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Anthocyanin can arrest the cone photoreceptor
degeneration and act as a novel treatment for retinitis
pigmentosa
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Abstract
·Retinitis pigmentosa (RP) is a group of heterogeneous
inherited retinal diseases that is characterized by primary
death rod photoreceptors and the secondary loss of
cones. The degeneration of cones causes gradual
constriction of visual fields, leaving the central islands
that are eventually snuffed out. Studies indicate that the
hyperoxia causes oxidative damage in the retina and
contributes to the cone death of RP. Moreover, abundant
reactive oxidative species (ROS) which are generated in
cones may result in mitochondria membrane
depolarization, which has been ascribed a central role in
the apoptotic process and has been proposed to act as a
forward feeding loop for the activation of downstream
cascades. Anthocyanin is a potent antioxidant which has
been evidenced to be able to counteract oxidative
damages, scavenge surplus ROS, and rectify abnormities
in the apoptotic cascade. Taken together with its ability
to attenuate inflammation which also contributes to the
etiology of RP, it is reasonable to hypothesize that the
anthocyanin could act as a novel therapeutic strategy to
retard or prevent cone degeneration in RP retinas,
particularly if the treatment is timed appropriately and
delivered efficiently. Future pharmacological investigations
will identify the anthocyanin as an effective candidate for
PR therapy and refinements of that knowledge would
ignite the hope of restoring the visual function in RP
patients.
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INTRODUCTION

R etinitis pigmentosa (RP) is a group of heterogeneous
inherited neurodegenerative diseases that is

characterized by the death of rod photoreceptors, followed by
progressive loss of cones and eventually total blindness [1-2].
The genetic heterogeneity among the diseases that constitute
RP is problematic for the therapeutic strategies to deal with
the primary genetic defects: more than 160 different
mutations of rod-related genes which encode proteins with
remarkably diverse functions can result in photoreceptors
apoptosis [3]. Currently, why various rod-related mutations
lose their specificity and lead to the secondary cone death is
a hot topic. The death of cones following rods loss causes
gradual constriction of visual fields and eventually total
blindness. This deterioration seems inevitable as it appears
that the cones depend upon the rods for survival. The
secondary loss of the cones is really thorny: if these cones
could be preserved, RP patients would function very well in
bright circumstance and carry on relatively normal lives
despite the primary rods loss [4-8]. Therefore, researchers have
endeavored to explore the underlying mechanism of the
secondary cone cell death in RP and to develop therapeutic
measures for the innocent cones. Four pathological
hypotheses are prevailing: 1) when rods die they release
toxic agents to kill the cones; 2) microglia cells secrete toxic
substances after they migrated to the outer nuclear layer; 3)
the provision of neurotrophic factors which are essential for
cone survival has been interrupted as rods die; 4) hyperoxia
introduces oxidative damage to the cones in the absence of
numerous rods[9-13].
Significant Role of Reactive Oxidative Species in the
Cone Death in Retinitis Pigmentosa The last theory is
currently enjoying a substantial popularity and is considered
to have potentials to be explored for therapeutic use. Since
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rods are most metabolically active in the retina, the oxygen
level in the outer retina would significantly increase as rods
die [9,12]. This increase goes largely uncompensated because
the poor auto-regulation of the choriocapillaries in response
to the alterations in tissue oxygen levels. The resulted
hyperoxia is toxic as it has been verified that high level of
oxygen tension (above 75% ) triggers off photoreceptors
degeneration[8,12]. Moreover, several studies on the hereditary
RP animal models have pointed out that the rods-deletion
induced oxidative stress contributes to the progressive cones
death regardless of the primary mutation gene: oxidative
damage to the mitochondria can result in membrane
depolarization, which plays a central role in the apoptotic
process and has been has been ascribed as a forward feeding
loop for the activation of the downstream cascades[7,14-17]. The
oxidative stress also excessively elevates poly adp-ribose
polymerase (PARP) activity and triggers off cone apoptosis

