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SRAZELRPHERE (EE IH—RHED)
H 4 X K

R L SR 2 R RS FAREEREOMENRERORY Y BN L LTEEER (electroretinogram, ERG)
DRHGRMIIENL (early receptor potential, ERP) DR REU OH XN FHTH B0 E1 B Lz, £XRARBEREEL
BNT2EFRME L LT TRNEEREAS LUAYFHERIC B T HEXHFIMS L C8Ea¥H#IC I 5 ERP R %5
FL, HEXRBIC LS ERP R) DKM Li:. BHEEGEADBRBICHS T —1.5log 725 —0.5log T TOHE
RIS BE CREE T A BRI REONKE L R, RIBONMIE &£ DBERR—KBER CEL A, SEXABIC L5 R, IRIE
RIDFEABECERTIAM L s o7, ZORBNBRECTEEANTHS —1.08log DEENLHBIT T 5 R, #R118 D Ft51E
BIUCBREREZAEERERARABITEVTIZFHNFNA2.60V BIT 2.7V TH otz BEXFEIC LS R BEDSY
HIEE R (spectral response curve, SRC) 13 & ¥ E % E #3382 33 £ Fliz 3\ 7 460nm A & 600nm ¥ TOSFTITEES
THH>TED R, |IBEDBEAEYRTEE (A 12 500nm 725 540nm FTOEMENCH D, £ <I33%P22412BT 520nm
Kdorc. BREFENIBLBEOEENFBIC L 5 R, BIEOTHEIL 520nm THKA (34.74V) THH, 460nm < 13.5
#V T, 600nm T12.6¢V Tho-tc. BEFEEHOBEXHBIZL S R, HRIED SRCIZED Apy # 500nm 5 540nm %
TOBMACHDEBEOMBTHHZ LAKBL, R BIEICREG L FEOTMENEEL T B LEL bt

Key words electroretinogram, early receptor potential, spectral characteristics, white stimulus
light, monochromatic stimulus light
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ACBENEERERTCIRERRYERTE S, ElkclY
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BEUbBA T, & , FRUEFROERETRIHERD
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REEBIROLBELIN TR, EREAREEREICET
LLERORERE L LT, ZhETiot 7 IEEEBE, 7
A —fBIEER™ (electroretinogram, ERG), ERG DB % b
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V) DEXEMBIZHIET B LR 5% X 1 DR, HBIEIIEH
WL - THBEINA e FF o v BICHBIT A L E B
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8175 ERP (R) O EEEvBH T3,

HEESVHE
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1. BEREER

AO H-R-R, American Optical Hardy-Rand- thtler, bp, photopic b; CIE, Commission

Internationale de I'Eclairage ; ERG, electroretinogram ; ERP, early receptor potential; Panel D-15, Farnsworth
Dichotomous Test Panel D-15 ; SPP, Standard Pseudoisochromatic Plates ; SRC, spectral response curve;
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{FEHFEFEE LT The Series of Plates Designed as a Test
for Color-Blindness (38 Plates Edition, &R H kK, RXE,
1984, BERBEE), RAEGERER (¥EBE, BR, RTF
EERH, AEE LEB), EREMAZARER HLEE
BT RAT, Ei, BRIS8EENR, Tokyo Medical College
Pseudoisochromatic Plates, TMC), @ gER (5 1 %
1Fl, E2e®Ez, T, 1978, Standard Pseudoisochromatic
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#, 1977, AR - KfEZE) B X U American Optical Hardy-
Rand-Rittler Pseudoisochromatic Plates (5 2 R, American
Optical, New York, #E, AO HRR) D 6@ExH. 7/
o RAa—-TFEECIFAIVY T/ wera—F 0T (17,
WED A B, KELY, MEYRIARORERERS -
7 <wmAa—7 18 (Schmidt u. Haensch, Berlin, FA )
DBRERRE KT LEH|E L. ZDIEM»IC Fansworth
Dichotomous Test Panel D-15 (Psychological Associates,
Saint Louis, % E , Panel D-15) ¥ & €' Ichikawa's Color
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BENT v 7R ST LR (89200ux) Tichhrz. KR
BELHRECSTTHHE, TMC 2EBEL S5 5em D
EET, fhoREREFRBRIZK T5em DEFEMTHREBEAYLT
I3icAvbhi, 3 v s v OEEIIEREND Sm DT
BRINTC.

