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Purpose: Turmeric extract is a well-known nutraceutical ingredient recognized for its benefits in managing musculoskeletal health.
This study evaluated the efficacy and safety of a novel low-dose water-dispersible turmeric extract containing 60% natural
curcuminoids (WDTE60N) in participants with mild-to-moderate knee osteoarthritis.

Patients and Methods: This double-blind, randomized, placebo-controlled trial was conducted at two orthopedic centers in Uttar
Pradesh, India (July 2023—November 2023). Participants aged 45—75 years with unilateral or bilateral OA of the knee for >3 months
were randomized in 1:1 ratio to receive WDTE60N (250 mg) or placebo capsules once daily for three months. Study endpoints
included assessment of changes from baseline to day 90 in pain intensity (visual analog scale [VAS], knee injury and osteoarthritis
outcome score [KOOS]), inflammatory biomarkers, and safety profile. Data were analyzed using independent #-test, chi-square test,
and analysis of co-variance test.

Results: In total, 139 participants (WDTE60N, n = 70; placebo, n = 69) with mean age and BMI of 56.35 years and 23.89 kg/m?,
respectively, were included. The mean reduction (95% CI) in VAS score from baseline to day 90 was significantly higher in the
WDTEG60N group than in the placebo group (14.41 [13.08, 15.75] vs 6.02 [5.00, 7.05]; p < 0.0001). In the WDTE60ON group, the mean
change in VAS scores was significantly reduced from as early as day 07 (p = 0.0076), which continued until day 90 (p < 0.0001),
compared to the placebo group. Improvement in the mean KOOS scores (baseline-Day 90) was evident, with significantly higher mean
scores for each domain (pain, symptoms, activities of daily living, function in sport and recreation, and knee-related quality of life
[QoL]) on Day 90 in the WDTEG60N group than in the placebo group (p < 0.05). Inflammatory biomarkers (hsCRP, TNF-a, IL-6, and
IL-1PB) were significantly reduced from baseline to day 90 in the WDTE60N group compared to the placebo group (p < 0.0001). Four
mild adverse events were reported during the study period.

Conclusion: Supplementation with the low-dose water-dispersible turmeric extract containing 60% natural curcuminoids for three
months was safe and effective in alleviating pain, improving functional status and quality of life and reducing inflammation in
participants with mild-to-moderate knee osteoarthritis.
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Introduction

Knee osteoarthritis (OA), the most prevalent form of OA, is a degenerative joint disease of the knee that typically results
from wear and tear and progressive loss of articular cartilage. According to the International Classification of Diseases
(ICD) classification, knee OA is classified as unilateral or bilateral primary knee OA, unilateral or bilateral post-traumatic
knee OA, and other unilateral or bilateral secondary knee OA." Clinically, it is characterized by progressive worsening of
symptoms such as pain, inflammation, stiffness-related discomfort, and reduced mobility over the course of the disease. If
left untreated, the disease can advance, potentially resulting in disability and impaired quality of life (QoL).>* According
to the latest Global Burden of Disease Study (GBD) report, approximately 7.6% of the global population was diagnosed
with OA in 2020. Knee OA was a major contributor to this global burden, affecting 4307 individuals per 100,000
population. Furthermore, it is anticipated that the prevalence of knee OA will increase by 74.9% from 2020 to 2050,
indicating a substantial increase in the disease burden that will pose a critical challenge for healthcare systems
worldwide.?

Given that knee pain is the central cause of disability in patients with OA and adversely affects their functional
abilities and QoL, the primary goal of treatment is to alleviate the intensity of knee pain.*® Among the currently
available management strategies including pharmacological, non-pharmacological, and surgical interventions, pharma-
cological treatments (such as non-steroidal anti-inflammatory drugs [NSAIDs], acetaminophen, naproxen, selective
cyclooxygenase-2 [COX-2] inhibitor, glucosamine, capsaicin, steroids, etc) are the most commonly used.>”"® Despite
various advancements in the available management strategies over the past few decades, no cure exists for knee OA;
treatments primarily aim to delay disease progression.” In particular, due to the safety concerns associated with the long-
term use of these pharmacological treatments, there is growing interest in exploring safer natural therapies. In the past
decade, supplementation with nutraceuticals for the management of OA has gained attention owing to their promising
role in alleviating pain, inflammation, oxidative stress, and joint discomfort while also promoting cartilage formation.’”

The potential of turmeric to offer a myriad of health benefits has been well recognized since ancient times in Asian
countries. Curcuminoids are the major phytochemicals found in the rhizome of the turmeric plant (Curcuma longa L.) of
which curcumin is the major phytoactive and the other two are demethoxycurcumin and bisdemethoxycurcumin.
Curcuminoids, also commonly called curcumin, have several pharmacological effects, such as anti-inflammatory,
antitumor, antioxidant, lipid-regulating, and anticoagulant effects.'®'" Within the wide range of dietary supplements
evaluated, curcumin has been reported as one of the most potent and effective nutraceutical ingredients in reducing the
severity of pain in patients with OA.'>'> A strong wall of evidence supports the efficacy and safety of curcumin in
alleviating pain and improving functional abilities in individuals with OA.'*"'7 However, its poor absorption and low
bioavailability, which necessitate the administration of multiple daily doses, might affect treatment adherence, especially
during long-term use. In addition, high doses of turmeric extract and curcumin (>4000 mg/day) are associated with an
increased risk of adverse events such as gastrointestinal symptoms, liver enzyme abnormalities, and urticaria.'® >
Currently, most bioavailable turmeric extracts in the market are formulated with synthetic excipients and contain up to
20% active ingredients, still requiring higher doses to achieve clinical efficacy.?' Thus, there exists a gap in developing
a turmeric formulation that can deliver therapeutic benefits at lower doses. To address these limitations, a novel low-dose,
water-dispersible turmeric extract containing 60% natural curcuminoids (WDTE60ON of Nutriventia Limited and Laila
Nutraceuticals, India) was developed. This novel formulation was designed to deliver optimal benefits with a single daily
low dose of 250 mg, containing 150 mg of curcuminoids.

