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Physio-Anthoropological study on non-visual effects of blue-pulsed light
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The purpose of this study was to clarify the non-visual effects of blue-pulsed lig
ht. We observed that the nonvisual effect pupillary constriction (miosis) occurred even during blue-pulsed
Ii?ht irradiation of very short pulse widths (0.5-2 us). When the product of irradiance intensity and the
pulse width were equal, the condition of high irradiance and short pulse width was shown to produce marke
d miosis. The miosis during blue light exposure was stronger than that during simultaneous exposure to blu
e and green light, and the alpha attenuation coefficient of the EEG for blue light exposure was also great
er than that during simultaneous exposure to blue and green light, despite the double irradiance intensity
of the combination. We confirmed the subadditive response to pulsed light. Even when the photon density
was same, the electroretinogram photopic negative response (PhNR) during the blue-pulsed light exposure wa

s greater than those during the exposure to lights of other colors.



# XL C—19, F—-19, z—19 (@)

1. WFERMAYSHI O R

ke hEETed WD AEMITER A T
ZH 2 TW5, & MIthoLEy L FRERIZZ 9
L7-BARO O TTH#LL, #SLTE2D
DEZEZBIND, SHAHIEH, WAL
PIZEE3ORAE 235 H S v, AU IR
RS MER IR AR E I AE. (ipRGC) &\,
ipRGC B DIEHRITHAR X B ER T, AR
WICBT D AT b= A0, BEFLHNE
28, Wb IEHREIERICEE 2 # X %
LTW5h, Z 95 LIEFERRRERIX, 460~480
nmfRE DR RN (Ff) OBRBIRE N
EPKED AT N = OB B 5 2
IZENTW5S,

X BT, Fox OFFFET, 420 (2R) ~670 (GR)
nm® & — 7 J K & Fo6FREE O ik E O 2 B
MR U7 & X O o P, o R
FREEAZRNE L, FEY (458 nm) MG
IZHRFBRICRBEKENRELS Db Z L2 AL
2o TOLEEZ NG, HOXNEEDO AT
k=72 T BRI OREBEAKED L5
WWHRKRELSEETDZERNHLMNE 2o T2,

BT, BTk 5~ 7 RipRGCDIGE
FEPERFAN B, BRESCHHAR DRI,
BNz K&, »oBtHPEbH A v
RISENH SN o772, 29 LT2Z &b,
B2 TR OB NF B/ L AT HEH
I & R DI IER D ET 2 D TidZen
MEWVWIEZIZE ST,

2. WMEOHEHM

AL, HEANVANERF LI X0
t N ORELEE, W o BEERE, MEREX
SLOAERISE, KO EZITY, F
(ERAVI S HOVAVIZN NI/ ¢ SR cYi e i I
REtL, EHRRMERAZSI SR THA L
AN EHLNITHZEEHNE LT,
I 51T, HR UV L RIRHI A UV R
R L& X 0ERSEREL, Ko
IEMEDSRRSLT D IO THRET L
oo LEDZ EZ2MFT 2720124 DDFEER
1o 72,

3. WOk
(1) FEB 1: +ozdtdlERED E (BT,
FEE) ©, RIER CRF 2B 10 4 (OF
VIR 22 = 2.0 %) SHEBRE & L CTEBRIC
SN LT=, =i 25 °C, fHRHEE 50 %R E
LEENDOERT — 2B W TERAZLT
ST,

FEVBR (¢ 45 cm, BAOEE 11 cm) NIZH B
YA A — R (LED) (E— 7§ K : 458 nm)
ZRRE L, FOLE U CTRHWE, MEIRALE IS
BT DR O FGTFREE L, 592 u W em® 1Z5%
ELF, HOOLAEO LV AMEE 0.5, 1,
2, 4,8, 16 us kKX 10ms D 7 &L L=,
FERIX, BEENT 40 M ZE L=t ICBtA
L, ZE3 4, Zt 0 Bk x20), F#
RN % SRR EICATV, EBRSRM ONES 1925
EFRTHO R =T RAE Lo, /NVA