2. ERP FRFHE=E

PBHFIT 2+ 2/ VI KEE (1.2X10°], 5.7x10%F,
850V, CP-12, = 4 » b, WH) ALV, ZhE BBRENLER
(AR-3000, HE®EE, HF) X HVRBELL. REIZOIBRAT 4
NE— httT 4, v & —, FE7 40 Z — (460nm, 480nm,
500nm, 520nm, 540nm, 560nm, 580nm, 600nm @ 8 £, ¥ {EIE
26nm~38nm) B L UEKL v XY EIAAY. ERE 10mm D

PR Y A LT BB B L (R 1), BZEX
% (5653, RCA, Harrison, KE) 1= X 0 {llE L 1z RIBOLEH O
TH S RFRI29300~ 1 72 e B TH - 7.

BEfBtoREY | BORENXORLCET ZHEBE~
DAN=FAF -k - TRE L. EAFBEOHMEONE
212 Pyloelectric joulemeter (J3-05, €L # v v, WR) A
Wi SR EEEOREREEOZ YR L TOR
ETHELL. Thbb, FHEHMNDIBELULECEVWER
BRI DBECHE I~ RCAZTHAHOT, BEYT T
Sanso Radio Meter (Model 470, =R &{ERT, BHR) 12 X b flE
LEREEEFBOE GERERN0 I V) 2RALTY¥4¥ T
1004V DIEED bR ERT IV ET ARBMEL S LA

CoWTETEALE. 2¥RCA—DOYHFITEELD
ERP HEIEEREOty BT, FEEXITEVT 1006V O
REO b EYERTAHMEELES L 2IHBITHET 4
F—REALN. DL FRET 4 A Z-ERBIIEALR
JEETI12 ERP AMBORIZ w % T 1004V D b A ERLT S &
WY EICR LT, EROERERBOL (RBEE ) &S
THDH. IOFERbEREEL Lz bIEERFENHEL D
WARELDTHD, ZOFETHELRNE L ERP BfI#M
¥EBCTyH+F b EOSRRERBELRAM LIS, X0
BizooEa F 7y VORKEHROBIZISHFET A %
FEFR L7,

ERP H#IBtOREY RBEXICEVTEXEFILHLD
FedblZHBIn T A 2 R BAL, TORKFBOLAE
(0.0log unit) 13, SHEEABEIZHVT 1.08x 10" quanta/
cm?/flash TH -7z,

3. ERP @&k

BB 20.5% Py I FEOS%EEB 7 ==L 7Y v
DEEl (1K) v P, BRME, KK DEBRITIDERY
8mm ITBikE . 0 A%EBAF v T bty (N7 F
v =B BREE) 1255 SRKEORICHE B ED7DIT
EmE(EE=-v 27 L v R, BRI CHRL, ABRED
FodIZ 2% A F e — AR S AICEC L7z,

ERP ¥HAERICI-NOEMEEYA, —HHER
CLTEAMEY 7 by a2z L v X (M5 HOYA, ER) #9
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Fig. 1. Schematic illustration of stimulus light source to
evoke the early receptor potential (ERP). Flash stimulus
light was guided to the eye through an optical glass fiber.
LS, light source (xenon discharge tube, 1.2x10° J, 5.7%
10° uF, 650 V); IF, interference filters (460 nm~600 nm
at 20 nm intervals; half band width, 26 nm~38 nm); NF,
neutral density filters; HF, heat absorbing filters; L, and
L, condensing lenses; GF, optical glass fiber (10 mm in
diameter).

