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ABSTRACT

Background: Considering the increased production of free
radicals and inflammatory factors in rheumatoid arthritis (RA) and
the effects of bioflavonoid quercetin on reducing oxidative stress,
inflammation and blood pressure, the present study examined
the effects of bioflavonoid quercetin on total antioxidant
capacity (TAC) of plasma, lipid peroxidation and blood pressure

in women with RA.

Methods: The current study was a randomized double-blind
clinical trial in which 51 women with RA aged 19-70 years, were
participated. Patients were assigned into quercetin (500 mg/day)
or placebo groups for 8 weeks. Dietary intake was recorded using
24-h dietary recall questionnaire and the physical activity was
assessed through an international short questionnaire of physical
activity at the beginning and end of the study. Plasma TAC and
malondialdehyde (MDA) using colorimetric method, oxidized
low density lipoprotein (ox-LDL) and high sensitivity C-reactive
protein (hs-CRP) using enzyme-linked immunosorbent assay
method and also blood pressure were measured at the beginning

and end of intervention.

Results: After 8 weeks there were no significant differences in
TAC of plasma, ox-LDL, MDA, hs-CRP, systolic and diastolic
blood pressure between quercetin and placebo groups and in each

group comparing before and after.

Conclusions: In this study, quercetin had no effect on oxidative
and inflammatory status of plasma and blood pressure in patients
with RA. Further studies are needed to ensure the effect of
quercetin on oxidative stress and inflammation in human.
Keywords: Blood pressure, lipid peroxidation,
rheumatoid arthritis, total antioxidant capacity

quercetin,

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease which
affects joint and other organs. In many cases, the disease is
associated with respiratory and cardiovascular complications so
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that cardiovascular diseases are the cause of 40-50%
of all deaths in these patients."? Hypertension as a
risk factor for cardiovascular diseases is prevalent in
patients with RA.B! The immune and inflammatory
responses toward viral, genetic and environmental
factors in these patients lead to stimulation of
immune system and release of reactive oxygen
species (ROS) by neutrophils and macrophages.
Increased ROS will lead to further stimulation of
immune responses and inflammation.™ According
to previous studies, the level of oxidative stress
and lipid peroxidation in patients with RA is high
and their antioxidant defense enzyme activity is
low.>¢ Thus, the use of antioxidant supplements
beside medications may be useful in these
patients. Bioflavonoids are important antioxidant
compounds. In fact, these molecules are phenolic
compounds that naturally exist in many fruits and
vegetables. Nowadays, the role of bioflavonoids
in preventing chronic diseases such as cancer,
cardiovascular disease and atherosclerosis is well
known.”# Quercetin is one of the most important
bioflavonoid, which is more abundant than other
flavonoids.”! In many studies, quercetin has shown
antioxidant effects.'*!?l It is found that quercetin
intake had an inverse correlation with serum
C-reactive protein (CRP) in US adults.!"¥ This factor,
along with blood cholesterol could be indicative of
future risk of cardiovascular disease.!'*!5! Quercetin
has also shown some effects on protecting the cell
wall and low density lipoprotein (LDL) against
oxidation.!'6!”! Tt also has shown beneficial effects
on blood pressure in animals and human.[3!
Quercetin is effective in reducing cardiovascular
risk through different approaches, such as reducing
oxidative stress and preventing platelet adhesion.?"
Considering the anti-inflammatory and antioxidant
effects of quercetin and recommendations of
previous studies to investigate the effect of this
supplement in inflammatory diseases with high
oxidative stress, quercetin may be useful in patients
with RA, because quercetin like other antioxidants
will show its effects better in the case of higher level
of oxidation and inflammation.?!

