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Abstract The purposc of  this study  was  to determine rhe

relationship bctwcen indiyidual difference in me]atonin

suppression  by cxposure  to Light and  habitual bedtimc.

Seventeen hca]thy male  students  (mean age: 22,6± 2,4yr)

volunteered  to participate in the study,  The sub.iects were

exposcd  to light (1OOO lx) for 2 hours from 2 hours befbre the
time  of  pcak salivary  meLatonin  concentratien.  

'two
 hours aftcr

exposurc  to the light, melatonin  suppression  had occurred  in

fifteen subjects.  No  significant  correlation  was  found between
the rate  of  melatonin  suppression  and  habitual bedtime in the
fifteen sub.jects in whom  me]atonin  suppression  oceurred.

Howover, the habitual bcdtime of  thc two subjects  in w'hom

meLatonin  suppression  did not  eccur  was  earlier  than  that of

the  other  subjects.  Thcse resu]ts  suggest  that there are some

people with  very  ]ow scnsitivity  to light and  that this may

affect  habitual bcdtimc. J Ph.vsivt Anthropol Anpr  Hztnian Sci
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lntroduction

  Melatonin  is secreted  from the pincal glund during the night.
'I'his

 melatonin  secretion is suppresscd  by exposure  to a  bright

light (Lewlr' et  al., 1980). and  there is a  dose-response
reLationship between light intensity and  mclatonin  suppression

(Aoki et al.. 1998: Brainard et  al.. t9g8; Melntyre et al.. 1989;

Zeitzer et al.. 2000}. There are  individual differences in the
magnitude  of  me]atonin  supprcssion  in response  to a given
light intensity (Laakso ct a],. 1991, Smith et al., 2004). It has

been reportcd  that scveral  factors such  as  recent  history of

exposurc  te light (Hebert et  al,, 2002: Smith et al., 2004),

scasenal  variation  cOwen and  Arendt, 1992), seasona]  affective

disorder (Nathan et al,, 1999) and  delayed sleep  phasc
syndrome  (DSPS) CAoki et al., 2001) are related  to individual

ditTerences in meLatonin  suppression.  Aoki ct al, (2001)
reperted  that the rnagnitude  of  me]atonin  supprcssion  by light
in patients with  delayed sleep phase syndrome  (DSPS) was

larger than  that in healthy controls. Thc magnitude  of

melatonin  suppression  by tight is expresscd  as  
L`melatonin

sensitivity to suppression  by light". Thc results  of  that study

suggest  that hypersensLtivity to light is rcluted  to delayed

bedtime in patients with  DSPS,  However. thcrc have been few
studics  in which  the relationship  between individua] difference
in rnelatonin  scnsitivity  and  habituaL bedtime in normal  heulthy

people has bcen cxumined,

  More  rccent  studics  have shown  that nocturnal  melatonin

secretion can  be suppressed  by exposure  to a  ]ight of  sevcTal

hundrcd ]uxcs, such  as  an  ordinary  rQom  light (Aoki ct al.,

l998, Boivin et al., 1998; Higuchi et al,, 2003; Zeitzer ct al.,

2000). It has been reported  that endogenous  mcLatonin

secretion  pLays a role in gating nocturna]  risc  in sleep

propcnsity (Lavie, 1997), These studies  suggest  that rnelatonin

might  be supprcsscd  and  nocturnal  rise in sleep  propensity
reduced  by evcn  normal  room  light. Based on  the results  of

these  previous studics,  it uppears  that individual diffbrence in

sensitivity of  melatonin  suppression  te light affbcts  habitual
bcdtimc of  even  healthy people. In another  words,  people with

a  high sensitivity of  rnelatonin  suppression  may  bavc ]atc

habitual bedtime, Considering the  increasing tcndency  of  a

nlght-shifted lifesty]c in rnodcrn  society,  jt would  be worth

examining  the relationship  between indivi'dual difference in

magnitude  efmelatonin  supprcssion  andhabitual  bedtime,

  The  purpose of  the prcscnt study  was  to investigate

indix,idual variation  in rnclatonin  suppression  in healthy

subjects  and  to exaininc  the rclationship  between metatonin

suppression  by light and  habitual bedtime in healthy subjects.

