Spectral Chracteristic of the Early Receptor
Potential and its Clinical Application in
Congenital Red-Green Color Deficiency 1. Early
Receptor Potential in Protan and Deutan Subjects
and its Comparison with Rapid Off-Response
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SRR TR E I BT D ERIKICH
[. ERUEFBEERECHT S
R BE L D ER IR

SRAFEFMBRLRME (EE AH—RED)
B 4 X7

BRRAG L <A BT 5 EREFRFREEEEOMEVRER L L TRIEER (electroretinogram, ERG) © FHI#H AR
Lo (early receptor potential, ERP) D BBHMEDOHELNEFH TH 2 hEN LRI L. R BIEOHNIEE MR (spectral
response curve, SRC) DEHEIZE | BEERFEER TRAREE FTHTHL X 580nm & 600nm THEI/NE L (6580nm Tik
P<0.05, 600nm Tit P<0.002), #20XEFEH CREEERECLN 600nm THEIC K& 2 -7 (P<0.001). R, #&E
DEKHHEIDI00%1IC i % 72 SRC (##{k L7 SRC) © R, I8 (R, {RIE (%)} OFHEIE | ERRFEF TIAEER
EHIZ N 460nm THEIWC K & L (P<0.05), 520nm, 580nm 3 & Y 600nm THEIZ/H X < (520nm Tix P<0.005,
580nm Tix P<0.01, 600nm Tk P<0.001), 2 BXRFER TREXEREMCHN 540nm 25 600nm ¥ TOEFETE
BIC A& -7 (540nm T2 P<0.005, 560nm Tt P<0.05, 580nm <i3 P<0.005, 600nm Tix P<0.001). R, {RIEOFY
BRE I AEREERTRE2AEREERITL~ 460nm THEICKE L (P<0.01), 560nm » % 600nm i’f@%ﬁ@'ﬁ‘ﬁ%‘."
1Z/NE by ot (560nm TiE P<0.05, 580nm & 600nm Tik P<0.001). 460nm =315 R, #EIED 600nm 12313 R, Rig
R A O RNEME {response quotient, RQ (460nm, 600nm)} D EHEICEFEEN, F 1 AEREERBIVE 20ER
HEROBTEREICHEL (P<0.001), RQ (460nm, 600nm) 128 | ARREEH TRHR 2ARREEH I A~H AR O £6
TAE<{, RQ (460nm, 600nm) Ik W | EEREEHLFE2EHRFEFR L QR HEIN. A—DEFMETS R,
EIED RQ (460nm, 600nm) & A+ 7 IEEEBEHDREED L OWHE {sensitivity quotient, SQ (500nm, 600nm)} + DEICIZE
EOTF DB (FHEIREK0.735) 735 - 7. ABXHE (RIBOLHEE —1.08log) 12 L2 R, RIEDOFHERAREEENLE1E
HEFBEEBIVOTERER L 20ERTEH L OB THEIZIZMEEL 722 - 72, RQ (460nm, 600nm) D F¥HER L UM
SR RIBOEHMEE —1.08log) I & % R, RBOTHEIZEIEOSBHHEEEIL L - TREIN LA RKEFAREERED
FREROETE | CEREERRIVE GEREEER - QCER IR Lt -7, HEXABIZLS R, BIRO TH
X L O HEXFIH (FIBEEE —1.08l0g)i2k 5 R BEOFHEI " CHAFREF I AEZCNOERAER - OMTE L
EEREFERBICE 26FREER L LOCHRICQMHE L o7, HEXFIBIC L2 R REXHBHT2Z 2108 ) B
AL XL BTHEEEEER, FIAERTSENBICE 2AEREEFOUERBEOHENWE LA L), 2 HIZE
IOEREER A 2FEREER LV MEMCSEIN, FREFSROERFTORELERT S5 LT ERP HH L Z 2
bhtz.

Key words electroretinogram, early receptor potential, rapid off-response, spectral
characteristics, congenital red-green color deficiency

ERMFROEREEOHEREBHOWRI N E TOHEYE
FRLEERNEEREELYRACTfTebh T &%, Young' &
Helmholtz? 134 @ 3 R@BITE T TXTOAIRE - & - KD
SEOERENLEREN S D& LT IEOWERMEY HE
L, BBOEICH LT IBOMRREOREEN R D LN
72, Wald I3 BIRMEBIRIEER B VWA Z LTI o T 3B@DHA
DHRRBRERBLLBE L. ThbbREIBDIC L DEFH#ED

FRSHE 35 AR, FREFLA2ARE

DHEER, BIEE L DREERDFIRELY, FRETIZLD
FREERD 4 R A 187 . Rushton™ | ZRRES [T & G B =
ARG, BLOEIRSOCTERERE TRD LN HHERY
B (ervthrolabe) & @AM HE (chlorolabe) D5 %, — B
| A R E & T2 chlorolabe DA d B, “BRE 2 BHARE
# T2 ervthrolabe DAX DI L H/EL, ERXUAREER
HECBTIHAENBEORE LD THEMCIEL, ¥