Previous studies showed that quercetin
intake to 1,000 mg daily are well tolerated in
human.?2 Despite the effect of quercetin on
reducing oxidative stress in animal studies,?324
human studies have shown contradictory
results.®21 To our knowledge, the effect of
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quercetin on oxidative stress in patients with
RA has not been studied before. So far, only one
study has investigated the effects of quercetin in
patients with RA, that apart from the combined
effect of vitamin C and quercetin, the effect of
quercetin on oxidative stress in these patients has
not been investigated.® The present study was
conducted to investigate the effects of quercetin
on total antioxidant capacity (TAC) of plasma,
lipid peroxidation, and blood pressure in patients
with RA.

METHODS

Subjects

The present study was a randomized
double-blind clinical trial in which 51 patients with
a diagnosis of RA, according to American College
of Rheumatology 1987 criteria,! were recruited
from two medical centers of Tehran (Loghman
Hakim and Firouzgar hospitals) in 2010. Written
informed consent was obtained from all patients and
the study hasbeen approved by the ethics committee
of Tehran University of Medical Sciences and has
been registered in the Iranian Registry of Clinical
Trial (no. IRCT138807252394N2). Inclusion
criteria were: Age 19-70 years old, unchanged type
and dose of medications from previous month
and no pregnancy or lactation. Patients were
excluded from the study if changing each above
mentioned criteria, affecting with other diseases
that may require special treatment or increasing the
severity of arthritis, smoking, acute illnesses and
unwillingness to continue the study. Patients were
using conventional medications for the treatment
of RA, including disease modifying anti-rheumatic
drugs and corticosteroids. The patients continued
treatment during the intervention with the same
type and dose of medication.

Design

The patients were assigned to two groups,
quercetin supplement and placebo, using blocked
randomization method. The supplement group
used 500 mg/day quercetin (Solaray, USA) and
the placebo group used one identical placebo
capsule  containing lactose (Daroupakhsh,
pharmaceutical co.) for 8 weeks. Patients were
advised not to change their diet and physical activity
during the study. At the beginning of intervention,
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patient characteristics, dose and type of medications,
and the history of previous diseases were asked.
Weight and height were measured using standard
protocol with light clothes and without shoes to the
nearest 0.5 kg and 0.5 cm and body mass index were
calculated. The blood pressure was measured twice
in the sitting position and after 5-10 min resting with
an analog sphygmomanometer (Omron Random
Zero Blood Pressure Analyzer) and the average of
two stages was recorded. The severity of disease
was determined by a rheumatologist with joints
examination and disease activity score (DAS28)
was calculated. DAS28 higher than 2.6 was defined
as active disease.??”]

Micronutrients and macronutrients intake,
were estimated using 24-h recall questionnaire
for 2 days and the data were analyzed using
Nutritionist IV (Version 4.1, First Data Bank
Division, Hearst Corporation) software. The
physical activity was evaluated wusing the
international physical activity questionnaire?®! and
it was determined as the mean met-min/week.

Biochemical analysis

Before and after intervention, the venous blood
samples of patients after at least 8-10 h fasting
were drawn. The plasma was obtained after 10 min
centrifuging at 2000 g, and it was stored at —80°C
until biochemical analyses. During the intervention,
the patients were regularly monitored. At the end
of the study, compliance was assessed by counting
the number of capsules. Patients who had used
less than 80% of supplements were excluded.
TAC of plasma was measured by colorimetric
method using Antioxidant Assay Kit (Cayman
Chemical Company USA) with assay range of
(0.044-0.33 mmol/L) according to company
instructions. Malondialdehyde (MDA ) was assessed
by colorimetric method using Thiobarbituric Acid
Reactive Substances (TBARS) Assay Kit (Cayman
Chemical Company USA) with a dynamic
range of (0-50 umol/L) for the colorimetric
method at the standard condition according to
manufacturer’s protocol. Plasma oxidized low
density lipoprotein (ox-LDL) was measured by
enzyme-linked immunosorbent assay (ELISA)
method using ox-LDL enzyme immunoassay
kit (Mercodia, Sweden) with the detection limit
of (<1 mU/L) according to manufacturer’s
protocol. Plasma high sensitivity C-reactive
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protein (hs-CRP) was assessed by ELISA high
sensivity CRP kit (dbc Diagnostic Biochem
Canada) with sensitivity of (10 ng/mL) according
to company instructions.

