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Abstract Light elicits non-visual  etTects on  a  wide  range  of

biologica] functions and  behavior. These effects are mediated
by a melanopsin-bascd  photoreceptor systcm  that is very

scnsitive  to blue light (440-480 nm)  relative to the thrcc-cone
visual photopic system.  Thc aim  of  the currcnt study  was  to

asscss thc time-ofday-dependent effects of  two different
wavclength  monochromatic  lights at 458nm  and  550nm  on

human  cognitive  function. WC  conducted  an  cxpcrirnent  in the
daytime and  nighttime  Qn  different days. IWelve subjccts were

selcctcq  none  of  whom  was  either  morning-type  or  cvcning-

type, as  asscsscd  by  a  translated version  of  the morningnessl

eveningness  questionnaire. The  cognitive  fimction was

measurcd  by event-related  potential (ER.P) using  an  oddba]1

task, and  arousal  lcvcl was  measured  by the Alpha  Attenuatjon

fest (AM). Wd  fbund that 458nm  light exposure  caused  a

significantly  larger P300  amplitude  than occurred  with  550nm

light, There was  a significant {nteraction among  wavelength,

time of  day, and  electrode  site, Expesure to 458nrn light
induced a 1arger P300  amplitude  at nighttime  than in the

daytime at thc Fz e[ectrode  site, The Atpha Attenuation
Coerncient (AAC) at nighttime  was  higher than  in the daytimc,
Our results suggest  that shert  wavelength  monochromatic  light
can  uffect the circadian  rhythrns  of  cognitjve  functions, and

indicate that these effbcts are mcdiatcd  by a melanopsin-based

phetoreceptor system.  This study  has extcndcd  prevjous
findings in tcrrns of  time  of  day, and  higher cognitive  function
by using  an  endogenous  ERP  component,  P300. ,J Ph],siol
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Introduction

  Since ancient  timcs, human adaptability to the environment,

including thc lighting enviroimient,  has been one  of  the main

subjects  of  physiological anthropology  (Sato, 2005), so

functional analyses  of the time-ofday cffects  of

monochromatie  light exposurc  on  human cognition  have

become one  ofthe  important themes  in this field.

  It is wcll  known  that thc rod  and  cone  photopigments are

involvcd {n visual  responses.  Since Berson  et al. (2002)
detected a novcl  photoreceptor cell,  melanopsin,  an  intrinsic

photosensitivc rctinal  ganglion ccl[  (ipRGC) in the retina  of

rnammals,  which  is most  sensitive  to short-wavelength  visibi ¢

light, it began to cmcrge  that the cyc  perfbrmsa dual roEe  in
detecting ]ight for a range  of  bchaviora[ and  physiological
responses  that are distinct from the classical visual  responses.

Melanopsin-containing ipRGCs havc their ewn  nerve

conncctions  to a range  of 
`non-visua['

 areas  of  the brain,
inc[uding the suprachiasmatic  nucleus  (SCN), which is the
biological clock  of thc brain. The SCN  has a nerve  connection

with  the pineal gland whjch  is responsible  fbr thc rcgulation  of

some  types  of  hormones, as  well  as  with  many  areas  that share

input from  the visual  photorcceptor systern,  such  as the lateral

gcniculate nucleus,  pretecturn, and  superior  colliculus.

  Tn humans,  oeular  light exposure  plays a  crucia]  role  in
circadian-phase  resetting  (Boivin et al,, 1996; Wever ct al.,

1983; Zcitzcr et  al., 2000; Zaidi et al., 2007; Lockley et  al.,

2003; Warman et  al,, 2003; Deacon  and  Arendt, 1995). Light

also  elicits  acutc  physiological cfi'ccts  in humans such  as a

rapid  supprcssion  of  the nocturnal  pinea] hormone melatonin

(Lewy et al., 1980; Bejkowski et al,, 1987; Brainard et  al.,

1 997) and  increases in corc  body temperature (CBT) (Badia et

al., 1991; Cajochen et al,, 1992; Cajochen et al,, 2000; Dijk et
al., 1991) and  heart rate (Scheer et al., 2004; Cajochen et al.,
2005), Light also  induces pupillary constriction  (Zaidi et al.,