Robust evidence from previous pharmacokinetic studies demonstrated a higher bioavailability of WDTE60N com-
pared to the commercially available standard turmeric extract formulations, both with and without the bioavailability
enhancer — piperine.”""** In particular, once a day, administration of WDTEGON can provide the clinical benefits of
curcumin at a ten-fold lower dose of 150 mg of curcuminoids compared to multiple daily doses of the standard 95%
turmeric extract, which contains 1500 mg of curcuminoids.?' This was demonstrated in two clinical trials. A randomized,
double-blind, placebo-controlled trial conducted among healthy adults with chronic knee pain demonstrated the efficacy
of WDTE6ON, administered for 3 months, in terms of significant improvements in joint function and mobility and
alleviation of chronic knee pain.”> Another similarly designed clinical trial was conducted on the delayed onset muscle
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soreness in recreationally active healthy adults after a bout of acute exercise. The WDTE60N was well tolerated in these
studies.**

These promising outcomes, along with multiple clinical studies evaluating other curcumin supplements in patients
with knee OA,'*'%52% highlight the growing body of evidence supporting the use of curcumin supplements in the
management of knee OA. However, to date, none of these studies have assessed the efficacy of curcumin at shorter time
intervals after the initiation of product administration. In view of this lacuna, the present study aimed to assess the
efficacy and safety of a WDTEGON in participants with mild-to-moderate knee OA, with a focus on understanding its
effects at earlier timepoints, starting as early as day 03 following administration.

Materials and Methods

Study Design

This prospective, double-blind, randomized, multicenter, parallel-group, two-arm, placebo-controlled trial included
participants with mild-to-moderate knee OA. This study was conducted at two sites in Uttar Pradesh, India (Bajarang
Memorial, Fracture, Accidental and Surgical Center, Varanasi and Sri Ram Ortho, and Physio Rehab Center, Varanasi)
between July 27, 2023, and November 20, 2023. The study protocol was approved by the Vatsalya Ethics Committee,
Vatsalya Hospital Multispecialty Center, Sikraul, Varanasi, Uttar Pradesh — 221002 (vide registration no: ECR/1611/Inst/
UP/2021). This trial was registered in the Clinical Trials Registry (CTRI) on 29/07/2023 (CTRI registration no. CTRI/
2023/07/055411). This study was conducted in compliance with the International Conference on Harmonization-Good
Clinical Practices (ICH-GCP) guidelines E6 (R2), 2016; ICMR guidelines — National Ethical Guidelines for Biomedical
and Health Research Involving Human Participants, 2017; Declaration of Helsinki, 2013; applicable local government
regulations, institutional research policies, and standard operating procedures. Written informed consent was obtained
from each participant before initiation of the clinical study.

Study Population

Men and women aged 45-75 years with a body mass index (BMI) of 18-29 kg/m?, who had unilateral or bilateral OA of
the knee for >3 months (National Institute for Health and Care Excellence [NICE] criteria®®) with Kellgren-Lawrence
grade II or III by radiographic classification and with a visual analog scale (VAS) score between 40 and 70 mm during
the most painful knee movement, and who had mild-to-moderate pain (diagnosed based on VAS score between 5 and
44 mm as mild pain and 45 and 75 mm as moderate pain®®) not adequately or completely controlled with anti-
inflammatory drugs were enrolled in the study. Additional inclusion criteria were as follows: otherwise, healthy
participants determined by medical history, physical examination, and clinical judgment of the principal investigator
(PI) and participants willing to provide informed consent and comply with the study procedure. Participants with the
following criteria were excluded from the study: those who underwent treatment for Coronavirus disease 2019 (COVID-
19) within the last three months or tested positive during the study; known allergy to NSAIDs (including aspirin);
suspected hypersensitivity, allergy, or other contraindications to any compound present in the study products; history or
presence of injury in the area affected by OA of the knee, underlying inflammatory arthropathy, rheumatoid arthritis,
severe OA, gout, systemic lupus erythematosus or any other systemic disorder affecting joints, congestive heart failure;
evidence or history of clinically significant hematological, renal, endocrine, pulmonary, gastrointestinal, cardiovascular,
hepatic, neurologic diseases, or malignancies (as per the discretion of the PI); or who received any corticosteroid,
indomethacin, glucosamine or chondroitin within three months prior to the treatment period, or intra-articular treatment/
injections with corticosteroid, or hyaluronic acid, or Omega-3 Fatty acids dietary supplements within six months
preceding the study.

Study Procedure and Treatment Randomization

After providing written informed consent, the participants underwent a detailed screening assessment on visit 1 (seven
days before treatment administration) by trained study personnel. The evaluations included physical examination,
assessment of vital signs, demographic and anthropometric measurements, medical history (including substance abuse
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and/or addiction to alcohol), treatment and surgical history, OA screening according to NICE criteria,”’ X-ray examina-
tion of the knee, measurement of pain score using VAS, clinical laboratory examinations for hematology, liver function,
renal function, serological determination of human immunodeficiency virus (HIV), Hepatitis B, and Hepatitis C, COVID-
19 screening with rapid antigen test, urine routine analysis, and urine pregnancy test for women of childbearing potential.
The diagnosis of knee OA was confirmed by the PIs, who are qualified orthopedic surgeons with over ten years of clinical
experience. For the clinical laboratory evaluations, 5-8 mL of blood was collected via venipuncture from each participant
at each visit.