SeRREHC X AR OEL (Nl E, [AIfE R
fl7e &) ROESFHG & L TR FEIRER
BE (KSS) (2 & B T EEAKHUE, VAS (Visual Analog
Scale) {EIC X DIRR, ¥, EHERaT
K ORIESe~DFH AT ZRE L=, #Hat
fiEdT & U CRAEMNE — el E S i & &
HILERE (Holm D J5#E) ATV, FEGHMm
\ZiX/ 8 F A Ry ZIRED Friedman @
FEBIFR Llc, AEAKELS %& L,

(2) EBr 2 R IER CEw 72 Bk 10 4 (OF
YRR 23 = 0.3 5%) AEBRE L LTsL
77, FEBR=ENIE, =8 23 °C, FHEE 50 %
WCRRE L7z, PREHEEEIZX, LED &2 NERICER
B L7-fE Bk E AV, JAEUR TR <z
TN W BR G 2 25 e S HE 21T - 72, FRUE
WX A EVEER (B GIRE 2524 K, fik i AR S
150 Wem?), HEEICIZHE®G LED (B¥—7 ¥
£ 1467 nm, FCHREEE 7.5, 15, 30 W/cm®)
KOV LED (FHBS IR 2878 K, ek FRE
150 Wem?) Z 56 & L TRV, BEOE T,
B L2 E A2 R B RT S, &
)V ZSEOFRESEIE I 1000 Hz & L7z, il
WOLIIEH Ao (IR & L ZEO
) BNELW3 LML, FOED UL RER
ELWIERHEHRELE (F1),

£ BEBICHTZHHBEL/ULRIE

TREREE (1 W/em?) 30 30 15 75 75

JRILRIE (e s) 100 50 100 200 100

BeBR A XS AR, LT C6 oML
ERlC L7ot%, EBEHMIZ 3 RT3 o
LTENC LTe, S\ CHIBOE T 9 IR ERIC
L7z, F#FHM%Z 3 ofiT-7-, 5 Mo
KB ZIT S, T DR oNER THAT
TR0 LT,

HEE B X, B, TEEKUEDRIE L2
D (o), FEFEMTH -7,
AL E N It T DA bR 2R L,
AP rx, [EEE 10-20 IS 72 Fz, Cz, Pz
D 3 AFTH D B w AT & L C HLRE
U7z, IR ARG TR, - T > AT &
(MP150 <2 A, BIOPAC Systems) Zf{# /4
L, &EEICHT 28R EHEH L2, F8
SMEER & LT, KSSEHAWCTIRE AT %
HE L, VASEZHWTESR HERNEFEH AT
TERE L, IREEOEF A a Tz
TIFEERICKT 2B EE, HAAATIC
BWTIHHEMEEFEH L7,

BFAR IS U CRABRE /o & 2 &
R E (Bonferroni) #1T-7-, A E/KYE
X5 %& L7e,

(3) Bk 3-1: AR IER TR 2B 11 4
CEXJAERR 2310, 9 5%) MBRE L LT
L7z, iR 26 °C, FARHEEE 50%Z5%E L7
B 7 — AN CTEBRZIT- 72, HRELT
FErERZ RV, el LED %2 0Nl
B L7o, ST FH A LED (470 nm) &k



£ LED (529 nm) @ 2 L LT, EWEZ
10, 15, 20 u W/ em*> @ 3 & L7z , HooX
JVARRIE 1 ms & LTz, FLEN D IRE
FECTHR - UVASCE (F), RV A
JeER (Bk), ROVH /LAY LRkt
A DORIFFFRS (F k) 217\, 39 &
L L7m, BRI 45 HORFIEIS D%, H v
VE—NRG U AR LSRRI BB S
N, 1 & cofifEsE it 3 2T 3 [
TV, 10 5 OIRERZ B A T2 IR DD %
Tz,

LA EEE I L LR A RE L, e
LB —BMHISEIC R 5 R R E R L
fbEAZIEE & Lo, REEKEDOFEEZ KSS,
fR& A 27 % VAS £ L0 FEIR R O/
THIE LT,

BEALERIE 3 B DR O FEEME A H Lz,
R B I DI KA E R E, FIRE%RD O E
LAY 85 %E TIZHME L7-Wefi] &2 B L7,
KSS LR A = 73R AR O EL &%
BHH LU,

9 b2 A HREEIZ X - T 3 BRI, &
BENTRSHE (F, & F+6k) ZEREL
T BB E S BT 24T - 72, ZEEERICIX
Bonferroni & W, AEKE L% & L
7.

