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Abstract
Purpose—Cell death can be induced by exogenous reactive oxygen species (ROS). Endogenous
ROS can also play a role in cell death triggered by agents that are not themselves ROS. One of the
most potent ROS-generating systems is the iron-catalyzed Fenton reaction. Herein, the authors tested
whether iron plays an important role in cell death induced by diverse stimuli in retinal pigment
epithelial (RPE) cells.

Methods—The ability of the iron chelator salicylaldehyde isonicotinoyl hydrazone (SIH) to chelate
intracellular labile iron was tested in the human cell line ARPE-19. The ability of SIH to protect
against RPE cell death induced by hydrogen peroxide, staurosporine, anti-Fas, and exposure to A2E
plus blue light was determined. ROS production by staurosporine was assessed in the presence and
absence of SIH. The protective activity of SIH was compared with that of other iron chelators and
an antioxidant.

Results—Acute exposure to SIH was nontoxic and at least partially protective against cell death
induced by all tested agents. On a molar basis, SIH was more protective against hydrogen peroxide
than other iron chelators and an antioxidant. SIH decreased levels of staurosporine-induced ROS.

Conclusions—Iron chelation with SIH can decrease levels of ROS and protect RPE cells against
cell death induced by diverse stimuli. These results suggest a central role for iron in cell death
pathways, potentially involving the generation of oxidative stress. SIH or related iron chelators may
prove useful for protection against diseases involving RPE death, such as AMD.

Iron is essential for life because of its role in one-electron redox chemistry in the electron
transport chain and as a cofactor in heme and iron-sulfur cluster–containing proteins. However,
it also represents a potentially dangerous electron-transporting catalytic system that is able to
induce oxidative damage. In the Fenton reaction, iron reacts with hydrogen peroxide (H2O2)
to produce hydroxyl radical, the most reactive and toxic of the reactive oxygen species (ROS).
Iron is prevented from reacting with H2O2 by storage within proteins such as ferritin. At the
same time a small amount of redox-active iron exists in the intracellular labile iron pool, making
this accessible ferrous iron dangerous under conditions of cellular oxidative stress. Moreover,
superoxide and H2O2 are able to release iron from its storage proteins, increasing the labile
iron pool and creating a vicious circle of ROS production.1-3
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Iron homeostasis is controlled at the level of intestinal iron absorption because there is no
known iron excretion mechanism.4 Hereditary diseases causing impaired iron homeostasis,
such as the common recessive disease hereditary hemochromatosis, result in iron-induced
oxidative damage to organs. Patients with the rare hereditary disease aceruloplasminemia have
iron overload of the brain, retina, and pancreas, leading to degeneration in these organs.5 The
retinal degeneration in these patients resembles an early-onset form of the blinding disease
age-related macular degeneration.6 Moreover, elevated iron levels have been detected in
Alzheimer and Parkinson disease–affected brains, suggesting its contribution to these
neurodegenerations.3,7

Patients with iron overload resulting from multiple blood transfusions require treatment with
iron chelators to prevent damage to the heart and liver. For decades patients have been
successfully treated by infusion of deferoxamine (DFO), which is given by slow subcutaneous
infusion. Recently, a new crop of chelators, some of which can be taken orally and are more
cell and blood-brain barrier permeable, have been developed.8 Salicylaldehyde isonicotinoyl
hydrazone (SIH) is among these lipophilic chelators.9 It has been shown that SIH can be
nontoxic in animals10 and very effective in protecting cultured cells from oxidant-induced
death.11 SIH given intravenously to mice prolonged survival after injection of hepatotoxic and
lethal doses of an anti–Fas antibody.12 The mechanism of this protection is hypothesized to
be based on SIH blockage of ROS induced by anti–Fas antibody. It was also found that SIH
protects against H2O2-induced lysosomal rupture and loss of mitochondrial membrane
potential in murine macrophage-like J774 cells, thus providing protection against apoptosis
and necrosis.13

In recent years a large body of evidence has accumulated to suggest that ROS may play a role
as common mediators of apoptosis.14-18 Many chemotherapeutic agents inducing apoptosis
simultaneously induce intracellular production of ROS. For this reason, we tested in the present
study whether SIH can protect cells not just against H2O2 but also against cell death inducers
that are not themselves ROS.

