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Background and aim: Resveratrol shows remarkable anti-inflammatory activities in
experimental models. This study aims to evaluate the effect of resveratrol, as an adjuvant with
meloxicam (MIx), on the pain and functional activity during a 90-day period and monitor the
adverse effects on kidney and liver functions, lipid profile, and hematological markers.
Patients and methods: This study was a double-blind, placebo-controlled, randomized
multi-center study that involved 110 patients with knee osteoarthritis (OA) and was performed
at Sulaimani City, Iraq, from December 2016 to September 2017. To assess the effects of MlIx
with or without resveratrol, pain severity and functional disability were evaluated at baseline
and after 90 days using the Western Ontario and McMaster Universities Osteoarthritis Index.
Fasting blood was collected to evaluate the lipid profile markers, hematological picture, and
liver and kidney functions, in addition to vitamin D level.

Results: Resveratrol significantly improves pain, functions, and associated symptoms compared
with placebo. The clinical and biochemical markers indicated that 500 mg/day of resveratrol,
as an adjuvant with MIx, is safe and well tolerated by the knee OA patients.

Conclusion: Resveratrol, as an “add-on” medication with MIx, was superior in terms of safety
and efficacy to MIx alone for the treatment of pain and improvement of physical function in
patients with knee OA.

Keywords: resveratrol, meloxicam, knee OA, WOMAC, alternative medicine, OA pain

Introduction

Osteoarthritis (OA) is the most common form of inflammatory joint diseases, associated
with severe pain, stiffness, limitation of joint movement, and disability. At the cellular
level, OA is characterized by a loss of tissue cellularity and damage of the extracel-
lular matrix.' It is recently considered as an inflammatory joint disorder, with chronic
and painful inflammatory changes that are associated with physical impairment and
chronic disability.? The currently available pharmacological interventions to alleviate
inflammation and pain are accompanied by many adverse effects that limit their use
as a long-term therapy for OA. Despite recent advances in the understanding of the
cellular and molecular processes involved in OA pathogenesis, optimal therapy is still
lacking. In this context, there is a growing interest in developing therapeutic modalities
capable of relieving the symptomatic inflammation and OA-associated pain with less
adverse effect and more tolerability.> Numerous studies have recently highlighted the
potential role of natural compounds, including nutraceuticals, in improving symptoms
and function in the treatment of OA.**° Nutraceuticals are good candidates for the
management of OA, due to their safety profile and potential efficacy.” Resveratrol
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(3,4’,5-trihydroxy frans-stilbene) is a natural polyphenolic
compound extracted from various fruits, vegetables, and
nuts, including grapes, berries, peanuts, pistachios, and
root extracts of the weed Polygonum cuspidatum.’® 1t has
been widely reported that resveratrol has anti-proliferative,
anti-oxidative, anti-inflammatory, and analgesic effects in
many experimental models.'*'* Preclinical studies provided
accumulating evidence on its efficacy in ameliorating the
degenerative articular damage that mostly attributed to its
pleiotropic properties.'*!'¢ Moreover, many pieces of evidence
have displayed resveratrol as one of the nutraceutical can-
didates for OA therapy in human.'”!* Early reports showed
that resveratrol has anti-inflammatory activity in acute and
chronic phases of inflammation and that the effect was asso-
ciated with its ability to modulate cyclooxygenase COX-1
and COX-2." The safety and tolerability of resveratrol have
been studied in many pharmacokinetics and preclinical stud-
ies and various doses can be used for different durations;?*?!
however, no data indicating the safety of resveratrol on lipid—
hematological profile, liver, and kidney function is currently
available. Therefore, this study was designed to evaluate the
effect of resveratrol on the pain and functional activity dur-
ing a 90-day period in knee OA and to monitor any adverse
effects related to kidney and liver functions, lipid profile,
and hematological markers.

