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Abstract Period doubling in the full-field cone

flicker electroretinogram (ERG) refers to an alterna-

tion in waveform amplitude and/or shape from cycle to

cycle, presumably owing to the operation of a nonlin-

ear gain control mechanism. This study examined the

influence of stimulus chromatic properties on the

characteristics of period doubling in order to better

understand the underlying mechanism. ERGs were

acquired from 5 visually normal subjects in response to

sinusoidally modulated flicker presented at frequen-

cies from 25 to 100 Hz. The test stimuli and the

pre-stimulus adaptation were either long wavelength

(R), middle wavelength (G), or an equal combination

of long and middle wavelengths (Y), all equated for

photopic luminance. Fourier analysis was used to

obtain the response amplitude at the stimulus fre-

quency F and at a harmonic frequency of 3F/2, which

was used as the index of period doubling. The

frequency–response function for 3F/2 typically

showed two peaks, occurring at approximately 33.3

and 50 Hz. However, the magnitude of period dou-

bling within these frequency regions was dependent on

the chromatic properties of both the test stimulus and

the pre-stimulus adaptation. Period doubling was

generally smallest when an R test was used, even

though the stimuli were luminance-equated and the

amplitude of F did not differ between the various

conditions. The pattern of results indicates that the

mechanism that generates period doubling is influ-

enced by chromatic signals from both the test stimulus

and the pre-stimulus adaptation, even though the high

stimulus frequencies presumably favor the achromatic

luminance system.
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Introduction

The light-adapted flicker electroretinogram (ERG),

typically measured at a stimulus frequency of approx-

imately 30 Hz, is an important clinical tool for

assessing the integrity of the cone system in ocular

diseases. Because of its proven clinical value, the

flicker ERG was incorporated into the protocol

recommended by the International Society for Clinical

Electrophysiology of Vision (ISCEV) [1]. Neverthe-

less, there are aspects of the light-adapted flicker ERG

that remain incompletely understood. In particular, the

phenomenon of period doubling in the flicker ERG has

received relatively little attention.

Period doubling refers to a condition in which a

system switches to a new behavior with a period twice

that of the initial response. This phenomenon typically
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indicates that the system is approaching a transition

from a stable periodic state to a chaotic state. The

phenomenon of period doubling has been described in

many nonlinear dynamical systems, including biolog-

ical systems [2–4]. In particular, period doubling has

been observed in electrophysiological recordings from

the visual system, including the ERG of salamander

[5], rat [6], rabbit [7], and human [5, 8]; in ganglion cell

recordings from mouse retina [9]; and in the human

visual-evoked potential [5]. It has been proposed that

period doubling within the visual pathway may repre-

sent the operation of a nonlinear retinal feedback

mechanism that alters response gain [5].

In the flicker ERG of the human cone system, period

doubling can be observed as an alternation in response

amplitude from cycle to cycle and/or a change in

waveform shape that has a period twice that of the

stimulus period. Period doubling is also evident in the

Fourier spectrum of the ERG waveform as a subhar-

monic (F/2) that occurs at half the stimulus frequency

(F) and at harmonics of F/2 that are generated by retinal

nonlinearities [5, 8]. In the human flicker ERG, period

doubling is typically observed at stimulus frequencies

between approximately 30 and 70 Hz [5, 10, 11].

However, the magnitude of period doubling and the

frequency region over which it occurs can vary

somewhat among visually normal subjects [8, 10]. In

addition, period doubling is affected by stimulus

contrast, such that the amplitude of period doubling

is reduced and the region of period doubling shifts to

higher frequencies as stimulus contrast is decreased

[10]. Moreover, within the frequency range of period

doubling, two distinct regions with different contrast–

response properties have been reported [10].

Period doubling is often not observed in clinical

ERG recordings because multiple sweeps are usually

averaged and these sweeps are typically not synchro-

nized with the onset of the flicker train. The random

averaging of even and odd cycles would tend to

obscure any period doubling that might exist. Further-

more, the greatest amount of period doubling is

typically found at frequencies higher than the standard

clinical test frequency of approximately 30 Hz.

At the high frequencies at which period doubling

occurs in humans, the flicker ERG is presumably

driven by the luminance mechanism [12], so that

luminance-equated stimuli with different chromatic

properties should nevertheless result in the same

magnitude of period doubling. However, there is both

psychophysical and electrophysiological evidence for

a chromatic input to the luminance system. For

example, psychophysical flicker sensitivity is affected

more by a long-wavelength than by a luminance-

equated middle-wavelength adapting field [13–15].

