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Purpose: We aimed to explore differences in the NaIO3-elicited responses of retinal
pigment epithelium (RPE) and other retinal cells associated with mouse strains and
dosing regimens.

Methods: One dose of NaIO3 at 10 or 15 mg/kg was given intravenously to adult male
C57BL/6J and 129/SV-E mice. Control animals were injected with PBS. Morphologic and
functional changes were characterized by spectral domain optical coherence tomogra-
phy, electroretinography, histologic, and immunofluorescence techniques.

Results: Injection with 10 mg/kg of NaIO3 did not cause consistent RPE or retinal
changes in either strain. Administration of 15 mg/kg of NaIO3 initially induced a large
transient increase in scotopic electroretinography a-, b-, and c-wave amplitudes within
12 hours of injection, followed by progressive structural and functional degradation at
3 days after injection in C57BL/6J mice and at 1 week after injection in 129/SV-E mice.
RPE cell loss occurred in a large posterior-central lesion with a ring-like transition zone
of abnormally shaped cells starting 12 hours after NaIO3 treatment.

Conclusions:NaIO3 effects depended on the timing, dosage, andmouse strain. The RPE
in the periphery was spared from damage compared with the central RPE. The large
transient increase in the electroretinography was remarkable.

Translational Relevance: This study is a phase T1 translational research study focus-
ing on the development and validation of a mouse model of RPE damage. It provides a
detailed foundation for future research, informing choices of mouse strain, dosage, and
time points to establish NaIO3-induced RPE damage.

Introduction

The retinal pigment epithelium (RPE) layer is a
monolayer epithelium just outside of the neural retina
that functions as the major barrier between the outer
retina and the choroid. The RPE plays a critical role in
the survival of photoreceptor cells and in the normal
function of the blood–retinal barrier.1 Dysfunction of
RPE cells can cause retinal disease, such as age-related

macular degeneration (AMD)2 and, therefore, it is the
subject of intense research. There are several animal
models of AMD. Some acute experimental models of
RPE damage and retinal damage are appropriate for
specific aspects of humanmacular diseases,3 even those
that progress slowly or appear late in life, including
AMD. To further develop and refine an AMD animal
model for needed therapeutics, we sought to optimize a
mouse model based on the known RPE-specific toxic-
ity of systemic NaIO3 treatment. Here, the proposition
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is that, although NaIO3 treatment damages the RPE,
and therefore, it is a model of RPE disease, it is under-
developed because its mechanism remains unknown;
thus, the field needs a vetting of the model under more
nuanced circumstances.

NaIO3, a stable chemical oxidizing agent,4 induces
RPE damage, mimicking some features of geographic
atrophy (GA).5–7 As summarized and extended by
Sorsby in 1941,8 systemically administered NaIO3 is
selectively toxic to RPE cells, and this RPE damage is
followed by retinal degeneration in humans and rabbits.
This finding has been tested in several mammals, such
as mice, rats, monkeys, rabbits, dogs, and pigs.6,9–13
The effect of NaIO3 on the RPE and retina is time
and dose dependent, with the structure and function of
the retina deteriorating steadily by the week.14–18 The
damage is possibly reversible at low concentrations, but
permanent at modestly higher concentrations.16

The damage mechanism of NaIO3 on the RPE
is still not completely understood. NaIO3 treatment
induces oxidative stress and upregulates the genes
involved in oxidative stress responses, resulting in the
death of the RPE cells in vivo and in vitro10,19,20
and the accumulation of macrophages near RPE cells,
causing photoreceptor cell death.16 The inhibition of
oxidative stress could be a treatment target to allevi-
ate RPE cell dysfunction and apoptosis.21,22 RPE
cell necrosis followed by photoreceptor cell apopto-
sis occurs after high-dose administration of NaIO3,23
whereas a lower dose induces RPE cell apoptosis via
calpain-mediated pathways.24,25

We compare C57BL/6J and 129/SV mice, two
common strains used forNaIO3-inducedRPE damage.
Functional and in vivo morphometric comparisons
have been conducted in these two strains. Compar-
isons among previous studies are difficult because
NaIO3 dosage and administration, types of outcome
measures, and time points after injection vary widely
among groups and publications. Unlike some previ-
ously published efforts, we rigorously genotyped mice
to confirm strain identity. Moreover, we investi-
gated the functional and morphologic responses of
C57BL/6J and 129/SV-E mice to systemic low doses
of NaIO3 at times shortly after systemic treatment
withNaIO3. In particular, we thoroughly characterized
the electroretinography (ERG) responses after NaIO3
treatment, which few investigations have reported
previously.

To refine the NaIO3-induced RPE damage model
that exhibits repeatable, moderate functional, and
structural changes, we explored the difference in
response of the RPE and retina to a mouse strain
and dosing regimen. We provide a detailed reference
for future studies in choosing mouse strains, dosages,

and time points to establish the NaIO3-induced RPE
damage model.

Materials and Methods

Animals

Young adult male 2- to 3-month old C57BL/6J
(Jackson Laboratory, Bar Harbor, ME) and 129/SV-E
(Charles River Laboratories, Wilmington, MA) mice
were used in this study. The consensus is that males
aremore susceptible than females toNaIO3. Schnabolk
et al.26 reported that disease severity differences after
NaIO3 treatment were observed between the sexes. We
chose only males to decrease and control variability. In
future experiments, we plan to directly compare male
and female responses to NaIO3, now that we have been
able to decrease the dose, increase the reliability of
the effects, find the earliest time points, and perhaps
detect the initiation of disease caused by NaIO3 in
one sex. All animals were housed in a standard labora-
tory environment and maintained on a 12-hour:12-
hour light–dark cycle (7 am on and 7 pm off) at 21 °C.
During the light cycle, the light levels measured at the
bottom of the mouse cages ranged from 5 to 45 lux.
Mice had access to standard mouse chow (Rodent Diet
5053; LabDiet, Inc., St. Louis, MO) ad libitum and
weighed 25 to 30 g throughout the study. All mouse
handling procedures and care were approved by the
Emory Institutional Animal Care and Use Commit-
tee and followed the ARVO Statement for the Use
of Animals in Ophthalmic and Vision Research. Mice
were euthanized with CO2 gas for all experiments.

NaIO3 Preparation and Tail Vein Injection

A sterile 0.3% (W/V) NaIO3 solution was freshly
prepared from solid NaIO3 (MKCB2618V, Sigma-
Aldrich, assay ≥99%) dissolved in phosphate-buffered
saline (PBS) (VWRVK813, Cat. #97063-660, 1×
solution composition: 137 mM NaCl, 2.7 mM KCl,
9.5 mM phosphate buffer) before tail vein injection.
Each mouse received a single tail vein injection. Mice
were injected with 10 or 15 mg/kg of body weight of
0.3% NaIO3 solution. Control mice were injected with
an equivalent volume of sterile PBS based on body
weight.

