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B
„Green Tea Extract Ameliorates Learning and Memory Deficits in Ischemic Rats via Ist Active
Component Polyphenol Epigallocatechin-3-gallate by Modulation of Oxidative Stress and
Neuroinflammation“

A
Grüner-Tee-Extrakt verbessert Lern- und Gedächtnisschwächen bei ischämischen Ratten über
seine Wirkkomponente, das Polyphenol Epigallocatechin-3-Gallat, durch Modulation von oxidativem Stress und Neuroinflammation

J
„Το Εκχύλισμα Πράσινου Τσαγιού Βελτιώνει τις Ανεπάρκειες Εκμάθησης και Μνήμης σε Ισχαιμικά
Ποντίκια μέσω του κυρίαρχου Ενεργού Συστατικού Polyphenol Epigallocatechin-3-gallate
Τροποποιώντας το ξειδωτικό στρες και τη Νευροφλεγμονή“

I
L‘extrait de thé vert améliore la cognition et les déficits de mémoire chez les rats ischémiques
via un polyphénol premier composant actif, de l‘épigallocatéchine-3-gallate, en modulant le
stress oxydatif et la neuro-inflammation.

E
Extrakt ze zeleného čaje zlepšuje učení a paměť u ischemických potkanů pomocí aktivní složky
epigalokatechingalátu modulací oxidačního stresu a neuroinflamace.
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Ischemic stroke results in brain damage and behavioral deficits including memory impairment. Protective eﬀects of green
tea extract (GTex) and its major functional polyphenol (−)-epigallocatechin gallate (EGCG) on memory were examined in
cerebral ischemic rats. GTex and EGCG were administered 1 hr before middle cerebral artery ligation in rats. GTex, EGCG, and
pentoxifylline (PTX) significantly improved ishemic-induced memory impairment in a Morris water maze test. Malondialdehyde
(MDA) levels, glutathione (GSH), and superoxide dismutase (SOD) activity in the cerebral cortex and hippocampus were increased
by long-term treatment with GTex and EGCG. Both compounds were also associated with reduced cerebral infraction breakdown
of MDA and GSH in the hippocampus. In in vitro experiments, EGCG had anti-inflammatory eﬀects in BV-2 microglia cells.
EGCG inhibited lipopolysaccharide- (LPS-) induced nitric oxide production and reduced cyclooxygenase-2 and inducible nitric
oxide synthase expression in BV-2 cells. GTex and its active polyphenol EGCG improved learning and memory deficits in a cerebral
ischemia animal model and such protection may be due to the reduction of oxidative stress and neuroinflammation.

1. Introduction
Ischemic stroke results from a temporary or permanent
reduction of cerebral blood flow that leads to functional and
structural damage in diﬀerent brain regions. Cellular damage
occurs during ischemia [1, 2] and reperfusion [3, 4]. Deleterious eﬀects include ATP depletion, intracellular calcium
changes, loss of ion homeostasis, excitotoxicity, activation
of enzymes, arachidonic acid release, and mitochondrial
dysfunction [5, 6].
These changes are associated with increased production
of reactive oxygen species (ROS) which can cause severe

oxidative damage to brain tissue [7]. Superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and catalase
(CAT) are involved in the intracellular defense against ROS
[8]. ROS are usually scavenged by antioxidant enzymes, such
as SOD. SODs catalyze the production of O2 and H2 O2
from superoxide (O2 − ) followed by catalase and glutathioneperoxidase-catalyzed decomposition of hydrogen peroxide
into water [9]. Subsequently, reperfusion can trigger inflammation mediated by phospholipases, COX-2, and nitric oxide
synthases (NOSs) [5, 6].
Some brain regions, such as the striatum and hippocampus, are more vulnerable to ischemic damage [10]. CA1
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hippocampal pyramidal neurons exhibit cell death several
days after ischemic injury [11]. Spatial memory in rats
and humans is largely dependent on the hippocampus [12]
and hippocampal neuronal damage induced by ischemia is
associated with spatial memory impairment. Microglia is
widely distributed throughout large nonoverlapping regions
of the central nervous system [13, 14]. Microglia is sensitive
to even small pathological changes and is traveling within the
brain [15, 16] and will be stimulated to proliferate when the
brain or tissues are damaged. They are constantly cleaning
damaging neurons, plaques, and infectious pathogens, to
stop potentially fatal injuries [17]. Over the past decade,
they are considered as a modulator of neurotransmission,
although the mechanisms are not yet fully understood [18,
19]. Murine BV-2 microglia cells were consciously used to
study the bioactivities of neuroprotection, synthases, and
cytokine of microglia cells [20–22].
Green tea was neuroprotective in ischemia-reperfusion
brain injury in rats and gerbils [23–25]. The main catechins
in green tea are (−)-epicatechin; (−)-epicatechin gallate
(ECG); (−)-epigallocatechin (EGC); (−)-epigallocatechin
gallate (EGCG). EGCG is the most active polyphenol in
green tea [26]. EGCG has antioxidative [27], anticancer [28],
and anti-inflammatory eﬀects [29, 30]. Many studies have
reported that EGCG had neuroprotective eﬀects in animal
models of cerebral ischemia [31–34] which may be attributed
to its antioxidant and free radical scavenging actions. There
have been few studies reporting on the eﬀects of green tea and
its main component, EGCG on memory in an animal model
of cerebral ischemia. Therefore, we determined if green tea
extract and EGCG would reduce memory impairment in a
rat model of cerebral ischemia. Eﬀects of green tea extract
and EGCG on neuroinflammation in LPS-induced BV-2
microglia cells were also examined.

2. Materials and Methods
2.1. Preparation of Green Tea Extracts. Green tea (Camellia
sinensis (L.) O. Kuntze) was provided by Mr. Tsung-Chih
Wu of the Kuo-Ming Tea Factory, Nantou, Taiwan. Fresh
tea leaves (3000 g) were immersed in 10 L distilled water
and were extracted using 85◦ C water for 12 hr and repeated
twice. The extracts were filtered and freeze-dried. The yield
percentage of green tea extract (GTex) was 217 g and 7.23%
of the total.
2.2. Reagents and Chemicals. (−)-Epicatechin, (−)-epicatechin gallate (ECG), (−)-epigallocatechin (EGC), (−)-epigallocatechin gallate (EGCG), caﬀeine, tert-butylhydroquinone(BHQ), acetic acid, pentoxifylline (PTX), N-methyl2-phenylindole (NMPI), tetramethoxy propane (TMP),
lipopolysaccharide (LPS), and Griess reagent were purchased from Sigma-Aldrich (St. Louis, MO, USA). Zoletil
was purchased from Virbac Laboratories (Carros, France).
BCA Protein assay kit was purchased from Thermo Fisher
Scientific (Lafayette, CO, USA). MDA-586 assay Kit and
Glutathione (GSH) assay kit were purchased from Cayman
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Chemical (Ann Arbor, MI, USA). Anti-iNOS antibody (rabbit polyclonal to iNOS, sc-651) and anti-COX-2 antibody
(rabbit polyclonal to COX-2, sc-7951) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA).
2.3. Determination of Polyphenol Compounds by HPLC. The
quantification of polyphenol compounds was using a HPLC
procedure following the previous report [35]. GTex was
dissolved in methanol and then filtered with a 0.22 μm membrane filter (Millipore, MA, USA). Stock solutions of the
standards were prepared in methanol to final concentrations
of 1 mg/mL. All standard and sample solutions were injected
into 20 μL in triplicate. The Shimadzu VP series HPLC
system and Shimadzu Class-VP chromatography data system
were used. All chromatographic operations were carried out
at 25◦ C. The chromatographic peaks of polyphenol compounds were confirmed by comparing their retention times
and UV spectra. A LiChrospher RP-18e (250 × 4 mm, 5 μm)
column (Merck KGaA, Darmstadt, Germany) was used.
Chromatographic separations of polyphenol compounds,
including (−)-epicatechin, (−)-ECG, (−)-EGC, (−)-EGCG,
and caﬀeine, were carried out using a two-solvent system:
solvent A 100% methanol and solvent B 0.2% acetic acid at
pH = 3.23. The analyses were performed using a gradient
program. The conditions were as follows: initial condition of
90% solvent B, 0–5 min changed to 80% solvent B, 5–30 min
unchanged, 30–50 min changed to 50% solvent B, 50–55 min
changed to 40% solvent B, and 55–60 min unchanged.
Signals were detected at 280 nm. tert-butylhydroquinone
(BHQ, 25 μg/mL) was used as an internal standard. Quantification was carried out using standard calibration curves.
The concentrations used for the calibration of reference
polyphenol compounds were between 10 and 150 μg/mL.
2.4. Animals and Drug Administration. Male Sprague–
Dawley (SD) rats, 8-9 wks of age, weighing 250–300 g, were
purchased from BioLASCO Taiwan Co., Ltd. Rats were
fed normal rat chow and housed in standard cages at a
constant room temperature of 22 ± 1◦ C, with humidity
55 ± 5% and a 12 hr inverted light-dark cycle for at
least 1 week before the experiment. The experimental
protocol was approved by the Institutional Animal Care
and Use Committee (IACUC), China Medical University,
protocol 100–220-C. The minimum number of animals and
duration of observations required to obtain reliable data
were used. For infarct size evaluation studies, the animals
were divided into seven groups of six animals each: the
ischemia/reperfusion induction group (I/R; as a control
group), treatment with GTex (30, 100, and 300 mg/kg)
groups, and EGCG (10 mg/kg) group. GTex and EGCG were
dissolved in distilled water and administered orally 1 hr
before cerebral artery ligation.
For behavioral studies, the animals were divided into
seven groups of six animals each: the sham operation
group (sham; as a normal group), the ischemia/reperfusion
induction group (I/R; as a control group), treatment with
GTex (30, 100, and 300 mg/kg) groups, EGCG (10 mg/kg)
group, and PTX (100 mg/kg) group. Drugs were dissolved in
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distilled water and administered orally 1 hr before ischemia
occlusion and once daily during the duration of the experiment. Four days after ischemia/reperfusion surgery, the rats
were given behavioral training in a Morris water maze. The
schedule for drug treatment, surgery, and behavioral testing
is shown in Figure 1.

3
Drugs treatment at
1 h before MCAo
Drugs treatment once daily
Day 0 90 min Day 1
MCAO Reperfusion

2.5. Transient Focal Cerebral Ischemia-Reperfusion Model.
Focal ischemia was induced by occlusion of the right
middle cerebral artery (MCA) and both common carotid
arteries (CCAs) as previously described [36]. Briefly, all
rats were fasted overnight with free access to water and
then anesthetized with zoletil (25 mg/kg, i.p.) and the skull
exposed and a small burr hole was made over the MCA. A
10–0 nylon monofilament (Davis & Geck, Wayne, NJ, USA)
was placed underneath the right MCA rostral to the rhinal
fissure, proximal to the major bifurcation of the right MCA,
and distal to the lenticulostriate arteries. The artery then
was lifted, and the wire rotated clockwise. Both CCAs were
then occluded using a microvascular clip (FE691; Aesculap,
Tuttlingen, Germany). Reperfusion was established after 90
minutes of occlusion by first removing the microvascular
clips from the CCA, then rotating the wire counterclockwise,
and removing it from beneath the MCA.
2.6. Infarct Volume Measurement. The rats were deeply anesthetized by intraperitoneal dose of 50 mg/kg of zoletil; intracardiac perfusion with 200 mL of freezing PBS was performed
before animals were decapitated. The brain was removed and
sliced in 2 mm sections using a rodent brain matrix slicer
(RBM-4000C; ASI Instruments, Warren, MI, USA). The
sections were stained with 2% 2,3,5-triphenyltetrazolium
chloride (TTC) for 10 min at room temperature and fixed
in 10% formalin. The image of each section was digitized
and the infarct volumes were determined morphometrically
using Image-Pro Plus 6.0 (Media Cybernetics, MD, USA).
2.7. Morris Water Maze Test. Behavioral testing was performed in water maze. The apparatus consisted of a round
water tank with a transparent platform stand inside. The
transparent platform was submerged 1 cm below the water
level and located in a constant position in the middle of one
quadrant, equidistant from the center and edge of the pool.
For each training session, the rats were put into the water at
one of four starting positions, the sequence of the positions
being selected randomly. In each training session, the latency
to escape onto the hidden platform was recorded with a
camera fixed on the ceiling of the room and images stored
in a computer. In the hidden-platform test, the rats were
given four trials per day [37, 38]. Training was conducted
for 3 consecutive days (Morris Water Maze spatial memory
test on treatment day 4–6). During each trial, the rats were
released from four pseudorandomly assigned starting points
and allowed to swim for 120 s. After mounting the platform,
the rat was allowed to remain on the platform for 30 s. The rat
was then placed in the home cage until the start of the next
trial. The rat would be guided to the platform and would be
allowed to rest on the platform for 30 s, if the rat was unable

Day 4

Rats were
sacrificed

Day 5

Day 6 Day 7

SMT

RMT

MWM

Figure 1: Schedule of drug treatment and experiment orders. Green
tea extract (GTex), EGCG, and PTX were administrated orally 1 h
before the surgery. The oral administration to rat continued once
daily for 7 days and 1 h prior to training or testing. Four to seven
days after surgery, the spatial memory test (SMT) of the Morris
water maze (MWM) was performed 4 trials a day for 3 consecutive
days, followed 24 h later (day 7) by the reference memory test
(RMT). Rats were sacrificed immediately after the behavioral test.