Patients and methods

Study design and ethical consideration

This was a randomized, double-blind, and placebo-controlled
clinical trial with a 3-month follow-up pattern. The study
protocol was approved by the local committee of Clinical
Research of the College of Medicine, University of Sulaimani
(Certificate ID: 42 on 21/11/2016). The trial was conducted in
accordance with the Declaration of Helsinki and its amend-
ments and the Guidelines for Good Clinical Practices issued
by the Committee of Propriety Medicinal Products of the
European Union. It was conducted as a joint project between
the University of Sulaimani and Shar Teaching Hospital,
General Teaching Hospital and the Rheumatology and Physi-
cal Rehabilitation Center in Sulaimani city.

Patient enrollment and consent

One hundred and twenty-four patients with painful knee OA
who were admitted to the Outpatient Department (OPD) of
Shar Teaching Hospital, General Teaching Hospital, and
Rheumatology and Physical Rehabilitation Center were
screened for eligibility, and only 110 patients were found
to be eligible and enrolled in the study. All candidates have

gone through a standardized interview process and received
detailed information about the study protocol and the treat-
ment intervention. Following the interview, written informed
consents were obtained from each participant. The partici-
pants have the right to withdraw from the study at any time
for any reason without consequences. The trial was executed
from December 2016 to November 2017, including enroll-
ment and follow-up (Figure 1).

Inclusion and exclusion criteria

The eligibility criteria for enrollment were based on the
clinical diagnosis of knee OA according to the updated
guidelines of the American College of Rheumatology,
2012.22 OA was graded according to the radiographic finding
of the affected knee and based on the Kellgren and Lawrence
grading system? as follows: grade 0, no radiological changes;
grade 1, doubtful narrowing of joint space and possible osteo-
phytic lipping; grade 2, definite osteophytes and possible
narrowing of joint space; and grade 3, moderate multiple
osteophytes, definite narrowing of joint space, some sclero-
sis, and possible deformity of bone contours.? In this study,
patients were required to have Kellgren and Lawrence grade
of 1-3 in at least one knee. The study also includes both gen-
ders between 45 and 75 years of age with patient assessment
of OA pain in Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) above 50 out of 96 scores
at baseline, and duration of pain of at least 6 months on the
majority of days during the preceding months. The patients
were required to be chronic users of nonsteroidal anti-
inflammatory drugs and/or acetaminophen for OA pain. The
exclusion criteria include patients with concomitant medical
or arthritic conditions confounding evaluation of the knee
OA, predominant symptomatic patellofemoral OA or history
of a clinically significant trauma/surgery to the affected knee,
grade 4 OA on the Kellgren—Lawrence grading system, severe
cardiovascular, lung, liver, and kidney diseases, and cancer,
and patients taking coumarin-type anticoagulants, heparins,
and anti-platelets such as clopidogrel or glucocorticoid
treatment within the previous 4 weeks. Patients using supple-
ments with antioxidants that contain polyphenols were also
excluded. The participants were not allowed to use any other
analgesics or anti-inflammatory agents during the study.

Intervention

The eligible participants were randomly assigned to one
of the two treatment groups using a simple randomization
sequence of 1:1 ratio. The investigators and the statisti-
cian ensured that treatment codes remained blinded. The
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Figure | Flowchart of the study.
Note: n, number of subjects.

WOMAC

Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

participants were allocated to either placebo group (n=55) or
resveratrol group (n=55). In the resveratrol-treated group, the
patients received 500 mg resveratrol once daily, whereas the
patients in the placebo group received a placebo formula
that contains pregelatinized starch formulated as a capsule
dosage form identical in shape, appearance, and color to
that of resveratrol used in the test group. All participants in
both groups received 15 mg meloxicam (MIx) once daily
as a sustained therapy for their knee OA complaints during
the entire trial period. Both groups were allowed to receive
vitamin D within the recommended daily allowance. The
basic characteristics of all participants were recorded in a
standard questionnaire form. The study was carried out as a
3-month follow-up with the following four visits: at baseline
day (Visit 1), day 30 (Visit 2), day 60 (Visit 3), and day 90
(Visit 4) of the treatment. Clinical assessment and physical
examination were recorded at each visit while blood samples
for hematological and clinical laboratory tests were obtained
from each individual twice, at the baseline and after the end
of the trial (day 90).