Each mouse was anesthetized with isoflu-
rane/oxygen (isoflurane, NDC 66794-017-25, Piramal
Critical Care Inc., Bethlehem, PA) and placed on a
circulating heating water pad (39 °C) to keep warm
during anesthesia. An overhead lamp was used to
provide an additional light source to visualize the tail
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vein. Positioning the animal on its side, we grasped the
tail at midlength and injected the lateral vein using a
30 g needle and a 0.3-mL syringe (Cat. #50752, MHC
Medical Products), keeping the needle parallel to the
vein. An alcohol preparation pad was used before
injection to disinfect, promote vasodilation, and stop
bleeding after injection.

Several delivery methods of NaIO3 have been used
in recent studies, including intravenous, intraperi-
toneal, and intravitreal routes. The reason we chose
intravenous injection to deliver NaIO3 was that our
preliminary experiments revealed that intraperitoneal
injection with NaIO3 induced retinal degeneration,
but with large variations within treated groups. Other
routes, including retro-orbital or intravitreal injection,
involve high rates of technical failure in our experience.
Once the tail vein injections were mastered, we found
the injections to be fast, reliable, and less traumatic for
the mouse.

ERG

Mice were dark adapted overnight before ERG
was performed. In preparation for the ERG, the mice
were anesthetized using intraperitoneal injections of
100 mg/kg of ketamine and 15 mg/kg of xylazine
(ketamine; KetaVed from Vedco, Inc., Saint Joseph,
MO; xylazine from Akorn, Lake Forest, IL).

Once anesthetized, proparacaine (1%; Akorn Inc.)
and tropicamide (1%; Akorn Inc.) eye drops were
administered to decrease eye sensitivity and dilate the
pupils. Mice were placed on a heating pad (39 °C)
under dim red light provided by the overhead lamp
of the Diagnosys Celeris system (Diagnosys, LLC,
Lowell, MA). Light-guided electrodes were placed in
contact with individual eyes; the corneal electrode for
the contralateral eye acted as the reference electrode.
Full-field ERGs were recorded for the scotopic condi-
tion (stimulus intensity: 0.001, 0.005, 0.01, 0.1, 1, and
10 cd s/m2; flash duration, 4 ms). Signals were collected
for 0.3 seconds in steps 1 to 5 and 5 seconds for step
6 after light flashes. Scotopic a-, b-, and c-waves were
defined, as noted in Figure 3. After the recordings, each
mouse was placed in its home cage on top of a heating
pad (39 °C) to recover from anesthesia.

In Vivo Ocular Imaging

Spectral domain optical coherence tomography
(SD-OCT) was conducted immediately after the ERG
measurement, while the mouse was still anesthetized
and the pupils still dilated. A Micron IV SD-OCT
system with fundus camera (Phoenix Research Labs,
Pleasanton, CA) and aHeidelberg Spectralis cSLO and

SD-OCT instrument with a 25 D lens (HRAOCT2-
MC; Heidelberg Engineering, Heidelberg, Germany)
were used in tandem sequentially to assess the ocular
posterior segment morphology in cross-section and en
face. Using the Micron IV system, image-guided OCT
images were obtained for the left and right eyes after
a sharp and clear image of the fundus (with the optic
nerve centered) was obtained. Circular scans approxi-
mately 100 μm from the optic nerve head (ONH) were
collected, and 50 scans were averaged together. The
retinal layers were identified according to published
nomenclature.27 The neural retinal thickness and thick-
ness of the outer nuclear layer (ONL) were analyzed
using Photoshop CS6 (Adobe Systems Inc., San Jose,
CA). Pixels were converted into micrometers using
a conversion factor of 1.3 μm = 1 pixel. Immedi-
ately after imaging on the Micron IV system, a rigid
contact lens (Heidelberg Engineering) was placed on
the eye (back optic zone radius, 1.7 mm; diameter,
3.2 mm; power, Plano), and blue autofluorescence
(BAF) imaging at the layer of the photoreceptor–RPE
interface was conducted using a Heidelberg Spectralis
cSLO instrument. During imaging and anesthesia
recovery, the mice were kept on water-circulating
heating pads at 39 °C to maintain body temperature.

Histology andMorphometrics of Ocular
Sections

Histologic and morphometric procedures followed
standard techniques. Left eyes were collected for
sectioning, and right eyes were collected for RPE
flatmounts. Left eyes were fixed in fixation solution
(97% methanol, VWR, Cat. #BDH20291GLP; 3%
acetic acid, Cat. #Fisher BP2401-500) at −80 °C for
4 days, embedded in paraffin, and sectioned through
the sagittal plane on a microtome at thickness of 5
μm, with minor variation of the freeze-substitution
method of Mary-Sinclair et al.28 Sections were used
for hematoxylin and eosin staining, as described previ-
ously.29 All sections were imaged with a bright-field
microscope with a 20× objective.

ONL nuclei were counted in a semiautomated
fashion using QuPath (University of Edinburgh,
Division of Pathology, Edinburgh, Scotland; https://
qupath.github.io/)30 to outline the regions of the nuclei
and then identify and count them within 100-μm-wide
segments. The entire retina was divided into parts
radially from the ONH, with five parts in the superior
direction and five parts in the inferior direction. Nuclei
counts were done inside a 100 μm box centered in each
of the 10 parts. The first 100 μm box on each side of the
ONH was placed 250 μm from the ONH. This resulted

https://qupath.github.io/
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in ONL nuclei counts in ten 100 μm regions of the
retina for each mouse. Mean ONL counts from three
to five mice per group were plotted as “spidergrams.”