This finding has generally been interpreted as evi-

dence that long-wavelength adapting fields reduce the

relative weight of the long-wavelength (L) cone input

to the luminance system compared to input from the

middle-wavelength (M) cones. Long-wavelength

adaptation can also inhibit the response of cells within

the magnocellular (MC) pathway [16], which are

presumed to form the physiological substrate of the

luminance channel [17], and MC cells can respond,

although weakly, to red–green chromatic modulation

[18, 19]. The psychophysical and electrophysiological

results have generally been modeled by assuming that

there is a cone opponent input to the luminance system

that involves both M and L cones [13, 14, 18].

It has also been reported that chromatic adaptation

can affect the properties of the high-frequency flicker

ERG [20, 21]. Specifically, adaptation to a reddish

background decreases ERG responses at long wave-

lengths compared to neutral adaptation, whereas adap-

tation to a greenish background has only a minimal

effect on ERG amplitude. The fact that chromatic

adaptation can affect the magnitude of the high-

frequency flicker ERG raises the possibility that period

doubling may also be affected. In fact, in a preliminary

investigation, we observed that the magnitude of period

doubling appeared to differ for stimuli of different

wavelengths that were luminance-equated. The purpose

of this study was to evaluate this effect more system-

atically. ERGs were acquired using temporally modu-

lated test stimuli and steady pre-stimulus adaptation that

had different excitation ratios for the L and M cones,

ranging from approximately equal cone excitation to

excitation that was strongly biased toward L cones. The

intent was to provide new constraints regarding the

possible physiological mechanism(s) underlying period

doubling in the human cone flicker ERG.

Methods

Subjects

Five visually normal individuals—aged 22 (S1 and

S2), 30 (S3), 57 (S4), and 59 (S5) years—participated in
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the study. Subject S4 was a woman; the others were

men. All subjects had best-corrected visual acuity of

20/20 or better in each eye and normal color vision.

The study protocol was approved by an institutional

review board of the University of Illinois at Chicago,

and all subjects gave informed consent before partic-

ipating in the study.

Stimuli and recording system

Stimuli were generated by arrays of light-emitting

diodes (LEDs) and were presented in a Diagnosys

ColorDome desktop Ganzfeld (Diagnosys LLC, Lit-

tleton, MA). Test stimuli consisted of sinusoidally

modulated full-field luminance flicker that was either

long-wavelength (peak wavelength: 640 nm [RT]),

middle-wavelength (peak wavelength: 516 nm [GT]),

or a combination of equal luminances of these long

and middle wavelengths [YT]. In addition, three pre-

stimulus adapting conditions were used (RA, YA, and

GA) derived from the same LEDs, so that there were

nine possible combinations of pre-stimulus adaptation

and test stimulus (GAGT, GAYT, GART, YAGT, YAYT,

YART, RAGT, RAYT, and RART). All stimuli were

presented against a short-wavelength (peak wave-

length: 464 nm), rod-saturating background with a

luminance of 12.3 cd/m2 (39.7 scot cd/m2 or 3.3 log

scot td, based on a dilated pupil diameter of 8 mm).

Test stimuli were presented at frequencies ranging

from 25 to 100 Hz, with a duration of approximately

1 s (the exact duration was dependent on the stimulus

period).

The mean luminance of each of the test stimuli was

200 cd/m2 and the nominal Michelson contrast was

100 %; although against the short-wavelength field,

the effective contrast was 94.2 %. The luminance of

each of the pre-stimulus adapting fields was also

200 cd/m2. The luminance and spectral characteristics

of the stimuli were calibrated using a spectroradi-

ometer (PR-650 SpectraScan colorimeter, Photo

Research, Inc., CA). Photopic luminances were based

on the 10-degree luminous efficiency function

[V10(k)], given that the non-foveal retina is the major

contributor to the full-field ERG. The L/(L ? M) cone

excitation ratios for the G, Y, and R stimuli were 0.56,

0.72, and 0.89, respectively [22].

Electroretinograms were recorded using a DTL

electrode referenced to the forehead, with an ipsilat-

eral earlobe ground electrode. Signals were acquired

with a Diagnosys E2 electrophysiology console,

using a sampling frequency of 2 kHz and an amplifier

band-pass setting of 0.3–500 Hz. The ERG recordings

were synchronized with the onset of the flicker

presentation.

