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The effect of black tea on the level of uric acid (UA) and C-reactive proteins (CRP) in humans suscep-
tible to ischemic heart diseases was assessed in a prospective randomized controlled study. The study
group consumed 9 g of black tea (equivalent to three cups of tea) daily for 12 weeks without additives
followed by a 3-week wash-out (with control group consuming equivalent volume of hot water). Black
tea consumption induced a highly significant decrease in the high uric acid baseline groups >6 mg/dL
by 8.5%; p < 0.05. For men and women in the base line group >7 mg/dL, the decrease was 9.4% and 7.1%,
respectively. In the low baseline serum uric acid levels there was a non-significant increase of 3.7% and
unctional foods
ric acid
-reactive protein
lack tea and statin therapy
ea polyphenols and biomarkers
ardioprotection and cardiovascular

15% in men and women, respectively. C-reactive protein in the high risk group >3 mg/L was significantly
decreased by 53.4% and 41.1% in men and women, respectively. For the non-supplemented group in
this range the changes were 3.7% decrease for men and 2.9% increase for women. Tea supplementation-
associated decrease in plasma uric acid and C-reactive protein levels may benefit humans at high risk of
cardiovascular events and may augment drug therapy.

© 2009 Elsevier Ireland Ltd. All rights reserved.

iseases

nflammation

. Introduction

The health benefits of tea and tea extracts have been well
ocumented, especially with respect to chemopreventive effects
n cancers, cardiovascular diseases, and inflammation (Widlansky
t al., 2005; Stangl et al., 2006; Yang et al., 2006; Yamada and
atanabe, 2007; Tinahones et al., 2008; de Mejia et al., 2009;

harangi, 2009). The health-promoting effects of regular tea con-
umption are mainly ascribed to its polyphenol content (35% of
heir dry weight in the leaves) with the major phenolics being the
avan-3-ols ((epi)catechins, (epi)gallocatechins and their gallate
Please cite this article in press as: Bahorun, T., et al., Black tea reduces uri
vascular diseases. Toxicology (2009), doi:10.1016/j.tox.2009.11.024

sters), the flavonols (mono-, di-, and tri-glycoside conjugates of
yricetin, quercetin and kaempferol), the flavones and quinic acid

sters of gallic, coumaric and caffeic acids. Black tea has a reduced
avan-3-ol monomer content and higher levels of their polymer-

∗ Corresponding author. Tel.: +230 403 7471.
∗∗ Corresponding author. Tel.: +1 646981 4741.

E-mail addresses: tbahorun@uom.ac.mu (T. Bahorun), okezie.aruoma@touro.edu
O.I. Aruoma).

300-483X/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.tox.2009.11.024
ized derivatives theaflavins, which account for about 10–30% of
the converted catechins, and thearubigins (de Mejia et al., 2009;
Rouanet et al., 2010). The pathophysiology of atherosclerosis and
other cardiovascular events have associated inflammatory pro-
cess (Ross, 1999), with the inflammatory components contributing
to the instability and rupture of atheromatous plaque leading
to atherothrombotic events (Carr et al., 1997; Pasterkamp et al.,
1999). The levels of C-reactive protein (an acute phase reactant
produced in the liver) are known to rise in inflammation reac-
tions and plasma high-sensitivity (hs)-CRP are widely suggested
to be a predictor of coronary events (Koenig et al., 1999; Ridker
et al., 2000; Li and Lun, 2007; Mazzone et al., 2008; Brodov et
al., 2009; Frazier et al., 2009). Thus inflammatory markers such
as hs-CRP may help improve cardiovascular risk prediction and
hence complement traditional risk factors including lipid profiles
(Kannel et al., 1986; Manson et al., 1992). According to the Amer-
c acid and C-reactive protein levels in humans susceptible to cardio-

ican Heart Association individuals with hs-CRP level lower than
1.0 mg/L have low risk of developing cardiovascular disease. Those
with values between 1.0 and 3.0 mg/L have an average risk whilst
hs-CRP values higher than 3.0 mg/L put the individual at higher
risk.

dx.doi.org/10.1016/j.tox.2009.11.024
http://www.sciencedirect.com/science/journal/0300483X
http://www.elsevier.com/locate/toxicol
mailto:tbahorun@uom.ac.mu
mailto:okezie.aruoma@touro.edu
dx.doi.org/10.1016/j.tox.2009.11.024
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Uric acid (UA) may have antioxidant functions in vivo (Waring
t al., 2003; Zitnanová et al., 2004; Macchi et al., 2008; Lippi et
l., 2008a) but as paradox would have it, epidemiological evidence
ave linked elevated uric acid with increased cardiovascular risk
Kohn and Prozon, 1959; Bos et al., 2006). For example, UA may
romote low-density lipoprotein (LDL) oxidation in vitro (Bagnati
t al., 1999), to stimulate granulocyte adherence to the endothe-
ium (Boogaerts et al., 1983) and liberate peroxide and superoxide
ree radical (Falasca et al., 1993). Hyperuricemia is considered to
e a risk factor in many clinical conditions including hypertension,
ardiovascular events, diabetes mellitus, stroke, and metabolic syn-
rome (Bo et al., 2001; Masuo et al., 2003; Nakanishi et al., 2003;
anellis et al., 2004; Strazzullo and Puig, 2007; Sturm et al., 2008).
urther, epidemiological studies indicate that hyperuricemia may
e associated with changes in the levels of biomarkers of inflam-
ation, especially CRP and plasma CRP (Ruggiero et al., 2006,

