pain experience functional limitations that
compromise their quality of life substantially.1,2 Annual prevalence of knee pain in
adults >50 years old was estimated to be approximately 50%.3 Osteoarthritis (OA) is
a common cause of chronic knee pain4 and is characterized by progressive loss of
structure and function of the articular cartilage. Early life factors such as anterior
knee pain syndrome in adolescence possibly lead to the development of knee OA in
late 40s.5 Inflammation plays a critical role in the pathogenesis of OA.6 In early OA,
increase in the expression of inflammatory mediators in the synovium amplifies
catabolic activity, consequently promoting cartilage degradation.7 In this prodromal
stage, although subjects remain asymptomatic with optimal functional status, the
underlying cellular processes are actively damaging the joint.8 Anti-inflammatory
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Figure 1 Subject flow diagram.

drugs administered at this early stage of OA reportedly have
the potential to prevent disease progression.9 Non-steroidal
anti-inflammatory drugs (NSAIDs) remain the first-line of
treatment for knee pain associated with OA.10 However,
these drugs are known to exert a range of cardiovascular,
renal, gastrointestinal, and hematological adverse events
(AEs).11,12 Moreover, age-related decline in the kidney
and liver functions intensifies the risk of AEs and drug–
drug interactions.13 Studies have reported dissatisfaction
among NSAID users with respect to adequate pain
relief.14,15 Also, NSAIDs, while causing the known adverse
effects, do not halt disease progression.16 In this scenario,
supplementation of nutrients, natural or synthetic, is a recent
strategy for managing and preventing OA.17 Various nutra
ceutical ingredients have been evaluated for treating OA
Table 1 Baseline Demographic Characteristics
WDTE60N

Placebo

(n = 53)

(n = 53)

36.6 ± 10

37.7 ± 9.3

Men

24

30

Women

29

23

Body mass index (kg/m2)

23.7 ± 2.8

23.6 ± 2.4

Age (year)
Gender

92
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pain.18,19 A few natural botanical nutritional interventions
have shown their potential to regulate the balance between
anabolic and catabolic processes in joint tissue via their
free-radical scavenging and potent anti-inflammatory
actions.20 Turmeric extract and curcumin are one of the
botanical supplements used frequently for joint conditions.
Curcumin has been found to be one of the most effective
agents for pain reduction in patients with OA in two recent
meta-analyses that evaluated a large number of dietary
supplements.21,22
Curcuminoids are the principal components of the
culinary spice plant, turmeric. Scientifically known as
Curcuma longa L., turmeric is used as a condiment and
flavoring agent in the food industry.23 Turmeric has been
used since ancient times as an anti-inflammatory agent in
traditional Chinese, and Ayurvedic systems of medicines.
The plant was known in Traditional Persian Medicine as
a useful remedy for different inflammations and pain.
When used as alternative medicine or as a dietary supple
ment, turmeric is typically used as an extract standardized
to 80–95% curcuminoids, primarily containing
curcumin.24,25 The curcuminoids comprise three actives,
viz., curcumin, bisdemethoxycurcumin (BDMC), and
demethoxycurcumin (DMC) that exist as soluble ketoenol tautomers.26,27 Curcuminoids exert a broad spectrum
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Table 2 Efficacy Endpoints
WDTE60N (n = 49)
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Mean ± SD

Placebo (n = 47)

p-value

Median (IQR)

Mean ± SD

Median (IQR)

Visual analogue scale after 80-m fast-paced walk test
Baseline

5.4 ± 0.9

5 (5, 6)

5.4 ± 0.8

5 (5, 6)

Day 45

4.4 ± 0.8

4 (4, 5)

4.9 ± 0.6

5 (5, 5)

Day 90
Change from B to D45

3.8 ± 0.8
−1.5 ± 0.4

4 (3, 4)
−1 (−1, −1)

4.8 ± 0.6
−0.4 ± 0.6

5 (4.3, 5)
0 (−1, 0)