An independent statistician generated the randomization codes (employing a permuted block design with a block size of 4)
using the Jamovi (2022, Version 2.3) and R programming (2021, Version 4.1) software. To ensure impartiality in the
randomization process, the block size was disclosed only to the trial statistician until the statistical analysis was completed.
The randomization code list was centrally maintained by the sponsor designee and was distributed to the site coordinator in
a concealed envelope, with instructions to unblind only at the discretion of PI and sponsor. The blinding and labelling were
carried out by the unblinded personnel. The study products were packaged in identical containers, and each labelled
a randomization code. The sponsor, clinical research organization, Pls, study personnels, site staff and participants were all
blinded in the study. At visit 2 (Day 01), the PI randomly assigned eligible participants in a 1:1 ratio to WDTE60ON (TurmXTRA®
60N: 250 mg natural, water-dispersible turmeric extract capsules containing 60% natural curcuminoids, manufactured by
Nutriventia Limited, Mumbai, India, and Laila Nutraceuticals, India) or placebo (identical capsules that matched the color,
size, and shape of the WDTEG6ON, but without active, manufactured by Nutriventia Limited, Mumbai, India). The participants
were provided 33 capsules of either WDTEG60N or placebo for 30 + 3 days on days 1, 30, and 60. They were instructed to take one
capsule orally once daily in the morning after breakfast, with adequate water. All participants were followed up at different
interim time points, starting from visit 3 (Day 3 + 1) until the end of the study (visit 9 [Day 90 + 3]) (Figure 1). Additionally, all
participants were provided with a diary to maintain a daily log of study product administration and record any adverse events
(AE) experienced during the study period. Treatment compliance and monitoring of treatment-emergent adverse events (TEAEs)
for each participant were assessed by reviewing their respective diaries at each follow-up visit until the end of the study. All
participants were prohibited from using ibuprofen, aspirin, or any other NSAIDs, as well as any other pain relievers, including
over-the-counter or prescribed topical treatments, throughout the entire trial, except for acetaminophen/paracetamol as a rescue
medication. For participants for whom the study treatment was deemed ineffective, paracetamol 650 mg (with a maximum daily
dose of three tablets) was permitted as a rescue medication at the discretion of the PI.

Study Endpoints

The primary efficacy endpoint was to evaluate and compare the change in VAS pain score (100 mm) from baseline (Day 01) to
the end of treatment (Day 90) between the WDTE60ON and placebo groups. The secondary efficacy endpoints were to
determine changes in the VAS pain score (100 mm) at all follow-up visits (days 03, 07, 15, 30, 45, and 60) from baseline, and
changes in the pain intensity based on knee injury and osteoarthritis outcome score (KOOS) domain scores at all interim study
visits until the end of the study from baseline (days 03, 07, 15, 30, 45, 60, and 90). Furthermore, we evaluated changes in serum
inflammatory markers (tumor necrosis factor-o [TNF-a], high-sensitivity C-reactive protein [hsCRP], interleukin-6 [IL-6],
and interleukin-1f [IL-1B]) from baseline to days 45 and 90. The subject’s global assessment (SGA) and physicians’ global
assessment (PGA) of therapy at the end of treatment (Day 90) were also evaluated. During the safety assessment, we
monitored TEAE:s at all interim visits until the end of the study. The collected data included the nature of the AE, date and time
of onset, intensity, duration, causality, action taken, and the outcome of the event.

Assessment Scales

In this study, pain intensity was measured using VAS and KOOS assessment scales. The VAS tool involves a horizontal line
marked from 0 to 100 (100 mm scale), anchored by word descriptors at each end (“0” indicates no pain and “100” indicates
severe pain).”' The KOOS is a self-administered validated instrument that evaluates five patient-relevant dimensions through
42 items: pain (nine items), symptoms (seven items), activities of daily living (ADL) function (17 items), sport and recreation
function (five items), and quality of life (four items). It helps assess short- and long-term patient-relevant outcomes following
knee injury and OA.**** Levels of inflammatory biomarkers were determined by enzyme-linked immunosorbent assay
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Figure | Study flowchart and participants’ disposition.
Abbreviation: WDTE60N, water-dispersible turmeric extract containing 60% natural curcuminoids.
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(ELISA) method in the NABL-accredited and ISO (9001:2015)-certified laboratory. In addition, the SGA and PGA were
evaluated using an internally developed scale ranging from 1 to 7 (1 indicates improved knee pain and overall health, and 7
indicates worsened knee pain and overall health). A lower score typically indicates a better improvement in overall health and
treatment satisfaction, whereas a higher score suggests poorer knee health and treatment dissatisfaction.

Statistical Analysis

The sample size was calculated using the G¥Power (version 3.1.9.3) software.** The primary outcome of the VAS score after
the 80 m fast-paced walk test in the previous clinical trial of WDTEG60ON in chronic knee pain was used to estimate the sample
size and power using the effect size.”> With an effect size of at least 0.535, a sample size of 56 participants in each group was
required to achieve a power of 80% at a significance level (alpha) of 0.05. Considering the 20% dropout rate, a sample size of
approximately 70 participants (56+14=70) per group was considered adequate for randomization in this study.

All subjects who consumed at least one dose of the study product were included in the intention-to-treat (ITT)
population. The missing observations were inputted using the last observation carried forward (LOCF) approach.
Participants who had no major protocol violations affecting the efficacy variables and had treatment compliance of
>80% were included in the per-protocol (PP) population. All efficacy evaluations were conducted in the PP population.
Participants who received at least one dose of study treatment were included in the safety analysis population.

Statistical analysis was performed using the SAS™ software (SAS Institute Inc., Cary, NC, USA), version 9.4. Descriptive
statistics was used to summarize categorical data as frequencies and percentages, and continuous data as mean and standard
deviation (SD). An independent #-test was used for intergroup comparisons of continuous data, and the chi-square test was used
for intergroup comparisons of categorical data. The change from the baseline was calculated by subtracting the baseline value
from the post-dose value at that evaluation time point. Comparison of the mean changes from baseline to other time points
between the groups was performed using analysis of co-variance (ANCOVA) test. Statistical significance was set at p <0.05.

Results

Demographic Details

Of the 149 participants screened, 140 eligible participants were randomized to either the WDTE60N or placebo group.
One participant (dropout rate = 0.71%) from the placebo group dropped out, and 139 participants (WDTE60N, n = 70;
placebo, n = 69) were included in the PP analysis (adherence rate = 99.29%) (Figure 1). The mean (SD) age and BMI of
participants was 56.35 (6.86) years and 23.89 (1.63) kg/m?, respectively. The demographic and anthropometric char-
acteristics of the study population at the baseline are summarized in Table 1.