Immunofluorescence and Imaging of Retinal
Sections

Immunofluorescence was used to detect glial fibril-
lary acidic protein (GFAP; anti-GFAP, #Z0334, Dako)
to assess Müller cell reactivity. First, 5-μm paraffin
sections were deparaffinized and rehydrated, as previ-
ously described.31 Blocking buffer consisted of 0.1%
(V/V) Tween-20 and 5% (V/V) donkey serum (#S1003-
36 lot 16090957, US Biological) in 1× Tris-buffered
saline (TBS, 46-012-CM, Corning, 1X solution compo-
sition: 20 mM Tris, 136 mM NaCl, pH approximately
7.4). Slides were incubated in blocking solution in a
Coplin jar for 30 minutes and transferred to a humidi-
fied chamber. Primary antibody solution (anti-GFAP,
1:500 diluted in blocking buffer; 200 μL) was placed
on the slide, covered with a plastic Rinzl coverslip
to evenly spread the antibody over the section and
decrease evaporation, and incubated overnight at
4 °C. The next day, the coverslip was removed, and
the slides were washed three times in 1× TBS for
15 minutes each. Secondary antibody solution
(Donkey Anti-Rabbit IgG AF568, #A10042, Life
Technologies, 1:1,000 diluted in blocking buffer; 200
μL) was added and incubated for 2 hours in a humidi-
fied chamber with 1×TBS at 22 °C. Slides were washed
three times in 1× TBS for 15 minutes each and placed
in fresh Coplin jars with 1× TBS. Finally, one to three
drops of 4′,6-diamidino-2-phenylindole nuclear stain
plus Fluorshield (#F6057; Sigma, St. Louis, MO)
were applied to each immunofluorescence slide. A
coverslip (#22; #152250; Thermo Fisher, Waltham,
MA) was placed on top of the slide. The mounting
media solidified overnight in darkness at ambient room
temperature (22 °C) before imaging. GFAP quantifi-
cation was achieved by counting GFAP-positive fibers
fully penetrating into the inner nuclear layer, as others
have reported.32 The data are presented as the mean ±
standard error of the mean.

RPE Flatmounts

The flatmounts were prepared using the same
microdissection technique as we reported previ-
ously.33,34 Briefly, the superior side of the eye was
marked with a fine-point, permanent ink pen (Sharpie,
Oak Brook, IL). The eye was removed, fixed in Z-
Fix (Anatech Ltd., Battle Creek, MI) for 10 minutes,
and then washed three times with PBS. Excess tissue

was removed from the outside of the globe under
a dissecting microscope. The center of the cornea
was punctured using 3-mm iridectomy scissors, and
flatmounting was conducted bymaking four radial cuts
from the center of the cornea back toward the optic
nerve. The flaps were peeled away from the lens, and
the lens was removed. The iris and retina were removed
using forceps. Four additional cuts were made in each
of the four RPE–scleral flaps to enable the tissue to be
flattened with the RPE side up on conventional micro-
scope slides to which a silicon gasket had been applied
(Grace Bio-Labs, Bend, OR). The RPE flatmounts
were blocked with Hanks’ balanced salt solution
(#SH30588.01; Hyclone, Logan, UT) containing 0.3%
(V/V) Triton X-100 and 1% (W/V) bovine serum
albumin (blocking buffer) for 1 hour at 22 °C.

Immunofluorescence and Confocal Imaging
of RPE Flatmounts

RPE flatmounts were immunostained with a
dilution of 1:250 anti-Zonula occludens-1 (ZO-1,
Cat. #MABT11, Sigma) and 1:500 anti-CTNNA1
(Cat. #EP1793Y, Abcam, Cambridge, MA) in
blocking buffer overnight at 4 °C. The flatmounts
were washed five times with Hanks’ balanced salt
solution plus 0.3% (v/v) Triton X-100 (wash buffer) for
2 minutes and then stained with secondary antibodies
(Alexa Fluor 488,1:1,000 donkey anti-rat IgG, Cat. #
A21208, Thermo Fisher Scientific; Alexa Fluor 568,
1:1,000 goat anti-rabbit IgG, Cat. #A11036, Thermo
Fisher Scientific) by incubation for 2 hours at 22 °C.
The flatmounts were washed with Hoechst 33258
(1:250, Cat. #H3569, Thermo Fisher Scientific) in
blocking buffer three times to stain nuclei; they were
then washed twice with wash buffer. The flatmounts
weremounted with two drops of Fluoromount-G (Cat.
#17984–25, ElectronMicroscopy Sciences, Signal Hill,
CA), coverslipped, and allowed to harden overnight.
The slides were stored in the dark at 4 °C until imaging
using a Nikon Ti inverted microscope with a C1
confocal scanner (Nikon Instruments Inc., Melville,
NY). Using automated XY stage control within the
EZ-C1 software, the flatmounts were imaged with a
10X objective lens. Images were processed as described
previously.33 Confocal images were digitally merged
(Adobe Photoshop CS2; Adobe Systems Inc.).

Statistical Analyses

One- and two-way repeated-measure analyses of
variance with Sidak/Tukey post hoc analysis and
Student t tests were performed for the ERG and
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Figure 1. Doses of 10 mg/kg of NaIO3 did not induce consistent visual function loss in C57BL/6J and 129/SV-E mice. (A, B, C) Scotopic
electroretinogram (ERG) amplitudes at 3 and 7 days after injection in C57BL/6J mice. (D, E, F) Mean amplitudes of scotopic ERG at 3 and
7 days after injection in 129/SV-E mice. The results are presented as the mean ± standard error of the mean (SEM). A two-way analysis of
variance (ANOVA) with Tukey’s multiple comparisons test was conducted between themean amplitudes in all pair combinations. *P< 0.05.
n = 3–8 C57BL/6J mice per group and n = 3–4 129/SV-E mice per group.

morphometric data. For all analyses, a P value of less
than 0.05 was considered statistically significant. All
graphs display data as the mean ± standard error of
the mean. The stated n is the number of animals used
in each group. Graphs and analyses were conducted
using Prism 8.2.1 Software (GraphPad Software Inc.,
La Jolla, CA).

Results

Functional Changes After Low Dose NaIO3
Administration

To investigate visual functional changes after NaIO3
administration, we performed ERGs for all groups
(NaIO3 treated and untreated; both mouse strains).
Scotopic a-, b-, and c-waves were recorded across a
series of increasing flash intensities.

Single injections of 10 mg/kg of NaIO3 did not
cause obvious damage to retinal function based on
scotopic ERG assessment at 3 and 7 days after NaIO3
administration in the 129/SV-Emice (Figs. 1D, E, F). In
C57BL/6J mice, amplitudes of scotopic a- and b-waves

decreased slightly at a stimulus intensity level of 1
cd.s/m2 3 days after administration, but such functional
loss disappeared 4 days later (Figs. 1A, B). The scotopic
c-wave amplitude, which in part reflects RPE function,
did not change in either strain within a week after
NaIO3 treatment (Figs. 1C, F).

To discover whether 10mg/kg of NaIO3 has chronic
toxic effects on visual function, ERGs were recorded
after administration weekly for 12 weeks. Although
there was a trend toward decreased ERG amplitudes
with the 10 mg/kg dose, the differences were not signifi-
cant and were not consistent over time, which indicated
that intravenous injection of 10 mg/kg of NaIO3 did
not induce consistent damage to the RPE or retinal
function in these two strains (Fig. 2).