< 0.0001*

Change from B to D90

−1.5 ± 0.7

−2 (−2, −1)

−0.6 ± 0.8

0 (−1, 0)

< 0.0001*

Baseline
Day 45

70.3 ± 23.9
65.2 ± 18.8

60.1 (59.1, 60.5)
60.0 (58.9, 60.1)

69.2 ± 23.4
62.9 ± 15.2

60.08 (57.7, 60.3)
60.04 (57.8, 60.2)

Day 90

59.3 ± 9.5

59.8 (57.3, 60.1)

62.4 ± 15.4

60.0 (57.4, 60.1)

Change from B to D45
Change from B to D90

−5.0 ± 16.5
−11.0 ± 26.1

−0.09 (−0.3, −0.04)
−0.2 (−2, −0.06)

−6.3 ± 18.6
−6.8 ± 23.3

0.0 (−0.07, 0.07)
0 (−0.2, 0.2)

Baseline
Day 45

49.2 ± 40.9
40.2 ± 29.7

60.2 (10.8, 60.5)
60.0 (10.6, 60.2)

44.8 ± 39.2
39.9 ± 32.1

60.2 (10.6, 60.5)
60.1 (10.8, 60.2)

Day 90

36.9 ± 24.3

52.0 (10.5, 60.1)

37.0 ± 27.6

52 (10.8, 60.1)

Change from B to D45
Change from B to D90

−8.9 ± 21.0
−12.3 ± 24.2

−0.1 (−0.4, −0.07)
0.2 (−0.8, −0.1)

−4.9 ± 21.0
−7.8 ± 24.2

0.04 (−0.07, 0.09)
0.04 (−0.2, 0.1)

Baseline

134.2 ± 0.9

134 (134, 135)

134.4 ± 0.9

134 (134, 135)

Day 45
Day 90

134.1 ± 0.6
134.0 ± 0.6

134 (134, 134)
134 (134, 134)

134.3 ± 0.8
134.3 ± 0.7

134 (134, 135)
134 (134, 134)

Change from B to D45

−0.1 ± 0.7

0 (0, 0)

−0.0 ± 0.5

0 (0, 0)

Change from B to D90

−0.2 ± 0.6

0 (0, 0)

−0.1 ± 0.8

0 (0, 0)

80 m- fast-paced walk test (s)

0.0002*
0.0011*

9-step stair climb test (s)

< 0.0001*
< 0.0001*

Primary knee flexion (degree)

0.3657

Note: *p-value less than 0.05 (p ≤ 0.05) is statistically significant.
Abbreviations: B to D, baseline to day; IQR, interquartile range.

