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Local sleep in awake rats
ean o vo e ars s Sleepy neurons?

A study in rats suggests that individual neurons take a nap when the brain is
forced to stay awake, and that the basic unit of sleep is the electrical activity of
single cortical neurons. SEE ARTICLE P.443

a Awake ¢ Forced awake 28 APRIL 2011 | VOL 472 | NATURE | 427
Sleap prassura low g:;ﬂ:g prassura high )
Paerformancs errors low rmancs errors high Figure 1 |N | . It:r'm ratbrain. a.In

the awake brain, when the pressure to sleep is low,

most neurons in the motor cortex and the parietal

cortex are in the ON state (red), as defined by

their electrical activity. Only a few are in the OFF

- electrical state (blue), which is associated with

sleep. b, In the sleeping brain, the converse is

true. ¢, Vyazovskiy ef al® report that in awake,

- | sleep-deprived rats, the number of cortical neurons

b Asleep n Mor ;o Parleml in the OFF state correlates with the pressure to sleep,

SRS and that the rats make more errors than fully awake
rats in performing a task associated with neurons

in the motor cortex. The presence of neurons in the

OFF state in the motor cortex did not correlate with

the presence of such neurons in the parietal cortex,

suggesting that the observed ‘switching oft” of

individual neurons during sleep deprivation is not

coordinated across the whole brain.




Local sleep in awake rats
ean o vo e ars s Sleepy neurons?

A study in rats suggests that individual neurons take a nap when the brain is
forced to stay awake, and that the basic unit of sleep is the electrical activity of
single cortical neurons. SEE ARTICLE P.443

' ' 427
da

T — I . a,In
L \ ' Lo,
) rietal
o — OFE

RZ455YF6 '

;umns

(D —5R) (iil Cls =
AN 7 Leone _j the presence of such neurons in the parietal cortex,

= = suggesting that the observed ‘switching oft” of

individual neurons during sleep deprivation is not

coordinated across the whole brain.

=

awake
FONS

in the
te with




BEOITEMEL BIRAET LY,

R4 SEREROFLENCRIETERNGLEY Hb SHRRONAROMREDL

20- 15
ﬁ" 3 P BEAE R
] 151 %ﬁ
" al
ﬁ 10" a ..l, \u.
ﬁ g dr,/ \\
¥ SHMERE % | L,Af" Y-
ILEII > L 7eepymmmmay £ d ,Tw"
. @ ”
ﬁ 'D T T | T T 7 T T T |9H|$ﬂﬁHEEEg¥ ﬁ }/
%1234567123 N _
B KEH OB — T T T T T T T T 1
, ) 1 2 1 2 8 45 1 2 3
XD (BERR 8 Bff) . RBRE (BRGOERNRED. @ER - -
(BRRR 8 BT . MisR SRR MHIREINTHNS0.58->T HEZER|| EmEERR ERHE
bRILTEAN S (RELL)ERERT HI L GEIE 8 BSR0) . SERRREIRE (IR 4 F50Y). EHEE (B

Belenkyis, 2003 & 8 E¢fd) Axelssonis, 2008



BEOITEMEL BIRAET LY,

R4 SEREROFLENCRIETERNGLEY Hb SHRRONAROMREDL

20+ 19
*i» MS%HEM
j 15+ 13
% 2 10 A
CD ﬁll P \\
R 101 % ,.J' M
P2 . g -17 ™\
E > Isu#raﬂaw % | L,ﬂ' ~~,
. ~ i .
ILEII al *IHL__L,I_ L A
0
Local sleep In awake humans. |
EL'EEI(EEESE%I“D :;;; (%%#m;;ﬂ;rﬁ) [El{& 1 2 128 45 2_5
: bt B . 7
(BRRR 8 BT, ﬁegmt;t#ﬁﬁ:mmm‘ié NTHS067=-T HER|| FEMEEERE EIfEH
bRETEEN > R(RELLIARERT A0 GRIE § B5R0) . TR E (R 4 B0, BiEE (8

Belenkyis, 2003 & 8 E¢fd) Axelssonis, 2008



Fatigue, alcohol and MATURE | WOL 388 | 17 JULY 1957
performance Impairment  pawsonA, & Reid K. p.235

N _ 4 .
104 ind 1=
108 ]

g ] 100 —

E 100 a J

= ] E 095 -

M a8 ] = '

! T ]

% 0.0 g 082

= : = y

= 84 - D OER -

] ] = -

= oaz i .