Abbreviations : AO H-R-R, American Optical Hardy-Rand-Rittler ; bp, photopic b; ERG, electroretinogram ;
ERP, early receptor potential; 100 hue test, Farnsworth-Munsell 100 hue test; Panel.D-15, Farnsworth
Dichotomous Test Panel D-15; RQ, response quotient ; SPP, Standard Pseudoisochromatic Plates ; SQ,
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A7 RERBEHL, 79 ., 7~ BEER (electroretino-
gram, ERG), ERG D BFi{H % b """ (photopic b ¥, bp
B L ErHCTHENREREFREEREOHEN T TI2
filebhTwah, Zhbo ERG BEREYWEYEETHH
MRASOEEYEERMRTHLOTIRAAL. HElasgti
ET2LENDEHBMMME(L (early receptor potential,
ERP) # A RMEFBREEREOMBEOWERICHEE T2 JHEHH
BRI F o0,

LREFOWMEYREL, MEOBEEBME L BB biPN
HAREEREEZDOREEED &0 VARMZHmERL T3
PN DOWTRE L7,

HEB LUV HE
. %

1. B1EEREER
SEMLIKE TOINLIMOE | EEREE (ThHER

EZQWHRTICHEVT, AEEEEHTI2L0IT ERP 04 18.5%%) & T, BENFBIC X 5 ERP # &4 & 4 A3
KIS %2 (spectral response curve, SRC) M Bi@gM TH H, * Flic, 7/%rRx2—FICIhii—alNE | aEREE18
DEAFREY RTHEHE (An) 12 500nm~540nm THH, 7D %8R (9m~18:%, FHEMIS.0R) Thh, BE=aRH,
Amx 2% 520nm THAHBIORLZTHHZ EEELMT L. & BREEEEIL23423B (128~31%%, THERIT. 15 THot:
BT, B SIVE2EEREELFHIETS ERP O R, FiE (1) F1EERTENLAEIER ORELHL2HR
D SRC R, AR BT 2EEEEZERD R, BED HEHEEIZRE - TREOBEIC X D BEIRLIE, hEEss
SRC LB LK. B, RE2HERICKITS R FEOHD SHREIUCHERZRBISE I, HREIT BT
HPELIFFCA DI LI E ) LRI BEOEEBRSE O EY D, BEEERBICIDRBOBFEELRTIT, fHoB
OB L LS ERA. A5, A—ERECHLTEM BB L UL HMRE R R DI o1,
BAMORE X RET% ERP L#GOREX R+ 54+ 7 15 2. BoEEREEYN

Table 1. Age, gender, type and grade of the color deficiency in 31 protan subjects

CASE NO. AGE (YEARS) GENDER TYPE GRADE
1 18 MALE P STRONG
2 17 MALE PA MODERATE
3 9 MALE P STRONG
4 17 MALE PA STRONG
5 16 MALE PA MODERATE
8 16 MALE PA MILD
7 15 MALE P STRONG
8 15 MALE PA MILD
9 17 MALE P STRONG
10 16 MALE PA MODERATE
11 31 MALE PA MILD
12 15 MALE P STRONG
13 16 MALE P STRONG
14 19 MALE PA MILD
15 16 MALE PA MILD
16 16 MALE PA MILD
17 15 MALE PA MILD
18 17 MALE PA MODERATE
18 15 MALE P STRONG
20 12 MALE PA STRONG
2l 17 MALE PA MODERATE
22 15 MALE PA MILD
23 13 MALE P STRONG
24 17 MALE PA MODERATE
25 15 MALE PA MILD
26 23 MALE PA STRONG
27 13 MALE PA MODERATE
28 19 MALE PA MODERATE
29 15 MALE PA STRONG
30 18 MALE PA MILD
31 18 MALE PA MILD

P. protanope ; PA, protanomal.

sensitivity quotient; SRC, spectral response curve; TMC, Tokyo Medical College : HJE - KRB, AE - KB&
ERERHZE BESR | ARK3BEK, The Series of Plates Designed as a Test for Color-Blindness; 7 JEZE (3£
HE), MetE®RER V-1 #iff, amplitude-intensity curve; 5+ % v/, Ichikawa’s Color Perception Lantern
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9EMHABE TOIILIBOE 26TREE (PHER
15.68) LB VT, BEXFBIC L5 ERP 2 &6l bABRTE
Blic. 7/veAa—-FCihil, TEHNE2E6ERFTAER
64 6 (R (14%~205%, FHEHI6.8K) THH, RE=GHHE
2 EERFEIT25R 5B (9R~205K, FHERI.IN) ThH-
- (3E2). B2aEREEINAINBIERY ORELHEHE
BHEEECE - CTREOBBEC LI IMEIA IR, HEIR
150, PEESHSBBIUEE L SRESE I, FBR
ZITNTERTHY, EXRERS IV IDRBORITREE %
B OREEE X UZFNRELRDIe 1.

3. HEXNR

I BIV20ERMFFERRTEED ERP TRy &
+TAEIC, BTRY T B R E 3342 330 (19%~36i%, F
WER24.05%, TRTCEM) RHBHRE L.