its interaction with the transcription factors such as
nuclear factor-资B (NF-资B), activator protein-1 (AP-1)[18-19].
Furthermore, abundant reactive oxidative species (ROS)
generated by the mitochondria could enhance cone apoptosis

the up-regulation of Bax, the down-modulation of Bcl-2
in the RP retinas [19-22]. Additionally, a novel study has found
that the peroxynitrite generated from ROS and nitric oxide
(NO) exacerbates oxidative damage and contributes to the
cone death in RP. During the amplification, NADPH
oxidases (Nox) serve as critical intermediaries [23]. Therefore,
the surplus ROS should be neutralized by antioxidant
defense system, otherwise it will interact with the
macromolecules including unsaturated lipids, proteins,
deoxyribonucleic acid (DNA) and iron, which are critical for
cone survival.
Benefits of Antioxidants for the Cones in Retinitis
Pigmentosa These metabolic findings cast insights into the
etiology of cone loss in RP retinas with the potential of
opening up new therapeutic avenues. Series of therapeutic
trials against the oxidative damage induced cone
degeneration are built on this pathological theory and proven
to be beneficial in RP models [24-26]. Administration of
cocktails of antioxidants to RP retinas could reduce markers
of oxidative damage and cone death to some extent, despite
of tremendous variability in the inciting mutations and the
rapidity of photoreceptor degeneration. Exogenous
antioxidants such as 琢-tocopherol, stanniocalcin-1,琢-ascorbic
acid, and lipoic acid can reduce the cone demise in RP
animal models. Human clinical trials of long term
supplementations of traditional antioxidants such as vitamins
A and E, 茁-carotene, zinc and docosahexaenoic acid have
been conducted for RP patients with some beneficial effects
noted, especially on the periphery visual function [27-29].
Moreover, it has been found that polymorphisms which