007; Lippi et al., 2008b). Brodov et al. (2009) investigated prog-
ostic information from a combined assessment of UA and CRP
ompared with a single marker in patients with coronary artery
iseases enrolled in the Bezafibrate Infarction Prevention trial and
oncluded that the combine markers provide “incremental infor-
ation for risk of patients with CAD”. The work of Nan et al. (2008)

eported that elevated UA could be an independent risk marker for
uture diabetes in Mauritian men whereas the prediction appears
eak for women. It is of interest to record the work of Muntner

t al. (2009) which addressed the question of the inclusion of
RP measurement as a useful guide for statin treatment decisions
nd the observation of Ridker (2003) that “in regard to potential
reatment, statins have been found to reduce hs-CRP levels, and
ata from statin treatment trials raise the possibility that subjects
ith elevated hs-CRP levels may derive greater benefit from treat-
ent than do patients without elevated hs-CRP”. The objective

f this study was to determine the effects of black tea on fasting
ric acid levels and CRP in humans susceptible of cardiovascular
iseases.

. Methods

.1. Subjects

Two hundred and sixty three male and female Mauritian volunteers were
ecruited for the randomized controlled clinical trial. 80 subjects were selected from
he waiting list for angiography at the Cardiac Centre, SSRNH Hospital and 90 from
list who had already conducted a surgery for ischemic heart disease at least 6
onths back. All others were normal volunteers randomly selected. The Ministry of
ealth and Quality of life National Ethics Committee approved the study protocol
nd informed written consent was obtained for each subject. The subjects had to
e between 25 and 60 years old. The inclusion criteria were: (1) non-smoker or for-
er smokers who had stopped for less than 6 months; (2) alcohol intake less than

wo standard drinks per day; (3) post-menopausal women not receiving hormone
eplacement therapy; and (4) cardiac patients with left ventricular ejection fraction
reater than 40%. Subjects were maintained on their normal diet and continued with
heir medication (against hypertension, diabetes, cardiovascular diseases or others)
f any. They were required to record all food and beverage intake during the daily

ain meals (breakfast, lunch and dinner) over the study period. No adverse effects
ere recorded during the study period.

.2. Study protocol

The study was conducted at the Cardiac Centre of the Sir Seewoosagur National
ospital, Pamplemousses, Republic of Mauritius over a 15-week intervention
eriod. The study group (70%) consumed 3 × 200 mL of black tea infusate per day
three standard cups of 200 mL hot water each containing 3 g of black tea (infused for
min) for 12 weeks without additives (milk or sugar) followed by a 3-week wash-
ut period by consuming same volume of hot water per day). The control group (30%)
Please cite this article in press as: Bahorun, T., et al., Black tea reduces uri
vascular diseases. Toxicology (2009), doi:10.1016/j.tox.2009.11.024

onsumed equivalent volume of hot water for same intervention period. Study and
ontrol groups were devised following statistical advice and the subjects therein
epresented an inclusive population. Subjects were requested to fast for at least
0 h before blood collection. The last tea ingestion before blood collection was 12 h.
lood collection was made at the Cardiac Centre under the guidance of medical
octors.
 PRESS
y xxx (2009) xxx–xxx

2.3. Blood collection and preparation for sample analysis

15 mL of fasting blood were collected and dispensed into four different tubes
comprising two heparinised tubes (2 × 4 mL), fluoride oxalate tube (2–5 mL) and
plain tubes. Fresh blood samples were preserved in icebags for analysis.

2.4. Analysis of biomarkers

Heparinised tubes were centrifuged and plasma removed for determination of
uric acid and C-reactive protein. Measurements were made in either clear blood
serum or plasma samples after centrifugation. The automated HumaStar 80 appara-
tus was used for colorimetric analysis of all biomarkers maintained at 37 ◦C. Reagent
kits for uric acid and CRP analyses were from Human Co. (Wiesbaden, Germany) and
Biosystems (Barcelona, Spain).

2.5. Survey of diet forms

Compliance to protocol was assessed by a follow-up of the daily diet of the vol-
unteers. A dietary questionnaire indicating food items consumed daily during the
three main meals (breakfast, lunch and dinner) was issued to each subject and was
collected dully filled after blood sampling exercise from each volunteer. Informa-
tion provided by the volunteers enabled the assessment of any possible changes in
the diet during the study. Statistical analysis of these forms consisted of a ranking
strategy based on the fat/lipid ratio (USDA Food Composition database, 2006) of
each food item consumed by both study group and control group (e.g. a food item
high in fat content (e.g. red meat) would score 10/10 marks while a vegetable low
in fat would be assigned 1/10; the mean value in arbitrary units obtained per day
being further averaged on a weekly basis and the trend observed during the 15-week
intervention period).

2.6. Statistical analysis

Simple regression analysis was performed to calculate the dose–response rela-
tionship of standard solutions used for calibration as well as test samples. After data
cleaning, statistical analyses were carried out using both Microsoft Excel and SPSS
13.0 statistical software. Tests of significance of observed mean differences over
the intervention period for two sets of data were performed using Student’s t-test
and where data were not normal the non-parametric alternative Mann–Whitney
U test was used. Kruskal–Wallis test was used as a non-parametric alternative for
one-way ANOVA for comparing more than two sets of data. The critical limits for
test of significance were set at 5%, 1% and 0.1% successively. Statistical analyses
were also performed to calculate any significant correlations, firstly between indi-
vidual parameters and secondly, between individual parameters and diet scores.
Correlation analyses were made on tea regimens and control data, ignoring gender
stratification at first instance and then on gender stratified data. As all the pairs of
data for correlation analyses involved at least one non-normally distributed data set,
Spearman’s rho correlation coefficient was used. Correlation analyses were under-
taken on baseline, week 12 and wash-out data, respectively. Analyses on percentage
change data were also performed.