Different from the 10 mg/kg dose, a 15 mg/kg
dose of NaIO3 caused severe damage. ERG responses
showed dramatic changes 1 day after injection with 15
mg/kg of NaIO3 in both strains. Overall waveforms of
scotopic ERG in step 6 (stimulus intensity: 10 cd.s/m2,
recording time: 5 seconds) represented a deeper trough
of the a-wave and a lower b-wave (Fig. 3). Impor-
tantly, the scotopic a-wave amplitude at day 1 after
NaIO3 injection in C57BL/6J mice (Fig. 4A) was
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Figure 2. Longitudinal analysis of visual function of C57BL/6J and 129/SV-E mice treated with a low dose of NaIO3. Scotopic a-, b-, and
c-wave amplitudes did not show significant changes in any stimulus intensity through 12 weeks in C57BL/6J mice (A, B, C) and 6 weeks in
129/SV-E mice (D, E, F) after the administration of 10 mg/kg of NaIO3. The results are presented as the mean ± standard error of the mean
(SEM). A one/two-way analysis of variance (ANOVA) with Tukey’s multiple comparisons test was conducted among the mean amplitudes in
all pair combinations. n = 4 C57BL/6J mice per group and n = 5 129/SV-E mice per group.

Figure 3. Effects of 15mg/kg of NaIO3 on thewaveforms of scotopic electroretinogram (ERG; stimulus intensity: 10 cd.s/m2, flash duration:
4ms, recording time: 5 s) in C57BL/6J and 129/SV-Emice. Here, “0”represents the start of stimulation, “a”represents the amplitude of scotopic
a-wave, “b” represents the amplitude of scotopic b-wave, and “c” represents the amplitude of scotopic c-wave. (A) Daily changes in the
waveforms after 15mg/kgofNaIO3 administrationover 7days inC57BL/6Jmice. (B) The amplitudes of scotopic a- andb-waveboth increased
at 1 day after injection but decreased at 7 days after 15 mg/kg NaIO3 injection in 129/SV-E mice compared with PBS-treated mice.

significantly increased compared with that in untreated
mice. The c-wave amplitude did not show significant
changes compared with the PBS-treated group at 1 day
after NaIO3 injection (Fig. 4C). Scotopic a- and b-
wave amplitudes were both significantly increased at
days 1 and 3 after NaIO3 injection in 129/SV-E mice

(Figs. 5A, B, D, E). The mean c-wave amplitude in
129/SV-E was also elevated at day 1 after NaIO3
treatment (Fig. 5C). Thereafter, the amplitudes of a-,
b-, and c-waves of NaIO3-treated mice were all signif-
icantly decreased compared with those of PBS-treated
mice.
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Figure 4. Visual function was gradually decreased after the administration of 15 mg/kg of NaIO3 in C57BL/6J mice. (A, B) Scotopic a-wave
amplitude increased (doubling in amplitude) at 0.1 and 1 cd s/m2 at 1 day after injection with 15 mg/kg of NaIO3, while the scotopic b-
wave amplitude was slightly decreased compared with PBS treatment. (D, E) Mean amplitudes of scotopic a- and b-wave 2 days after NaIO3

treatment. (G, H) Significant decreased of ERG a- and b-wave responses was observed 3 days and 7 days after injection with 15 mg/kg
of NaIO3 in C57BL/6J mice compared with the PBS group. (C, F, I) Amplitudes of scotopic c-wave decreased over time after NaIO3 treat-
ment compared with the PBS group. The results are presented as the mean ± standard error of the mean (SEM). A two-way analysis of
variance (ANOVA) with Sidak’s multiple comparisons test was conducted between the mean amplitudes in all pair combinations. *P < 0.05,
**P< 0.01, ***P< 0.001, ****P< 0.0001. n= 3 mice (1, 2 and 7 days after injection), n= 7 mice (3 days after injection, NaIO3-treated mouse
group), n = 8 mice (3 days after injection, PBS group).

In C57BL/6J mice, the scotopic b-wave amplitude
started to show a decrease 2 days after an injection
of 15 mg/kg of NaIO3, whereas the a-wave amplitude
returned to normal (Figs. 4D, E). Themean amplitudes
of scotopic ERG a- and b-waves were reduced 3 days
after NaIO3 injection in C57BL/6J mice (Figs. 4G, H).
The scotopic c-wave amplitude, which in part reflects
RPE function, gradually decreased after NaIO3 injec-
tion, trending downwards starting at day 2 and signif-
icantly decreasing by days 3 and 7 in C57BL/6J mice
(Figs. 4F, I).

Compared with C57BL/6J mice, 129/SV-E mice
showed later functional loss under the same dosing of
NaIO3 (Figs. 5D, E). As in C57BL/6J mice, the overall
ERG waveforms of 129/SV-E mice at 1 and 3 days
after injection also showed dramatic increases in the

mean scotopic a-, b-, and c-wave amplitudes, with high
variation in the treated group. There was a significant
decrease in mean scotopic a- and b-wave amplitudes at
7 days after NaIO3 injection in 129/SV-E mice (Figs.
5D, E). Themean amplitudes of scotopic ERG c-waves
did not change until 1 week after 15mg/kgNaIO3 injec-
tion in 129/SV-E mice (Fig. 5F).

Morphologic Retinal Degeneration After
NaIO3 Injection

In Vivo Retinal Imaging
In vivo imaging indicated that morphologic changes

in the retina were similar to functional losses in
both strains. C57BL/6J mice developed severe damage
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Figure 5. Changes in scotopic a-, b-, and c-wave amplitudes following 15mg/kg of NaIO3 administration in 129/SV-E mice. (A, B, C) Ampli-
tudes of scotopic a-, b-, and c-waveswere significantly increased 1 day after injectionwith 15mg/kg of NaIO3 bymore than two-fold. (D, E, F)
Amplitudes of scotopic electroretinograms (ERGs) at 3 and 7 days after injection. The results are presented as mean ± standard error of the
mean (SEM). A t-test/one/two-way analysis of variance (ANOVA) with Tukey’s multiple comparisons test was conducted between the mean
amplitudes in all pair combinations. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. n = 6 mice in the PBS and NaIO3-treated groups
(1 day), n = 8 mice in the NaIO3-treated groups (3 and 7 days).

earlier than 129/SV-E mice did after systemic exposure
to the same dose of NaIO3, suggesting that C57BL/6J
mice aremore sensitive than 129/SV-Emice are in terms
of response to toxicity of NaIO3.