result in differences in the activity of antioxidant enzymes
and differences in dietary intake of antioxidants could also
contribute to the variability in the progression of the visual
field loss in RP patients.
Anti -apoptosis Treatment for Retinitis Pigmentosa
Given the complex genetic characteristics underlying RP's
pathology, the attempt to overcome each individual mutation
is confronted with overwhelming challenges. However
targeting apoptosis, which represents a highly controlled,
final common pathway to photoreceptor cell death of all RP
forms, could provide a more practical approach [16,30]. In
classic apoptosis pathway, the caspase family is considered
as the key executioner of the photoreceptor apoptotic
program. Although caspase activity can be sufficient for
apoptotic cell death, it is not always necessary. It has been
shown that the caspase-3 inhibitor or caspase-3 deletion
delayed the onset of RP, but was unable to block the
photoreceptor cell death entirely [31]. Even several broad
spectrum caspase inhibitors such as z-VAD-fmk,
DEVD-CHO and BD-fmk, failed to alter the characteristics
or kinetics of apoptosis and to rescue the photoreceptors of
RP retinas [20-21]. The caspase-independent apoptosis was
described in the photoreceptor degeneration of several RP
animal models such as the RCS rat and rd1 mouse: ROS and
calpain could also contribute significantly to the apoptotic
program without the activation of caspase -9, -8, -7, -3 and
-1 which played pivotal roles in the classic caspase-
dependant pathway [32-33]. Given the high sensitivity of
caspases to redox state alterations, this inactivation of
caspase during RP apoptosis might be caused by oxidative
modification, most likely at the thiol group of the active sites
in these enzymes [34]. Increased ROS generation after rod
death prevents the activation of caspases but allows the
activation of a caspase-independent apoptotic pathway.
Therefore, the cone death of RP models will always be the
combined result of multiple apoptotic pathways run in
parallel in a complex networks [35]. The cone survival in RP
mutants will not only require the inhibition of effectors of
cell death machinery, but also of the initiating upstream
signals such as ROS. This notion is further supported by the
ability of antioxidants to suppress the cone apoptosis in RP
retinas, and establishes a role for ROS as mediators of cone
apoptosis. The existence of a common cell death mediator
and mechanism triggered off by different gene defects may
provide a mutation independent therapeutic target which
could be generalized to all (or most) RP phenotypes.
Hypothesis When oxidative stress accumulates in the RP
retinas and protection by endogenous antioxidants is
insufficient for maintaining retinal homeostasis or optimal
visual function, it is necessary and reasonable to supply
exogenous antioxidants to protect the cones from oxidative
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injury and suppress the progression of RP. Anthocyanin is
presumed to have the potential to counteract oxidative
damages, rectify abnormities in apoptotic cascade, attenuate
inflammation response, and act as a natural agent to retard or
prevent cone degeneration in RP retinas. Intravenous
administration of anthocyanin would be an efficient method
to deliver the therapeutic factor to the target retinal tissue. So
it is a logical step to test anthocyanin for therapeutic use in
various RP animal models, and ultimately in patients.
Anthocyanin can Alleviate Oxidative Stress and
Suppress the Reactive Oxidative Species Induced
Retinal Apoptosis Anthocyanin is a natural antioxidant
widely distributed in various fruits, plants and vegetables.
Epidemiological studies report that this water-soluble
flavonoid shows protective potency against a variety of
pathologies, including cardiovascular diseases, cancer,
diabetes mellitus, neurodegeneration, and inflammation [36-37].
Particularly in the retina, anecdotal researchers find that
anthocyanin can alleviate symptoms of scotopia and improve
the microcirculation of retina. It acts as a stimulator of the
rhodopsin resynthesis and plays an important role in the
visual signal transduction [38-39]. Recently, the anthocyanin is
recognized as a cytoprotective compound because it can
suppress the light-induced photoreceptor damage by
scavenging ROS both and [40-41]. Furthermore,
anthocyanin exerts neuroprotective effects on the retinal
ganglion cells and RPE cells at least partly the
anti-oxidation mechanism [42-43]. Several instructive studies
find that anthocyanin overcomes the photoreceptor apoptosis
in the MNU-induced RP animal model, and improves both
the photopic and scotopic function[44-45]. More direct evidence
shows that anthocyanin can inhibit the AP-1 activation, an
important mediator for photoreceptor apoptosis, by
preventing p38 phosphorylation[46].
Anthocyanin ranks among the most potent antioxidants: the
hydroxyl group on the B ring of anthocyanin can donate
hydrogen to free radicals such as (O2

-), (OH), (H2O2), and
thus entail this compound tremendous antioxidant potency[47].
Previous study reported that the (.O2

-) scavenging activity of
purple rice extracts (anthocyanin as its main antioxidant
constituent) was 10-25 times stronger than that of the Trolox
(vitamin E analogue) [48]. Besides this direct scavenging
ability, anthocyanin can increase the oxygen-radical
defensive capacity of cells, stimulate the expression of
Phase-II detoxification enzymes, reduce the formation of
oxidative adducts in DNA, decrease lipid peroxidation, and
inhibit mutagenesis [49]. As formerly mentioned, Peroxynitrite
generated from ROS and nitric oxide (NO) amplifies the
oxidative damage in RP retinas. studies find
anthocyanin efficiently defend the primarily cultured bovine
aortic endothelial cells against peroxynitrite mediated