3. Results

The number of subjects at the end of the 15-week interven-
tion period was 232 representing a 12% drop-out from the initial
population size. There was no incidence of cardiac events dur-
ing that period (heart failure, angina pectoris or acute myocardial
infarction) and there were no relapses in the patients that have
undergone surgery. The final sample population consisted of 137
(59%) male and 95 (41%) female Mauritian citizens in the age group
of 25–60 years old. The compiled diet scores calculated as per the
lipid/fat contents of the food items consumed during the study var-
ied from 28 to 218 arbitrary units at baseline analysis. The mean
data show that the scores remained relatively constant for both the
tea and control groups in the combined male and female population
from baseline to wash-out period (Fig. 1). Significant positive corre-
lation was obtained between % change in diet scores and % change
in C-reactive protein values for female control subjects (r = 0.527,
p = 0.036, N = 16). Significant positive correlation was also obtained
between % change in diet scores and % change in UA values for
c acid and C-reactive protein levels in humans susceptible to cardio-

female subjects who were on tea regimens (r = 0.302, p = 0.033,
N = 50). No other correlation analyses between diet score data and
CRP or UA values for any treatment or gender turned out to be
significant, nor were there any consistency in the direction of cor-
relations.

dx.doi.org/10.1016/j.tox.2009.11.024
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Table 1
Effect of tea on the levels of uric acid.

Gender Range of values
(mg/L)

Tea regimen Control

N Mean ± SD baseline
value (mg/L)

Mean ± SD week 12
(mg/L)

Mean ± SD
wash-out (mg/L)

N Mean ± SD baseline
value (mg/L)

Mean ± SD week 12
(mg/L)

Mean ± SD
wash-out (mg/L)

Male
2.5–5 22 4.4 ± 0.6 4.5 ± 1.3 (3.7%) 5.3 ± 1.6 (17.4%) 6 4.2 ± 0.9 3.8 ± 1.6 (−8.8%) 4.9.0 ± 1.7 (28.5%)
5.1–7 48 6.1 ± 0.5 6.3 ± 1.1 (1.9%) 6.2 ± 1.4 (−1.5%) 21 6.2 ± 0.6 6.2 ± 1.6 (−1.2%) 6.1 ± 1.2 (−0.9%)

>7 31 8.4 ± 1.3 7.7 ± 1.0 (−9.4%)** 7.23 ± 1.7 (−5.0%) 13 8.3 ± 0.9 7.3 ± 1.4 (−12.3%) 8.0 ± 2.0 (10.6%)

Mean values of uric acid levels during the 12-week intervention period and 3-week wash-out period in a male Mauritian population (N = number of subjects) under the tea and control regimens. Percentage increase of values
is indicated in brackets ( ). Significance testing between baseline and week 12 values and wash-out period for both study group and control group was performed by Student’s t-test comparing mean values of two samples.
*p < 0.05(significance at 5%), **p < 0.01(significance at 1%), ***p < 0.001(significance at 0.1%).

Table 2
Effect of tea on the levels of uric acid.

Gender Range of values
(mg/L)

Tea regimen Control

N Mean ± SD baseline
value (mg/L)

Mean ± SD week 12
(mg/L)

Mean ± SD
wash-out (mg/L)

N Mean ± SD baseline
value (mg/L)

Mean ± SD week 12
(mg/L)

Mean ± SD
wash-out (mg/L)

Female
2.5–4 15 3.4 ± 0.4 3.9 ± 0.7 (15.0%) 4.0 ± 1.0 (1.5%) 8 3.6 ± 0.4 4.2 ± 0.9 (17.6%) 4.54 ± 1.3 (6.0%)
4.1–6 26 5.1 ± 0.6 5.1 ± 0.7 (−0.2%) 4.9 ± 1.2 (−3.2%) 10 5.1 ± 0.5 5.3 ± 0.9 (2.1%) 5.1 ± 1.2 (−3.6%)

>6 18 6.7 ± 0.5 6.3 ± 1.0 (−7.1%)*** 6.0 ± 1.5 (−3.4%) 4 6.8 ± 0.8 6.8 ± 0.7 (−0.4%) 5.6 ± 1.0 (−17.3%)

Mean values of uric acid levels during the 12-week intervention period and 3-week wash-out period in a female Mauritian population (N = number of subjects) under the tea and control regimens. Percentage increase of values
is indicated in brackets ( ). Significance testing between baseline and week 12 values and wash-out period for both study group and control group was performed by Student’s t-test comparing mean values of two samples.
*p < 0.05(significance at 5%), **p < 0.01(significance at 1%), ***p < 0.001(significance at 0.1%).

dx.doi.org/10.1016/j.tox.2009.11.024
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Table 3
Effect of tea on the levels of C-reactive proteins.

Gender Range of values
(mg/L)

Tea regimen Control

N Mean ± SD baseline
value (mg/L)

Mean ±SD week 12
(mg/L)

Mean ± SD
wash-out (mg/L)

N Mean ± SD baseline
value (mg/L)

Mean ± SD week 12
(mg/L)

Mean ± SD
wash-out (mg/L)

Male
0–1.5 40 0.9 ± 0.4 1.1 ± 1.2 (29.5%) 1.0 ± 1.4 (−7.7%) 13 1.0 ± 0.3 1.4 ± 1.6 (34.8%) 1.2 ± 1.5 (−15.2%)

1.6–3 34 2.1 ± 0.4 1.2 ± 1.2 (−43.4%)*** 1.4 ± 1.7 (12.1%) 6 2.6 ± 0.6 2.0 ± 1.9 (−23.4%) 2.1 ± 1.8 (5.0%)
>3 30 6.6 ± 4.4 3.2 ± 4.0 (−52.0%)** 3.3 ± 4.0 (4.1%) 16 7.1 ± 0.4 6.9 ± 3.8 (−3.7%) 6.7 ± 4.1 (−1.8%)

Mean values of CRP level during the 12-week intervention period and 3-week wash-out period in a male Mauritian population (N = number of subjects) under the tea and control regimens. Percentage change of values is indicated
in brackets ( ). Significance testing between baseline and week 12 values and wash-out period for both study group and control group was performed by Student’s t-test comparing mean values of two samples. *p < 0.05(significance
at 5%), **p < 0.01(significance at 1%), ***p < 0.001(significance at 0.1%).