We tested this hypothesis in retinal pigment epithelial (RPE) cells, a monolayer of cells that
support the photoreceptors of the retina. RPE cells are subject to oxidant insult from superoxide
and H2O2 produced by mitochondrial respiration and by photo-oxidation. This photo-oxidation
is exacerbated by the accumulation of age pigment, or lipofuscin, in these postmitotic cells. A
major fluorophore of RPE lipofuscin is A2E, which is generated in photoreceptor cells through
the reaction of all-trans-retinal and phosphatidylethanolamine, producing the precursor A2PE.
RPE cells then ingest the A2PE through phagocytosis of photoreceptor outer segments. Within
lysosomes A2PE undergoes phosphate cleavage to generate A2E.19,20 A2E acts as a
photosensitizer, causing the production of ROS when exposed to blue light and inducing the
apoptosis of cultured RPE cells.21

Two other agents that induce cell death in RPE cells are staurosporine22 and Fas.23
Staurosporine is a protein kinase C inhibitor that increases mitochondrial production of ROS
soon after administration.16 Several lines of evidence suggest that mitochondrial production
of H2O2 is an important component of staurosporine-induced cell death. RNAi-mediated
knockdown of the mitochondrial peroxidase PrxIII increases susceptibility to staurosporine-
induced death. Conversely, ectopic expression of the H2O2-degrading enzyme catalase in the
mitochondria protects against staurosporine-induced cell death.15 Antioxidant compounds can
also protect against staurosporine-induced death.24,25 Thus, reaction of this staurosporine-
induced H2O2 with iron to produce damaging hydroxyl radical becomes a plausible mechanism
for staurosporine-induced cell death.
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Activation of the cell surface receptor Fas also induces apoptosis in RPE cells,23 and it may
play a role in age-related macular degeneration.26,27 H2O2 levels are increased within 15
minutes in cells treated with a Fas-activating antibody, suggesting that the H2O2 may play a
role early in the apoptotic pathway induced by Fas. Consistent with this idea, the antioxidant
glutathione can protect cells from Fas-triggered death, and a B-cell line that survives despite
Fas activation does so because of a failure to produce H2O2 when exposed to anti–Fas
antibodies.14 Furthermore, treatment of cells with the antioxidant N-acetyl cysteine blocks
Fas-induced death by blocking ROS-mediated assembly of the apoptosome.28

Because iron-mediated Fenton chemistry is an important mechanism of H2O2 toxicity, we
tested whether SIH can protect not only against death induced by exogenous oxidants or photo-
oxidation but also against death triggers that induce apoptosis accompanied by increased
endogenous production of ROS.

Materials and Methods
Cell Culture

Human adult RPE cells (ARPE-19 cell line; ATCC, Manassas, VA)29 were cultured until
confluent (unless otherwise indicated) in 24-well Falcon plates in 1:1 DMEM/F12 with high
glucose and L-glutamine (Invitrogen, Carlsbad, CA) supplemented with 10% FBS (Hyclone,
Logan, UT).

Cell Death Induction and SIH Protection
To evalute the cytoprotective properties of SIH, SIH at different concentrations was applied
to confluent ARPE-19 cells 4 hours before the addition of H2O2, staurosporine, or anti–Fas
antibody. Hydrogen peroxide (30% H2O2; Sigma, St. Louis, MO) at a final concentration
ranging from 1 to 5 mM, staurosporine (1 mM solution; Sigma) at a final concentration of 100
to 500 nM, or anti–Fas antibody (Upstate-Millipore, Billerica, MA) at a final concentration of
1 μg/mL was mixed with the indicated concentrations of SIH immediately before the
application of ARPE-19 cells. All reagents were dissolved in minimal essential medium
(MEM; Invitrogen), as indicated, and were applied rapidly and uniformly after two washing
steps in Hanks balanced salt solution (Invitrogen).

