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PURPOSE. We determined the effects of a remodeled inner retina on the flicker
electroretinograms (ERGs) in a rabbit eye at an advanced stage of inherited retinal
degeneration.

METHODS. Six wild-type (WT) and four rhodopsin P347L transgenic (Tg) rabbits were studied
at 18 months of age. Flicker ERGs were elicited by sinusoidal stimuli at frequencies of 3.906 to
50.781 Hz. To block the ON and OFF retinal pathways, 2-amino-4-phosphonobutyric acid
(APB), and 6-cyano-7-nitroquinoxaline-2, 3(1H, 4H)-dione (CNQX), respectively, were injected
intravitreally. The amplitudes and phases of the fundamental components of the pre- and
postdrug ERGs were analyzed. The postsynaptic APB (ON-) and CNQX (OFF-) sensitive
components were determined by examining the phases and amplitude vectors.

RESULTS. The temporal properties of the Tg rabbits were different from those of the WT rabbits
and had unique features; at 3.906 Hz, the amplitude was depressed but it increased by more
than 3.5-fold at 15.625 Hz. The reduction of the amplitude at 3.906 Hz in Tg rabbits was
caused by a cancelation of the ON and OFF components by a phase difference of 1808. On the
other hand, an increase in the amplitude at 15.625 Hz in Tg rabbits was caused by the
summation of the ON and OFF components, which had an approximate 1208 phase
difference.

CONCLUSIONS. The temporal properties of the flicker ERGs of Tg rabbits were affected markedly
by the remodeling of the retinal neurons. Evaluations of the flicker ERGs in RP eyes must be
done with careful considerations of the current findings.

Keywords: flicker ERG, remodeling, retinal ON bipolar cell, retinitis pigmentosa, retinal OFF
bipolar cell

Retinitis pigmentosa (RP) is a hereditary retinal disease that
causes severe visual impairments. The genetic mutations in

patients with RP cause degeneration of the rod photoreceptors
followed by degeneration of the cones. The death of the
photoreceptors leads to a gradual deconstruction of the
morphology of the retina and functional reprogramming of
the middle and inner retina, which have been reported as a
remodeling of the retina in humans1,2 and animal models of
RP.3–6

Flicker electroretinograms (ERGs) have been used to
evaluate the residual cone function in patients with RP, and
the results showed a reduction in the amplitudes and a
prolongation of the intrinsic times.7–13 Flicker ERGs have been
reported to have larger contributions from the postreceptoral
components, viz., the depolarizing ON bipolar cell pathway
(ON pathway) and the hyperpolarizing OFF bipolar cell
pathway (OFF pathway), with a small contribution from the
photoreceptors in primates.14,15

Thus, the amplitudes and implicit times of the flicker ERGs
in RP patients are believed to be due not only to the
degeneration of the photoreceptors but also to signals from
the inner retina which has been remodeled in eyes with RP.12,16

Several studies have used harmonic analyses of the flicker
ERGs to determine the temporal properties of the ERGs.17–20 In

addition, a ‘‘vector analyses’’ method was developed by Kondo
and Sieving, which modified the harmonic analyses meth-
od.15,21 In the vector analyses, flicker ERGs elicited before and
after pharmacologic blockades of the ON and OFF pathways of
the retina were analyzed by Fourier transformation. The
obtained fundamental components of the ERGs are shown in
the phase and amplitude vector. These analyses revealed the
effects of a subtraction and summation of the ON and OFF
pathways, and how they contribute to the amplitudes of the
flicker ERGs.

We determined how the remodeled inner retina in
transgenic (Tg) rabbit eyes altered the contribution of the
photopic ON and OFF pathways to the flicker ERGs. To
accomplish this, we used rhodopsin Pro347Leu Tg rabbits,
which were generated by BAC transgenesis, as a model of RP in
humans.22 This animal model was shown to have a progressive
degeneration of the rods followed by that of the cones.6,22 Full-
field ERGs showed that the rod components of the ERGs were
reduced to only 5% by 48 weeks, while the cone components
remained at 35% of the wild-type (WT) at the same age. At 18
months of age, the Tg rabbits had very few nuclei in the outer
nuclear layer and there is a remodeling of the inner retina
accompanied by an augmented of the OFF component and
abnormal responses of the third-order neurons.23 We showed
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that the pattern of summation and subtraction of the ON and
OFF pathways of the flicker ERGs in Tg rabbits was different
from that in WT rabbits.