apoptosis by counteracting mitochondrial membrane
depolarization [50-51]. Furthermore, an study suggests
that anthocyanin exerts neuroprotective effect against the
N-methyl-D-aspartic acid (NMDA)-induced retinal damage
by suppressing the intracellular elevation of peroxynitrite[43].
Possibility on Attenuation of the Inflammation Response
of Retinitis Pigmentosa by Anthocyanin Recently,
chronic inflammation is considered to be an etiologic factor
of RP, although, it is still unclear whether the inflammation
is a central or minor contributor to the RP pathogenesis [52-53].
Retinal (probably photoreceptor) autoantibodies can be
found in the blood samples of RP patients [54]. It has been
shown that vitreous samples from RP patients contain many
immune system cells such as lymphocytes [55]. More detailed
studies have detected the significant elevated levels of
inflammatory cells and inflammatory factors in the aqueous
and vitreous humor from RP patients, including multiple
cytokines and chemokines such as IL-1, IL-2, IL-8 and
TNF-琢 [52]. More recent studies have highlighted the
activation of microglia in RP retina preceding photoreceptor
cell death. The highly toxic and inflammatory phenotype
microglia, which is designated as the "hyperactive state", can
release a variety of highly inflammatory cytokines. Preclinical
and clinical trials which target at the activated microglia in
the outer retina have suggested some benefits [56-57]. This in
turn points to the importance of monitoring inflammation
and treating RP patients for stealth infections.
Athocyanin has exhibited anti-inflammatory effects in
multiple cell types through its ability to inhibit the expression
of COX-2, COX-1, NF-资B and various interleukins, both

and [58-59]. Anthocyanin can also reduce the
expression of glial fibrillary acidic protein (GFAP), a well-
known marker that used for evaluating neuroinflammatory
responses in the retina [44]. Given the potential correlation of
RP with inflammation, a variety of anti-inflammatory actions
of anthocyanin could justify its promising clinical use in RP
treatment.
Issues That Need to be Addressed The bioavailability of
the anthocyanin to retina is a pharmacological issue yet to be
thoroughly addressed. Effective delivery of the therapeutic
factors to the target retinal tissue is a formidable task.
Repeated intraocular or intravitreal injections are
problematic for RP patients due to the delicacy of eye
structures and the propensity for cataract formation. On the
other hand, pharmacokinetic data indicates that the
absorption of anthocyanin is relatively poor in human: less
than 1% after oral administration was absorbed [60]. The
concentration of anthocyanin in plasma after oral
supplements is far below the level required to exhibit
cytoprotective effects [49,61]. However, after absorbed
into the plasma, the anthocyanin can readily cross the
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mammalian blood-retinal barrier and distribute in ocular
tissues as intact forms. Especially in rats the concentrations
of total anthocyanin in the ocular tissues are even higher than
those measured in plasma [62-63]. Therefore, efficient delivery
method aimed at enhancing the blood level of anthocyanin
should be necessary for the optimal use in RP treatment. The
intravenous administration might be a particularly appealing
approach for anthocyanin delivery.
We are not that optimistic a single agent such as anthocyanin
is potent enough to produce ideal therapeutic effects. It is
likely that benefits by reducing oxidative damage to cones
and simultaneously increasing the threshold for apoptosis
with neurotrophic factors can be synergistic. Anthocyanin
can also be utilized as supplements of gene therapy until the
oxygen status of outer retina recovers to normal. However, it
is essential to keep in mind of possible unexpected effects.
Anthocyanin can reduce or increase the bioavailability of
co-administered drugs, causing alleviated therapeutic effects
or increased side effects [64]. The modulation of certain
drug-metabolizing enzymes and transporters by anthocyanins
can affect the fate of co-administered drugs and thus exert
pharmacological risks [65]. Therefore, the possible
pharmacological and toxicological consequences of the
combined treatment should be considered.
Pharmacological safety issues need to be addressed before
further drug development. Anthocyanin must be present at
the right time, correct cellular compartment, and appropriate
concentrations to RP models or patients. An important
feature of anthocyanin contributing to its wide use in the
oxidative stress related disease is the broad spectrum
safety [66-67]. Standardized mixtures of anthocyanin fit for
cancer chemoprevention and treatment are commercially
available. Chronic administration of a prophylactic dose of
anthocyanin for various cancers shows no observable adverse
effect. The safety of chronic use of anthocyanin is of great
importance because the slow progression nature of RP would
require long-term administration. However, we can't
extrapolate a therapeutic dose of anthocyanin without good
evidence of their effectiveness and safety. Potential harms of
the high-dose antioxidant supplementation for RP should be
evaluated by a randomized, controlled, double-masked
clinical trial.
DISCUSSION
Gene therapy for RP remains challenging due to the
tremendous genetic heterogeneity and difficulties in accurate
genetic characterization. Targeting the patho-physiological
process which is common to all the mutation phenotypes
( apoptosis, oxidative damages) could serve as a more
promising and general alternative for RP treatment.
Anthocyanin is a potential drug for RP due to the evidences
of its anti-apoptosis and anti oxidation property. It is our