1.5 *E

1. BEREE

B LAKTHS. BRTIE, EERAERE LT The
Series of Plates Designed as a Test for Color-Blindness (38
Plates Edition, &EHHKR, HHT, 1984, BREBERK), LR
ERER (EBE, ¥R, FTEELRER, AEX FEE)},
EREMAERABRER (K LEPEMFER, KR, BH8E
B R, Tokyo Medical College Pseudoisochromatic Plates,

TMC), E#a6TREX @ IRE LR, E¥8KE, XR,
1978, Standard Pseudoisochromatic Plates, SPP), A - ARE
GERERHEE - BEX FAE, R, 1977, AE - KR8
%) ¥ X " American Optical Hardy-Rand-Rittler Pseudoiso-
chromatic Plates (8 2 i, American Optical, New York, %
&, AOH-RR) D 6L B\ iz, it A vY 7/ wrRa—7
OT (4 >, 7ER), Farnsworth Dichotomous Test Panel D-
15 (Psychological Associates, Saint Louis, &, Panel D-
15) %3 X ¢° Ichikawa’s Color Perception Lantern (BB 238K, 3
W, SvEv)EBLi.

2. ERP FAXRBEEE R L UERFE

FIR® SRECHD. BT, +e/ vIIEKEE
(1.2x10°], 5.7 X 10°%F, 650V, CP-12, = # v b, HH) ZHIBE
BEl, KBCBRET 4V E~, T4 E~, THBT4 0
2—-BIUEXVVAREE, FIBELHTFRERENLTH
BRI B L7c. ERP EREBIC—NOBRMERYAV, —7
PEAKEY T bav i s Ly X (M5 HOYA, ER) 2 LT
FREBAECRD, i+ THEERE L THRABEFCEE
L7. ERP #BEHK30: VB THIBLEBCBRI T - 710 i
FEL7.

3. ERG (+ 7 ILERIEH) BXFIBEE

RIBOEEIS lkw £/ v 7 — 2T (BIEE60° K) ¥ H

Table 2. Age, gender, type and grade of the color deficiency in 31 deutan subjects

CASE NO. AGE (YEARS) GENDER TYPE GRADE
1 19 MALE DA MODERATE
2 18 MALE DA MILD
3 18 MALE DA MILD
4 18 MALE DA MILD
5 16 MALE DA MILD
6 15 MALE DA MODERATE
7 16 MALE D STRONG
8 13 MALE DA MODERATE
9 9 MALE DA MODERATE
10 17 MALE D STRONG
11 16 MALE D STRONG
12 20 MALE D STRONG
13 15 MALE DA MILD
14 15 MALE DA STRONG
15 20 MALE DA VERY MILD
16 17 MALE DA MILD
17 16 MALE DA MODERATE
18 13 MALE DA VERY MILD
19 16 MALE DA MILD
20 13 MALE DA MILD
21 10 MALE DA MILD
22 18 MALE D STRONG
23 18 MALE DA MILD
24 15 MALE DA MILD
25 18 MALE DA MILD
26 12 MALE DA STRONG
27 16 MALE DA MILD
28 15 MALE DA MILD
29 14 MALE D STRONG
30 12 MALE DA VERY MILD
31 13 MALE DA MILD

"D, deuteranope ; DA, deuteranomal.
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W, BEREZE{LER (Xenon Arc 45, Xebex, HF) i & b S4T
Lz, XBRICBBE T s 2 —, 7 42—, afEd = o
SFTT 4 N 2y P), FEH7 4 4 &% — (480nm, 500nm,
600nm, 620nm D 4 ¥, Y¥{EME Snm~12nm) B L UE} L v X
TEIAAL. FIBELBEE Y + v 2~ L > THIEEL, Wb
W2 ERBEIC LcBic, BEE 6mm ORTFEMERY N LEKR
RreBslic, REECHLACERENBY O L
(v 2—P0%BAL 2 TINET A8 &L TRER (v v v
£ —D0%MA L2 TCWETAEM) 13, EEXEY (5653,
RCA, Harrison, XE) X hRIELIZEZ S, WTFhi#2 3
VMR THo. ERFIBEDEEDREIZE Sanso Radio
Meter (B2 7L — kL o) 2 R BE) (Model 470, =R
BERT, B AV, FEARBEORBEEEL X ETHR
TRL, TORAFIMEHEE (0.0lbg unit) *HKRBABE T
1.0 X 10" quanta/cm?¥/sec IZ 5% L 7.

4. ERG (# 7 IEERIRE) ERGE

BRBEAZ0.5% Preh I FEOSYER 7 ==L 7Y v
DEF (2 KV P®, BREE, KK) 0SBIC L EEM
8mm K AXIR. 0.4 EBA T T qs v (R F
v—n® BERUIEK) i & B ARKEOK, BB LI B
B EE2 22 Ly X, KR CTHBL, ABERED:
B2 AFNerr—2AXFRRRCHZL:. BEER (&
BBAR 2 227 L v XBR, Zfa2vi2rLvvX, B
) vEBBcEsL, DOTAEER GELEEEERE,
NT600U, BAXE, ®n) BB LAMOFRIC, EHER
(RELBEMER, NT600U, HAXE) 2 BB RCER
# (Elefix®, BAXE) %/ LCEL 2. ERC DREFITIZE
BRI & Y TR R D FIBOE B o & OFE#EZ I 1om
Rth2 L5, #RECHFONEXREDO—ANLTE
Bl ABCOIEEHRAESE RS L. IBSEEY
38Hz wHE L, BFREEHE (B ERIZE0.138) & L. BIE
DD DRFENER XAk -7, ERG #BEEK 2 W
TR (BEEMNE%E, MES-3102, A AXE)(IKHz T
3db #F) L7#, 57— 2L a—&— (NER-3515, Sony, E¥)
(BEBEIZER A S 25Hz ¥ TFRE) ¥ BV THET - 7Ic
EL, F- 2 AHEEE (ATAC-350, BANXE) 12 & » T40@E
OINEFHERE LTHE LA L.