Viability Assays
Cell death was assayed after 24 hours (LDH Release Assay Kit; Roche, Basel, Switzerland).
Cytotoxicity was calculated using the ratio between maximum LDH release in 5 mM hydrogen
peroxide–treated cells and minimum LDH release in cells incubated in MEM. The percentage
of cytotoxicity was calculated as (experimental value for LDH release − minimum LDH
release)/(maximum LDH release − minimum LDH release) × 100. Visualization of cell death
was performed (Live/Dead Viability/Cytotoxicity kit; Invitrogen). Epifluorescence
microscopy was performed with a microscope (TE-300; Nikon, Tokyo, Japan), camera
(SpotRT Slider; Diagnostic Instruments, Sterling Heights, MI), and software (ImagePro Plus,
version 4.1; Media Cybernetics, Silver Spring, MD).

A2E/Blue Light
For blue light irradiation experiments, ARPE-19 cells devoid of endogenous lipofuscin30 were
grown in complete medium (DMEM with 10% fetal calf serum and supplements), as previously
described.30 At confluence, the cells were allowed to accumulate A2E from a 10-μM
concentration delivered in the culture medium over a 2-week period.21,30,31 Cells that had
accumulated A2E were treated with SIH in MEM for 4 hours unless otherwise indicated. SIH/
MEM was subsequently exchanged for DPBS, and cells were irradiated at 430 nm for 20
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minutes, as previously described,32 returned to complete medium, and incubated for 24 hours
Variations on this paradigm included experiments in which exposure to SIH/MEM was
continued during illumination at 430 nm and for 24 hours thereafter and experiments in which
cells were not preincubated with SIH but instead were treated with SIH/MEM beginning
immediately after irradiation and continuing for 24 hours or beginning 1 hour after irradiation
and continuing for 23 hours. In all experiments, controls included A2E-laden irradiated cells
not treated with SIH, cells that received no treatment (A2E-free, non-irradiated, incubation
with MEM in the absence of SIH), and cells treated only with SIH.

MTT Assay
In blue light irradiation experiments, cell death was assayed by the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide assay, a measure of the ability of healthy cells to cleave
the yellow tetrazolium salt MTT to purple formazan crystals. Briefly, after the postillumination
incubation described, 20 μL MTT labeling reagent (Roche Diagnostics, Indianapolis, IN) was
added to 0.2 mL culture medium in each well. After 4-hour incubation, the labeling reagent
was replaced with 200 μL solubilization solution for overnight incubation. After centrifugation
at 13,000 rpm for 2 minutes, supernatants were measured spectrophotometrically. A decrease
in the absorbance (570 nm) of reduced MTT was indicative of diminished cellular viability.

Quantitative Real-Time PCR
ARPE-19 cells were cultured until confluent in 24-well Falcon plates in 1:1 DMEM/F12 with
high glucose and L-glutamine (Invitrogen) supplemented with 10% FBS (Hyclone). Cells were
analyzed with quantitative RT-PCR for gene expression after exposure to 5 μM SIH, BIH, and
100 μM H2O2 in MEM solution. Treatments were applied 5 hours before RNA extraction and
reapplied 1 hour before RNA extraction, the same timing used for SIH application in the cell
viability experiments. RNA isolation was performed (RNeasy Mini Kit; Qiagen, Valencia, CA)
according to the manufacturer's protocol. cDNA was synthesized with reverse transcription
reagents (TaqMan; Applied Biosystems, Darmstadt, Germany) according to the manufacturer's
protocol. Gene expression assays were obtained from Applied Biosystems (TaqMan) and were
used for relative-quantitative PCR analysis with the transferrin receptor (Hs00174609m1)
probe. Eukaryotic 18S rRNA (Hs99999901s1) served as an internal control because of its
constant expression level across the studied sample set. Real-time PCR (TaqMan; Applied
Biosystems) was performed (ABI Prism 7500 Sequence Detection System; Applied
Biosystems) according to the ΔΔCT method, which provides normalized expression values.
All reactions were performed in triplicate, and water was used as a negative control.

Statistical Analysis for LDH and MTT Assays
Within each experiment, the mean absorbance value of duplicated wells was obtained. We then
calculated the mean ± SEM for each condition across replicate experiments conducted on
different days. Across replicates on different days, experimental samples were compared with
controls using the two group t-test. The n was either 3 or 4 for each experimental condition.
P <0.05 was considered statistically significant. All statistical analysis was performed on
statistical software (SAS, version 9.1; SAS Institute, Cary, NC).