Statistical methods

Allvaluesarereportedasmean+SD Kolmogorov
Smirnov test was performed to check whether
distribution of quantitative variables is normal.
In the case of normal distribution of quantitative
variables, independent ¢ test and analysis of
covariance (ANOCVA) were used to compare two
groups at the beginning and after intervention with
adjusting the baseline values, respectively. Paired
t test was used to compare the mean values at the
beginning and after intervention. If the distribution
of variable was not normal, Mann-Whitney U test
was used to compare the differences between two
groups. Wilcoxon signed-rank test was performed
for each group to compare mean values before
and after intervention. If confounding factors
have significant differences between two groups
and have linear correlation with a dependent
variable (Pearson correlation coefficient <0.3), it
was adjusted in the subsequent analyses. ANOCVA
and repeated measures covariance were used to
adjust the effect of confounding factors, comparing
two groups and before and after in each group,
respectively. SPSS statistical software (version 15;
SPSS Inc.) was used for data analysis. The level
of P<0.05 was considered statistically significant.

RESULTS

Among 51 patients who participated in the
study, five subjects from quercetin group (four
patients because of the need to increase and
change medications and one patient because of
supplement consumption less than 80%) and six
patients from placebo group (five subjects because
of changing the type and dose of medication and
one due to unwillingness to continue the study)
were excluded. Finally, 40 patients (20 patients in
each group) completed the study and perprotocol
statisticlal analyses were performed. Patients
with active disease in quercetin and placebo
groups were 15 and 14 patients, respectively.
The remaining subjects had inactive disease.
Distribution of patients with active disease in
both groups was identical and DAS-28 was not
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significantly different between two groups. Weight,
body mass index (BMI), age, disease duration and
physical activity were not significantly different
between quercetin and placebo groups. There was
no significant difference between two groups in
terms of medications at the beginning and end of
the study, except for the average of methotrexate
consumption. Methotrexate consumption was
higher in quercetin group than placebo group at
the beginning of the study, so it was adjusted in the
analyses of dependent variables [Table 1].

Daily macro and micronutrients intake are
shown in Table 2. Among the dietary variables,
only -carotene at beginning and protein at the end
of study showed statistically significant differences
between groups and were adjusted in the analysis
of dependent variables.

Quercetin supplementation for 8 weeks, had
no significant effect on plasma TAC (P = 0.35).
A small decrease in TAC was observed in quercetin
group at the end of intervention, but it was not
statistically significant (P = 0.39). The ox-LDL and
hs-CRP were not significantly different between
groups (P = 0.52 and P = 0.66, respectively) after
intervention. A slight increase in ox-LDL was
observed in both groups at the end of the study
which was not statistically significant (P = 0.58
and P = 0.48 for quercetin and placebo groups,
respectively). Although hs-CRP decreased at
the end of the study in both groups, but this
change was not statistically significant (P = 0.13

Table 1: Baseline characteristics of patients

and P = 0.062 for quercetin and placebo groups,
respectively). Plasma MDA in the placebo group
was higher than quercetin group (P = 0.01) at the
beginning of study, but there was no significant
difference between two groups at the end of the
study after adjusting for baseline value (P = 0.14).
The mean systolic and diastolic blood pressures
increased in both groups at the end of the study,
but it was not statistically significant (P = 0.44
and P = 0.16 for quercetin group and P = 0.51
and P = 0.85 for placebo group, respectively).
After adjusting for baseline values, systolic blood
pressure was not significantly different between
two treatment groups (P = 0.48). Diastolic blood
pressure was lower in quercetin group than placebo
at the beginning of study (P = 0.01), but at the end
of the study no significant change was shown after
adjusting for baseline value (P=0.77) [Table 3].

