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Purpose: (−)-epigallocatechin-3-gallate (EGCG), a major catechin component of green tea, is reported to delay or prevent
certain forms of cancer, arthritis, cardiovascular disease, and neurodegenerative disorders. In this study, we determined
if systemically administered EGCG could protect the retina against light damage (LD) in mice.
Methods: BALB/cJ mice were treated with either EGCG or saline via intraperitoneal (IP) injection, and then placed
under constant cool white light-emitting diode (LED) light (10,000 lux) for 5 h. Retinal structure and function were
evaluated using optical coherence tomography (OCT), histology, and electroretinography (ERG) 7 days after LD. In
addition, the mRNAs of several oxidative stress genes were quantified by qPCR before LD and 24 h after LD.
Results: OCT and photomicrographs of mouse retinas showed morphologic protection of photoreceptors. Mice in the
EGCG group had significantly higher ERG amplitudes for all three wave types compared with mice in the saline control
group, which indicated that EGCG protected retinal function. Furthermore, qPCR results showed that EGCG administration can increase the mRNA level of the antioxidant gene Sod2 before LD and 24 h after LD.
Conclusions: The IP injection of EGCG attenuated the detrimental effects of bright light on the retinas of BALB/cJ mice
by protecting the structure and function of the retina.

EGCG has the potential to protect against retinal degenerative
or neurodegenerative diseases.

Age-related macular degeneration (AMD) is a common
cause of irreversible and severe loss of vision. It is one of
the major causes of blindness in developed countries, and
has caused a significant social and economic burden [1]. The
degeneration of photoreceptors is one of the main characteristics of atrophic AMD. The exact mechanism of AMD is not
completely understood and the treatment methods are insufficient. Several studies have suggested that light exposure and
oxidative stress play important roles in AMD [2,3]. Because
the light damage (LD) mouse model involves oxidative stress,
it can be used to test antioxidants for their retinal protective
ability [4,5].

In the field of ophthalmology, Chen et al. [12] showed
that the intraperitoneal (IP) injection of EGCG protected
retinal ganglion cells against N-methyl-D-aspartate
(NMDA)-induced death. Silva et al. [13] found that green
tea is neuroprotective in diabetic retinopathy (DR) via an
antioxidant mechanism. Zhang et al. [14] demonstrated that
intravitreal and systemic injections of EGCG provide protection to retinal neurons against oxidative stress and ischemia/
reperfusion injury. In the present study, we determined if an
IP injection of EGCG protects the retina against LD in mice,
and also determined the effect of EGCG on antioxidant genes
before and after LD.

The multifunctional properties of (−)-epigallocatechin3-gallate (EGCG), a major catechin component of green
tea, include antioxidant activity and anti-inflammatory,
anti-apoptotic, and neuroprotective effects. EGCG has been
reported to delay or prevent certain forms of cancer, cardiovascular disease, and neurodegenerative disorders [6-10]. Chu
et al. [11] found that EGCG can cross the blood–brain barrier
and blood–retinal barrier, which suggests that systemic

METHODS
Animal care: All protocols were approved by the Institutional
Animal Care and Use Committee of the University of Pennsylvania. Experimental procedures were performed according
to the Association for Research in Vision and Ophthalmology
(ARVO) Statement for the Use of Animals in Ophthalmic and
Vision Research. Adult male albino BALB/cJ mice (20–30 g)
were purchased from The Jackson Laboratory (Bar Harbor,
ME). Thirty mice that were 8 weeks of age were used in the
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study. All mice were fed a standard laboratory diet and given
free access to water; they were maintained in a temperaturecontrolled room at 21–23 °C under dim cyclic light (12 h: 12
h light-dark cycle) during the experiments. The mice were
given either LD or no light damage (NLD). Some mice were
also given either IP saline or IP EGCG.

to the eyes before examination. As described previously [15],
we performed OCT using a Bioptigen imager (Bioptigen
INC., Durham, NC). One standard horizontal line scan was
used, which was approximately 0.4 mm above the superior
edge of the optic disc. Corresponding ONL thicknesses for
the different groups were compared at the same location.

