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Abstract

We have previously shown that green tea (GT) drinking combined with
vitamin E supplementation reduced plasma protein carbonyls and
increased erythrocytes catalase activity in exercising healthy elderly.
In the present study we set out to investigate the antioxidative effects of
GT drinking in an aging population. We performed an interventional,
crossover, controlled prospective trial with 35 healthy elderly subjects
(mean age 67.3 £ 4.8 years), supplemented with four daily placebo
maltodextrin “tea-bags” for 12 weeks, followed by four 1.5 g daily GT
bags for another 12 weeks. Data were obtained at baseline, at the end of
the placebo period, and at the end of the GT intervention period. We found
that GT did not alter erythrocyte catalase activity. However, it provided
protection against 2,2'-azobis (2-amidinopropane) dihydrochloride
(AAPH)-induced oxidative hemolysis which declined by 102 %
(p < 0.001). No changes were observed in saliva oral peroxidase
enzymes. Nonetheless, saliva total antioxidant capacity increased by
42.0 % (p < 0.01). Plasma oxidative products, such as protein carbonyls,
lipid peroxides and thiobarbituric acid reactive substances (TBARS) were
stable throughout the intervention period. We conclude that four daily
cups of GT are well tolerated in elderly free living subjects. Our results
demonstrate that both erythrocyte resistances to oxidation and saliva
antioxidant capacity are improved by GT drinking. The clinical
implications of these oxidation modifications require further research.
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1 Introduction

Population aging is a global phenomenon. The
elderly population has substantially increased
over the past 50 years. For instance, in Israel,
the elderly population percentage has more than
doubled (Mashavh 2012). In some countries,
the increase rate is even higher. Japan’s aging
rate shows more than a fourfold increase in the
elderly population (Arai et al. 2012). High inci-
dence of diseases may hamper the elderly life
quality. Therefore, strategies for diseases preven-
tion by health promotion in the older population
are required.

Oxidative stress (OS) is suggested to be
involved in the pathogenesis of various age
related disorders, for instance, cancer, diabetes
mellitus, neurodegeneration, atherosclerosis and
cardiovascular diseases (Lagouge and Larsson
2013). The OS hypothesis suggests that reactive
oxygen species (ROS) lead to molecular oxida-
tive damage and senescence associated losses
in physiological functions. According to this
theory, attenuation of oxidative damage/stress
is crucial for delaying the rate of aging
(Sohal et al. 2002). Accumulated reactive oxygen
species (ROS), on top of inadequate antioxidants
function, lead to further OS and oxidative
damage to macromolecules and progressive
decline in cell functions (Salmon et al. 2010).
Hence, much interest has arisen in the role of
antioxidants, especially natural food derived
antioxidants for maintenance of human health
and disease prevention (Niki 2010). Thus,
humans can achieve elevated antioxidant poten-
tial and alleviate ROS related diseases with
increased dietary intake of antioxidant
compounds (Jowko et al. 2011).

Tea (Camellia sinensis) is a caloric free
beverage and constitutes an important source of
antioxidants, including carotenoids, tocopherols
and vitamin C, as well as polyphenols called
catechins. Tea catechins antioxidant properties
have been extensively investigated in vitro;
the main four catechins include epigallocatechin
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3 gallate (EGCG), epigallocatechin (EGC),
epicatechin 3 gallate (ECG) and epicatechin
(EC). Tea catechins reduce oxidation directly
and indirectly by chelating prooxidant metals,
separation of oxidative enzymes, and induction
of antioxidant enzymes. The health potentials
of tea, and particularly of green tea (GT) are
progressively acknowledged in the western
world due to the accumulation of evidence
demonstrating favorable health effects in various
body compartments, including the oral cavity,
heart and vessels, skin, and adipose tissue
(Narotzki et al. 2012a; Erba et al. 2005).

We have previously shown that GT drinking
combined with vitamin E supplementation
reduced plasma protein carbonyls, elevated
erythrocytes catalase activity, and tended to
increase the activity of the antioxidant oral
peroxidases (OPO) in exercising healthy elderly
(Narotzki et al. 2013b). Moreover, we have
demonstrated that GT addition to saliva or
mouth rinsing resulted in a sharp rise in the
activity of OPO (Narotzki et al. 2013a). There-
fore, the purpose of this study was to evaluate the
effects of a long term (12 weeks) GT drinking
on plasma, erythrocytes, and saliva oxidative
stress biomarkers and on antioxidant capacity
in healthy aged men and women. We hypo-
thesize that GT drinking would improve
antioxidative mechanisms. To examine this
hypothesis, plasma oxidation biomarkers such
as protein carbonyls, peroxides, thiobarbituric
acid reactive substances (TBARS), erythrocyte
antioxidant (catalase activity), and resistance to
oxidative hemolysis and saliva antioxidants
[OPO activity, total antioxidant capacity (TAC)]
were investigated.