hope that the herein presented evidence from numerous
independent investigations could provide the impetus for a
more extensive evaluation of this treatment for retarding the
cone degeneration in RP. Future animal and human studies
are warranted to validate this preliminary hypothesis before
applying anthocyanin in clinical practice. Elucidation of ROS
induced apoptosis pathways by which anthocyanin exerts its
protective actions against the photoreceptor degeneration
would cast more insights into its potential use as a cone-
rescue agent.
ACKNOWLEDGEMENTS
Foundation: Supported by the National Key Development
Program for Basic Research of China (973 research plan,
No.2013CB967001).
Conflicts of Interest: Tao Y, None; Chen T, None; Yang
GQ, None; Peng GH, None; Yan ZJ, None; Huang YF,
None.
REFERENCES
1 Heckenlively JR. USA: JB Lippincott Co. 1988.

2 Hartong DT, Berson EL, Dryja TP. Retinitis pigmentosa. 2006;

368(9549):1795-1809.

3 Retinal information network. http://www.sph.uth.tmc.edu/retnet. Accessed

Jan. 27, 2013.

4 Baumgartner WA. Etiology, pathogenesis, and experimental treatment of

retinitis pigmentosa. 2000;54(5):814-824.

5 LaVail MM, Unoki K, Yasumura D, Matthes MT, Yancopoulos GD,

Steinberg RH. Multiple growth factors, cytokines, and neurotrophins rescue

photoreceptors from the damaging effects of constant light.

1992;89(23):11249-11253.

6 Vingolo EM, Rocco M, Grenga P, Salvatore S, Pelaia P. Slowing the

degenerative process, long lasting effect of hyperbaric oxygen therapy in

retinitis pigmentosa. 2008;246 (1):

93-98.

7 Baumgartner WA, Baumgartner AM. Rationale for an experimental

treatment of retinitis pigmentosa: 140-month test of hypothesis with one

patient. 2013;81(4):720-728.

8 Yu DY, Cringle S, Valter K, Walsh N, Lee D, Stone J. Photoreceptor

death, trophic factor expression, retinal oxygen status, and photoreceptor

function in the P23H rat. 2004;45 (6):

2013-2019.

9 Shen J, Yang X, Dong A, Petters RM, Peng YW, Wong F, Campochiaro

PA. Oxidative damage is a potential cause of cone cell death in retinitis

pigmentosa. 2005;203(3):457-464.

10 Leveillard T, Mohand-Said S, Poch O, Sahel JA. Rod-derived cone

viability factor: a clue for therapy of retinitis pigmentosa?

2005;21(1):22-24.

11 Gupta N, Brown KE, Milam AH. Activated microglia in human retinitis

pigmentosa, late-onset retinal degeneration, and age-related macular

degeneration. 2003;76(4):463-471.

12 Yu DY, Cringle SJ. Retinal degeneration and local oxygen metabolism.

2005;80(6):745-751.

13 Schutt F, Davies S, Kopitz J, Holz FG, Boulton ME. Photodamage to

human RPE cells by A2-E, a retinoid component of lipofuscin.

2000;41(8):2303-2308.

14 Curtin JF, Donovan M, Cotter TG. Regulation and measurement of

oxidative stress in apoptosis. 2002;265(1-2):49-72.

Anthocyanin photoreceptor retinitis pigmentosa

156



陨灶贼 允 韵责澡贼澡葬造皂燥造熏 灾燥造援 9熏 晕燥援 1熏 Jan.18, 圆园16 www. IJO. cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂

15 Groeger G, Mackey AM, Pettigrew CA, Bhatt L, Cotter TG.

Stress-induced activation of Nox contributes to cell survival signalling via

production of hydrogen peroxide. 2009;109(5):1544-1554.