Outcome measurement
The primary outcome measure for this study was the
assessment of lipid—hematological profile, liver and kidney

functions, and a comprehensive short-term follow-up of the
clinical and physical examinations, vital signs, body weight
alteration, and occurrence of drug-related adverse events.
All adverse events reported by the patients at each visit
were recorded during each visit using a modified form of
the NCI Common Terminology Criteria for Adverse Events
version 4.0. Furthermore, serum vitamin D level was mea-
sured for each patient twice in a pre- and postinterventional
schedule to investigate the expected effect of resveratrol on
the serum vitamin D level.”® The secondary outcome mea-
sure includes the evaluation of pain and disease functional
activity using the patient global assessment of the change in
WOMAC (Likert scale version; score range 0-96)%* at each
visit during the trial period.

Hematological and biochemical

assessment

Fasting blood sample (8.0 mL) was taken from each partici-
pant twice, at baseline and at the end of the treatment. Three
milliliters of aliquot was collected in an EDTA tube and
used for the determination of hemoglobin (Hb) concentra-
tion, hematocrit (Hct%), erythrocyte count (red blood cells),
leukocyte count (white blood cells), and platelet count. The
other 5.0 mL was collected in a plain tube for isolation of
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the serum by centrifugation at 5,000 rpm for 10 minutes and
stored at —70°C until the time of analysis. The serum was
utilized for the assessment of the markers of liver function
(serum glutamate pyruvate transaminase [GPT], glutamate
oxaloacetate transaminase [GOT], and alkaline phosphatase
[ALP] activities), renal function (urea and creatinine), lipid
profile (total cholesterol, triglyceride [TG], high-density
lipoprotein-cholesterol [HDL-c], and low-density lipoprotein-
cholesterol [LDL-c]), and vitamin D levels at baseline and
at the end of the treatment spectrophotometrically using the
clinical chemistry analyzer Cobas c311 and ready-made kits
(Hoffman-La Roche Ltd., Basel, Switzerland) according to
the manufacturer’s specifications.

Assessment of functional activity and

pain score

Functional disability and pain were assessed by the inves-
tigators at baseline and on each follow-up visit (days 0,
30, 60, and 90). Questionnaire-based assessment of pain,
stiffness, and physical function was performed using the
WOMAC.?

Statistical analyses

Detailed statistical analyses were performed using GraphPad
Prism 5.0.1 software (GraphPad Software Inc., La Jolla,
CA, USA). The baseline demographic data and patient
characteristics were compared between the treatment groups.
Categorical data were analyzed with the chi-squared test.
Continuous variables were analyzed using independent
sample 7-test or the two-way ANOV A and Bonferroni’s post
hoc test. A P-value of less than 0.05 was considered to be
statistically significant.

Results

Among the 124 knee OA patients screened for eligibility,
only 110 patients were recruited in this study and 14 patients
were excluded for various reasons. The qualified participants
were randomly assigned to the resveratrol-treated group
(n=55) and the placebo group (n=55). Only 92 patients
completed the 90-day intervention and the follow-up inves-
tigations (Figure 1).

Baseline characteristics of the patients

The baseline characteristics of the participants are shown in
Table 1. Mean age, body mass index (BMI), disease dura-
tion, the severity of pain and functional activity measured by
WOMAUC, and associated diseases in both the resveratrol-
treated group and the placebo group were comparable. Hence,
at baseline, the demographic and clinical characteristics were

Table | Demographic data and baseline characteristics of the
knee OA patients treated with Res coadministered with Mix
(MIx+Res) or Mix with placebo (MIx+placebo)

