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Studies on the early receptor potential in the human eye
XVII, Spectrally selective flash ERP in dichromats
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ABSTRACT

The human spectrally selective flash early receptor potential (ERP) is generated in the
outer segments of the red-, green- and blue-sensitive cones and is closely coupled with the
respective visual pigments —erythrolabe, chlorolabe and cyanolabe under the experimental
conditions hereinafter. The spectrally selective flash ERP was studied in 12 dichromats ; 6
protanopes (12 eyes) and 6 deuteranopes (12 eyes). Color filters used were (1) a red Kodak
Wratten filter No. 23A (transmission of wavelengths above 570 nm) for the red flash ERP; (2)
a green Wratten filter No. 57 (transmission from 460 to 620 nm with maximum at 530 nm) for
the green flash ERP; and (3) a blue Wratten filter No. 47 (iransmission fom 380 to 520 nm with
peak at 440 nm) for the blue flash ERP, The ERP amplitude was measured from the peak of
the initial cornea-positive phase (Ry) to the peak of the later cornea-negative phase (Rg).

Mean amplitudes of the red flash ERP and green flash ERP were highly significantly decreased
in the protanopes (p<0.001) and deuteranopes (p<(0.01) as compared with the corresponding
data in 10 normal subjects (20 eyes). The mean amplitude of the blue flassh ERP was signi-
ficantly lower than normal (p<0.001) in the deuteranopes.

The mean ratio of the blue flash ERP amplitude to the red flash ERP amplitude showed a
highly significantly increase in the protanopes (p<(0.001) and z highly significant decrease in
the deuteranopes (p <{0.001) compared with the mean ratio in the normal subjects, indicating
a new, useful index for the objective clinical deteciion of congenital red-green color defects.

(Accepted on October 3, 1986)
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Table 1. Color filters used for the spectrally
selective flash ERP

. Kodak Wratten Characteristics of
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wavelength
Red No. 23A  Transmission
above 570 nm
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Blue No. 47 380 to 520 nm
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Time characteristics of the stimulating lights

Measurement was made at a distance of 27 cm from the xenon discharge
tube by using a photodiode (SBC-541).
Discharge energy : 80 joules (condenser end piece voltage . 630 V;

condenser volume . 400 pF).

Peak illumination : 333302.4 kLx (red);

161385.8 kLx (green); 85881.6 kLx (blue).
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Table 2. Age distribution of the subject
patients with dichromatism and

normal controls

No. of No. of Age

subjects eyes (years)
Protanopes 6 12 9-24(14.2%)
Deuteranopes 6 12 6-29(13.3)
Normal controls 10 20 9-29(14.8)

* Average
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Fig. 2. Spectrally selective flash ERP findings of a 12-year-old male patient with
protanopia and of a 14-year-old male normal subject
A : Red flash ERP. B : Green flash ERP. C: Blue flash ERP.
Table 3. Changes of the mean amplitudes (¢V) of the spectrally selective flash
ERP in the normal controls and subject patients with protanopia
Blue/red
Red flash ERP Green flash ERP Blue flash ERP amplitude
ratio®*
Noraml controls
(20 eyes) 46.9+8.0(3.6)* 112.8+14.3 (6.4) 53.9+ 9.4(4.2) 1.24:0.2(0.1)
Protanopes (12 eyes) 25.0%8.8(5.1) 107.7%27.1(15.6) 51.1+15.2(8.8) 2.240.8(0.5)
ts p<0.001 n.s. n.s. p<{0.001

ts : significance of the difference by t test
* Mean=SD (2SE)

n.s.: not significant (p <0.05)

#% Mean ratio of the blue flash ERP amplitude to the red flash ERP amplitude (%)
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Fig. 3. Comparison of the mean amplitudes (xV) of the spectrally selective
flash ERP between the normal controls and subject patients with dichromatism

Each p value was obtained in comparing the patients to normal controls.

Normal Deuteranope
(R.E) (R.ED) (L.E))
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Fig. 4. Spectrally selective flash ERP findings of a 6-year-old male patient with
deuteranopia and of a 9-year-old male normal subject
A : Red flash ERP. B : Green flash ERP. C . Blue flash ERP.
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Table 4. Changes of the mean amplitudes (#V) of the spectrally selective flash
ERP in the normal controls and subject patients with deuteranopia
Blue/red
Red flash ERP Green flash ERP Blue flash ERP amplitude
ratio®*
Normal controls *
(20 eyes) 46.9+8.0(3.6) 112.8+14.3(6.4) 53.9+9.4(4.2) 1.24+0.2(0.1)
Deuteranopes (12 eyes) 52.7+15.6(9.0) 87.1:+£40.1(23.2) 43.5+4.8(2.8) 0.9+0.3(0.2)
ts n.s. p<0.01 p<0.001 p<0.001

ts : significance of the difference by t test
*# Mean+SD (2SE)

n.s.: not significant (p<0.05)

#* Mean ratio of the blue flash ERP amplitude to the red flash ERP amplitude (%)
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p<0.001
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Blue/red amplitude rotio (%)
nN

p<0,001
0
Normal Protanopes  Deuteranopes
Controls (12 eves) (12 eyes)
(20 eyes)
Fig. 5. Comparison of the mean ratios (%)

of the blue flash ERP amplitude to the
red flash ERP amplitude (mean blue/red
amplitude ratios) between the normal
controls and subject patients with
dichromatism

Each bar indicates 2 standard errors of
the mean. Each p value was obtained
in comparing the normal controls to the

patients.
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