16 Doonan F, Groeger G, Cotter TG. Preventing retinal apoptosis-is there a

common therapeutic theme? 2012;318(11):1278-1284.

17 Cai X, McGinnis JF. Oxidative stress: the achilles' heel of

neurodegenerative diseases of the retina.

2012;17:1976-1995.

18 Kaur J, Mencl S, Sahaboglu A, Farinelli P, van Veen T, Zrenner E,

Ekstrom P, Paquet-Durand F, Arango-Gonzalez B. Calpain and PARP

activation during photoreceptor cell death in P23H and S334ter rhodopsin

mutant rats. 2011;6(7):e22181.

19 Tsubura A, Yoshizawa K, Kuwata M, Uehara N. Animal models for

retinitis pigmentosa induced by MNU; disease progression, mechanisms

and therapeutic trials. 2010;25(7):933-944.

20 Oka S, Ohno M, Tsuchimoto D, Sakumi K, Furuichi M, Nakabeppu Y.

Two distinct pathways of cell death triggered by oxidative damage to

nuclear and mitochondrial DNAs. 2008;27(2):421-432.

21 Carmody RJ, Cotter TG. Oxidative stress induces caspase-independent

retinal apoptosis in vitro. 2000;7(3):282-291.

22 Carmody RJ, McGowan AJ, Cotter TG. Reactive oxygen species as

mediators of photoreceptor apoptosis in vitro. 1999;248 (2):

520-530.

23 Komeima K, Usui S, Shen J, Rogers BS, Campochiaro PA. Blockade of

neuronal nitric oxide synthase reduces cone cell death in a model of

retinitis pigmentosa. 2008;45(6):905-912.

24 Komeima K, Rogers BS, Lu L, Campochiaro PA. Antioxidants reduce

cone cell death in a model of retinitis pigmentosa.

2006;103(30):11300-11305.

25 Sanz MM, Johnson LE, Ahuja S, Ekstrom PA, Romero J, van Veen T.

Significant photoreceptor rescue by treatment with a combination of

antioxidants in an animal model for retinal degeneration.

2007;145(3):1120-1129.

26 Roddy GW, Rosa RH Jr, Oh JY, Stanniocalcin-1 rescued

photoreceptor degeneration in two rat models of inherited retinal

degeneration. 2012;20(4):788-797.

27 Aleman TS, Duncan JL, Bieber ML, Macular pigment and lutein

supplementation in retinitis pigmentosa and Usher syndrome

2001;42(8):1873-1881.

28 Berson EL, Rosner B, Sandberg MA, Further evaluation of

docosahexaenoic acid in patients with retinitis pigmentosa receiving vitamin

A treatment: subgroup analyses. 2004;122 (9):

1306-1314.

29 Berson EL, Rosner B, Sandberg MA, Weigel-DiFranco C, Willett WC.

ω-3 intake and visual acuity in patients with retinitis pigmentosa receiving

vitamin A. 2012;130(6):707-711.

30 Chang GQ, Hao Y, Wong F. Apoptosis: final common pathway of

photoreceptor death in rd, rds, and rhodopsin mutant mice. 1993;

11(4):595-605.

31 Yoshizawa K, Kiuchi K, Nambu H, Yang J, Senzaki H, Kiyozuka Y,

Shikata N, Tsubura A. Caspase-3 inhibitor transiently delays inherited

retinal degeneration in C3H mice carrying the rd gene.

2002;240(3):214-219.

32 Doonan F, Donovan M, Cotter TG. Caspase-independent photoreceptor

apoptosis in mouse models of retinal degeneration. 2003;23(13):

5723-5731.

33 Mizukoshi S, Nakazawa M, Sato K, Ozaki T, Metoki T, Ishiguro S.

Activation of mitochondrial calpain and release of apoptosis-inducing

factor from mitochondria in RCS rat retinal degeneration.

2010;91(3):353-361.