Procedure

Electroretinogram testing was done monocularly with

the non-tested eye occluded. Prior to the ERG

recordings, the pupil of the tested eye was dilated

using 2.5 % phenylephrine and 1 % tropicamide

drops. The DTL electrode was then inserted under

room illumination. The nine conditions were pre-

sented pseudorandomly across three sessions of

approximately 1 h each. During each session, the

same adapting condition (GA, YA, or RA) was used

throughout. Before presenting the first test stimulus,

subjects were exposed to the adapting field for 3 min.

Then, a test stimulus (GT, YT, or RT) was chosen at

random and the test stimuli were presented in order of

increasing temporal frequency. The test stimulus

presentation was repeated at each frequency until five

reliable ERG responses were obtained. Between each

presentation of the test stimulus, the appropriate

adapting field was presented for 5 s. Following the

acquisition of each set of recordings for a given

chromatic test stimulus, the adapting field was

presented for 1 min before acquiring a set of record-

ings across frequency for the next chromatic test

stimulus.

Analysis

Harmonic components of the ERG responses were

obtained using a fast Fourier transform (FFT) imple-

mented in Matlab. In order to avoid onset and offset

transients, approximately 200 ms of the initial part of

the waveform and approximately 100 ms of the end of

the waveform were omitted, so that the segment of the

waveform that was Fourier-analyzed was approxi-

mately 700 ms in length (the exact duration was

dependent on the stimulus period and was always an

even number of cycles).

An example of this approach is illustrated in Figs. 1

and 2, which present a typical ERG waveform and its

Fourier spectrum, respectively. The waveform shown

in Fig. 1 represents the mean of 5 responses from S1
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that were elicited by YT at a frequency of 45.4 Hz and

that was preceded by YA. The test stimulus, which is

indicated by the trace plotted along the x-axis, had a

period of 22 ms, as indicated by the arrows. Following

an initial onset transient, the ERG waveform began to

show an alternation in amplitude, such that the

response period (indicated by the arrows above the

ERG trace) was twice the stimulus period. This

amplitude alternation represents period doubling.

Figure 2 illustrates the amplitude spectrum

obtained from the Fourier analysis of the waveform

segment between the vertical dashed lines in Fig. 1.

The arrows in Fig. 2 indicate the various spectral

components of the ERG. In addition to the fundamen-

tal (F) and its even and odd harmonics (2F and 3F),

there were also components at a subharmonic of F (F/

2) and its odd harmonics (3F/2 and 5F/2; the even

harmonics of F/2 are indistinguishable from the

fundamental and its harmonics). The presence of

components at F/2 and its odd harmonics is indicative

of period doubling.

For each test condition, the derived amplitudes at

F/2, F, and 3F/2 were compared to a noise estimate

defined as the mean of the amplitudes at the neigh-

boring frequencies, which were approximately 2 Hz

on either side of the frequency of interest. Amplitudes

that were less than three times the noise estimate

(corresponding to a signal-to-noise ratio of 2) were

considered non-detectable and are plotted as 0 ampli-

tude in Fig. 3 and as ‘‘ND’’ in Figs. 4, 5, and 6.

Consistent with previous observations [5, 8], the

amplitude of F/2 was generally low and typically did

not exceed the noise level, even though it was readily

apparent in the data shown in Fig. 2. This has been

attributed previously to an attenuation of the F/2

harmonic at a site subsequent to the nonlinearity that

generates the higher harmonics of the flicker ERG [8].

Therefore, as in previous studies [5, 10], the amplitude

of 3F/2 was selected as the most representative index

of period doubling.

Results

Figure 3 plots the amplitude of 3F/2 vs. stimulus

frequency for S1. The top graph shows the results for

the homochromatic conditions, in which the adapta-

tion and test stimuli had the same chromatic proper-

ties. The bottom graph shows the results for the

conditions in which RT was used and the adapting

stimulus was altered (the condition RART was

included in both graphs, so that its properties could

be seen more clearly). The results for the other four

conditions (GAYT, YAGT, RAGT, and RAYT) did not

differ systematically from those for GAGT and YAYT

for this subject or any of the other subjects and are not

illustrated. The implications of this result are consid-

ered in the ‘‘Discussion.’’