TMC, Tokyo Medical College ; FJR « KX#8%, A - ARBAKEEHEE - BEXR ) ARK3BRKK, The Series
of Plates Designed as a Test for Color-Blindness; AR (LHEE), RAGBEREE ., 7 v % v, Ichikawa’s

Color Perception Lantern
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LTHBEOERORIC, M2 TEER L L THIEHEFS
Z#HF Lo, ERP D P ERBOAEE L M TFHREROR
BOCS s DFEREMNEIZ lom SHEZND L3I0, HBEED
EROMNELXREO-ANLTER L. FBERIEEROA
BELELRBH L. BIEEOdDEFEHNT R EE -
7z. ERP IIRFER303 VM TIBIE (AB-622M, BAXE, X
) TR HEF — & 13— & — (NER-3515, Sony, Ha0) (A
Bt I E A 5 2.6kHz ¥ TEH) #HOCTHE T — 7k
FEN, F-2AEERE (ATAC-350, BANE) KHEFEEh,
il g htc, BECTET ERP T, LEEXICTF
[ EOFEIIZBEHIBEUO TN FNBiE R X CREF AL T
kR
HEEfyeoREIERF L LT, 460nm 2 5HEHT 600nm %
=20nm BT 3 B EICRETT 5 Hikd A7z, ERP DR&Eic
#3r > T 3% ERP AEEFIFOL (460nm) % 3 SR TR
Lz, ZOFBHOMERISEXEFR X 2EBO&ES (0.0
log unit) & L. ZDOFIBRHEITicbis & R, BIED “1¥5
DET AKRED o, ZOWBHIISEBRBEOMBETRESLE
PR BIDIEIL - T WD EELZLND.

B "

1. PIx#sicL 3 ERP #H

I9RDEEFELEMC RS CHEMXRBIC X » THE
iz ERP B %R 2123 . JEBIIZ 1.08log unit D7 4
AR —RBALT, FIBEMEN —1.08log TH 2 HEMNNH
B dh ERP #&# L7, a B THERE aBICRT L LR
ER)BICTAE (R) © ERP RAEHHI B, EKHEUL
R, OFEA%Y, EVKRAIZ R, OEAYTT. BAXHBIZ L2

50uV

2msec

Fig. 2. A typical ERP waveform from a normal subject (a
19-year-old male) in response to a white flash stimulus.
The pupil was maximally dilated. The short and long
arrows indicate the peaks of the R, and R; of the ERP
respectively. The amplitude of the R, was defined as the
vertical distance from the base-line to the peak of the Rs.
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 another figure
showing the ERP waveform. The amplifier time constant
was 3.0x107% sec.

ERP TR R »HRCIADECZ 2L H50DT, KFRTI
R, DREBL, &b R, BEETOEHEESY R, g
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I. ReRERENORRE

AEEAHEEMEAO BRI BV THAEXRBIC L ~ T
biiz ERP ER%K 31c/”"$. —1.5og 7% —0.5log T
ROt E O CRBNAE ORI L L7e 5T R, BIEE
EAL, —0.5log ODRBIAE IR TE 95.74V O R, Rig
BERLE . —1.5log 725 —0.5log ¥ TORIBIEHE O 5ip
IRV R, RIESS 1004V 28X 72O T, ZORBMEE
DEETLAF=VvEMOEADTERRIEVEE 2L bR
12,

R 3 bRD7z R, FRIE & FIBEEEOHRYR 412 RT.
—1.5log 725 —0.5log ¥ TORIBICAE O TIIH B oOM
& LI R RIEIZHEAL, SARIT5Z Lidhed o,

IOEFIOBRICECCHEABXFBIC X > TE LA ERP
ERERSIRT. FEENFAMYAEECS - TEXETH
(1.08x 10% quanta/cm?*/flash) 1z#ix 7. R, #EIEIT 500nm =
RK (32.64V) Lieh, 520nm TIX 31.54V TH 7. 460
nm ZBIT 5 R IEE (10.9¢V) &< 600nm 251+ 5 R.IRIR
(13.04V) 12K ED o7z, RUTEABICIZEAD SN h 7.

HEXFBIZ L5 R, BEXERICRDHZEICL D, &
HIEE %R (spectral response curve, SRC) #8825 Z L AT &
L. ZOEFIOBEBICRIT A EENFE (RBEHEL 0.0
log) 12 &% R, #RIED SRC %R 612/~ 3. R, #EBD SRC i
HigMTHO, SRCIZBVWT R FREABAETFTEE (An
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Fig.3. The ERPs from an affected eye of a patient (a
39-year-old male) with unilateral optic nerve atrophy in
response to white flash stimuli. Color deficiency was not
detected by Ishihara’s Plate and anomalescopy in the fellow
eye of the patient.
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0. BETEERONRE

B 7 BEYHBE L bAaXFIBic X5 ERP #EHIL
- E FHERL21E (FHEH24. 1K) 28T, BEXH
B (RIBOCERE —1.08log) 12k » C#§bM 7z ERP D R, iR %
Ft. R EIEIZ27.14V X D 76,94V iz THH L, R IR
BOFHEIL 42.60V TH VRERZEIL12.7T0V THo 1.