2 Methods

This study was approved by the institutional
Helsinki committee at Rambam Health Care
Campus, Haifa, Israel. All subjects provided a
written informed consent.
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2.1 Green Tea/Placebo Analysis
Subjects received 1.5 g GT bags (provided
by Wissotzky Tea Company-Tel Aviv, Israel)
and 1.1 g placebo (PB) “tea bags” containing
maltodextrin (custom made by Wissotzky Tea
Company). Analyses of the GT and PB contents
were conducted for total phenols and TAC. The
beverages were prepared by brewing PB (5 min)
or GT bags (1, 3, 5, 7, or 10 min), in 240 mL of
boiling water without stirring. Total phenols con-
tent of the drinks was determined by the colori-
metric method of Folin-Ciocalteau, according to
the modified methodology (Singleton and Rossi
1965). Briefly, 150 pL of GT/placebo drink was
added to 500 pL of ethanol (100 %), 2,500 pL of
DDW, and 250 pL of Folin-Ciocalteau reagent
(50 %). After 5 min, 500 pL of 5 % sodium
bicarbonate was added. The mixture was left for
1 h at room temperature and absorbance of the
colored product was measured at 765 nm. Gallic
acid in ethanol served as standard solution, and
the results for total phenols were expressed as
pL/mL of gallic acid equivalents.

Tea and placebo hydrophilic and lipophilic
antioxidant capacity was measured by TAC kit
(ScienCell Research Laboratories, CA, USA)
and expressed as mM of Trolox equivalents.

2.2 Subjects

Thirty-five healthy men and women (13 men
and 22 women), aged 60-76 years participated
in this study. Baseline body mass index (BMI)
was 22.4-34.6 kg/m>. Table 1 displays baseline
characteristics. Recruitment took place at

Table 1 Baseline characteristics of subjects
67 + 4.6

28.6 £ 3.0
136 £+ 23/84 £ 15

Age, year

BMI, kg/m?

Blood pressure
systolic/diastolic (mmHg)
97.1 £ 14.0
0.8 £0.2

Fasting glucose (mg/dL)
Creatinine (mg/dL)

Data are means + SD
BMI body mass index

Kibbutz Beit HaShita community family clinic
in northern Israel. Kibbutz is an Israeli collective
settlement; its communities are known for a
high level of health, wellbeing, and longevity
(Narotzki et al. 2012b). Exclusion criteria
included any active disease state or unstable
chronic disease (diabetes, vascular, or renal).

23 Experimental Design

The study was a prospective, crossover trial, in
which every individual served as its own control.
The experimental design is displayed in Fig. 1.
All subjects underwent a 4 weeks washout
period, during which they were briefed to avoid
tea drinking and antioxidant supplements until
the end of the study. At the end of the washout
period, blood and saliva samples were collected
after 12 h of night fast. Subsequently, all subjects
received the maltodextrin containing PB “tea
bags”. The subjects were instructed to brew the
PB sachets for 5 min in 240 mL boiling water
without stirring and to drink 4 cups per day for
12 weeks period (PB period). After the PB
period, fasting samples were collected once
more and the subjects received the GT bags.
Preparation and drinking instructions were the
same as those for the PB drink. At the end of
the 12 weeks, GT drinking, fasting blood, and
saliva samples were drawn for the third time.
During the study, every 4 weeks the subjects
were given additional PB or GT bags. For compli-
ance purposes, leftover tea bags were counted and
actual consumption was assessed. Nutritional
consumption of macronutrients and antioxidants
was assessed using a food diary at the beginning,
middle, and end of the study. The mean intakes
were analyzed using Tzameret (version 2) dietary
analysis program (Department of Nutrition,
Ministry of Health, Jerusalem, Israel).

24 Blood Analysis

Blood was collected into disposable vials
containing EDTA and separated for plasma
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Fig. 1 Time plot of experimental design

and erythrocytes. Plasma was stored at —80 °C
for subsequent analyses of oxidized proteins
and lipids. Plasma protein carbonyls assay was
performed according to the Reznick and Packer
(1994) procedure and is presented in nmol
per mg of plasma proteins. Plasma lipid peroxi-
dation TBARS assays and plasma peroxides are
described elsewhere and expressed as nmol per
ml (Lavie et al. 2004). Oxidized lipid results was
also adjusted for total plasma lipids [total lipids
= 1.28(total  cholesterol + triglycerides) + 96
(mg/dL)] (Thuresson et al. 2005).