Variables Mix+Res Mix+placebo P-value
(n=50) (n=42)
Gender, n (%)
Male 13 (26) 10 (23.8) 0.03
Female 37 (74) 32 (76.2) 0.06
Age (years) 58.2149.1 57.618.2 0.77
Body weight (kg) 80.5%16.1 82.4+11.0 0.55
BMI (kg/m?) 30.7£5.6 32.1+4.6 0.1
Disease duration (years) 3.5183.2 3.9+2.9 0.45
Disease grade, n (%)
Grade | 7 (14) 5(12) 0.12
Grade 2 25 (50) 18 (42.8)
Grade 3 18 (36) 19 (45.2)
Baseline WOMAC total 59.6+13.7 59.3+7.4 0.2
score (0-96)
Associated diseases, n (%)
Hypertension 20 (40.0) 18 (42.8) 0.10
Diabetes mellitus 8 (16.0) 5(12) 0.12
Smoking habits 3 (6.0) 2 (4.7) 0.11

Notes: Values are presented as either n (%) or meantSD. n, number of patients.
Abbreviations: BMI, body mass index; Mix, meloxicam; OA, osteoarthritis; Res,
resveratrol; WOMAC, Western Ontario and McMaster Universities Osteoarthritis
Index.

reasonably well balanced among the two groups except for
gender (P=0.03), which was not a potential variable in this
study. Moreover, the baseline value of hematological tests,
lipid profile, liver function test, and renal function test also
demonstrated a nonsignificant difference, except for serum
GPT (Figure 2B), where a significant difference was reported
between both groups (P<<0.05).

Hematological evaluation

As a part of the safety evaluation, the hematological profile
of the patients was evaluated to monitor any abnormal effects
of resveratrol, when used as an adjuvant therapy with MIx, on
the complete blood picture. The values of the hematological
markers remained within the normal range at baseline and on
the last day of the treatment (day 90). These findings dem-
onstrate the safety aspect of resveratrol on the hematology
profile of the patients (Table 2).

Body mass index

In Table 3, the mean values of the BMI for the Mlx+Res
group in the different timelines were comparable with those
of baseline within the same group. Meanwhile, no signifi-
cant differences were reported in the placebo+MIx group
(P>0.05) during the treatment period. Similarly, no signifi-
cant differences were reported between the Res+MIx-treated
group and the placebo+MIx-treated group (P>0.05).
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Figure 2 Effect of resveratrol coadministration with Mix on (A) serum GOT, (B) serum GPT, and (C) serum ALP as markers of liver function in patients with mild to
moderate knee OA.

Notes: *Significantly different compared with baseline in each group (paired t-test, P<<0.05). Values with different superscript letters (a,b) are significantly different among
the groups (ANOVA, P<<0.05). n, number of patients.

Abbreviations: ALP, alkaline phosphatase; GOT, glutamate oxaloacetate transaminase; GPT, glutamate pyruvate transaminase; MIx, meloxicam; Res, resveratrol.

Liver and kidn ey functions and the Mlx+placebo-treated group at day 90, except for ALP that
||P|d proﬁ le displays a significant reduction in both groups (Figure 2A—C).
In the MIx+Res group, the serum levels of GOT, GPT, and ~ Regarding the influence of resveratrol on the renal function,
ALP were significantly decreased at day 90 compared with ~ Figure 3A and B shows a significant decrease in serum
the corresponding baseline values (P<<0.05). Meanwhile, a  creatinine and serum urea levels of the MIx+Res group com-
significant elevation of these enzymes has been observed in  pared with baseline values (P<<0.05); meanwhile, the serum

Table 2 Effect of coadministration of Res with Mix and MIx with placebo (MIx+placebo) on the hematological parameters of patients
with knee OA

Parameters Mix+Res (n=50) Mix+placebo (n=42)

Baseline After 90 days Baseline After 90 days
Hb (g/dL) 13.2£1.5° 13.2¢1.4° 13.2£].3 13.1£1.0°
Hect (%) 40.3+4.3 40.0+4.0° 40.7+3.8 40.043.1°
RBC countx|0¢ cells/uL 49104 4.9+0.4* 5.0+0.5* 49104
WBC countx|0? cells/uL 6.9£1.5° 6.8+2.1° 7.2+1.8 6.9£1.5°
Platelet countx|0? cells/L 225154 2244537 251£59° 227+54%2