2007). Many  studics  have been dcvotcd to studying  the effects

of  bright light on  human ob.]'cctive alertness with  the

electroencephalogram  (EEG) or  fimctional magnetic  resonancc

imaging (fMRI) during the nighttime  hours (Lockley et  al.,

2006; Zaidi et al., 20e7; Myers and  Badia, 1993; Badia et al.,
1991; Campbell and  Dawson, 1990), and  daytjme hours

(Vtindcwallc et al., 2007). For example,  Lockley et al. (2006),
who  mcasurcd  light-induced changes  in EEG  correlates  of
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arousa),  have shown  that 460nrn  monochrornatic  1{ght is more

effective  than  555nm  light at suppressing  dcltal'thcta activity

(O.5- 5 Hz), which  is considered  a  markcr  of  both thc  circadian

and  ]iomeostatic drjve fbr arousal;  furthcrmorc, blue light

preferentially activates  high-alpha frequcncy oscillations

(9.5-1O.5 Hz). In addition, Zaidi et al. (2007) showed  that blue
ltght pret'erentialLy increased alpha  activity (8 1O Hz) in EEG
recordings,  indicating a  morc  a]ert  state.  Only a  I'ew studies

(Katsuura et a],, 2007) have bcen dcvoted to studying  thc effect

of  monochromatic  light on  human cognitive  function with

ERP. Howcvcr, thcy evaluated  centra[  nervous  actiyity  using

P300  event-related  potentials under  red  and  blue light exposure

at  the same  i]luminancc lcvel (31Olx at thc level of  thc ¢ ye).
We know that non-visua[  efi'ects  have action  spectra  that differ
from those ef  vision;  thus, mcasures  of  light for vision  using

photopic weighting  of  the incident spectruJn  Oe., using  a

luxmeter) ure  not  suitable  fbr the evaluation  of  any  non-visual

efTect.  We  should  control  nie irradiance when  assessing  the

spectral  characteristics  of  light. ERP  is a  sequence  of  electrical

changes  elicitcd  by sensory  oT  perccptual stimuli,  and

cognitive  events, P300  is a component  of  the ERP  that was

discovered by Sutton et  al. ( 1965) and  is eliclted  when  sttbjects

attend  to a discrimination task, This procedurc has been
dubbed the `oddball

 paradigm,' since  two st{muli are presented
in a random  serics  such  that one  of  them, i.c,, thc oddball,

eccuTs  rc[atively infi'cquently. Thc gubjcct is requircd  to

distinguish the stimulj by noticing  the occurrence  of' every

targct (mental counting,  button pressing) and  by  not

responding  to the standard  stimulus.  The  target stimulus  c[{cits

P300, which  is not appurent  in the ERP  fron] thc standard
stimulus. P300  is a gcncrat measurc  of  

L`cognttivc

 eMcicncy"

in the sense  oi' how weLl  and  how rapidly  a person's central

nervous  system  can  proccss and  incorporate new  infbrmation

(Foljch, t998). In particu]ar, P300  amplitude  indexes brain
actions  stemming  from 

`tasks

 that are  recluired  in the

maintenancc  of  working  mcmory'  (Donchin et  al., 1986) when

the mcntal  model  or  contcxt  ot' the stimulus  cnvironmenL  is

updated  (Donchin, 1981; Donchin and  Coles, i988), P300
latency js considered  to be a sensitive  measure  of  stimulus-

classification  spced  (Polich ct al,, 1983) and  is generally
unrc]ated  to rcsponsc  selection and  cxceution  processes
(Pi'efferbaum et al., 1986; Kok, 1997). Thus, P300 can  be
considered  to be a  manifestation  of  central  ncrvous  svstem                                             )
activjty  involved in the processing of  new  information when

attcntien is engaged  te update  meniory  rcpresentations

(Xlerlegcr, 1988; Polich and  Kok, 1995; Polich, 1996; Kok,
1997; Coull, 1998),

  K]eitinan (1939) noticed  that alertness  showed  a  circudiari

rhythm,  w{th  its maximum  in the evening  and  nadir  in the early
morning,  about  70 years agu.  Seyeral studies  showed  that

human cognitive  function exhibits  diurnal variation  indexed by
ERP  (Broughton et  al,, 1988/, Wesensten et  al., 1990; H{guchi

et  al,, 2000; IIuang et at., 2006) and  suggested  that the

measuremcnt  of  P300  allows  thc objcctive  identification of

circadian  rhythm  in cognitive  function (IIiguchi et al., 2000;

Time-olLday-dependenL Effi cts of  Monechromatic Light Exposurc on  IIuman Cognitive Function

lluang et al,, 2006). However, to our  knowledge, no  study  has
explored  the time-ofiday effects of  human cognitive  function
during monochromatic  light exposure  indexed by P300.