FER 32 ARIER TR 2 B 11 4 (B
Tl 234£0.9 %) BEERE L LTSMLT,
BRI LB BRI 45 Ay OREIER 21T -
721212, FEBR 3-1 TR L INEER A B
7o HGTBREE 20 w W/ em® 5 C 15 43 (1 ms,
100 Hz) D HF /UL ZJEHM (F), Fkfa v
AJEHA (R, KROVEF RSV AL X
NV ANO RIS (F -+ % 45 0%
kAT o 7,

FER 3-1 Oz, AP CIIm Bk
(Fz, Cz, Pz, 01, 02 #L) @ o MHEIEERR
LN o WIERE (AAC), LER,  ME A
E L, VAS B K2 BBl CIlIn bE X,
VI v A, BOENLAaT ZRIE L, &
THH % 2801, &RET, BREZOSKRRHETH
E LT,

(4) EBR 4-1: ORIERE TREZRBME 124
CE¥FH 221, 8 %) DSEBRFE & LTS
L7z, =R 25 C, FARHEEE 50%Z5%E L7
B 7 — ANICTEREIT- 72, HFE LT
T ERZ AV, %844 (427 nm) , 75 4 (465 nm) ,
frte (525 nm), ZRfa (625 nm) KOVHE (FH
REa Y - 3300K) @ LED % V7=, Jei&
FEIE R T HEES 16X 10" (BREME) & 8X
10" (894%f4) photons/cm®/s @ 2 K#EL L
T, 7OV ARIZENFIN 2.5 £ 5ms & LT,
MG O R TR O X L AE) %
F— L7, 7L ANOFRERFEILZ2 s & LT
60 [EIR Y & &, #BRHE DOLRICERZE Lz, =
DO, W HO FglEmE T, 77— AEMH
EREBERICEE L, BRI EERS
(PUREC, A A 3 —) T X v M %
Y LRITE U7z, WERRE K O 13 E AT 20

ms DOEBEEIEYEL L TEI b0 L%
FIE% 200 ms E CHATICHWZ, HEEHRMT
WA AR B8 G oy BT & % iR E
(Bonferroni) Z1T->7-., AE/KUEL 5 %&
L7,
FBR 4-2 « ARIEF RN FE b 4 &y
LT, MRER &AL ORRE 21T -
7o ST ER 4-1 THOWESEEOFH
LM (R), HE (REFH), Af (| o
4 & E A, 2OV ARITZW S 2.5ms &
L7z, FOLbE, BIEh 325k 4-1 & RERIZER
E LT,

4. WFFERR

(1) EB& 1: 5RERE LZE 754 ChiEn

RBINT, 10 ms FEDMOEEMEL Y, 16
usS&fEiE lus RO0.5usSfEly, 8u
sEAIE 0.5 1 s G L 0 A RITHERE N TEE T
HHZERBEOLNT (K1), MERE s L
Mg ) OMICAERIEOHENRD 5
niz (K2), FEIMMC W TIEHERAAT
IZ Friedman O FIEIZBWTHEREDHEN
RO B, 10 ms FFITIMORSEMELY, 4
~16us &M% 0.5~2us FEL W HFEHL A=
TREWNI ENREI T,

UbED X oz, H (458 nm) 7L AYED
POV ANEZFREE L, MEBE O &R - RERA 7o fF
MEaEBH L, Z<EVILRRTHMER—ES T
WEINDZ ENHBENE ST,

p<0.10
25

2
15 ‘
1

- L B I I I -

0 - _ —) _— e o—

#EEEE (mm)

0.5ps 1ps 2us 4us 8us 16us 10ms
AV 4

B1. SNLREEEICETHiEESE

2.5

E 2 Y =0.15X + 0.22 w
51-5 =071
] ‘
o

0.5 1 |

Sal
0 :
-2 0 2 4 6 8 10
1RV RIE (L)

B2 JsNLRIEEFEEE (HH0) OBR

(2) B8R 2 FEIHDO VLV AENE LW SAEM
DHEFIZEBWTIE, 152 Wem®100 u s SET
1%, 7.5uW/en®-100u s SefE L0 A EICHE
sz en@Poonkz (K3 £), HFEX
DENE L WM OEIC BV TIE, 164
W/em®-100 u s S & 30 u W/em? =50 u s SotE T



