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(Nobuo Ibuka(1984) Ontogenesis of circadian sleep-wakefulness
rhythms and developmental changes of sleep in the altricial
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(Ibuka,N., Nihonmatsu,l., and Sekiguchi, S.(1980) Sleep-
wakefulness rhythms in mice after suprachiasmatic nucleus
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( Saito,M., and Ibuka,N.(1983) Decreased food intake of rats
kept under adiurnal feeding cycles: effect of suprachiasmatic
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( Ruby,N.F., Ibuka,N., Barnes,B.M., and Zucker,1.(1989) - - 69
Suprachiasmatic nuclei influence torpor and circadian tem-
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Wb @FEEE. BOTRIOMLAEVLY., BICADLBRLAICETLERD
. MBRBBBELARAGTHICREICETS. TLT. . BRDZ L
LEIPS LA LBOFRICE—VE2HBZID, COLSICHANBHES,
BREWEWSINRGEFERDY, RXHICBETHOBY THS - LICHKXT
5, Sy bDLI, BRITHOBYTE., CheEFHElC, #EL. BEV
EWDHBRVAADBBEEZND, EbPSybDIOEDIBEEREY X AR,
ERDEFRRLTHEDSAVOT, EHPEBHORBRLLTELH TN L
AIMABREY TRV EN DD, CDELE, BEGAEPREXRDR
HNEBARTHB L, BEERELTWT, —ETH D,

BEOEDICH. HEIR - BE. ZBHE. BcOoFRILEY, BREME. K
BEYPRIVUSHENIEREORE., MBREH. =5 IC@FhAtOBME
BET. RCZ<OEBBRECTHN 1 BORHBTEHL TS, S HH#
FEPTHICAoNS 1 BRBOEMYILHEVIEEEY X AF., Bl
BY LS EMCRALGEHOMYICEVWTHEINIIEFECERENTLEY
BERTHY, Z<OBYICBENVTHHREZN S,

CDEYMUXLR,. MEVWAES—BT—EETSHEHOBEICK > TH
VHENZBLROXARICHTI2BEOHERELT, BEENAEBDOTH
2. CO—BRBMOEMYXAIR, —F. —A, —EH. ¥B. EREL
ESFTERABPOEYIUXILDEDLTS., Y—HF 47 UXA (HBA
DX L) &N, BHBHROLHNABYXATHY., GKHFEZhTL S,

(M) Y=—hF472UXA (BBUXA) DEBK

WE., SYMPNARYI - DRKEZHB YA VLB ERICUBR TER
THREODB L THERD L., BEKARICETIRLBIELHTRELTL
T. 8. ARANELD. #ET L. TOBHMEIERICUBHETH 5.
LA, BMEREEZ-—EICHRBRLAHEBY )L (UTIWDEBR)D
ROV AREOERRE (LITDD &R, 5 0N FEEHE (LTFL



EHMEBIOLS>HBHRICBL., TITHEERERTHL. REKECET S
BEE. BELPLTDODEBAET. F4ICK->TR, B EDBHD. .
BEAERTCAK<BEARICETIRUELBRTHRALZILHBREINS.

Fig.0-113 4 BEAYMD DY A /L EHBLVEDDE{FDODBETOD +
PHUTZUONLRSY—-D 1 HOUBEBREROHBZN 2 v AF¥ICDL o TE
BELEDBOTHD, CONLRY—%22sAB. . BAORRICBEL

EBVMEHSBRE, ZOFREHHICKEREETREETTIIS. ZOfT
B, 54—+ b=/~ (dailytorpon & {Eh, v HUTFTVNLARS
—R AT IUNYARIIDOLOIBREBHYWTEHEZNS, T4 U — -

FP=—N—RBhSO0HYHBEOFET S, EA. BALHBELVE2OENZ
EE2HUBZEHIC. BARIRXIF-DOHBEEZHN T I eDICElLEH L
TEBTH D,

B

0 8 16 4 4 12 20
Time

Fig.0-1 A representative example of daily torpor in Djungarian hamster under LD and DD. The
experiment was performed under a short photoperiod (LD8:16, L,0900-1700) with cold
temperature of 15 "C. White parts indicate body temperature. Ordinate shows days. An
animal shows daily torpor synchronized with LD cycles, but free-running rhythms under
DD. (Ibuka and Zucker, 1986)
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TCIREBICABE I, EFRETTRHAUBHAEAS. BHIE
BICUBELEND>ZEE, REGCRICETSIBAINBERCTHD L%
EXRTH, chicxd L. BN 2BEENDIZ LB, REGSEORLD
#H. YPULFDOENSD. EUCDLERKRT S, £&2E. B8H, 090 E
hoESIcid, BHIEFEUSBHETHY ., 090EADEEIE. BHIE 235
BETHD . tEhDBFEED. EBOBEEETE., BYUXAIGZERIC 24
BERAHAERTHS. FEOLGREFIDVOE<ABVREICSEVNTAE
FEHDE Z<OERICBEVT, BHENRBHMICEVNVEEZERT I END
Mo TWW5d,

ERERBEODELTRENDIIODELEDEYVILAOEBEEBMERN
(free-running period, FRP) & V5, IEHBTREE T CTREV RT O U XA EH.
ZORECLE>TOEAENBRENUIAEDBVWI S, EbTHBEM/MEIC
LU, BN 242KME. 24THHE. HD5WVIE HUBBEELHELAICERSZN. 2
SOEFTBRHBEVEDBHMOENTVS, > T, FhAbldAREMA 25
HEBRBBHOUXAZ. BH 1 RBEBELT. UBHEBHONABEEICED
HTERLTWNWS., LWVA 3B,

HEIEMIILEY—NF 4T VXL EEIREDICE. BENKH 248
eSS EDEMIC. COUXLMN2UBHRTRATIHEEY S ZILPE
EHA I NICE>TERENEVIXLTHEWILEOTBENSLETH S, L
BOLSIC, BEZ—FEILHEBLEAABORKROBRVWIERBERICHYE R
B2, RECODEWEBETAEADOFEREZELEVWAD, COLDNE
EEREOBDLTH UBRMOBAHENROONDEZ EIE. COUXANIE
BRET (£E¥MBE) Lo THYBENZAEM (endogenous). %\ H
2K (self-sustained)/Zx U X ADIEHRICIEDES Y,

COEIIC. MUBHOBRMZEZES., AN THIELPWTBAEINELE
MUXLEY—NTFT 4720 UXALELR, ThiF. cicab &%, & dian: 24
BMEO., UL SEE (Halberg, 1959)TH B3N, BETEHEMAEELLT
B<RBHENATVWS, COEER. BELT. "BRAYXA", “BRYX



LA"EEDLNZZLbH2N, EEXRKROEKRMSE, "HBUX A "R
HBEUTH D,

Zhic U, HEBY AN PEREEOLD R UBERAROREY A JI)LIC
BRELULTRHMNICERZNS2EYMUR AR, BEMTLE AUV ALHUT
WaH0, ERRBICEET S LHEXRTHIOT. AERE >V EREFEH
RELHEV, COBE. REYAIICKEBELTERENDIVXARE

%) X A (diurnal rhythm, day-night rhythm) & (v 5,

(2) AA LTIV -5
Fig.o-1 THiLdIC. B<OBMMETOAEH. ZOBEEREBTH > L.
EFULBEOBEEBEYAA JINICEDLDEZIZENERD. CO&E. ARUX AL
FEABYA JINICAFBL TS (entrained)& VW, COREBEY A 2 ER
B3 & F (Zeitgeber, entrainingagen): WS, BIYRB CORBEAFICELE T
EFLTWA b0, BERFIEICOERTE. WHIERZIEMSE S
Bio&HEZRALELTVWS, 2oLz, ABREFORR (D 24BEMS
KES<RESHUVWRY., EYUXLEAICABATHIEEZFE DI LN
S5NTWS, —HICE. AROCHERG U4BEELEILENE .,