EEEFEROSTD L QUR) B THEXRFTBIZ L -
<#®Bshtc ERP B2 IWRT. R REEEXHH
(460nm~480nm) TIXRDSHish -7, PEEX»HEE
B # 8 (500nm~600nm) TIXEHE I 7. R ERIMEIX
520nm THEK (53.8¢V) &R L, 460nm Tt 28.24V, 600nm
T2 17.94V TH 71,

8 DEENFIRIC &5 ERP & h Rz R, #EiED SRC %
91ZRT. R EIED SRC 1XBEMTH D, 520nm THRA%
RLTZ.

B TEEEBEBRIC BT IEAEIMT I VB
R, #E1E® SRC #F10ic3. SRC 333K 2FNT I3\ T HlEh:
THD, D Anw L 500nm~540nm TH 572, Am (233%5H
D2EE BT 520nm THH, TAEFR IRITE VT 500
nm, 540nm, 500nm~520nm TH H, 2 BT BT 520nm~
540nm TH -1,

FERI3RBEORBIZ KT A R FIBOZAEMED100%1
#%z 72 SRC (#F#{L L7 SRC) #M1lwwiRT. #ELLE
SRC @ R, #E1E {R. RiE (%)} OERERCBT HRIMELERK
B (%) 1%, FhFh 460nm T19.3% £66.7%, 480nm T
33.3% &£ 95.6%, 500nm T66.2% & 100%, 520nm T75.3% &
100%, 540nm 754.6% & 100%, 560nm <30.0% £93.8%,
580nm 724.4% £ 85.3%, 600nm T19.3% &£69.1%TH » 7z,

BEEEENBLIMRITEITS R, BEOFHME L EERE
(+S.D.) ¥#K12iz7"F. R, WIEDOFIHEIL 460nm T 13.54V,
480nm T 22.64V, 500nm T 29.14V, 520nm T 34.7u4V,
540nm T 28.54V, 560nm T 23.84V, 580nm T 18.5uV,
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Fig. 4. Amplitudes of the R, in an affected eye of a
patient (a 39-year-old male) with unilateral optic nerve
atrophy as a function of stimulus intensity on a log-log
plot. " Data from Fig. 3.

600nm T 12.6uV TH-7.
BREIEEEBEIBMBIC BT HHEKIL LI SRC © R, g
(%) DFEE L EERZE (£S.D.) ¥KIIRKT. R, #&IE (%)
D Fg{EI 460nm T39.6%, 480nm T63.2%, 500nm T
83.8%, 520nm T98.1%, 540nm T82.4% , 560nm T
69.3%, 580nm T53.6%, 600nm T36.8%TH-7C.
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HESWTEZXBATWA, Tickhd Brown 5 1) HEEAH
NEEO MBS AEMRA L i L OERBICEET AL &
iZ4 /0 ERP IR AIRIBICE L, 2) ¥/v ERP (ZMITRAECE
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Fig.5. The ERPs from an affected eye of a patient (a
39-year-old male) with unilateral optic nerve atrophy in
response to monochromatic flash stimuli having equal
quanta (1.08x 10" quanta/cm?/flash at the cornea) at each
wavelength. The stimuli were delivered from 46¢ nm to
600 nm at 3-min intervals.
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Fig. 6.

Spectral response of the R, in an affected eye of a

patient (a 39-year-old male) with unilateral optic nerve

atrophy. Data from Fig. 5.
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Fig. 7. Amplitudes of the R; in 21 normal subjects (19- to

36-year-old males, 24.1 years old in the mean) in response
to white flash stimuli. The small open circles indicate the
individual amplitudes of the R,. The large open circle and
the vertical bar indicate the mean and the standard
deviation respectively.