Representative circular SD-OCT images of the
central retina are shown in Figure 6 at a 100 μm radius
from the ONH. These SD-OCT images were collected
at 1, 2, 3, and 7 days after the administration of
15 mg/kg NaIO3. Divisions between the retinal layers
were clear in PBS-treated mice of both strains, and
it was easy to segment each individual retinal layer;
however, sharp borders between the layers disappeared
gradually in the treated groups. Early fading of the
ellipsoid zone line at day 1 after injection in C57BL/6J
mice and day 3 after injection in 129/SV-E mice was
observed (Figs. 6A, B). Disappearance of the ellipsoid
zone line indicated the early disruption of photorecep-
tors. Meanwhile, highly reflective spots appeared in the
ONL, and some white dots or specks were detected
in the vitreous body. Fundus photography revealed a
pale fundus and fuzzy white blotches compared with
the PBS group (Fig. 6A). Heavy mottling was appar-
ent at 3 days after injection in C57BL/6J and 7 days
after injection in 129/SV-E mice.

The thicknesses of the ONL and neural retina were
measured on SD-OCT cross-sectional tomograms.
Initially, the ONL and neural retinal thickness did not

show decreases (at 1 and 2 days after injection with
15 mg/kg NaIO3; Fig. 6C). However, at 3 days and
7 days, obvious disruption and thinning of the retina
were detected in C57BL/6J mice (Fig. 6C); the ONL
and full retina both thinned, the photoreceptor layer
became less visible, and more white dots appeared.

In the treated 129/SV-E mice, structural degrada-
tion, irregular folds, misalignments, and high reflectiv-
ity regions appeared in the ONL at 7 days after NaIO3
exposure (Fig. 6B). Fundus photography suggested
mottling in the central retina. However, such changes
were not detected in this group at 1 day and 3 days after
injection. The ONL and neural retinal thickness were
measured from the SD-OCT images. Statistical analysis
revealed that the ONL and neural retinal thickness did
not change after systemic exposure to 15 mg/kg NaIO3
(Fig. 6D) in the 129/SV-E mice. However, there was a
noticeable increase in the variability of the measure-
ments, possibly suggesting an underlying pathology.

The HRA-BAF in Figure 7 paralleled the SD-
OCT and fundus image results. The number of small
punctate hyperautofluorescent white spots progres-
sively increased and became widespread after NaIO3
treatment in C57BL/6J mice (Fig. 7A). Different from
C57BL/6J mice, no obvious white spots were observed
even 7 days after injection in 129/SV-E mice (Fig. 7B).
Instead, some larger hypofluorescent spots appeared,
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Figure 6. SD-OCT and fundus images of C57BL/6J and 129/SV-Emice after injection with 15mg/kg of NaIO3. (A, B) Representative SD-OCT
and Micron IV fundus photography for each day after 15 mg/kg of NaIO3 treatment of C57BL/6J mice and 129/SV-E mice; red and orange
brackets show the regions used for neural retina and ONL thickness measurement. (C, D) Quantification of SD-OCT images. The results are
presented asmean± standard error of themean (SEM). A one-way analysis of variance (ANOVA) with Tukey’s multiple comparisons test was
conducted between the mean thickness measurements in all possible pair combinations. ****P < 0.0001. n = 3–8 in the C57BL/6J mouse
groups, n = 4–7 in the 129/SV-E mouse groups.

interspersed with a weak increase in background
autofluorescence, indicating possible atrophy of the
RPE layer, which correlated with a mottled fundus
appearance observed via color fundus photography
(Fig. 6B).

Histologic Findings
We examined fixed retinal tissues by conven-

tional histology with hematoxylin and eosin staining.
Compared with the eyes in the PBS-treated groups,
which had well-organized nuclear layers and an intact
regular monolayer of RPE cells, the NaIO3-treated

C57BL/6J mice had irregular folds in the ONL and
disorganized arrangement of photoreceptor inner and
outer segments 2 days after injection. RPE cells were
swollen, and the monolayer was interrupted by day
2 (Fig. 8C). There was extensive structural disrup-
tion at days 3 and 7 (Figs. 8D, E). In particular, the
black arrow in Figure 8D illustrates pigmented dots,
apparently melanin depositions, RPE cell migration, or
melanin fragments engulfed by immune cells that were
dragged into the depths of the inner layers of the retina.
For 129/SV-E mice, there was no sign of ONL degen-
eration at days 1 or 3 based on the histologic findings.
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Figure 7. In vivo Spectralis en face images (with BAF) of NaIO3-induced RPE damage in two mouse strains. Each image is from a differ-
ent mouse. Representative morphology at the layer of the photoreceptor–RPE interface. (A) Representative images from C57BL/6J mice.
(B) Representative images from 129/SV-E mice.

Disorganization of ONL and RPE disruption became
evident at day 7 after injection (Fig. 8I).

Density of Nuclei
The ONL of NaIO3-treated C57BL/6J mice exhib-

ited a discernable decrease in thickness at day 3 after
injection, indicating the loss of photoreceptor cells
(Fig. 8D). The quantification of the ONL nuclear
counts at days 1 and 2 after injection revealed a trend-
ing decrease of nuclei numbers, leading to a significant
decrease in the number of nuclei in the ONL at 3 days
after injection in C57BL/6J mice (Figs. 8D, 8J).

For theNaIO3-treated 129/SV-Emice, ONL nuclear
counting did not detect the loss of photoreceptor
cells, but there were clear waves, spacing changes, and
increased variability in the sizes and shapes of nuclei
and irregularities in the ONL layering at 7 days after
injection (Figs. 8I, K). The subtle difference in the
neural retinal thickness and the number of ONL nuclei
between the C57BL/6J and 129/SV-E strains (PBS
treated [black in all figures]) should be noted (Figs. 8J,
K). The C57BL/6J neural retinal thickness was thinner
overall but the retina had a slightly larger number of
nuclei than the 129/SV-E mice did.

Müller Cell Activation
The activation of astrocytes and Müller cells was

assessed by GFAP immunochemistry for the NaIO3-
treated groups. In the PBS groups, GFAP immunore-
activity was only exhibited in the retinal ganglion cell
layer and optic nerve (Figs. 9A, F). Otherwise, the
GFAP signal in the ganglion cell layer significantly
increased at day 3, but not at days 1 or 2, along

with radial expression extending throughout the inner
nuclear layer and ONL; this result indicated gliosis of
Müller cells 3 and 7 days after injection in C57BL/6J
mice (Figs. 9A–E, 9J). In 129/SV-E mice, the GFAP
signal was intense in the ganglion cell layer and in a
radial pattern at day 7 afterNaIO3 treatment, but not at
day 1 or 3 after injection (Figs. 9G, H, I, K); this result
is in accordance with the functional and morphologic
damage.