to find the platform within 120 s. In the probe trial, the
hidden platform was removed, and the animal was allowed
to float freely for 60 s. The parameters measured during the
probe trial were the time spent in the quadrant of the target
platform (Morris Water Maze reference memory study on
treatment day 7).
2.8. Biochemical Assays
2.8.1. Biochemical Examinations. At the end of the behavioral test, rats were sacrificed using zoletil (50 mg/kg, i.p.)
for biochemical studies. Brains were quickly removed and
the cerebral cortex and hippocampus were separated on ice.
To prepare a homogenate, brain tissue was mixed with 0.1 M
phosphate buﬀer saline (PBS, pH = 7.4) and centrifuged at a
10,000(g) at 4◦ C for 15 min to remove cellular debris. The
supernatant was used for the estimation of the following
malonyldialdehyde (MDA) levels, SOD activity, and GSH
levels. Protein concentration of samples was determined by
BCA Protein assay kit with BSA used as a standard.
2.8.2. Measurement of Malonyldialdehyde (MDA) Level. Malonyldialdehyde (MDA) was determined spectrophotometrically using the N-methyl-2-phenylindole (NMPI) method of
Bergman [39]. Fifty μL sample or standard was added and
followed by 160 μL of 10 mM solution of NMPI. A similar
approach was used for the standard; TTMP (tetramethoxy
propane) was used at concentrations from 0.8 to 8 μM. The
plate was incubated for 48 min at 45◦ C. The chromophore
absorbs at 586 nm.
2.8.3. Measurement of Superoxide Dismutase (SOD) Activity.
Superoxide dismutase (SOD) activity was based on the
inhibitory eﬀect of SOD on the reduction of nitroblue
tetrazolium (NBT) by the superoxide anion generated by the
system xanthine/xanthine oxidase, measuring the absorption
at 560 nm [40].
2.8.4. Measurement of Glutathione (GSH) Level. Glutathione
(GSH) levels were determined spectrophotometrically using
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the DTNB-GSH reductase recycling method, measuring the
absorption at 405 nm [41].
2.9. Cell Culture
2.9.1. BV-2 Cell Culture. The murine microglial BV-2 cell
line was provided by Professor Jau-Shyong Hong from
the Neuropharmacology Section Lab of Pharmacology and
Chemistry, NIEHS/NIH, Bethesda, USA. The BV-2 cells were
maintained in DMEM supplemented with 10% FBS. One
hundred U/mL of penicillin and 100 μg/mL streptomycin
were added to DMEM, and the cells were kept at 37◦ C in a
humidified incubator under 5% CO2 and 95% air.
2.9.2. Nitrite Assay. Nitrite, the stable metabolite of NO, was
assayed as the production of NO in the culture medium, and
the accumulation of nitrite in the medium was determined
by colorimetric assay with Griess reagent. 1 × 104 BV-2 cells
were seeded in each well of 96-well plates and kept overnight.
Cells were then changed to phenol-red free DMEM. The
BV-2 cells were pretreated with EGCG for 1 hr and then
stimulated with 0.5 μg/mL LPS. After further 24 h of incubation, 100 μL of culture supernatant reacted with an equal
amount of Griess reagent (1% sulfanilamide in 5% H3 PO4
and 0.1% N-1-naphthylethylenediamide dihydrochloride) in
96-well culture plates for 10 min at room temperature in
the dark. Nitrite concentrations were determined by using
standard solutions of sodium nitrite prepared in cell-culture
medium. The absorbance at 550 nm was determined using
an ELISA reader [42]. Each experiment was performed in
triplicate.
2.9.3. Preparation of Cell Extracts. The test medium was
removed from culture dishes, and cells were washed with
ice-cold PBS. The cells were scraped, resuspended in lysis
buﬀer, then centrifuged at 12,000 (rpm) for 30 min at 4◦ C.
Protein concentrations of samples were determined by the
BCA Protein assay kit with BSA as a standard.
2.9.4. Western Blotting. Samples containing 70 μg of protein
were separated on 10% SDS-PAGE (sodium dodecyl sulfatepolyacrylamide gel electrophoresis) and transferred to PVDF
(polyvinylidene difluoride) membranes. The membranes
were incubated for 1 hr with 5% dry skim milk in TBST
buﬀer at room temperature to prevent nonspecific binding.
The membranes were then incubated with rabbit antiiNOS (1 : 1000) and rabbit anti-COX-2 (1 : 1000). Subsequently, the membranes were incubated with goat antirabbit alkaline-phosphatase-conjugated secondary antibody
(1 : 1000) for 1 hr at room temperature. Bands were visualized using the chromogenic substrate 5-bromo-4-chloro-3indolyl phosphate in the presence of nitroblue tetrazolium.
2.10. Statistical Analysis. All data were expressed as the mean
± standard error. Data were analyzed using either Student’s t-

test or one-way ANOVA followed by Dunnett’s test. P < 0.05
was considered significant.
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3. Results
3.1. Composition and Stability of Polyphenol Compounds
in GTex. Analysis of GTex by HPLC indicated that the
total green tea solids in the extract contained (−)-epigallocatechin gallate (3.21%), (−)-epigallocatechin (4.59%), (−)epicatechin gallate (1.06%), (−)-epicatechin (1.31%), and
caﬀeine (4.46%) as shown in Figure 2 and Table 1.
3.2. Eﬀects of GTex and EGCG on Cerebral Infarct Volume.
It can be seen in Figure 3 that visible boundaries were
clearly observable between normal brain tissue and untreated
cerebral infarct tissue. GTex treatment (100 and 300 mg/kg)
markedly reduced cerebral infarction at 24 hr after reperfusion as compared with the ischemia/reperfusion (I/R) group
(Figure 3(a)). The percent infarct size was 11.9 ± 0.54%
in the untreated group and 6.0 ± 0.76% and 4.3 ± 0.99%
in the 100 and 300 mg/kg GTex treatments, respectively
(Figure 3(b)). EGCG also significantly reduced infarct size (P
< 0.001) (Figure 3(b)) as compared with the I/R group but
no EGCG. The sizes of the cerebral infarction in the GTex
and EGCG groups were similar.
3.3. Eﬀects of GTex, EGCG, and PTX on Spatial Performance
Memory in Ischemic Rats. The sham group quickly learned
the location of the platform as demonstrated by a reduction
in escape latencies on days 1 and 2 and by reaching
stable latencies on day 3 (Figure 4). Furthermore, we found
the swimming pathway required to reach the submerged
platform was simplified in the sham group. By contrast, in
the I/R group, a typical swimming behavior consisted of
circling around the pool and the escape latencies in trials
1 and 2 remained essentially unchanged throughout the 3day testing period. GTex (100 and 300 mg/kg) treatment
significantly improved performance (i.e., reduced escape
latency) of ischemic/reperfusion rats on the escape latency
on day 2 (P < 0.01) and day 3 (P < 0.001) testing periods.
EGCG (10 mg/kg) and PTX (100 mg/kg) treatment reduced
the escape latency in the day 2 (P < 0.05) and day 3 (P <
0.001) testing periods.
3.4. Eﬀects of GTex, EGCG, and PTX on Time in the Target
Quadrant. It can be seen in Figure 5 that the time in the
target quadrant in the I/R group was significantly reduced
compared to that of the sham group (P < 0.05). GTex (100
and 300 mg/kg) significantly reduced ischemia/reperfusioninduced time in the target quadrant when administered
before the training trial (P < 0.05–0.01) as compared with
the I/R group. EGCG (10 mg/kg) had similar eﬀects as GTex
but PTX did not improve performance (Figure 5).
3.5. MDA Levels in Cortex and Hippocampus. MDA levels
in the cortex and hippocampus of the diﬀerent groups are
shown in Table 2. MDA levels were significantly increased in
the I/R group (P < 0.001) as compared with the sham group.
In contrast, MDA levels were decreased significantly after
treatment with GTex (300 mg/kg) (P < 0.001) and EGCG
(10 mg/kg) (P < 0.05–0.001, Table 1). GTex at lower dosage
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Figure 2: HPLC chromatograms of the GTex at 280 nm. Trace: (a) standard, (b) GTex. BHQ: tert-butylhydroquinone as an internal standard.
(EGCG: (−)-epigallocatechin gallate, ECG: (−)-epigallocatechin, EGC: (−)-epicatechin gallate).
GTex
I/R

30 mg/kg

100 mg/kg 300 mg/kg

EGCG
10 mg/kg

S1

S2

Infarction area (%)

12
S3

S4

9
∗∗∗

6

∗∗∗
∗∗∗

3

S5

0
S6

I/R

30

100
GTex (mg/kg)

(a)

300

10
EGCG (mg/kg)

(b)

Figure 3: Eﬀects of GTex and EGCG on cerebral infarction. (a) Eﬀect of GTex (30∼300 mg/kg, p.o.) groups and EGCG (10 mg/kg, p.o.) on
cerebral infarct area at 24 h after reperfusion. The pale area represents infarct tissue and the red area normal tissue. (b) Infarction area by
TTC staining (n = 6 in each group). I/R: ischemia/reperfusion control group. Each vertical bar represented mean ± S.E. ∗ P < 0.05, ∗∗∗ P <
0.001 compared to I/R group. Scale bar = 1 cm.

(30 and 100 mg/kg) and PTX (100 mg/kg) did not alter MDA
levels in the cortex and hippocampus of the rats as compared
with the I/R group with an exception that GTex 100 mg/kg
significantly reduced MDA levels in the hippocampus (P <
0.01).
3.6. SOD Activity in Cortex and Hippocampus. There were no
significant diﬀerences in SOD activity in brain tissue of I/R
and sham animals. However, SOD activity was significantly
decreased after treatment with GTex (300 mg/kg) and EGCG
(10 mg/kg) in the cortex (P < 0.05) and hippocampus (P <
0.01) when compared with the I/R group. The lower GTex

concentrations (30 and 100 mg/kg) and PTX (100 mg/kg) did
not significantly change SOD activity as compared with the
I/R group (Table 3).
3.7. GSH Levels in Cortex and Hippocampus. GSH levels
were significantly decreased in the cortex and hippocampus
(Table 4) of the I/R group (P <0.001). After treatment with
GTex (100 and 300 mg/kg) and EGCG (10 mg/kg), GSH
levels were significantly increased in the cortex (P < 0.01) and
hippocampus (P < 0.001). GTex at the lowest concentration
tested (30 mg/kg) and PTX (100 mg/kg) did not significantly
change GSH levels in the rat cortex and hippocampus.

6

Evidence-Based Complementary and Alternative Medicine
Table 1: Composition of GTex.

120
∗∗∗

Times (s)

90

60
###
###
###
###

30

0

1

2
Days

Sham
I/R
GTex-30 mg/kg
GTex-100 mg/kg

3
GTex-300 mg/kg
EGCG-10 mg/kg
PTX-100 mg/kg

Figure 4: Eﬀect of GTex (30∼300 mg/kg, p.o.), EGCG (10 mg/kg,
p.o.), and pentoxifylline (PTX, 100 mg/kg, p.o.), on the swimming
time took to reach the hidden platform of the Morris water maze
in the ischemia/reperfusion (I/R) rats. ∗∗ P < 0.01, ∗∗∗ P < 0.001
compared to the sham group. # P < 0.05, ## P < 0.01, ### P < 0.001
compared to I/R group (n = 6 in each group).

12

Component
Total polyphenols
Polyphenols
(−)-Epigallocatechin gallate
(−)-Epigallocatechin
(−)-Epicatechin gallate
(−)-Epicatechin
Caﬀeine

Sham
I/R
GTex (30 mg/kg)
GTex (100 mg/kg)
GTex (300 mg/kg)
EGCG (10 mg/kg)
PTX (100 mg/kg)

32.10 ± 0.44
45.96 ± 3.01
10.62 ± 0.57
13.11 ± 1.08
44.60 ± 0.29

3.21%
4.59%
1.06%
1.31%
4.46%

MDA levels (nmole/mg Protein)
Cortex
Hippocampus
0.73 ± 0.04
0.31 ± 0.03
1.03 ± 0.07∗∗∗
1.60 ± 0.19∗∗∗
1.23 ± 0.19
0.89 ± 0.09
0.54 ± 0.06##
1.16 ± 0.13
0.65 ± 0.08###
0.30 ± 0.03###
##
0.96 ± 0.09
0.56 ± 0.11#
1.24 ± 0.06
1.02 ± 0.06

∗∗∗ P

< 0.001 compared to the sham group, # P < 0.05, ## P < 0.01, ### P <
0.001 compared to I/R group (N = 6).

Table 3: Eﬀect of GTex (p.o.) and EGCG (p.o.) on SOD activities in
cortex and hippocampus of ischemia/reperfusion (I/R) rats.
##

8
Times (s)

% of GTex
10.18%

Table 2: Eﬀect of GTex (p.o.) and EGCG (p.o.) on MDA levels in
cortex and hippocampus of ischemia/reperfusion (I/R) rats.
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#
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EGCG (10 mg/kg)
PTX (100 mg/kg)

#
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∗
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Figure 5: Eﬀect of GTex (30∼300 mg/kg, p.o.), EGCG (10 mg/kg,
p.o.), and pentoxifylline (PTX, 100 mg/kg, p.o.), on the time spent
in the target quadrant in ischemia/reperfusion (I/R) rats. The
performance of each rat was tested 24 hours after the final training
day in a probe trial (60 sec) during which the platform was removed.
∗
P < 0.05 compared to the sham group. # P < 0.05, ## P < 0.01
compared to I/R group (n = 6 in each group).