of biological activities including substantial antiinflammatory activity. In vitro evidence shows that curcu
minoids exert anti-apoptotic effects on interleukin (IL)-1βstimulated human articular chondrocytes;28 inhibit proinflammatory mediators, including prostaglandin E2,29
nitric oxide, IL-6, and IL-8; and inhibit the production of
matrix metalloproteinase-1 and 3.30,31
Despite the proven benefits of curcumin, its poor bioa
vailability has been a limiting factor. When administered
orally, only a small amount of curcumin is absorbed, thus
requiring multiple daily doses for gaining optimal
effects.32 Such a high dosage is associated with poor
compliance, particularly when used long term. Moreover,
studies also showed that the incidence of AEs like gastro
intestinal disturbances and urticaria increases with increase
in dosage.33 Thus, to overcome these limitations, that is, to
provide optimum therapeutic effects of curcuminoids at
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a lower dose, a novel formulation of the natural, waterdispersible turmeric extract containing 60% natural curcu
minoids (TurmXTRA 60N® - WDTE60N; of Inventia
Healthcare Ltd. and Laila Nutraceuticals, India) was
developed using a patented technology. This formulation
has been thoroughly evaluated in pre-clinical and human
pharmacokinetics (PK) studies. In the preclinical PK
study, when 300 mg/kg of curcuminoids were adminis
tered to Sprague Dawley rats, the bioavailability of
WDTE60N was found to be 10 times higher than the
standard turmeric extract 95%.34 Applying these results,
further based on translational research, a comparative PK
study in healthy adult volunteers was conducted to evalu
ate the bioavailability of WDTE60N at a 10 times lower
dose (250 mg, containing 150 mg of curcuminoids), as that
of the frequently used dose of standard turmeric extract
95% (containing 1500 mg of curcuminoids). The area
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under the blood concentration–time curve were similar and
peak plasma concentration was higher for total curcumin
after oral administration of WDTE60N at a 10-fold lower
dose compared to standard turmeric extract. These findings
demonstrate significantly higher bioavailability of
WDTE60N compared to the currently available standard
curcumin preparations. Thus, WDTE60N is believed to
provide clinical benefits of curcumin in humans at a 10
times lower single daily dose of 150 mg of active
curcuminoids.
Given the favorable results in our previous PK studies,
we conducted a randomized controlled trial to evaluate the
efficacy
and
safety
of
our
low-dose
formulation―WDTE60N―in improving joint comfort by
alleviating chronic knee pain. We hypothesized that
WDTE60N supplementation in a single daily dose of
250 mg for 3 months would improve the symptoms and
functional abilities in healthy subjects with chronic knee
pain with no major side effects.

Materials and Methods
Clinical Study Design and Study
Population
A randomized, double-blind, placebo-controlled clinical
trial was conducted in healthy adult subjects who experi
enced chronic knee pain following physical exertion. This
study was performed at medical facilities in India (Sri
Venkateshwara Hospital, Shetty’s Hospital, and Surya
Medical Centre, Bangalore) from March 2020 to
September 2020. The study protocol was approved on
18 February, 2020 by the Ethics Committee of Sri
Venkateshwara Hospital Ethics Committee and Shetty’s
Hospital Ethics Committee (PRO-INV-012-019). The
study was conducted in accordance with the Good
Clinical Practice (GCP) and the Declaration of Helsinki,
as well as the Schedule Y (amended version 2005) and
Indian Council of Medical Research codes. The study
protocol was registered with the Clinical Trial Registry
of India (CTRI/2020/03/023877). All subjects provided
written informed consent prior initiating clinical studyrelated activities.
The study included men and women aged between 18
and 60 years, with a body mass index (BMI) of 18 to
30 kg/m2 having chronic knee pain for at least 2 months.
Subjects were eligible if they had moderate pain, ie, VAS
score of 4 or greater in the knee joint and were willing to
limit the use of analgesic and/or anti-inflammatory drugs

94
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only as a rescue medication until study completion.
Exclusion criteria included pregnant, lactating, or postmenopausal women; subjects with knee arthritis detected
on radiography; those taking more than two analgesic
drugs and/or anti-inflammatory agents daily for more
than 3 months; and those with a history of surgery or
trauma affecting the knee, impaired renal or liver function,
or known history of any chronic illness.

Study Procedure and Study Treatments
The study involved four visits: visit 1 (screening visit),
visit 2 or baseline (randomization visit), visit 3 (first fol
low-up at day 45), and visit 4 (final follow-up visit at day
90). Block randomization schedule was generated using
PROC PLAN in SAS® version 9.4 (SAS Institute Inc.,
USA) by an independent statistician. The investigator
allocated the study treatments to subjects as per the rando
mization schedule. The study products were stored in
containers with appropriate labeling. The statistician
blinded the samples by sticking a blinded label according
to the randomization procedures against unique codes.
Eligible subjects were randomized to receive either
WDTE60N capsules or inert placebo capsules having
identical appearance. The WDTE60N capsules contained
150 mg of curcuminoids including curcumin, demethoxy
curcumin, and bisdemethoxycurcumin. Study subjects
were given a bottle of their respective study product (52
capsules for 45 days) at visits 2 and 3, and were instructed
to take one capsule per day orally with water after
breakfast.
Paracetamol tablet 650 mg or diclofenac sodium tablet
50 mg, along with explanation of the dose and frequency
by the treating physician, was provided as rescue medica
tion that was to be used only if the subject’s knee pain
worsened during the study.