Table 4
Effect of tea on the levels of C-reactive proteins.

Gender Range of values
(mg/L)

Tea regimen Control

N Mean ± SD baseline
value (mg/L)

Mean ± SD week
12 (mg/L)

Mean ± SD
wash-out (mg/L)

N Mean ± SD baseline
value (mg/L)

Mean ± SD week
12 (mg/L)

Mean ± SD
wash-out (mg/L)

Female
0–1.5 21 1.0 ± 0.3 1.2 ± 0.7 (18.6%) 1.2 ± 1.7 (6.2%) 8 1.1 ± 0.5 1.2 ± 1.1 (7.7%) 1.8 ± 1.8 (43.9%)

1.6–3 17 2.3 ± 0.6 1.8 ± 0.7 (−21.0%)* 1.7 ± 1.5 (−8.0%) 6 2.9 ± 0.5 2.8 ± 1.0 (−1.7%) 2.1 ± 1.4 (−26.5%)
>3 15 5.0 ± 1.6 2.9 ± 1.8 (−41.1%)** 2.0 ± 1.3 (−30.4%) 6 5.8 ± 1.4 5.9 ± 2.3 (2.9%) 4.2 ± 1.9 (−29.3%)

Mean values of CRP level during the 12-week intervention period and 3-week wash-out period in a female Mauritian population (N = number of subjects) under the tea and control regimens. Percentage change of values is indicated
in brackets ( ). Significance testing between baseline and week 12 values and wash-out period for both study group and control group was performed by Student’s t-test comparing mean values of two samples. *p < 0.05(significance
at 5%), **p < 0.01(significance at 1%), ***p < 0.001(significance at 0.1%).

dx.doi.org/10.1016/j.tox.2009.11.024
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ig. 1. Variation in the diet scores for volunteers under the tea and water regimens
uring the 12-week intervention period and 3 weeks wash-out treatment in a com-
ined male and female Mauritian population. Data represent mean values (bars)
ith standard errors for study group (left: n = 155) and control group (right: n = 55).

The levels of biomarkers measured under both tea and con-
rol regimens at the beginning of the study, its percentage change
t the end of the intervention period and after a three week
ash-out period were recorded. The data were stratified in three

anges of values indicating below normal, normal and above nor-
al categories. Plasma UA is an endogenous low-molecular weight

ntioxidant. However values >7 mg/L is considered pathological
nd is considered as a risk factor in cardiovascular diseases. Subjects
ere categorized in groups that varied from 2.5 to 5 mg/L (group

), 5.1–7 mg/L (group 2) and >7 mg/L (group 3). Baseline uric acid
evels varied from 2.9 to 12.3 mg/L in males (Table 1) and from 2.5
o 7.8 mg/dL in females (Table 2). Male subjects were categorized
n group 1: 2.5–5 mg/L, group 2: 5.1–7 mg/L and group 3: >7 mg/L

hile female volunteers were categorized as group 1: 2.5–4 mg/L,
roup 2: 4.1–6 mg/L and group 3: >6 mg/L. After 12 weeks, black
ea intake decreased uric acid levels by 9.4% (p < 0.01) and 7.1%
p < 0.001) in both male and female groups with highest baseline
alues (group 3). The wash-out treatment produced non-significant
ecreases in all the groups. The levels generally non-significantly
ecreased in the controls (12-week period and wash-out).

Baseline C-reactive protein data varied between 0.9 and
.6 mg/L in men (Table 3) and from 1 to 5 mg/L in women (Table 4).
he subjects were categorized into three groups corresponding to
1) low risk 0–1.5 mg/L, (2) average risk 1.6–3 mg/L and (3) high
isk >3 mg/L. The levels in the high risk group (>3 mg/L) were
ignificantly decreased by 53% (p < 0.01) and 41.1% (p < 0.01) in
en and women, respectively. For the non-supplemented group

n this range the changes (non-significant) were 3.7% decrease
or men and 2.9% increase for women. Significant decreases were
lso observed in average risk group: −43.4% (p < 0.001) for males
nd −21% (p < 0.05) for females. Non-significant decreases of 23.4%
nd 1.7% were observed in corresponding controls for both gen-
ers. Wash-out treatments produced non-significant increases and
ecreases in both study and control groups.

There were no significant correlations between UA and CRP lev-
ls for baseline, week 12 and wash-out data for subjects on either
ea regimen or control. Further ventilation of data by gender did not
eveal any correlations between UA and CRP values. No significant
orrelations were found for calculated percentage changes.

. Discussion
Please cite this article in press as: Bahorun, T., et al., Black tea reduces uri
vascular diseases. Toxicology (2009), doi:10.1016/j.tox.2009.11.024

Daily intake of 9 g of black tea (corresponding to 1.5%; w/v)
epresented a supplementation of 738 mg of polyphenols per day.
his tea dose was within the range (0.7–1.6%, w/v) used in stud-
es that assessed the effects of Oolong, black and green teas on
 PRESS
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plasma antioxidant capacity and a number of risk factors in patients
with coronary artery disease (Langley-Evans, 2000; Shimada et al.,
2004). The effect of smoking and alcohol on levels of the measured
biomarkers was minimized by the exclusion criteria applied to the
patient population. Diet questionnaire applied during the study
period indicated that the fat/lipid content of the population diet
did not change significantly during the intervention trial. Further-
more, statistical analysis did not show any significant correlation
between diet scores and UA/or CRP levels.