5. HEFT¥MIBREE

BHOFHEOEDREICIL, FHEORELTIS -1
1Z Student D t WEX AL, P<K005 THAB A EEEND
HLHEE L.

B ®

1. EXUFBEEEFECHTS ERP (R) ORESH

1. B1AEREERONK

IWZE 1 BEREERINAOLILD 1§ (168, RE=&
HEIGEAE) CRT2HBEXPBIC L > TH 5Nz ERP
EHERT. RBEERETIRED bRtk - edt, FEER
PHEREEHICRSVWTRD SR, R, EIEIL 500nm TEX
(40pV) %R L, 460nm Tit 20.54V, 800nm Ti% 13.54V T
Hoic.

K 1 0BAH#EIC X 5 ERP L hski: R, B0 SRC %
R 2wrd. Kl SRC TREERBICERERER TR, IF
TEAAKE <, $IC 460nm 12135 R, #EIiEIL 600nm 1= B+ 5

R. IRIED1.52(EDIEELH L. :
BIAERFENILINBCSTHEANTBC L vELR
7z R, #R1BD SRC # [ 31ZR"3. SRC 1231 LFNT B\ T
BHTHD, TO Am (T 480nm~540nm TH 7. Tibb
Ams (231% 71448 T 520nm, 10T 500nm, 5% 540nm,
1 &T 520nm~540nm, 14&T 480nm TH-7z. F1EY¥R
HEHD SRCIZBWTRAKEREBD SRCICHE TR D
OEEEEL, ELOF I AEREFERCI VT R, EEs e
HIEFEHD R, RIEOFHBE Iz 7eh - 72 b DA 460nm ©
124, 480nm T174, 500nm T16%, 520nm T224,
540nm T184, 560nm T224, 580nm T22%, 600nm <264
ThHhH, BEEEERO R, RIBOFHEULCKEN o114

460
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WAVELENGTH (nm)

580
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ISOuV

2msec

Fig.1. The ERPs from a protan subject (a 16-year-old male
of protanomal) in response to monochromatic flash stimuli
having equal quanta (1.08x10" quanta/cm?/flash at the
cornea) at each wavelength. The stimuli were delivered
from 460 nm to 600 nm at 3-min intervals. The amplitude
of the R, was defined as the vertical distance from the
base-line to the peak of the R, Upward deflection
signifies the positivity of the electrode on the cornea. The
waveform of the flash stimulus is indicated at the bottom
in this figure and other figures showing the ERP wave-
forms. The amplifier time constant was 3.0X 1072 sec.
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Fig.2. Spectral response of the R; in a protan subject (a
16-year-old male of protanomal). Data from Fig. 1.
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Fig.3. Spectral response curves of the R; in 31 protan
subjects (9- to 31-year-old males, 16.5 years old in the
mean, 8 protanopes and 23 protanomals).

DB 460nm 194, 480nm T144, 500nm T154), 520nm T
94, 540nm T134, 560nm T 9%, 580nm T 9 4,
600nm TSR/ TH-1c.

M4l AEREENINEIIBOZRCKIT D R, KED
BREHEEDI00% 1Rz 7 SRC (E#B{L L7 SRC) -1, #
Bt L SRC @ R, #&iE {R. Ri§ (%)} PEERCEIT LR
MEEBKME (%) 1%, ThEh 460nm ©25.2% £74.9%,
480nm T41.9% &£100%, 500nm ¢56.3% &100%, 520nm T
56.3% &£100%, 540nm T38.0% £100%, 560nm T30.0%&
89.5%, 580nm T16.8% L 76.4%, 600nm T8.4% £49.2%T
Botr. BLBEREEBHORB(L LI SRCBVWTIHER
EEEHEOBEK(L LI SRCIZERETADOBEEL, 31%
DOEIBEREEHCEVT R RIE (%) »PEEEFERED
R, iRI& (%) DFHECHE I 5725 DA 460nm T124,
480nm T144, 500nm 124, 520nm T164, 540nm T 9
%, 560nm 224, 580nm T24%, 600nm T2LZTHH, &
BEEEEFD R, BE%) OFHELLICKEN -2 DA
460nm T194%, 480nm T174%, 500nm T194, 520nm TI15
4, 540nm T224, 560nm T 94, 580nm T 74, 600nm T
BBTHHTz.

RSl aEREERINAIMBITHITS R, RIEDFHE
LE#E® (£SD) #7=7. R BEDOFHE L 460nm T
1584V, 480nm T 22.3xV, 500nm T 28.24V, 520nm T

100

F-Y 2] el
o o o
T T T

NORMALIZED AMPLITUDE (%)

n
o
T

L 1 1 1 1 1 1 —

460 480 500 520 540 560 580 600

WAVELENGTH (nm)