= Qa4

o 12 14 18 1B M 22 24 %
OO0 O0F 004 005 008 040 042 o4
Houra of wakefuinees Blood alcohol concartration (@)

Figure 1 Scatter plot and linsar regression of mean
relsthe  parformance  lewsls against &, tme,
batwean the tenth and twenty-sixth hour of sus-
mined waksfulness =128, FP<006 A°=097]
and b, blood slcohol concantrations up to 013%,
[Fiz=b4.4, P< 006, R*=053}



Fatigue, alcohol and MNATURE | WOL 388 | 17 JULY 1997
performance Impairment  pawsonA, & Reid K. p.235

RGN S
=AY E AL -
T9I H,
FEHTHRN ! -
HRE, o

Bt Fon™ ™l Tl § "™l 0T e Fo™wi | P Dl P 1§ ™8

Kaan ralative pariomancs

Figure 1 Scatter plot and linsar regression of mean
relsthe  parformance  lewsls against &, tme,
batwean the tenth and twenty-sixth hour of sus-
mined waksfulness =128, FP<006 A°=097]
and b, blood slcohol concantrations up to 013%,
[Fizs=54.4, P< 005, R*=0543).



INPFEEDKREZIDEE

—19794 L£2002F LD HLER—
W ORF LLEZ
100% — 1 -I . O OB &1
75% W 2285 R
50%
25%
0%

794 024 794 024 794 024 794 024 794 024 794 024
N\ INS N5 /N6 /6 f1 A F2 2 F3 3

20064EFk HAD/NEREEAIZEE OB B L] 21088104

20055ERED T AV WDO/NERAVEADE DL F148KF35%
20054EFFK D  FEO/NERAELEDE D B 1% 9BF0047




HEO/MNERREDOFKRZI (20114108)

60%

0148
50% —‘ -
024
034
B4t
54
L Nof:a

40%

30%

20%

10%

. |

1 21B5RT] 2 2188 3 228 4 23S 5 248U
3

0%




120

100 -

80 -

60 -

40 -

20

2265 Al 2365 Al 245 Al OFF &



50

40

30

20

10

m1FEEEF

O IhEREFKEDRIKEZ] (2011524 )

> —t— ]

<21

<2

il




OB EFEORKEXI(2011%F10AR)

%

60
50
40 1F4£8F
1EELF
30 oEHET
20 m2FELELTTF
R3ELBF
10 3ELELT
O _

<21 <22 <23 <24 24<



EEI-

OOfFAEFEDEIRNIGEULE

N2F A LZF WIFEFBEF WIFELF

TTAETEL 58 Int



FHEIIB 5 DOEETIX

Follbaryhbe— L TEERA,

HMEDAA— T AL VIS L

DR EEEETIDOEXES>LTTLLEY ?

HIRT- N0 TENT] LS LEnb

DIBREELPELZOTIEED Y THA,

(EPNZ EARBIBH Y 9027

=

G S NTINR =2 NI /N - A

I FEVESITHET 50D TY,




E MI24RFERI W2 HFE T
@Jb\fb\énﬂ‘y R TIXZ2 v,

B BRI

BRI < ik & . I < E'J*FWEF@J: BV ET,

BIA @< RmiE | RECEIS R

Y
0%

I

I
=

=B

ESEE p-o<Y)
fibd A= 55 A B hEtH b
/AN i /1>

ki 24F

FEIVOBE CICEINTWHrR Yy FTIRRWDT




LR X L (BER - EEE ﬁ;/m

Light On SE——Lights Out ‘,’