Statistical Analysis for Quantitative PCR
Mean ± SEM of target mRNA relative quantity in ARPE-19 cells were calculated for all
treatment groups (n = 3). Means for all treatment groups were compared with those of untreated
controls using the two group t-test. P < 0.05 was considered statistically significant. All
statistical analysis was performed on statistical software (GraphPad; GraphPad Software, San
Diego CA).
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Rhodamine 123
Intracellular ROS generation was measured in cultured cells with the fluorescent probe
dihydrorhodamine 123 (DHR123). Mitochondria were localized with a red fluorescent
mitochondrial marker (Mitotracker Red 580; Molecular Probes, Eugene, OR). After 30 minutes
of staurosporine exposure with or without SIH, cells were incubated with staurosporine with
or without SIH in the presence of 10 μM DHR123 and 2 μM dye (Mitotracker; Molecular
Probes) at 37°C for 15 minutes. DHR fluoresces and localizes to mitochondria when oxidized
by ROS to the positively charged rhodamine 123.33 Red fluorescent mitochondrial marker
(Mitotracker; Molecular Probes) passively diffuses across the plasma membrane and
specifically accumulates in active mitochondria.

Results
SIH Protection of ARPE-19 from Cell Death Induced by Lethal Doses of H2O2

Confluent ARPE-19 cells treated with 1 and 5 mM H2O2 for 24 hours exhibited increasing
amounts of cell death (Fig. 1). H2O2 (5 mM) caused 100% cell death assessed by both the LDH
release assay and the fluorescent assay (Live/Dead; Invitrogen). When cells were treated with
5 μM SIH before the application of H2O2, followed by treatment by H2O2 mixed with SIH, 5
mM H2O2 cytotoxicity was completely abolished. Cell viability detected by both assays
correlated well in all experiments. Diminished cytoprotection was observed when SIH was
applied to cells together with H2O2 but without SIH pretreatment, and no protection was found
when SIH was applied to the cells 1 hour after H2O2 or after the SIH had been preincubated
with ferric ammonium citrate at a 2:1 molar ratio (data not shown). To rule out the possibility
of a chemical interaction between SIH and H2O2, we examined UV/VIS spectra of both
chemicals and its mixture but did not detect any changes in the spectroscopic properties of the
SIH-H2O2 mixture compared with SIH and H2O2 alone (data not shown).

SIH More Effectively Protects ARPE-19 from Cell Death Induced by Lethal Doses of H2O2
Than Other Iron Chelators or an Antioxidant

The ability of SIH to protect against H2O2-induced death was compared with that of other
compounds (Fig. 2). In contrast to the previous experiment, which was conducted in confluent
cells, this experiment was conducted in subconfluent cells, which are more susceptible to
H2O2-induced death than confluent cells (data not shown). Under these conditions, 10 μM SIH
treatment reduced H2O2-induced cytotoxicity to 45.9% compared with H2O2 without SIH. At
increased SIH concentrations of 100 and 1000 μM, H2O2-induced cytotoxicity was further
reduced to 8.7% compared with H2O2 without SIH. Compared with the iron chelator DFO,
SIH provided significantly more protection against H2O2-induced death at concentrations of
10, 100, and 1000 μM chelator. Equimolar concentrations of SIH also provided better
protection against H2O2-induced death than did the extracellular iron chelator
diethylenetriaminepentaacetic acid (DTPA) or the antioxidant N-acetyl cysteine (NAC).

SIH-Mediated Protection of ARPE-19 against Fas-Induced Cell Death
Fas is a cell surface receptor known to initiate cell death when activated in a number of cell
types, including ARPE-19 cells.23 The receptor can be activated by exposure to an anti-Fas
antibody that acts like Fas-ligand. Treatment of ARPE-19 cells with SIH beginning 4 hours
before treatment with anti-Fas antibody reduced cell death caused by Fas activation, as
indicated by the LDH release assay (Fig. 3).