MATERIALS AND METHODS

Animals

All experimental procedures adhered to the ARVO Statement
on the Use of Animals in Ophthalmic and Vision Research and
the Guidelines for the Use of Animals of the Nagoya University
Graduate School of Medicine. The Nagoya University Animal
Experiment Committee approved this project (Approval
Number, 28405).

Six WT (WT1-6) and four TG (Tg1-4) rabbits whose
background was the New Zealand White (NZW) strain were
studied at 18 months of age. The generation of this Tg rabbit
was described in detail.22 Before beginning the experiments,
we confirmed that scotopic ERGs were not elicited by 0.01 log
cd-s/m2 from the Tg rabbits, which indicated that the rod
function essentially was absent.

ERG Recordings

The procedures of recording ERGs have been reported in
detail.23 Briefly, the rabbits were anesthetized with an
intramuscular injection of ketamine and xylazine. ERGs were
recorded with a bipolar contact lens electrode (Gold Lens;
Doran Instruments, Littleton, MA, USA) after the pupils were
fully dilated. The signals were amplified and band pass-filtered
between 0.3 and 1000 Hz and digitized at 2000 Hz. A total of
20 to 30 ERGs were averaged with a computer-assisted signal
averaging system (Power Lab; AD Instruments, Castle Hill,
Australia).

Visual Stimulation

Rabbits were placed in a Ganzfeld bowl (Model 2503SH; LKC
Technologies, Gaithersburg, MD, USA) and stimulated with
light-emitting diodes (LEDs) providing white stimuli (modified
version of LS200; Mayo Corporation, Aichi, Japan). The
luminance of the LED light was measured with an integrating
radiometer (40X-Spotmeter; United Detector Technology,
Hawthorne, CA, USA). The LEDs were controlled by a digital
function generator (WF1945, NF Corporation, Tokyo, Japan)
which controlled the intensity and frequency of the stimulating
light.

Flicker ERGs were elicited by sinusoidally modulated stimuli
whose maximal intensity was 2.40 log cd/m2 and minimal
intensity was 0.00 cd/m2. The stimuli were presented on a
constant white background of 40 cd/m2. We chose these
stimulus intensities from the results of earlier studies.15 The
ERGs were recorded before and 60 to 90 minutes after the drug
injections5,23 because the drugs have been reported to affect
the retina within 30 minutes.24 We confirmed that the drugs
had affected the retina by the waveform of the ON-OFF ERGs at
the beginning of the experiments.

Drug Injections

The drugs that were injected intravitreally were 2-amino-4-
phosphonobutyric acid (APB; Sigma-Aldrich Japan, Tokyo,
Japan) and 6-cyano-7-nitroquinoxaline-2, 3 (1H, 4H)-dione
(CNQX; Sigma-Aldrich Japan). APB was injected into the
vitreous cavity of the eye followed by an injection of CNQX.
The intravitreal concentrations were 4 mM for APB and 0.4 mM
for CNQX assuming that the vitreous volume of the NZW
rabbit is 1.5 mL. The drugs were dissolved in PBS, and 0.05 mL

was injected into the mid-vitreous. Six eyes of six WT and four
eyes of four Tg rabbits were analyzed after injecting APB
following a CNQX injection. To evaluate the effect of
intravitreal injections of the drugs on the flicker ERGs, we
injected PBS into the eyes of 2 WT rabbits. The ERGs appeared
not to be affected by the PBS injection. Representative ERGs
recorded before and after the sham injections are shown in
Supplementary Figure S1.

Waveform Analyses

The fundamental components of the pre- and post-drug
flicker ERGs elicited by each frequency of stimulation were
assessed by harmonic analysis as described in detail.15,25

Because there are 2048 Fast Fourier Transform (FFT) points,
the FFT analyses could be performed using Excel (Excel 2013;
Microsoft, Inc., Redmond, WA, USA). The sampling frequency
(2000 Hz) was divided by the number of FFT points (2048) to
produce a factor of approximately 0.977. Flicker ERGs were
recorded for 13 frequencies ranging from 3.906 (4 3 0.977) to
50.781 (52 3 0.977) Hz in steps of 3.906 Hz (4 3 0.977).
Because of equipment limitations, we were not able to
determine the stimulus frequencies beyond the third decimal
place, and the frequencies were rounded off accordingly. We
did not analyze the higher harmonics. The phase lag of the
fundamental component relative to the stimulus was deter-
mined and drawn on polar plots clockwise from the positive
x-axis. The phase lag relative to the stimuli sine wave was
presented on polar plots with negative values shown
clockwise from the 08 polar axis. Because FFT analysis yields
phases between�3608 and 3608, we extrapolated the absolute
response phases beyond this limit by comparisons of the
phases of adjacent temporal stimulus frequencies as in the
studies of Kominami et al.25