Fig. 4. Normalized spectral response curves of the R, in 31
protan subjects (9- to 3l-year-old males, 16.5 years old in
the mean, 8 protanopes and 23 protanomals). The
maximum amplitude of the R, in each individual was
normalized to 100% on the ordinate.
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30.5¢V, 540nm T 28.4xV, 560nm T 20.7¢V, 580nm T
1464V, 600nm T 8.7uV TH-t. R, FEOPHEIIE 1 6
ERFEETREEEREHCEN 460nm TKZ <, 480nm
2 600nm FTOHETHEho7t. BIEERFERD
R, RIBOFHEOBAEEFER KT ILhCHT o8&
(%) 1, 460nm T 117.0%, 480nm < 98.7%, 500nm T
96.9%, 520nm T 87.9%, 540nm T 99.6%, 560nm T 87.0%,
580nm T 78.9%, 600nm T 69.0% T& H, 460nm THRKTH
h 600nm TENTH 7. R BIBOFHEOFAMFERIELE
BREEHETIL 305V, BEEFER T TV THD, W
Th 520nm 2 H -7z,

Izl EEREENILINBITHIT 2HEB{L L SRC
D R, & (%) OFHELFERZE (£SD) 27R7. R, i&IE
(%) DFHIEIT460nm T 46.8%, 480nm T 66.4%, 500nm T

50

1

40 - —_

S —
3‘ 30 - /\ ———
11
(]
-
= T _—
T 20}f 1 4
=
< (¢ A
0F L

0 L 1 ] L ] L 1 ]
460 480 500 520 540 560 580 600

WAVELENGTH (nm)

Fig.5. Mean spectral response curve of the R, in 31 protan
subjects (9- to 31-year-old males, 16.5 years old in the
mean). The open circles and the vertical bars indicate the
means and the standard deviations respectively.

85.8%6, 520nm T90.6%, 540nm T 83.7%, 560nm T 61.6%,
580nm T 43.0%, 600nm T 25.4% TH - 7c. Re HBIE (%) 0F
BWEREIECEREEZRE TREAREE ERCH -~ 460nm,
480nm, 500nm 3 X ¢ 540nm TK & £, 520nm, 560nm,
580nm & L U'600nm CTHhIho7c. B AEREEROR E
B (%) D FBECEAEEEEHOTICHTHEE (%) 1T,
460nm T 118.2%, 480nm T 105.1%, 500nm T 102.4%,
520nm T 92.4%, 540nm T 101.6%, 560nm T 88.9%, 580nm
T 80.2%, 600nm T 69.0% TH ~7z. R, fEIE (%) DFEHED
BAEIE I EEREEER (520nm T 90.6%) LaBFEEER

100 - —_ -

)

S s}

L

[m]

>

=

= "

5 60

=
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m

N 40

|

<

=

o

O 2F

=

1 1 1 |

4E;0 480 500 5120 540 560 550 6(;0
WAVELENGTH (nm)

Fig.6. Mean spectral response curve of the R, in 31 protan
subjects (9- to 3l-year-old males, 16.5 years old in the
mean). The maximum amplitude of the R, in each
individual was normalized to 100%, and the mean of the
individual normalized amplitudes was plotted on the
ordinate. The open circles and the vertical bars indicate
the means and the standard deviations respectively. Data
from Fig. 4.

Table 3. Significance of the difference of the mean amplitude (¢V) and the mean normalized amplitude (%) of the
R; between normal subjects and protan subjects by Student’s t-test

WAVELENGTH (nm)

460 480 520 540 560 580 600
MEAN AMPLITUDE X X X X X 0.05 0.002
OF R; (V)
MEAN NORMALIZED 0.05 X 0.005 X X 0.01 0.001

AMPLITUDE OF R; (%)

»”

“X” indicates insignificant difference (P>0.05).
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(520nm TI8.1%) & DRTHTh LoHE Lih 7.
FICHEIBEREERCETS R REOFHEL LU
R, [EiE (%) OFBELAEERERICRIT 5 LA L OB OH
HEMERERTONME (EHRE) 2 ERICRT. R KED
EHEIL 460nm 25 560nm ¥ TOEE TR THEICIL
i Lieh » 724, 580nm ¥ X0 600nm TH 1 BHREER
CREETFEERCHEER /& 5 2 (580nm T
P<0.05, 600nm Tix P<0.002). R, iRIE (%) OFHEIXE L E
YREEFCRAETEEEFCIL~ 460nm THECKES
(P<0.05), 520nm, 580nm % & TF 600nm TEBEIWNE otz
(520nm Ti¥ P<0.005, 580nm Tix P<0.01, 600nm Tix
P<0.001) 2%, fOEETRAFF TEREICIIAR L7,
2. H2ERERTEFOBK
RTRE2EEREEMINLOLLAD1IH (18K, RE=A
Mg 2 EERR) CBITHBEXHRC X5 ERP ERERT.
R, #E 18X 520nm TH&Z KX (32.24V) %R L, 460nm Ti

460

480
500

520

540

560

WAVELENGTH (nm)

580

600

2msec

Fig.7. The ERPs from a deutan subject (a 18-year-old
male of deuteranomal) in response to monochromatic flash
stimuli having equal quanta (1.08 X 10" quanta/cm?/flash at
the cornea) at each wavelength. The stimuli were
delivered from 460 nm to 600 nm at 3-min intervals. The
amplifier time constant was 3.0X107? sec.

1254V, 600nm T 17.92V TH 7.