Morphologic Changes of the RPE Layer and Loss of
RPE Cells

To test the RPE for hypothesized morphologic
damage after NaIO3 treatment, we performed confocal
microscopy on immunofluorescent staining of ZO-1,
alpha-catenin, and Hoechst 33258 on RPE flatmounts.
This approach revealed that RPE cells lost normal
cell boundary patterns and that cells fused or severely
stretched in the posterior central region within 1 day of
injection with 15 mg/kg of NaIO3 in C57BL/6J mice
(Fig. 10D). Similar death patterns also appeared in
129/SV-E mice, where central RPE cells were damaged
or completely lost (Fig. 11C). This heavy damage was
evident in flatmount preparations, despite no obvious
damage seen with in vivo imaging at day 1 (Figs. 10D,
E). No RPE cell death was observed in the PBS-treated
group, where the flatmounts were uniformly covered
with intact and regular RPE cells. As shown in Figure
10C, α-catenin closely localized to the tight junction
collar near the apical face of the RPE cells in the PBS
group.

In the NaIO3-treated mice (regardless of strain),
there were three different morphologic zones of RPE
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Figure 8. Micrographs of hematoxylin and eosin (H&E)-stained paraffin-imbedded retinal sections of C57BL/6J and 129/SV-E mice treated
with 15mg/kg of NaIO3 at different time points. (A–E) Representative images of H&E staining for C57BL/6Jmice are from a region of 250–750
μm from the optic nerve. RPE layer discontinuities are indicatedwith red arrows. Melanin deposition “balls”appeared in the RPE layer at days
2 and 3 (black arrows). (F–I) Representative images of H&E staining for 129/SV-E mice from a region of 250 to 750 μm from the optic nerve.
Melanin deposition also appeared in and on the RPE layer at day 7 (black arrow). (J, K) Quantification of nuclei in the ONL for C57BL/6J and
129/SV-E mice. Nuclei counts in 10 discrete regions of retina sections from the ONH both in the superior (+) and inferior (–) directions in the
ONL. Each region corresponds to 100 μm of arc length of retina. A two-way analysis of variance (ANOVA) with Tukey’s multiple comparisons
test was conducted between the mean nuclei counts in all pair combinations. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. Sample
sizes: n = 3–5 in C57BL/6J groups, n = 3–4 in 129/SV-E mice groups. Scale bar: 100 microns.

cells laid out concentrically from the ONH. First,
centered on the ONH and in the posterior through
the midperiphery, there was a large single zone that
included many large patches that lacked evidence of
RPE cells. In adjacent patches of this central zone, the
remaining RPE cells had lost their regular shape and
ZO-1 staining, only a little residual α-catenin stain-
ing remained, and the number of cells was dimin-
ished and generally looked moth-eaten. It appeared
that everything within this central zone was dead or
dying, patchy, debris filled, or barren. It took days for
this central zone to fully “bloom” into a completely
barren lesion, but the distinct large size of the lesion
and the extent of the barren patch were remarkable and
present from the start. The underlying choroid showed
through because of the absence of melanin granules
from losing the RPE in this barren zone. Second, there
was a ring-like transitional zone of abnormally shaped
RPE cells at a midperipheral level. There were some
RPE cells that were highly variable in size. The RPE
cells were extremely large, stretched, and irregularly
shaped, and they had multiple nuclei. Third, at the
far periphery, there was a zone of RPE cells that had
mostly normal cell features of regular size and shape

mixed with some radially elongated irregular cells, but
even here at the far periphery, there were dysmorphic
RPE cells (Figs. 10E, G, I, K; Figs. 11D, F, H).

Functional and Morphologic Changes on Day 1
To better understand the retinal functional and

morphologic changes in the early stages after systemic
exposure to NaIO3, we measured scotopic ERGs at 3,
6, and 12 hours after injection in C57BL/6J mice. In
these mice, the mean amplitudes of scotopic ERG a-
, b-, and c-waves increased at 12 hours post NaIO3
injection (Fig. 12), roughly doubling in magnitude
compared with the PBS group. Similarly, as shown
in Figure 13, the RPE layer retained its normal tight
junction structure at 6 hours after injection, but exten-
sive damage was detected at 12 hours after injection
(Figs. 13D, E).

Discussion

In this study, we found the lowest concentration
of NaIO3 that consistently causes the same level of
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Figure 9. Increased GFAP staining in the ganglion cell layer after administration with 15 mg/kg of NaIO3 in both strains. GFAP was labeled
with GFAP antibody (red) and nuclei with 4′,6-diamidino-2-phenylindole (blue). Representative morphologic images of GFAP staining from
the region of 250–750 μm from the optic nerve. (A–I) Representative images from C57BL/6J and 129/SV-Emice. (J, K) The number of GFAP+
fibers spanning from the ganglion cell layer into and across the inner nuclear layer per retinal section in both strains. A one-way ANOVA
with Tukey’s multiple comparisons test was conducted between the mean nuclei counts in all pair combinations. *P< 0.05, ****P < 0.0001.
Sample sizes: n = 3 in C57BL/6J groups, n = 4 in 129/SV-E Groups. Scale bar: 100 microns.

damage from mouse to mouse. This information is
advantageous because a lower dose is associated with
fewer side effects of treatment, which will help to eluci-
date authentic disease-initiating sequalae versus spuri-
ous drug effects that may obscure relevantmechanisms.
We identified the time at which highly characteristic
symptoms first initiated after injection, and we found
the timing of early events during the disease course.
In the future, these prerequisites will allow us to estab-
lish causal pathways that result in RPE and retinal cell
dysfunction brought on by NaIO3.

Our central hypothesis was that treatment of mice
with low-dose NaIO3 would allow a nuanced under-
standing of the early effects on the function and
morphology of the RPE and retina. The premise was
partially based on our prior experiences with the treat-
ment of mice with systemic injections of NaIO3 at
concentrations reported in the literature.16,25,35–41 In
our hands, these treatment regimens produced losses in
retinal function and tissue that were excessively rapid
and severe, making the approach problematic as a
model for a cause-and-effect analysis of retinal and

RPEdamage.We tested this hypothesis by investigating
the effects of tail vein injections of various concentra-
tions of NaIO3 on RPE/retina function and morphol-
ogy in C57BL/6J and 129/SV-E mice, looking for a
threshold dose at which the steps in disease progres-
sion could be teased out. Our observations indicate the
following:

1. Threshold dose: A single injection at 15 mg/kg is
the lowest dose that induced stable and repeatable
RPE damage in both strains.

2. Bracketing the minimum dose: A single tail vein
injection of 10 mg/kg of NaIO3 did not consis-
tently induce functional loss or morphologic
changes of the retina in either strain (Figs. 1–2).