12
Time Elapsed (hr)

1% Hydroxycortncosteronds in Plasma Jii==

AS k=Y
T \—4/
TTEERALEY
L ~U LBEIR (BERUNLBEDAR)
ERER T/ YL AER (FYyRUBR-ST,
12 18 0 6 12 (%) SHDHR)

8 12 16

20 24

BOR AN, SHMOEEREE 0 T O HPEE

ad

_ " !
BEHRM24RRCUEI g s BB IRLEY



BRAEER") X L (BER - EEE 1715

<—Lgh( s Out

s ILEYV) @*EE@FF“

2 Light On <——luN s Out- >§< Uight On >
‘ . BN !
= \ ‘ 1| NS

1$/Ex( C)

37.5
\ /\\ Time Elansed (he)

XEXER R A’é.ﬂﬁ'ﬁb’(b\édm\
_ SRR TI.

5.0 [

s

36.

Time Elapsed (hr)

1 iR E =
| AT b=
1 IEAse
TTEERLEY
| L AR (BEBLEN5HADAR) —24h¥F¥{E
BEER T/ Y LLER (FyRYEST,
12 18 0 6 12 (B3 SHDHR)

BRIt T
2 H|

24, SEM0D 4 HBERHZ :"WZ'XTDJME'W%@J
MaRRISUEYh g s HIcEBRILES

3

[ K




[EHRFLKE]BEICHS

ABDOEFU X LEIVNO—)VT BEREEE. 1B%9 24 55HE
DY AZIICIEDTUD . ZDIEHRDRIZER LD EBH. X5

DX ERE TR I DTEICIOTERVX LZ1H2465E R
BULTWL\D.

AR FAeEEt
PHB AEKIZLADE
£, EREEEE. 8.
FIELDBYX LG ﬂ#

EICRA5T3 ~_ NEWSWEEK 1998. 9. 30



(=]
[e7]
[
N
—
[o2]
o
=N

e T Week o 3 1n 1% 2 6 10 1Y 5~

—— — s -

—Tr—— F— e T UL — T. o -

—_— e — — e [ P——

Pr————— " - -~ — =

= — ‘_'——. - — :—__- - 5
e — — - - - e———

'i
—
N
b
A

i
N h
i
v
i
| ‘
l 'l

|

Im —

4& E Sl S — o —
1 5 N —— L 5 - _":* -;.._
e e iy
,]\l -;'39 = e - T ==
J .- —_.;_ — '. -'—__: .__j_ -
2m — N 8 == ST e
ey~
E( $E—_—— S==m——= - . —::
T e e ——— == - 3
T ni 5 —_—— - ———— 2
i g g R e
e e e e S T T
_— = T = = I — o0 — T A
—_— = =L = = e e — Y SRR e — L
t-f& Sl === r—— s = (j J 7/) R o T
- = T = e _— e — e
—__-—-—-——-——:.:_:_'.:':::.—i__: .__._—_E.._.—"' _—_Z_E = N o -:_“ — -!-'_-—_. = _‘:7'___-“
—4+4 A =—— - ===-_% HSG&HHIFEH = e =
e =/ —;‘_;.:T_—" .__E I — B S e ——— T —— “‘E-
m — —_— e T = e = N e T L ——
AR — =k W O =
e e e S ’ 77 o B e ——
—wx\‘ e = s == = W e —s T T -
L =———————-> .= = == _ == T
| G- :—____:_’:_—;_‘:—_—_E_:"_i__ = — wx 'i 2 —— —_— -
dEmoR. | —Ei==2  COXL T
———— TR e per Fe o - B - T - o=
5m — e, o R e SR ——— f—{*ﬁi+ o= R s e Yt
P - — — —_— e e— — =
S _——_ == T = = — =] = e Lo
0)\\(1- = = _ - = — ———= e
—————— -E“— e TR e ey s ._—_— __—:—2_\5- —?—_: —_
Tty | === ==== & e C i
=_=_—.:-_: .__; '—._— T mﬁw -;- % % = ._—:_-_——-. __:—._-
-iT 6m — ‘;:‘_"—'_‘"_.:_f‘i _—_-_:___-_-—_- 4“. =__—__.-=-;_= =s
(o} :_.:_—__— T L ___; ! ®§-t$-§- B e o= =1 x __—
T e o B 7 ZRERE. BRAZELE R
e = freo-running paticen,