Assessment of Pain Intensity Using VAS

Figure 2 presents the changes in the mean VAS scores of both study groups over 90 days of the study duration. The mean
reduction in VAS scores from baseline to day 90 was significantly higher in the WDTE60ON group (14.41) than that in the
placebo group (6.02) (p < 0.0001) with Cohen’s d effect size of 1.07. Improvements in pain intensity on Day 90 were
25.05% and 10.57% in the WDTEGON and placebo groups, respectively. The mean VAS score in the WDTEG60N group was
significantly lower from Day 30 onwards (p = 0.0064) and continued to be significantly lower on days 45 (p <0.0001), 60

Table | Demographic Parameters

Parameters | WDTE60N (N = 70) | Placebo (N = 70) | Overall (N = 139)
Age (years) 57.03 (6.79) 55.67 (6.91) 56.35 (6.86)
Sex, n (%)

Men 36 (25.71) 35 (25.00) 71 (50.71)
Women 34 (24.29) 35 (25.00) 69 (49.29)
BMI (Kg/m?) 23.81 (1.60) 23.97 (1.67) 23.89 (1.63)

Notes: Data presented as mean (SD), unless otherwise specified.
Abbreviations: BMI, body mass index; SD, standard deviation; WDTE60N, water-dispersible turmeric
extract containing 60% natural curcuminoids.
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Figure 2 Comparison of change in VAS scores between WDTE60N and placebo from baseline to Day 90.

Notes: Data presented as mean and SD (Error bars represent SD). *p value <0.05 is statistically significant. # shows comparison of mean VAS scores between the
WDTE60N and placebo groups on respective days (p value derived from an independent t-test; p < 0.05, indicates statistically significant difference). * shows comparison of
the mean change from baseline to day 90 between WDTE60N and placebo (p value derived from ANCOVA; p < 0.05, indicates statistically significant difference).
Abbreviations: SD, standard deviation; VAS, visual analog scale; WDTE60N, water-dispersible turmeric extract containing 60% natural curcuminoids.

(p <0.0001), and 90 (p < 0.0001) than that in the placebo group. The comparative assessment of the mean change in VAS
scores showed a significantly higher mean change in VAS scores (from baseline) as early as Day 07 (2.73 [95% confidence
interval {CI}: 2.29, 3.17] vs 1.15 [95% CI: 0.65, 1.67]; p = 0.0076), with the trend continuing on all subsequent evaluation
visits on days 15 (4.76 [95% CI: 4.10, 5.43] vs 2.59 [95% CI: 2.03, 3.16]; p = 0.0008), 30 (7.11 [95% CI: 6.11, 8.12] vs 3.78
[95% CI: 3.09, 4.46]; p<0.0001), 45 (9.96 [95% CI: 8.76, 11.16] vs 4.83 [95% CI: 4.00, 5.66]; p <0.0001), 60 (13.50 [95%
CI: 12.30, 14.69] vs 5.31 [95% CI: 4.27, 6.31]; p < 0.0001), and 90 (14.41 [95% CI: 13.08, 15.75] vs 6.02 [95% CI: 5.00,
7.05]; p <0.0001) in the WDTE60ON group compared to the placebo group (Figure 2).

Assessment of Pain Intensity Using KOOS

The changes in KOOS subscale scores from baseline to the end of treatment (Day 90) are summarized in Table 2. Over
the 90-day treatment period, the mean KOOS scores for all five subscales showed an upward trend towards improvement
from baseline in both groups; however, notably, at Day 90, the mean KOOS scores for each of the domains in the
WDTEG6O0N group were significantly higher than those in the placebo group (p < 0.0001 for Pain [Cohen’s d effect size =
1.53], Symptom [Cohen’s d effect size = 0.90], and ADL [Cohen’s d effect size = 1.33]; p = 0.0323 for Function in sports
and recreation [Cohen’s d effect size = 0.37]; p = 0.0087 for Knee-related QoL[Cohen’s d effect size = 0.45]). This

Table 2 Comparative Analysis of Change in KOOS Domain Scores Between WDTE60N and Placebo From Baseline to Day 90