Statistical Analyses

Two-factor factorial ANOVA followed by the Tukey-Kramer test
was used to determine the significance of the differences in the
amplitudes and phases of the ERGs components between WT
and Tg rabbits. P < 0.05 was considered statistically significant.

Retinal Histology

Two WT and two Tg rabbits were euthanized after the ERG
recordings. Eyes were enucleated and fixed in Davidson’s
fixative for 6 hours and then transferred to 10% neutral
buffered formalin. The tissues were trimmed and embedded in
paraffin, sectioned vertically through the optic nerve, and
stained with hematoxylin and eosin.

RESULTS

Representative ERGs

Representative ERGs of the WT and Tg rabbits before and after
APB and APBþCNQX at four frequencies ranging from 3.906 to
46.875 Hz are shown in Figure 1. The predrug ERGs were
composed of several components with different shapes at the
lower stimulus intensities, but became simpler and more
sinusoidal at 46.875 Hz. The amplitudes of the ERGs of the Tg
rabbit were smaller than that of the WT rabbit at 3.906 Hz;
however, it became comparable to that of the WT rabbit at
other frequencies (Supplementary Fig. S2A).

After the APB injection, the ERGs were composed of the
signals of the photoreceptor potentials and the OFF pathway.
The amplitudes of the post-APB ERGs of the Tg rabbit at 3.906
and 15.625 Hz were larger than that of the WT, and the
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amplitude of the ERGs at 31.250 Hz was comparable to that of
the WT rabbits (Supplementary Fig. S2B).

After the APBþCNQX injection to isolate the photoreceptor
component, the amplitude of the photoreceptor component
was smaller in the Tg than in the WT rabbits at all frequencies
(Supplementary Fig. S2C).

These results indicated that the temporal properties of Tg
and WT rabbits were different before and after injection of the
drugs. The vectors were analyzed to determine the mecha-
nisms for these differences.

Harmonic Analyses

The representative waveforms of the fundamental compo-
nents after FFT filtering are shown in Supplementary Figure
S3. The amplitudes (Figs. 2A, 2C, 2E) and phases (Figs. 2B, 2D,
2F) of the fundamental components of the flicker ERGs
elicited by 13 frequencies from WT and Tg rabbits after
Fourier transform are shown in Figure 2. In the WT rabbit, the
predrug amplitude of the fundamental components was
largest at 3.906 Hz and then decreased gradually with
increasing stimulus frequencies to reach a plateau at 19.531
Hz. The amplitude then increased at 46.875 Hz. However, the
predrug frequency-amplitude profile of Tg rabbits was
different from that of WT rabbits. The amplitude of the
fundamental components of Tg rabbits was smallest at 3.906
Hz and increased to the largest amplitude at 15.625 Hz, then
gradually decreased.

The phases of the fundamental components of the Tg and
WT rabbits at 3.906 Hz differed by nearly 1508, and the phase
of the fundamental component of the Tg rabbits was delayed at
all frequencies (Fig. 2B).

After the APB injection, the amplitudes of the flicker ERGs
decreased monotonically with increasing stimulus frequencies
for both types of rabbits (Fig. 2C). One interesting finding was
that the post-APB amplitudes of the fundamental components
were larger in the Tg than in the WT rabbits at the lower
frequencies, although the difference was not significantly
different. The phase of the fundamental components in the Tg
rabbits was delayed at frequencies higher than 15.625 Hz (Fig.
2D).

After the APBþCNQX injection (photoreceptor compo-
nent), the amplitude of the photoreceptor component was
smaller in the Tg than in the WT rabbits at all frequencies.
This indicated that the photoreceptor potentials of WT
rabbits were much larger than those of Tg rabbits; the cone
photoreceptors were significantly impaired during the course
of retinal degeneration in the Tg rabbits. The photoreceptor
component was largest at the lowest frequencies for both
types of rabbits and gradually decreased with increasing
stimulus frequencies. The phase of the fundamental compo-
nents in the Tg rabbits was delayed at frequencies higher than
11.719 Hz.