BNNEt, MREF. 1987, No.5, B2t miEES, 1985, No.1



:'18 0B 18 206 asaiai8 %I

Eelvenjosianjee )
[ = REIE
N N\ iR S
§ UZXL 1 HickBE &Y
SR '
A ZLOMERE
, | F b RS O RO
o | R | mg | R ATAR RS % 35 & 8 80
i (LB, SHOBMBCE
A 55 RECRRE T2 &, &
| RS L VEIRESE E 3
— L (hEY). Bl O BB IR
. \E“E_l/\ | 5 | B BIREDE % BT 5 &
A # Ve R B & UHEIRAEASE
i = n5 (FEY).

AWE-&Hi—., ATAIBEREKMAERESE., 2000, Nol0,



K.
Mar —i%ﬁ‘a— § ;B%
TR = AR
Tl R &R HIZEL.

= Z[IHEHT
™ -~y
Mar{ T, s
B
7 BIIRESE,
Jun 4 s N E
<
-
e M
I, S
"‘".’1-.-
Dec - + X
T E—p—— Th Kant Myriam Juda,! Martha Me
. o - omas ermann,’ riam Juda,! a Merrow,?
7.4 /.b /7.8 and Till Roenneberg™*
REE AR A ST 'Ludwig-Maximilian-University
Goethestrasse 31
: D-80336 Munich
Current Biology 17, 1996-2000, 2007 g, Germany
The Human Circadian Clock’s 2Department of Chronobiology
Seasonal Adjustment Is Disrupted University of Groningen
by Daylight Saving Time 9750AA Haren

The Netherlands



[EHRFLKE]BEICHS

ABDOEFU X LEIVNO—)VT BEREEE. 1B%9 24 55HE
DY AZIICIEDTUD . ZDIEHRDRIZER LD EBH. X5

DX ERE TR I DTEICIOTERVX LZ1H2465E R
BULTWL\D.

AR FAeEEt
PHB AEKIZLADE
£, EREEEE. 8.
FIELDBYX LG ﬂ#

EICRA5T3 ~_ NEWSWEEK 1998. 9. 30



BB (RS E) *T R w"ETlL----
(Yzookgg‘akug HERIEMDI-6E 1384 PEATMAEEI TS
((aziggg)otti‘z‘) 127 DEREGEITA | ZFEANEL BFENEL 1515L0T L,

Wolfson 5 (2003)

PEREMKFE

BANLEABYHTFHET,

Gaul> (2004) BEDA-8FELE1672 A | moodiness (REELE, LR, FHEE) LOBENBFTHEL,
JR H (2004) EmADHPFEEE1IA BELAL 1ETAF1T 1 DHEENEES,

Caci (2005) TV AMDEESS2A EEVLNBNIEEGEEIEL,

Gainai>(2006) | BIUDHFELEEIBA ABRH, SEERE. OS2 0ES, BROESEEE,
Gaui> (2007)

BED12-13851332A

THL-BREETOMERLNZL BERER., BDERFLZL,

Susman 5 (2007)

K¥EDS-13E111 A

BRTRASMTE. RAER. TEICEISHE. TAE

= LEBL. R ITHRE LR 5.
N A
Bt AR SR AN LD BEEE T

H£B8 2006




1% 6~ A ROEREEE) X L
18:00 0:00 6:00 12:00 18:00 24:00

12.4
200>

11.9
2200

11.6
2300

11.2
F2300 i

18:00 0:00 6:00 12:00 18:00 24:00



1% 6~ A ROEREEE) X L
18:00 0:00 6:00 12:00 18:00 24:00
12.4
200>
11.9
2200

AL TIXEEREFE AV

EMIBFITEICODBRITEDEN Y | WITELCH7EL |

18:00 0:00 6:00 12:00 18:00 24:00



Total sleep duration [hours]