220 1 ~-20

s 1 =

£-30 1 % 30 I

N Z =

40 ## -0

| = ! ba—

] 8 50

87 30wt 15wt 7.5 e B 30wt 15w 7.5 awed

100us 100, 100 s 50us 1004 200 s

WS4 eSS

3. FHEED/NILRE () RUE () AFL
WEHIZET2EAZRELLE
*, p <0.05

%, 7.5uW/em™-200us S L0 A EICHE
52 EnBHoNE (K3 4H),
FREHE T, FOOENE LKA
D HHEIZFBUNT, 30 u W/ em*=50 u s =TI,
7.5uW/em-200us SRfbFL D & EBIES
NV HEEICHEM L7, HHARIE, FELD
BERK - B/ NOFMFR (30 1 W em-100 4 s
& 7.5uW/ em’-100us) ICBWTDOLAEZE
DRBD BT, M (o HEHEIEER), KSS A=
7, IREAaT7TICBWTHER I RITR
LIZginoTz,

ko X oz, SRMeERMENELL
T%,#ﬁﬂ%&%ﬁ®k%éiﬁ&é L,
50~200 us D7V ATRICEBWT, HEOL
D7V ANE XD SR DTS, FERTH
TEF~DEBERRENT &, BHREN—E
UUTTIE, »SVARZE L THRIRITAAWE
&, HOIEO R R 3 13 & e & 8
ER D RET A, B RREE N —ELL TS
BRI HIZ R D Z ERHB NI o T2,

(3) FEBr 3-1: %554
4R LT, HAIZ
H B) Ik (6) XV ARICKE eMEmEE
20, FRICHUS IR 20 pW/em® O O B
MRS (B20) 12 L A fEMEIC L, 2 5kt
ETH D H ML 6O R IR
(B20+G20) W DHEHE S ZICHEH S b =
EDURENTZ, FRRID, HETHREE 20 pW/cem?
DOF N OBEMBEIZ L B 85 % #0118 K
M, Fok & fkta i o [R)IRg R IRF O #fd
DA 28 X 0 Rt S DA B m AR S
Nz, Lkoz & kv, 2 lEsick s

Il Blue [l Green 7 Blue+Green
60

B D e Kffihe = %

—

% pupil constriction
g 8

20- 20
B15 G15 B15+ B20 G20 B20+

G10 G15 G20

201
B10 G10 B10+

Light Condition

B4 EEHICEITIRAMBEER
*, p <0.05 % p<0.01

BiF 52 TOMRET,

MR LS B NIEMEAN B D N2> 2 & 231D TH
Lo ETRoTn, TIUXFEAIIT LD ipRGC 2
B 59 2 HMElEE A AY, Skt ORISR X
STEBENDZ LA RLTWS,

FEBR 3-2 ¢ KB 1 RIS, BT DK
MalE RIZ B W TH> Tk & 72 0 HInEMER
RENT,

FREHE TEB O 01, 02 AL o P =
DOELRITHF RO TH Y, RN 264
WHEDL LT HEHRT o BHEESEML, &
BEENEET D Z LN RENT, £z, B
D Fz, Cz FAICEBWT o WIREREITH
SHHETH Y, HH: CREEEMERT 5 2 &
PRSI NTz, T D OFERD B IZ IV T
HEIEMER R ST,

(4) FEBR4A-1 : FEJEEME T4 R 0O Kb
TarH 7 Ly AR L EREOHEIEER NS
DTz, %65 ~120 msiZ BT 5 Rk
(PhNR) D KIETEIZ AG &2 RE, Rt
DEEMEL Y KEWZ LREN, FHED
L VIR BV LD KX RPANRE 725
TZENHLMNE R (M5), EHIT, iR
ST F AIEOPINRIZM O B L 0 A
FICRENWZ ERNREINT,

oY
g m
I
-40
i
mdLg -60 p<0.1
z e 0003
i -80 KKK S<0001
-100 SRERLLER
EEESE L]
L 1
Frx | SRR