Drug administration and LD paradigm: EGCG (SigmaAldrich Corp., E4268, St. Louis, MO) was dissolved in 0.9%
sodium chloride injection (10 mg/ml). EGCG was freshly
prepared, and mice were given an IP injection at a dose of
50 mg/kg. An equal volume of 0.9% sodium chloride was
used as a control. EGCG was given daily for 7 days to some
mice before they were sacrificed. For some mice, daily IP
injections of EGCG were given for 7 days before LD and also
after LD until the mice were sacrificed.

Electroretinography (ERG): Flash electroretinograms were
recorded from both eyes of each mouse. The electroretinography (ERG) recordings followed procedures described
previously [16,17]. Briefly, mice were dark-adapted overnight
and then anesthetized with a cocktail containing (in mg/kg
bodyweight): 80 ketamine, 10 xylazine, and 2 acepromazine.
The pupils were dilated with 1% tropicamide saline solution
(Mydriacil; Alconox, New York, NY), and the mouse was
placed on a stage maintained at 37 °C. Two miniature cups
made of ultraviolet (UV)-transparent plastic with embedded
platinum wires that served as recording electrodes were
placed in contact with the corneas. A platinum wire loop
placed in the mouth served as the reference and ground electrode. The ERGs were then recorded (Espion Electrophysiology System; Diagnosys LLC, Lowell, MA). The apparatus
was modified by the manufacturer for experiments with mice
by substituting LEDs with a maximum emission wavelength
of 365 nm for standard blue LEDs. The stage was positioned
in such a way that the mouse’s head was located inside the
stimulator (ColorDome; Diagnosys LLC), thus ensuring fullfield uniform illumination. Methods for light stimulation and
calibration of light stimuli have been described previously.
Briefly, the flash intensities for recordings of rod a- and
b-waves were 500 and 0.01 scot cd m−2 s delivered by the
white xenon flash and green (maximum emission wavelength
of 510 nm) LED, respectively. The white flash intensity of the
cone b-wave was 500 scot cd m−2 s with a rod-suppressing
steady green background of 30 scot cd m−2 s. The intensities
of the UV flashes used for cone stimulation in the current
study were (rounded to tens) 1650 photons/µm2, 1780 photons/
µm 2, and 2820 photons/µm2.

Mice in the LD group were exposed to 10,000 lux of cool
white LED light in a well-ventilated room continuously for 5
h. After exposure to the light, mice were either sacrificed or
placed in a normal light/dark cycle for 24 h or for 7 days. Eyes
were enucleated immediately after sacrifice 24 h after LD for
analysis by quantitative PCR (qPCR), and 7 days following
LD for morphologic analysis.
Morphologic analysis: Eye cups were made by dissecting
away the cornea and lens, then were dehydrated in increasing
concentrations of ethanol for 30min periods; the concentrations used were: 50%, 75%, 95% and 100%. Then, eye cups
were immersed in infiltration solution (0.625 g Benzoyl
Peroxide in 50 ml of JB-4 solution A, Polysciences Inc.,
Warrington, PA) overnight. A mixture of 1ml of JB-4 solution
B and 25 ml of infiltration solution was used for embedding.
For standard histology, 3 μm thick plastic sections were cut
in the sagittal plane and were stained with toluidine blue by
incubation of the sections in 1% toluidine blue O and 1%
sodium tetraborate decahydrate (Sigma-Aldrich Corp., St.
Louis, MO) for 5 seconds. Stained sections were observed
and photographed using brightfield illumination (model
TE300; Nikon, Inc., Tokyo, Japan). The number of nuclei
per column of outer nuclear layer (ONL) photoreceptors was
counted in triplicate at 200 µm intervals from the optic nerve
(ON) to 2,000 µm from the ON, using image analysis software (ImagePro Plus4.1; Media Cybernetics, Rockville, MD)
to calculate the distances from manually set lengths.
Optical coherence tomography (OCT) imaging: Mice
were anesthetized with a cocktail containing (in mg/kg
bodyweight): 80 ketamine (Par Pharmaceutical, Spring
Valley, NY), 10 xylazine (LIoyd Inc., Shenandoah, IA), and
acepromazine (Boehringer Ingelheim Vetmedica, Inc.St.
Joseph, MO). One drop of 1% tropicamide ophthalmic solution (Mydriacil; Alconox, New York, NY) was administrated