3.8. Eﬀects of EGCG on LPS-Induced NO Production in BV2 Cells. BV-2 cells incubated with 0.5 μg/mL LPS displayed
a significant increase in nitrite production as compared
with sham controls (Figure 6). EGCG in a concentrationdependent manner significantly reduced LPS-induced nitrite
production (Figure 6). The IC50 for ECGC on inhibition of

#P

SOD activity (U/mg Protein)
Cortex
Hippocampus
1.05 ± 0.08
2.06 ± 0.12
2.02 ± 0.08
1.08 ± 0.06
2.04 ± 0.15
1.02 ± 0.15
1.90 ± 0.14
0.89 ± 0.10
1.48 ± 0.10##
0.69 ± 0.09#
#
0.72 ± 0.03
1.47 ± 0.08##
1.04 ± 0.1
2.19 ± 0.06

< 0.05, ## P < 0.01 compared to I/R group (N = 6).

LPS-induced nitrite production was 5.91 μM in BV-2 cells
(Figure 6).
3.9. Eﬀects of EGCG on Expression of COX-2 and iNOS in BV2 Cells. Changes in protein abundance of COX-2 and iNOS
induced by LPS were measured at by Western blot analysis.
Elevated COX-2 and iNOS protein production were detected
at 24 hr following LPS treatment. LPS-induced iNOS and
COX-2 expression were significantly suppressed by EGCG
pretreatment at concentrations of 10 and 25 μM but not at
a lower concentration of 2 μM (Figure 7).

4. Discussion
Cerebral ischemia causes cognitive deficits, including memory impairment [43, 44]. The Morris water maze is a
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Table 4: Eﬀect of GTex (p.o.) and EGCG (p.o.) on GSH levels in
cortex and hippocampus of ischemia/reperfusion (I/R) rats.

Sham
I/R
GTex (30 mg/kg)
GTex (100 mg/kg)
GTex (300 mg/kg)
EGCG (10 mg/kg)
PTX (100 mg/kg)

GSH levels (pmole/mg Protein)
Cortex
Hippocampus
20.29 ± 1.12
103.72 ± 5.73
63.71 ± 4.83∗∗∗
10.61 ± 1.22∗∗∗
13.78 ± 1.09
66.88 ± 7.17
##
96.43 ± 6.74###
17.80 ± 1.92
###
18.95 ± 0.88
104.73 ± 7.83###
##
17.80 ± 0.98
139.01 ± 8.26###
14.06 ± 1.43
76.09 ± 6.25

∗∗∗ P

< 0.001 compared to the sham group,
compared to I/R group (N = 6).

100
80
60
40
20
0

14
12

Nitrite (μM)

10
8

## P

< 0.01,

### P

< 0.001

y = 1.3491x + 42.027
R2 = 0.9881
0

5

∗∗∗

10

15

20

25

30

IC50 = 5.91 μM
∗∗∗

6
4

∗∗∗

2
0

Normal

—

2

10
EGCG (μM)

25

LPS (0.5 μg/mL)

Figure 6: Inhibitory eﬀect of EGCG on LPS-induced NO production in BV-2 cells incubated with LPS (0.5 μg/mL) in the presence or
absence of indicated concentration of EGCG. Accumulated nitrite
in the culture medium was determined by the Griess reaction. Each
vertical bars represented mean ± S.E. ∗∗∗ P < 0.001 compared to
LPS only group.

widely used test in behavioral neuroscience for studying the
neural mechanisms of spatial learning and memory. Cerebral
ischemia has been reported to produce deficits in memory
performance in the Morris water maze [37]. Our results
showed that cerebral ischemia induced impairment in both
spatial memory and reference memory in a Morris water
maze and is in agreement with previous studies [43, 44].
GTex (100 and 300 mg/kg) markedly improved deficits in
spatial memory induced by cerebral ischemia. In addition,
cerebral ischemia-induced reference memory deficits were
also blocked by treatment with GTex. We also found that
oral administration of EGCG for 7 days could reduce deficits
in spatial and reference memory in rats of the ischemic
group. EGCG is a major component of GTex and our
results suggest that improved memory observed in GTex rats
may be attributable to EGCG, although other GTex active
compounds cannot be ruled out. There are reports that
EGCG improved learning and memory in animal models
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of Alzheimer’s disease and diabetes [45, 46]. EGCG did not
reduce deficits in learning and memory deficits induced
by cerebral ischemia in another study report [47]. There
are several diﬀerences between the present study and the
earlier report. In the earlier study, a 4-VO (four-vessel
occlusion) model was used to restrict the cerebral circulation
for ten minutes, two times within 60 min. Also, 50 mg/kg
of EGCG was given intraperitoneally 30 min before the first
occlusion. We used a 3-VO (three-vessel occlusion) model
to induce ischemia/reperfusion damage and 10 mg/kg of
EGCG was orally administered once daily for 7 days. In the
current study, repeated administration of EGCG (10 mg/kg)
improved both spatial memory and reference memory in
a water-maze test. Results from the present experiments
indicated that EGCG improved learning and memory in an
animal model of ischemia rodents and required long-term
treatment.
The present study evaluated the neuroprotective eﬀects
of GTex and EGCG in an ischemic stroke animal model and
the anti-inflammatory eﬀects of EGCG in BV-2 cells. GTex
administered in vivo was eﬀective in reducing damage in
a stroke model. Treatment with GTex (100 and 300 mg/kg)
significantly reduced cerebral infraction at 90 min ischemic
occlusion and 24 hr reperfusion. The present studies showed
that green tea had a neuroprotective eﬀect in a transient focal
ischemia model in agreement with previous studies [23–25].
EGCG also had similar eﬀects and those results are consistent
with previous reports [31, 48].
It has been reported that oxygen free radical-induced
lipid peroxidation plays an important role in the neurological
damage occurring after cerebral ischemia [49]. We found
that 7 days following cerebral ischemia MDA levels were
significantly increased as compared with levels in shamoperated rats. Administration of GTex and EGCG reversed
the spike in MDA levels seen in the cerebral ischemic rats.
GTex and EGCG may act by scavenging oxygen free radicals.
Reactive oxygen species (ROS) are produced continuously
in vivo under aerobic conditions. GSH-Px, CAT, and SOD,
along with GSH and other nonenzymatic antioxidants act
in concert to protect brain cells against oxidative damage.
ROS are contributors to ischemic brain damage [49]. SOD
is involved in the regulation of antioxidant defenses by
catalyzing the dismutation of superoxide anion into H2 O2
and O2 . Candelario-Jalil et al. [50] showed that SOD activity
was increased at 24∼72 hr after cerebral ischemia then
returned to normal after 96 hr. We found that SOD activity
7 days after cerebral ischemia did not diﬀer from control
animals and this finding was similar with a previous study
[50]. In contrast, ischemic rats treated with GTex or EGCG
once daily for 7 days lowered SOD activity in comparison
with cerebral ischemic rats without treatment. Most studies
focused on the changes of oxidation markers 24 h after
ischemia [8, 51, 52]. The present study determined oxidation
marker activities 7 days after cerebral ischemia and found
that GTex and EGCG showed significant inhibition. The
protective eﬀects of GTex and EGCG are largely due to their
inhibition of some enzymes and antioxidative activities by
scavenging free radicals. However, EGCG could be converted
to an anthocyaninlike compound followed by cleavage of the
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Figure 7: Eﬀects of EGCG (2, 10, and 25 μM) on expression of COX-2 and iNOS in BV-2 cells treated with lipopolysaccharide (LPS,
0.5 μg/mL) for 24 h. Cultures were pretreated with EGCG for 1 h before the addition of LPS treatment. Bars represent the mean ± SE from
three independent experiments. Densitometry analyses are presented as the relative ratio of protein/β-actin protein and are represented as
percentages of the LPS only group. ∗∗∗ P < 0.001 compared to LPS only.

gallate moiety by oxidation. Active oxygen including superoxide (O2 − ) was produced by EGCG, which could decrease
SOD activity by peroxyl radicals formation of superoxide
during the inhibitory action [53]. That could be explaining
the cause decreased SOD activity in administration of GTex
and EGCG once daily for 7 days in the present study.
GSH is an endogenous antioxidant protecting cells
against damage produced by oxygen free radicals. There
was a significant decrease in GSH levels 7 days after
cerebral ischemia as compared with GSH levels in the shamoperated rats. Treatment with GTex and EGCG once daily
for 7 days increased GSH levels in ischemic rats, which
may be indicative of neuroprotection. The lower dose of
GTex 30 mg/kg was ineﬀective as there was an insignificant
diﬀerence between the GTex-treated and I/R (control) rats on
the MDA and GSH levels. This result was well correlated with
the smaller infarction volume and better functional recovery
for higher dose (100, 300 mg/kg) GTex-treated rats than for
lower dose (30 mg/kg) GTex-treated or I/R (control) rats.

PTX has been used to treat vascular dementia and
multiinfarct dementia in clinical medicine [54, 55] and
also proved to slow the progression of dementia [56]. In
the present study, PTX was used as a positive control
and ameliorated the spatial performance impairment, but
did not ameliorate reference memory deficit in cerebral
ischemia rats. PTX found to be no antioxidant and anti-lipid
peroxidation eﬀects in this study, which is consistent with a
previous study [57].
Brain inflammation occurs following ischemiareperfusion [58]. Previous studies showed that activation of
BV-2 cells during LPS stimulation could be used to survey
the neuroinflammatory eﬀects [59]. Excessive NO and
ROS production in the brain contribute to neuronal cell
injury processes [60]. Recent studies showed that inhibiting
LPS-induced NO production may be neuroprotective [61].
Microglia activation by LPS releases proinflammatory
factors, tumor necrosis factor-alpha (TNF-α), interleukin
1-beta (IL-1β), NO, and superoxide, thus leading to neuronal

Evidence-Based Complementary and Alternative Medicine
injury and death [62]. We investigated NO production and
iNOS protein expression in BV2 cells treated with EGCG and
found that EGCG inhibited LPS-induced NO production
and iNOS protein expression in BV-2 cells. Li et al. [30]
showed that EGCG inhibited NO production and iNOS
protein expression in primary microglia induced by LPS.
EGCG could potently inhibit NO and TNF-α generation
in microglia. Many inflammatory diseases are associated
with increased levels of COX-2, another inflammatory factor
[59]. In the present study, EGCG inhibited COX-2 protein
expression in BV-2 cells. Activated microglia are the primary
donor of free radicals and inflammatory factors.
In summary, GTex and EGCG reduced cerebral infarction and improved learning and memory deficits induced
by cerebral ischemia. These eﬀects may involve a reduction
in oxidative stress and neuroinflammation induced by
ischemia. GTex and EGCG may be eﬃcacious in treating
ischemia-induced learning and memory deficits.
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Tea is the second most consumed beverage in the world reported to have multiple health benefits.
Preventive and therapeutic benefits of tea polyphenols include enhanced general well being and
anti-neoplastic effects. The pharmacologic action of tea is often attributed to various catechins
present therein. Experiments conducted in cancer cell lines and animal models demonstrate that
tea polyphenols protect against cellular damage caused by oxidative stress and altered immunity.
Tea polyphenols modify various metabolic and signaling pathways in the regulation of
proliferation, apoptosis, angiogenesis, and metastasis and therefore restrict clonal expansion of
cancer cells. Tea polyphenols have been shown to reactivate tumor suppressors, block the
unlimited replicative potential of cancer cells, and physically bind to nucleic acids involved in
epigenetic alterations of gene regulation. Remarkable interest in green tea as a potential
chemopreventive agent has been generated since recent epigenetic data showed that tea
polyphenols have the potential to reverse epigenetic modifications which might otherwise be
carcinogenic. Like green tea, black tea may also possess chemopreventive and chemotherapeutic
potential; however, there is still not enough evidence available to make any conclusive statements.
Here we present a brief description of tea polyphenols and discuss the findings of various in vitro
and in vivo studies of the anticancer effects of tea polyphenols. Detailed discussion of various
studies related to epigenetic changes caused by tea polyphenols leading to prevention of
oncogenesis or cancer progression is included. Finally, we discuss on the scope and development
of tea polyphenols in cancer prevention and therapy.
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INTRODUCTION
Cancer is a complex biologic disorder resulting from integrated effects of environmental,
physical, metabolic, and genetic factors [1, 2]. Despite the progress made in scientific
research, additional studies are necessary to determine how to prevent cancer at early stages
and reduce morbidity and mortality [2–4]. The current treatment options available are
limited because they do not differentiate between cancer and normal cells and thus kill both
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causing adverse side effects and early termination of therapy ultimately impairing patient
outcome.
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The fundamental traits acquired by primary cells to transform into cancer cells require the
ability to evade apoptosis by inhibiting proapoptotic signaling and stimulating survival
factors pathways. Cancer cells attain self-sufficient growth through uncontrolled activation
of oncogenes and attain unlimited replicative potential through increased telomerase
activity. These changes render cancer cells unresponsive to antigrowth signals with the loss
of tumor suppressor gene activity. Over activation of invasion-related proteases in cancer
cells offer a distinct advantage in tissue invasion and metastasis. Cancer cells also acquire
the ability to sustain angiogenesis and build an extensive network of blood vessels to
maintain continuous supply of nutrients [1]. Hence, rational anticancer treatments would
disrupt these mechanisms and cause cancer cell death. The ideal chemopreventive agent
would be one which can inhibit these processes in neoplastic cells or reverse them and thus
inhibit the cell from converting to a malignant phenotype.
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In view of these concerns about the existing treatment modalities for cancer, researchers are
putting considerable efforts toward finding new therapeutic strategies which can protect
normal cells and efficiently kill cancer cells [2]. In the past two decades, nutraceuticals or
'natural' substances isolated from food, developed as medicines have attracted considerable
interest in the field of cancer. The major advantages of using nutraceuticals are that these
agents are part of the daily diet and can be consumed within a fairly broad concentration
range without significant side effects. Natural polyphenols are group of compounds which
are widely prevalent in fruits, beverages (such as tea), vegetables, and spices, and have been
reported to participate in a wide range of signaling and metabolic pathways that may lead
normal cells to neoplastic transformation if left unchecked.
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Tea a popular beverage consumed since ancient times which provides health benefits and
reduces the risk of several human diseases including cancer [2–5]. Next to water, it is most
widely consumed beverage with a per capita worldwide consumption of approximately 0.12
liters per day. It is produced from the leaves of Camellia sinensis. Based on the
manufacturing process used tea is available in four different forms such as green, black,
oolong, and white tea. The process of preparation of green tea prevents the oxidation of
green leaf polyphenols; in black tea most of these substances are oxidized; and in oolong tea
they are partially oxidized. White tea is made from newly growth buds and young leaves by
inactivating polyphenol oxidation through steaming and drying. Out of all tea produced only
20% is green tea and less than 2% is oolong tea. Green tea is consumed primarily in China
and Japan and most widely studied for its health benefits. The polyphenolic composition of
green tea includes catechins (30–42%), flavonols (5–10%), and other flavonoids such as
theogallin (2–3%), gallic acid (0.5%), quinic acid (2%), theanine (4–6%), and
methylxanthins (7–9%). The major catechins present in green tea are (−)-epigallocatechin-3gallate (EGCG), (−)-epicatechin-3-gallate, (−)-epigallocatechin, and (−)-epicatechin. EGCG
accounts for 50–65% of the total catechin content in green tea. The major polyphenols in
black tea are catechins (3–10%), flavanols (6–8%), methylxanthines (8–11%), theaflavins
(3–6%) and thearubigens (12–18%) [2].
Green tea polyphenols have gained increasing attention from researchers in the field of
cancer biology since it was discovered that polyphenols could affect cancer cell growth.
Initial evidence from epidemiologic studies suggest reduced risk of some cancers in a region
of the world where green tea was regularly consumed [2 and references therein]. Recent
review on clinical studies critically assessed association between green tea consumption and
the risk of cancer incidence and mortality. Reports indicate that 51 prospective controlled
interventional and observational studies of 1.6 million participants conducted assessed either
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the associations between green tea consumption and risk of cancer incidence or cancer
mortality. These results assessed associations between green tea and risk of digestive tract
cancer incidence which was inconclusive and conflicting. Although, there was limited
evidence that green tea could reduce the incidence of liver cancer, the evidence for
esophageal, gastric, colon, rectum, and pancreatic cancers were contradictory. Observational
studies and one randomized controlled trial on prostate cancer suggested a decrease risk in
men consuming higher quantities of green tea or green tea extracts. Moreover, there was
limited to moderate evidence that the consumption of green tea reduced the risk of lung
cancer, especially in men. There was also evidence that green tea consumption could
increase the risk of bladder cancer [3].