SIH-Mediated Protection of ARPE-19 Cells from Cell Death Induced by Staurosporine
Staurosporine at concentrations of 100 to 500 nM causes apoptosis of ARPE-19 cells.22 When
tested herein, 200 nM and 500 nM staurosporine caused significant cell death (Fig. 4A). When
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SIH was applied to cells 4 hours before treatment with 200 nM staurosporine (Fig. 4B) or 500
nm staurosporine (not shown) and was present through 24 hours of staurosporine treatment,
cell viability was increased in an SIH concentration-dependent manner (Fig. 4B). The greatest
SIH cytoprotective effect was achieved at 10 μM SIH. The visualization of dead cells using
live/dead fluorescent imaging correlated with data from LDH release assay (not shown).

SIH-Mediated Decrease in ROS Production Induced by Staurosporine Treatment
Mitochondrial ROS production is an important component of the cell death mechanism of
staurosporine.15 To test whether iron contributes to ROS production and whether a decrease
in mitochondrial ROS might be a mechanism of SIH protection, ROS were detected with
rhodamine 123 after 30 minutes of staurosporine treatment. In the presence of ROS,
nonfluorescent dihydrorhodamine 123 is converted to green fluorescent rhodamine 123.
Increased fluorescence of rhodamine 123 co-localized with the red fluorescent mitochondrial
marker (Mitotracker) in ARPE-19 cells treated with 200 nM staurosporine for 30 minutes,
followed by incubation with dihydrorhodamine 123 for 15 minutes (Fig. 5). A greater increase
in fluorescence, in addition to more nonmitochondrial fluorescence, was observed in cells
treated with 500 nM staurosporine. In the presence of 3 μM SIH, staurosporine-induced
rhodamine 123 fluorescence was diminished.

SIH Cytoprotection against Cell Death by Irradiation with Blue Light in the Presence of A2E
Human RPE cells accumulate lipofuscin with age. A major component of this lipofuscin is
A2E, a blue light–absorbing compound that we have shown to potentiate blue light–induced
photooxidative stress and apoptosis of ARPE-19 cells. When A2E-loaded ARPE-19 cells were
treated with SIH before, during, or even as late as 1 hour after blue light exposure, cell viability
was increased (Fig. 6). No SIH-mediated toxicity was observed in cells incubated with SIH
but not exposed to A2E or blue light.

SIH-Mediated Increase in Transferrin Receptor mRNA Levels
Transferrin receptor (TfR) mRNA levels increase in response to chelation-induced reduction
of the intracellular labile iron pool.34-36 To better elucidate the mechanism of SIH
cytoprotection, ARPE-19 cells were exposed to 5 μM SIH and BIH (isonicotinic acid
benzylidene-hydrazide) and 100 μM H2O2. BIH (a gift from Louise Charkoudian and Katherine
Franz, Duke University) is similar to SIH but has a substituted hydrazone functionality that
lacks the key metal-binding phenol group of SIH and, subsequently, has no iron chelation
activity. Low-concentration H2O2 was also used to cause a stress response in the RPE cells
without eliciting cell death. TfR mRNA levels were comparable to those of controls (Fig. 7)
in BIH- and H2O2-treated ARPE-19 cells. SIH caused a greater than twofold increase in TfR
mRNA levels, indicating that it decreased intracellular labile iron levels.

Discussion
Generation of ROS has been associated with cell death, and some reports suggest that ROS
may function as effectors in apoptotic pathways.37-39 Iron is a potent generator of ROS, and
iron-generated ROS within mitochondria and lysosomes may promote cell death.40 Iron
chelators can protect cells from death induced by exogenous oxidants. The lipophilic, cell
membrane-permeable chelator SIH is particularly effective at protecting cultured
cardiomyoblasts from death induced by the addition of H2O2 to the medium.11 Yet it was
unknown whether SIH might protect RPE cells from death induced by H2O2 or by agents that
are not ROS themselves but may cause a cell to produce iron-catalyzed ROS as part of the
mechanism of cell death induction.
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In confluent cells, SIH in the 3- to 10-μM range completely protected cells from otherwise
lethal concentrations of H2O2. The mechanism of protection is likely to be iron chelation
because SIH induced increases in TfR mRNA levels, indicating that it decreases the
intracellular labile iron pool. Further, the observed cytoprotective effect of SIH was markedly
diminished by SIH preincubation with Fe (III) in the molar ratio 2:1, which would prevent SIH
from chelating intracellular iron. This result suggests the necessity for iron as a catalyst in the
transformation of H2O2 into highly toxic hydroxyl radicals. Thus, chelation of labile iron blocks
the production of hydroxyl radicals and effectively prevents cell death induced by a lethal dose
of H2O2. Although cytoprotection was most complete when cells were incubated with SIH
before and during H2O2 treatment, incubation with SIH only before but not during H2O2 was
partially protective (not shown).