DISCUSSION

According to our knowledge, the current study
seems to be the first study examined the effect of
quercetin supplement (500 mg/day) on oxidative
stress and factors related to cardiovascular disease
in patients with RA. In our study, quercetin
supplement showed no statistically significant
effect on plasma TAC. The in vitro studies have
shown that quercetin inhibited the oxidative stress
in animal organs.*3U The dose of quercetin in
those studies was higher than its does in our study.

Variables Quercetin group (n=20) Placebo group (n=20) P value
Age (years) 46.55+9.94 48.00+8.39 NS
Disease duration (month) 62.05+45.94 58.40+36.30 NS
Disease activity score (DAS28) 3.2240.93 3.13+1.10 NS
Height (cm) 157.50+4.89 157.90+7.42 NS
Weight (kg) 69.28+10.30 76.83+14.03 NS
BMI (kg/m?) 27.99+4.48 30.70+4.61 NS
Physical activity (met/min/week)? 1018.48+1018.30 677.38+728.17 NS
Methotroxate (mg/week)* 9.63+£5.21 13.25+4.94 0.038
Prednisolon (mg/day)} 4.25+1.83 4.7542.13 NS
Hydroxychloroquine (%) 75 80 NS
Sulfasalazine (%) 15 5 NS
Cyclosporine (%) 10 5 NS
Folic acid (%)* 85 95 NS

I ) S
Values are expressed as mean+standard deviation or percent of patients, NS=Not significant (P>0.05), ‘BMI=Body mass index,

$Mann-Whitney U test, *There were no significant differences in groups comparing before and after, ‘There were no significant
differences in groups comparing before and after (Fisher’s exact test), DAS=Disease activity score
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Table 2: Daily energy and nutrient intake, before and after supplementation in both groups

Quercetin group (n=20) Placebo group (n=20) P value

Energy (kcal/d)

Before 1672.30+479.46 1625.27+626.46 NS

After 1773.70+547.93 1543.20+314.04 NS*
Carbohydrate (g/d)

Before 261.35+60.79 260.64+103.09 NS

After 268.86+49.43 253.49+63.69 NS
Lipid (g/d)

Before 45.99+17.13 43.55+17.95 NS

After 52.90+38.77 38.93+10.39 NS
Protein (g/d)

Before 60.40+33.08 53.35+24.73 NS

After 61.47+18.13 51.31+11.45 0.02
Fiber (g/d)

Before 12.60+3.30 13.17+£5.33 NS

After 14.06+4.04 12.18+4.06 NS
Fe (mg/d)

Before 12.99+5.02 11.18+4.81 NS

After 13.07+4.65 11.02+3.19 NS
Zn (mg/d)

Before 6.71+4.90 6.11+4.32 NS

After 6.90£3.45 5.53+1.84 NS
Cu (mg/d)

Before 1.16+1.14 0.97+0.78 NS

After 0.81+0.35 0.66+0.20 NS
Se (mg/d)

Before 0.08+0.07 0.07+0.04 NS

After 0.09+0.06 0.07+0.03 NS
Vitamin A (RAE/d)

Before 756.55+1086.82 707.25+848.20 NS

After 728.26+431.92 650.89+722.73 NS
Vitamin E (mg/d)

Before 2.87+1.89 2.61+2.18 NS

After 4.16+4.52 2.26+1.10 NS
Vitamin C (mg/d)

Before 65.45+30.49 78.74+55.28 NS

After 75.81+49.85 83.85+55.71 NS
Vitamin D (pg/d)

Before 1.21£1.62 1.06£1.60 NS

After 1.06+1.01 0.99+1.10 NS
B-carotene (pg/d)

Before 221.31+304.17 104.85+230.69 0.01*

After 349.524424.21 185.434280.69 NS
Folic acid (ng/d)

Before 168.95+49.16 176.63+192.18 NS

After 196.52+82.09 186.18+115.33 NS
Vitamin B, (ug/d)