NIH-PA Author Manuscript

Studies on black tea polypheols and its extract have been conducted in rodent models using
chemical carcinogens or ultra-violet (UV) radiation. Limited studies which include studies
on skin, lungs, buccal pouch, liver, colon, esophagus, small intestine, prostate and mammary
gland cancers have been reported [6]. Results of these studies demonstrate that black tea
possesses chemopreventive and chemotherapeutic potentials. Studies with black tea
indicated that the mechanisms of chemopreventive actions are multi-factorial and include
effects on xenobiotic phase I, phase II and antioxidant enzymes, xenobiotic-induced DNA
damage, cellular kinases, transcription factors, and oncogenes. However, because of limited
available data on black tea and cancer this review will focus on studies conducted with green
tea polyphenols.

EFFECTS OF TEA POLYPHENOLS
Effect of tea polyphenols on the survival pathways in cancer cells
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The cell cycle is controlled by cyclic activation and inactivation of cyclin-dependent kinases
(CDKs) and their inhibitors. The cell monitors and regulates the cell cycle at checkpoints to
ensure that damaged or incomplete DNA is not passed on to daughter cells. The tumor
suppressor proteins p53 and retinoblastoma (Rb) play an important role in triggering the
control mechanisms at both G1/S and G2/M checkpoints. p53, the major regulator of cell
cycle checkpoints can cause cell arrest through induction of p21, therefore allowing time for
DNA repair before the cell progresses into the cell cycle. Overexpression of cyclins and
CDKs, and inactivation of tumor suppressor proteins p53 and Rb lead to cell cycle
deregulation, which is a hallmark of cancer [4]. Tea polyphenols have been demonstrated to
induce cell cycle arrest in several different cancer cell lines. In vitro studies demonstrated
that EGCG causes cell cycle arrest through modulation on the levels and activity of cyclins,
CDKs, CDK inhibitors, and tumor suppressors: p53 and Rb in human breast, prostate,
cervical, pancreatic, bladder, and head and neck cancer cells [7–8]. EGCG inhibits protein
synthesis, lipogenesis, and cell cycle progression through activation of AMPK and inhibition
of mammalian target of rapamycin (mTOR) in p53-positive and p53-negative human
hepatoma cells [9].
In response to DNA damage, p53 can initiate cell death via apoptosis if DNA damage is
irreparable. Tea polyphenols cause induction of apoptosis in many cancer cell lines such as
melanoma, leukemia, neuroblastoma, hepatocellular carcinoma and cancers of pancreas,
colon, prostate, lung, and breast [10]. EGCG causes apoptosis through induction of p53 and
by influencing the ratio of pro- to anti- apoptotic factors in favor of apoptosis [7,11].
Apoptosis induced by polyphenols in cancer cells is caspase 3-dependent, which is
concurrent with the ability of cancer cells to inhibit proteasome activity and accumulate the
proapoptotic protein, Bax [8,12]. Studies have shown that tea polyphenols have the ability to
stimulate H2O2 generation and induce apoptosis of lung cancer cells and H-ras-transformed
bronchial epithelial cells which can by prevented by introducing catalase [13]. In colon
cancer cells, EGCG induces apoptosis via inhibition of NAG-1 in p53-independent manner
Curr Pharm Biotechnol. Author manuscript; available in PMC 2012 February 9.
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[14]. However, another study showed that tea polyphenols can impart protective effects on
PC12 cells through inhibition of the 6-hydroxydopamine-induced cell apoptosis [15]. Tea
polyphenols including EGCG can induce cell cycle arrest and apoptosis in cells lacking
functional p53 by activating p73, a closely related p53 family member expressing p53 target
genes p21 and MDM2 [16]. Recent studies demonstrate that EGCG can sensitize tumor
necrosis factor–related apoptosis-inducing ligand (TRAIL)-mediated apoptosis in prostate,
malignant glioma, pancreatic, and hepatocellular carcinoma cells [7,8,17]. Upregulation of
proapoptotic BH3-only protein p53-upregulated modulator of apoptosis (PUMA) by tea
polyphenols cause both p53 dependent and independent apoptosis of colorectal cancer cells
[18]. Tissue factor pathway inhibitor-2 (TFPI-2) overexpression in renal cell carcinoma
[13]; or down-regulation of inhibitor of DNA binding 2, a dominant negative helix-loophelix protein in prostate cancer cells inhibits cell growth and induces apoptosis after EGCG
treatment [19]. In preclinical studies, infusion of green tea significantly reduced the
incidence of chemical-induced lung carcinoma or mouse skin carcinogenesis, upregulated
p53 and Bax expression, and dowregulated Bcl2 and survivin [20–21]. However, in a recent
study EGCG protected non-small cell lung carcinoma cells from apoptosis induced by serum
deprivation via Akt activation [22]. This effect may limit the clinical use of EGCG in
treating and preventing non-small cell lung carcinoma.
Effect of tea polyphenols on self-sufficiency growth signals in cancer cells
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The insulin-like growth factor/insulin growth factor-1 receptor (IGF/IGF-IR) system plays
important role in the development and growth of various malignancies and remains an
important target in cancer. EGCG inhibited IGF-IR levels and activity, increased expression
of TGF-beta2 and insulin growth factor binding protein-3 (IGFBP-3) and decreased levels of
matrix metalloproteinase’s (MMPs)-7 and MMP-9 mRNA in colon cancer cells [23]. EGCG
also caused apoptosis of malignant brain tumors and hepatocellular carcinoma cells through
inhibition of IGF-I [24,25]. Oral infusion of green tea polyphenol inhibited development and
progression of prostate cancer in a transgenic adenocarcinoma of the mouse prostate
(TRAMP), reduced IGF-I levels, decreased activation of Akt and ERK, and inhibited
vascular endothelial growth factor (VEGF); MMP-2 and MMP-9 levels in the dorso-lateral
prostate of these mice. IGF-I signaling was significantly inhibited only when intervention
was initiated at early stages of cancer development [7,23,25]. In a clinical study, twenty-six
men with positive prostate biopsies and scheduled for radical prostatectomy received
Polyphenon E supplementation until the time of surgery demonstrated a significant
reduction in serum levels of prostate-specific antigen (PSA), HGF, and VEGF [26].
Furthermore, inhibition of protein expression and activity of VEGF, MMP-2 and MMP-9
and elevation of TIMP1 expression was observed after administration of GTPs in the
drinking water of mice bearing UVB-induced skin tumors. [27].
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Tea polyphenols modulate the activity of membrane-associated receptor tyrosine kinases
which play important role in the control of many fundamental cellular processes.
Overexpression of the human epidermal growth factor receptor-2 (HER-2/neu) is associated
with poor prognosis in patients with breast cancer and head and neck squamous-cell
carcinoma. EGCG inhibits activation of these receptors and exerts anti-proliferative and
anti-angiogenic activities by inhibiting STAT3 and NF-κB activation. EGCG and
Polyphenon E have shown to cause a decrease in phosphorylation of epidermal growth
factor receptor (EGFR) and HER-2 proteins resulting in activation of Akt and extracellular
signal-regulated kinase (ERK) proteins, and transcriptional activity of AP-1 and NF-κB
promoters in HT29 human colon cancer cells. EGCG inhibited HER-3 signaling,
cyclooxygenase-2 (COX-2) transcription, and prostaglandin E2 (PGE-2) production in
human colon cancer cell lines [23]. EGCG causes downregulation of EGFR by inducing
mitogen-activated protein kinase (MAPK) which phosphorylates EGFR at sites critical for
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receptor internalization [28]. EGCG also inhibits the activation of platelet-derived growth
factor receptors (PDGFR) and fibroblast growth factor receptors (FGFR) in human
epidermoid carcinoma cell line, and PDGFR in human glioblastoma and hepatic stellate cell
lines [23, 29]. EGCG has shown responsiveness to cancer cells by affecting the 67KDa
laminin receptor present in the lipids raft on the membrane thereby modulating the activity
of tyrosine kinases [30–31].
Effect of tea polyphenols on the replicative potential of cancer cells