Methods

  The study  was  conducted  during the period t'roni January to

February. TXN'enty-one healthy male  students  (mcan age:

22.4±2.4yr) volunteered  to participate in the  study.  Subjects
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gave writtcn  informed consent  for participation in the study,

which  was  approvcd  by the Ethics Committee  ef  Akita

University Schoel of  Mcdicinc. Bcfore the experiment,  each

subject completed  a qucstionnaire on  morningness-

eveningness  prcfercnccs (ME score) (Herne and  Ostberg,
1976). Beginning 1 week  prior to the start  of  the experiment,

the subjects  wcre  instructed te keep their habitual sleep-wake

rhythms  and  to conduct  a  selfirecording  of  a sleep  diary

(bedtime, rising  time, s]eep  qualitM etc), The average  bedtime
and  rising  time  on  weekdays  were  used  as  habitual bedtime
and  rising time. Thc subjects  were  instructed not  to spend

nnuch  time  outdoors  in ordcr  to avoid  cxposure  to bright ]ight

for a long time. since  it has been reported  that recent  history of

exposure  to light afTl]cts  thc mugnitude  of  melatonin

suppression  by light (Hebcrt et a]., 2002; Smith et al.. 2004).
The daily activity  pattern and  ]ight intensity to whjch  each

subject  was  cxposed  were  recorded  every  minute  using  an

acceleromctcr  and  optical  sensor  {Actiwatch-L. Mini-Mitter

Co, lnc., USA) that was  attached  to the subject's  wrist.  There
was  no  subjcct  who  was  exposed  to strong  light intensity for a

long time. Thcy  were  also  instructed nor  te consume  caffeine

and  alcohol  and  not  to pcrfbrm intcnsc excrcisc  24 hours prior
to the  experimcnts.

  In the first experirnent,  each  subject  sat  en  a  chair  and  spent

24  heurs (9:OO to 9:OO) in a  dark experjmental  room  (<15lx}.
and  saliva  samples  were  collected  every  hour to determine

peak salivary  melatenin  concentration.  The subJ'ects were

allowcd  to watch  a  movje.  Iisten to music  and  read  a  book. The
saEiva  samp]es  were  kept frozen at -30eC  until  analysis,  After

ccntrifugation  (for 5rninutes at  3000rpm},  melatonin

concentrations  in the sa]iva  samplcs  werc  detemnincd using  a

ELISA  kit {Direct Saliva Melatonin ELISA,  Bulmann,

Switzerland) in our  laboratory. Aftcr analyzing  ciTcadian

variation  in melatonin  concentration,  tbuT subjccts  were

excludcd  bccausc thcir peak me]atonin  concentration  could  not

be dctccted. Seventeen subjects  {mean age: 22.6± 2.4yr)

completcd  the study.

  The  secend  experimcnt  was  conducted  within  2 weeks  afier

the first experiment  in order  to determjne the magnitude  of

melatonin  suppression  by light. The protocol of  the  second

cxpcrimcnt  was  based on  that ofa  previous study  (Aoki et al..

2UOI). The subjccts  wcrc  instructcd to kcep habitual sLccp-

wake  rhythm  and  to avoid  exceptional]y  bright light in the

morning  und  cvcning  until  thc second  experirnent.  The  subjects

cumc  to the laboratory 5.S hours bcfore thc timc  of  peak
melatonin  concentration  ebtained  in the lirst cxperiment  und

they were  asked  to sleep  for 3 hours from 5 hours before the

time  of  peak melatonin  concentratien.  Then  they  were

wakened  and  exposed  to bright tight (10001x) for 2 hours
using  white  fluorescent lamps (FIU.-40S W,iM  4500K,

Matsushita Electric Industrial Co. Ltd., Osaka. Japan) placed
en  thc cciling.  Thc light intcnsity was  measured  vertically  at

thc subjcct's  cye  ]cvcl using  a  light mctcr  (CL-200, KONICA

MINOIJI/A  HOLDINGS,  INC.. Ik}kyo. Japan). During t]ie

exposurc,  euch  subjcct  sat  on  a  chair  and  watched  a  movie  to

fix his eyes,  A  15 inch LCD  display was  placed about  2 meters
in front ef  the subjcct.  Saliva samples  were  collected before
sleep  and  before exposurc  to the ]ight and  every  hour during
the period Df  exposure.  The ratc  of  suppression  of  melatonin

concentration  induccd by the  ljght was  defined as [(melatonin
concentration  beforc cxposure  to light-melatonin concentration

after  exposure  to light) / melatonin  concentration  before
exposure  to light]× 100. Pearson's corretation  coeMcient  was

used  to determine thc rclationships  between variables,

Results

  Data on habitual bedtime, rising timc, and  ME  score  are

shown  in Ihble 1, The average  hubituat bcdtime and  average

rising  time  were  Ol:22± 1.0 hours and  07:48± O,7 hours,
respectively.  The uvcrage  ME  score  was  44,8±6,6, The

average  time of  thc peak melatonin  concentration  was

04:14± 1.6 heurs.