Uric acid has been reported to traverse dysfunctional endothe-
lial cells and accumulate as crystal within atherosclerotic plaques
(Patetsios et al., 1996), so the protective antioxidant effects of uric
acid may be obscured by detrimental effects associated with car-
diovascular disorders. Interestingly Strazzullo and Puig in 2007
have suggested that elevation of UA often observed in patients
with uncomplicated obesity, insulin resistance and/or hyperten-
sion, deriving from an altered renal handling of sodium and uric
acid, might be of no major concern. As such, there is no solid
evidence to recommend pharmacological treatment of this asymp-
tomatic mild form of hyperuricemia (up to a UA level <10 mg/dL).
There appears to be a consensus of opinion that UA elevation
in hypertensive and/or diabetic patients at high cardiovascular
risk (particularly in those with overt ischemic conditions) may
represent a marker of oxidative stress as well as underscoring
inflammatory and degenerative alterations in the cardiovascular
system (Ferroni et al., 2006). In this study, low baseline of plasma
UA levels showed a non-significant increase of 3.7% and 15% in men
and women, respectively, while significant decreases by 9.4% and
7.1% were noted in both genders with high baseline uric acid levels
(>7 mg/dL). Statistical data showed significant correlation between
CRP and UA values in neither the combined population nor among
the male and female genders in both study and control groups.

The result of this study indicated that tea supplementation can
significantly reduce CRP levels in both moderate risk and high
risk groups of both males and females compared to controls sug-
gesting an anti-inflammatory action. Black teas, green teas and
phytochemical compounds in tea (epigallocatechin gallate (EGCG),
epigallocatechin (EGC), epicatechin gallate (ECG), theaflavin and
theaflavin-3-3′-digallate (TF-3)) can selectively interfere with the
production and/or function of cytokines (Varilek et al., 2001;
Wheeler et al., 2004; Nag-Chaudhuri et al., 2005; Huang et al.,
2006; Navarro-Perán et al., 2008; Kim et al., 2008; Roy et al.,
2008). The black tea infusate used in this study contained relatively
large amounts of these polyphenolics: total gallic acid deriva-
tives (50 ± 1 mg/L), total flavan-3-ols and flavonols (42 ± 2 mg/L)
and (32 ± 1 mg/L, respectively), total theaflavins (89 ± 1 mg/L) and
large amounts of uncharacterized thearubigins. The TEAC and FRAP
values were of the order of 1055 ± 25 and 825 ± 23 �mol/g dry
weight, respectively. Consistent with our results, data from a large
cross-sectional study indicated that regular tea drinkers had sig-
nificantly lower levels of CRP and serum amyloid A (a family
of apolipoproteins found predominantly associated with high-
density lipoprotein (HDL) in plasma, with different isoforms being
unequally expressed constitutively and in response to inflamma-
tory stimuli) levels (De Bacquer et al., 2006). In a randomized
6-week trial, treatment equivalent to four cups of black tea per
day induced together with lower platelet activation, a decrease in
plasma CRP levels compared to placebo (Steptoe et al., 2007). The
precise role of CRP in the development or progression of atheroscle-
rosis remains however to be defined. A study by Rufail et al. (2006)
indicated that CRP inhibited in vitro oxidation of LDL, suggesting
c acid and C-reactive protein levels in humans susceptible to cardio-

that the protein may limit the atherogenic oxidation in vivo. Consis-
tent with an in vivo antioxidant role of CRP, the latter been reported
to be localized in atheroslerotic lesions (Torzewski et al., 1998,
2000). Venugopal et al. (2005) showed that vascular endothelial
cells can be induced to express CRP, indicating probably that the

dx.doi.org/10.1016/j.tox.2009.11.024
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rotein may be produced in the environment where LDL is being
xidized.

Thus high plasma concentration of CRP may reflect a degree of
rotection in cardiovascular diseases. Moderate intake of black tea
ay improve the levels of independent predictors of the risk factors

f cardiovascular events. The effects seem to be ascribed primar-
ly to the synergistic effects of the tea phenolics. Given that tea
s the most consumed beverage in the world after water, and that
nflammation plays a role in every disease process, including arthri-
is, diabetes, cancer, heart disease, and obesity, this finding on tea
the first of its kind to show that CRP levels are reduced by tea
ntake in humans) might be of importance from a public health
erspective. The biological mechanisms for these effects and the
xact role of phenolics however, warrant an extensive study, nev-
rtheless that levels of UA and CRP are important biomarkers to
ssess in cardiovascular event is emphasized in this study.

onflict of interest

The authors declared no conflict of interest.

cknowledgements

This research was fully supported by the Mauritius Research
ouncil. The authors would like to thank the staff of the Cardiac
entre (Pamplemousses), the technicians of the Department of Bio-
ciences, University of Mauritius and Bio Santé Ltd.

eferences

agnati, M., Perugini, C., Cau, C., Bordone, R., Albano, E., Bellomo, G., 1999. When and
why a water-soluble antioxidant becomes pro-oxidant during copper-induced
low-density lipoprotein oxidation: a study using uric acid. Biochem. J. 340,
143–152.

o, S., Cavallo-Perin, P., Gentile, L., Repetti, E., Pagano, G., 2001. Hypouricemia and
hyperuricemia in type 2 diabetes: two different phenotypes. Eur. J. Clin. Invest.
31, 318–321.