Vector Model Analyses

From the data obtained after the harmonic analyses of predrug,
post-APB, and post–APBþCNQX ERGs of each rabbit, we
calculated the phase and amplitude vectors of the fundamental
components at each frequency for each rabbit. The calculated
vectors for both types of representative rabbits for temporal
frequencies of 3.906, 15.625, and 31.250 Hz are shown in
Figure 3. The vectors of the predrug ERGs are shown in black,

FIGURE 1. Representative flicker ERGs elicited by sine wave stimuli from WT and Tg rabbits before and after intravitreal injections of APB and
APBþCNQX. The stimulus frequencies ranged from 3.906 to 46.875 Hz. The stimulus traces are shown in red beneath the ERGs.
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those for the post-APB ERGs in green, and those of the post–

APBþCNQX ERGs in yellow. To estimate the contribution of

the ON pathway of the WT and Tg rabbits, we subtracted the

vectors of the post-APB from the predrug ERGs (ON

component). We also subtracted the vectors of the post–

APBþCNQX (photoreceptor component) from those of post-

APB ERGs to evaluate the OFF pathway (OFF component). The

obtained vectors for the ON and OFF components are shown

by red and blue arrows, respectively. The predrug fundamental

components are composed of the summation of the vectors of

the ON, OFF, and photoreceptor components.

Vector Analysis at 3.906 Hz

The results of the phase and amplitude vector analyses of one
representative WT rabbit and one Tg rabbit are shown in Figure
3A. For the WT rabbit, the length of the vector for the ON
component was longer and approximately 2008 out of phase
from the OFF component. Consequently, the postsynaptic
activity (ONþOFF component) was dominated by the ON
component. The photoreceptor component (green arrow) was
shifted approximately 908 from the ON component. Thus, the
predrug component (black arrow) was slightly smaller than the
ON component but larger than the photoreceptor component.

FIGURE 2. Plots of the amplitudes (A, C, E) and phases (B, D, F) of the fundamental components of the flicker ERGs before (A, B), after APB (C, D),
and after APBþCNQX (E, F) from WT (�) and Tg (^) rabbits. The amplitude profiles of the predrug ERGs of WT and Tg rabbit are different. For the
Tg rabbit, the amplitude at 3.906 Hz was small, but it increased 3.5 times and reached maximum at 15.625 Hz (A). The meansþ SDs are shown. *P <
0.05, **P < 0.01. Two-factor factorial ANOVA.
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For the Tg rabbit, the ON and OFF components had similar
lengths, and the photoreceptor component was shorter than
that of these components. The ON component was close to
1808 out of phase from the OFF and photoreceptor compo-
nents. This phase cancellation caused an almost complete
elimination of the amplitude of the predrug response.

Vector Analysis at 15.625 Hz

At 15.625 Hz, the ON and OFF components were nearly 1208
out of phase in both WT and Tg rabbits. They added together to
contribute to a large predrug vector. The contribution of
photoreceptors was reduced especially for the Tg rabbit, but
the lengths of the predrug components of both rabbits were

similar. This indicated that the amplitudes of the flicker ERGs
were more affected by the postreceptoral than the photore-
ceptor components.

Vector Analysis at 31.250 Hz

The results of the vector analyses of one representative WT
rabbit and two Tg rabbits are shown in Figure 3C. The
amplitude of the predrug vector (black vector) of WT was
similar to those of Tg rabbits but the difference of the phase
between the two types of rabbits was approximately 2708. The
contributions of photoreceptors were small for both types of
rabbits, similar to that at 15.625 Hz. The length of the ON
component (red arrow) was relatively longer than that of the