YA 0EMICd. BIMTEEE., BE. BHELOEM - AEK
Eo#HEmflH. PRAFARAFLLTEBTHS LA MonTHS, L
LEAEE-STH., BAECPEHOL S HIEERHY T, BB EAREF
ELTHEOBEHATHY, EETH S,

—F. BEYAJICRFXEIhIA[/EFZRUBRVWERECHYES
&, ZOYXAIFBHICEBHZHT. A, WHDITEIYMPBEBY 1 7L
EOWOHNMEBHEFIATEA AL EICELY, EROBRDDENH
KELSBEoED., LEBXADZEEPHEXS,

SOOI EPMUYXALADPARRFOREZEN, BEOEEABTH
HICBNELZLAERKEBE 7Y -5 (freerun), HB5 VT EHBEOREICH
2LV, FOBOEMUIAOABESY D (2)TERT .,



BMEZHETIHE, EPHEERLTI L. GRUICEDOMBSZ L
BEDBBODN, CNBHBEIAFTHORTETH--THLEDRL, &
HORBELZL5D0BENSRTRIVEBICHETE, RELEERD
BOUDIERLLEZBOTHD, ACLS>0BEALS. KB, RILEY. BE
EHOUXIATHR., BXEIPSROBKE. B WVEHENEDL S RO TN
fB. $TOENFAHOHHEICANSGND., EELEFOEETE. ARRY
BRAVWLNE, BP0 BRIVEVNEVSZEE. FBHORBEPLHAE
OEEESBR., PULTDOENDZLTHY, BBESCPHREFEERTHEA
FFgO-1DXSCETHVICAY, #FICUBBIVENC LR, BIETS
DTETHRUYUDODEDNBELINS.

(3) 614 — RS Bl R

SYMPPNARY -2 24BHOBRBEY A L5 DDABLTH. #D
FH2M4BEMAMNT, RY, 8T, COZLE, 4BHEE-BTHBIC
bhhrbosT. BE5ER, hH. BRE2MEHELZ "THRNC"H<ETH "B
ERBL, BRATWRAEHETEZLTHD. BHRLESIC. EHTI:H
HIT"EBHNABR"EEALND. COXDIC. DDICBENTHHYIC L
ST, "FEHMABR "L "EFHEMAR"MFRE 2ZHBABRPTRALTVLS
EEBZLHNTWVS,

BEEVMETRIOEBRMNR1BOREEY—2F 17 8H (Circar
diantime; Ct) T& T, LA >T. BHRMOSs UM VHEMOBE. I h
BEORBEICE>DTOEBENR 1 BADOTH S, TDEH., COBETOD
BHICE>-TO T HBBREISSTHY. KEBO1BELY. E<a-T
LES,

. DDFTI7U—-5>LTWBAUXAICHL., CtOEDRZ TR/
RESEZA3DICE>T. TORDODYUXADMBENAIE., BB, HIVWEE
kL. O3IBYDBENELD. —BRIC, TBNLBOERDY. 51
BEOBDICANNREEZZ L. UXADONMBIREBEL. TREHEOR



DY, BEIVEEEWMEBOBOTIE. VUXLDMHAELHETS. L. £
BB (Clu~Cte) [EHYAL IV =0T, ENINRABYXLEZRED
BBOHIHLEL., ANIReH5E2 5B EETBMERFOCeITEDIF S &
HEIRREHELT, MBEERAEDLSHEN, HI2VREERENLSHENL
Py TEBH, COXSICDDTFTIY-SLTOWBNXAREETEHD
ANNAREBEZLLZOMBEMOEE.. Y-HF 7 oBRAOBHELL
T7ay bLIcbDEAME—- RIS #R (phase-response curve) & () 5
(Fig.02) , COKSBMA—RICHBRBBESNDEND T LE, RICHT
PREMEODBOBY —AF 4T V/ERBLTOT, XBREZEENYIADM
BMICK>TRKEKRNLBBLEHEBIDEN KD, XBREENEHNL
BRCBVWTEBVWILEZERTHNE-—RISHBREIRAEBHYVLET TR, BT
HEBHITODVTHHELND.

. DYELRBZ-TH, GONBUE-RIEBBRBOENKRELA
TOW2D0HHHENAEIETHD, cOZEF. BHREAE--THWMAUX

@® ® ) ®

—4
-3
-2
-1

Days
[=]

[S BV
Light Pulse @

Phase Shift

— subjective day Z=subjective night =
T

0 6 12 18 - 24
Circadian Time (Ct)

Fig.0-2 Derivation of a phase-response curve. Five experiments with one individual nocturnal

animal. A free-running activity ryhthm with a period of 25.0 hours is seen on days -4 to

-1. On day zero, a light pulse is given at mid-subjective day (A), at late subjective day
(B), at early subjective night (C), at late subjective night (D), and at early subjective
day (B). The light pulse in mid-subjective day (A) has no effect, whereas the light
pulse in late subjective day and early subjectice night (B and C) produce phase delays
of the activity rhythm that are complete within one cycle. The light pulse in late
subjective night and early subjective day (D and B) produce phase advances with
several cycles of transients before reaching a steady-state shift by day 5. {Moore-Ede
et al., 1982, Fig.2.23).




LAZBBTH2HMARBHBEBNAENICEDOO THUL TSI I LEZHE R
3 IR

SHERCMNBE-RIEHEELISVWZR D2 &EF, THOENILIIICEKVMEE
MOREEIERE., Z<OBAT1HT. TETTHH. MEOBECETHAB
NDEILCEFNRELCETINEDEETH D, CHEERBICRITLEEBS.
ARUBETH>TH, BAOBBOALEAOBBICHER, BE<HHEH
KRBT S EBTELZLORBESEZTWS,
HURBBOBBMTIU-SLTVAVIAY, 0BHABROREY 1
JIWECRBTESDD. COMB—RICHBRISHMZND., DL IC.
MNB-REHBREEPDVIAOERICHIWMABHBBOBEICONT.
BEL D ELEHATLSNS,

(4) BITH

AEY S 7IDOXSBRABEFERBB ECR> THEEAZALEES
TH. EYVXALABEADLSELICH L BB TN AARBAAFICART 3
HBIFTEAEV. S<OBA. MHLPORICHO T, BRBEhARBEFIC
BRETHILVSBEZELS. COBRAICETIHMABTH (transient)
EXATWS,

BIBMOBEGEL. BAUXADHABYA INICE>THEREALSE
BNLEYMRKRTARVILER>EVERTHDOTHS. BEASIE. b
CCODEMIVXADNEBY A I NICE-TEREBESNAEDBDTHBI ST,
REVYA N EBHLLBHRC, BRARSRT TR TLENISTH S, #
2T, BUHORE VS L, BAVXASEARBICED T2HK T, BHE
YAV DE50BBRECENEZRBEIBIKELLB > TOAND &
ZElEoZ2VERTHBDOTH D,

WIEBRIOBTHMOGEZEENICEART A& 0TES, BEDH
PEMICRTEBTERBMCBHLABEN TN TH S, Exld. TEx—
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HrI75VRAATHBEN TREHZD. yFBBEERVFIDE. AA
DFHPICH IS5 RIALCEETS. LHL. B34, hEBOK
TEBABETEHEAELLTHOTNWSDT. FELLES., BHEHH<. BED
FZABRVWESLBDOLARECH D, RBEICEDLE T, RELEEIH
KB3EOICHRBDETICEHLBZEZET S,

COBTHICHESILEOENDY, WD BBHEE T (jetlag). 5 WL
[ HR L fE f&% 8% (desynchronized syndromes): KN 26D TH . L b . B
EOKREE (BE) PALTH->TH, Bo-BEARTTE3HEEL. BoH
ANRTITHESTHE, BRAACETI HRENELRY. —RICE--BADB
BOEIHPE-RAOBBLIY, RHBEHICELTSIOICETSRMEIE
We LZD>T, BxZERALTIE. BEMFBALTH->-THIA—O v N
NORITOFABTAVAIANOBBHLY., ERETHRHBICENDIZ LIRS,