In agreement with a previous report [10], the

frequency–response function for the YAYT condition

(Fig. 3, top) showed two distinct regions of period

Fig. 1 Mean of 5 ERG responses of S1 for the YAYT condition

at a stimulus frequency of 45.4 Hz, with the stimulus waveform

represented along the x-axis, and the stimulus and response

periods indicated by arrows. Vertical dashed lines indicate the

portion of the waveform used in the Fourier analysis

Fig. 2 Fourier spectrum of the portion of the ERG waveform in

Fig. 1 demarcated by the vertical dashed lines. Arrows and

labels indicate the various harmonic components. Peaks at F/2

and its odd multiples indicate the presence of period doubling
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doubling, with a peak at 33.3 Hz (labeled P1) and a

second larger peak at 45.4 Hz (labeled P2), and with an

amplitude minimum between the two peaks. This was

also the case for the GAGT condition (Fig. 3, top),

although the amplitude of 3F/2 was slightly lower for

this condition. However, this subject showed no peak

at P1 in the frequency–response function for RT

(Fig. 3, top), regardless of the pre-stimulus adaptation

(Fig. 3, bottom).

At P2, in comparison, the magnitude of period

doubling using RT was strongly influenced by the state

of chromatic adaptation (Fig. 3, bottom). That is, the

greatest amplitude of 3F/2 at P2 occurred for the RART

condition, and the amplitude of 3F/2 decreased with an

increasing difference between the relative cone exci-

tations for the adaptation and test conditions. In fact,

this particular subject showed no period doubling at

any stimulus frequency when RT was preceded by GA,

which entailed a change in the ratio of cone excitations

from 0.56 (adaptation) to 0.89 (test).

In order to determine whether a similar pattern of

results held true for the other subjects, we examined

the amplitude of 3F/2 at P1 and P2, as well as the

amplitude of F at those same stimulus frequencies. A

complication is that the stimulus frequencies at which

Fig. 3 Amplitude of 3F/2 for S1 as a function of stimulus

frequency for the homochromatic conditions (top) and for

conditions in which the test stimulus was long wavelength

(bottom). Arrows indicate the lower-frequency peak (P1) and

higher-frequency peak (P2) of the response functions. The RART

condition is included in both plots for comparison

Fig. 4 Amplitude of F (top) and 3F/2 (bottom) at P1 for the

individual subjects (indicated by the key) for the 5 chromatic

conditions indicated along the x-axis. Data points along the

dashed line labeled ‘‘ND’’ have been jittered horizontally for

clarity
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the maximum 3F/2 response occurred varied among

the subjects, and the frequency of maximum response

also differed slightly between chromatic conditions for

a given subject. The lower-frequency peak occurred

most frequently at 33.3 Hz (range, 33.3–41.6 Hz), and

the higher-frequency peak occurred most frequently at

50 Hz (range, 45.4–55 Hz). For a given subject and a

given condition, P1 was defined as the stimulus

frequency at which the maximum 3F/2 amplitude

occurred across the frequency region of 30–45 Hz,

and P2 was defined as the stimulus frequency at which

the maximum 3F/2 amplitude occurred at stimulus

frequencies between 45 and 60 Hz. For some condi-

tions, the 3F/2 amplitude was not significantly differ-

ent from noise at stimulus frequencies between 30 and

45 Hz or between 45 and 60 Hz. In those cases, the

corresponding amplitude of F was identified based on

the frequencies at which P1 and P2 occurred most

commonly for the other test conditions for that subject.

The results for the individual subjects are plotted in

Figs. 4 and 5. In these two figures, the top graphs plot

the amplitudes of F and the bottom graphs plot the

amplitudes of 3F/2. Figure 4 shows the results at P1

and Fig. 5 shows the results at P2. The amplitude of F

at P1 (Fig. 4, top) was similar across all these

chromatic conditions for all of the subjects. In

comparison, the amplitude of 3F/2 at P1 was markedly

different across conditions, in agreement with the

results shown for S1 in Fig. 3. All subjects showed

appreciable period doubling at P1 for the homochro-

matic conditions of GAGT and YAYT. However, period

doubling was essentially absent when RT was used,

regardless of the nature of the pre-stimulus adaptation.

That is, the amplitude of 3F/2 at P1 (Fig. 4, bottom)

was non-detectable for the RT stimulus for all subjects

when it was preceded by GA or YA, and only one

subject showed detectable period doubling for RT

preceded by RA.