  Changes in salivary  mclatonin  concentration  after exposure

to the Light are  shewn  in Table 1 and  Fig. 1. }vletatonin
concentratjons  increased in al] subjects  during the steep  period,
During the period of  exposurc  to the ]ight, melatonin

suppressiQn  had occurred  in fiftccn subjects  (solid ljnes), but
not  in two  subjeets  (dotted lines) 2 hours after expDsure  to the
light. For the subjccts  in whom  melatonin  suppression

occurred  {n=15), the mean  rates  of  melatonin  suppression  1
hour and  2 heurs after  exposure  were  43.6± 20.8 and

62,9±20.SV5, respcctivc]y.  The  data fbr the tsvo subjects

without  melatonin  suppression  were  out  of  the distribution of

data for the fifteen subjects  with  melatonin  suppression,  and

these data were  shown  by using  Grubbs  Smirnov's method  to

be statistjcally  eutlying  valLLes  (Fig, 1).

  Figure 2 shows  the  relationship  bctwecn rate  of  melatonin

suppression  2 hours afteT thc start  of  ljght exposure  and

habitual bedtime. No  significant  correlation  was  fbund

between rate  ofmelatonin  suppression  and  habitual bedtime in

fifteen subjects  in wbom  mclatonin  suppression  occurred

(r=O.07) (Fig. 2, solid  circles),. Howeycr, thc bcdtime of  the

two  subjccts  in whom  melatonin  suppression  did not  occur

(Fig. 2. epen  circlcs)  was  earlier  than that ofthe  other  subjects

{Fig. 2. solid  circles), Rising timc, ME  score  and  time  of  peak
rne]atonin  concentration  were  not significantly  correlated  with

rate  ofmelatonin  suppression.

Discussion

  In a  previous study  using  almost  the same  protecel us  that

used  in the present study  {light intensity, leeOlx; cxposure

duration, 2 hours; start time. 2 hours befbre peak melatonin),

the average  rate  of  rnelatonjn  suppression  2 hours after

exposure  was  55.SV6 und  standard  deviation was  approximately

20%  in healthy people (Aoki ct al., 200]). These previously
reported  data are almost  thc samc  as  the data obtained  in the
present study  (62,9± 20,5%). Contrary to our  expectation,

there was  no  significant  relatienship  between individual
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Tfible 1. IIabituaL bedtime, habitual rising time, ME  scDre,  time  ofpcak  melutonin  coneentratLon  and  rate  ofmclatonin

   suppression

Subject
Bed-time

 {hour)
RlsingTime

  (hour)
ME  scDre

 TimeofPeuk  Melatonjn

melalonin  (hour) Suppression (2h] C%)

SlS2S3S4S5S6S7S8S9SIOSI1S12S13S14SISSI6SL722/3S23;S3

 O:4U
 O:57
 1/05

 1112

 1:27

 1:2g

 1/37

 1134
 1134
 1:40

 Ii46

 1/4S

 21]O
 2/3S

 2146

7/136/247/OSS078,548/397/47S/L97/2S7/407/47S:3171576155.8/IS7/407:S35S504342so374644353945.4745594042402/OO310D3/OO6/OOs:oo4/OO4/OO5/OO3/OO4/OO3100sleo11oo2/OO6:OO71007100-36.9-21,5

 73.3

 67.9

 74.7

 35.9
 76.7

 ]5.5

 44.1

 85.S

 78.7

 55.g

 50.7

 S5,4

 Sl.2

 63.2

 85,O

Pcv'erage

 SD

II221.0h 7/4SO.7h 44.86,6 4/141.6h 62.9.20.5*

'
 n=  1 5 (Data from two  sub.iects  in whom  meLatonin  was  not  suppTessed  ",ere  excluded.}

Dark  &  Sleep Light &  wake

-

==otsUE.Eooo=agU

  -40

  -20･.sSo=..

 20atL

 40=g

 6o=8
 so

  lOO

.40-20o

 2040

 60

 80loo

D

n=15Mean
 62.9%

SD  20.5%

Fig,

                                                  n t

             -3 .2 -1 O L 2 O1234567

                        RciativeTime  Frequenc}･

             (O rneans  the sLart time of]ight  exposure)