Efficacy Assessments
The study objective was to evaluate the efficacy of
WDTE60N in improving joint function and alleviating
joint pain in healthy non-arthritic subjects. The primary
endpoint was reduction in the pain intensity level from
baseline to day 90 as assessed by the VAS after the 80-m
fast-paced walk test. Secondary efficacy measures
included performance in the 80-m fast-paced walk test,
9-step stair climb test (SCT), and range of motion test
(primary knee flexion). We also measured changes from
baseline to day 90 in following inflammatory markers:
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Figure 2 Proportion of subjects with reduction in VAS at day 90.

C-reactive protein (CRP), IL-6, tumor necrosis factoralpha (TNF-α), and matrix metalloproteinase-3 (MMP-3).
Intensity of knee pain was assessed using a 10-cm
VAS.35 VAS has been a reliable and validated tool for the
measurement of OA knee pain. It was measured with asking
the question “how much pain did you have after 80 meter
Fast-Paced walk test”. The beginning of the line illustrates
“no pain” and the end of the line indicates the “worst
imaginable pain”. Improvement in the joint mobility perfor
mance was measured by the 80-m fast-paced walk test: using
a stopwatch, time taken in seconds to complete the walk was
recorded. The 9-step SCT was conducted to evaluate knee
function, lower body strength, and balance. Each subject was
instructed to ascend and descend a 9-step staircase with a 20cm step height. Time (in seconds) taken to ascend and
descend flight of stairs was recorded. Subjects were allowed
to use handrail or walking aid and to stop or rest if needed,
but the time was recorded continuously. Both the fast-paced
walk test and Stair-climb tests are recommended tests by the
Osteoarthritis Research Society International (OARSI) for
the measurement of performance in knee OA.36,37 Flexion in
the primarily affected knee or primary knee flexion was
measured using a goniometer (pal Surgical Works, New
Delhi, India) and expressed in degrees (o).38
CRP and IL-6 levels are reliable markers of inflamma
tion. TNF-α is reported to contribute critically to joint
destruction in OA. MMP-3 has a key role in the proteo
lysis of proteoglycans that releases glycosaminoglycancontaining fragments (GAGs) that is an early feature of
cartilage breakdown in OA.39–42 CRP was measured by
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tubidometrically using Biosystem BA400 analyzer and test
kits (Barcelona, Spain). Other markers were measured by
an ELISA on CARETIUM KC100 Micro Plate Reader
using Biosystem commercial kits.

Safety Assessments
Analyses of a set of hematological and biochemical para
meters, as well as urine analysis, were performed at
screening, and at the end of the study to ensure the safety
of the study subjects – hematology using ABX Pentra
XL80, Biochemistry using Biosystem BA400 and Urine
Analysis using routine analysis manual. Vital signs and
physical examinations were performed at all visits. Any
AE occurring during the study was reported.

Statistical Analysis
Power analysis estimated that at least 106 subjects would
be required to be enrolled with following assumptions:
a power of 80%, mean difference in pain score: 1.444,
standard deviation: 2.5, and a dropout rate: 10%.
Analyses on the intention-to-treat (ITT) population
presented the efficacy and safety of the study product.
Summary statistics for all parameters was performed, and
the results were presented as mean ± standard deviation for
continuous variables and as count and percentages for
categorical variables. Data were not normally distributed,
as determined by the Kolmogorov–Smirnov test. Hence,
Wilcoxon signed-rank test was used to compare data
within groups and the Mann–Whitney U-test was used to
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Table 3 Biochemical and Inflammatory Markers
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WDTE60N (n = 49)

p-value*

Mean ± SD

Median (IQR)