34 Hampton MB, Orrenius S. Dual regulation of caspase activity by

hydrogen peroxide: implications for apoptosis. 1997;414 (3):

552-556.

35 Lohr HR, Kuntchithapautham K, Sharma AK, Rohrer B. Multiple,

parallel cellular suicide mechanisms participate in photoreceptor cell

death. 2006;83(2):380-389.

36 Bowen-Forbes C, Zhang Y, Nair M. Anthocyanin content, antioxidant,

anti-inflammatory and anticancer properties of blackberry and raspberry

fruits. 2010;23(6):554-560.

37 Andersen OM, Jordheim M. In: Andersen OM and

Markham KR, Flavonoids: Chemistry and Biochemistry, Taylor&Francis,

USA: 2006;471-552.

38 Canter PH, Ernst E. Anthocyanosides of vaccinium myrtillus (bilberry)

for night vision-a systematic review of placebo-controlled trials.

2004;49(1):38-50.

39 Nakaishi H, Matsumoto H, Tominaga S, Hirayama M. Effects of black

current anthocyanoside intake on dark adaptation and VDT work-induced

transient refractive alteration in healthy humans. 2000;5

(6):553-562.

40 Tanaka J, Kadekaru T, Ogawa K, Hitoe S, Shimoda H, Hara H. Maqui

berry (Aristotelia chilensis) and the constituent delphinidin glycoside

inhibit photoreceptor cell death induced by visible light. 2013;

139(1-4):129-137.

41 Liu Y, Song X, Han Y, Zhou F, Zhang D, Ji B, Hu J, Lv Y, Cai S, Wei Y,

Gao F, Jia X. Identification of anthocyanin components of wild Chinese

blueberries and amelioration of light-induced retinal damage in pigmented

rabbit using whole berries. 2011;59(1):356-363.

42 Jang YP, Zhou J, Nakanishi K, Sparrow JR. Anthocyanins protect

against A2E photooxidation and membrane permeabilization in retinal

pigment epithelial cells. 2005;81(3):529-536.

43 Matsunaga N, Imai S, Inokuchi Y, Shimazawa M, Yokota S, Araki Y,

Hara H. Bilberry and its main constituents have neuroprotective effects

against retinal neuronal damage in vitro and in vivo.

2009;53(7):869-877.

44 Paik SS, Jeong E, Jung SW, Ha TJ, Kang S, Sim S, Jeon JH, Chun MH,

Kim IB. Anthocyanins from the seed coat of black soybean reduce retinal

degeneration induced by N-methyl-N-nitrosourea. 2012;97

(1):55-62.

45 Lee SH, Jeong E, Paik SS, Jeon JH, Jung SW, Kim HB, Kim M, Chun

MH, Kim IB. Cyanidin-3-glucoside extracted from mulberry fruit can

reduce N-methyl-N-nitrosourea-induced retinal degeneration in rats.

2014;39(1):79-87.

46 Ding M, Feng R, Wang SY, Bowman L, Lu Y, Qian Y, Castranova V,

Jiang BH, Shi X. Cyanidin-3-glucoside, a natural product derived from

blackberry, exhibits chemopreventive and chemotherapeutic activity.

2006;281(25):17359-17368.

47 Noda Y, Kaneyuki T, Mori A, Packer L. Antioxidant activities of

pomegranate fruit extract and its anthocyanidins: delphinidin, cyanidin, and

pelargonidin. 2002;50(1):166-171.

48 Zheng W, Wang SY. Oxygen radical absorbing capacity of phenolics in

blueberries, cranberries, chokeberries, and lingonberries.

2003;51(2):502-509.

49 Wang LS, Stoner GD. Anthocyanins and their role in cancer prevention.

2008;269(2):281-290.

50 Paixao J, Dinis TC, Almeida LM. Dietary anthocyanins protect

endothelial cells against peroxynitrite-induced mitochondrial apoptosis

157



pathway and Bax nuclear translocation: an in vitro approach.

2011;16(10):976-989.