20
19 -
18 -
17 -
16 -
15 -
14 -
13 1

11 4
10

o =] D w

Total sleep duration

13 6 8 115 2 3 4 &5 & 7 B 9 10 11 12 13 14 15 18
Age [months] I Age [vears)
Sleep Duration From Infancy to Adolescence: Reference Values and
Generational Trends

Ivo Iglowstein, Oskar G. Jenni, Luciano Molinari and Remo H. Largo
Pediatrics 2003;111;302-307

20
19
18
17
16
15
14
13
12
11
10

o =l @



5-4 {tFRZEDEEFHARTE DR IR
(B5R8 -53)

I R S fe

10:30
10115
10:00
9:45
9:30
915
9:00
8:45
8:30
8:15
8:00
7:45
7:30
7:15
7:00
6:45
6:30
6:15
6:00

g
C
S
NEK,
us U hPPEFNo éS
USHUK l\ﬁ%
UIQ‘-"S uk NoH A Ag;
G F USUS U K AFFr
J (8:39)*% No 5 AFTyK
J(8:24)* G No G A
G F us
G
C
J (7:25)** g “No
J (7:14)%* us US
BRI K EERETE No
FEhtz9—(CDO) B j EggH:*
WL o ZEEAR SR '
10 11 12 13 14 15 16 17 18 (&%)
i

Olds T, et, al. Sleep. 2010 :33(10):1381-8. & 1) —BfoiE
*+ESREHES [Tl 18FE RE - £HE04EE SERECET 8 LV
W EEEA OFFRFRRS [T 20FE REERORBRE Y — 15 AWERSE] &

AlF—-ALSUF
B : N)bF—

Br: 7SI
C:Hhr+¥e
F:4232R
Fr: 222X

G: FaAY

H: N2HU—
N:Za—3J-FURK
No: /Ibox—
SIAAA

Sp: ANRAY
Sw:ADI—F
UK: AFUZX
US:7XAUAB
J:B&




|-('

%@uﬁ«@%@

RO FEORER 4 RFHERER T 6 e (8, 12FKFHIHEAR & LhE

— TEEET BER®BE) . FHOarLF YV —VETAER (B .
RRAPREARIEN ER (BILE) Uﬁ?x@ﬁ@%ﬁﬁ?(ﬁ&%ﬁ?)

-x

I-(

AR

Impact of sleep debt on metabolic and endocrine function

Summary

Background Chronic sleep debt is becoming increasingly __

common and affects millions of people in more-developed
countries. Sleep debt is currently believed to have no
adverse effect on health. We investigated the effect of sleep
debt on metabolic and endocrine functions. |

Methods We assessed carbohydrate metabolism, thyrotropic
function, activity of the hypothalamo-pituitary-adrenal axis,
and sympathovagal balance in 11 young men after time in
bed had been restricted to 4 h per night for 6 nights. We
compared the sleep-debt condition with measurements taken
at the end of a sleep-recovery period when participants were
allowed 12 h in-bed per night for 6 nights.

Findings Glucose tolerance was lower in the sleep-debt
condition than in the fully rested condition (p<0-02), as were
thyrotropin  concentrations  (p<0-01). Evening__cortisol
_concentrations_were raised (p=0-0001) and_activity of the

_sympathetic nervous svstem was increased in the sleep-debt
condition (p<0-02).

Interpretation Sleep debt has a harmful impact on
carbohydrate metabolism and endocrine function. The effects
are similar to those seen in pormal ageing and, therefore,
sleep debt may increase the severity of age-related chronic
disorders.

Lancet 1999 354: 1435-39
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Sleep habits and susceptibility to the common cold.