Mean ± SD

Median (IQR)

Baseline

5.3 ± 14.0

1.7 (0.9, 4.8)

3.0 ± 3.6

1.6 (0.8, 3.4)

Day 90

2.6 ± 2.6

1.6 (0.9, 3.4)

9.5 ± 26.8

1.9 (1, 4)

Change from B to D90

−2.7 ± 14.5

−0.2 (−1.5, 1.1)

6.5 ± 26.7

0.0 (−0.8, 1.4)

p-value**

0.2327

C-reactive protein (mg/dL)

0.2868

0.2676

Interleukin 6 (pg/mL)
Baseline

21.1 ± 31.3

8.1 (0.07, 29.7)

20.5 ± 36.3

3.3 (0.07, 18.4)

Day 90

30.5 ± 52.6

4.1 (0.7, 26.7)

26.8 ± 40.2

8.3 (1, 31.7)

Change from B to D90

9.4 ± 62.7

0.5 (−19, 12.8)

6.3 ± 36.6

3.1 (−0.79, 22.6)

p-value**

0.4641

0.1699

0.0188

Tumor necrosis factor-α (pg/mL)
Baseline

30.4 ± 52.5

2.6 (0.2, 48.8)

31.6 ± 60.6

0.7 (0.1, 34.4)

Day 90

14.9 ± 45.1

0.7 (0.7, 0.7)

22.4 ± 32.6

0.7 (0.7, 30.7)

Change from B to D90

−15.5 ± 67.1

−0.2 (−24.9, 0.6)

−9.3 ± 67.3

0.5 (−20.6, 12.4)

p-value**

0.0054

0.0927

0.4522

Matrix metalloproteinase-3 (ng/mL)
Baseline
Day 90

20.9 ± 15.4
14.1 ± 9.4

19.7 (6.6, 35.0)
12.5 (6.6, 19.6)

18.9 ± 16.6
15.9 ± 9.7

12.5 (5.5, 34.2)
13 (7.7, 23.5)

Change from B to D90

−6.8 ± 14.9

−7 (−15.7, 2.5)

−3.0 ± 14

−0.4 (−9.4, 5.7)

p-value**

0.0017

0.1387

0.1335

Notes: *p-value from the Mann–Whitney U-test comparing the difference between placebo versus WDTE60N; **p-value from Wilcoxon signed-rank test comparing levels
at baseline to day 90.
Abbreviations: B to D, baseline to day; IQR, interquartile range.

compare data between test and placebo groups. A p < 0.05
was considered to indicate statistical significance.

Results
Of the 121 subjects screened for inclusion in the study,
106 subjects were randomized such that each treatment
arm had 53 subjects. Furthermore, 10 subjects were lost to
follow-up (6 in placebo and 4 in WDTE60N group); thus,
96 subjects completed the study (Figure 1). The demo
graphic characteristics at baseline were similar between
both groups (Table 1).
Table 2 lists the changes in efficacy parameters.
A statistically significant reduction in the intensity of pain
was noted on VAS: from 5.4 ± 0.9 at baseline to 3.8 ± 0.8
at day 90 in the WDTE60N group. The mean reduction in
pain intensity was greater in the WDTE60N group than in
the placebo group (1.5 ± 0.7 points vs −0.6 ± 0.8, p <
0.0001). Fifty-five percent of subjects reported ≥2 point
reduction in the pain VAS score with WDTE60N group