  ]n the present study, we  aimed  to dernonstrate the tirnc-ofi

day-depcndcnt cffects of two ditferent wavelengths  ot' [ight,
458mn  and  5SOnm, on  human higher cognitive  function by
using  thc endogcnous  ERP  component,  P300,

Methods

Subjecty andpiestudy  conditions

  A  total of  l2 male  healthy undergraduatc  studcnts  (mcan
agc==20.92,  SD=: 1.08 yrs) participated in the  present study. in
order  to iTiinimize  inter-individuar variation  in circadian  phase,
only  subjccts  who  wcre  neither  cvening  nor  morning  types

<average scores=i49.67 ±4,65, av'eruge  waking  timc==7:52 ±

1:16, average  bedtime=t24:27±Oi35hr) wcre  sclectcd,  as

assessed  by a trans]ated versjon  of  the morningnessf

eveningness  questionnaire (Horile and  Ostberg, 1976). This

qucstionnaire consistcd  of  l9 questions pertaining to habitual
bed ttnd  waking  tjines, preferred times of  physical and  mental

perfbrmance, and  suhjective  ftitigue after  rising  and  befbre

going to becl. The questionnaire yields scores on  a sing]e  scale

of  
`morningness'

 vs  
`eveningness'

 ranging  from 16 to 86.
IIighcr scorcs  suggest  grcater 

`morningncss.7
 Lower scores

indicate grcater 
`eveningness,'

 Horne and  Ostberg (1976)
c]assify subj'ects who  score  70-86 on  their questionnaire as
`definitery

 morning  type,' those  who  scorc  S9-69 as
`moderatcly

 morning  type,' those  who  score  42 
-58

 as 
`neither

type,' those who  score  31 41 as 
Cmoderately

 evcning  type,'

and  those who  score  16-30 as  
`definitely

 cvening  type.i They

reported  normal  hearing and  no  neurologicul  or psychological
problems. All subjects had normal  color vision according  to

thc Farngworth-Munscl[ ]Oe Hue  Test. The  sub.iects  were

instructed to keep a  regular  slecp-wttkc  schcdn] ¢  during the

week  (baseline days) bctbre entering  thc study  in order  to

synchronize  their sLeep-wakc  rhythm,  and  kcpt the same

schedule  until  the completion  of  this study,  Compliance with

the protocol was  confirmed  by sleep  djaries and  actigraphic

recordings  (Actiwatch-L, Minimitter, Inc,, Bena OR), Subjects
wcrc  askcd  te abstain fi/om the use  of  any  prescription oT

recreational  drugs, alcohol, and  caffeine or nicotinc. Subjccts

gave xsTitten  informed consent  and  were  paid fbr thcir

participation.

Studyprotocol

  Thc  prescnt expcriments  wcre  performed two  times (daytime
and  nighttime),  12h  out  of  phase with  each  other.  Both

protocols consisted  of  thc samc  set of  mcasurements  but
difTered jn terms  of the tiunings of  light cxposure.  The

protocols are  suinmarized  in Fig. 1. Daytirne and  nighttime

experimcnts  took placc on  2 separate  days, a  protoco] that

required  at least 3 days of  jnterval to avoid  learning eM)cts,

and  were  assigned  to sub.jects  in a  countcrbalanced  manner.  in

cach  scssion,  after  5min  of  standard  light exposurc  (19 lx
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Fig. 1 Overviewoftheprotocol design.