Real-time qPCR: Gene expression was analyzed in the neurosensory retina (NSR) samples by quantitative RT–PCR as we
have described [18]. Briefly, samples were obtained from
IP EGCG and saline-treated mice with NLD, IP EGCG and
saline-treated mice with LD at the indicated time points, and
no IP NLD mice. The probes used were superoxide dismutase
1 (Sod1, Mm01700393_g1), superoxide dismutase 2 (Sod2,
Mm01313000_m1), and glutathione peroxidase 4 (Gpx4,
Mm00515041_m1); glyceraldehyde 3-phosphate dehydrogenase (GAPDH, Mm99999915_g1) was used as an endogenous
control. Real-time qPCR (TaqMan; Applied Biosystems,
Carlsbad, CA) was performed on a sequence detection system
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(Prism Model 7500; Applied Biosystems) using the delta delta
cycle threshold (ΔΔCT) method, which describes the relative
fold change. The amount of target mRNA was compared
among the groups of interest. All reactions were performed
in biological and technical triplicates; in other words, there
were three qPCR replicates per biological sample.

µm from the ON, the average ONL nuclei number in the NLD
group was 9.5; after LD, the number of nuclei in the saline
control group decreased to 2.4, while the average number was
6.7 in the EGCG treatment group (Figure 2G).

Statistical analysis: The mean and the standard error were
calculated for each comparison group. Statistical analysis
was performed using the Student’s two-sided unpaired t test
for two group comparisons. We used one-way ANOVA with
post hoc pairwise comparisons using the Tukey method to
correct for multiple comparisons. All statistical analyses
were performed with GraphPad Prism version 5 (GraphPad
Software, San Diego, CA).
RESULTS
OCT in vivo retinal imaging 7 days after LD: OCT imaging
provided in vivo images showing the thickness and reflectivity
of the ONL region (Figure 1). Images from approximately
the same location in the superior retina were compared. In
mice not exposed to LD, OCT images showed a region of low
reflectivity corresponding to the ONL (Figure 1A). At 7 days
after LD, OCT images showed severe thinning in the ONL in
mice treated with saline, combined with a relatively increased
reflectivity of the choroid (Figure 1B). EGCG-treated mice
had a relatively thicker ONL, which was similar to the images
of the retinas in mice without LD (Figure 1C). A quantitative
comparison of the thickness of the ONL in the IP and no IP
groups showed a loss of nearly 70% thickness in the IP saline
LD group compared with the no IP NLD group (p < 0.01),
but only a 14% thickness loss in the IP EGCG LD group (p
< 0.01; Figure 1D).
Preservation of photoreceptor morphology by EGCG: OCT
images indicated the morphological preservation of retinal
structure. To confirm the preservation of the photoreceptors
by EGCG, a morphometric analysis (Figure 2) was performed
7 days after LD; the numbers of photoreceptor nuclei were
counted in sagittal sections through the ONL (n = 4). The
retinal morphology in the saline control group showed severe
loss of ONL nuclei after LD. The retinal morphology in the
EGCG group (Figure 2C) was similar to that of the group
with NLD (Figure 2A). The mice treated with EGCG had
a thicker ONL and better preserved photoreceptor inner
and outer segments compared with LD mice that received
IP saline (Figure 2B). Figure 2D-F show high magnification
images of Figure 2A-C. The graph of the thickness of the
ONL showed that the most severely damaged part of the
retina was supero-central, although this region was well
protected by the administration of EGCG. For example, 600