REBET. BEYA 7 ILOMEZELRESED I LICEKY. ChEUESE
BZIalbAbTd KD, 2&X R, LD12:112 (L, 08:00 ~ 20:00) D
LT, Sy bOHERE - BEBUXLZRBTSE. 1 HOBERD 70%Ll E»
B 2REBEICEPRLTEID. C0&xE, YA 2L OMEE 6 BE
R, HH2VREBRESH. HiLKBHALEABBYASA JIAOBRADBE

E‘E’H&f: (Fig'0'3) o

No.301

e—e Total Sleep (REMS + NREMS)
,’\ A ¢--® NonREM-S

"’1 ®--® REM-S

80¢

704 &

60F

Delay Advance

Amount of Sleep (%) during 12h-light Period

b PR TN S

123 4567 1 23 4567

50

Days

Fig.0-3 A reentrainment process of sleep to 6 hour phase-advanced and phase-delayed LD
cycles in a rat. It takes 2 fold time to reentrain in advanced phase-shift than in delayed

phase-shift. (Ikegami and Ibuka, 1985).
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Fig 03 5bmhdk>5IC. 6 BHMOBAEY A 7 IDORBOBEICIIIIFE 4
BTHFLLBHEhAHABY I SNICBERBLTOZDICHL. AIEDE
BICR7HZELTWS LN DN S,
EBRETCOBRBYASAIIL0D%®EBEELE, BREEBES>STEBEBNOBERICHS
L. BIERBOHZHDELTH-ENOBBHICHHST S, COXDIC. B
BHYAIINOERE (BE) PRACTH->TH, BB (R-oH) OFMA
# (B-%) SUBRBAICETH RENE<< TELODIR. D&DITF. k
PRBYOXRRMBZBBLUBHIVENILEEELTVS., 2D L
BEE, ENXNREHEXLELE, EOROUVILDOMBEMBEEDES.
E<DBEEBFHRLCETLED., BIETRBYVSAINEELRIIREL., &
BREICETIILERTITMNE-—REHRILSDDLZI LS. BRMICT
MahzceThsd,

(5) EYBFOAEM
WMAUXALADOEBMBH KRB THALERERLERADS, AEAF LV
DEBMERICE T, ¢0BEFAOEAERMTHSY Y (7)) 2EFETE
ANB30h, ChHHEETH S,
BHYECPHAVXLADERL L THERA T IDICEK>T. EFEDB
LD, —BBICEIDOY—NF s 7 VABIEIEENEAZOREY
12IVDBRICE>TH., BLEAEEDSAHAVWI ENDbR>TWS,
HEYAINORBN2BHBEALE20FMOBE TCTHEEINELBEMLOEE |
EIXVABINSCOBRBY A IICARALT., FBLAKET D, &5,
EERORBICBEND L, CNHDORTRIE. EH5TCENETCOHEE
BORBEP AL EPDOLIC,. TKLEDBEICAEORABE T Y
—529% (Fig.0-4) , B IC, BBY A ILEVWSEAREBFSEELE L
EICE. BYMEHEIBRBAT_ORBEFICABIZ &N HEAE, LML,
Thid, HL<ETHEBELOSIRAVZREBEEHFICEDLDELELEFTOD LT
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mouse raised on T=20 mouse raised on T=28

==

Age in Weeks

Fig.0-4 Activity records of two mice raised on 20-h light/dark cycles (T=20) and 28-h
light/dark cycles (T=28). Constant darkness indicated by DD. Mice are entrained with
LD cycles under each condition , but activity rhytms begin to free-run under DD in each
case. (Davis and Menaker, 1981, Fig.2)

HoT. EYEBHEAROEMEXRALCHIATLE>ELEND T &ETIEIL,
YA OB 18EE. #H50VIEFREMENI KD, 24£4 K
MOWhbWBES—HITF 47V 2EBARLBARAICD. CHICABTET.
BCOBERAHTCIU-S B epmbonTVS (Fig.08), & o Ewk
T, EVMBHOBBEBREY A IILOHICK>THYEZS S &LIE, &b
HTHETHILEDRIEAZSAND, DEY, BEEY1 2 E8%MOEH
DXAZBRAEIESHEVDEKRTHE, UXLICHETSHN., —BHAOTR
Lhdiad. EERBICEREINDS L. UXAFSETOREYA LD
HHERTT, ISICBECOBEBERETIY-5095%. ChEoDOHER
RS, SYBHOBAHOFMEREIZLOHTEVI EHDIA> TS,

6) REMMEIML

EHBRROE< P, EEARNDOELCLZHNERBRICOBERLLTET S,
COELCZEHNARBOEESE, BREATHAVDREEICL > TKELE
fEh, BEELRCHE-TREDAE—-FRERT S, COLE. BRE
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NVCERASHLELZORLEEDEMEZ QuTHLDHLT. §ADBL.
Qu=10C ERALELEDODRE/TORETORLE. THB, BEZ 10CL
AEETH, EYERORLEEICL<EEEZE5ZRVERICE. Qo=1
EHBN. RIEEES2M@ICA>ELTHLE Q=2LA%. HEUXATH
ZIF Qu=2& VS &t AEBS2@ICARZ L. METNE, BHEMN
MNICKEBEEZRRT B,

LD 12:12

1 ;lﬂ}!! UN,, [Ny
[ML!

" l’l

Activiity

nl il

dark

LD 16:16

M \tt !\\l i\m \“\\\n “\\t\ \\ \ Iy

T IHH wlm, X lm

Activity

i llnm lh ||. W ;blﬂ b1

Iullllllll IIl

[|
:.

Fig.0-5 Desynchronization of activity rhythm in C57BL/6 mouse. Acitivity rhythm can be
entrained in LD12:12, but free~runs when an animal is transferred to LD16:16.

(Ibuka and Sekiguchi, 1977)

BMEBUVXAODBHPAYDREICL D TEDEBEZLT SIS, 24K

Ao EEEAS L&, EERHELRS
R, MEH. AHOEZIHEIRBEORBEARICKELEGAEN B,
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—A. BAUXAIE., MOEWERICLEREE, QuDENTICENI L
BEMSNTWS, EVHRZIBL. AVOBRENS0OCERLTSH. TDAM
FERLAEELELAV, COMEZHBAVXALADREMMBE M (temperature
compensation), # % W\ B E R & FE M (temperature independence) & & O, #
BUXLDOEERHHEOD—DTH S,

WMAVRADBEFEBERHIIEYICE>-TEETH DS, ttas. AY
DERENEARTEH2VIC. BFOBEICEWSELS LS. BRAENY.
RKENERHEEALZFHL. WRTHIEVIEYIXALARXRKROBENKE
SHEBEDLNTLEDICELICLBIDLTH S,

REMBEICETIIHANL. BESTOIYOLERICKRELEEESX
ZERBYWTELLENTNS, EEMYTHH WAL PLPRERI. BEOD
BREAEICAEREZNT, T ~3BCORREHITED., COEMhH. B
BBYICHEN EEIVLCSOVTEEHEABBRILIVEBEICHED>DTWS
lEBFHEND,

EHICEE. HABEORTHYUAPOUDEUDKSZEERERBWE. 5 v
FPOEXDABFERBYELER, BAUVXLOREHMEIII<EEZLTL
B, AIETIE Qu=101 ~ 1B IEHL, Sy FTEQ=12~14LZN TV
(Gibbs, 1981; Moore-Ede &, 1982), ZBREMPICHE WLV TH. ERPLEVZIE D
ERAMIELSRLITISIDBOD, EYBHEFLTEZ AL, BIEH
FTTWEbDEEAOND, REBBIC. REZEFLLLETERAZLICK
U, B BEIFBLAE<E>AEDTRE., WORELSBERDDIDEMD
CERHERL, REBLC. RETLCH->THF A0 URXRIUTNA
R —FEOLOTHUNI—EOHMRBRTERO TLWRENINETOH
ETHS RN TS (Barnes 5, 1986; Ueda & Ibuka, 1995; Ibuka & Fukumura, 1997),

FREOBREQOEALCI > THIABBICEVIHELCLOVILORE. Ch
PEPVILODEERHETHS. LIHrL., EDLSBEBTZ0EYR
HFOREREBLEVOIOIBENRBENTOUSMICDOVWTRAHGZANS Y,

._15._



2. AMXICBITHHBETRE

CNETHRRNTELEDIIC, BAUXALCDODVWTRO DLOHEENEA
ShIcEh, TBLALNTESOHMANBELONTVD, TO—FH., WX
THYLFEMER. SBCEVTH A, MAUVXAHRICEWVLT., X
BR., REERBEETHID. HDI2VWEBEORET—-IDBZLL. &S
BIERENERBRT YA UM RAIATOLARVAEYD, SRHBAECHT 2ER
DESNTLWEWVIHTHD, ULTIC, AAMBEEL AT ASRLD %
BAR L 7.