K7 OBEXFMIC L - TEbhi ERP X 0 RKDiz R IRIE
@ SRC ¥ 81273 . AFD SRC T, 460nm ICH~EHE
EBT R FIENKE <, B2 600nm wx1T % R, iRIE
460nm W15 R, RIED 1.4 DOREEH L.

o EEREENILIBCBITAIEARFHL vELL
7= R; #EME®D SRC #K 93 . SRC 1I31ZEFNC RV TH
BHTHD, FO Ans iT 500nm~560nm TH-Tz. Tiabbd
Amee 1231891144 T 520nm, 74 T 540nm, 4 4T 500nm,
3 4 T 500nm~520nm, 2 % T 520nm~540nm, 1 &% T
560nm THo7c. F2AFEEEERO SRCIZEVLTRBREIE
HEBD SRCH~NETHIOERYEL, 3EOHE2AE
REEBRCH VT R EEIGEEREHO R, IREQ FHEC
FEtzTedy o T2 b DA 460nm T244, 480nm T214, 500nm T
214, 520nm T24%, 540nm T144, 560nm T13%,
580nm T114, 600nm TS5HTHH, BEEEEHO R, fKiE
DFHELL EIKEDr T2 b DA 460nm T 7 4, 480nm TI0
4, 500nm T104, 520nm T 7%, 540nm TI174, 560nm T
184, 580nm T204&, 600nm TR TH 1.

M0 2 6 EREERIIAINBOZKBICEKITS R, RED
BAERED100% R LB {L L7z SRC 2R3, FEREC
BT 5 R, IR (%) OR/IMEELRAME (%) XEFh LR 460nm
715.4% »68.5%, 480nm T34.4% £90.0%, 500nm TE0.3%
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Fig. 8. -Spectral response of the R; in a protan subject (a
18-year-old male of deuteranomal). Data from Fig. 7.
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W3 5EE (%) 1L, 460nm T 84.5%, 480nm T 94.7%,
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DERERF2EXRFERTIZ 314V, BEEEERTIX
4.7V THY, WwTFhd 520nm T H -7,
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D R ARIR (%) OFHE & E¥ERE (£SD) 257, R, &I
(%) DFH{Ex460nm T 35.1%, 480nm T 65.6%, 500nm T
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0r

60

AMPLITUDE (uV)

N
o
T

10

460 480 500 520 540 560 580 600

WAVELENGTH (nm)

Fig.9. Spectral response curves of the R, in 31 deutan
subjects (9- to 20-year-old males, 15.6 years old in the
mean, 6 deuteranopes and 25 deuteranomals).

580nm I L T* 600nm TREh 7. 52 BEEYERD R,
R (%) OFBHEOEEERBHO LRI T HES (%) i,
460nm T 88.6%, 480nm 7103.8%, 500nm ¢ 98.8%, 520nm
T 97.2%, 540nm T 111.0%, 560nm T 112.7%, 580nm
120.7%, 600nm T 146.2% T3 7. R {RIE (%) DFsEDH
KB 2 BHREER (520nm T 95.4%) L aBEEER
(520nm T 98.1%) & D TH T ULAEZE Lich o1,

RAUCHE2EEREERCET S R, BEOEHES F ¢
R, &R (%) DFHELBFFEERCST 5 ThEOMoKk
HENTEEREONRK (BHRE) 2 WEHFT. R HiEo
FHEIL 460nm 2+ 5 580nm % COECRAER AR
HELieh 72y, 600nm TH2AEREERCREYER
FHCHANFRCKE 2 572 (P<0.001). R, BIE (%) 0P
t& 460nm A > 520nm ¥ COME CREARE TE R L
Tehrotz2d, 540nm 25 600nm % COHETHE 2 & ¥REE
BTREEEEERCENEEC X E 5 572 (540nm T3
P<0.005, 560nm Ti¥ P<0.05 580nm TiT P<0.005, 600nm
T P<0.001).
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Fig. 10. Normalized spectral response curves of the R; in 31
deutan subjects (9- to 20-year-old males, 15.6 years oid in
the mean, 6 deuteranopes and 25 deuteranomals). The
maximum amplitude of the R, in each individual was
normalized to 100% on the ordinate.
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ERLEEERENLOMT, R, RIEDFHMES X U R, KB
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11, 12, B4). KM | GERBEFLF2EHRREFLO
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BT ALERERE L.

RSB IAERFTERCEITS R RIBOEHELS LT
R, BB (%) ODEHELE 2EERFERCET 2T L0
DRAFEBEREORE EHRR) *EEICRT. R #=
BEOTHELE | ERRFER TRE 2ARKFTEFH LA
460nm TH BT K ¥ & (P<0.01), 560nm, 580nm ¥ &k T
600nm TEAEBZI/E 2 o7 (560nm T P<0.05, 580nm 3
7% 600nm ik P<0.001). R, #RiE D F#{EIL 480nm 55
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Fig. 11. Mean spectral response curve of the R; in 31 deutan
subjects (9- to 20-year-old males, 15.6 years old in the
mean, 6 deuteranopes and 25 deuteranomals). The open
circles and the wvertical bars indicate the means and the
standard deviations respectively.