Retinal function assessed by ERG 7 days after LD: The
maximum ERG amplitude of the cone-b, rod-a, and rod-b
waves were measured. The amplitudes of the three waves
were significantly attenuated by the LD treatment. However,
EGCG protected against this attenuation. All three wave
amplitudes were significantly higher in the EGCG-treated LD
mice compared with the saline-treated LD controls. Quantitative comparison of the maximum ERG amplitudes showed a
nearly 59% (rod b), 72% (rod a), and 70% (cone b) decrease
in the IP saline LD group compared with NLD group: p <
0.01, p < 0.01, and p < 0.05, respectively. There was only a
4% (rod b), 32% (rod a), and 7% (cone b) decrease in the IP
EGCG LD group: p < 0.01, p < 0.05, and p < 0.05, respectively
(Figure 3A-C). Representative ERG recordings are shown in
Figure 3D-F.
EGCG affected expression of antioxidant genes: To investigate the effect of EGCG on photoreceptor protection,
antioxidant gene expression was analyzed in the NSR
samples obtained from EGCG and saline-treated mice with
and without LD. In the NSR samples from mice with NLD,
IP EGCG treatment led to higher Sod2 (1.1 fold, p < 0.01;
Figure 4B). In addition, Sod2 mRNA levels in the NSR of
EGCG-treated mice were upregulated significantly 24 h after
LD compared with IP saline LD controls (1.1 fold, p < 0.05).
There was no significant difference between the EGCG and
the saline groups for Sod 1 and Gpx 4 mRNA levels (p > 0.05;
Figure 4A,C).
DISCUSSION
Prior studies demonstrated that EGCG has beneficial
properties in several disease models [19]. In this study, we
investigated whether IP injection of EGCG can protect the
photoreceptors against light-induced damage in BALB/cJ
mice. In our study, one week after light exposure, morphologic analysis demonstrated that EGCG administration can
effectively protect the retina against damage caused by light
exposure, which was evidenced by relative thicker ONL in
OCT images, photoreceptor morphology in plastic sections,
and quantification of photoreceptor nuclei. Furthermore, ERG
results also indicated that retinal function was well protected
by EGCG. Gene expression changes, while small, indicated
that EGCG can upregulate the antioxidant gene Sod2 before
LD, which, in addition to the direct antioxidant function of
EGCG, could contribute to retinal protection.
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Figure 1. OCT images of mouse
retinas. A: The retina of a mouse
that received no IP injection and
NLD. B: The retina of a mouse that
received IP saline and LD showed
ONL thinning 7 days after LD. C:
The retina of a mouse that received
IP EGCG and LD showed nearly
normal thickness ONL 7 days after
LD. D: A comparison of relative
ONL thickness: No IP NLD (n = 4);
saline IP + LD (n = 4), and EGCG
IP + LD (n = 4). Numbers represent
mean values (± SEM). ** p < 0.01.
ONL = outer nuclear layer, INL
= inner nuclear layer, and SEM =
standard error of the mean.
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Prior studies have shown that a higher dose of EGCG
may result in hepatic toxicity and pro-oxidation [11,20,21].
Moreover, the tolerance for EGCG varies among the different
mouse strains [22]. We chose the 50 mg/kg dose because this
concentration has been shown to be efficacious in several
other rodent models [23,24].

increase in some apoptosis-associated protein levels, such
as caspase-3, B-cell lymphoma 2-associated death promoter
(Bad), and poly ADP-ribose polymerase (PARP), although it
did not modify the level of B-cell lymphoma 2 (Bcl-2) [25].
Our study complements that study by providing different
morphological, functional, and molecular evidence of the
protective effects of EGCG in a different animal species. We
also provide evidence of antioxidant gene upregulation by
EGCG. Together, these reports illustrate the protective properties of EGCG against light-induced retinal degeneration.

Costa et al. [25] found that orally administered EGCG
attenuated light-induced photoreceptor damage in albino rats
as shown by the protection against the reduction of the a- and
b-waves and photoreceptor specific mRNAs/proteins caused
by light. EGCG also significantly reduced the light-induced

Figure 2. Photomicrographs of
plastic sections of mouse retinas 7
days after LD. The sagittal plane
sections pass through the optic
nerve. A: Posterior retina from a
mouse that received NLD. B: The
retina of a mouse in the saline plus
LD group showed ONL thinning
7 days after LD. C: In the retina
of a mouse in the EGCG plus LD
group, the photoreceptor nuclei in
the ONL were well protected from
light-induced damage, especially
in the superior area (scale bars =
100 µm). D-F: High magnification
images of A-C (scale bars = 25
µm). G: Plots of the thickness of
the ONL, measured in numbers of
photoreceptor nuclei per column.
Measurements were made in triplicate at intervals of 200 µm from
the optic nerve, which is reference
point 0 on the x-axis. No IP NLD
(n = 4, black), saline IP + LD (n =
4, green), and EGCG IP + LD (n =
4, red). Numbers represent mean
values (± SEM). GCL = ganglion
cell layer, IPL = inner plexiform
layer, INL = inner nuclear layer,
OPL = outer plexiform layer, ONL
= outer nuclear layer, and SEM =
standard error of the mean.
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Figure 3. Full-field ERG responses of mice in the EGCG-treated and saline control groups 7 days after light exposure. The maximum
amplitude ERG responses were compared. The amplitudes of three wave types were significantly higher in the LD EGCG-treated group
compared with the LD saline control group (A-C). Numbers represent mean values (± SEM). * p < 0.05 and ** p < 0.01. Representative ERG
traces from each group were plotted in D (rod b), E (rod a), and F (cone b).