(1) TECHVT. BIBVALADRERBERHLGEREZR >DOD. &
POV EENAEBOLICEAZNS O, OBMEZRY LIFAE., BT
COBMEOREER/LSI_LEBEBETHS, T0LOEMUSDEBY T, R
BRAEMNIC., EBEEBHTXKAISIREY A IV EEENLLENSBY
CEBRIEDILABLKET. RBICLE > EELEZDUXLERBEL. TOR
HMEZRHETEI3HFENZTAONS. BEORRERE TR, BEYI1 I
ELTEDTIBRROERANHABLEE TH S, JUEKNHICEEE—FE
DERMET, 24BEE. H5 VR 24BHEBAOH L THYELERILSBTTS
SEICRB. BB IVWE, E<HBOREYA /IO REEEN L L ZD
GRBLAZLEODBVEMETFINIOUILAZRARZIPUAR. bo &I 0
MEBEOCEBRICELTHEY., BhTWS, T0LEDDOAFELLT, TXUE
REES Y PHBZVRETVRAICENT, BR - BEEUVUXIAPEHEOUX
LAZBRDIZIEDBEBIAOND, LALABBS, COMAREBEMBRYICE L
T. RBODXSICHLEDMLT. T—IO0ERBIF+ATHY. RETYF 1>
THbRABLEARL, COLODGEALS, TELCBVT. AU LHE
SOFREERAREROBIRRES Yy FZRAVWTHRFEL L.

(2) RICHBEEARZODEZ., COMBYXANBEERENICODEER
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TN, VS ETHD. REBMBER., BEE-BE. 7L48bBER -
BBEOBEFAOHARICE > TEHOHTEETHD., REEZEAD L&, H
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ERICKEEET D, £, MoXkEZd, £HRKEERL., HER
SR, vy b®TTRATIEY ~ 117 4 (Portmann, 196D ICk b, T 5D
BYMORKRBEEES. " BELEEFNIEFBOZVODONEETH S,

IhICHL, HEROMOBBRESBOTEWAD., Ef). BERED
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DEFHBIEIBEEI1HFTHY., TOREBBEDOI_FaT7TEENTL S,
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FTORBETH 14 ~1 86/ (F-F)., 501323 »d 256 (E) I
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MBUXLADEGREEZEEZZADLE, CORAIFEEICEETHS. L
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E3MhsBEhal ss, RPELCOLEZEHFOVLEEDLL., E N TOTHER
BLBbLTF<HAREZERIE, BR - EEREOBABYXADOEARELINE
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(3) B, MBEERR, —2—OFHEHR. 2D0GCEAVEELLE
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BB 18 32 X Lt #% (suprachiasmatic nucleus, SCN) [CH B Z &MWBEILADN., =
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5L THBD, AETLOE_OBMBEBHTHORREHEAICT S,

ErE, AEOLSC, BAFHIMVER<SKRBICERHBEEM»ND &.
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WESHREBENENTHSD., Sy bICBVNT., TEHIKE5ZX%E£2~3
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WERBZO I ~2BEM S FBESGELIILPMOSNTVS., @RV
CEIC. COHIRBEREE SHMES. ORBABOLIIC 24 BAL
LRKE<SBTA L. COFHNEIOALEEBREZ LRV, 2O D5,
B, BCEBEAEZELTWSOTERAELS., @S5HPORETHEH R ZF
BLTEBZZHMY. PHNSAUILEERLTWEZ DR SB,

CORBNRSSTALEERBPINFIRFOLCOTFHNAED Y X A E
EUHRITBRBICHBDEAZATWS, 238, Sy bTHBARETH S SCN
EWIBEL. BRHAELTOMEEZERXLAEABSICD, AIRELINF2RAFTO
POFHMAEOBMBYXAEBREBEINELEDOTH B (Krierger, 1977), Z D
BERESCNUSMICH., MAUVXAZFVHTREAEBL. Sy MCENWT
bHEETDIEERTHDOTH D, BICSCNLIANICHBAOMBRIEEEZR L
TMUNFET SO, RECOHMEBWHYXLAFRALCEVWTRE S F
RENTOREVL, BT, COMBEHFLOVRBRNSSAALZHRET S
LlckVBELE.,

(5) MERHISIBOBBPOEHNIYV XA, HICEHMYXALILEIT S RIE
BELLTHRETIZOND., CNBTRENAEAESBVEETHSZ, £<
ODEYMRBEIXALADEMIC., ETEBEYUVILERT. BHTH.
EaAHAMBMCROEALAEGZ, SAVXACNA., 1EBHOFEHEIC
BIELEEHUILEEEIEE,

COEMUILAEZFEREEIZERORFEERPBOUDOSHEETOR
M. $abbHER. LRBROZELTHD., RBRETE., ¥&. 1 BIcB
ZHBLOELRICLVERETRES>IalbA TS, NARF—FERIC
REBKET S L. HEBEROSBSICRECPHREZERLECD. +HEAM
BIC. ZOEMEIBRICET S, COLSSCHYPBERELLICREL T,
ZTOEBRECTHERAE T 5L HEAENXBHE (photoperiodism) & v o T
Wa,
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COXAEOUEES YN, YTYX. BENEYMNEBEDORBBMELT
DRVWESEZH ODOBYUTRITICEDNTLE»AEDY, BHOBEREON
LAY —HTRLEBHEEFEINTHWS, HAETEXOBEREIBEM»S AU
M —BEK TEE (retino~-hypothalamic tract) &V . AT THBHE
XX EZ(SCN)IZEL., EEZ. MLEZER T, LEMHBE (SC6) L u#H
REICERNICEST S (Fig. 18B), TITEEZINDIRIELOAS
=B NARI-DXOIBREEHEE (FHEE) TlE, RETHIWIC
WEry, BEETCHRERIBMEARLELGRHIO S EME. BB
REZNHIT S,

COMBOEMELALDAICS., Pv 2 HUTY - NARSY—[IEAES
RBENORMBEICKXVY, FA4U— - b=/t~ (daily torpor, HRKIR)
PEROELLLGELEOFEHVIAFBHERTESMEA TS, ChED
ZHTHE. 1 BOBBILCHUELTRREINZAS M VICk> THEE
NTWd., TOROWMREE. Wbid., —BOEHOEZDOEHRE XS5 b
ZURMOBLERTEZIFS VAV a-Y—Etb0W2DE, MERODERTIZ
B (E) PR, ASFZUDPEEICRBREISBEINDEICKHEZDT.,
MRIZERT S.