Arch Intern Med. 2009 Jan 12;169(1):62-7.
THMU ~ 5 ? HSEHASHADD Cohen 5, Dovle W1, Alper CM, Janicki-Deverts D, Turner RB.
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Taheri S, Lin L, Austin D,
Younqg T, Mignot E. .
Short sleep duration is 6 T 4 9
associated with reduced Average: nightly sicep {frs)
leptin, elevated ghrelin, Figure 2. The Relationship between BMI and Average Nightly Sleep
and increased bOdy mass Mean BMI and standard errors for 45-min intervals of average nighﬂ}r
index. sleep after adjustment for age and sex. Average nightly sleep values
PLoS Med. 2004 pmdicting lowest mean BMI are mprtv.ented h}r the central group.
Dec;1(3):e62. Average nightly sleep values outside the lowest and highest intervals

are included in those categnriﬂ. Number of visits is indicated below
the standard error bars. Standard errors are adjusted for within-
suhject correlation.
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Early rising children are more active than late
risers

Jun Kohyama Background: A low level of physical activity impacts mental as well as physical health. This
study investigated the daily lifestyle habits that affect physical activity in young children.
Methods: The relationship between physical activity, assessed by means of a Mini-Mitter
Actiwatch device, and observed daily lifestyle habits was analyzed for 204 children, aged 12 1o
40 months {average: 226 months), for whom 6-consecutive-day data from both the Actiwatch
and sleep log were obtained.

Results: An older age, male gender, and early waking time showed significant positive cor-
relations with physical activity level. Multiple regression analysis revealed that these three
variables were significant predictors of physical activity.

Conclusion: Promoding an early rising ime is suggested to be an important element of culti-
vating good health in young children.

Keywords: physical activity, children, actigraphy, moming light

Czparement of Pediatrics, Tokyo Kia
Shakai Hoken Hospital. Tokye, Japan

Meuropsychiatric Cisease and Treaoment 2007:3(&) 757263
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Falling asleep: the determinants of sleep latency

G M Nixon," J M D Thompsen,” DY Han,2 D M O Becroft,” P M Clark,” E Robinson,’
K E Waldie,* C J Wild,® P N Black,® E A MitchelP

ABSTRACT

Background: Difficulty faling asleep (prolonged sleep
latency) is a frequently reported problem in school-aged
children.

Aims: This study aimed to describe the distribution of
sleep latency and factors that influence its duration.
Methods: 871 children of European mothers were
recruited at birth. 591 (67.9%) children took part in the
follow-up at 7 years of age. Sleep and daytime activity
were measured objectively by an actigraph worn for 24 h,
Results: Complete sleep data were available for 519
children (B7.8%) with a mean age of 7.3 years (SD 0.2).
Median sleep latency was 26 minutes {interguartile range
13—42). Higher mean daytime actiity counts were
associated with a decrease in sleep latency (—1.2 min-
utes per 107 movemnent count per minute, p = 0.05).
Time spent in sedentary activity was associated with an
increase in sleep latency (3.1 minutes per houwr of
sedentary activity, p = 0.07).

Conclusions: These findings emphasise the importance
of physical activity for children, not only for fitness,
cardiovascular health and weight control, but also for
promoting good sleep.

What is already known on this topic

» Up to 16% of parents of school-aged children
report that their child has difficulty falling asleep.

» In an experimental situation, acute exercise
reduces sleep latency (the time taken to fall

asleep).

What this study adds

» Ina community sample, higher daytime activity
is associated with shorter sleep latency.

» Longer sleep latency is related to shorter total
sleep duration, which has important implications
for child health.

eligible for inclusion, and from 12 August 1996 to
30 November 1997 babies born in the Auckland
Healthcare region were eligible to participate. All

Arch. Dis. Child. published online 24 Jul 2009,
doi:10.1136/adc.2009.157453
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Yasuniwa, lzumi H, Wang K-Y, Shimajiri S, Sasaguri Y, et al. (2010) Circadian Disruption
Accelerates Tumor Growth and Angio/Stromagenesis through a Wnt Signaling Pathway.
PLoS ONE 5(12): e15330.
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