96
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compared to 14% subjects in the placebo group (Figure
2). Improvement of 2 points on VAS scale is considered
the minimal clinically important difference.43–45
Furthermore, supplementation with WDTE60N led to
improved performance in the 80-m fast-paced walk test: from
70.3 ± 23.9 s at baseline to 59.3 ± 9.5 s at day 90. The mean
difference from baseline was −11.0 ± 26.1 s and −6.8 ± 23.3
s for WDTE60N and placebo (p = 0.0011) groups, respectively,
indicating that WDTE60N supplementation significantly
improved mobility and performance in the 80-m walk test.
Reduction in time taken by subjects to ascend and
descend stairs in the 9-step SCT is considered as an
efficacy measure. At the end of the study, time taken by
the subjects in the SCT was reduced by 12.3 ± 24.2 s in the
WDTE60N group compared to 7.8 ± 24.2 s in the placebo
(p < 0.0001), indicating improvement in the knee function,
lower body strength, and balance.
Measurement of the knee flexion assesses the angular
movement of the affected knee. Change from baseline

Clinical Pharmacology: Advances and Applications 2021:13

Clinical Pharmacology: Advances and Applications downloaded from https://www.dovepress.com/ by 103.195.202.64 on 21-May-2021
For personal use only.

Dovepress

Thanawala et al

knee flexion in WDTE60N and placebo groups were −0.2
± 0.6° and −0.1 ± 0.8°, respectively. The change was not
statistically significant (p = 0.3657).
Overall, the significant improvement in efficacy vari
ables was observed as early as day 45 (Table 2).
Analysis of four inflammatory biomarkers for change in
levels from baseline to end of the study revealed no signifi
cant difference between the WDTE60N and placebo groups
(Table 3). However, a clear trend of improvement was
observed for all the four biomarkers in the WDTE60N
group. In brief, there was no significant difference in the
median (IQR) CRP levels at baseline and at day 90 day in the
WDTE60N group (1.7 [0.9, 4.8] vs 1.6 [0.9, 3.4], p =
0.2327) and placebo group (1.6 [0.8, 3.4] vs 1.9 [1.0, 4.0],
p = 0.2676). The increase in the median IL-6 level was not
significant in the WDTE60N (8.1 [0.07, 29.7] vs 4.1 [0.7,
26.7], p = 0.4641) group but it significantly increased in the
placebo group (3.3 [0.07, 18.4] vs 8.3 [1, 31.7], p = 0.0188).
The median TNF-α level reduced significantly in WDTE60N
group (2.6 [0.2, 48.8] vs 0.7 [0.7, 0.7], p = 0.0054) whereas
there was no statistical significant change in the placebo
group (0.7 [0.1, 34.4] vs 0.7 [0.7, 30.7], p = 0.4522).
Similarly, median MMP-3 level significantly decreased in
the WDTE60N group (19.7 [6.6, 35.0] vs 12.5 [6.6, 19.6],
p = 0.0017) whereas there was no change in the placebo
group (12.5 [5.5, 34.2] vs 13 [7.7, 23.5], p = 0.1335).
Levels of various safety parameters (aspartate amino
transferase [AST], alanine aminotransferase [ALT], serum
lipid profile, fasting glucose, serum creatinine, complete
blood count [CBC], erythrocyte sedimentation rate [ESR])
were within the normal/optimal range at baseline, and both
treatments did not show any changes in these parameters
at the end of the treatment. No subjects used rescue med
ications throughout the study period. Three AEs occurred
during the study and all were unrelated to the study treat
ments. No serious AE was observed during the study
(Table 4).

Discussion
The present study showed that 3-month supplementation
with WDTE60N improves joint comfort and alleviates
Table 4 Summary of Adverse Events
Adverse Events

WDTE60N (n = 53)

Placebo (n = 53)

Headache
Nausea

1 (1.89%)
1 (1.89%)

0
0

Diarrhea

0

1 (1.89%)