   Experimental protocel, After 5min ofstulldard  liglit expesure,  subjeets  were  dark-adapted tbr 5 min,  fbllewed by 20min  of  monochromatic

   light exposure  including a 6min  AA'1' and  a 20min  oddball  task. The scssion  intcrval was  30 minutes,  while  the order  of  monochromatic

   light eMposuTe  was  counterbalanced  across  siLb.jects. SubiFective a]ertness  scorcs  (KSS) wcrc  collcctcd  bcforc each  scssion.

when  tneasured  vcrtically and  96 lx when  rncasurcd

horizontaLly at the eye  ieve]), subjects  were  dark adapted  (<1
lx) for 5 min,  fo11owed by monochromatic  light exposure  either

at 458nrn  or  550nm  under  the same  irradiance density (9,8
uWlcrn2 at  the level of  the eye).  During monochromatic  light
cxposurc,  subjccts  pcrformed an  AN/  for 6rnin to assess  the

arousal  [evel at the begjnnjng, fo[lowed by an  approxirnately

20min oddball  task  to extraet  P300 event-related  potentials.
Thc scssion  intcrval was  30min, whi]c  thc ordcr  of

monochromatic  light exposure  was  counterbatanced  by
subjects.  Subjective alertness  scores,  as  assessed  by the

Kwansei Gakuin sleepiness  scaie (KSS; Ishihara et al., 1982),
were  collected before each  session. During the experiment,  the

sub.jects kept their eyes  open  except  when  they were  closed  for
rcsting  during thc  AN".

Monochromatic light exposure

  Monochromatic  iight was  geneTated by a variable vo]tage

(O-1 OO) halogen 1emnp, and  fi]tered by interference fi!ters of  1O
nrn  FWHM  (FII:TER INT  458 NM  or  550NM,  Co. Edmund

Tndusuial Optics, USA).  Light was  adrninistered  through an

acrylic  board placcd 30cm  away  from  thc eyc.  Thc  spcctral

distribution and  thc irradiancc density of  45gnm  and  550nm

light were  measllred  by a  spectroradiorneter  (HSR-81OO, Maki
Manufacturing Co., Ltd.). The target irradiance density at the
level of  the eye  was  9.8 ptWlcm2 for both 458 nm  and  550 nni
light,

  In order  to study  the tirne-ofdtty effects, it is necessary  to

assess  cognitive  fimction ovcr  the 24-h cycle. Because the
homeostatic drive for slccp ugual]y  riscs  when  prior
wakefulness  exceeds  16 h, and  s[eep jnertia ]asts up  to 4h  after

awakening,  it is pluusible that monochromatic  light could  exert

its strongcst  alcrting  action  during these pcriods. Furthcrmore,

Lockley et a]. (2006) showed  that monochromatic  ]ight

exposurc  induccs robust  acutc  alcrting cfTbcts at 9.25 hours
bcfbrc thc rcspcctivc  avcragcd  wakc  timc during cach  subjcct's

baseline days, Therefbre, in the present studM  the  sub.jects

underwent  monochromatic  light exposure  t-'o times (daytime
and  nighttime),  12h out of  phase with  each  other. Nighttime
light exposure  occurred  approximately  9.25 hours before the
rcspcctivc  avcragcd  wakc  timc  observcd  during each  subject's

basclinc davs.         v

EEG  and  P300  recontings

  P300  was  elicited  using  an  oddball  task. The standard  (1000
Hz) and  target stimuli  (2000Hz) were  presented binuurally
over  earphones  (MDR-CD2000, Sony  Co,), with  a  duration of
SOms  and  10ms  risetfa11  times that were  edited  using

SoundEdit (Macromedia, Inc.) and  generated by a  computer

(iBook Mg597J,/A, Apple Computer, Inc.). The inter-stimulus
interval was  varied  between 2.0-3.0s. The target stimuli

occurrcd  randomly  with  a O.2 probabilitM and  thc stimulus

intensity was  rnaintained  at 70dB  SPL throughout the

experiment.  During all sessions,  subjects  kept their eyes  open

and  in order  to reduce  eye movement  artil'acts in the EEG,
were  requested  to fix their gazes on  a small  black point on  the

opal  acrylic beard and  to try not to blink, Subjects were

instructed to react  as quickly as poss{ble to t]ie target stimulus

by pressing a button mounted  near  the right hand but to do
nothing  whcn  thc standard  stimulus  was  detected.