3. Functional and morphologic strain differences:
Although both mouse strains reacted at the same
low threshold dose, we confirmed and extended
strain differences at this same low dose of
NaIO3 on retinal function and structure.17,35,42,43
C57BL/6J mice were more sensitive and sensitive
sooner to NaIO3 than 129/SV-E mice were, by
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Figure 10. Systemic exposure to NaIO3 caused RPE cells to lose their normal structure and patterning. RPE cells chiefly died in the center
to midperiphery in C57BL/6J mice. The RPE flatmounts were immunostained for ZO-1 (green), α-catenin (red), and Hoechst 33258 (blue). (A)
RPE flatmounts from the PBS group. (B) High-resolution image from the PBS group, normally mononucleate and binucleate polygonal RPE
cells did not exhibit a cytosolic α-catenin signal. (C) High-resolution image from the PBS group with only red channel (α-catenin). (D, F,H, J)
Representative RPE flatmounts from NaIO3-treated C57BL/6J mouse groups. (E, G, I, K) High-resolution images of the transition zone in RPE
flatmounts from NaIO3-treated groups. Scale bar in A, D, F, H, J: 1000 microns; scale bar in B, C, E, G, I, K: 200 microns.

all the measures that we tested, including ERGs,
SD-OCTs, BAF, layer thicknesses by hematoxylin
and eosin, disruption of RPE by flatmounts, and
histology (see Figs. 1–13).

4. Transiently increased ERG signals: Interest-
ingly and unexpectedly, scotopic ERG waveform
amplitudes were transiently and greatly increased
within 24 hours following injection with 15
mg/kg of NaIO3 in both strains, although strain
differences appeared at later times (as discussed
elsewhere in this article). This effect is not
noted in the literature, except by Sato’s group,
which identified supernormal transient b-waves
in NaIO3-treated mice.44–46 We extended the
observations from Sato et al to include earlier
times after injection, lower doses of NaIO3,
and additional mouse strains. We further found
that scotopic a-, b-, and c-waves all transiently
increase, and outcomes vary with strain and

with the time of assessment, after injection.
The transient increase in each wave’s ampli-
tude is large, at more than two-fold. This
transient effect bears further investigation in
future experiments to understand how a toxic
process can be so significant and rapid (Figs.
4 and 5). Because the effect is not immediate,
but takes more than 6 hours after injection
to manifest (Figs. 4, 5, and 12), we wonder
how the effect is mediated and which distinct
cells47 and physiologic processes are required.
Moreover, we wonder what processes then take
over to cause deterioration of ERG signals
and why they are slower in 129/SV-E versus
C57BL/6J mice.13,25 There are many possibil-
ities for governing the transient increase and
subsequent deterioration of the ERGs. These
include all the retinal, RPE, and choroidal cells,
because they are all closely coupled physically and
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Figure 11. RPE layers in response to systemic exposure to NaIO3 in 129/SV-Emice. The RPE flatmounts from 129/SV-Emice were immunos-
tained for ZO-1 (green), α-catenin (red), and Hoechst (blue). (A) RPE flatmounts from the PBS group. (B) High-resolution image from the PBS
group. (C, E,G) Representative RPE flatmounts fromNaIO3-treated 129/SV-Emouse groups. (D, F,H) High-resolution images of the transition
zone in RPE flatmounts from NaIO3-treated groups. RPE cells near the center were highly irregular in shape and size. Scale bar in A, C, E, and
G: 1000 microns; scale bar in B, D, F, and H: 200 microns.

Figure 12. Visual function changes within 12 hours after NaIO3 injection. Amplitudes of scotopic a-, b-, and c-wave all sharply increased
about two-fold at 12 hours after injectionwith 15mg/kg of NaIO3. The results are presented as themean± standard error of themean (SEM).
A one/two-way analysis of variance (ANOVA) with Sidak’s/Tukey’s multiple comparisons test was conducted between the mean amplitudes
in all pair combinations. **P < 0.01, ***P < 0.001, ****P < 0.0001. n = 3–4 mice.

metabolically. Oxidative damage to macro-
molecules can stabilize them in either a
continuously activated or inactive state. For
example, oxidative damage could change the
distribution of potassium in Müller cells or
the subretinal space, affecting amplitudes of
a-, b-, and c-waves.46,48 Many other potential
initiating targets exist, including third-order
neuronal cells,48 cone cells,17 ON-bipolar cells,
and amacrine cell responses.49 NaIO3 may
change the resistance of the RPE cells or other
layers, directly affecting current flow and voltage
differences measured in the ERG.50 These possi-
bilities are now testable under our conditions.

5. Effects on the c-wave: The c-wave amplitudes
transiently increased in the first 24 hours after
injection and then decreased in both mouse
strains. The decreases in the c-waves followed
the same pattern as other measures; they were
evident in the C57/BL/6J mice earlier and faster
than in the 129/SV-E mice (Figs. 4, 5). The RPE
and Müller cells govern the c-wave,51–54 but with
dependence on the a-wave. The c-wave was easy
to collect and detected underlying disease in the
RPE.

6. Effects on live imaging: Live imaging revealed
parallel strain-specific stress responses, but with
subtle whitening, indicating structural changes
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Figure 13. RPE layers lost their normal structure and became disrupted at 12 hours after injection with 15 mg/kg of NaIO3 in C57BL/6J
mice. The RPE flatmounts from C57BL/6J mice were immunostained for ZO-1 (green), α-catenin (red), and Hoechst (blue). (A) RPE flatmount
from the PBS group. (B, C) RPE cells still maintain normal structure within 6 hours after injection. (D) RPE disruption appeared at 12
hours after injection. (E) High-resolution images of the transition zone in RPE flatmounts from NaIO3-treated groups. Scale bar in A, B, C,
D: 1000 microns, scale bar in E: 200 microns.

associated with damage. Fundus BAF detected
many small white spots at the level of the RPE
in C57BL/6J mice but none in 129/SV-E mice,
which instead had large hypofluorescent blotches
(Fig. 7B). Many white spots were found by SD-
OCT in C57BL/6J mice in the ONL and vitre-
ous cavity (Fig. 6A). The precise identity of
the white spots and blotches after NaIO3 treat-
ment remains unknown.37 Future comparisons
of white spots and histologic features are needed
and are now feasible.

7. Histopathologic cross-sections and RPE
flatmount analysis: Similar to other responses,
the histologic findings mirrored in vivo imaging,
showing noted mouse strain differences (Fig. 8).
The RPE layer became detached, and the RPE
cells were swollen. RPE cells appeared in the
subretinal space after NaIO3 injection (Fig. 8).
No significant morphologic changes appeared
at days 1 and 2 after injection, but the thickness
of the full retina and counts of nuclei in the
ONL trended downwards. The central retina
degenerated more than the periphery did, which
was similar to changes in the RPE layer en face.