FIGURE 3. The vectors for the fundamental components of representative WT and Tg rabbits at 3.906 Hz (A), 15.625 Hz (B), and 31.250 Hz (C) sine
wave flicker ERGs. Black arrow, predrug; green arrow, post-APB; and yellow arrow, post–APBþCNQX (photoreceptor component) ERGs. The ON
component vectors (red) were calculated by subtracting the vector of the post-APB (green) from that of the predrug (black) vector. The OFF
component vectors (blue) were determined by subtracting the vectors of the post–APBþCNQX (yellow) vectors from those of the post-APB (green)
vectors. The predrug vectors (black) are composed of the summation of the vectors of the ON (red), the OFF (blue), and the photoreceptor
components (yellow). Positive phase delays are plotted counterclockwise. Vector amplitudes are shown in absolute scale to the 5 lV calibration bar.
At 3.906 Hz, the ON and OFF components of the Tg3 rabbits had similar lengths, and the phase of the ON component was approximately 808 out of
phase with the OFF and photoreceptor components. This phase cancellation caused an almost complete elimination of amplitude of the predrug
ERGs. At 31.250 Hz, the length of predrug vector was almost similar in the Tg1 and Tg3 rabbits; however, the contribution of ON and OFF
components were different between the two rabbits.
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OFF components in both types of rabbits. Thus, the predrug
wave tended to be affected by the ON components.

The length of the predrug vector was almost similar in the
Tg1 and Tg3 rabbits; however, the amplitude of the ON and
OFF components was much larger in Tg1 rabbits. These
findings indicated that it is difficult to predict the contribution
of the ON and OFF components from the predrug ERGs. The
differences in the results of the vector analysis between two Tg
rabbits were probably due to differences in the degrees of
retinal degeneration and retinal remodeling. These findings
indicated that the amplitude of the flicker ERGs in degenerated
retinas is affected by the remodeled inner retina and does not
always indicate the status of the photoreceptor degeneration.

Amplitudes of ON and OFF Components as
Function of Temporal Frequency

We calculated the amplitudes of the ON and OFF components
of the WT and Tg rabbits obtained by the vector analysis (Fig.
4). The amplitude of the ON pathway was largest at 13.0 lV in
WT and 11.5 lV in Tg rabbits at 3.906 Hz, and it decreased as
the stimulus frequency increased. The amplitude of the ON
component in the Tg rabbits was smaller than that in the WT
rabbit at all frequencies although the differences were not
significant at many frequencies. On the other hand, the
amplitude of the OFF component in both types of rabbits
was largest (5.3 and 9.2 lV) at 3.906 Hz, and the amplitudes of

the Tg rabbits were larger than those of the WT rabbits at
3.906, 7.813, and 11.719 Hz, although the differences were not
significant. The amplitude of the OFF components in the WT
rabbits was smaller than those of ON components at all
frequencies in the WT rabbits, but the amplitude of these two
components were comparable at most of the frequencies in
the Tg rabbits. These findings indicated that there was an
increase of the OFF components in the flicker ERGs of Tg
rabbits.

To estimate the effect of remodeling of the ON and OFF
bipolar cells on flicker ERGs, we analyzed the ratio of the ON
bipolar cell/photoreceptor amplitudes and the ratio of the
OFF bipolar cell/photoreceptor amplitudes (Supplementary
Fig. S4). The results showed the contributions of ON and OFF
biplolar cells to the flicker ERGs in Tg rabbits were higher
than those of WT rabbits at all frequencies, and the ratio
became higher with increasing frequencies.

Retinal Histology

The retinal histology in the area of the visual streak of WT and
Tg rabbits at 18 months of age is shown in Figure 5. In WT
rabbits, there were two to three rows of nuclei in the inner
nuclear layer and five to seven rows of nuclei in the outer
nuclear layer. On the other hand, there were very few
scattered nuclei in the outer nuclear layer in Tg rabbits, and
the nerve fiber layer to inner nuclear layer was relatively well
preserved in Tg rabbits.

DISCUSSION

The contributions of the ON and OFF pathways to the
temporal responses have been analyzed in mice,19,25 rats,26

rabbits,27 and monkeys.15 However, a search of PubMed
showed that no studies have investigated the temporal
properties and contributions of the ON and OFF pathways of
degenerating retinas.

We analyzed the flicker ERGs elicited by a wide range of
frequencies at an advanced stage of degeneration in Tg rabbits.
We found a consistent delay of the phases of the fundamental
component at all frequencies in the predrug Tg rabbits, and
also unique temporal properties of the predrug amplitudes of
the fundamental component in Tg rabbits. The amplitude was
reduced at 3.906 Hz but it increased more than 3.5 times at
15.625 Hz. To determine the mechanism for this unexpected
feature, we analyzed the responses by vector analysis. Using
this rabbit model has an advantage in that it was easier to
evaluate the OFF-bipolar component in the rabbits than in

FIGURE 4. Mean amplitudes of the ON component (A) and OFF
component (B) of WT (�) and Tg (^) rabbits. The amplitudes of OFF
component (A) were augmented in the lower frequencies (3.906–
11.719 Hz). Error bars: standard deviation. *P < 0.05, **P < 0.01 (two-
factor factorial ANOVA).