  EHG  activity was  recorded  with  AgfAgCl electrodes at the

Fz, Cz, and  Pz electrode  sites of the international 10-20
system,  with  impedances  of  10k9  or  less. Linked earlobes

were  used  as  a  reference  with  a  forehead ground. A  bipolar

clcctrooculogram  (EOG) was  rccordcd  with  electrodes  placed
at the outer  canthus  and  be]ow the right  eye,  The EEG  and

EOG  were  amplif}ed  by a  mu[tichannel  bioump[ifier (MME-
3124. Nihon  Kohden). The  EEG  bandpass filtcr was  0.53-30
Hz; the EOG  bandpass filtcr was  O.O16-15Hz; and  thc EEG
was  digitized at  1msi'point fbr gOOms with  a  prestimu[us
baseline of  100ms, Wavefbrms were  averaged  oenine, and

trials in which  the EEG  or EOG  exceeded  ± 75uV  were

rejected.  Responsc  registrations  were  centro]led  by a computer

(dynabook TX/570LSBB,  TOSHIBA),  The  P300  amplitude

was  measured  relativc  to the pre-stimulus baseline, and  was

defined as  the largest positive-going peak occurring  after  thc

N1OO-P200iN[200 complex,  within  a latency window  between
250 and  550ms. Rcaction timc (RT) was  dclincd as thc time
from thc onsct of  thc stimulus  until thc subjcct prcsscd thc
button, and  any  RT  value  longer than  550ms  er  shorter  than

 150ms was  rejected.  At [east 30 artifact-free  target

presentations were  obtained  for cach  session.

Sleqpiness and  objective  assessntents  of'aK}usat leveZ

  KSS  (Ishihara ct  al., 1982) was  used  for the assessment  of

 subjective sleepiness, This is a subjective rating scale of
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drowsiness that has been transiated into Japancse, and  whieh  is
bascd on  the  SSS (Stanfbrd Slecpincss Scale). Thc  scalc  values

of  answcrs  to 22 questions concerning  drowsiness were

detcrminect. 

'The

 higher the whole  sum,  the  more  drowsy the

partjcipantfelt,

  IVbLZ  "inich  was  cstablishecl by Michimori  et  al. (1994), was

uged  for the assesgment  of  ob.jective arousal  Ievei. In AAIL  a

cyc]e  including a  1-min pcriod with  eycs  opcn  fbllowcd by a  1-

min  period with  eycs  c]osed  was  repeated  tbree times

rcciprocally. AAC  is calculated  by ulternatjng  e]osed-eyes  with

opcn-eyes  and  dividing thc cr-wavc  power at  closed-cyes  by thc
a-waye  po",er at open-eyes.  AAC  riscs when  the arousal  leve]
rises, and  falls when  the arousal  level fa11s.

Data  analysis

  A threc-way analysis  ofvariancc  (ANOVA) tcst for repeated
measurements  (time of  dayXwavelengthXelectrode site) was

carried out for P3OO latency and amplitude  and  AAC,  Tixro-way
repcated  measures  ANOVA  (time of dayXwavelength) was

carried out fbr RT, A  one-way  analysis of  variance  (ANOVA)
test for repeated  measuremcnts  (expcrimcntal session)  was

carricd  out  for the valucs  of  subjectivc  assessment  of

sleepiness  measuted  using  the  KSS,  Paired t-tests were  used  to

coinparc  thc ditferences bctwcen 458nm  light and  550 light
condjtions,  daytimc and  nighttimc  condition,  For post hoc
comparisons,  Benferroni tests rvere  used  to cornpare  the

differcnces among  thc elcctrodc  sitcs. The lci,el of  statistical

signilicance  fbr atl ol' these  ana]yses  was  set  at  O,05,

Results

l[oE2
1

** 11

Subjectivesleepiness

  Thcre were  no  sigriificant differcnces in KSS  ratings among

[he cxperimental  segsions  (F(3,1 1)=O.7 17, p>O.05).