Parameters ‘ Baseline Day 03 ‘ Day 07 ‘ Day 15 ‘ Day 30 ‘ Day 45 ‘ Day 60 ‘ Day 90
KOOS - Pain
WDTE60N | Mean (SD) 4127 41.75 (7.77) 45.28* (7.95) 45.32 (7.68) 46.98 (9.32) 52.82% (8.31) | 54.36% (7.68) 59.0 I+
(7.28) (6.94)
Mean change from - 0.487¥* 4.01% 4.05 571 11.55% 13.09%* 17.74%%
baseline (95% Cl) (0.16, 0.79) (2.23, 5.79) (2.27, 5.83) (3.61,7.81) (9.56, 13.54) (11.48, 14.71) | (16.14, 19.33)
Placebo Mean (SD) 42.87 42.79 (4.53) 42.55 (4.63) 46.62 (4.90) 45.21 (8.53) 50.32 (5.82) 50.04 (6.66) 47.58 (7.97)
(5.10)
Mean change from - —0.08 -0.32 3.74 2.33 7.45 7.16 471
baseline (95% Cl) (-0.26, 0.42) (—0.63, 1.28) (2.49, 5.00) (0.16, 4.51) (5.77, 9.12) (522, 9.11) (2.66, 6.76)
(Continued)
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Table 2 (Continued).
Parameters ‘ Baseline Day 03 ‘ Day 07 ‘ Day 15 ‘ Day 30 ‘ Day 45 ‘ Day 60 ‘ Day 90
KOOS - Symptom
WDTE60N | Mean (SD) 45.46 45.10 47.50 48.88%* 49.59 56.12%* 56.58 60.827%(6.23)
(6.29) (6.75) (7.86) (7.75) (6.73) (7.32) (7.66)
Mean change from - -0.36 2.04* 3.42%¢ 4.13 10.66** 11.12 15.36%**
baseline (95% Cl) (=101, 0.29) (0.18, 3.91) (1.56, 5.27) (2.31, 5.96) (851, 12.82) (9.22, 13.03) (13.66, 17.05)
Placebo Mean (SD) 45.24 45.03 45.44 45.81 48.08 52.79 54.86 54.04
(4.09) (3.88) (3.92) (4.86) (7.00) (6.84) (7.84) (8.57)
Mean change from - —0.21 0.21 0.57 2.85 7.56 9.63 8.80
baseline (95% Cl) (-0.65, 0.23) (-0.62, 1.04) (-0.96, 2.10) (1.41, 4.29) (5.64, 9.47) (7.49, 11.77) (6.67, 10.92)
KOOS - Activities of Daily Living
WDTE60N | Mean (SD) 42.44 42.60 44.89% 47.08 48.57 50.27 53.80°%#* 59.28%+*
(5.79) (5.81) (6.25) (8.47) (8.77) (9.30) (6.66) (6.94)
Mean change from - 0.17 246 4.64 (3.01, 6.13 (4.29, 7.84 11.36%% 16.85%+*
baseline (95% Cl) (0.01, 0.34) (1.03, 3.89) 6.27) 7.98) (5.80, 9.87) (9.88, 12.85) (15.42,18.27)
Placebo Mean (SD) 42.58 42.54 42.01 45.31 48.42 4891 49.44 50.40
4.74) (4.61) (4.63) (5.27) (6.78) (5.87) (4.90) (6.36)
Mean change from - —0.04 —0.57 273 5.85 6.33 6.86 7.82
baseline (95% Cl) (-0.20, 0.12) (—1.88, 0.72) (1.71, 3.74) (4.39, 7.29) (4.95,7.71) (5.56, 8.17) (6.12, 9.52)
KOOS - Function in Sports and Recreation
WDTE60N | Mean (SD) 38.78 39.21 41.36 46.07% 46.28 46.86 48.28 48.7 1%
(7.29) (7.00) (5.64) (9.51) (10.24) (10.74) (7.80) (7.40)
Mean change from - 043 2.57 7.28%* 7.50 8.07 9.50 9.93*
baseline (95% CI) (0.14, 0.99) (0.79, 4.35) (4.64, 9.93) (4.82, 10.18) (5.29, 10.85) (7.38, 11.62) (7.78, 12.08)
Placebo Mean (SD) 39.49 40.07 39.56 42.10 44.06 45.80 45.72 45.87
(7.91) (6.89) (7.99) (6.09) (5.16) 8:21) (8.46) (8.09)
Mean change from - 0.58 0.07 2.6l 4.56 6.30 6.23 6.38
baseline (95% Cl) (0.14, 1.02) (—1.81, 1.95) (1.09, 4.13) (242, 6.71) (3.51, 9.10) (3.61, 8.85) (4.09, 8.66)
KOOS - Knee-related QoL
WDTE60N | Mean (SD) 41.25 41.61 44.02 46.87 47.32%* 47.05% 48.12% 49.37*%
(6.68) (7.36) (7.70) (7.35) (7.57) (8.43) (6.92) (7.15)
Mean change from - 0.36 2.77 5.62 6.07%* 5.80%* 6.87* 8.12%*
baseline (95% CI) (-0.36, 1.07) (0.78, 4.76) (3.61, 7.64) (3.82, 8.33) (3.41, 8.20) (4.80, 8.95) (5.85, 10.40)
Placebo Mean (SD) 42.12 42.03 4330 45.65 43.84 4221 45.56 45.65
(7.00) (7.10) (5.90) (6.00) (6.38) (7.76) (7.81) (9.18)
Mean change from - —0.09 1.18 3.53 1.72 0.09 3.44 3.53
baseline (95% Cl) (-0.50, 0.32) (-0.06, 2.42) (1.94, 5.13) (-0.37, 3.81) (—2.44, 2.62) (1.13, 5.75) (0.57, 6.50)

Notes: *, p<0.05; **, p<0.01; *** p<0.001.
Abbreviations: Cl, confidence interval; KOOS, Knee Injury and Osteoarthritis Outcome Score; Qol, quality of life; SD, standard deviation; WDTE60N, water-dispersible

turmeric extract containing 60% natural curcuminoids.

improvement in KOOS scores on Day 90 in the WDTE60N and placebo groups was 42.98% and 10.99% for the KOOS-
pain scale, 33.79% and 19.45% for the KOOS-symptom scale, 39.68% and 18.36% for KOOS-ADL, 25.60% and 16.15%
for KOOS-function in sports and recreation, and 19.68% and 8.38% for KOOS-knee-related QoL, respectively.
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KOOS - Pain

Compared to placebo, a significant improvement was reported in the mean KOOS-pain score in the WDTE60N group on
Day 07 (p = 0.0148), and then from day 45 onwards (p = 0.0422), which continued on days 60 (p = 0.0005) and 90 (p <
0.0001). Compared to placebo, the mean change from baseline was significantly improved in the WDTE60N group as
early as Day 03 (p < 0.0001) and Day 07 (p = 0.0035) and then was consistently observed on days 45 (p = 0.0309), 60
(p = 0.0002), and 90 (p < 0.0001) (Table 2).

KOOS — Symptom

The mean KOOS-symptom score in the WDTE60N group was significantly higher on days 15 (p = 0.0060), 45 (p =
0.0065), and 90 (p < 0.0001) than that in the placebo group. The mean change from baseline was significantly higher in
the WDTEG6ON group on days 07 (p = 0.0311), 15 (p = 0.0043), 45 (p = 0.0065), and 90 (p < 0.0001) than that observed
in the placebo group (Table 2).

KOOS - Activities of Daily Living

Compared to placebo, a significant improvement was reported in the mean KOOS score for ADL in the WDTE60N
group on Day 07 (p = 0.0024), and then on Day 60 (p < 0.0001), and Day 90 (p < 0.0001). Furthermore, the mean change
from baseline was significantly higher in the WDTE60N group on days 07 (p = 0.0008), 60 (p < 0.0001), and 90 (p <
0.0001) than that in the placebo group (Table 2).

KOOS - Function in Sports and Recreation

The mean KOOS score for Function in sports and recreation in the WDTE60N group was significantly higher on Day 15
(p = 0.004) and Day 90 (p = 0.0323) than that in the placebo group. Similarly, a significant improvement in the mean
change from baseline was observed on days 15 (p = 0.0025) and 90 (p = 0.0267) in the WDTE60N group compared to
the placebo group (Table 2).