Notes: Values are presented as meantSD; *significantly different compared with baseline value in each group (paired t-test, P<<0.05); values with different superscripts (a,b)
within each parameter are significantly different (ANOVA, P<0.05). n, number of patients.
Abbreviations: Hb, hemoglobin; Hct, hematocrit; MiIx, meloxicam; OA, osteoarthritis; RBC, red blood cell; Res, resveratrol; WBC, white blood cell.
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Table 3 Effect of coadministration of Res with MIx and MIx with placebo (MIx+placebo) on the BMI of patients with knee OA

Parameter Mix+Res (n=50) Mix+placebo (n=42)
Day 0 Day 30 Day 60 Day 90 Day 0 Day 30 Day 60 Day 90
BMI (kg/m?) 30.5£5.7 30.6£5.8 30.6£5.8 30.5£5.7 32.9+4.5 33.1+4.7 33.1+4.9 32,9449

Notes: Values were presented as meantSD; paired t-test: P>0.05; ANOVA: P>0.05. No significant difference reported between the two groups. n, number of patients.
Abbreviations: BMI, body mass index; MIx, meloxicam; OA, osteoarthritis; Res, resveratrol.

urea was significantly elevated in the Mlx+placebo-treated
group after 90 days (Figure 3A). Moreover, no significant
changes were reported in serum LDL-c and HDL-c levels in
both groups after 90 days of treatment (Figure 4C and D).
However, a statistically significant reduction was reported
in the total cholesterol and TG levels of the MIx+Res-treated
group (P<<0.05) (Figure 4A and B).

Vitamin D level

In Figure 5, no significant changes in the serum levels of
vitamin D were detected in both groups compared with
baseline values and between the two groups, both at baseline
and after the end of the treatment (P>0.05).

Pain and functional disability outcome
scores

In Table 4, coadministration of resveratrol with MIx sig-
nificantly improves the total WOMAC score after 30 days
compared with both baseline value and that of the placebo
plus MlIx-treated group within the same period (P<0.05).
The effect of resveratrol continues to improve the WOMAC
score after 60 and 90 days in a nonsignificant manner com-
pared with its value after 30 days (P>0.05). Additionally,
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significant improvement in WOMAC subscales including
pain, stiffness, and physical function was reported in the
resveratrol-treated group compared with the baseline value
of the same group and the corresponding subscales in all
follow-up visits in the placebo-treated group (Table 4).

Adverse events’ monitoring

During the 90-day treatment period, no major adverse events
were reported, and resveratrol was found to be well tolerated
in all patients during the entire study period.

Discussion

The increasing demand for safe and effective alternative
drugs for the treatment of OA can be addressed by iden-
tifying promising nutraceutical candidates. In this regard,
resveratrol has demonstrated a great potential in prevent-
ing and/or slowing the breakdown of articular cartilage
and extracellular matrix in the preclinical studies.!® In
human articular chondrocytes, resveratrol also offers anti-
apoptotic, anti-inflammatory, and antioxidant effects.'®*’
Similarly, another preclinical study demonstrated the
potent anabolic and anti-catabolic potential of resveratrol
in human adult articular chondrocytes via the inhibition of

1.5 1

Serum creatinine (mg/dL)

Mix+Res (n=50)

Mix+placebo (n=42)

— Baseline

ez After 90 days

Figure 3 Effect of resveratrol coadministration with MIx on serum levels of (A) urea and (B) creatinine in patients with mild to moderate knee OA.
Notes: *Significantly different compared with the baseline in each group (paired t-test, P<<0.05); values with non-identical letters (a—c) are significantly different among groups

(ANOVA, P<0.05). n, number of patients.
Abbreviations: MIx, meloxicam; OA, osteoarthritis; Res, resveratrol.
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Figure 4 Effect of resveratrol coadministration with Mix on the serum levels of (A) cholesterol, (B) TG, (C) LDL-c, and (D) HDL-c in patients with mild to moderate

knee OA.

Notes: *Significantly different compared with baseline in each group (paired t-test, P<<0.05). n, number of patients.
Abbreviations: HDL-c, high-density lipoprotein-cholesterol; LDL-c, low-density lipoprotein-cholesterol; Mix, meloxicam; NS, not significant; OA, osteoarthritis; Res,

resveratrol; TG, triglyceride.
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Figure 5 Effect of resveratrol coadministration with Mix on the serum level of
vitamin D in patients with mild to moderate knee OA.