Aipha attenuation  eoq177cient

  A  significant  main  effbct of  time  Qf day was  noted  in AAC

(F(1,11)=: 10,89, p<O.O1), as  the AAC  at  nighttime  was  higher

than in the daytirne (Fig, 2). A significant  main  effbct of

electrode  site was  a[so  noted  in AAC  (FC2,22)=4,967,
p<O,05), as thc AAC  rccordcd  at the Pz clcctrode  site was

significantly higher than  that recoTded  at Thc Fz clectrodc  site

Cp<O.05). No  significant main  eJfect  of  wave]cngth  was  found
in AAC  (F(1,11)=0265,p>O.05).

Event-retatedporentiat

  There were  no  sigriificant main  effbcts  in RT  for the
wayctength  (458 nm,  550nm)  (F( 1,1 1)=O.O03, p>O.05), or  for
the time of  day (daytimc, nighttirne)  (F( 1,1 1)=O.06, p>O,05).
  Thcrc was  a signi{ieant intcTaction bctwecn time of  day and
electrode  site  in the P300  latency (F(2,22)=6,074, p<O,Ol),
Thc P300  latency recorded  at Fz ",as  longer than  that at  the Pz

elcctrode  site.

  A significant main  cffect of wavelength  was  found in P300
amplitude,  as exposurc  to 458nm  monochromatic  ]ight caused

    o

             Davtime Nighttlme (**p<O.Ol,meens+SD)

                    "me  ef day

Fig. 2 GlobemeanAAC  foreachtimeot'day.

   Globe  mean  AAC  for eacli tinie ef  day. A  signifieant  rnain  effbct ef

   timc  ofdag'  was  notcd  iii AAC  Cp<O,O 1 ). as  the  AAC  az nighttime  was

   higher than in the daytime. Data are shown  as means+SD,

A>=vs.g]=aENoocoa
2e1612g

4o

**

             45Snm  550nm  (**p<O,Ol,means+SD)

                 Llghtwavelength(nm)

Fig. 3 Globc  mean  P300 amptltudc  at 458 nill and  550nm.

   Glebe mean  P3ee ampiimde  at 45gnm  and  550nm. A  significant

   main  effbct of  wayelength  ln the P300 amplitude  rvas observcd

   Cp<O,O1), The  P3OO  ttrnplitude  was  significar]tly  lurger at  45S  nm  than

   at 550nm  (p<O.eb. Data are  shown  as  meuns+SD.

a significantly larger P300 amplitude  compared  with  550nm
monochTomatic  light (F(1,11)=11.237, p<O,Ol)  (Fig. 3). No
significant  main  efirect of  time o'f day was  found in P300
amplitude  (F(1,1l)=O,OOI, p>O,05). Thcre was  a significant

intcraction among  wmrelength,  timc  of  day, arid  clectrode  site

(F(2,22)=2.742,p<O,05), Exposure to 45gnm  monochromatic

]ight induced a larger P300  amplitude  at  thc Fz  clectrode  site  at

nighttime  thtm in the daytime (p<e.05) <Fig, 4). A  signi(icant

main  cfTect ef  electrodc  site was  fbund in P300  amplitude

(F(2,22)==39.145, p<O.Ol), P300 amplitude  recorded  at  Fz

was  significant]y smaller  than those rccerded  at  the Cz and  Pz
elcctrodc  sitc (p<O,Ol).

Discussion

  Thc  prcsent stutfy  invcstigated whether  the  eflt}ets  oftime  ef

day on  cognitive  function are  modulated  by ]ight exposurc  in a
wavclcngth-depcndcnt  manncr.  Suhjective alertness scores, as

assessed  by KSS  (Ishihara et al., 1982). ",ere  collected  before
each  scssion.  Wb  found that the subjeetivc  s]ecpiness  before

monochromatic  light exposurc  was  almost  at  the samc  level fbr
all ofthe  experimental  sessions.

  Previous studles  showed  that AAC'  riscs when  the arousal
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Fig. 4 Mean  P300  amplitude  at 4S8nm  and  55enm  for each  time of  day,
   Mean  P300  amplitude  at 458nm  and  S50rlln for each  time of  day.