KOOS — Knee-Related QoL

Compared to the placebo group, the WDTE60N group showed a significant improvement in the mean KOOS — knee-
related QoL score from day 30 onwards (p = 0.004) (Day 45, p = 0.0006; Day 60, p = 0.0425) until day 90 (p = 0.0087).
Similarly, the WDTE60N group demonstrated a significant improvement in the mean change from baseline on days 30
(p = 0.0038), 45 (p = 0.0006), 60 (p = 0.0403), and 90 (p = 0.0086) (Table 2).

Assessment of Inflammatory Biomarkers

The mean change in the levels of inflammatory biomarkers (including hsCRP, TNF-a, IL-6, and IL-1p) from baseline to Day 45
and Day 90 showed significant reductions in the WDTE60N group compared to placebo group (hsCRP [ng/mL]: Day 45,
—16.57 [95% CI: —18.85, —14.30] vs —3.91 [95% CI: —4.73, —3.10] [p < 0.0001] and Day 90, —27.33 [95% CI: —29.78, —24.88]
vs —6.27 [95% CI: =7.47, =5.07] [p < 0.0001; Cohen’s d = 1.04]; TNF-a [pg/mL]: Day 45, —0.81 [95% CI: —0.92, —0.71] vs
—0.09 [95% CI: —0.16, —0.03] [p < 0.0001] and Day 90, —1.55 [95% CI: —1.68, —1.42] vs —0.17 [95% CI: —0.25, —0.08] [p <
0.0001; Cohen’s d = 1.49]; IL-6 [pg/mL]: Day 45, —0.15 [95% CI: —0.18, —0.13] vs —0.04 [95% CI: —0.06, —0.01] [p < 0.0001]
and Day 90, —0.30 [95% CI: —0.35, —0.27] vs 0.04 [95% CI: 0.01, 0.07] [p < 0.0001; Cohen’s d = 0.66]); and IL-1p [pg/mL]:
Day 45, —0.24 [95% CI: —0.32, —0.16] vs —0.06 [95% CI: —0.10, —0.03] [p = 0.0128] and Day 90, —0.61 [95% CI: —0.69,
—0.53] vs —0.02 [95% CI: —0.08, 0.05] [p < 0.0001; Cohen’s d = 0.2]) (Figures 3 and 4). In particular, in the WDTE60ON group,
the percentage change in all inflammatory biomarkers on Day 90 from baseline was higher than that observed in the placebo
group (hsCRP, —21.11 and —4.95; TNF-a, —22.86 and —2.59; IL-6, —14.08 and 1.89; IL-1p, —8.74 and —0.29, respectively).

Subject’s and Physician’s Global Assessment of Therapy
The mean (SD) scores for SGA and PGA of therapy were significantly lower in the WDTE60N group than in the placebo
group (SGA: 2.17 [0.66] vs 3.29 [0.91], p < 0.0001; PGA: 2.04 [0.62] vs 3.25 [0.79], p < 0.0001).
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Figure 3 Change in hsCRP and TNF-a from baseline to Day 45 and Day 90.

Notes: (A and B) Change in hsCRP from baseline to Day 45 and 90, respectively; (C and D) Change in TNF-a from baseline to Day 45 and 90, respectively. Data presented
as mean and SD (Error bars represent SD). **, p value < 0.01; ¥ p value < 0.001. # shows comparison of mean inflammatory marker levels between WDTE60N and
placebo groups on respective days (p value derived from an independent t-test; p < 0.05, indicates statistically significant difference). * shows comparison of the mean change
from baseline to day 90 between WDTE60N and placebo (p value derived from ANCOVA; p< 0.05 indicates statistically significant difference).

Abbreviations: ANCOVA, analysis of co-variance; hsCRP, high-sensitivity C-reactive protein; SD, standard deviation; TNF-a, tumor necrosis factor-a; WDTE60N, water-
dispersible turmeric extract containing 60% natural curcuminoids.

Safety Assessment

Four AEs were reported during the study, all of which were of mild intensity and resolved without any sequalae. In the
WDTEG6ON group, one participant experienced abdominal pain, and in the placebo group, three participants reported
vomiting (n = 1), nausea (n = 1), and headache (n = 1). AEs were analyzed and concluded to be unrelated to the treatment
received during the study. None of the participants required any concomitant medications for the AEs.

Discussion

Overall, the present study demonstrated that WDTE60N (250 mg) at a dose of a single capsule daily for three months
substantially alleviated pain and improved the functional status and QoL of participants with mild-to-moderate knee OA
compared to placebo. The salient findings of this study were as follows: i) significant improvement in pain intensity, as
assessed by VAS, was observed as early as day 07 and continued to improve over the course of 90 days of treatment with
WDTEG60ON compared to that of placebo; ii) significantly higher KOOS scores for all the five KOOS subscales, which
included improvement in pain, functional status, and QoL, were observed at Day 90 in the WDTE60N group compared to
the placebo group, indicating a significantly superior improvement; iii) the WDTE60N group also showed a significant
reduction in the inflammatory biomarkers (hsCRP, TNF-a, IL-6, and IL-1p) at days 45 and 90 from baseline compared to
the placebo group, highlighting the potential of WDTE60N in reducing inflammation; iv) significantly lower SGA and
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Figure 4 Change in IL-6 and ILI- B from baseline to Day 45 and Day 90.

Notes: (A and B) Change in IL-6 from baseline to Day 45 and 90, respectively; (C and D) Change in IL-1B from baseline to Day 45 and 90, respectively. Data presented as
mean and SD (error bars represent SD). *, p value <0.05; **, p value <0.01; **, p value <0.001. # shows comparison of mean inflammatory marker levels between
WDTE60N and placebo groups on respective days (p value derived from an independent t-test; p < 0.05, indicates statistically significant difference). * shows comparison of
the mean change from baseline to day 90 between WDTE60N and placebo (p value derived from ANCOVA; p < 0.05, indicates statistically significant difference).
Abbreviations: ANCOVA, analysis of Co-variance; IL-If, interleu-kin-1f; IL-6, interleukin-6; SD, standard deviation; WDTE60N, water-dispersible turmeric extract
containing 60% natural curcuminoids.