Clinical Pharmacology: Advances and Applications 2021:13

chronic knee pain in healthy subjects, as indicated by reduc
tion in the VAS score following physical exertion induced by
the 80-m fast-paced walk test. Joint performance and mobi
lity also improved as shown by the 9 step SCT and 80-m fastpaced walk test. Given the higher exposure of curcumin from
the low-dose WDTE60N and the proven anti-inflammatory
action of curcumin, WDTE60N could be an effective sup
plementation for improving joint function in the healthy
population who may be at risk of developing OA.
Chronic knee pain can adversely affect daily activities
like climbing of the stairs even in non-arthritic adults,
and this could be a psycho-physiological limiting factor
that may lead to avoidance of routine daily activities.46,47
It is reported that chronic knee pain can predict the
structural progression to OA.48 In the present study,
WDTE60N significantly reduced pain on walking as
measured on VAS from baseline at the end of 3 months
supplementation period as compared to placebo. Minimal
clinically relevant reduction in VAS scores, which is
defined to be ≥2 points, was attained in >50% of the
subjects in the WDTE60N group compared to 14% in
the placebo group. Reduction in the VAS scores corre
lated with the 80-m walk test and the 9-step SCT. Range
of motion as assessed by knee flexion test was within
normal range and did not change further with both treat
ments. These observations suggest that WDTE60N can
potentially improve joint comfort by alleviating knee
pain that occurs during and after regular physical activity
and, thus, also contribute to improvement in the overall
performance of the affected joint.
The global burden of disease study 2017 showed
a large burden of musculoskeletal disorders, with approxi
mately 1.3 billion cases globally.49 Of these, the knee OA
is among the most disabling musculoskeletal conditions.
Inflammation is regarded as an important feature of early
OA, and the altered inflammatory state induced by
mechanical stress is considered an underlying
cause.50 Patients with early OA with knee pain exhibit
significantly higher levels of certain inflammatory markers
such as TNF-α, IL-1β, IL-6, and CRP.6 No significant
changes in inflammatory marker levels for both the
WDTE60N and placebo groups were observed in our
study. Since the study subjects were healthy and without
any evident arthritis, the inflammatory markers were
within normal range at the beginning of the study.
Another study by Nieman et al has also reported similar
results in healthy adults.51 However, the extent of
improvement in the inflammatory biomarker levels was
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higher in the WDTE60N group, and this is an important
finding as it may implicate the prevention of further wor
sening of knee joint pain.
Although curcumin as a dietary supplement has proven
benefits in patients with OA with equal efficacy and much
lower incidence of side effects than NSAIDs, its use is
limited by poor bioavailability,22 which mandates the admin
istration of multiple daily doses, resulting in low compliance
on long-term administration. Low bioavailability of turmeric
has led to extensive research, which has flooded the market
with turmeric formulations manufactured using various
technologies.52 Most marketed bioavailable turmeric formu
lations have shown significantly improved bioavailability in
preclinical and clinical PK studies as compared to standard
turmeric extract 95%,53–55 however in their clinical evalua
tion; these formulations are not used in the dose found to be
more bioavailable in PK studies.52–54, 56 On the other hand,
in this study we used the low-dose of WDTE60N (250 mg
with 150 mg curcuminoids), which has exhibited the higher
relative bioavailability of 150 mg of curcuminoids as com
pared to the higher dose of standard 95% turmeric extract
(with 1500 mg curcuminoids) in the previous PK studies.
Therefore, our study is a first-of-its-kind to evaluate the
optimum dosage of our formulation through PK analysis
and to show the efficacy of the same dose in the clinical
study. This low-dose turmeric formulation alleviated pain
and improved knee joint performance and mobility when
administered over 3 months. Using low-dose turmeric for
mulation in a single daily administration may avoid safety
concerns and compliance issues; it serves as an alternative to
the contemporary higher-dose turmeric extract formulations
and can be used for longer duration for joint protection in
individuals with chronic knee pain.
Despite favorable results, the study had two limita
tions. First, this study was conducted on healthy adults.
Second, there was no significant difference in the biomar
kers between the groups. However, the improvement
observed in pain scores and physical function was note
worthy. Studies with a larger sample size in patients with
knee OA would be of future research interest.

was well tolerated and found to be safe for human
consumption.
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