COELOLEHTHORBAICEMVREANEERELTVWBR I TS H
TWa., ULhLADNS, FIRDOLDICHBHMORZXDERIHMBBHTH
BHRRXE® (SCN) 28HAL T, MEBKICETZI0T. ZCOFHUX A
THICHEMABF THARRIXNEBROEBN ABSSHEREINSE, £/,
EMUXALATHORLTH, FTAU— - b~N—F. FORKNBEICK
DTPO>ELEBICRBEDZLSBEBLVTETHY. TORBHBLHICDO O
TEE<HALGHLIZERATULRAL,

—7A. BEREYMETH, BAVXAEFEBAYXAELLT, EHYXIALIIR
FHUXALLTECEBHICEIMNCEDN., BREATVT, BEOD
BREZABICTIIHAREEFILAERL., XBAAEBTHS. LOL. &
HTHRBECEEARIEZR AL TV R FHBHELOEAINESLEA
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F1E HBAVXALADHEBN. EEHER
Nobuo Ibuka(1987) Circadian rhythms in sleep-wakefulness
and wheel-running activity in a congenitally anophthalmic

rat mutant. Physiology and Behavior, 39, 321-326. % & () |
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B1E HAVXADERSH. BEEMNER
TAXMBIRIKES v MICBIT2ER - EEBUX AL
HE®RIHOMA VX L]

MAE&L BB
HEIWEDPBEEINAERICESOWTRRISON, HHAVWEEEN
EREORBICBEINAZLCL-THEBZNA L OROD, OMBERE<
PHLHELONBTCHLAFANTEA, COMBER. LEETR, "EME
LEH"DF-YDHETHEEN, SHLBEWTH, BBHSTHLOH
BTHD, cbOHECPERERICHBET2ECERCREEROEFESC
DUWTHEMEREPRRAFREZAVNTESOMEN AT TE L,

—7. B TRS Yy FORBREE., EXRVYIRAORMILE., XHRE
BEICIUMERE., 2BEH, FBME. BEOTHRACODVTHRANG
ENTEL, TETR., COLSLERERHEX. BAVXLAORBRICH
SE758CERLREEEOREZRALERBEOXXRMEERKES v b &
BWT. REBRHL L.

ERERICLHAAEXRUEIRXKETNYWE. BEUYXANHERDLS 248 H
DR IINICBEEhEZLICLVEBSEhAEAbDRDOD., HBWIE
COUXADPBHBEOWDIDRBYAINICREBINDILEEZVELLAVE
XKMICEboEbD., DERETHIOICELAEARBEBYWTHS. ChE T,
RUVRESYMDEREEETINZAVWVAEABBUYUXARREZDLDTOLTH U,
+oRBEEMNE SN TV (Faradji 5, 1980; Richter, 1971), % 7 ® ZRDCT/
AN D ZREZRAWEER REOHBBEYXABETE. 1RESEEFELTH
EllebhbodT., HEHYA IINANOBHANKRTETH> = (Faradji 5,
1980), L L. COBWER. ABY A INNDRBPERARDIEEIIHLE &
ENBHABYS 2IOMHEZBEBL. BRELEHMELEBABY S 20~
ODERBANDBREZHD., EVOFRETZLONVEBGHXRMEES D,
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ARBMEIBRIRES Yy FZRAD., £THREOOXRMERRL. BEIIC
EBER - FECEAGEHIBOBBVLADERANBHEZRANZIEEENE
Uik,

Kk
B BEE: FXUaUREERXO—F (DHL) OXXEERKIE
Sy brEEBBUPRFER (JIK) LUVSELTHSL, ZEXFLE
FRRBREOO--THEHESHE. TOF2ERRCERALL. BE - B
DXALAZRBHRZBVMEIERI~S5 A0 110 2ETH L,
PEOEBYMON. OERELLHMBRKRET, 2ER1REROBREBLT
Wk, ICHRKBEL2EDO RV 0RSy PERBSHELTAL

e SHODHYMOFEBFTRBIIRERMIAE T(LD 12:12, L08:30~20:30)7T

Table 1-1 | Hof, WM. BN
Sﬁ%ﬁ’&ﬁg‘i{} :gr%; ‘rg_mnan OF DAYS AND THE
E LIGHTING CONDITIONS FOR THE o 3
SLEEP-WAKEFULNESS RECORDING FOR EACH RAT &V DOREMIKE L HE
Total Number of £
Subject (l’)ays :n”zli mreo ﬁ% BER%ER FBTHED
No. Eye Lighting Conditions .
DXxACBRERLEHEEZ
233 BA 6 (LD)

234 BA 7 (LD) i , -
240 BA 11 (LD), 6 (LL) David-Kopf # 0 i 7 {i
241 BA 7(LL) )

242 BA 7(LD) EEBZRHWNT, R
245 BA 6 (LD)

246 UA 18 (DPS) . s b

249 BA 6 (LD)

250 BA 8 (DPS) (50 mg/kg, ip) T8 1% 89
251 BA 6 (LD)

252 S 8 (DPS -~ . .
253 s 10§Dps; ICEYICEBOHAALTE,
254 BA 7 (DPS)

THICMATHERKRE

BA: bilaterally anophthalmic, UA: unilaterally anophthalmic, S:
sighted. LD: the light-dark cycle, LL: constant light, DPS: 6 hr _
delayed phase-shift. The rats except for No. 234 are all male. EHWICHLTE., R

HKEBLESFAOBRHEELMRXBICEDALE. Cho0BEEIT VT
I/ —IHDIEDTFSTICEEHOEN, FrOINMEA Y NTHEILH
BE&dhz., V-FBEIT7-TUSPardoslpring CEHEZNEZDT,
PDYREBERNZHEBAICHEREASILOAHRLE, BYEIRBOBLWAEER
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30cm, BEIBMOHSRBHRICAhSH. BERHIC—IVRENLEE
—E@3*2°C) O EET. BEY A &)L (LD12:12; L, 08:30 ~ 20:30) B 5 () 3
EGEREBLLTRE. RRES, BERSRVISSTIRBENL. BLk
HERICERTEA., BEERKE COBHIERBILIRTH > .

R - BEBUVXADREBRIAFAEHOMEN T, REMOLCBEZER
L, BELUBEWVEKXYEEG mm/mnTT>7, BMEILEIZLLD S ML
IDTHECRBEKL T, 1TREERFES Y MCEWT., BEY A
WADRBEHEANRD S, B A 2O BEE 6 BEZBEREIE, Eha
DEHEBOBEZHENL, BEREINAERYITS 72 0HEMNT, REICX
UBRBHECEBEREFERZSBETIHRBER (SWS) | ERERKRK
CHBHROZTLHEAZRNBE LAMBER (PS) | BiRkERMR S BRERH
BERzHOER@wake) D SHICHEL., ThosDEEBEE HITACIOINQL R
L. #EMRSWS, PSIZDVWTOIEREZFT /. Table 111 [CHEIR - REY X A
EZRBLEBHEECTOROBREZGZHM I LICE LD,
EERAHYE: 2EOWMRKRES Y (56, 26) ZAVE, BE
MEDRBEBREZR(cmMOBEERICHEKVERICERTEIHMNES —
T @0x15x14cmé& THEREhTWE, RRISLTESK 22 A@WD12 3, LL10
HOEBEzZzRE LA, 2EOBYMICONTIE. FHHLHR. ER - &
BUXLzbERHFLAE. EHEE BT LICEHch,. BEERUOEBZ N Z,
TRTORBRTE, REBEEOBIHBRETHVEREESHE, LR
BEKTERL. RATULCTEELER. REELXZ0I/0 TV
U, 2Ly —NRAF Ly PETREBLE. TLTERBETTHERX L
B (SCN) ZHH#EERMICH AL,
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BE -REUXA : AINEIOEORRKRES y PIRTLEHENT.,
EHA 2D EERBBE(LL) FTSWSEPSOZHOBAY X ANA LN,
REWZER - -BEVXADEH % FgMICRLE. ZCOBMTIE. LDTF
THEREHEHOPEIVSR L ISHBEREKT S ( Fig. 141, upper, H# #t
MHBORE) . LLIEBLTH, BENMBRIIBEYXLRBEERT S L

50y LLB 20 % 7z ¢y (Fig. 1-1, 1ower,

rx
o

HEHE 6 HORE).