A massive breakdown of the mouse RPE sheet
occurred between 6 and 12 hours after injection,
in a single large central geographic lesion (Fig.
13D), which was surrounded by RPE cells in a
transition zone between the barren center and
the far periphery (Figs. 10E, G, I, K; Figs. 11D,
F). ZO-1 staining detected highly elongated RPE
cells with greater apical surface areas, multiple
nuclei per cell, and irregularly shaped cells in this
transition zone. Our images provide entire en
face views showing where the RPE patches are
missing. This gives a clear view of the spatiotem-
poral loss of the RPE after NaIO3 treatment. The
damaged central posterior area appears suddenly
and then does not grow in size. That is, the
damaged area seems to be large and complete; it
does not progress in size over time. The NaIO3
treatment results in a loosening and detach-
ment of RPE cells from Bruch’s membrane and,
when the neural retina is peeled away from the
RPE flatmount surface, RPE cells that have
undergone epithelial to mesenchymal transition,
RPE debris, and dying and dead RPE cells seem
to be released from the central posterior aspect
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of the flatmount or remain weakly attached to
the outer segment face of the neural retina. In the
future, we may be able to quantify the amount
of melanin pigment in wash solutions and on
the surface of the neural retina, and this may
represent a quantitative surrogate of the number
of lost RPE cells and associated debris. Other
mechanisms may be at play, including autophagy
or phagocytosis by microglia or macrophages,
which may metabolize RPE cells and debris,
and may substantially account for the loss of
RPE cells from the RPE sheet. These and related
hypothesized explanations of the lost RPE cells
centrally through the midperiphery are testable
in the future.

8. Remodeling in the transition zone: In the transi-
tion zone, the release of α-catenin into the cytosol
is an early marker of a damage response.52,55
Rearrangement of α-catenin may reflect motil-
ity of RPE cells through epithelial to mesenchy-
mal transition. The intracellular distribution of
α-catenin changed in RPE cells in the transi-
tion zone in C57BL/6J mice, but was lesser and
slower in 129/SV-Emice (Figs. 10 and 11), as with
our other strain differences. Injection of NaIO3
induced upregulation of the genes involved in
oxidative stress, inflammatory, and cell death
signaling.56–58 Müller cells were activated in
parallel to decreases in ERGs and morphomet-
rics. These changes followed the same pattern
of the more sensitive and earlier response in
C57BL/6J mice and a later response in 129/SV-E
mice (Fig. 9).

9. The variability and unreliability of NaIO3 as
a model in the literature: The early and rapid
acute increase in ERG signals followed by the
more gradual loss in ERG signals may help to
explain some of the variability in the previously
reported results regarding the NaIO3 model of
RPE death,17,37,46 creating what seemed to be
irreproducible and inexplicable variations and
differences that may not really exist. Here, our
early and extensive temporal series may help to
explain previous variability in the NaIO3 injury
model.

10. Possible differences in blood flow in the central
posterior versus the far periphery in the mouse
eye: We do not know how or why the RPE
cells in the periphery are spared compared with
the heavier loss in the central RPE. We specu-
late that high concentrations of NaIO3 first flow
through the central inner retinal vessels. NaIO3
may experience dilution as the flow passes from
central to peripheral, and this pattern of flow and

dilution might explain the heavier loss centrally,
but this awaits future experiments. There could
be many other explanations, including that the
peripheral RPE are more resistant than central
owing to a location-specific or cell-specific differ-
ence. Later RPE cell death seems to be limited,
and this is a topic of ongoing experiments. Other
possibilities to explain the central location of cell
death loss abound but depend on the details of
retinal and choroidal flow of blood in the mouse,
and these may be strain specific.59

11. The transition zone as a possible model of GA
lesions: The damage in the transition zone (with
extremes in shapes, sizes, and patterns of RPE
cells) resembles some of the RPE cells surround-
ing GA lesions in AMD.60–62 The barren patch
that is central–posterior in the mouse in some
ways resembles the denuded patches of GA
lesions in AMD. The possible invasion of transi-
tion zone RPE cells into the denuded lesion may
be a useful model for considering aspects of
wound healing.63,64 It could be that, as a part of
a wound response, these initially healthy transi-
tion zone cells rapidly expand to cover severely
damaged atrophic patches.

12. Experiments beyond the scope of the present
study: The considerable disappearance of RPE
cells from the central to midperiphery of the RPE
sheet after NaIO3 injection is rapid and requires
further investigation to resolve the following
questions. What accounts for this rapid loss?
Is this loss due to cell death, detachment,
and migration of living RPE cells, or their
embedment into the neural retina? The loss of
basal attachment to Bruch’s membrane coupled
with increased binding to outer segments could
explain the loss of cells from the surface of
the RPE sheet preparation when peeling off
the neural retina. Many of these and related
questions can be investigated now that reliable
experimental conditions are available for the
C57BL/6J and the 129/SV-E strains of mice.
Quantifiable toxic symptoms were seen earlier in
C57BL/6J mice compared with 129/SV-E mice. A
limited number of genes may control these differ-
ences between the two strains. It may be possible
to identify these genes by using forward genetics
and recombinant inbred mice, and such studies
might be mechanistically informative.65–67

13. The NaIO3 model as an RPE damage model:
Many other researchers have raised the issue of
whether the NaIO3 model is truly an RPE-only
damage model or whether it is truly a retina
damagemodel that heavily involves the RPE. The
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current lack of understanding of the molecu-
lar mechanisms underlying NaIO3 damage and
exactly which organelles and cellular processes it
targets is regrettable.We hope that our refinement
of the model, the reduction in dose, and better
appreciation of transient early effects, will foster
simple mechanistic experiments in the future to
understand the origins of NaIO3 damage in the
RPE and retina.

Conclusions

In this study, we observed differences in functional
and morphologic responses to low doses of systemic
NaIO3 administration between two strains of inbred
mice, which are among the most heavily used in
biomedical research.Although 129/SV-Emice aremore
resistant to NaIO3 RPE toxicity than C57BL/6J mice
are, in each strain, a single tail vein injection of 15
mg/kg of NaIO3 was the lowest dose to induce stable
and repeatable RPE damage. NaIO3 treatment also
greatly, but transiently, increased the ERGwave ampli-
tudes in both strains. It is important to discover the
different responses between these two strains in chemi-
cally induced RPE damage. We conclude that the effect
of NaIO3 is distinctly different time and dose wise.
Taken from two mouse strains that are widely used
in NaIO3-induced RPE damage, our data provide a
reference for optimal dosage and timepoints for further
comparisons.
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