Fig. 5 Amplitude of F (top) and 3F/2 (bottom) at P2 for the

individual subjects (indicated by the key) for the 5 chromatic

conditions indicated along the x-axis. Data points along the

dashed line labeled ‘‘ND’’ have been jittered horizontally for

clarity

Fig. 6 Mean log relative amplitude of F as a function of log

stimulus frequency for the chromatic conditions indicated in the

key. Amplitudes have been normalized at 35.7 Hz. Error bars
represent standard errors of the means. Linear values of the

stimulus frequencies are indicated along the top x-axis
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Figure 5 presents the amplitudes of F (top) and 3F/2

(bottom) at P2 for all subjects. Similar to the results at

P1, the chromatic properties of the pre-stimulus

adaptation and test stimuli did not have a systematic

effect on the amplitude of F at P2 (Fig. 5, top).

However, the amplitude of 3F/2 at P2 for the RT

stimulus was strongly influenced by the chromatic

characteristics of the pre-stimulus adaptation for all

subjects. That is, when RT was used, adaptation to RA

resulted in period doubling at P2 similar to that

obtained in response to the homochromatic conditions

of GAGT and YAYT. However, period doubling at P2

was non-detectable for 3 of the 5 subjects for the YART

condition and was non-detectable for 4 of the 5

subjects for the GART condition.

Although the chromatic properties of the pre-

stimulus adaptation and the test stimulus appeared to

have little effect on the amplitude of F in Figs. 4 and 5,

previous studies have reported that the amplitude of

the flicker ERG is reduced preferentially by long-

wavelength adaptation [20, 21]. To examine this

further under the present test conditions, we plotted

the amplitude of F across stimulus frequency for the

various adaptation/test combinations represented in

Figs. 4 and 5. The mean results are shown in Fig. 6. In

order to evaluate the shapes of the frequency–response

functions, the functions were normalized at the peak

(35.7 Hz).

The functions for the homochromatic conditions of

GAGT and YAYT had similar shapes and corresponded

to previous results for an achromatic test stimulus [23].

That is, the function was band-pass, with a peak at

35.7 Hz and a systematic decline in amplitude at

higher temporal frequencies. When RT was used, the

amplitude of F at the highest stimulus frequencies was

lower than for these other two conditions. The

amplitude loss at high frequencies became greater as

the spectral difference between the pre-stimulus

adaptation and the test stimulus increased. In fact,

when the long-wavelength test stimulus was preceded

by middle-wavelength adaptation (GART condition),

there was no detectable ERG response at the two

highest temporal frequencies.

Discussion

The aim of this study was to characterize the effect of

stimulus chromatic properties on period doubling in

the human cone flicker ERG. At the high temporal

frequencies at which period doubling occurs (i.e.,

approximately 30–70 Hz), it might be expected that

luminance-equated stimuli with different wavelength

composition would nevertheless yield the same mag-

nitude of period doubling, because the luminance

system would govern performance. On the other hand,

there is evidence that long-wavelength adaptation can

reduce preferentially the amplitude of the flicker ERG

response within this frequency region [20, 21].

Therefore, the magnitude of period doubling might

also be affected. In agreement with this latter possi-

bility, we observed that the characteristics of period

doubling were affected by the chromatic properties of

a temporally modulated test stimulus as well as by the

nature of the pre-stimulus adaptation. Moreover, the

effect of chromatic adaptation varied systematically

with stimulus temporal frequency.

Consistent with a previous report [10], the fre-

quency–response function for 3F/2, which represents

period doubling, typically showed two distinct

regions: a lower-frequency region between approxi-

mately 30 and 45 Hz with a peak (P1) near 33.3 Hz

and a higher-frequency region between approximately

45 and 60 Hz with a peak (P2) near 50 Hz. At P1,

period doubling was robust for all of the GT and YT

conditions, regardless of the nature of the pre-stimulus

adaptation. However, period doubling was essentially

absent at P1 when a long-wavelength test stimulus was

used. That is, no subject showed period doubling for

the YART and GART conditions, and only one subject

showed measurable period doubling for the RART

condition (Fig. 4). Thus, the chromatic properties of

the test stimulus but not of the pre-stimulus adaptation

determined the magnitude of period doubling at P1. At

P2, in comparison, the amplitude of 3F/2 was equiv-

alent for all three test stimuli under the homochro-

matic conditions of GAGT, YAYT, and RART.

However, the magnitude of period doubling at P2

was strongly influenced by the nature of the pre-

stimulus adaptation when a long-wavelength test

stimulus was used. Specifically, period doubling at

P2 was reduced maximally when the excitation ratio

for the L and M cones generated by the pre-stimulus

adaptation diverged from that produced by the test

stimulus (i.e., GART condition, Fig. 5).