Figure 4. Graphs showing relative antioxidant mRNA levels measured by qPCR. Relative mRNA levels were measured after mice received
IP injections for 7 days but no LD, or 24 h after LD. Sod1 and Gpx4 mRNA levels were not significantly changed in the neural retinas of
mice in the daily IP EGCG group versus mice in the saline groups (A, C). Sod2 mRNA levels in the neural retina increased after 7 days of
daily IP EGCG administration compared with the saline control. Sod2 mRNA levels in the NSR of mice receiving daily IP EGCG versus
IP saline were upregulated 24 h after LD (B).The mRNA levels for the indicated genes in the retinas from mice in the no IP NLD (n = 4),
saline IP + NLD (n = 5), EGCG IP + NLD (n = 5), saline IP + LD (n = 4), and EGCG IP + LD (n = 4) groups are displayed as mean values
(± SEM). * p < 0.05 and** p < 0.01. In A, (Saline IP+LD) vs (EGCG IP+LD) (Unpaired t test, p= 0.0914); in C, (Saline IP+NLD) vs (EGCG
IP+NLD; Unpaired t test, p= 0.3101), Saline IP+LD vs EGCG IP+LD (Unpaired t test, p= 0.2304).
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Prior studies on cancer, inflammatory disease, and
neurodegenerative disease focused on the antioxidant,
radical scavenging, metal chelating, anti-apoptotic, and antiinflammatory properties of EGCG [19,26]. The antioxidant
function is one of the important potential therapeutic activities of EGCG for the retina. An in vitro study by Cia et al.
[27] showed that EGCG pretreatment can protect primary
rat retinal pigment epithelium (RPE) cells from hydrogen
peroxide (H2O2)-induced death. Furthermore, several in vivo
studies provided evidence supporting the antioxidant properties of EGCG in neurodegeneration or retinal degeneration
promoted by different oxidants [28,29]. A study from Yang
et al. [30] found that retinal lesions generated by sodium
iodate-induced oxidative stress in the adult rat retina were
ameliorated by tea extract and its catechin constituents
containing EGCG. Retinal protective effects were associated
with diminished oxidative stress indicated by reduced levels
of 8-iso-prostaglandin F2α in the retina [30].
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Due to its chemical structure, EGCG is a radical scavenger and metal chelator, which enables it to execute antioxidant effects directly [31-33]. Some studies demonstrated
that EGCG can induce endogenous antioxidants, such as
superoxide dismutase, catalase, and glutathione peroxidase.
EGCG upregulated the gene expression or elevated the bioactivities of these antioxidants. Thus, EGCG could directly or
indirectly regulate the antioxidant levels or activity to reduce
oxidative stress [34-36]. In our study, elevated Sod2 mRNA
levels were detected by qPCR in the retina one week after
EGCG administration with NLD and 24 h after LD. This
indicates that the retinal protective effect may be in part from
the EGCG-induced endogenous antioxidants. In conclusion,
our data demonstrate the protective effect of EGCG in the
murine LD model. The mechanism may be due to the multiple
biological and chemical activities of EGCG, including its
antioxidative function. Because EGCG is a major catechin in
green tea, additional studies on the potential retinal protective
effects of drinking green tea or taking EGCG supplements
are warranted.
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human endothelial cells. Phytomedicine 2015; 22:431-7.
[PMID: 25925964].
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6-OHDA-Induced Neurotoxicity in a Cell Culture Model.
Park Dis 2015; xxx:843906-[PMID: 26770869].

ACKNOWLEDGMENTS
Supported by: China Scholarship Council (CSC), Research
to Prevent Blindness, The Paul and Evanina Bell Mackall
Foundation Trust, The F.M. Kirby Foundation, and a gift in
memory of Lee F. Mauger
REFERENCES
1.

Klein R. Overview of progress in the epidemiology of agerelated macular degeneration. Ophthalmic Epidemiol 2007;
14:184-7. [PMID: 17896295].