S

BB LLTTOESR

EHDERREEBUILD

Amount of Sieep(min)
g o

2 8 (Fig.1-1, lower) |[C

H &< SWS & PS opss

50 LLB 240

D= ARI MBI,
24 Wy P B 43 48 SWS & PS

HICBBTHE I ENWNEZ
%5 (Fig.1-2) ., UL L7

Amount of Sleep{min)

5. BRNZSRT HRZ

. MIRXXBOLD,

BECL>TRA->TH

w
o

%m o ERICHL. BEIE
;3 OHBHRED 2 EDH
g“ MOEBRIZHBICSHL.
Pl 1A BHICHLTEUXAE

Fig.1-1 The circadian sleep-wakefulness rhythms in an R~ L. BAEEH A4 Z L ICH
anophthalmic rat for 11 consecutive days under LD cycles and 6
cc_msecutive days under LL. SWS as well as PS shows clear circa-
dian rhythms in both conditions. Solid line: SWS, dashed lines: PS. 88 L T W /=, W AREk X 18
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TIRESEFLTVE2ZEDS Yy MTEWT,
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HEYA 7 ~ND
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BN ENT, BEYSA /N E6BHEESEAE, 1 RERES Y
FyeeSWS s e iPS. e e -
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24h .- 2h
Fig.1-2 power spectrum of SWS and PS in the anophthalmic rat
shown inFig.1-1 The analysis was performed on 6 consecutive days
under LL condition. Twenty-four hour peaks can be detected clearly
in SWS as well as in PS. Ordinates: power in arbitrary unit, abscis-
sae: period.
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Fig.1-3 The reentrainment of total sleep (TS) after the delaying phase shift of the
LD cycle in a umlatcrally anophthalmic and a sighted rat. Note the absence of
reentrainment in a bilaterally anophthalmic rat. Total slecp (TS) represents the
cumulative total of SWS and PS.
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Fig.1-4 The reentrainment process of TS in terms of the diurnal ratio
for the unilaterally anophthalmic and the sighted rat shown in Fig.13
after a delaying phase shift of LD cycle. Note the similar transient

period in the unilaterally

anophthalmic and the sighted rat,
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Fig.1-5 The reentrainment process of SWS anq PS stages to tl}e
phase shift in the same unilaterally anophthalmic rat as shown in

Fig

1-4 PS responds differently from SWS to the delayiqg phase shift.

TS shows the cumulative total of SWS plus PS.
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Fig.1-6 Upper figure: Ventral view of optic nerve and optic chiasma for an anophthalmic rat
(right) and a normal rat(left). An anophthalmic rat lacks completely optic nerve and
optic chiasma.
Lower figure: An example of optic nerve and optic chiasma in an anophthalmic rat with
intact one aye.
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Fig.1-7 A representative photomicrograph of the SCN region and
optic chiasma for a sighted (top), a unilaterally anophthalmic (mid-
dle) and a bilaterally anophthalmic rat (bottom). The SCN appear
normal in size while the optic nerves are completely atrophied for a

bilaterally anophthalmic rat. Calibration in the top panel shows 1
mim.
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Fig.1-8 A representative example of computer displayed free-
running activity rhythm in a bilaterally anophthalmic rat (top panel).
Ordinates indicate the hourly number of revolutions. Abscissae
indicate 22 consecutive days. Solid bars denote the dark phases. The
inverted heart symbol (bottom panel) shows the onset of activity
which is defined as occurring when number of revolutions per hour
is 30. The records are double-plotted. LL: constant illumination,
LD: light-dark cycles.
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Fig.1-9 A second example of circadian rhythmicity in a bilaterally
anophthalmic rat illustrating the gradual emergence of the usual cir-
cadian rhythm (top panel). Abscissae shows 22 consecutive days.
Solid bars denote the dark phases. The onset of activity in the same
rat was shown in the double-plotted way,
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PEABOBATHERTCBRBLAN, ARERRES Yy FE2<BERHAL
Fiamok (Fig1-3 &£ 1-4) ., BRAOBETIE. SWSEPSER L KD IC
‘A2EDT. PSOF —N—2a—kp, 1 BERREBIVCAREES v
T#& 5 h iz (Fig. 1-5),

BRI ERBLTOAEIMEDS Yy hIXRTIZEVWT, REDALZSTR
BREEARIINERICEMERL TWVE (Fig.16), L3585, 1IRERNE
BLEBEICR, THOBRABLARXOEFELL, —F. BIERBHTD
ZMARNLEZBLECN)E, MIREES v PR, XKEZEPPNEVNDHOD,
FREEWLREBBEEKCBREEIhah ok (Fig.1-7, top ; MIRHKEE.
middle ; 1 IREkKR3B. bottom ; IR KIE) .

EEREDNE : FRUHIPERENAHABEXRRBOOEOHMEEDOR
I hs 27 ) —TICabhik, 6LEEBEFET HOSHEYS S
CERBLEAVWIU-SYLEBEBRABRAYXALAZRLE (Fig.18), 4L
REGRIT—-PICANONEHBELS. RAICEBZEHABL. MIRKX
BorOBEBYIs 7 NICABLTVWAEVWI Y-S5 UXAERLE (Fig.
19) . Bok2REF 5 —PATHEHZRE TN EML>L. TS 10ME
OBMOIY () 3. THHRBRBEOSNMNEBEREICEDC L, 228 39
A5 2BE6TOBBICH > =,

7

AREZERL2ICRBLAEIOELTREXRES Yy F2EMS. BR - BE
OWMBYXADNRBENLE, CNSOHYOSINOKXREZ(E, AIRKREES
vhEHEBTEELE, ALMhEVBOD., EKCREEEZHNEETEIROONE
ok, COBRIEXUEBRRETVIADERLBO THULTW S,

TOXATHHBHARBLTHWTS, SCNOXKEZLETOEHEIRE S 5.
REAICRBCREEIZBOOoNT. ZOBEHERETH S (Scheuch, 1982),
FRRICREShZLSIC. MIEHRBS v T, REBEPHRARXROEEE
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BRWOT, BEREEOHMABVIANHRLEEEZSNS,

=7, TREXEBES Yy FE6RBHOBEBY A SILOREBICHL., 4 B
CBRBENEHE YA SINVICBERBLE., COZERBEAAETRE, 7
DR#HE. & KO SCNIC 5 3 5 MK — 7 Bk F 8043 4 B8 (retino-hypothalamic
tach WEEEL TW A ELEBLSRTHOTH D, COBRBICELARE
FHRREES Yy bE T REBES Y bTR, 2<ALCTHo k. —BIE
VERELLLOBERBEEICOVTS, BERLEBEVERDOhA L £,
BHEBEHICOVTD, ARERBS Yy MITU -5 T B3MBYX A
ERUE, COLZOBHBERLES Y () T 20BHM9H»5 248
WROHETHoE. COBEBETHRT. BERGS v PTIRKEFEHEL
FEELCHONEEERETHO c H 2BEH 1995 24BE289T. WTF
nt B~BBBOVDODIY—DF ATV IPICADREE—HLE
(Richter, 1967), —# . BEEREH TCEBA VX AD . RERARBBAL T,
BAelCHBELEBYDBWVEDS, COZELREBEBICLDIFEHOAUEL.
EBICHMITIENABELETTEL, 3B HO0EZFERBRL. BETDIZ &
BaMEMALERY ., BEROBMEA>EEELZSNK D,
COEICEEROETHEOEBFOBEICIE., EIE - EEXRLAEL U,
EARRORLCHAEERAVELS, BRTEAEES. BALTREES .
ULhrbEEHEI B4 ICHEMNT 2B, RRETEERKZASAVESD=
DONGICHhNE, EBER - -BEEBEUYUXATRIOEL > B LEALS, &
GBSO TATORMGS, HRABAUIAZRLE, > T, BR -
FEVIAZBSBTORER. B, BEHEZET ZL2EBKRLAEL, &
NEKRTE. BER - EELEERHIFHEOUXAR. TBHORLG-ZAE
ERHELTVEIBEEBHDENVADB.

L Lars, BE EELEAEHIHNEOGC. FRBOLEREERI
ESvbhICHEVWT, BHEUXADBRRGEINE., COBPE. £EENhTHS.
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¥, BIERXEBSHVOBERABTEABRBES vy NEELRST. EH
BYSAINICRABATEAVATOR, Bixok, 1IREKEES v FTHE.
Rk, ZOHREME. BIVHEBE-HRTHREBIEELTHY., A5
DHEY A SN~ ORBEAEEICL .