EEBTIIE 2 AERESEMIC - 480nm % X U8 500nm TK
£¢, 520nm ¥ X ¥ 540nm T/ Xdr o te. R IRIE (%) OF
Eizg  EREERCRE 2ARRAFWERCHA 460nm T
HEw K 2 < (P<0.001), 540nm 5 600nm * TOBMEATHER
WX s o7 (540nm T P<0.05, 560nm, 580nm ¥ X O
800nm Tit P<0.001). R, #EIE (%) OFHEL 480nm 2 b
520nm ¥ COWMETHBRICILEE L o128, B 1 EKEF
ERTIIE 2 YR LB 480nm 38 X U8 500nm TKE
¢, 520nm TIhE otz
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Fig. 12. Mean spectral response curve of the R; in 31 deutan
subjects (9- to 20-year-old males, 15.6 years old in the
mean, 6 deuteranopes and 25 deuteranomals). The
maximum amplitude of the R, in each individual was
normalized to 100%, and the mean of the individual
normalized amplitudes was plotted on the ordinate. The
open circles and the vertical bars indicate the means and
the standard deviations respectively. Data {rom Fig. 10.

Table 4. Significance of the difference of the mean amplitude (#V) and the mean normalized amplitude (%) of the
R, between normal subjects and deutan subjects by Student’s t-test

WAVELENGTH (nm)

460 480 520 540 560 580 800
MEAN AMPLITUDE X X X X X X 0.001
OF R, (#V)
MEAN NORMALIZED X X X 0.005 0.05 0.005 0.001

AMPLITUDE OF R, (%)

“X" indicates insignificant difference (P>0.05).
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BERFENBIVE 2ARREEHO IRV T 2 L4
TELNEPEREBC VTR L. B EETFEEH
3%, B AEREEMILBIVE 26EREE/INLOL
HesT s R BBOAHLEEREDT LWRT. RS 2R
ErOBEAEE COWE (5HE) 27T, CEFEERLIE]
BRATEN, CETRERLIEAFRTER, S 1R
BEBLE 2AERTERLIVCTAOERCBWTHERLD
EoTHED, EWEQETEeh T,

R EBRIEREHERE, I AEEEERIEB IOE 2
BEREEMHINLOEFHIZEIT 5 R, RIE (%) OS9HE RIEE
TERTT. BREEREHLE | AEREEY, aREEER
LEEREREENRBIVH | AERTENLE 26ERESE
BLRVWTRAOEERBVTLERIBE-TED, EVICHBE
T&Eighote.

R, RIEDFHEIRE | CEREEH CRAREREHC L
X 460nm TKE { 480nm » % 600nm ¥ TORETHEL,

MIGHRFER CREEERE BT~ 460nm 25
520nm ¥ COHEBE C/ME L, 540nm » 5 600nm ¥ TOEHET
REVECORELBL (K5, 11). ZOR#EL b, BE2E
RICKITS RAREOL, TiebbEERE W) BT 2R, iRiE
RA) DRER (A) B33 R, IB1E RA) wnf+5 1 (RA/
RA) OXHEME {log (RA/RA)} {response quotient, RQ (4,
A} RS, ZORE L o CRETFEER, &1 BREEE
BEBIVE ARRFEEN Y SR TEL2TILREH L (]
15). BEEFENLE | ARREREROSBO BN T, RQ
(460nm, 520nm), RQ (460nm, 560nm), RQ (460nm, 580nm) &
LT RQ (460nm, 600nm) ® 4 D RQ R 1:. BREEES
HORQOFHMELE | HRHERD RQ ORHE L O
ZEEAED RQ & HImHEE XD (P<0.001) 2%, RQ k&
FoTBREREN L | ARREER L Y205 T 5 L
BT TH 7. BEEREREF 2OAEEROI SO
B8 T, RQ (460nm, 580nm), RQ (460nm, 600nm), RQ

Table 5. Significance of the difference of the mean amplitude (#V) and the mean normalized amplitude (%) of the
R; between protan subjects and deutan subjects by Student’s t-test

WAVELENGTH (nm)

460 480 500 520 540 560 580 600
MEAN AMPLITUDE 0.01 X X X X 0.05 0.001 0.001
OF R, (uV)
MEAN NORMALIZED 0.001 X X X 0.05 0.001 0.001 0.001
AMPLITUDE OF R, (%)
“X" indicates insignificant difference (P> 0.05).
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Fig. 13. Amplitude range of the R, at each wavelength (460 nm~600 nm).
amplitudes in normal (N), protan (P) and deutan (D) subjects.

The vertical bars indicate the ranges of the R
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(520nm, 580nm) 35 X U RQ (520nm, 600nm) o 4 FD RQ %3k
i, BELIEERO RQ O EHELE 2EEEREHRD
RQ OFEHEOMICIZEEL 4D RQ LI RFEELHDRL
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BEBRLE2ARREER L OS5 RQ (460nm, 580nm) T
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Fig. 14. Normalized amplitude range of the R; at each wavelength (460 nm~600 nm).

the normalized amplitudes of the R, in normal (N), protan (P) and deutan (D) subjects.