10. Skrzydlewska E, Augustyniak A, Michalak K, Farbiszewski
R. Green tea supplementation in rats of different ages mitigates ethanol-induced changes in brain antioxidant abilities.
Alcohol 2005; 37:89-98. [PMID: 16584972].
11. Chu KO, Chan KP, Yang YP, Qin YJ, Li WY, Chan SO, Wang
CC, Pang CP. Effects of EGCG content in green tea extract
on pharmacokinetics, oxidative status and expression of
inflammatory and apoptotic genes in the rat ocular tissues.
J Nutr Biochem 2015; 26:1357-67. [PMID: 26362107].
12. Chen F, Jiang L, Shen C, Wan H, Xu L, Wang N, Jonas JB.
Neuroprotective effect of epigallocatechin-3-gallate against
N-methyl-D-aspartate-induced excitotoxicity in the adult
rat retina. Acta Ophthalmol (Copenh) 2012; 90:e609-15.
[PMID: 22974415].
13. Silva KC, Rosales MA, Hamassaki DE, Saito KC, Faria AM,
Ribeiro PA, Faria JB, Faria JM. Green tea is neuroprotective
in diabetic retinopathy. Invest Ophthalmol Vis Sci 2013;
54:1325-36. [PMID: 23299475].
14. Zhang B, Safa R, Rusciano D, Osborne NN. Epigallocatechin
gallate, an active ingredient from green tea, attenuates
damaging influences to the retina caused by ischemia/reperfusion. Brain Res 2007; 1159:40-53. [PMID: 17573045].

177

Molecular Vision 2017; 23:171-178 <http://www.molvis.org/molvis/v23/171>

© 2017 Molecular Vision

15. Song D, Grieco S, Li Y, Hunter A, Chu S, Zhao L, Song Y,
DeAngelis RA, Shi L-Y, Liu Q, Pierce EA, Nishina PM,
Lambris JD, Dunaief JL. A murineRP1 missense mutation causes protein mislocalization and slowly progressive
photoreceptor degeneration. Am J Pathol 2014; 184:2721-9.
[PMID: 25088982].

light-induced photoreceptor damage. Brain Res Bull 2008;
76:412-23. [PMID: 18502318].

16. Lyubarsky AL, Falsini B, Pennesi ME, Valentini P, Pugh EN.
UVand midwave-sensitive cone-driven retinal responses
of the mouse: a possible phenotype for coexpression of
cone photopigments. J Neurosci 1999; 19:442-55. [PMID:
9870972].
17. Lyubarsky AL, Lem J, Chen J, Falsini B, Iannaccone A, Pugh
EN Jr. Functionally rodless mice: transgenic models for the
investigation of cone function in retinal disease and therapy.
Vision Res 2002; 42:401-15. [PMID: 11853756].
18. Hadziahmetovic M, Song Y, Wolkow N, Iacovelli J, Grieco S,
Lee J, Lyubarsky A, Pratico D, Connelly J, Spino M, Harris
ZL, Dunaief JL. The oral iron chelator deferiprone protects
against iron overload-induced retinal degeneration. Invest
Ophthalmol Vis Sci 2011; 52:959-68. [PMID: 21051716].
19. Singh NA, Mandal AKA, Khan ZA. Potential neuroprotective properties of epigallocatechin-3-gallate (EGCG). Nutr J
2016; 15:60-[PMID: 27268025].
20. Wang D, Wang Y, Wan X, Yang CS, Zhang J. Green tea polyphenol (-)-epigallocatechin-3-gallate triggered hepatotoxicity
in mice: responses of major antioxidant enzymes and the
Nrf2 rescue pathway. Toxicol Appl Pharmacol 2015; 283:6574. [PMID: 25585349].
21. Tian B, Sun Z, Xu Z, Hua Y. Chemiluminescence analysis of
the prooxidant and antioxidant effects of epigallocatechin3-gallate. Asia Pac J Clin Nutr 2007; 16:Suppl 1153-7.
[PMID: 17392095].
22. Goodin MG, Bray BJ, Rosengren RJ. Sex- and strain-dependent effects of epigallocatechin gallate (EGCG) and epicatechin gallate (ECG) in the mouse. Food Chem Toxicol 2006;
44:1496-504. [PMID: 16762473].
23. Kim JS, Kim J-M. O J-J, Jeon BS. Inhibition of inducible nitric oxide synthase expression and cell death by
(-)-epigallocatechin-3-gallate, a green tea catechin, in the
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine mouse model
of Parkinson’s disease. J Clin Neurosci 2010; 17:1165-8.
[PMID: 20541420].
24. Xifró X, Vidal-Sancho L, Boadas-Vaello P, Turrado C, Alberch
J, Puig T, Verdú E. Novel epigallocatechin-3-gallate (EGCG)
derivative as a new therapeutic strategy for reducing neuropathic pain after chronic constriction nerve injury in mice.
PLoS One 2015; 10:e0123122-[PMID: 25855977].
25. Costa BL, Fawcett R, Li GY, Safa R, Osborne NN.
Orally administered epigallocatechin gallate attenuates