51 Gago B, Lundberg JO, Barbosa RM, Laranjinha J. Red wine-dependent

reduction of nitrite to nitric oxide in the stomach.

2007;43(9):1233-1242.

52 Yoshida N, Ikeda Y, Notomi S, Ishikawa K, Murakami Y, Hisatomi T,

Enaida H, Ishibashi T. Clinical evidence of sustained chronic inflammatory

reaction in retinitis pigmentosa. 2013;120(1):100-105.

53 Viringipurampeer IA, Bashar AE, Gregory-Evans CY, Moritz OL,

Gregory-Evans K. Targeting inflammation in emerging therapies for genetic

retinal disease. 2013;2013:581751.

54 Rahi AH. Autoimmunity and the retina. II. Raised serum IgM levels in

retinitis pigmentosa. 1973;57(12):904-909.

55 Newsome DA, Michels RG. Detection of lymphocytes in the vitreous gel

of patients with retinitis pigmentosa. 1988;105 (6):

596-602.

56 Mart侏nez-Fern佗ndez de la C佗mara C, Olivares-Gonz佗lez L, Herv佗s D,

Salom D, Mill佗n JM, Rodrigo R. Infliximab reduces Zaprinast-induced

retinal degeneration in cultures of porcine retina.

2014;11:172.

57 Iezzi R, Guru BR, Glybina IV, Mishra MK, Kennedy A, Kannan RM.

Dendrimer-based targeted intravitreal therapy for sustained attenuation of

neuroinflammation in retinal degeneration. 2012;33 (3):

979-988.

58 Kwon JY, Lee KW, Hur HJ, Lee HJ. Peonidin inhibits

phorbol-ester-induced COX-2 expression and transformation in JB6 P+

cells by blocking phosphorylation of ERK-1 and -2.

2007;1095:513-520.

59 Kim H, Kong H, Choi B, Yang Y, Kim Y, Lim MJ, Neckers L, Jung Y.

Metabolic and pharmacological properties of rutin, a dietary quercetin

glycoside, for treatment of inflammatory bowel disease. 2005;22

(9):1499-1509.

60 Biasi F, Deiana M, Guina T, Gamba P, Leonarduzzi G, Poli G. Wine

consumption and intestinal redox homeostasis. 2014;2:

795-802.

61 Walle T. Absorption and metabolism of flavonoids.

2004;36(7):829-837.

62 He J, Magnuson BA, Lala G, Tian Q, Schwartz SJ, Giusti MM. Intact

anthocyanins and metabolites in rat urine and plasma after 3 months of

anthocyanin supplementation. 2006;54(1):3-12.

63 Matsumoto H, Nakamura Y, Iida H, Ito K, Ohguro H. Comparative

assessment of distribution of blackcurrant anthocyanins in rabbit and rat

ocular tissues. 2006;83(2):348-356.

64 Kalt W, Blumberg JB, McDonald JE, Vinqvist-Tymchuk MR, Fillmore

SA, Graf BA, O'Leary JM, Milbury PE. Identification of anthocyanins in the

liver, eye, and brain of blueberry-fed pigs. 2008;56(3):

705-712.

65 Bartikova H, Skalova L, Drsata J, Bousova I. Interaction of anthocyanins

with drug-metabolizing and antioxidant enzymes. 2013;20

(37):4665-4679.

66 Rodriguez-Fragoso L, Martinez-Arismendi JL, Orozco-Bustos D,

Reyes-Esparza J, Torres E, Burchiel SW. Potential risks resulting from

fruit/vegetable-drug interactions: effects on drug-metabolizing enzymes

and drug transporters. 2011;76(4):R112-124.

67 Bagchi D, Roy S, Patel V, He G, Khanna S, Ojha N, Phillips C, Ghosh S,

Bagchi M, Sen CK. Safety and whole-body antioxidant potential of a novel

anthocyanin-rich formulation of edible berries. 2006;

281(1-2):197-209.

Anthocyanin photoreceptor retinitis pigmentosa

158