oogaerts, M.A., Hammerschmidt, D.E., Roelant, C., Verwilghen, R.L., Jacob, H.S.,
1983. Mechanisms of vascular damage in gout and oxalosis: crystal induced,
granulocyte mediated, endothelial injury. Thromb. Haemost. 50, 576–580.

os, M.J., Koudstaal, P.J., Hofman, A., Witteman, J.C.M., Breteler, M.M.B., 2006. Uric
acid is a riskfactor for myocardial infarction and stroke: the Rotterdam study.
Stroke 37, 1503–1507.

rodov, Y., Behar, S., Goldenberg, I., Boyko, V., Chouraqui, P., 2009. Usefulness of com-
bining serum uric acid and C-reactive protein for risk stratification of patients
with coronary artery disease (Bezafibrate Infarction Prevention [BIP] Study). Am.
J. Cardiol. 104, 194–198.

arr, S.C., Farb, A., Pearce, W.H., Virmani, R., Yao, J.S., 1997. Activated inflammatory
cells are associated with plaque rupture in carotid artery stenosis. Surgery 122,
757–763.

e Bacquer, D., Clays, E., Delanghe, J., De Backer, G., 2006. Epidemiological evidence
for an association between habitual tea consumption and markers of chronic
inflammation. Atherosclerosis 189, 428–435.

e Mejia, E.G., Ramirez-Mares, M.V., Puangpraphant, S., 2009. Bioactive components
of tea: cancer, inflammation and behavior. Brain Behav. Immun. 23, 721–731.

alasca, G.F., Ramachandrula, A., Kelley, K.A., O’Connor, C.R., Reginato, A.J., 1993.
Superoxide anion production and phagocytosis of crystals by cultured endothe-
lial cells. Arthritis Rheum. 36, 105–116.

erroni, P., Basili, S., Paoletti, V., Davı, G., 2006. Endothelial dysfunction and oxidative
stress in arterial hypertension. Nutr. Metab. Cardiovasc. Dis. 16, 222–233.

razier, L., Vaughn, W.K., Willerson, J.T., Ballentyne, C.M., Boerwinkle, E., 2009.
Inflammatory protein levels and depression screening after coronary stenting
predict major adverse coronary events. Biol. Res. Nurs. 11, 163–173.

uang, M.T., Liu, Y., Ramji, D., Lo, C.Y., Ghai, G., Dushenkov, S., Ho,
C.T., 2006. Inhibitory effects of black tea theaflavin derivatives on 12-
otetradecanoylphorbol-13-acetate-induced inflammation and arachidonic acid
metabolism in mouse ears. Mol. Nutr. Food Res. 50, 115–122.

annel, W.B., Neaton, J.D., Wentworth, D., Thomas, H.E., Stamler, J., Hulley, S.B., Kjels-
berg, M.O., 1986. Overall and coronary heart disease mortality rates in relation
to major risk factors in 325,348 men screened for MRFIT. Multiple Risk Factor
Please cite this article in press as: Bahorun, T., et al., Black tea reduces uri
vascular diseases. Toxicology (2009), doi:10.1016/j.tox.2009.11.024

Intervention Trial. Am. Heart. J. 112, 825–836.
anellis, J., Feig, D.I., Johnson, R.J., 2004. Does asymptomatic hyperuricaemia

contribute to the development of renal and cardiovascular disease? An old con-
troversy renewed. Nephrology (Carlton) 9, 394–399.

im, H.J., Park, S.H., Park, S.Y., Moon, U.Y., Lee, B.D., Yoon, S.H., Lee, J.G., Baek,
S.J., Yoon, J.H., 2008. Epigallocatechin-3-gallate inhibits interleukin-1 �-induced
 PRESS
y xxx (2009) xxx–xxx

MUC5AC gene expression and MUC5AC secretion in normal human nasal epithe-
lial cells. J. Nutr. Biochem. 19, 536–544.

Koenig, W., Sund, M., Frohlich, M., Fischer, H.-G., Löwel, H., Döring, A., Hutchinson,
W.L., Pepys, M.B., 1999. C-reactive protein, a sensitive marker of inflammation,
predicts future risk of coronary heart disease in initially healthy middle-aged
men: results from the MONICA (monitoring Trends and Determinants in Car-
diovascular Disease) Augsberg Cohort study, 1984 to 1992. Circulation 99,
237–242l.

Kohn, P.M., Prozon, G.B., 1959. Hyperuricemia: relationship to hypercholesterolemia
and acute myocardial infarction. J. Am. Med. Assoc. 170, 1909–1915.

Langley-Evans, S.C., 2000. Consumption of black tea elicits an increase in plasma
antioxidant potential in humans. Int. J. Food. Sci. Nutr. 51, 309–315.

Li, X., Lun, X., 2007. Study on correlation between C-reactive protein and gestational
diabetes mellitus. J. Nanjing Med. Univ. 21, 382–385.

Lippi, G., Montagnana, M., Franchini, M., Favaloro, E.J., Targher, G., 2008a. The para-
doxical relationship between serum uric acid and cardiovascular diseases. Clin.
Chim. Acta 392, 1–7.

Lippi, G., Targher, G., Montagnana, M., Salvagno, G.L., Guidi, G.C., 2008b. Hype-
ruriceamia is associated with increased C-reactive protein concentrations in
a large cohort of unselected outpatients. Nutr. Metab. Cardiovasc. Dis. 18,
e41–e42.

Macchi, C., Molino-Lova, R., Polcaro, P., Guarucci, L., Lauretani, F., Cecchi, F.,
Bandinelli, S., Guralnik, J.M., Ferrucci, L., 2008. Higher circulating levels of uric
acid are prospectively associated with better muscle function in older persons.
Mech. Ageing Dev. 129, 522–527.