—H. MOMRBFO—RIKEXRFET D RO (Faradji 5. 1980 . BAREH
ASNWNICARALIEVWEVLSBDTH>LN., RREEOLDCHBEY 1 I/
OMBZBHL. TLICHTLI2BEBEOBEZKRKLTHVAEVDOT., HIF
YA AORARBRLEVWDATHEBEGERIEOAAL, RUATES Y +
EERY., —REEFLAREBEL TEST,. ARATEAL> AN
HHBEELV., SYPETTIRXTCOERKEI >~ POEBEZERSE
DRBETH D,

ARRBRT. BEUYX AL, BLIC., E/HBUXALATHBIENLEAL D
ok, COWMBUXADREZEZEZDLE, RICHAELEAZSZONE. &
OBV ALABODE., BERENICEREZAION., LVWSBAETH S,
KRETIRER - EBOHMBUXLZEGREERFT .
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Nobuo Ibuka(1984) Ontogenesis of circadian sleep-wakefulness
rhythms and developmental changes of sleep in the altricial rat
and in the precocial guinea pig. Behavioural Brain Research,

11, 185-196. Z& & . [T
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F£2F @MAUVXLADEGRE
FEetES v FEREBRETNEYMCEITSER - FEHSH
DXLADEGRELERORELE]

BM#ELEHW

J—=RNIEZEEOD Tinbergen (1983 [T LN IF. BABRTHICHLEDD
BEMEZRTEHZLEDNTED LN, ChHoDERBER., OFRRA. 74b5
ARhAZXA, OQEERZE. Otk (RERE) . TELTOHE. TH5.
WTFh—D2LUBIFTH, TEHAATIEELRETHY., ChEHAS
MICTIIELEFBERETHREBEVNDS, BOZCOEELTHWABIC LD
THREILRBICELDHDOTH S, JIOEVAFETEHHLSE. TBOZOME
DOEEBELSMICLELE, MEBRH578HE "BERBLE"LEVLDTH
LWESS,

BR. THCEERECHASNBIBAVILAEMETSEECD., 20D
REITERICED., BIETRZELDIC, BE - EEOBMBUYUXALADRIRIC.
UREHTEDNTI2REERANDEZELEHBETRHRVWIENAGHICENEL,
LhLADS, CORATIIER -FELEZHHEOLBICE. 3~5 758
DEREOSy bERWE, Z0OD, BBUXADNERWNICERE T 52 &
FWAXATH., WOHE. EBBOINSF A7 o UXLADSERAYXAAN
DEFTVPBELIODPEBEASH TRV, Zh(E Tinbergen DODOBETH 5.

BMAVXLDEGRZOHKNE. TEBMHOF -5 —DHRVNZEL, 2D
BEBOBYMPNBRELALEOBRAICEIY., BHICERE - EEUXILDOES
S, RREEZHEZCEOALHRLEORTNABEEZOLD. ChET
mMRIhAhTI Mo,

— K. BEOHRRICEY. BAVXAZRBE SIS EYBFITRATEH
R E# (SCN) CHEET DI EHES HDICEH = (Ibuka & Kawamura,

1975; Ibuka % ,1977; Inouye & Kawamura, 1979; Scwartz & Gainer, 1977; Stephan &
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Zucker1972), AU X ADBEGKREZEICDOVWTE., Sy FTEBINFIR
FOY. MREAS Pz OBETHLS LAY —-N-TF7EFIEBE
F (NAT) &2, 3B THREETNTVWSHETT, TORIBHIETE-
Z Y LBE &N T AL (Deguchi, 1975; Miyabo &, 1980; Takahashi & ,1979),
2. B - BEEOHAYXAIICD T, Kleitman & Engelman (1953) @ 17 8)
BREICXDBEMOEBRNAEFHAIBESINTNEILZITTH S,

., BIEORENZTIEIZD W T IE Jouvet-Mounier (1970)IC & 2 R # & B ¥
THDA3ENEY PEBBUEHNMOS v T, ERMEHRASTEAE, L
DLABSE, COMETE—BOEBEEREOCHREORELZLOALMEE M.
WMEUXALDOHEINY, PS, SWSOHRKHRBAHLGLERERECEELRERY XA
DEREABRELTND,

AHETEHIODE>REEEZREA. BR - FEOBAVXANEER
EWMICODERIT B hE, Portmann (196D ICREWV. BEBICEITABO
BRENENVBRBBHHOS Yy FE. RBENSOREREHVOEILEY b
EFRHWT, BET S, COB., AV XADOERIC, SBEEZ»S D 24 5
HMOBHBEYA IIANORBLEZHERE (LL) ~O0REELT. BEiv, O
DEWNEZ 2bZERFELE, CHICKXUBBUXAEROESIIhND S
BBEERORINEZHRFTTS. TH5IC. KRALBVOS Yy FEREREHYO
EBILEYMCBEWT, SUSPPSOHE A, 2EMOBAKH. BHZAETNIC
KBITDHSWSEPSEDEMKREELZLELEKL., ThEThOBOERSEEZHA
EMICT S,

77 &
ER1TEBERLIVDODBEAORERBICHADI VA RI—FS v beNn—HL
—RENEVIZERVE. CNOS0OBFYEIHRHARRDYBEEHFER (SLC)
FVBAZN, BEXRFLEETRECHRBEREEI LA, CLOOHERS

14 LD 12:12 (L, 0830-2030), BRE—F (23x2°C) BETHI I, AL
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DOMPEAHK2, 3EAMCRBRENOAHERBAOHFRBICBHE
N, TECTOT—CEKEBTOREEHI00)NL IR, BR - HEOMBVUX
LAZRMICEREBRIACLEDORT LOERZ NS, Sy MTIIE®R1TB,
ENEYMTR7TEHLUEOBMERAVE., REBMES v F T 1288
BlE, ENEY TR IOERLLOBMTHS. RRICAVALAHREDOHK
(& Table2-1 (47T EHBR) DELBYTHS.

A BR. 1 BA AR IC B2 B
BREBOLEHOXEBE.
HBCHBREHEOLD
DSt BE. IRERERRKR
D 7= & O 3R ¢+ B 8 % IR Bk
BICHKBETTHYICED
AL, BRBERZ BN
IEZ—ILERVL. BY
DREBECKELESR
% 25 mg/kg ~ 50 mg/kg
(ip)oETEAL. B
wm)—-FrgzEe7>7x/

—IVHDTSTICELED,

ERAEAY M THBIC

Fig.2-1 The electrically shieled and sound-proofed chamber
MEMNCEAELLE. BY

for recording polygraph in the present experiment.
FEBOBIONAKXKER
HNOSARHB (EEBcm B 26cmPHEHYA  ER30cmBF & 36ecm XA
BYA) CANSOhER - KBUXAZERBMRES A, BIMEI T2
T/ =)v#Dslipring C& Y, BHEOMEERMEINDILES. BEHICE
BRAEHEEDLBIENTESE (Fig21), SBEKIZERBEBRERKRE. H5

ABEHBE. BENICEBESNhELEE—F (23£2°C) 7Z4&. LD12:12 (L, 0830-2030)
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DEMOBEEICE» NI (Fig.2-1) o
RUSST7EFBR. BEXBHOF v RIIBEHICIY., REMOD

B - FERESOALOBFLIVEVEZEY XAE—-F (60 mm /nin) TR
nrc, RUSSTRBEHELICIOMHEAUT, BSREMRE. EREFERS
LUVEBRREHEZRHME T LS, EIREMK. SERKEH (REM) .