Compared with SIH, the iron chelators DFO and DTPA poorly protected ARPE-19 against
H2O2-induced cytotoxicity. Under subconfluent conditions, 100 μM SIH reduced cytotoxicity
to 8.7% in response to 5 mM H2O2 treatment. In comparison, cytotoxicity of ARPE-19 in
equimolar concentrations of DFO or DTPA was approximately 80%. Further, DFO at a
concentration of 1 mM reduced cytotoxicity to 18%, which was significantly less protective
than SIH at the same concentration. Thus, on a molar basis, SIH provides more protection
against H2O2-induced cytotoxicity than other iron chelators. The thiol-containing antioxidant
NAC, which, in addition to scavenging free radicals, helps regenerate intracellular glutathione,
was minimally protective against H2O2-induced cell death.

The pyridinium bisretinoid A2E, an autofluorescent pigment that accumulates in RPE with age
and in some retinal disorders, can mediate light-induced damage to the cell. We have shown
that cell death triggered by blue light irradiation in A2E-laden ARPE-19 cells was decreased
in the presence of SIH. Interestingly, SIH displayed a cytoprotective effect not only when cells
were preincubated with SIH before blue light irradiation but also when SIH was applied 1 hour
after blue light irradiation. Although the mechanism of cell death induced by irradiation by
blue light in the presence of A2E is based on ROS generation, singlet oxygen may be more
important as an initial insult than superoxide21,30,41-43. Thus, labile iron may not play a role
in the initial insult but, rather, may amplify the cell death signal.

Several recent reports suggest a role for ROS in drug-induced apoptosis involving the
engagement of downstream proteins involved in the execution of apoptosis,44 including the
assembly of the apoptosome.28 Intracellular generation of H2O2, relatively inert and the most
stable of the ROS, has been considered an important mediator of apoptosis, and, based on our
results, Fenton chemistry is likely to be important in this pathway. We used two different
reagents to induce cell death in ARPE-19 cells: anti-Fas antibody to activate Fas receptor and
staurosporine, a chemotherapeutic agent. Iron chelation by SIH significantly decreases cell
death in cultured ARPE-19 cells on treatment by these apoptotic stimuli. Detection of an SIH-
mediated decrease in rhodamine 123 fluorescence induced by staurosporine supports the
hypothesis that Fenton chemistry-induced ROS are important in the cell death pathway induced
by this agent. Although rhodamine 123 fluorescence has been used to monitor mitochondrial
ROS production,45-47 in the current context, rhodamine 123 fluorescence could result from
oxidation of the dye either in the mitochondria or in the cytosol, with subsequent accumulation
in the mitochondria.15 In the context of A2E/blue light–induced ROS, because A2E localizes
to lysosomes, it is possible that the primary site of action of SIH is lysosomal. Alternatively,
it may be mitochondrial, because lysosomal A2E can inhibit oxidative phosphorylation, an
effect that is mitigated by antioxidants.48 Further, because RPE photodamage associated with
A2E accumulation involves the formation of A2E photooxidation products,42 cleavage of
oxidized-A2E (for instance, at the  bonds of endoperoxide moieties) followed by diffusion
of fragments could cause cellular damage at sites other than the lysosomal compartment.32
Similarly, the formation of reactive cleavage products of photooxidized-A2E would explain
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the observation that complement can be activated in serum overlying irradiated A2E-laden
RPE.49