Erythrocytes were washed 3 times with
isotonic saline, kept for 6 days in 4 °C for
catalase assay and analyzed immediately for
2,2'-azo-bis (2-amidinopropane) dihydrochloride
(AAPH)-induced hemolysis test (HT). The test
was based on previously reported protocols
(Costa et al. 2009; Verma et al. 2006) and
modified as follows: 0.4 ml washed erythro-
cytes was added to 9.5 ml saline. Two ml of
diluted erythrocytes was added to DDW,
100 mM AAPH or saline to a final tube volume
of 4 ml. All tubes were incubated at 37 °C
for 2.5 h with intermittent shaking. After
centrifuging the incubated tubes at 4,000 rpm
for 10 min, absorbance was read spectrophoto-
metrically at 540 nm. The HT percentage was
calculated by dividing absorbance of AAPH-
induced hemolysis from DDW-induced hemoly-
sis. Saline tubes served as a negative control.
Catalase activity was determined in erythrocytes
hemolysates according to Aebi’s method (1984)
and expressed as mU per mg of hemoglobin
protein.

25 Saliva Analysis

Non-stimulated whole saliva was collected
between 7:00 and 8:00 a.m. to avoid circadian
variations and stored in 4 °C until the forma-
tion of solid sediment containing squamous
cells and cell debris. The supernatant was used
for the following assays. The activity of OPO
was measured according to the 5,5'-dithiobis,
2-nitrobenzoic acid thiocyanate (NBS-SCN)
assay as described previously (Narotzki et al.
2013a) and expressed as mU per mg of saliva
supernatant protein. Saliva was diluted 1:2 with
DDW and used for TAC analysis as described
above. Saliva TAC expressed as mM Trolox
equivalents per mg of saliva supernatant protein.

2.6 Statistical Analysis

Results are expressed as means = SD. SPSS
Statistics 17 (SPSS Software, Chicago, IL,
USA) was used for GT and placebo drinks total
phenols and TAC analysis (one way ANOVA
followed by post hoc Tukey’s test).

SAS software (version 9.2, SAS Institute
Inc, Cary, NC, USA) was used for The MIXED
model analyzes of the time changes. Time was
specified as categorical. The covariance structure
was unspecified and was estimated on the basis
of the data. In the comparisons of the means that
correspond to different time points, Tukey’s pro-
cedure was used to allow for the multiple
comparisons. All statistical tests were 2-tailed
with a significance level set at P < 0.05.
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3 Results

Total phenols content of PB bags brewing in
boiling water, was close to zero. GT phenols
content rose substantially from 1 to 5 min
brewing in boiling water, and marginally
increased from 5 to 10 min (Fig. 2). Similar GT
different brewing time trends were observed with
TAC analysis, while PB capacity was lower than
the TAC assay buffer (Fig. 3).

Compliance with PB and GT drinking was
94.0 +£ 59 % and 95.9 £+ 3.4 %, respectively.
According to the nutritional food diary, the
consumption of total calories, fat, carbohydrates,
dietary fibers, vitamin C, vitamin E, and
carotenes remained stable during the study.

Plasma, erythrocytes, and saliva oxidative
stress biomarkers as well as antioxidant capacity
are summarized in Table 2. Plasma oxidative
stress biomarkers: protein carbonyls, TBARS,
and peroxides remained unchanged by GT drink-
ing. However, peroxides concentrations slightly
increased after PB drinking (4.4 % increase at
Week 12, compared with baseline, p = 0.006).
Oxidized lipids, adjusted for the total plasma
lipid, did not make any difference compared
with crude data.

Erythrocytes catalase activity was not differ-
ent at any time point. Nonetheless, the extent of
AAPH-induced hemolysis was significantly
lower after GT drinking (10.2 % decline at
Week 24, compared with Week 12, p = 0.001),
but not after PB drinking. Saliva OPO activity
was not affected by either drink. However, saliva
TAC measurements revealed that GT, but not PB
drinking, increased its antioxidant capacity
(41.7 % increase at Week 24, compared with
Week 12, p = 0.0063). The effects of GT vs.
PB drinking in relation to baseline oxidative sta-
tus are illustrated in Fig. 4.