BEInAa FFCVvBIHATAZEBIVS) v xx:
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Lapp 5", HiIH" 3 X1 Tanabe 5™ (ZBIEG Y EMH D
R, IREDOREINEISE E L~ + EFEN) TRRETH D % =
(FFA@AL) TIBBRTH D, BIEIET €D R FEOL/ 2% T
EVET 2RI P TR TH O 2 2 TN 8 FTHA Z
EEIRLI. ¥ R BEDOHHBREMBRII -+ TIZHEEY
BOBNSEMHGCHIEL, FaTiEe ¥y v ORNEfRI
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Fig.8. The ERPs from a normal subject (a 21-year-old

male) in response to monochromatic flash stimuli having
equal quanta (1.08 10" quanta/cm?¥flash at the cornea) at
each wavelength. The stimuli were delivered from 460 nm
to 600 nm at 3-min intervals.




BAAGMIREA O KiFH 325
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5212 R, BIBEOEEEE R L ULBED R, RIELFRAL O
FEotcHlE L, EBARICEITS R, IR D24~499% X FF (&
CHKTALHE L. Tamai 52 XL2BBECBITS R, &g
2HIEL, EBRABICEITS R REDCLKIIFFEHZEERT S
LE Lis, AR THEEREMNIBEIBMRICE T R, KIE
@ SRC %Kiz & Z A, SRC 1233433 FNC BT Bl
THD, FO An i 500nm~540nm TH D, & {33422
BB NT A T 520nm ThH o7z (K10). £/ R, RIEDOFE
¥ SRC IZBIEHWTH D, TD Amx 1T 520nm THo7c (B
12). 520nm &\ 3 A (2, EEREBRBEZEE L (Commission
Internationale de V'Eclairage, CIE) BAIEMEZHE 1R RRIE Hh#R ©
Ame (555nm)* 2 CIE FEIEIGRE LR R EMBE D Ao (507
mmP OLFREL—FHET, HEOFHEINMETSZ LB &
'R JBIED SRC 2ir F 7o v OBRKEHBCHERYEOR
YEHEOTHEL—FK LW EX D, KFFTBITHH
B&EHTTIIAR R, BEC#EEA LT HOEENEETHZ
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Fig.9. Spectral response of the R, in a normal subject (a
21-year-old male). Data from Fig. 8.
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Fig. 10. Spectral response curves of the R, in 33 normal
subjects (19- to 36-year-old males, 24.0 years old in the
mean).
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Fig. 11. Normalized spectral response curves of the Ry in 33
normal subjects (19- to 36-year-old males, 24.0 years old in
the mean). The maximum amplitude of the R; in each
individual was normalized to 100% on the ordinate.
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Fig.12. Mean spectral response curve of the R, in 33
normal subjects (19- to 36-year-old males, 24.0 years old in
the mean). The open circles and the vertical bars indicate
the means and the standard deviations respectively.
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Fig.13. Mean spectral response curve of the R, in 33
normal subjects (19- to 36-year-old males, 24.0 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. - Pata
from Fig. 11.
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Abstract

The early receptor potential (ERP) originates in the outer segments of the photoreceptor cells. The present study deals
with the spectral characteristic of the second phase (R;) of the ERP in a patient with unilateral optic nerve atrophy and in 33
subjects with normal color vision. The eye with optic nerve atrophy was suitable for recording the ERP with bright stimulus
flash because of the absence of photophobia. The amplitude of the R, to white stimulus light was not saturated within the
stimulus range tested (— 1.5 log to —0.5 log), and the log amplitude of the R, was linearly related to the log stimulus intensi-
ty of white stimulus light in the eye with optic nerve atrophy. The mean and the standard deviation of the R, amplitude to
white stimulus light (—1.08 log) were respectively 42.6 2V and 12.7 4 V in unilateral eyes of 21 subjects with normal color
vision. The spectral response curves (SRC) of the R, amplitude to monochromatic stimulus light were one-peaked curves,
and showed the maximum amplitudes at 500 nm~ 540 nm in all of 33 subjects with normal color vision. The mean ampli-
tude of the R, was maximum (34.7 x V) at 520 nm, and was 13.5 zV at 460 nm and 12.6 4V at 600 nm. The present study
clarified the spectral characteristics of the R, in the subjects with normal color vision. Both the cones and the rods contribute
to the generation of the R; of the human ERP.
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