A plausible model for some of these chro-

matic effects on period doubling is that of Eisner

and MacLeod [13], who hypothesized, based on
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psychophysical data, that the relative contribution of

signals from L and M cones to the luminance system is

influenced by a chromatically opponent mechanism.

According to their model, the signal within each cone

pathway is subject to nonlinear feedback from both

classes of cones before summing into the luminance

system. It is the balance of excitation between the two

cone types rather than the magnitude of the mean cone

excitation that determines the level of neural activity

within the luminance system. This model has been

employed to account for the apparent reduction in the

L cone input to the luminance system in the presence

of long-wavelength adapting fields [13, 15], and it can

also potentially explain the reduced period doubling

observed at P1 using a long-wavelength test stimulus.

The model also predicts that, when an adapting field

changes color so that one cone type becomes more

strongly stimulated (e.g., a change from a middle

wavelength to a long wavelength), the signal from the

cone type that is more greatly stimulated will be too

large to be canceled by the feedback, and the summing

mechanism will be overloaded, thereby reducing the

response amplitude. Such a model could explain the

severe reduction in the amplitude of period doubling

for the GART condition (Figs. 3, 5). In this case, there

was a change from approximately equal excitation of

the M and L cones provided by the middle-wavelength

pre-stimulus adaptation to a substantially greater

excitation of the L cones by the long-wavelength test

stimulus.

This model would also account for the observation

that other combinations of pre-stimulus and test

stimulus conditions (i.e., GAYT, YAGT, RAGT, and

RAYT) did not entail a similar reduction of period

doubling. In those cases, the change in relative cone

excitation was insufficient to alter the magnitude of the

putative feedback signal responsible for period dou-

bling. However, this model does not account for all

aspects of the data, including the differences observed

between P1 and P2 and the lack of relationship between

the amplitudes of 3F/2 and F. Therefore, further work

needs to be done in order to understand exactly how

chromatic signals affect the characteristics of period

doubling.

In addition to its effect on period doubling, there

was also an effect of chromatic adaptation on the

amplitude of F at high temporal frequencies, beyond

the range at which period doubling occurred (Fig. 6).

Specifically, the amplitude of F at high frequencies

was relatively lower for a long-wavelength than for a

middle-wavelength test stimulus, and the amplitude

was lowest when the long-wavelength test stimulus

was preceded by middle-wavelength adaptation

(GART condition). These results are generally consis-

tent with previous reports of the effect of chromatic

adaptation on ERG amplitude [20, 21], which found

that long wavelengths preferentially reduced the ERG

response. However, the amplitude reduction for long-

wavelength stimuli in the present study occurred at

substantially higher temporal frequencies than in the

previous reports. This may be related to the fact that

high-contrast test stimuli were used in the present

study, whereas stimuli were of relatively low contrast

in the previous studies.

A nonlinear feedback model has been proposed to

account for the period doubling that has been observed

electrophysiologically in the visual system [5].

According to this model, the amplitude of the response

to a periodic stimulus is determined by a gain control

mechanism with input from a negative feedback signal

that decays exponentially following stimulus presen-

tation. Based on a pharmacological study of period

doubling in the salamander retina, the retinal site for

such a feedback mechanism has been proposed to

include the cone photoreceptors and OFF bipolar cells

[5]. Nevertheless, period doubling can also be

observed in the flicker ERG when the ON pathway

is isolated pharmacologically in the ON-dominant

retina of rat [6]. This finding indicates that a pathway

involving cone photoreceptors and ON bipolar cells

can also form a substrate for period doubling. As noted

previously [10], the nonlinear feedback model of

period doubling proposed by Crevier and Meister [5]

does not easily predict the two regions of period

doubling that are observed in the frequency–response

function for 3F/2. The present results indicate that this

model needs further modification in order to include a

consideration of the effect of the chromatic properties

of both the test stimulus and the pre-stimulus

adaptation.

In conclusion, the magnitude of period doubling in

the cone flicker ERG is dependent on the wavelength

properties of luminance-equated stimuli. Long-wave-

length stimuli, which stimulate L cones preferentially,

generally demonstrated the least amount of period

doubling. Period doubling was more robust when

L and M cone stimulation was more nearly equal.

These results provide further evidence that cone-
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selective adaptation can influence cone-driven signals

within the luminance channel, as described previously

for the flicker ERG [20, 21]. The neural pathway by

which chromatic signals influence the nonlinear

feedback mechanism that is presumed to underlie

period doubling [5] remains to be resolved.
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