4 Discussion

The results of this study show that regular con-
sumption of four daily cups of GT for 12 weeks
may improve erythrocytes and saliva antioxidant
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Fig. 2 Brewing time effects on placebo (PB)/green tea
(GT) total phenols content. PB or GT bags were added
to 240 ml of boiling DDW for different brewing time
points (min). Changes in total phenols expressed as pg/
mL of gallic acid equivalents. "Difference from placebo,
p < 0.05; Sdifference from 1 min brewing, p < 0.05.
Data are means &= SD (n = 4)
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Fig. 3 Brewing time effects on placebo (PB)/green tea
(GT) total antioxidant capacity (TAC). PB or GT bags
were added to 240 ml of boiling DDW for different
brewing time points (min). Changes in TAC expressed
as mM of Trolox equivalents. “Difference from placebo,
p < 0.05, Sdifference from 1 min brewing, p < 0.05;
Adifference from 3 min brewing, p < 0.05. Data are
means = SD (n = 4)

capacities and contribute to the antioxidative
mechanisms in healthy elderly men and women.
On the basis of the obtained concentration curves
regarding the content of total phenols and the
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Table 2 Plasma, erythrocytes, and saliva oxidative stress biomarkers as well as antioxidant capacities

% change (Week 24

Baseline Week 12 Week 24 vs. Week 12)

Plasma

Protein carbonyls, nmol/mg ~ 0.65 £ 0.27 0.62 £ 0.20 0.66 = 0.17 +6.5
TBARS, nmol/mL 11.27 £ 1.53 11.51 £ 1.80 11.50 £ 1.87 —0.1
Peroxides, nmol/mL 487.43 £+ 41.38 508.83 + 42.81° 519.77 £+ 48.22 +2.2
Erythrocytes

Catalase activity, mU/mg 3295 £ 3.34 3142 £3.72 3299 £ 4.18 +5.0
HT, percentage 69.55 + 15.39 71.27 £ 9.89 64.01 4 12.48° —10.2
Saliva

OPO activity, mU/mg 347.51 £ 286.14 313.18 £ 299.85 328.20 £+ 189.44 +4.8
TAC, mM/mg 7.17 £ 5.53 9.08 & 4.04 12.87 + 5.13° +41.7

Data are least squares means = SD

TBARS Thiobarbituric acid reactive substance, HT erythrocytes AAPH-induced hemolysis test, OPO oral peroxidases,

TAC total antioxidant capacity

“Significant difference of Week 12 vs. Week 0 (placebo effect), p < 0.01
“Significant difference of Week 24 vs. Week 12 (green tea effect), p < 0.001

level of TAC, a protocol of 5 min’ brewing time
was selected.

In vitro antioxidant activity of GT’s catechins
and their bioavailability after tea drinking are
generally agreed upon; yet there are conflicting
results there regarding the in vivo antioxidant
activity (Ellinger et al. 2011; Erba et al. 2005).
Markers of protein oxidation are decreased after
GT consumption (Ellinger et al. 2011). In an
animal study of GT extract administration
(500 mg/kg) to the aged rats, the percentage of
cardiac, hepatic, and renal protein carbonyls was
reduced by 30-40 %, compared with the
age-matched control group (Wang 2013). In a
human study we have shown that GT drinking
combined with vitamin E supplementation
reduced plasma protein carbonyls in exercising
healthy elderly (Narotzki et al. 2013b). However,
in our current study the administration of GT
alone did not attenuate plasma protein carbonyls.
It is possible that a reduction of protein carbonyls
has occurred in tissues other than plasma, which
was not monitored. Secondly, the combination of
daily exercise with aging might have enhanced
oxidative stress in our previous protocol
(Narotzki et al. 2013b). We suggest that a lesser
extent of ROS production was expected in our
current study, in which the subjects were not
exposed to exercise-induced OS. Consequently,
GT administration alone was not advantageous,

compared with the combination of GT, exercise,
and vitamin E regarding the protection against
plasma protein carbonyl production.

Other studies which investigated GT have not
demonstrated any affects on lipid peroxidation.
Ellinger et al. (2011) suggested that regular GT
drinking may be effective when the
antioxidative/oxidative balance is impaired due
to harmful environmental exposure conditions
and non-healthy life style. Such interventional
studies, which failed to show GT effects on lipid
peroxidation, included only nonsmokers. In agree-
ment with this, our current study included non-
smoking elderly and, no GT effects on plasma
TBARS and peroxides were demonstrated.
Adjusting oxidative biomarkers to total plasma
lipids may provide additional information. Higher
plasma lipids concentrations can result in higher
lipid peroxides. Nonetheless, such adjustment did
not make any difference compared with the crude
data in our study (data not shown).