PGA scores in the WDTEG60ON group compared to the placebo group indicated a better improvement in their overall
health or condition; and v) Incidence of one mild AE in WDTE60N group with unrelatedness to the treatment suggested
acceptable safety profile of WDTE6ON.

Pain is a critical factor that significantly impairs physical function, daily activities, and overall QoL in knee OA.
Despite the administration of multiple treatments, persistent pain remains the most common challenge in managing knee
OA and tends to worsen as the disease progresses.”*>> Typically, the intensity of pain is assessed using the VAS tool as it
offers advantages such as quick administration, strong test-retest reliability, and sensitivity to changes in chronic
inflammatory and degenerative joint pain.’®*® In the present study, pain intensity measured using the VAS showed
a significant reduction in the VAS scores starting from day 7 in the WDTE60N group, which continued through day 90,
compared with placebo. This progressive trend indicated that WDTE60N was effective in achieving continued and
substantial relief from knee pain throughout the study. Furthermore, the improvement in pain intensity on day 90 was
approximately 2.4 times greater with WDTEG6ON than with the placebo (25.05% vs 10.57%) and had a large effect size of
1.07 compared to the placebo. This suggests that supplementation with low-dose WDTEG6ON capsules for three months
had a positive impact on pain alleviation in participants with mild-to-moderate knee OA. These observations are in line
with those of previous studies evaluating the efficacy and safety of turmeric extracts for their analgesic and anti-
inflammatory properties in individuals with knee OA.?*>” A randomized placebo-controlled trial in patients with primary
knee OA reported a significant reduction in pain (assessed using VAS) on Day 21 (38.83 vs 53.83) and Day 42 (19.48 vs
46.03) from baseline in patients treated with polysaccharide-rich Curcuma longa extract compared to placebo (p <
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0.05).>” Similarly, another randomized placebo-controlled study observed that 8 weeks of supplementation with a sur-
face-controlled water-dispersible curcumin significantly improved VAS scores (p = 0.023), demonstrating notable pain
relief.*> Furthermore, a recently published network meta-analysis involving 23 studies with 2175 patients provided
a comprehensive evidentiary basis that highlights the efficacy and safety of curcumin, whether used alone or in
combination with other treatments, in the management of knee OA. Curcumin may offer the dual benefits of enhancing
therapeutic effectiveness and minimizing adverse reactions of NSAIDs and chondroprotective drugs, when used in
combination. Particularly, curcumin was effective in significant reduction of VAS pain score than placebo (mean
difference: —1.63, 95% CI: —2.91 to —0.45).%® These trials have used multiple daily doses of turmeric extracts. In our
study, a better improvement was noted in the VAS score (mean reduction from baseline to day 90: 14.41) with a single
daily dose of a comparatively lower dose of WDTEG6ON. In patients with knee OA, clinically important difference for
VAS scores was reported as a decrease by a minimum of 8.4 points.*® In our study, WDTE60N demonstrated clinically
important improvement in VAS scores (>8.4 points decrease) starting from day 45 which continued till day 90. In
contrast, the placebo group showed no clinically important improvement in VAS scores (<8.4 points) throughout the
study period. This further confirms that the reduction in pain intensity with WDTE60ON was clinically relevant.

The KOOS, an expanded version of the Western Ontario and McMaster Universities Arthritis Index (WOMAC)
osteoarthritis index, is a pivotal advancement for assessing short- and long-term symptoms and functions in participants
with knee injury and OA.*® Limited placebo-controlled trials have used KOOS to evaluate the effects of turmeric extracts
or curcumin on the functional status and QoL in patients with knee OA.?***4° As a validated patient-reported tool with
proven effectiveness across various orthopedic procedures, KOOS evaluation holds significant importance in the
management of knee OA. An improvement in the KOOS score by a minimum of 8 to 10 points is generally considered
clinically important.**>**!" Our study demonstrated a clinically important improvement (>8 points increase) in all KOOS
subscales by day 90. In the WDTE60N group, Pain, Symptom, and Function in sports and recreation subscales showed
clinically significant improvement from day 45, whereas ADL and QoL domains showed improvement by Day 60 and
Day 90, respectively. In contrast, the placebo group showed no clinically important improvement in KOOS scores (<8
points), except for the Symptom subscale on days 60 and 90. These findings, along with the trend of improvement in the
KOOS subscales with WDTE60N and medium to large effect sizes (ranging from 0.37 to 1.53), compared to placebo,
emphasize its potential, with a once-daily low dose, to substantially improve pain, functional abilities, and QoL in
individuals with knee OA. These findings are corroborated by a Japanese study wherein a significantly improved KOOS
knee-pain score (11.98 vs 5.52; p = 0.009) was observed in participants receiving 500 mg of a standardized curcuminoid
extract containing 50% curcuminoids (vs placebo) twice daily for two months. However, no improvement was noted in
other four KOOS subscales.”® Interestingly, in our study, with WDTE60N supplementation, the clinically significant
improvement in KOOS-pain score (11.55) was achieved earlier, ie, from Day 45, in comparison to this study, and we also
observed clinical improvement in all KOOS domains. These noteworthy findings depict the potential of WDTE60N
supplementation with a single daily low-dose of 150 mg curcuminoids to clinically improve functional status and knee-
related QoL in individuals with mild-to-moderate knee OA. These observations are in concordance with the findings of
Shep et al study in patients with knee OA, which reported that 4-weeks supplementation with curcumin 500 mg thrice
daily was efficacious in consistent improvement across all five KOOS subscales on days 14 and 28 from baseline, with
the difference on day 28 reaching statistical significance (p < 0.01).>° However, a Phase II placebo-controlled trial in
patients with symptomatic knee OA evaluating the effect of bio-optimized curcumin extract on KOOS scores reported
comparable improvement to placebo after three months of treatment period.*’