26. Gao Z, Han Y, Hu Y, Wu X, Wang Y, Zhang X, Fu J, Zou X,
Zhang J, Chen X, Jose PA, Lu X, Zeng C. Targeting HO-1 by
Epigallocatechin-3-Gallate Reduces Contrast-Induced Renal
Injury via Anti-Oxidative Stress and Anti-Inflammation
Pathways. PLoS One 2016; 11:e0149032-[PMID: 26866373].
27. Cia D, Vergnaud-Gauduchon J, Jacquemot N, Doly M. Epigallocatechin gallate (EGCG) prevents H2O2-induced oxidative
stress in primary rat retinal pigment epithelial cells. Curr
Eye Res 2014; 39:944-52. [PMID: 24559018].
28. Zhang B, Osborne NN. Oxidative-induced retinal degeneration
is attenuated by epigallocatechin gallate. Brain Res 2006;
1124:176-87. [PMID: 17084820].
29. Choi YB, Kim YI, Lee KS, Kim BS, Kim DJ. Protective effect
of epigallocatechin gallate on brain damage after transient
middle cerebral artery occlusion in rats. Brain Res 2004;
1019:47-54. [PMID: 15306237].
30. Yang Y, Qin YJ, Yip YW, Chan KP, Chu KO, Chu WK, Ng
TK, Pang CP, Chan SO. Green tea catechins are potent
anti-oxidants that ameliorate sodium iodate-induced retinal
degeneration in rats. Sci Rep 2016; 6:29546-[PMID:
27383468].
31. Nanjo F, Goto K, Seto R, Suzuki M, Sakai M, Hara Y. Scavenging effects of tea catechins and their derivatives on
1,1-diphenyl-2-picrylhydrazyl radical. Free Radic Biol Med
1996; 21:895-902. [PMID: 8902534].
32. Thephinlap C, Ounjaijean S, Khansuwan U, Fucharoen S,
Porter JB, Srichairatanakool S. Epigallocatechin-3-gallate
and epicatechin-3-gallate from green tea decrease plasma
non-transferrin bound iron and erythrocyte oxidative stress.
Med Chem 2007; 3:289-96. [PMID: 17504202].
33. Chan S, Kantham S, Rao VM, Palanivelu MK, Pham HL,
Shaw PN, McGeary RP, Ross BP. Metal chelation, radical
scavenging and inhibition of Aβ 42 fibrillation by food
constituents in relation to Alzheimer’s disease. Food Chem
2016; 199:185-94. [PMID: 26775960].
34. Saha P, Das S. Elimination of Deleterious Effects of Free Radicals in Murine Skin Carcinogenesis by Black Tea Infusion,
Theaflavins & Epigallocatechin Gallate. Asian Pac J Cancer
Prev 2002; 3:225-30. [PMID: 12718579].
35. Feng B, Fang Y, Wei S-M. Effect and mechanism of epigallocatechin-3-gallate (EGCG). against the hydrogen peroxideinduced oxidative damage in human dermal fibroblasts. J
Cosmet Sci 2013; 64:35-44. [PMID: 23449129].
36. Sahin K, Orhan C, Tuzcu M, Ali S, Sahin N, Hayirli A.
Epigallocatechin-3-gallate prevents lipid peroxidation and
enhances antioxidant defense system via modulating hepatic
nuclear transcription factors in heat-stressed quails. Poult Sci
2010; 89:2251-8. [PMID: 20852116].

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China.
The print version of this article was created on 24 March 2017. This reflects all typographical corrections and errata to the
article through that date. Details of any changes may be found in the online version of the article.
178