NIH-PA Author Manuscript

In most somatic human cells telomeres shorten in length with every cell division and
eventually reach a critical length. This shortening causes a cell to loose its proliferative
ability, and the cell undergoes permanent cell cycle arrest or senescence. Unlike somatic
cells, hematopoietic stem cells, keratinocytes in the basal layers of the epidermis, uterine
endometrial cells, germ cells, and various tumors possess unlimited replicative potential
because of their ability to maintain constant telomere length and presence of active
telomerase activity. Increased telomerase activity correlated with upregulation of the human
telomerase reverse transcriptase gene (hTERT) and increased levels of hTERT mRNA.
Studies demonstrated that green tea polyphenols block telomerase activity as a major
mechanism for limiting the growth of human cancer cells. Tea polyphenols significantly
inhibited telomerase activity of HepG2 cells compared with the control group. EGCG
treatment caused inhibition of proliferation and telomerase activity and induction of
apoptosis in cervical adenocarcinoma cells. Tea polyphenols cause repression of hTERT
mRNA expression in lung, oral cavity, thyroid and liver carcinoma cells. Another study
using tongue cancer cell lines indicated that tea polyphenols reduced hTERT activity in a
time- and dose-dependent manner, disabling telomerase activity and terminating unlimited
cell proliferation [32]. EGCG induced telomere fragmentation in HeLa and 293 cells but not
in MRC-5 cells [33]. This could be relevant to the apoptosis-inducing effect of EGCG on
cancerous cells but not on normal cells.
Effect of tea polyphenols on invasion, metastasis, and angiogenesis of cancer cells
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Malignant cells require continuous supply of nutrients to maintain high metabolic activity
which could be achieved through chemotaxis toward a preexisting vascular network, or by
infiltration of vascular endothelial cells leading to neo-vascularization. In this context,
urokinases, VEGF, FGF, transforming growth factor-beta (TGF-β), PGDF, endothelin-1,
extracellular matrix (ECM) proteolytic enzymes, MMPs and tissue inhibitor of
metalloproteinases (TIMPs) play critical roles. Tea polyphenols inhibit angiogenesis and cell
invasion by affecting the expression of these molecules. Urokinase-type plasminogen
activator (uPA) is over-expressed in breast, ovarian, and prostate malignancies and was
implicated in cell invasion and metastasis. By inhibiting uPA, EGCG reduced the size or
caused complete remission of tumors in mice. GTP inhibited invasion of breast cancer cells
by inhibiting AP-1 and NF-κB and suppressing uPA secretion. Invasion of human oral
cancer cells was blocked by EGCG by inhibiting uPA, MMP-2 and MMP-9 [34]. EGCG
inhibited MMP-2 and MMP-9 while inducing the activity of their inhibitors TIMP-1 and
TIMP-2 in neuroblastoma, fibrosarcoma, glioblastoma, prostate, endothelial, and human
gastric cancer cells [8,13,34,35]. In TRAMP mice, green tea polyphenol infusion resulted in
marked inhibition of effectors of angiogenesis and metastasis, notably VEGF, uPA, MMP-2,
and MMP-9 [7]. EGCG has been shown to directly inhibit metallothionein-1 (MT1)-MMP
activity in HT-1080 human fibrosarcoma cells and human umbilical vein endothelial cells
(HUVEC) cells, leading to accumulation of non-activated MMP-2 at the cell surface. EGCG
treatment of human breast cancer cells reduced MMP-2 activity and expression at the
translational and transcriptional level. EGCG treatment reduced the expression of focal
adhesion kinase (FAK), membrane type-1-matrix metalloproteinase (MT1-MMP), NF-κB,
and VEGF, and reduced adhesion of cells to ECM, fibronectin, and vitronectin [36]. In oral
Curr Pharm Biotechnol. Author manuscript; available in PMC 2012 February 9.
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squamous cell carcinoma cells, EGCG significantly enhanced the expression of reversioninducing cysteine-rich protein with Kazal motifs (RECK) mRNA and inhibited MMP-2 and
MMP-9. Administration of black tea polyphenols also reduced the incidence of DABinduced hepatomas as demonstrated by the markers of invasion viz. MMP-2, MMP-9, tissue
inhibitor of matrix metalloproteinase, TIMP-2, and RECK; angiogenesis viz. hypoxiainducible factor (HIF)-1alpha, VEGF, and its receptor, VEGFR-1, and the expression of
histone deacetylase (HDAC)-1 [13].
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In addition to the inhibitory effects of tea polyphenols on migration, invasion, and metastasis
of cancer cells it also modulates the expression of adhesion molecules. EGCG inhibited
melanoma cell migration and spreading by inhibiting tyrosine phosphorylation of FAK and
MMP-9 activity. EGCG can prevent the metastatic spread of breast, colon and
hypopharyngeal carcinoma cells by inhibiting HGF/Met signaling [13,37,38]. Tea
polyphenols also mediate its anti-metastatic activity at nanomolar concentrations by
interacting with laminin receptors [30]. EGCG inhibited the migration/invasion of breast
carcinoma cells by suppressing the HRG-stimulated activation of ErbB2/ErbB3/Akt
pathway [39]. EGCG inhibited invasion of melanoma cells by up-regulation the expression
of E-cadherin and inhibited growth, invasion, angiogenesis, and metastasis of human
pancreatic cancer by inhibiting proliferation (Ki-67 antigen and proliferating cell nuclear
antigen (PCNA), angiogenesis (von Willebrand factor, VEGF, and CD31), metastasis
(MMP-2, MMP-7, MMP-9, and MMP-12), inducing apoptosis, and growth arrest in tumor
xenograft model [40]. Furthermore, EGCG administration reduced primary tumor growth
and lung metastasis in mice bearing B16-F3m melanomas and increased their survival [41].
EGCG binds to and inhibit phosphorylation of vimentin thereby limiting the tumor
promotion and proliferation [13]. On the contrary, EGCG enhanced the production of proMMP-7 via generation of reactive oxygen species and activation of JNK1/2 and c-JUN/cFOS induction, as well as AP-1 transactivation, in colon cancer cells [42].
Epigenetic regulation by tea polyphenols
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Until recently, it was hypothesized that mutations in genes consequent to internal or external
insult to the cell, leads to generation of structurally and functionally abnormal proteins
progressing to cancer. Because of an improved understanding of epigenetic processes, it is
now evident that gene expression can be switched “on” or “off” without abrupt changes in
the nucleotide sequences [43]. This can be achieved by modifying either the functional
moieties on the nucleotides or on histone proteins or activity of enzymes, especially DNA
methyltransferases (DNMTs), histone acetyltransferases, and/or histone deacetylases. These
changes control higher organizational genetic information and determine gene expression
changes which explain how a cell can differentiate into many different cell types and organs
by epigenetic switching. These processes are highly regulated in normal cells, but loss of
this regulation leads to genesis of disease processes including carcinogenesis.
DNA methylation is the only genetically programmed DNA modification in mammals and
perhaps the best studied epigenetic mechanism. This post-replication modification is almost
exclusively found on the 5’ position of the pyrimidine ring of cytosine in the context of the
dinucleotide sequence CpG [43]. 5-methylcytosine accounts for 1% of all bases, varying
slightly in different tissue types; and the majority (75%) of CpG dinucleotides are
methylated in mammalian genomes. The composition of the genome is reflected in and
dictates the epigenetic machinery to establish particular local and global epigenetic patterns
using CpG spacing, sequence motifs, and DNA structure [44]. A global hypomethylation of
the genome is also observed in cancers [45]. This decreased methylation may initiate
oncogenesis by causing chromosome instabilities and transcriptional activation of oncogenes
and genes involved in metastasis [46]. A region and gene specific increase in methylation of
multiple CpG islands is observed along with global genomic hypomethylation in malignant
Curr Pharm Biotechnol. Author manuscript; available in PMC 2012 February 9.
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cells [43,47]. In contrast, hypermethylation of CpG islands in the promoter region of a tumor
suppressor or otherwise cancer-related gene is often associated with transcriptional gene
silencing. A number of genes involved in DNA repair, cell cycle regulation, apoptosis, and
other physiologic processes are modulated by hypermethylation of respective CpG islands
present on promoter regions. A recent study suggested that methylation of multiple genes
plays an important role in prognosis of patients with breast cancer. This study not only
described the association of methylation mediated silencing of multiple genes with the
severity of disease, but also speculated that the molecular crosstalk between genes or genetic
pathways is individually regulated [48].
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Several studies indicate that DNA methylation can be reversed by intake of multiple food
components including tea polyphenols. For example, methyl deficient diets have lead to
changes in the methylation patterns consistent with alterations observed during
transformation of normal cells to neoplasms [43]. Thus, changes in these methylation
patterns by tea polyphenols may be responsible for their chemopreventive action. Together,
silencing and unsilencing of genes can occur through modification of histones, as well as by
changes in the DNA methylation [49–51]. In addition to factors that govern the overall
recruitment and release of histones (histone occupancy), there is a complex interplay of
reversible histone modifications that govern gene expression, including histone acetylation,
methylation, phosphorylation, ubiquitination and biotinylation. Modification of histone
deacetylase has also surfaced as a strategy for changing tumor behavior [49–51].
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Earlier studies demonstrated that tea polyphenols bind to DNA and RNA, accumulate
through regular consumption playing a significant role in cancer prevention [13,52]. It was
reported that catechol-containing dietary polyphenol inhibited enzymatic DNA methylation
in vitro largely by increasing the formation of S-adenosyl-L-homocysteine (a potent
noncompetitive inhibitor of DNMTs) during the catechol-O-methyltransferase-mediated Omethylation of the dietary catechol [43]. EGCG and (−)-epigallocatechin repressed
telomerase mRNA in lung, oral cavity, thyroid, and liver cancer cells might be linked to
inhibition of cell growth [32]. EGCG also demonstrated anti-neoplastic activity by
suppressing the telomerase activity of digestive cancer cells [53]. EGCG can inhibit DNMT
activity and reactivate methylation silenced genes p16INK4a, retinoic acid receptor β (RAR
β), O6-methylguanine methyltransferase (MGMT), and human mutL homologue 1 (hMLH1)
genes in human colon, esophageal, and prostate cancer cells [13]. In another study,
methylation of CDX2 and other genes involved in gastric carcinogenesis was investigated in
relation to the clinico-pathologic and selected lifestyle factors of patients with gastric cancer.
An inverse association of CDX2 methylation was observed with the intake of green tea [43].
Decreased annexin-I expression is a common event in early-stage bladder cancer
development. In part, green tea induced the expression of mRNA and protein levels of
annexin-I through demethylation of its promoter and actin remodeling [54]. EGCG, an
efficient inhibitor of human dihydrofolate reductase, altered the p16 methylation pattern
from methylated to unmethylated after folic acid deprivation resulting in growth inhibition
of human colon carcinoma cells. This same study demonstrated that through disruption of
purine metabolism, EGCG caused adenosine release from the cells modulating different
signaling pathways via binding to adenosine-specific receptors [43]. Treatment of oral
cancer cells with EGCG partially reversed the hypermethylation status of the RECK gene
significantly enhanced RECK mRNA expression. In another study, tissue factor pathway
inhibitor-2 (TFPI-2), a member of the Kunitz-type serine proteinase inhibitor family, is
inversely related to an increasing degree of malignancy. EGCG inhibited growth and
induced apoptosis in renal cell carcinoma through TFPI-2 mRNA and protein
overexpression [13]. Epigenetic silencing of glutathione-S-transferase pi (GSTP1) by
hypermethylation is recognized as being a molecular hallmark of human prostate cancer.
Recently our laboratory reported that exposure of LNCaP cells to GTP at physiologically
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attainable concentrations caused demethylation in the proximal GSTP1 promoter and
regions distal to the transcription factor binding sites. GTP exposure caused a concentrationand time- dependent re-expression of GSTP1 and DNMT1 inhibition. GTP exposure also
increased mRNA and protein levels of MBD1, MBD4 and MeCP2; HDAC 1–3 whereas
levels of acetylated histone H3 (LysH9/18) and H4 decreased. In addition, GTP reduced
MBD2 association with accessible Sp1 binding sites causing increased binding and
transcriptional activation of the GSTP1 gene. Importantly, GTP treatment did not result in
global hypomethylation and promoted maintenance of genomic integrity. Unlike 5aza-2'deoxycitidine treatment, GTP exposure did not activate prometastatic gene S100P.
This study demonstrates the dual potential of tea polyphenols at physiologically attainable
non-toxic doses to alter DNA methylation and chromatin modeling, the two global
epigenetic mechanisms of gene regulation. Another report demonstrated a significant
reduction in the number of newly formed tumors in Apc (Min/+) mice treated with
azoxymethane-treatment and supplementation with a solution of green tea caused
downregulation RXR alpha. These results correlated with decreased CpG methylation in the
promoter region of the RXR alpha gene [43].
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Recent reports demonstrated that treatment of breast cancer and promyelocytic leukemia
cells with EGCG resulted in a decrease in E2F-1 binding sites, hTERT promoter
methylation and ablation of histone H3Lys9 acetylation causing an increase in binding of
E2F-1 repressor at the hTERT promoter resulting in cell death. The Polycomb Group (PcG)
proteins are epigenetic repressors of gene expression and their repression is achieved via
action of two multi-protein PcG complexes-PRC2 (eed) and PRC1 (Bmi-1). These
complexes increase histone methylation and reduce acetylation that leads to a closed
chromatin conformation. Bmi-1 is over-expressed in breast, prostate, colon, pancreatic and
non-small cell lung cancers. EGCG treatment caused suppression of two key PcG protein,
Bmi-1 and Ezh2 and lead to global reduction in histone H3-K27-trimethylation. This caused
reduced expression of key cell cycle regulated proteins viz. cdk1, cdk2, cdk4, cyclin D1,
cyclin E, cyclin A, and cyclin B1 and increased expression of cell cycle kinase inhibitors viz.
p21/waf1 and p27/kip1. EGCG treatment resulted in induction of apoptosis through
increased expression of Bax, caspase -9, -8 and -3 and poly ADP-ribose polymerase (PARP)
cleavage along with decrease Bcl-xL expression [43].
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Another important epigenetic regulation occurs via modifications of microRNA (miRNA)
expression. Not many studies are available in the literature that explored the influence of tea
polyphenols on the expression of miRNAs in human cancers. A recent study demonstrated
that EGCG treatment altered the expression of miRNAs in human hepatocellular carcinoma
HepG2 cells. Thirteen miRNAs were upregulated and 48 were downregulated. Among the
miRNAs upregulated by EGCG, some target genes included RAS, Bcl2, E2F, TGFBR2 and
c-Kit. Among those miRNAs downregulated by EGCG include the target genes comprised
of HOX family proteins, including PTEN, SMAD, MCL1, SLC16A1, TTK, PRPS1,
ZNF513, and SNX19 with diversified functions. Treatment with EGCG down-regulated
Bcl-2, an anti apoptotic protein, and transfection with anti-miR-16 inhibitor suppressed
miR-16 expression and counteracted the EGCG effects on Bcl-2 down-regulation and
induced apoptosis in these cells [43]. These results suggest that EGCG may exert its biologic
functions through modulation of miRNA expression.
In another study of 42 non-smoking healthy individuals supplementation of green tea
polyphenols significantly increased both the activity and the levels of glutathione Stransferase Pi (GSTP1), a phase 2 enzyme, in individuals with low baseline enzyme activity/
level suggesting tea polyphenol intervention may enhance the detoxification of carcinogens
in individuals with low baseline detoxification capacity [13]. Though such studies are
limited, the results are encouraging and might be indicative of epigenetic modification
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POTENTIAL LIMITATIONS
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The concentrations of tea polyphenols used for in vitro studies range from 20µM to100µM
or even higher. These levels cannot be achieved in vivo, especially inside or surrounding
cancer cells. Therefore, it may be unwise to extrapolate the results of in vitro studies to in
vivo situations. The levels which can be achieved in blood after 2 to 3 cups of tea range from
0.1µM to 0.6µM and even after 7 to 9 cups, it is less than 1µM. Furthermore, the
concentrations of catechins in the tissue depend on the duration of tea intake. This might be
the reason that the results from clinical trials have not been encouraging. Tea polyphenols
are partially absorbed as demonstrated through a study that 0.012% of EGCG was absorbed
after 30 minutes of an oral dose of 56 mg in rats and 0.32% after 60 min of an oral dose 97
mg in human [55]. This low absorption of polyphenols is probably because of increased
breakdown in the intestines at high pH as tea catechins have been shown to be more stable at
low pH [56]. Tea polyphenols have a half-life of less than 2 hrs which can be extended
multiple folds by addition of superoxide dismutase or catalase. Tea polyphenols are
considered natural antioxidants but have been shown to oxidize to form prooxidant species
depending on the physiologic conditions. The extent of this conversion depends on the
partial pressure of oxygen in in vivo and in vitro conditions. Hence, elucidation of in vitro
results to in vivo situations needs further investigation, especially in light of reports
describing that under physiologic conditions, biotransformation reactions, such as
methylation, can modify green tea polyphenols and therefore limit their in vivo cancerpreventive activity [57].