Manson, J.E., Tosteson, H., Ridker, P.M., Satterfield, S., Hebert, P., O’Connor, G.T., Bur-
ing, J., Hennekens, C.H., 1992. The primary prevention of myocardial infarction.
N. Engl. J. Med. 326, 1406–11406.

Masuo, K., Kawaguchi, H., Mikami, H., Ogihara, T., Tuck, M.L., 2003. Serum uric acid
and plasma norepinephrine concentrations predict subsequent weight gain and
blood pressure elevation. Hypertension 42, 474–480.

Mazzone, T., Chait, A., Plutzky, J., 2008. Cardiovascular disease risk in type 2 diabetes
mellitus: insights from mechanistic studies. Lancet 371, 1800–1809.

Muntner, P., Mann, D., Razzouk, L., Klarenbach, S., Manns, B., Tonelli, M., Fark-
ouh, M.E., 2009. Is measuring C-reactive protein useful for guiding treatment
in women ≥60 years and men ≥50 years of age. Am. J. Cardiol. 104, 354–
358.

Nag-Chaudhuri, A.K., Karmakar, S., Roy, D., Pal, S., Pal, M., Sen, T., 2005. Antiin-
flammatory activity of Indian black tea (Sikkim variety). Pharmacol. Res. 51,
169–175.

Nakanishi, N., Okamoto, M., Yoshida, H., Matsuo, Y., Suzuki, K., Tatara, K., 2003. Serum
uric acid and risk for development of hypertension and impaired fasting glu-
cose or Type II diabetes in Japanese male office workers. Eur. J. Epidemiol. 18,
523–530.

Nan, H., Qiao, Q., Soderberg, S., Pitkaniemi, J., Zimmet, P., Shaw, J., Alberti, G., Uusitalo,
U., Pauvaday, V., Chitson, P., Tuomilehto, J., 2008. Serum uric acid and incident
diabetes in Mauritian Indian and Creole populations. Diabetes Res. Clin. Pract.
80, 321–327.

Navarro-Perán, E., Cabezas-Herrera, J., Sánchez-del-Campo, L., García-Cánovas, F.,
Rodríguez-López, J.N., 2008. The anti-inflammatory and anti-cancer properties
of epigallocatechin-3-gallate are mediated by folate cycle disruption, adenosine
release and NF-�B suppression. Inflamm. Res. 57, 472–478.

Pasterkamp, G., Schoneveld, A.H., van der Wal, A.C., Hijnen, D.J., van Wolveren, W.J.,
Plomp, S., Teepen, H.L., Borst, C., 1999. Inflammation of the atherosclerotic cap
and shoulder of the plaque is a common and locally observed feature in unrup-
tured plaques of femoral and coronary arteries. Arterioscler. Thromb. Vasc. Biol.
19, 54–58.

Patetsios, P., Rodino, W., Wisselink, W., Bryan, D., Kirwin, J.D., Panatta, T.F., 1996.
Identification of uric acid in aortic aneurysms and atherosclerotic artery. Ann.
N.Y. Acad. Sci. 800, 243–245.

Ridker, P.M., Hennekens, C.H., Buring, J.E., Rifai, N., 2000. C-reactive protein and other
markers of inflammation in the prediction of cardiovascular disease in women.
N. Engl. J. Med. 342, 836–843.

Ridker, P.M., 2003. High-sensitivity C-reactive protein and cardiovascular risk: ratio-
nale for screening and primary prevention. Am. J. Cardiol. 92, 17–22.

Ross, R., 1999. Atherosclerosis—an inflammatory disease. N. Engl. J. Med. 340,
115–126.

Rouanet, J.M., Décordé, K., Del Rio, D., Auger, C., Borges, G., Cristol, J.-P., Lean,
M.E.J., Crozier, A., 2010. Berry juices, teas, antioxidants and the prevention of
atherosclerosis in hamsters. Food Chem. 118, 266–271.

Roy, D.K., Kumar, K.T.M.S., Karmakar, S., Pal, S., Samanta, S.K., Adhikari, D., Sen, T.,
2008. Pharmacological studies on Indian black tea (leaf variety) in acute and
chronic inflammatory conditions. Phytother. Res. 22, 814–819.

Rufail, M.L., Ramage, S.C., van Antwerpen, R., 2006. C-reactive protein inhibits in
vitro oxidation of low-density lipoprotein. FEBS Lett. 580, 5155–5160.

Ruggiero, C., Cherubini, A., Miller, E., Maggio, M., Najjar, S.S., Lauretani, F., Bandinelli,
S., Senin, U., Ferrucci, L., 2007. Usefulness of uric acid to predict changes in C-
reactive protein and interleukin-6 in 3-year period in Italians aged 21 to 98
years. Am. J. Cardiol. 100, 115–121.

Ruggiero, C., Cherubini, A., Ble, A., Bos, A.J., Maggio, M., Dixit, V.D., Lauretani, F.,
c acid and C-reactive protein levels in humans susceptible to cardio-

Bandinelli, S., Senin, U., Ferrucci, L., 2006. Uric acid and inflammatory markers.
Eur. Heart J. 27, 1174–1181.

Sharangi, A.B., 2009. Medicinal and therapeutic potentialities of tea (Camellia sinensis
L.)—a review. Food Res. Int. 42, 529–535.