   The P300 amplitude  was  sis,nificantly lurger at nighttime  than1 in the

   daytime dLrring 458nm  light exposure  at the F7 electrode  site

   Cp<O.05). Data are  shown  as means  1 SD.

level riscs  and  fa11s whcn  thc arousal  lcvcl fa11s (Michimori et

al., 1994). In our current study, at the beginning of  the
monechromatic  light exposure,  sub.jects performed an  AAT  for
6 minutes  in order  to asscss thcir arousal  level. Our results

showed  that AAC  at njghttinie was  higher than  in the daytime,
suggcsting  that thc subject's lcvel of  arousal at nighttime  was

highcr than  in the daytime when  subjects  were  exposed  to 458

nm  or  550nm  light, although  their subjective  sleepjness  was

almost  at  the sarne  level as  before the  light cxposurc.

  Using event-related  potential-P300, wc  found that, whilc

subjects  performed an  oddball  task after the Alpha  Attenuation
Ibst, a  greater P300  amplitude  was  elicited  fo11owing exposure

to 4S8nm  light than to 550 nm  light, which  suggests  that 458

nm  light exposure  enhanced  hurnan higher cognitive  function
as  compared  with  550nm  light exposurc.  This result  is
consistent  with  thc findings Qf  Lockley et  al. (2006), who

found that sub.]'ects  exposed  to 460nm  light had significantly
incrcascd walcing  EEG  power density in the high-alpha range

(9.5-1O.5 Hz) as cornpared  with  those  exposed  to 555nm  light,
and  extends  thesc findings in terms of  higher cognitiye

function by using  an  endogenous  ERP  componcnt,  P300.
Bccallse thc cone  system  and  thus  the  vjsual system  is not  very

sensitive  to extrenie  blue and  extreme  red  ]ight, and  has its

maximum  sensitivity  for green-yellow light (Bommel, 2006),
and  the expcrimcntal  dcsign contrasted  two  narrow-band

monochromatic  lights, namely  458nm  and  550mn  light with

an  equal  ]evel ofirradiance  density (9,8 ttWlcm2), our  findings
suggest  that the melanopsin-dependent  photoreception system

contributed  to the mediation  of  these responses  relative to the

visua]  photopic systcm.  In terms  of time-orday  efTk]cts on

cognitive  functien, our  results  showed  that exposure  to 45gnm

monochromatic  light induced a  larger P300 amplitude  at

nighttirne than in thc daytimc at thc Fz clcctrodc  site, a

location that is involved in maintaining  an  cndogcnous

attentional  set  in working  memory  (Ishihara and  Ybshii, 1972;

Aftanas alld  Goiochcikinc, 2001; Kubota ct  al,, 2001; Ishii et

al,, 1999). Because P30e amplitude  is believed te be reluted  to

the amount  ol' cognitive resources  available for thc cvaluation
of  stimuli (Gaillard 1988), this result suggests  that during 458
nm  light exposure,  a relatively  larger allocation  of attcntion

resources  had bccn providcd to perfbrm the Qddball  task at

nighttjme  than  in thc daytime. The mechanism  by which

monochromatic  light regulates  the cognitive  function is not

fu11y understood.  It is known  that intrinsica[]y photoscnsitivc
rctinal  ganglion cells  project directly to the ventrolateral

preoptic nucleus  (VLPO) (Gooley et  al., 2003). On  the other

hand, the VL?O  innervates ali of  the ma.jor  nuclci  of  the

ascending  monoaminergic  and  in particular, histamjnergic

pathways, which  are  thought  to play a  key role  in walccfulncss
and  EEG  arousal  (Aston-Jones et  al., 1999; Lin et  al,, 1996).
Thus, the etfect  of  458nm  light on  human cognition  might

occur  indirectly via  the VLPO.

  We  conclude  that the timc-ofday cfTbcts  of monechromatjc

!ight exposure  on  cognitive  function arc modulated  in a

war'elength-dependent  manner.  The present study  is thc first
studv  that focuscd on  thc non-visual  effk)cts on  human   "cognitive

 function under  the same  irradiancc dcnsity using
P3eO; furthermore, it extends  the previous [indjngs in terrns of
the tjme-oflday effects, The implications of thcsc findings may

be significant  for the understanding  of the effects of light on

human cognition, and  may  bc uscfu1 in thc dcsign of  novel

[lght devices, Furthcr study  is nccdcd  to cxplore  the  time-of

day effects on indMdual  di fferences.
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