NIH-PA Author Manuscript

To overcome these potential problems, derivatives of tea polyphenols have been developed
to increase their bioavailability and potency. Peracetate protection groups on the reactive
hydroxyls of (−)-EGCG are 6 times more stable than natural (−) EGCG under slightly
alkaline conditions. Hydroxylated EGCG increased proteasome-inhibitory activity in intact
leukemic cells more than natural (−)-EGCG, but not in bioassays indicating an intercellular
conversion [56]. Ester bond-containing tea polyphenols potently and selectively inhibit the
proteasomal chymotrypsin-like but not trypsin-like activity in vitro and in vivo [7]. A
trimethoxy derivative of epicatechin-3-gallate showed high anti-proliferative and
proapoptotic activity against melanoma in a mouse melanoma model by stably and strongly
inhibiting dihydrofolate reductase after conversion to a stable quinone methide product by
specific melanocyte enzyme tyrosinase [58]. Reports suggest that non-gallated flavon-3-ols
in green and black teas have higher bioavailability compared with gallated flavan-3-ols [59].
Numerous reports confirmed that a mixture of catechins is more effective in anticarcinogenic and chemotherapeutic potential compared with EGCG alone indicating that
other catechins in tea also have a significant role in anticancer activities either by modifying
the effectiveness of EGCG or through complementary activities [60 and references therein].
Therefore, further experiments are needed to address the most effective composition of
various catechins or their derivative to design effective formulations.
Tachibanam and co-workers determined an effective concentration of EGCG to inhibit the
biologic activity of many proteins by competitive or noncompetitive mechanisms.
Interestingly, these effective concentrations ranged from 0.003µM to 10mM [30]. To
achieve higher concentrations of polyphenols in the tissues either higher intake of tea
polyphenols or derivatives of tea polyphenols with increased stability and bioavailability
may be required. However, the increased bioavailability and effectiveness of tea
polyphenols derivatives and increased concentrations of natural tea polyphenols are difficult
to achieve and may be toxic to normal cells. Therefore, development of synthetic derivatives
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is needed or new technologies to achieve higher concentrations of tea polyphenols in the
systemic circulation and target tissue is required. One such effort using encapsulated green
tea polyphenol epigallocatechin-3-gallate (EGCG) in polylactic acid-polyethylene glycol
nanoparticles showed that encapsulated EGCG retains its biologic effectiveness with a more
than 10-fold dose advantage for exerting its proapoptotic and angiogenesis inhibitory effects
[61].

SYNERGISM WITH TEA POLYPHENOLS
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Many studies have shown that tea polyphenols reversed the cancer multi-drug resistance and
may reduce their effective doses and prevent side effects [62]. A study demonstrated that
EGCG enhanced chemoresistance to both doxorubicin and paclitaxel by increasing Nrf2 and
detoxification enzyme levels in breast cancer cell lines and this effect was more prominent
in cell lines with very low basal Nrf2 levels [63]. Tea polyphenols have been shown to
modulate the activity of various xenobiotic metabolic enzymes. Decreased activity of
CYP3A4, 2A6, 2C19, and 2E1 and increased activity of the CYP1A2 and 2B isoforms in
humans and rodents were observed after infusion with tea polyphenols [64–66]. A study
demonstrated EGCG-mediated apoptosis in multiple myeloma cells was potentiated by
bortezomib [67]. However, in another study green tea polyphenols blocked the anticancer
activity of bortezomib and boronic acid in multiple myeloma and glioblastoma cell lines
[68]. Therefore, the use of tea polyphenols in synergistic studies requires further scrutiny in
view of these recent reports. In addition, tea polyphenols upregulate phase II enzymes in
neoplastic cells affecting xenobiotic metabolism which can alter the efficacy and toxicity of
cancer chemotherapeutic agents. Further studies are required with tea polyphenols
complemented with radio or chemotherapy to reduce the dose and increase its efficacy.

CONCLUSIONS AND FUTURE DIRECTIONS
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Green tea polyphenols have shown potential to decrease the risk of various human diseases
including cancer by targeting various signaling pathways. Therefore, tea polyphenols remain
an excellent candidate for chemoprevention and further research is warranted to understand
the involvement of particular mechanisms and/or pathways. A schematic representation of
targets and pathways modulated by green tea polyphenols is shown in Fig. (1). A better
understanding of the mechanisms of epigenetic changes with tea polyphenols is required for
the precise use in chemoprevention regimens. Recent reports on the additive or synergistic
effects of tea polyphenols to increase the efficacy of chemo- or radiation therapy is a
promising area of research and emphasis on more well-designed and well-planned studies is
needed. This approach has the potential to enhance the efficacy of conventional therapies by
adjustment of dose and time periods needed to achieve optimum results. In addition,
development of new derivatives of tea polyphenols with improved bioavailability and
efficacy are required. Studies to develop techniques like nanotechnology should be
encouraged which could lead to sustained and precise delivery of polyphenols to the target
site(s), thereby achieving improved efficacy and effective treatments to improve patient
outcomes as an ultimate goal.
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Figure 1. Pathways affected by tea polyphenols
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Numerous pathways are deregulated in cancer cells that include i) evasion of apoptosis by
activating survival or inhibiting proapoptotic factors, ii) achieve self-sufficiency by
modulating oncogenes, iii) attain insensitivity to antigrowth signals by modulating tumor
suppressors, iv) gaining replicative potentials by modulating telomerase activity, v) invasion
of neighboring tissues through increase activity of metastatic and invasion molecules, and
vi) enhancing angiogenesis for supply of nutrients, growth factors and oxygen consumption.
Tea polyphenols have shown to affect epigenetic and various signaling pathways. →
demonstrates activation, – demonstrates regulation, ⊥ demonstrates inhibition.
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„The in vivo antioxidant and antifibrotic properties of green tea (Camellia sinensis, Theaceae).“

A
Die in-vivo-antioxidativen und antifibrotischen Eigenschaften von grünem Tee
(Camellia sinensis, Theaceae).

J
„Οι in vivo αντιοξειδωτικές και αντιινωτικές ιδιότητες του πράσινου τσαγιού
(Camellia sinensis, Theaceae).“

I
Les propriétés anti-oxydantes et antifibrotiques in vivo du thé vert (camellia sinensis, théacées).

E
Antioxidační vlastnosti in vivo a antifibrotické vlastnosti zeleného čaje (čajovník čínský,
čajovníkovité)
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The in vivo antioxidant and antifibrotic properties of green tea
(Camellia sinensis, Theaceae).
Tsai CF, Hsu YW, Ting HC, Huang CF, Yen CC.
Source Department of Biotechnology, TransWorld University, No. 1221, Zhennan Rd., Douliu City,
Yunlin County 640, Taiwan.
Abstract

The in vivo antioxidant and antifibrotic properties of green tea (Camellia sinensis,
Theaceae) were investigated with a study of carbon tetrachloride (CCl(4))-induced
oxidative stress and hepatic fibrosis in male ICR mice. Oral administration of green
tea extract at doses of 125, 625 and 1250 mg/kg for 8 weeks significantly reduced
(p<0.05) the levels of thiobarbituric acid-reactive substances (TBARS) and protein
carbonyls in the liver by at least 28% compared with that was induced by CCl(4) (1
mL/kg) in mice. Moreover, green tea extract administration significantly increased
(p<0.05) the activities of catalase, glutathione peroxidase (GSH-Px) and glutathione
reductase (GSH-Rd) in the liver. Our study found that oral administration of green
tea extract prevented CCl(4)-induced hepatic fibrosis, as evidenced by a decreased
hydroxyproline level in the liver and a reduced incidence of hepatic fibrosis by
histological observations. These results indicate that green tea exhibits potent
protective effects against CCl(4)-induced oxidative stress and hepatic fibrosis in
mice by inhibiting oxidative damage and increasing antioxidant enzyme activities.
Copyright © 2012 Elsevier Ltd. All rights reserved.
PMID: 23194532
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B
„Green tea extract supplementation ameliorates CCl4-induced hepatic oxidative stress, fibrosis, and acutephase protein expression in rat.“

A
Nahrungsergänzung mit Grüner-Tee-Extrakt verbessert CCl4-induzierten hepatischen oxidativen Stress, Fibrose und Akut-Phase-Proteinexpression bei Ratten.

J
Η λήψη συμπληρώματος με εκχύλισμα πράσινου τσαγιού βελτιώνει το ηπατικό οξειδωτικό στρες που
προκαλείται από CCl4, την ηπατική ίνωση και την έκφραση πρωτεϊνών οξείας φάσης σε ποντίκια.

I
Une supplémentation à l‘extrait de thé vert améliore le stress hépatique oxydatif induit par
CC14, la fibrose et l‘expression protéique en phase aiguë chez le rat.

E
Suplementace extraktem ze zeleného čaje zlepšuje oxidační stres v játrech vyvolaný tetrachlormetanem, fibrózu a expresi proteinů akutní fáze u potkanů.

J Formos Med Assoc. 2012 Oct;111(10):550-9. doi: 10.1016/j.jfma.2011.06.026. Epub 2012 Mar 9.

Green tea extract supplementation ameliorates CCl4-induced
hepatic oxidative stress, fibrosis, and acute-phase protein
expression in rat.
Hung GD, Li PC, Lee HS, Chang HM, Chien CT, Lee KL.
Source Department of Internal Medicine, Kuang-Tien General Hospital, Taichung,
Taiwan.
BACKGROUND/PURPOSE:

We evaluated the long-term effects of green tea extract (GTE) supplementation on
oxidative stress, biliary acute phase protein expression, and liver function in
CCl(4)-induced chronic liver injury.
METHODS:
We evaluated the antioxidant activity of GTE in comparison with those of vitamin
C, vitamin E, and β-carotene in vitro by using an ultrasensitive chemiluminescence
analyzer. Chronic liver injury was induced by intraperitoneally administering
carbon tetrachloride (CCl(4)) (1 mL/kg body weight, twice weekly) to female
Wistar rats for 8 weeks. The effects of low (4 mg/kg body weight per day) and high
(20 mg/kg body weight per day) doses of intragastric GTE on CCl(4)-induced liver
dysfunction and fibrosis were examined by measuring the bile and blood reactive
oxygen species levels and biochemical parameters by using Western blot and twodimensional polyacrylamide gel electrophoresis techniques.
RESULTS:
GTE has greater scavenging activity against O(2)(-), H(2)O(2), and Hypochlorous
acid (HOCl) in vitro than vitamin C, vitamin E, and β-carotene do. In vivo, CCl(4)
markedly increased bile and blood reactive oxygen species production, lipid
accumulation, number of infiltrated leukocytes, fibrosis, hepatic hydroxyproline
content, and plasma alanine aminotransferase and aspartate aminotransferase
activities, and reduced plasma albumin levels. Two-dimensional polyacrylamide gel

electrophoresis revealed that CCl(4) increased the acute-phase expression of six
biliary proteins and decreased hepatic B-cell lymphoma 2 (Bcl-2), catalase, and
CuZn superoxide dismutase protein expression. GTE supplementation attenuated
CCl(4)-enhanced oxidative stress, levels of biochemical parameters, pathology, and
acute-phase protein secretion, and preserved antioxidant/antiapoptotic protein
expression.
CONCLUSION:
GTE supplementation attenuates CCl(4)-induced hepatic oxidative stress,
fibrosis, acute phase protein excretion, and hepatic dysfunction via the
antioxidant and antiapoptotic defense mechanisms.
Copyright © 2012. Published by Elsevier B.V.
PMID: 23089690
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B
Green tea polyphenols as an anti-oxidant and antiinflammatory agent for cardiovascular protection.

A
Grüner-Tee-Polyphenole als antioxidativer und antiinflammatorischer Wirkstoff zum kardiovaskulären Schutz.

J
Οι πολυφαινόλες πράσινου τσαγιού ως αντιοξειδωτικός και αντιφλεγμονώδης παράγοντας στην
καρδιοαγγειακή προστασία.

I
Les polyphénols du thé vert en tant qu‘anti-oxydant et agent anti-inflammatoire pour la protection cardiovasculaire.

E
Polyfenoly obsažené v zeleném čaji jako antioxidační a protizánětlivé látky pro ochranu kardiovaskulárního systému.

Cardiovasc Hematol Disord Drug Targets. 2007 Jun;7(2):135-44.