FIGURE 5. Retinal histology of WT and Tg rabbits at 18 months of age.
Vertical retinal sections approximately 3 mm inferior to the optic nerve
head. Arrows indicate the inner nuclear layer and arrowheads indicate
the outer nuclear layer. Scale bars: 100 lm.
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rodents that have a weak OFF-bipolar cell contribution to the
cone ERGs.25,28

An estimation of the degree of residual cone function in Tg
rabbits was determined by comparing the ERGs of Tg rabbits to
those of WT rabbits after an injection of APBþCNQX in WT
rabbits.14 The amplitudes of the flicker ERGs in the Tg rabbits
were approximately 40% to 60% of those in the WT rabbits at
all frequencies tested. These results indicated that the cone
function was disrupted consistently in Tg rabbits.

On the other hand, the amplitudes of the OFF component
of the Tg rabbits appeared to be increased as has been reported
in a porcine model of RP3 and our Tg rabbit model.23,29 The
ratio of the amplitudes of the ON and OFF component/
photoreceptors are shown in Supplementary Figure S3. In the
Tg rabbits, the amplitudes of the ON and OFF components, and
those of the photoreceptors were larger than those of the WT
rabbits at all frequencies. These results agreed with those of
previous reports.

An interesting finding determined by the vector model
analysis was that the increase in amplitude of the OFF pathway
canceled the amplitude of the ON pathway due to a phase
difference of 1808 at low frequencies. This led to a large reduction
in the amplitude of the ERGs at 3.906 Hz in the Tg rabbits.

In addition, the amplitudes of the flicker ERGs of the Tg1,
Tg3, and WT2 rabbits were not different at 32.50 Hz but the
compositions of the ON, OFF, and photoreceptor components
were completely different. Thus, the analyses of the ampli-
tudes of the flicker ERGs do not simply reflect the cone
photoreceptor function, but they were unexpectedly affected
by the summation and subtraction of the signals of the ON and
OFF pathways in the remodeled inner retina.

An earlier study compared the temporal properties of RP
patients to those of normal subjects.16 In normal subjects, the
fundamental component had two main peaks at 3.7 and 41 Hz,
while only four of 12 RP patients had a peak at 3.7 Hz. These
results are in agreement with our results, and might indicate an
unexpected subtraction of the ON and OFF pathways due to a
remodeling of the retinal neurons in the inner retina of RP
patients.

We evaluated the retinal histology of WT and Tg rabbits at
18 months of age. We found that the WT rabbits had five to
seven rows of nuclei in the outer nuclear layer of the retina,
but the Tg rabbits had only scattered nuclei in the outer
nuclear layer.23 It is assumed that similar histologic changes
occur in the retina of RP patients, and these lead to the
functional remodeling of the retina.

Flicker ERGs elicited by 30 Hz stimuli are part of the
standard ERGs recommended to be recorded by the Interna-
tional Society for Clinical Electrophysiology of Vision (IS-
CEV).30 The flicker ERGs are used to quantify the functional
status of the retinal cone system in patients with retinal
diseases.9,31–33 Our results indicated that recording the flicker
ERGs elicited by only one frequency of 30 Hz in RP patients
may limit the collection of important information of the
physiology of the retina. Thus, analyses of the ERGs for a wide
range of frequencies might be more informative about the
temporal properties of the cone system. In addition, the
implicit times or phases of the major harmonics would be more
suitable than the amplitude of fundamental components for
evaluating the cone function.

There is a limitation in our study design. Our study was
based on the data from four Tg animals because of the shortage
of older Tg rabbits, which weakens the conclusions that can be
made.

In conclusion, our results indicated that the temporal
properties of 18-month-old Tg rabbits are significantly different
from those of WT rabbits. Vector model analysis revealed an
increase in the amplitude of the OFF component canceled by

the ON pathway at low frequencies. Our data indicated that the
interpretation of flicker ERGs in eyes with RP must be done
cautiously, especially in the evaluation of the amplitudes,
because the flicker ERGs are affected by unexpected summation
and cancelation of the secondary changes of retinal neurons.
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