L IL
EXZ3 *XH

B5.  HREHIZEITSH PR ZKIRIE

T

FEBRA-2 ¢ B KA R & PhNRE KIRIE 1375 (4
() TRbLARKEL, ABTHINI LAUR
ST, BHEERE O KGR & PhNRE KR
MEOFHREZ RO 5 & AELRADHEDNED b
- (X6), LLlboz & kv, PhNRIZipRGC

WCE o THERINTWADAREME N RIR I Tz,
fREEER (%)
0
0 5 10 15 20 25 30
-50
S
2
158 100
[T
K
% 150
4
.& L 2
-200 .
r = 0.576%* A
-250

6. PhNR JAIRIE & RAMEEEDE R



5. TR ILE
(MEsSEm ) (R 14F)

D Tetsuo Katsuura, Yukifumi Ochiai,
Toshihiro Senoo, Soomin Lee, Yoshika
Takahashi, Yoshihiro Shimomura,
Effects of blue pulsed light on human
physiological functions and subjective
evaluation, Journal of physiological
anthropology, #&FiA, 2012, 31:23
DOI:10. 1186/1880-6805-31-23

(Fa¥ER] GH101H)

(D Tetsuo Katsuura, Subadditive response
to pulsed light on pupillary
constriction during daytime, 11th
International Congress of
Physiological Anthropology, 2013.8.8
~2013.8.10, The Banff Centre (Banff
Alberta, Canada)

® Soomin Lee, Subadditive response to
pulsed light on arousal level and miosis
during daytime, 11th International
Congress of Physiological Anthropology,
2013.8.8~2013.8.10, The Banff Centre
(Banff, Alberta, Canada)

@ B AR, BTN R XN Z Bl 5 B =
7SIV ZSED)EE~1pRGC & D BIFRVE DIRFS
=, 2013 4R H AR AP HH P i ZE 5 b %8
F4£, 20134E 12 4 14 A, T#EKRZE (T
)

@ BPIRFFRA, K2 e EE A K 2 MR X E
ST -ERG RN HBIT B F /L 2N
O ipRGC ~DFZHE-, 55 37 [m] B 23 U
HERS, 20134F 12 A 5 B, HAAEE

CRECER)

® WILAHRE, H UL 20 BE S5 0E
WS B SOZ JFE 952288, A ARABE KA
R4 68 [MIKE, 2013 46 H 8 A ~2013
F6H9H, BIRKFEFBHEHE (&
W)

® AiEEE, Hfd Ok LED 00 25k
AHC BT 29 ENE, AARABE R Y2
WFFEARE R4, 20124 12 A 8 A, T
R (THEM)

@ WHABRM, F6/ VA0SR & bk
IRFFA] D TEE AN TE R K T & e FLAR I R IE T
O, AARAH NP R RS
20124712 A 8 A, THERY (TIEMN)

® AiEF L, LED M OBEALRMISIZBIT 5
BHIEMEREN, 20124512 A 1 A, AARA
M LR BARSE 42 MRy, BRI
R ()

© BiRAK, FEIED IV AT K D HEFLAE
DAL, WAL 23 H AR ANF T
JERERN RS, 20114F 12 H 17T H, F v
VORA e A ) R—v g X —HE (H
)

Tetsuo Katsuura, Effects of blue pulsed
light on human physiological functions—

Aiming for new office illumination -,
19th International Congress of
Biometeorology, 2011. 12. 6, The
University of Auckland (New Zealand)

6. AFFEHERR

(D) WFgefzs
W& ok (KATSUURA, Tetsuo)
T-HERS: - KFZPE LZFIER - H%
e FKE: 00038986

(2) W ge sy a4
TAF 5L (SHIMOMURA, Yoshihiro)
THER o KPR T 5 R « W
e FKe: 60323432

% 23> (LEE, Soomin)

TIERF BT —/V FR %4
MoeE&ES: 90600429

(3) HHEEMF T

=t B3 (TAKAHASHI, Yoshika)
THEKRT - RFEPE L 5EF - Rt 8
MoeE&ES: 20637186

4) Tt )13
BPIE FHJC (NOZAKI, Shoudai)
TR - KPR LR « KR4

Wil ACHE# (UCHIYAMA, Yuria)
TR - KR LR « KR4

A #®3L& (ISHIBASHI, Shougo)
THEERT: « KR LR - KRFEpeE