Inflammation is a vital aspect of the pathophysiology of OA, and alterations in inflammatory marker levels are
considered as both diagnostic and prognostic tools in the management of OA.** A defining feature of OA is the
disruption of the balance between inflammatory and anti-inflammatory signals in chondrocytes and synovial cells.
This imbalance leads to abnormal activation of cytokine pathways and excessive production of inflammatory
mediators.* Evidence suggests an association between altered serum levels of certain inflammatory markers (including
TNF-q, IL-1B, IL-6, and CRP) in the early stages of OA and knee pain.***> Therefore, changes in inflammatory markers
over 90 days of study treatment were also evaluated to understand the prognostic impact of WDTE60N supplementation
on inflammation in participants with knee OA. A significant reduction in inflammatory biomarkers from day 45 that was
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sustained until day 90 in participants receiving WDTE60N emphasized the potential of this novel low-dose turmeric
extract in controlling inflammation, thereby possibly delaying the progression of knee OA. The medium to large effect
sizes observed for the improvement in most of the inflammatory biomarkers (hsCRP, TNF-a, and IL-6) further
substantiates clinical significance of effectiveness of WDTE60ON. These findings corroborate the evidence from
a previous trial of WDTE60N conducted among healthy adults with chronic knee pain, wherein the CRP and TNF-a
levels showed numerically higher reduction after 90 days of treatment in the WDTE60N group compared to the placebo
group.”® In contrast to our findings, a 90-day treatment with a low-dose curcumin (160 mg daily, using Optimized
Curcumin with solid lipid curcumin particles) compared to ibuprofen (400 mg/day) did not result in significant reduction
of inflammation (TNF-o, IL-6, IL-1f) in patients with knee OA, even though a significant improvement in symptoms was
observed.*® However, some studies of other turmeric extracts have shown their efficacy in reducing inflammation in
patients with OA, supporting the findings of the present study.*”** A study by Singhal et al reported a significant
reduction in CRP levels (37.21%) and TNF-a levels (74.81%) at 6 weeks from baseline in patients with knee OA who
were administered a bioavailable turmeric extract (500 mg capsule twice daily) compared to those administered with
paracetamol 650 mg tablet (thrice daily).*’ Furthermore, observations of a double-blind, randomized, placebo-controlled
study of a standardized turmeric extract in patients with primary knee OA are in line with our study, where the authors
reported significant reduction of IL-1p levels on days 60 and 120 from baseline.*®

This study also assessed the perspectives of both participants and physicians regarding treatment efficacy using SGA
and PGA scales. Both rated WDTEGON as significantly effective in improving the overall health and patient satisfaction.
The safety assessment in this study found that supplementation with WDTE60N for three months was safe, with one mild
AE, compared to three AEs in the placebo group. These findings are consistent with the safety profile of WDTE60N
reported in previous studies, further confirming its acceptable safety profile in patients with knee OA.****

The results of WDTEGON in the current study are in line with those of previous studies that have established the
efficacy and tolerability of WDTEG60ON in the musculoskeletal health. In healthy adults with chronic knee pain, the
administration of a single daily dose of WDTE60N 250 mg capsules with 150 mg curcuminoids for three months was
beneficial in relieving pain, improving joint function and mobility, and was well tolerated. Similarly, when administered
before and after eccentric exercise in recreationally active participants, the formulation in the same low single daily dose
was effective in alleviating muscle soreness and enhancing psychological well-being.?*** Taken together, these data,
along with the findings of the present study, underscore the promising role of WDTE60N in enhancing musculoskeletal
health.

The larger effect sizes observed for improvements in the majority of pain intensity and functional assessment scales
and inflammatory biomarkers, along with their statistically significant improvements over the three months strongly
support the potential of WDTE60N supplementation for the management of mild-to-moderate knee OA. The alleviation
of pain intensity using this novel low-dose water-dispersible turmeric extract can be attributed to the anti-inflammatory,
antioxidant, and cartilage-protective effects of curcumin.'®'" Curcumin can aid to preserve the structural integrity of the
joints and alleviate pain associated with the degenerative process by scavenging free radicals and reducing oxidative
damage in the cartilage tissues.*” Additionally, it helps reduce inflammation and damage to joint structure by promoting
the synthesis of collagen and protecting chondrocytes from apoptosis and degeneration and modulates pain signaling
pathways through interaction with transient receptor potential vanilloid 1 receptor involved in pain sensation.’® > These
multiple mechanisms make curcumin a natural and effective nutraceutical ingredient in the management of knee OA.

The potential drug interactions of curcumin with other standard of care drugs for osteoarthritis are an independent
subject of research; however, preliminary evidence suggests a possible synergistic effect of curcumin with NSAIDs.>
However, further herb—drug interaction studies are required before any strong recommendations can be made regarding
the long-term coadministration of curcumin with these medications.

To the best of our knowledge, this study is the first to use extensive time-points covering a wide range of
improvement assessments at short time intervals. This approach could help to precisely understand the time point
when patients experience the benefits from the supplementation. We found a profound effect of curcuminoids at a single
daily dose of 150 mg on pain reduction and functional status improvement from as early as day 07 on the VAS and
KOOS subscales (pain, symptoms, and ADL) compared with placebo. Furthermore, WDTE60N, which is substantially
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effective in reducing inflammation starting from day 45, is another unique efficacy outcome that highlights its crucial role
in the effective management of knee OA. Despite these strengths, this study has some limitations that impact the broader
applicability of its findings. This study was conducted in a population with knee OA, which is the most common form of
OA. Additionally, participants with severe knee OA were excluded. Future studies exploring the potential of WDTE60N
in severe knee OA and OA of other joints would help better understand its broader role in managing joint health.
Furthermore, future research with a longer study duration would be valuable in assessing the long-term effects of
WDTEG6ON in the knee OA management.

Conclusion

The salient findings of this study indicate that a three-month supplementation with WDTE60N 250 mg capsules once
daily was safe and effective in alleviating pain, improving functional status, and enhancing QoL in participants with
mild-to-moderate knee OA, with beneficial effects observed in some of the KOOS domains from day 7 onwards.
Additionally, WDTE60N demonstrated substantial efficacy in reducing levels of inflammatory biomarkers. Collectively,
the assessment of these subjective and objective parameters depicts the potential of WDTE60ON as an effective adjuvant
for the management of knee OA, with a favorable safety profile.
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