Shimada, K., Kawarabayashi, T., Tanaka, A., Fukuda, D., Nakamura, Y., Yoshiyama,
M., Takeuchi, K., Sawaki, T., Hosoda, K., Yoshikawa, J., 2004. Oolong tea increases

dx.doi.org/10.1016/j.tox.2009.11.024


 ING

T

icolog

S

S

S

S

T

T

T

ARTICLEModel

OX-50483; No. of Pages 7

T. Bahorun et al. / Tox

plasma adiponectin levels and low-density lipoprotein particle size in patients
with coronary artery disease. Diabetes Res. Clin. Pract. 65, 227–234.

tangl, V., Lorenz, M., Stangl, K., 2006. The role of tea and tea flavonoids in cardio-
vascular health. Mol. Nutr. Food Res. 50, 218–228.

teptoe, A., Gibson, E.L., Vounonvirta, R., Williams, E.D., Hamer, M., Rycroft, J.A.,
Erusalimsky, J.D., Wardle, J., 2007. The effects of tea on psychophysiological
stress responsivity and post-stress recovery: a randomised double-blind trial.
Psychopharmacology (Berl.) 190, 81–89.

trazzullo, P., Puig, J.G., 2007. Uric acid and oxidative stress: relative impact on
cardiovascular risk. Nutr. Metab. Cardiovasc. Dis. 17, 409–414.

turm, G., Kollerits, B., Neyer, U., Ritz, E., Florian Kronenberg and for the MMKD
Study Group, 2008. Uric acid as a risk factor for progression of non-diabetic
chronic kidney disease? The Mild to Moderate Kidney Disease (MMKD) Study.
Exp. Gerontol. 43, 347–352.

inahones, F.J., Rubio, M.A., Garrido-Sanchez, L., Ruiz, C., Gordillo, E., Cabrerizo, L.,
Cardona, F., 2008. Green tea reduces LDL oxidizability and improves vascular
function. J. Am. Coll. Nutr. 27, 209–213.

orzewski, J., Torzewski, M., Bowyer, D.E., Frohlich, M., Koenig, W., Waltenberger, J.,
Fitzsimmons, C., Hombach, V., 1998. C-reactive protein frequently colocalizes
with the terminal complement complex in the intima of early atheroscle-
Please cite this article in press as: Bahorun, T., et al., Black tea reduces uri
vascular diseases. Toxicology (2009), doi:10.1016/j.tox.2009.11.024

rotic lesions of human coronary arteries. Arterioscler. Thromb. Vasc. Biol. 18,
1386–1392.

orzewski, M., Rist, C., Mortensen, R.F., Zwaka, T.P., Bienek, M., Waltenberger, J.,
Koenig, W., Gerd, S., Hombach, V., Torzewski, J., 2000. C-Reactive protein in
the arterial intima. Role of C-reactive protein receptor-dependent monocyte
recruitment in atherogenesis. Arterioscler. Thromb. Vasc. Biol. 20, 2094–2099.
 PRESS
y xxx (2009) xxx–xxx 7

USDA Food Composition database, 2006. http://www.nal.usda.gov/fnic/foodcomp.
Varilek, G.W., Yang, F., Lee, Y.E., William, J.S., Zhong, Z.O., Westberry, F.K., McClain,

C.J., 2001. Green tea polyphenol extracts attenuates inflammation in interleukin-
2-deficient mice, a model of autoimmunity. J. Nutr. 131, 2034–2039.

Venugopal, S.K., Devaraj, S., Jialal, I., 2005. Macrophage conditioned medium induces
the expression of C-reactive protein in human aortic endothelial cells: potential
for paracrine/autocrine effects. Am. J. Pathol. 166, 1265–1271.

Waring, W.S., Conver, A., Mishra, Y.V., Shenkin, A., Webband, D.J., Maxwell, S.R.J.,
2003. Uric acid reduces exercise-induced oxidative stress in healthy adults. Clin.
Sci. 105, 425–430.

Wheeler, D.S., Catravas, J.D., Odoms, K., Denenberg, A., Malhotra, V., Wong, H.R.,
2004. Epigallocatechin-3-gallate, a green tea-derived polyphenol, inhibits IL-
1�-dependent proinflammatory signal transduction in cultured respiratory
epithelial cells. J. Nutr. 134, 1039–1044.

Widlansky, M.E., Duffy, S.J., Hamburg, N.M., Gokce, N., Warden, B.A., Wiseman, S.,
Keaney Jr., J.F., Balz Frei, B., Vita, J.A., 2005. Effects of black tea consumption on
plasma catechins and markers of oxidative stress and inflammation in patients
with coronary artery disease. Free Radic. Biol. Med. 38, 499–506.

Yamada, H., Watanabe, H., 2007. Tea polyphenols in preventing cardiovascular dis-
eases. Cardiovasc. Res. 73, 439–440.
c acid and C-reactive protein levels in humans susceptible to cardio-

Yang, C.S., Lambert, J.D., Hou, Z., Ju, J., Lu, G., Hao, X., 2006. Molecular targets for the
cancer preventive activity of tea polyphenols. Mol. Carcinog. 45, 431–435.

Zitnanová, I., Korytár, P., Aruoma, O.I., Sustrová, M., Garaiová, I., Muchová, J., Kalnovi-
cová, T., Pueschel, S., Duraková, Z., 2004. Uric acid and allantoin levels in Down
syndrome: antioxidant and oxidative stress mechanisms? Clin. Chim. Acta 341,
139–146.

dx.doi.org/10.1016/j.tox.2009.11.024
http://www.nal.usda.gov/fnic/foodcomp

	Black tea reduces uric acid and C-reactive protein levels in humans susceptible to cardiovascular diseases
	Introduction
	Methods
	Subjects
	Study protocol
	Blood collection and preparation for sample analysis
	Analysis of biomarkers
	Survey of diet forms
	Statistical analysis

	Results
	Discussion
	Conflict of interest
	Acknowledgements
	References