1 Changes  in metatDnin  conccntration  before and  after  exposure  to light (Left) and  frequency disLribution of  the rate  of  mclatonin

suppression  2 heurs afier exposure  to tight tRight). The raLc  of  melatonin  suppression  was  calculated  based on  Lhe va]ue  betbre the start of

cxposurc  to the light {see text>, The melatonin  were  suppreHsed  {solid lines) in fiftecn sutijects, but the melutonin  in two subjects  were  not

supprcssed  2 heurs after exposure  to the light {dotted tlnes). Tlte data in twe  subjects  with  non-suppression  of  melatonin  (Open bar) were  out

ot'  the distri bution of  data for the  fifieen subjects  with  suppressien  of  melatonin  CSolid bars),

differcnce in rate  of  melatonjn  supprcssion  and  habitual

bedtime. This resutt suggests  that individual diflerence in rate

of  melatonin  suppression  by a  light does not  affect  habitual
bedtime amDng  people in whom  melatonin  secretion  is
suppressed  by light. Howevcr. habitual bedtime might  be

afTected  more  by ine]atonin  suppression  befbre going to bed. In
the present study,  as  mclatenin  suppression  "'as  measurcd  aftcr

habitual bed tirnc of  each  subject,  it is necessary  to examine

the rclationship  between habitual bcdtimc and  melatonin

suppression  by light before habitual bedtime.

  Thcrc were  two  subjects  in whom  melatonin  suppTession  did

not  eccur,  This suggests  that there are  somc  pceple who  have
vcry  low melatonin  sensitivity  to supprcssion  by light,
Furthermore, the two  subjects  in whom  mc]atenin  suppression

did not  occur  had earlier habitua] bedtimes than  those ef  the
subjects  with  suppression  of  melatonin.  As fbr the causal

reLationship,  it seerns  to bc impessible that the habitua] earljer

bedtime causcs  non-suppression  of  melatonjn,  because it has
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Fig. 2 Relationship between rate  ofrnelaLunin  suppression  2 hours ufteT

   the  starl  ef  lis,ht exposure  and  habitual bedtime. No  significant

   cerrelation  vv'as fbund in fiftccn subjccts  with  supprcssion  of

   melatunin  cT=O.07. n=15)  (solid circlcs}. The  two  sultjects {open

   circles) in whom  tne[atonin  was  not  suppressed  had earlier habitual

   bedtimcs,

been reported  that meLatonin  suppression  was  observed  in

sub.jects  with  early  habitua] bedtime (bcfore OO/Oe} (Aeki ct

at., 2001; Hebert ct  al.. 2002; Owen  and  Arendt, t992). One
possible reuson  tbr the fact that there was  no  sub.ject  with

melatonin  supprcssion  who  had a habitual early  bedtime

(before Oe:OO) is selection  bias in the present study, It was
djMcult to find subjects  who  have habitual early bedtime
because almost  all university  students  tend to ge to bed late,

  On  thc othcr  hand  it may  be possible that the  physiological
features ef  nen-suppression  of  rnelatonjn  by tighr cause  the

habituat earlier  bcdtimc. It has been reported  that  exogenous

melatonin  havc hypnotic efTects  (Mishima et al.. 1997: Nave et
u].. 1995). It is alsQ  thought  that the endogenous  melatonin

opens  thc slccp  s,ate at  night  (Dawson and  Encel, 1993: I.avie,

1997; 11v'irz-Justice and  Amnstrong, 1996), while  the hypnotic
elTects  of  cndogcnous  nielatonin  have not  been fu]ty ctarjfied

(}v{urata et at., 199S). It' endogenous  melatonin  docs in fact

have hypnotic effects,  the physiological features of  non-

suppression  of  rne]atonin  by light could  prcvent the delay of

bedtirne. Further systematic  study  is needed  to elarify  the

causal  relationship  between non-suppression  of melatonin  and

ear]y  bedtime,

  In the field of  physiologicat anthropology,  it is expected  to

invcstigate the variations  in physiological responses  from the
vicwpoint  of  polymorphism. The fact that there were  two

subjccts  in whem  rnelatonin  suppression  did not  occur  by light
may  suggcst  the example  of physiologicai polymorphism, It
has been rcported  that  melatonin  secretion  in three of  twelve

subjects was  not  supprcsscd  by exposure  ro light (500]x) for 3

hours (Hebert et al., 2002), A  possible rcason  givcn for the

non-suppression  of  melatonin  is that thc pcriod of  cxposure  to

light was  too early  for thc phasc of  rnclatonin  secretion.  In the

present study.  the effeet of stttrt timc of  light expesure  on

suppression  of  melatonin  seems  to bc ]ess bccause the  start

time of light exposure  was  individually sct  2 hours before the
time  of  peak melatonin  concentration.  Howcvcr, it is not  clcar

what  mechanisms  (genetic lacters, cnvironmenta1  facters and

cuttural factors) arc  rclated  to the lo-' sensitivity  of  melatonin

suppression  to light. Further examinatLon  of  more  subjects  in

whom  melutonin  is not  suppressed  by light, determination of

the cuusa]  rclationships  betsN'een non-suppression  of  melatonin

and  early bedtimc and  its mechanisms  are  needed.
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