Fig. 15. Range of log ratios of the R, amplitude at A, to the R, amplitude at A, {response quotient, RQ (A, A)}. The vertical
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Fig.16. Log ratio of the R, amplitude at 460 nm to the R,
amplitude at 600 nm {RQ (460 nm, 600 nm)}. The small
circles, triangles and squares indicate the RQ (460 nm, 600
nm) in normal, protan and deutan subjects respectively.
The open triangles and the open squares indicate the
protanopes and the deuteranopes respectively. The filled
triangles and the filled squares indicate the protanomals
and the deuteranomals respectively. The large open
circles and the vertical bars indicate the means and the
standard deviations respectively.
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Fig. 17. Log ratio of the R, amplitude at 460 nm to the R,
amplitude at 600 nm {RQ (460 nm, 600 nm)} in 31 protan
subjects. They were subdivided into three grades (mild,
moderate and strong) by Majima's classification. The
small open circles and the f{illed circles indicate the
protanopes and the protanomals respectively. The large
open circles and the vertical bars indicate the means and
the standard deviations respectively.
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Fig.18. Log ratio of the R, amplitude at 460 nm to the R,
amplitude at 600 nm {RQ (460 nm, 6800 nm)} in 31 deutan
subjects. They were subdivided into four grades (very
mild, mild, moderate and strong) by Majima's classification.
The small open circles and the filled circles indicate the
deuteranopes and the deuteranomals respectively. The
large open circles and the vertical bars indicate the means
and the standard deviations respectively.
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Fig.19. Mean spectral response curves of the R, in 8
protanopes and 23 protanomals. The open circles and the
solid lines indicate the protanopes. The filled circles and
the broken lines indicate the protanomals. The. vertical
bars indicate the standard deviations.
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600nm) D FHMEITHKERT—0.17, BEFHT—0.18, F%E
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Fig. 20. Mean spectral response curves of the R, in 6
deuteranopes and 25 deuteranomals. The open circles and
the solid lines indicate the deuteranopes. The filled circles
and the broken lines indicate the deuteranomals. The
vertical bars indicate the standard deviations.
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Fig.21. The ERGs from a normal subject (a 21-year-old male), a protan subject (a 16-year-old male of protanomal) and a deutan
subject (a 17-year-old male of deuteranomal) in response to repetitive rectangular monochromatic stimuli having equal quanta.
Stimulus frequency was 4Hz with equal light and dark intervals. Each trace shows the averaged waveform of 40 responses.
The intensity of the stimulus was 1.0X 10" quanta/cm?®/sec (0.0 log unit) at the cornea. The upward and downward deflections
of the rectangular waveform at the bottom indicate respectively the onset and cessation of stimulus light.
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Fig. 22. Range of log ratios of the sensitivity of the rapid
off-response at A, to the sensitivity at A, {sensitivity
quotient, SQ (A, A)}. The vertical bars indicate the
ranges of the SQ (A, A) in normal (N), protan (P) and
deutan (D) subjects. Criterion voltage was 20 uV.
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Fig. 23. Relationship between the RQ (460 nm, 600 nm) of
the amplitude of the R; and the SQ (500 nm, 600 nm) of
the sensitivity of the rapid off-response. The circles, the
triangles and the squares indicate the normal, protan and
deutan subjects respectively. “ @4 " indicates .the. means
and standard deviations.
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Fig. 24. Amplitudes of the R; in normal, protan and deutan
subjects in response to white flash stimuli. The small
open circles indicate the normal subjects. The open
triangles and the filled triangles indicate the protanopes
and the protanomals respectively. The open squares and
the filled squares indicate the deuteranopes and the
deuteranomals respectively. The large open circles and

the vertical* bars indicate the ‘means+ and- the §tandard’

deviations respectively.
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Spectral Characteristic of the Early Receptor Potential and its Clinical Application in Congenital Red-Green
Color Deficiency. (I ) Early Receptor Potential in Protan and Deutan Subjects and its Comparison with Rapid Off-
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Abstract

The spectral characteristic of the second phase (R,) of the early receptor potential (ERP) was studied in protan and deutan
subjects. The mean amplitude of the R, was significantly smaller in protan subjects at 580 nm (P<0.05) and 600 nm
(P<0.002) than in normal subjects. The mean amplitude of the R, was significantly larger in deutan subjects at 600 nm
(P<0.001) than in normal subjects. The mean of the normalized amplitude of the R, was significantly larger in protan sub-
jects at 460 nm (P<0.05) and smaller in protan subjects at 520 nm (P<0.005), 580 nm (P<0.01) and 600 nm (P<0.001) than in
normal subjects. The mean of the normalized amplitude of the R, was significantly larger in deutan subjects at 540 nm
(P<0.005), 560 nm (P<0.05), 580 nm (P<0.005) and 600 nm (P<0.001) than in normal subjects. The mean amplitude of the
R; was significantly larger in protan subjects at 460 nm (P<0.01) and smaller in protan subjects at 560 nm (P<0.05), 580 nm
(P<0.001) and 600 nm (P<0.001) than in deutan subjects. The log ratio of the amplitude of the R, at 460 nm to its amplitude
at 600 nm {RQ (460 nm, 600 nm)} was studied. The mean of the RQ (460 nm, 600 nm) was significantly larger (P<0.001)
in protan subjects and significantly smaller (P<0.001) in deutan subjects than in normal subjects. The RQ (460 nm, 600 nm)
clearly differed between protan subjects and deutan subjects. The ERP and the rapid off-response were recorded in the same
subjects. The log ratio of the sensitivity of the rapid off-response at 500 nm to its sensitivity at 600 nm {SQ (500 nm, 600
nm)} was significantly correlated with the RQ (460 nm, 600 nm) (correlation coefficient 0.735). The mean amplitude of the
R; to white stimulus light (stimulus intensity — 1.08 log) did not significantly differ between normal and protan subjects and
between normal and deutan subjects. The spectral characteristic of the ERP is useful for objective examination of congenital
red-green color deficiency at the level of the photoreceptor outer segment.