Notes: Paired t-test: P>0.05; ANOVA: P>0.05. n, number of patients.
Abbreviations: MIx, meloxicam; NS, not significant; OA, osteoarthritis; Res,
resveratrol.

the matrix-degrading enzyme.” In light of these promising
preclinical findings and previously reported evidence, res-
veratrol appears to be a potential anti-osteoarthritic agent.
Despite the large number of preclinical studies conducted on
the efficacy of natural supplements, such as resveratrol, sili-
binin, and many other nutraceuticals, in the musculoskeletal
disorders, to our knowledge the clinical trials performed on
the use of these natural products in OA are scarce. This study
will be the first one that investigates the potential of therapeu-
tic use and safety of resveratrol in the management of knee
OA. This is based on a short-term follow-up of a group of
patients utilizing the functional assessment of pain and dis-
ability index, the WOMAC scale, which is a well established
and validated scale for the evaluation of pain and disability as
manifestations of knee OA. In this study, the total WOMAC
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Table 4 Effect of coadministration of Res with MIx (MIx+Res) on the WOMAC subscales and total WOMAC in patients with

mild to moderate knee OA

WOMAC area Mix+Res (n=50) Mix+placebo (n=42)

Baseline 30 days 60 days 90 days Baseline 30 days 60 days 90 days
Stiffness (0-8) 4.3£2.2% I.1£1.3%> 0.8£1.3*> 0.7£1.2%> 5.8+1.4 5.3tl1.8° 5.5£1.9° 4.6£2.3°
Pain (0-20) 13.4+3.32 3.6£3.1%0 2.1£2.6%° |.8+2.5%> 13.8+2.4* 12.1+4.0* 12.2+4.0* 11.9+4.4
Physical function (0—68) 41.849.3 113t .10 7.2£7.4%0 5.94£5.4%0 44.118.3 41.1t16.2 39.6x11.6 37£12°
Total WOMAC score (0-96) 59.6£13.7° 16.2+14.6*> 9.5+9.8%< 8.118.2% 63.7£11.17 58.6+15.5° 59+14.4* 56x16°

Notes: Values are presented as meantSD; *significantly different compared with baseline values in each group (paired t-test, P<<0.05). Values with different superscripts (a—c)
within each parameter are significantly different (ANOVA, P<<0.05). n, number of patients.
Abbreviations: Mix, meloxicam; OA, osteoarthritis; Res, resveratrol; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

scores were significantly lower in the patients treated with
resveratrol and MIx than in those treated with placebo plus
Mlix in a 3-month interval. We also found an overall clinical
improvement by resveratrol of all the three subscales of the
WOMAC score (pain, stiffness, and physical function) in the
resveratrol-treated group compared with the placebo-treated
patients. This result was in concurrence with the finding
of many relevant preclinical studies that demonstrate the
analgesic activity of resveratrol in experimental models of
OA 14231 More recently, the adjuvant use of resveratrol with
the conventional antirheumatic drugs exhibited a profound
benefit in the improvement of the clinical and biochemical
markers of rheumatoid arthritis.> Moreover, apart from the
reported clinical improvement in this study, a significant
reduction in the disease-related inflammatory biomarkers
including IL-6, IL-1B, and TNF-o has been observed (unpub-
lished data). These results suggest that resveratrol could be
a potential analgesic that decreases the pain and discomfort
of knee OA and improves the patient’s general condition
and quality of daily life. The exact mechanism behind the
analgesic effect of resveratrol is not fully evaluated; however,
it is believed that cumulative multifactorial functions, includ-
ing chondroprotective, analgesic, and anti-inflammatory
activities, could play a role. Moreover, its ability to reduce
cartilage destruction and loss of matrix proteoglycan content
in the cartilage could be attributed to the decrease in the
apoptosis rate of the chondrocytes and the level of NO in the
synovial fluid.* In addition, the recently reported reduction
in the expression of COX-2 and PGE2 in the rat adjuvant
arthritis model* might be a convincing mechanism for res-
veratrol’s pain-relieving action. Similar to most polyphenols,
we cannot rule out the intrinsic anti-oxidant capacity of
resveratrol, which may contribute to its anti-osteoarthritic
effect. Resveratrol also induces the expression of a number
of anti-oxidant enzymes, making it difficult to interpret the
precise contribution of each mechanism to the overall reduc-
tion in pain intensity of the participants in this study. The