Green tea polyphenols as an anti-oxidant and anti-inflammatory
agent for cardiovascular protection.
Tipoe GL, Leung TM, Hung MW, Fung ML.
Source Department of Anatomy, The University of Hong Kong, Pokfulam, Hong Kong, SAR,
China. tgeorge@hkucc.hku.hk
Abstract

Our review aims to examine the cellular and molecular mechanisms of
cardiovascular protection of green tea polyphenols, particularly epigallocatechin
gallate (EGCG), which focuses on the anti-oxidative and anti-inflammatory effects.
EGCG is the major and the most active component in green tea. Studies have
shown that EGCG protects cellular damage by inhibiting DNA damage and oxidation
of LDL. One of the protective properties of EGCG is its ability to scavenge free
radicals. EGCG can also reduce the inflammatory response associated with local
tissue injuries such as the hepatocellular necrosis in acute liver injury induced by
carbon tetrachloride. The protective effect of EGCG is due to its ability to
decrease lipid peroxidation, oxidative stress and the production of nitric oxide (NO)
radicals by inhibiting the expression of iNOS. EGCG also ameliorates the
overproduction of pro-inflammatory cytokines and mediators, reduces the activity
of NF-kappaB and AP-1 and the subsequent formation of peroxynitrite with NO and
reactive oxygen species. Thus, EGCG effectively mitigates cellular damage by
lowering the inflammatory reaction and reducing the lipid peroxidation and NO
generated radicals leading to the oxidative stress. Green tea is proposed to be a
dietary supplement in the prevention of cardiovascular diseases in which
oxidative stress and proinflammation are the principal causes.
PMID: 17584048
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B
„Studies on protective mechanisms of four components of green tea polyphenols against lipid
peroxidation in synaptosomes.“

A
Studien zu Schutzmechanismen von vier Komponenten von Grüner-Tee-Polyphenolen gegen
Lipidperoxidation bei Synaptosomen.

J
Μελέτες σε προστατευτικούς μηχανισμούς τεσσάρων συστατικών των πολυφαινόλων πράσινου
τσαγιού ενάντια στην υπεροξείδωση λιπιδίων στα συναπτοσώματα.

I
Études sur les mécanismes protecteurs de quatre composants des polyphénols du thé vert
contre la péroxydation lipidique dans les synaptosomes.

E
Studie o ochranných mechanizmech čtyř složek polyfenolů obsažených v zeleném čaji proti
peroxidaci lipidů v synaptosomech.

Biochim Biophys Acta. 1996 Dec 13;1304(3):210-22.

Studies on protective mechanisms of four components of green tea
polyphenols against lipid peroxidation in synaptosomes.
Guo Q, Zhao B, Li M, Shen S, Xin W.
Source Institute of Biophysics, Academia Sinica, Beijing, People's Republic of China.

The comparison of the protective effects of four components of "green tea
polyphenols' (GTP) - (-)-epigallocatechin gallate, EGCG; (-)-epicatechin gallate,
ECG; (-)epigallocatechin, EGC; and (-)epicatechin, EC - against iron-induced lipid
peroxidation in synaptosomes showed that: (1) the inhibitory effects of those
compounds on TBA reactive materials from lipid peroxidation decreased in the
order of EGCG > ECG > EGC > EC; (2) the scavenging effects of those compounds on
lipid free radicals produced by lipid peroxidation could be classified as follows: ECG
> EGCG > EC > EGC. Furthermore, we investigated the iron-chelating activity and
the free radical scavenging activity of those compounds as their protective
mechanisms against lipid peroxidation in synaptosomes. As for the iron-chelating
activity, the ratio of EGC, EGCG, ECG or EC to iron(III) was 3:2, 2:1, 2:1 and 3:1,
respectively. The hydroxyl radical (HO) scavenging activity of those compounds was
investigated in a photolysis of the H2O2 system. It was found that their ability to
scavenge hydroxyl radicals decreased in the order of ECG > EC > EGCG >> EGC. It
was also found that they could scavenge lipid free radicals in the
lecithin/lipoxidase system and their scavenging activity was classified as follows:
ECG > EGCG >> EGC > EC. Moreover, we found that their antioxidant active
positions were different from each other and the stability of the semiquinone free
radicals produced by those compounds in NaOH solution decreased in the order of
EGCG > ECG >> EC. The results indicated that the ability of those compounds to
protect synaptosomes from the damage of lipid peroxidation initiated by Fe2+/Fe3+
was dependent not only on their iron-chelating activity and free-radical scavenging
activity, but also on the stability of their semiquinone free radicals.
PMID: 8982267

Scientific Study Collection

Green Tea

(7 / 15)

B
„The protective effect of green tea extract on lead induced oxidative and DNA damage on rat
brain.“

A
Die Schutzwirkung von grünem Tee-Extrakt bei Blei-induzierter oxidativer und DNA-Schädigung
am Rattenhirn.

J
Η προστατευτική δράση του εκχυλίσματος πράσινου τσαγιού σε οξειδωτικές βλάβες και βλάβες DNA
από μόλυβδο στο εγκέφαλο ποντικιών.

I
L‘effet protecteur de l‘extrait de thé vert sur la lésion oxydative et de l‘ADN du rat induite par le
plomb.

E
Ochranný účinek extraktu ze zeleného čaje na oxidační poškození vyvolané olovem a
poškození DNA v mozku potkanů.

Neurotoxicology. 2012 Jun;33(3):280-9. doi: 10.1016/j.neuro.2012.02.003. Epub
2012 Feb 11.

The protective effect of green tea extract on lead induced oxidative
and DNA damage on rat brain.
Khalaf AA, Moselhy WA, Abdel-Hamed MI.
Source
Department of Forensic Medicine and Toxicology, Faculty of Veterinary Medicine,
Cairo University, Giza, Egypt.
Abstract
The role of green tea in protection against neurotoxicity induced by lead acetate
was investigated in rats. Five equal groups, each of ten rats were used. The first
group was served as control, the second, third, and fourth groups were given lead
acetate, lead acetate and green tea, and green tea only, respectively, for one
month, the fifth group was administered lead acetate for one month followed by
green tea for 15 days. Lead acetate was given orally at a dose of 100 mg/kg b. wt,
while green tea was given in drinking water at a concentration of 5 g/L. Lead
acetate administration induced loss of body weight and decreased concentration of
reduced glutathione and SOD activity in brain tissues as well as significantly high
DNA fragmentation and pathological changes. Co-administration of green tea with
lead acetate significantly alleviated these adverse effects.
Copyright © 2012 Elsevier Inc. All rights reserved.
PMID: 22342836
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B
„Green tea extract supplementation gives protection against exercise-induced oxidative damage in healthy men.“

A
Nahrungsergänzung mit grünem Tee-Extrakt bietet Schutz vor Sport-induzierter oxidativer
Schädigung bei gesunden Männern.

J
„Η λήψη εκχυλίσματος πράσινου τσαγιού παρέχει προστασία ενάντια στις οξειδωτικές βλάβες που
προκαλούνται από την άσκηση σε υγιείς άνδρες.“

I
Une supplémentation à l‘extrait de thé vert protège contre la lésion oxydative induite par
l‘exercice chez des hommes en bonne santé.

E
Suplementace extraktem ze zeleného čaje chrání proti oxidačnímu poškození způsobenému
cvičením u zdravých mužů.

Nutr Res. 2011 Nov;31(11):813-21. doi: 10.1016/j.nutres.2011.09.020.

Green tea extract supplementation gives protection against
exercise-induced oxidative damage in healthy men.
Jówko E, Sacharuk J, Balasińska B, Ostaszewski P, Charmas M, Charmas R.
Source Department of Biochemistry, Faculty of Physical Education and Sport in Biala
Podlaska, Jozef Pilsudski University of Physical Education in Warsaw, Akademicka 2, 21-500
Biala Podlaska, Poland. ewa.jowko@awf-bp.edu.pl

Abstract
The purpose of this study was to evaluate the effects of a long-term (4-week) green
tea extract (GTE) supplementation in combination with strength training on
selected blood markers of oxidative stress and muscular damage after a short-term
exercise in previously untrained men. We hypothesized that GTE supplementation
would elevate antioxidant potential and attenuate exercise-induced oxidative
stress and muscular damage. Thirty-five male students were exposed to 4 weeks of
strength training and received (in a randomized, double-blind design) GTE (n = 17;
640 mg polyphenols/d) or placebo (P; n = 18). Before (term I) and after 4 weeks of
strength training and supplementation (term II), students performed a short-term
muscular endurance test. Blood samples were collected at rest, 5 minutes after the
muscular endurance test, and after 24 hours of recovery. Supplementation with
GTE enhanced plasma total polyphenols at rest and 5 minutes after the muscular
endurance test. Supplementation also contributed to the rise of resting total
antioxidant status in plasma. Throughout the experiment (terms I and II), a
reduction in plasma lipid hydroxyperoxides was observed 24 hours after the
muscular endurance test. Four weeks of strength training resulted in an increase in
plasma lipid hydroxyperoxides at rest, but only in the P group. In term I, the
muscular endurance test induced an increase in activity of creatine kinase in
plasma after 24 hours of recovery in both the P and GTE groups. In term II, plasma
creatine kinase activity after 24 hours of recovery was elevated only in the P
group. In conclusion, in previously untrained men, dietary supplementation with
GTE (in combination with strength training) enhances the antioxidant defense
system in plasma at rest and, in turn, may give protection against oxidative

damage induced by both short-term muscular endurance test and long-term
strength training.
Copyright © 2011 Elsevier Inc. All rights reserved.
PMID: 22118751
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B
„Green tea protects human osteoblasts from cigarette smoke-induced injury: possible clinical
implication.“

A
Grüner Tee schützt menschliche Osteoblasten vor Zigarettenrauch-induzierten Schädigungen:
mögliche klinische Implikation.

J
Το πράσινο τσάι προστατεύει τους ανθρώπινους οστεοβλάστες από φθορές εξαιτίας του τσιγάρου:
πιθανές κλινικές επιπτώσεις.

I
Le thé vert protège les ostéoblastes humains contre les blessures induites par la fumée de cigarette : implication clinique possible.

E
Zelený čaj chrání lidské osteoblasty před poškozením způsobeným cigaretovým kouřem:
možný klinický dopad.

Langenbecks Arch Surg. 2012 Mar;397(3):467-74. doi: 10.1007/s00423-011-0882-8. Epub 2011 Dec 8.

Green tea protects human osteoblasts from cigarette smoke-induced
injury: possible clinical implication.
Holzer N, Braun KF, Ehnert S, Egaña JT, Schenck TL, Buchholz A, Schyschka L,
Neumaier M, Benzing S, Stöckle U, Freude T, Nussler AK.
Source Department of Traumatology, MRI, Technische Universität München, Munich,
Germany.

PURPOSE:
Recent reports discuss the altered bone homeostasis in cigarette smokers, being a
risk factor for osteoporosis and negatively influencing fracture healing. Cigarette
smoke is known to induce oxidative stress in the body via an increased production
of reactive oxygen species (ROS). These increases in ROS are thought to damage
the bone-forming osteoblasts. Naturally occurring polyphenols contained in green
tea extract (GTE), e.g., catechins, are known to have anti-oxidative properties.
Therefore, the aim of this study was to investigate whether GTE and especially
catechins protect primary human osteoblasts from cigarette smoke-induced
damage and to identify the underlying mechanisms.
METHODS:
Primary human osteoblasts were isolated from patients' femur heads. Cigarette
smoke medium (CSM) was obtained using a gas-washing bottle and standardized by
its optical density (OD(320)) at λ = 320 nm. ROS formation was measured using
2'7'dichlorofluorescein diacetate, and osteoblasts' viability was detected by
resazurin conversion.
RESULTS:
Co-, pre-, and post-incubation with GTE and catechins significantly reduced ROS
formation and thus improved the viability of CSM-treated osteoblasts. Besides GTE's
direct radical scavenging properties, pre-incubation with both GTE and catechins
protected osteoblasts from CSM-induced damage. Inhibition of the anti-oxidative

enzyme HO-1 significantly reduced the protective effect of GTE and catechins
emphasizing the key role of this enzyme in GTE anti-oxidative effect.
CONCLUSIONS:
Our data suggest possible beneficial effects on bone homeostasis, fracture
healing, and bone mineral density following a GTE-rich diet or supplementation.
PMID: 22160325
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B
„Green tea extract protects against nonalcoholic steatohepatitis in ob/ob mice by decreasing
oxidative and nitrative stress responses induced by proinflammatory enzymes.“

A
„Grüner-Tee-Extrakt schützt durch Senkung der oxidativen und nitrativen Stressreaktion, induziert durch proinflammatorische Enzyme, gegen nichtalkoholische Steatohepatitis bei ob/obMäusen.“

J
„Το εκχύλισμα πράσινου τσαγιού προστατεύει ενάντια στη μη αλκοολική στεατοηπατίτιδα σε
παχύσαρκα ποντίκια, μειώνοντας τις αποκρίσεις οξειδωτικού νιτρικού στρες που προκαλούνται από
προφλεγμονώδη ένζυμα.“

I
L‘extrait de thé vert protège contre la stéatohépatite non alcoolique chez les souris sous régime
gras en décroissant les réactions au stress oxydatif et nitrosant induites par des enzymes proinflammatoires.

E
Extrakt ze zeleného čaje chrání proti nealkoholické steatohepatitidě u obézních myší snížením
reakcí na oxidační a nitrační stres vyvolané prozánětlivými enzymy.

J Nutr Biochem. 2012 Apr;23(4):361-7. doi: 10.1016/j.jnutbio.2011.01.001. Epub
2011 May 2.