Before 4.94+10.60 3.78+6.44 NS

After 2.70+1.43 2.85+2.79 NS

I e ) S
Values are expressed as meantstandard deviation, NS=Not significant (P>0.05), TANCOVA was used to compare differences

between two groups (adjusted for baseline values), ‘Mann-Whitney U test, There were no significant differences in groups
comparing before and after, ANCOVA=Analysis of covariance, RAE=Retinol activity equivalents
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Table 3: Biochemical outcomes and blood pressure before and after 8 week supplementation

Quercetin group (n=20) Placebo group (n=20) P value

TAC (mmol/L)
Before 0.36+0.14 0.34+0.15 NS
After 0.32+0.08 0.34+0.08 NS#
P value® NS NS

ox-LDL (Unit/L)
Before 36.10+8.57 46.64+19.91 NS
After 44.66+30.99 49.18+24.03 NS
P value' NS NS

MDA (umol/L)
Before 3.79+0.98 4.71£1.26 0.017
After 3.98+0.1 5.25+1.98 NS
P value® NS NS

hs-CRP (mg/L)
Before 2.89+2.95 3.28+2.32 NS
After 2.18+2.34 2.69+2.41 NS
P value NS NS

Systolic blood pressure (mmHg)
Before 113.75+18.47 121.13+15.99 NS
After 116.13+£12.84 123.754+20.83 NS
P value® NS NS

Diastolic blood pressure (mmHg)
Before 78.13£9.96 86.75+9.50 0.017
After 81.63+8.52 87.13£11.10 NS
P value® NS NS

I ) S
Values are expressed as meantstandard deviation, NS=Not significant (P>0.05), TAC=Total antioxidant capacity,
MDA=Malondialdehyde, ox-LDL=0xidized low density lipoprotein, hs-CRP=High sensitivity C-reactive protein, *ANCOVA
was used to compare differences between two groups after 8 week (adjusted for baseline values and methotroxate, protein
or B-carotene), fIndependent ¢ test, Repeated measures analysis of covariance was used to compare before and after in each
group (adjusted for protein), "Wilcoxon signed-rank test, “Paired # test

Boots et al. have examined the effect of 4 x 500 mg
quercetin within 24 h in patients with sarcoidosis
and blood samples were obtained 3 h after the last
dose.?! This short term use of quercetin caused a
significant increase in total equivalent antioxidant
capacity in quercetin group compared to placebo.
The daily quercetin dose was four times more
than that of our study. However, various doses
of 730 mg supplementation in hypertensive
patients,” 150 mg in obese patients with metabolic
syndromel® and 1000 mg in athletes after sport
matches showed no significant effect on the
antioxidant capacity of plasma, which are in good
agreement with our study.

In our study, quercetin showed no significant
effect on MDA. The effects of quercetin on MDA
are inconsistent in animal studies?*?*! and human
clinical studies on the effect of quercetin on MDA
are very scarce. To our knowledge, only Boots
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et al.”! showed a significant decrease in plasma
MDA as a marker of lipid peroxidation. They
stated that the beneficial effect of quercetin could
better appear when the level of oxidative stress
and inflammation are enhanced. The duration of
intervention and the dose of quercetin in these
studies are not comparable with that of our study.
The blood concentration of quercetin may also be
different. Because of high level of oxidative stress
and inflammation of the patients in Boots study
and using quercetin as the only treatment (with no
medication), the supplement could better reflect its
beneficial effects.