In conclusion, SIH protects against exogenous ROS and endogenous ROS produced by cell
death-inducing agents. These results suggest that iron-catalyzed production of ROS is
important in these pathways. Our finding that SIH can protect cells from a wide range of insults
emphasizes its therapeutic potential. While monitoring for potential toxicity from inhibition
of iron-requiring proteins, we will test it in preclinical models of retinal degeneration. In these
short-term experiments, SIH was nontoxic. This may be because SIH preferentially chelates
the accessible, potentially dangerous labile iron without depriving a cell of iron more tightly
bound to iron-dependent proteins. Given that long-term administration of SIH may be more
toxic, intermittent SIH dosing and iron prochelators, active only when they are needed in the
presence of H2O2,50,51 will be tested.
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Figure 1.
Graph of cytotoxicity measured by LDH release into the medium showing SIH-protection of
ARPE-19 cells against H2O2-induced cell death. (A) Cytotoxicity of 1 and 5 mM H2O2
exposure for 24 hours when coincubated 4 hours before and during H2O2 exposure with the
indicated concentrations of SIH. **P < 0.01 relative to no SIH at the corresponding H2O2 level.
***P < 0.001. (B) Fluorescence photomicrographs of ARPE-19 cells labeled with a fluorescent
assay. ARPE-19 cells were treated for 24 hours with HBSS (control), 5 mM H2O2 alone, or 5
mM H2O2 with SIH, as indicated. Red: dead cells as detected by ethidium bromide homodimer
fluorescence. Green: live cells as detected by calcein fluorescence.
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Figure 2.
Graph of cytotoxicity measured by LDH release into the medium showing SIH protection of
subconfluent ARPE-19 cells against H2O2-induced cell death compared with other iron
chelators and an antioxidant. Cytotoxicity of 5 mM H2O2 exposure for 24 hours when
coincubated 4 hours before and during H2O2 exposure with the indicated concentration of SIH,
DFO, DTPA, or NAC. **P < 0.01 relative to SIH at the same concentration of iron chelator
or antioxidant. ***P < 0.001.
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Figure 3.
Graph of LDH release into the medium after anti–Fas antibody treatment with or without SIH,
as indicated. P < 0.001 relative to Fas without SIH.
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Figure 4.
Analysis of the protective effects of SIH against staurosporine-induced cell death. (A) Graph
of LDH release after exposure of ARPE-19 cells to varying concentrations of staurosporine.
**P < 0.01 relative to no staurosporine. ***P < 0.001. (B) Graph of LDH release after exposure
of ARPE-19 cells to 200 nM staurosporine plus different concentrations of SIH. **P < 0.01
relative to staurosporine with no SIH.
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Figure 5.
Fluorescence photomicrographs of ARPE-19 cells. Level of ROS generation is detected by
rhodamine 123 (green) in cells treated with staurosporine and 3 μM SIH, as indicated. Red:
location of mitochondria. Yellow: colocalization of activated rhodamine 123 and mitochondria.
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Figure 6.
Protective effects of SIH against cell death induced by blue light in the presence of A2E were
assessed. Graphs show ARPE-19 cell viability measured by the MTT assay. Increased
absorbance indicates increased viability. (A) Cells were incubated with the indicated
concentrations of SIH-MEM for 4 hours, irradiated with blue light for 20 minutes in DPBS-
SIH, and incubated in MEM-SIH for 24 hours before MTT assay. (B) Cells were pretreated
with MEM-SIH for 4 hours, irradiated with blue light for 20 minutes in DPBS, and incubated
in MEM for 24 hours. (C) Cells were irradiated by blue light for 20 minutes in DPBS, and
SIH-MEM was applied immediately after irradiation and maintained for 24 hours. (D) Cells
were irradiated with blue light for 20 minutes in DPBS, and SIH-MEM was applied 1hour after
irradiation and maintained for 23 hours before MTT assay. For all graphs, relative to no SIH:
*P < 0.05, **P < 0.01, ***P < 0.001
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Figure 7.
Bar graph showing quantitative PCR results indicating TfR mRNA levels from ARPE-19 cells
treated with 5 μM SIH and BIH and 100 μM H2O2. There was a greater than twofold increase
in TfR mRNA levels after chelation of intracellular iron pools with SIH. Negative controls (the
non–iron-chelating SIH analog BIH and H2O2) show TfR mRNA levels similar to those of
untreated controls. **P < 0.05.
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