effectiveness of herbal medicine and polyphenol-containing
compounds is reported in many clinical studies, which are
classified as the most popular type of complementary and
alternative medical options for the treatment of OA,**3% and
the safety of these agents has been investigated in numerous
studies. The patients in the resveratrol-treated group were
administered 500 mg resveratrol/day for 3 months. To ensure
that resveratrol supplementation does not cause adverse
effects, we monitor the patients for the emergence of hema-
tological, hepatic, and renal adverse effects. Additionally, the
regular clinical examination was performed for each patient
to report any deleterious effect due to the orally administered
resveratrol. No major adverse effects were recorded, and this
result may be considered as additional evidence that supports
the safety and tolerability of resveratrol at the given dose. The
outcomes of this study will help to determine the efficacy of
a short-term treatment with resveratrol in knee OA patients.
The results also provide an extension and confirmation to
the previous clinical observations conducted in the healthy
volunteers or cancerous individuals that assessed the safety
of resveratrol utilizing higher and lower doses during dif-
ferent periods. Taken together, the findings of these studies
suggest that adverse reactions to resveratrol at doses of less
than 1,000 mg/day are uncommon or mild, and short-term
resveratrol supplementation is well tolerated. Our findings
are in tune with many previously reported data, where a
daily dose of less than 1,000 mg/day has been used.?%3¢37
In this study, renal function tests demonstrated a significant
reduction in the level of serum creatinine and urea in the
Mix+Res group, which may be attributed to the nephro-
protective effect of resveratrol previously reported in the
cisplatin induced-kidney injury model.*® Moreover, the pres-
ent study revealed that resveratrol did not negatively impact
the liver function. This finding was in tune with the study
that defines resveratrol as a safe supplement with negligible
harmful effects.’® Furthermore, the hepatoprotective role of
resveratrol is reported in different models of hepatitis that
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linked this action with its antioxidant property. In this study,
no significant alteration has been observed in the lipid profile
of both groups, except total cholesterol and TG levels that
display a significant reduction in the resveratrol-treated
group. Furthermore, resveratrol did not change the hemato-
logical markers of the patients, and this result came in tune
with previous studies that reported hematological safety in
humans and experimental animals.**#! In this study, the daily
consumption of 500 mg/day resveratrol did not affect the
BMI of the patients, and this result was consistent with that
reported by other studies.’**? A previous study has hypoth-
esized that resveratrol and vitamin D demonstrate potential
interactions that could seriously affect the clinical outcome
of each other.” In this study, the patients were allowed to
consume vitamin D within the daily recommended amount;
however, no changes were reported in the serum levels of
vitamin D at the end of the treatment. This study encountered
many limitations related to the small sample size (n=110)
and short duration of treatment (90 days). The absence of
a dose—response model to assess the effects at low dose
against a high dose of resveratrol is another limitation of
this study. Also, because of the relatively short duration of
follow-up, we did not assess the radiological outcomes at
the end of the trial. Meanwhile, the strong point of this study
is that it is a double-blind randomized placebo-controlled
study, which includes measurement of both the efficacy and
safety of resveratrol that provides convincing evidence for
an optimal therapeutic application of resveratrol in a mus-
culoskeletal disorder such as knee OA. The use of rescue
medication, which is not allowed in this study, may be prone
to bias. However, the similarity of the type and amount of
pain medication (MIx) used between the two groups makes
this unlikely.

Conclusion

The use of resveratrol as an “add-on” medication with Mlx
was superior in terms of safety and efficacy to MIx alone for
the treatment of pain and improvement of physical function
in patients with knee OA.
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