In our study, quercetin had no effect on ox-LDL.
Benito er al.34 have studied the effect of quercetin
and its metabolites, i.e., catechin and alcohol-free
red wine on healthy rats for 10 days. They were
not able to show the antioxidant effects of these
polyphenols which is in good agreement with
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our results. They did not observe any significant
change in lipid peroxidation. LDL lag phase or
ex vivo LDL oxidation in rats showed no change
compared to control group and no flavonoid
metabolites were observed in LDL particles. Thus,
since the flavonoid metabolites are not present
in lipoproteins, they could not have any effect
on their oxidation. Egert et al.®? showed that
consumption of 150 mg quercetin in patients with
metabolic syndrome was able to reduce the mean
ox-LDL significantly within 6 weeks. The presence
of quercetin glucuronide in atherosclerotic lesions
indicates that quercetin is fully available to prevent
LDL oxidation in the body.®® The number of
participants in Egert’s study was much higher
than our study and yet the dose of supplement
was one-third of our study which may suggest the
probable pro-oxidative effect of supplement in our
study due to higher dose of quercetin. Given the
contradictory results of existing studies in this field,
the direct effect of quercetin, its antioxidant role in
the body and its appropriate dose in humans are
still controversial and more researches are needed.

In the present study, quercetin supplementation
showed no significant effect on hs-CRP as an
acute phase protein. Chun et a/.'® found that CRP
concentration is higher in women, the elderly,
sedentary subjects and those who use non-steroidal
anti-inflammatory drugs. At the same time, the
total intake of flavonoids including isoflavones,
anthocyanidins and quercetin from foods are
inversely associated with CRP concentration.
Garcia-Mediavilla er a/.BY found that quercetin and
kaempferol are able to inhibit mRNA associated with
CRP, inducible Nitric oxide synthase (iNOS) and
cyclooxygenase-2 in the liver through the effect
of quercetin and kaempferol on human liver cells.
They found that, the inhibitory effect was done
through the nuclear factor (NF-kB) transcription
factor and the highest inhibitory effect of quercetin
on NF-kB concentration happened at 100 umol/L
and its highest inhibitory effect on CRP took place
at 5-50 umol/L. These doses are much more than
the dose of quercetin used in our study. The results
of these studies were not consistent with other
clinical studies like our study. The consumption
of 1000 mg quercetin in marathon athletes had no
significant effect on inflammatory factors such as
CPR, cytokines, Monocyte chemoattrctant protein-1
and Macrophage inflammatory protein-1.%¢ Also,
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quercetin and glucosamine chondroitin sulfatel®”
or quercetin and vitamin C*! had no significant
effect on CRP and other inflammatory factors in
patients with RA. One study conducted on patients
with metabolic syndrome who received 150 mg/
day quercetin showed no significant difference on
CRP concentration between two study groups.®? In
that study, the initially low level of inflammation at
baseline and low supplement does were interpreted
as lack of effect of quercetin on CRP. The effect of
quercetin in controlling inflammation such as CRP
is still limited to #n vitro and animal studies. Low
bioavailability of quercetin and its conjugation in
the body are other reasons for the lack of quercetin
effect. Also in our study, hs-CRP level was not
high and patients were in stable condition due to
medication therapy, while quercetin shows its effects
better when the level of inflammation is high.??!!

In our study, there was no significant effect on
blood pressure which is consistent with Conquer
et al.®® that investigated the effects of queretin on
blood pressure and some other cardiovascular risk
factors in healthy subjects. Egert et a/.%?! found that
quercetin lead to significant decrease of systolic
blood pressure of all participants with obesity and
hypertension. Edwards er al.') found that quercetin
had no significant effect on blood pressure in
pre-hypertensive subjects. Only subjects in stage
one hypertension showed a significant decrease in
systolic and diastolic blood pressure. Furthermore,
in our study, quercetin showed no effect on blood
pressure, probably because patients did not suffer
from hypertension.

CONCLUSIONS

The present study on the effects of quercetin on
plasma oxidative status, hs-CRP and blood pressure
in patients with RA, shown no significant effect on
markers of oxidative stress including MDA, TAC,
ox-LDL and cardiovascular risk factors including
hs-CRP and blood pressure. It seems that further
studies are required to measure the cellular and
tissue oxidative stress beside its blood level, with
various doses of quercetin, in order to determine
the effect of this supplement on oxidative stress
more extensively.
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