Erythrocytes can be used to study oxidative
defense systems at the cellular level. Animal
studies have shown that green tea was able to
increase the activity of catalase in different
tissues (Lin et al. 1998). GT and vitamin E sup-
plementation with exercise resulted in a 10 %
increase in erythrocytes catalase activity
(Narotzki et al. 2013b). However, this increase
was not followed in the current study.
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Fig. 4 Oxidation biomarkers and antioxidative
mechanisms. The change from baseline levels is
presented as Week 12 (Placebo (PB) effect) and Week
24 (green tea (GT) effect). Baseline levels are expressed
as 100 %. Full line represents antioxidants activity, bro-
ken line represents oxidation. (a) Plasma oxidation
biomarkers. The effects of PB/GT drinking on protein
carbonyls, thiobarbituric acid reactive substances
(TBARS) and peroxides; (b) Erythrocyte antioxidative
mechanisms. The effects of PB/GT drinking on catalase
activity and AAPH-induced hemolysis test (HT); (c)
Saliva antioxidative mechanisms. The effects of
PB/GT drinking on oral peroxidases (OPO) activity and
total antioxidant capacity (TAC)

By adding AAPH to the erythrocytes, an
initial lag time due to erythrocyte endogenous
antioxidants, such as glutathione, tocopherols,
and catalase is followed by hemolysis due
to peroxyl radicals. Polyphenols are known

for their ability to reduce membrane lipid
peroxidation. They may interact with the mem-
brane bilayer; decrease its fluidity and the
diffusion of free radicals. Addition of GT and
GT extracts to human and rat erythrocytes
ex vivo, before performing oxidant induced HT,
decreased the extent of hemolysis (Costa
et al. 2009; Zhang et al. 1997). Moreover, jas-
mine GT, given 20 min before blood collection
in rats, resulted in hemolysis amelioration
(Zhang et al. 1997). Our results demonstrate
that regular GT consumption can considerably
enhance erythrocytes resistance to oxidative
hemolysis. GT affected HT results 12 h after
drinking the last GT, which may suggest an
interaction of GT polyphenols with erythrocyte
membranes. However, this was not investigated
in the current study and verification of this
hypothesis requires further research.

The majority of studies that have followed
bolus ingestion of GT have demonstrated an
ex vivo increase in plasma antioxidant capacity
(assays include the ferric reducing ability of
plasma (FRAP) and total radical antioxidant
power (TRAP)) (Ellinger et al. 2011). However,
regular consumption was less conclusive. Unlike
plasma, information on saliva antioxidant
capacity is limited. We have observed a substan-
tial and significant increase in saliva TAC after
GT drinking, which occurred 12 h after last tea
drink. The effects of GT on saliva TAC were
described in another study on chemical labora-
tory workers. In that study, a single daily cup of
300 mL of GT for a month, was followed by an
elevation of TAC. Nonetheless, contrary to our
study, TAC was measured short time after GT
drinking (Tavakol et al. 2013).

Oral defense mechanisms against free radicals
are particularly dependent on the antioxidant
enzymes OPO (Narotzki et al. 2013b). The addi-
tion of black tea, EGCG, and particularly GT to
saliva or mouth rinsing resulted in an increase
in the activity of OPO (Narotzki et al. 2013a).
Nevertheless, no changes in OPO activity were
seen after drinking, despite the sharp elevation in
the saliva TAC in our current study. Our former
study suggested that GT catechins may be
responsible for the increase in OPO activity.
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Some of GT components may be present in
saliva, even after 12 h fast, as evidenced by
TAC modification. However, it is possible that
saliva concentration is too low for a change in
OPO activity. Since GT catechins undergo meth-
ylation, glucuronidation, and sulfation in the
human body (Feng 2006), it is also conceivable
that GT metabolites have different effects on
OPO activity.

Limitations of the study include the selection of
subject from a community with unique healthy life
style, not representative of similar age groups in
Israel. Increased study size would be favorable for
some of our marginal results. Quantification of
blood and saliva polyphenols would have shown
availability of GT catechins. Consumption of more
than 4 daily GT cups might have achieved stronger
biological effects. However, regarding Israeli GT
drinking habits, compliance is suspected to be low.
Advantages of this study include the crossover-
controlled experimental design with high compli-
ance. Administration of maltodextrin placebo “tea
bags” enabled a placebo controlled study.

In conclusion, drinking four daily cups for
12 weeks increased erythrocytes and saliva anti-
oxidative mechanisms in healthy elderly, as
demonstrated by a reduction in AAPH-induced
hemolysis and elevation in saliva TAC. Despite
our subjects’ age, they were generally healthy
with minimal oxidative stress exposure. Future
studies in this age-group should investigate GT
antioxidative effects in individuals prone to
oxidative damage such as smoking, diseases
states (diabetes), and exposure to environmental
pollution.
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