Green tea extract protects against nonalcoholic steatohepatitis in
ob/ob mice by decreasing oxidative and nitrative stress responses
induced by proinflammatory enzymes.
Chung MY, Park HJ, Manautou JE, Koo SI, Bruno RS.
Source Department of Nutritional Sciences, University of Connecticut, Storrs, CT

06269, USA.
Oxidative and nitrative stress responses resulting from inflammation exacerbate
liver injury associated with nonalcoholic steatohepatitis (NASH) by inducing lipid
peroxidation and protein nitration. The objective of this study was to investigate
whether the anti-inflammatory properties of green tea extract (GTE) would protect
against NASH by suppressing oxidative and nitrative damage mediated by
proinflammatory enzymes. Obese mice (ob/ob) and their 5-week-old C57BL6 lean
littermates were fed 0%, 0.5% or 1% GTE for 6 weeks (n=12-13 mice/group). In
obese mice, hepatic lipid accumulation, inflammatory infiltrates and serum alanine
aminotransferase activity were markedly increased, whereas these markers of
hepatic steatosis, inflammation and injury were significantly reduced among obese
mice fed GTE. GTE also normalized hepatic 4-hydroxynonenal and 3-nitro-tyrosine
(N-Tyr) concentrations to those observed in lean controls. These oxidative and
nitrative damage markers were correlated with alanine aminotransferase (P<.05;
r=0.410-0.471). Improvements in oxidative and nitrative damage by GTE were also
associated with lower hepatic nicotinamide adenine dinucleotide phosphate
oxidase activity. Likewise, GTE reduced protein expression levels of hepatic
myeloperoxidase and inducible nitric oxide synthase and decreased the
concentrations of nitric oxide metabolites. Correlative relationships between
nicotinamide adenine dinucleotide phosphate oxidase and hepatic 4hydroxynonenal (r=0.364) as well as nitric oxide metabolites and N-Tyr (r=0.598)
suggest that GTE mitigates lipid peroxidation and protein nitration by suppressing
the generation of reactive oxygen and nitrogen species. Further study is warranted

to determine whether GTE can be recommended as an effective dietary strategy to
reduce the risk of obesity-triggered NASH.
Copyright Â© 2012 Elsevier Inc. All rights reserved.
PMID: 21543212
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B
„Smoking, green tea consumption, genetic polymorphisms in the insulin-like growth factors and
lung cancer risk.“

A
Rauchen, Konsum von grünem Tee, genetischer Polymorphismus bei den insulin-ähnlichen
Wachstumsfaktoren und Lungenkrebsrisiko.

J
Κάπνισμα, κατανάλωση πράσινου τσαγιού, γενετικοί πολυμορφισμοί στους ινσουλινοειδείς αυξητικούς
παράγοντες και κίνδυνος καρκίνου του πνεύμονα.

I
La tabagie, la consommation de thé vert, les polymorphismes génétiques dans les facteurs de
croissance similaires à l‘insuline et le risque de cancer pulmonaire.

E
Kouření, konzumace zeleného čaje, genetický polymorfizmus u inzulínu podobných růstových
faktorů a rizika rakoviny plic.

PLoS One. 2012;7(2):e30951. doi: 10.1371/journal.pone.0030951. Epub 2012 Feb 7.

Smoking, green tea consumption, genetic polymorphisms in the
insulin-like growth factors and lung cancer risk.
Lin IH, Ho ML, Chen HY, Lee HS, Huang CC, Chu YH, Lin SY, Deng YR, He YH,
LienYH, Hsu CW, Wong RH.
Source Institute of Public Health, Chung Shan Medical University, Taichung, Taiwan.

Insulin-like growth factors (IGFs) are mediators of growth hormones; they have an
influence on cell proliferation and differentiation. In addition, IGF-binding protein
(IGFBP)-3 could suppress the mitogenic action of IGFs. Interestingly, tea
polyphenols could substantially reduce IGF1 and increase IGFBP3. In this study, we
evaluated the effects of smoking, green tea consumption, as well as IGF1, IGF2,
and IGFBP3 polymorphisms, on lung cancer risk. Questionnaires were administered
to obtain the subjects' characteristics, including smoking habits and green tea
consumption from 170 primary lung cancer cases and 340 healthy controls.
Genotypes for IGF1, IGF2, and IGFBP3 were identified by polymerase chain
reaction. Lung cancer cases had a higher proportion of smoking, green tea
consumption of less than one cup per day, exposure to cooking fumes, and family
history of lung cancer than controls. After adjusting the confounding effect, an
elevated risk was observed in smokers who never drank green tea, as compared to
smokers who drank green tea more than one cup per day (odds ratio (OR) = 13.16,
95% confidence interval (CI) = 2.96-58.51). Interaction between smoking and green
tea consumption on lung cancer risk was also observed. Among green tea drinkers
who drank more than one cup per day, IGF1 (CA)(19)/(CA)(19) and (CA)(19)/X
genotypes carriers had a significantly reduced risk of lung cancer (OR = 0.06, 95% CI
= 0.01-0.44) compared with IGF1 X/X carriers. Smoking-induced pulmonary
carcinogenesis could be modulated by green tea consumption and their growth
factor environment.
PMID: 22347413
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„The chemopreventive and chemotherapeutic potentials of tea polyphenols.“

A
Das chemopräventive und chemotherapeutische Potenzial von Teepolyphenolen.

J
„Οι Χημειοπροληπτικές και Χημειοθεραπευτικές Δυνατότητες των Πολυφαινόλων Τσαγιού.“

I
Les potentiels chimiopréventifs et chimiothérapeutiques des polyphénols du thé.

E
Chemopreventivní a chemoterapeutický potenciál polyfenolů obsažených v čaji.

(12 / 15)

Curr Pharm Biotechnol. 2012 Jan;13(1):191-9.

The chemopreventive and chemotherapeutic potentials of tea
polyphenols.
Thakur VS, Gupta K, Gupta S.
Source Department of Urology & Nutrition, Case Western Reserve University, Cleveland,
OH 44106, USA.

Tea is the second most consumed beverage in the world reported to have multiple
health benefits. Preventive and therapeutic benefits of tea polyphenols include
enhanced general well being and anti-neoplastic effects. The pharmacologic action
of tea is often attributed to various catechins present therein. Experiments
conducted in cancer cell lines and animal models demonstrate that tea polyphenols
protect against cellular damage caused by oxidative stress and altered immunity.
Tea polyphenols modify various metabolic and signaling pathways in the regulation
of proliferation, apoptosis, angiogenesis, and metastasis and therefore restrict
clonal expansion of cancer cells. Tea polyphenols have been shown to reactivate
tumor suppressors, block the unlimited replicative potential of cancer cells, and
physically bind to nucleic acids involved in epigenetic alterations of gene
regulation. Remarkable interest in green tea as a potential chemopreventive agent
has been generated since recent epigenetic data showed that tea polyphenols have
the potential to reverse epigenetic modifications which might otherwise be
carcinogenic. Like green tea, black tea may also possess chemopreventive and
chemotherapeutic potential; however, there is still not enough evidence available
to make any conclusive statements. Here we present a brief description of tea
polyphenols and discuss the findings of various in vitro and in vivo studies of the
anticancer effects of tea polyphenols. Detailed discussion of various studies related
to epigenetic changes caused by tea polyphenols leading to prevention of
oncogenesis or cancer progression is included. Finally, we discuss on the scope and
development of tea polyphenols in cancer prevention and therapy.
PMID: 21466438
Free PMC Article
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Green tea: a promising natural product in oral health.

A
Grüner Tee: ein vielversprechendes natürliches Produkt in der Mundgesundheit.

J
Πράσινο τσάι: ένα πολλά υποσχόμενο φυσικό προϊόν για τη στοματική υγεία.

I
Thé vert : un produit naturel prometteur dans la santé orale.

E
Zelený čaj: slibný přírodní produkt pro zdraví ústní dutiny.

(13 / 15)

Arch Oral Biol. 2012 May;57(5):429-35. doi: 10.1016/j.archoralbio.2011.11.017. Epub 2012 Jan 5.

Green tea: a promising natural product in oral health.
Narotzki B, Reznick AZ, Aizenbud D, Levy Y.
Source Department of Anatomy and Cell Biology, Technion-Israel Institute of Technology,
Bat-Galim, Haifa 31096, Israel.

Green tea is a leading beverage in the Far East for thousands of years; it is
regarded for a long time as a health product. Green tea is important source of
polyphenol antioxidants. Polyphenols including epigallocatechin 3 gallate (EGCG)
constitute the most interesting components in green tea leaves. Green tea has the
potential to protect against various malignant, cardiovascular and metabolic
diseases. There is a growing body of evidence pointing a beneficial role of green
tea and its polyphenols in oral health. Green tea protects against bacterial induced
dental caries. Tea polyphenols possess antiviral properties, believed to help in
protection from influenza virus. Additionally, green tea polyphenols can abolish
halitosis through modification of odorant sulphur components. Oral cavity oxidative
stress and inflammation, consequent to cigarette smoking and cigarettes'
deleterious compounds nicotine and acrolein, may be reduced in the presence of
green tea polyphenols. Generally, green tea defends healthy cells from malignant
transformation and locally has the ability to induce apoptosis in oral cancer cells.
All together, there is an increasing interest in the health benefits of green tea in
the field of oral health. Nonetheless, there is still a need for more clinical and
biological studies to support guidelines for green tea intake as part of prevention
and treatment of specific oral pathologies.
Copyright © 2011 Elsevier Ltd. All rights reserved.
PMID: 22226360
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B
„Protective effects of chronic green tea consumption on age-related neurodegeneration.“

A
Schützende Wirkung chronischen Konsums von grünem Tee auf die altersbedingte Neurodegeneration.

J
Προστατευτική δράση της χρόνιας κατανάλωσης πράσινου τσαγιού στον εκφυλισμό των νευρώνων
εξαιτίας της γήρανσης.

I
Effets protecteurs de la consommation chronique du thé vert sur la neurodégénérescence liée
au vieillissement.

E
Ochranné účinky chronické konzumace zeleného čaje na neurodegeneraci spojenou se stárnutím.

Curr Pharm Des. 2012;18(1):4-14.

Protective effects of chronic green tea consumption on age-related
neurodegeneration.
Andrade JP, Assunção M.
Source Department of Anatomy, Faculty of Medicine, University of Porto, Al. Prof. Hernâni
Monteiro, 4200- 319 Porto, Portugal. jandrade@med.up.pt

Dietary antioxidant compounds, due to their pivotal role in the modulation of
cellular redox mechanisms, are gaining attention of researchers in the field of
brain aging and related degenerative diseases. In this perspective, green tea (GT)
can be an excellent resource, as it contains large amounts of brain-accessible
polyphenols. Many of these compounds are monomeric catechins, which have been
shown to exert antioxidant effects, acting directly as radical scavengers or metalchelators. In the current article, we review the general properties of GT, the direct
antioxidant action of its polyphenols and the fine modulation of signaling systems
related to survival and antioxidant defenses in the central nervous system of aging
rats. The effects in the glutathione system and the activation of several
transcription factors including cyclic AMP response element-binding (CREB) protein,
levels of the brain-derived neurotrophic factor (BDNF) and the anti-apoptotic
protein B-cell lymphoma-2 (Bcl-2) are given in detail. We discuss also the beneficial
action of catechins in learning and memory with a particular focus on the
hippocampal formation. We conclude that GT polyphenols can have a promising
role in the reversal of age-related loss of neuronal plasticity and recovery after
neuronal lesions associated with aging.
PMID: 22211685
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B
„Neuroprotective effects of white tea against oxidative stress-induced toxicity in striatal cells.“

A
Neuroprotektive Wirkung von weißem Tee gegen durch oxidativen Stress induzierte Toxizität bei
striatalen Zellen.

J
„Νευροπροστατευτική δράση του λευκού τσαγιού ενάντια στην τοξικότητα των ραβδωτών νευρικών
κυττάρων που οφείλεται στο οξειδωτικό στρες.“

I
Effets neuroprotecteurs du thé blanc sur la toxicité oxydative induite par le stress dans les cellules striatales.

E
Neuroochranné účinky bílého čaje proti toxicitě vyvolané oxidačním stresem ve striatálních
buňkách.

Neurotox Res. 2011 Nov;20(4):372-8. doi: 10.1007/s12640-011-9252-0. Epub 2011 Jun 23.

Neuroprotective effects of white tea against oxidative stressinduced toxicity in striatal cells.
Almajano MP, Vila I, Gines S.
Source Chemistry Engineering Department, The Technical University of Catalonia, Av.
Diagonal 649, 08034 Barcelona, Spain.

Tea is one of the most widely consumed beverages in the world and represents an
important source of antioxidants mainly catechins that confer beneficial effects in
reducing the risk of cardiovascular diseases, age-related disorders or cancer. In the
central nervous system, oxidative stress caused by increased production of reactive
oxygen and nitrogen species represents an important mechanism for neuronal
dysfunction and cell loss in different neurodegenerative disorders. The
neuroprotective effects of green-tea-derived polyphenols have extensively been
demonstrated in different models of neurotoxicity. However, few data have been
reported on the antioxidant activity of white tea extracts in the nervous system. In
the present study, we demonstrate that white tea extracts protect striatal cell
lines against oxidative stress-mediated cell death. The effects of white tea on
protection of striatal cell cultures are likely associated with the antioxidant
properties of white tea components since neuronal cell loss induced by
nonoxidative insults such as D1 dopamine receptor activation cannot be prevented
by pre-treatment with white tea. Altogether our results suggest that regular
consumption of white tea may contribute to reduce oxidative stress associated with
brain injury and be clinically useful for treating age-related and neurodegenerative
disorders.
PMID: 21698507