BIREREMOIPS, BREMRCBREHERERBHM LT 5 EE @wake) O
SHICHBML (Fig.22) . ThoDEZBHEBICAAL. RBLE, B -
EEOHMESBREOALOHICEHEMB (HITACION) THRT— - RS M LS

HhzEfTo 2,
Awake SWS PS
EOG A > I 400pv
bt b
T T — ' 800pv
Fron *”LH’MW W W | 200pv
OCCip  wahmpbie il Y i aasall

30s

Fig.2-2 Sample of polygraphic records with slow paper speed of 3 vigilant states for the adult guinea pig. EOG, electrooculogram;
EMG, electromyogram; Fron, frontal cortex; Occip, occipital cortex; F-O (R), fronto-occipital cortex in the right hemisphere.

BR

BBV XLAORE : Z#MIC, SWS LPSOERAIFTITU—ERL. GE
EEHLULLER(TS total sleep ) IEEICH IV TR ZBEBE AL, BHIEY
ANTTEo/258E. 3BM. S5BBDSy hOER - BEYU X A
E3~4BBMABOVIISFAZVUXADSOIBEYI->TNS, =

DYUXALIZAE. BHICIPADSFTHIAL. RBICEREERAXE O OHN
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BB THD, 40045 BHEICK>T. BREIBHICSERLE LY., #BH
YXADPEERENECHS (Fig.2-3) . —A, E¥RDORETHE
hEeSy bOER-BEBUXAS, BEYA LD T THEEINEABYOD
FNEFENLTZEVREEYD, COBEICH., 405 45BEICHBY X AN
EEhiked (Fig.24) . EXHRBR T CHEEN LS BEHROTIYDONT
— AR LG DLE., EoZ2VLUBRRIPEETHIEBDDL
(Fig.2-6) o8, 3, 8, 2HRHEOKSOERICHKREBEEIND. Ld>T.
BMAUXALAREBRBERDOOOPBEYAINBREORROEHICHEFE L.,
RUBHBICERENBEDD VA, —FH, &S v b TR JICHERD
ZRL. BHICHVTIHMA VX AERYT (Fig.23) . ABIC. BB TIEH
BYUXAICEBTSER - -BEOIVINISTATUXADREBEMNMEL

BEDBEFEHRTHS.
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Fig.2-3 Development of circadian sleep-wakefulness rhythms in rats born and raised under LD 12:12h lighting schedule.
Ordinates: amount of total sleep (SWS plus PS) per hour. Abscissae: time of day. Black bars indicate the dark phase with light
off (20.30-08.30 h). Each diagram was taken from a different rat.

..41...



€0
15WKS S0r uxs
2 30| /\/\/\/\/\/\W\/\W\/\‘\’V\N\/\[MV\/
a 60y AWKS 206 $0
=
-~
o 30 30
@
¢
0
— h —
o 59 0 BWKS
-
o
.__
- 30
o a0
-
c
3
o o , . N
L 6Op  suxs 60,
30} 20
v 60 "
20}

Fig.2-4 Development of circadian sleep-wakefulness rhythms in rats born and raised under constant illumination at different
developmental stage. Ordinates: amount of total sleep per hour, Abscissae: time of day. Each diagram was taken from a different

rat.
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Fig.2-5 power spectrum based on records of 5 consecutive day.s of total sleep by a computer in a 4-week-old rat (No. 216) shown
inFig.2—4 Ordinate: intensity in arbitrary unit. Abscissa: period.



RIZSWS, PSHAICHAB YA ST COUXATROBERELERANL

(Fig.2-6) « KADS v FTIE, SUSOHRBRELPSOHRIZIFEFFTL. B

MICE<HBALE, L2208, 25BHE4BABHEBMTIE. SSEHAMICH

HAT2FAMERLADS. PSREOLS> BEMZEZLSRT. SUSEHEXRICH

UUTHRALE, —RIC., SWSOHBEELPSOHBEEFOHBEE > &

DEENTVWEN, ERBOIBS., 25@BBS v POSWSEPSOEBFZEIT

r=0493, &Sy MTIE r=0734 L7z Y,
HbEERTEN., SWSHOBMBAUXLDF D,
AEEANR SN,

e SWS e PS

2.5 WKS 211

Amount of Sleep(Min.)

Fig.2-6 Development of circadian sleep—wakefulness rhythms
in SWS and PS stages in rats born and raised under LD
12:12 h lighting schedule. Ordinates: amount of SWS (solid
line) and PS (broken line) per hour. Abscissae: time of day.
Black bars indicate the dark phase with light off (20.30-
08.30 h).
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- Fig.2-7 Rhythms of total sleep (SWS plus PS) in the precocial guinea pig. Sleep~wakefulness rhythms of the infant guinea pig
could not be discriminated from those of the adult. Dark bars on the abscissae indicate the dark phase (20.30-08.30 h). Ordinates:
amounts of sleep (min.) in every hour. Each diagram was taken from a different guinea pig.
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SO &IE, SWS,PS BIOMER - EEUXALCDODVTHHATHEY ., £
1 ERBYMEBEOERYXAR. 9WRSF4T7 2 UXALATOHRTER
Eh, BREBCERANZHEL (Fig.28) .

BEOBNBESOREL : KIS, SWSEHH (SWSHSROSWSHIERETO
BiF) . PSEAY (PSHSROPSHIEETICHKME) . PSER (SWSBRTH DS

PSHHIRE TOBME) oRELELERBL, Fig.20 (v k) & Fig. 2210 (£
WEYR) ICSWSEPSHMOREMERZABR. BHAAMICRKLE, Sy T
Z25 @@ &3 BEHTHR. MY, BHICSTIPSAMICBREAREERGXR O AL
W (YA YFRAR, p>005n=7, XU n=f),

EIABM, Sy MDRETRICONT., BHICE T APSAMEEHICL
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NES<RY., RETREEESROSWAE (Y457 X b, p<001,n=13), &*
=, AR, BHIICBUISPSAREB LB CRELODONTEEICERLE
(HF R b, x *= 1877, df=4, p<0.001; x *= 27.44, df=4, p<0.001), — 7. SWS
BRI, BHICENBHRICBVTRVERICH S, BEICHE-TEL L
P | A N Bl = G N o X el
ELEYRFICBLWTHEREICODN., PSAMRBR<S SN, SUSARRIE2<
Zbhbog, PSEHIE. BHICELTH., BHLCBWLWTSH, BRETBICD
NTHEERKERLAE (HF X b, x *=17.88,df=4, p<0.001; x *=22.76, df=4,
p<0.001) , ZHICHMZ. BAMICB T SPSEAHMEIBHBIVERICRY (Y1
Y F AN, p<005,n=15), WTHOBOLOREBRKICSVW TS, PSAMIE
BICSWSEABKLVRWERALR S KK,
PSERICDVWTIHI., Sy brDENRELEY PCHEANEREWERICSH -
. PSREIERERY, OT
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30
]\/\WI\PM L (HFR b, x2=1762, df=5,
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Fig.2-8 Rhythms of SWS and PS stages in the precocial o = —

guinea pig. Rhythms in SWS and PS in the infant gninea pig PSRTONRZ X & L&HNTH
were very similar to those of the adult guinea pig. Dark bars
on the abscissae indicate the dark phase (20.30-08.30h). M BR&E N TVD (Table2-1) . %
Ordinates: amounts of SWS (solid line) and PS (broken line)
in every hour. _
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FEEICELLEDSBOD (HF X ., x ?=1854, df=4,p<0.01) . S v MICEN
BOTEZEEFLAED, —H, SWSEDOD—HBHELEVEBEESy P TIEHE
ICHWPSO IV ERO DB TEHEEICEMNTS (HF R M, x2 17.66, df=6,

p<0.001) A%, ENEY FTRERBERLELCER SN (Table21) ,
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OH brpemes 3 3 A} Fig.2-10 The developmental changes of the periods of SWS
Age In Weeks (solid linc) and PS (broken line) cycles in the light and the

" Fig.2-9 The developmental changes of the periods of SWS dark phn.un in the guinea pig. The period of PS8 cycle became
cyéle (solid tine) and PS (broken ling) in the light phase fonger with age while that of SWS was constant throughout ,
(empty circles) and in the dark phase (filled circles) in rats, development.

The period of PS cycle became longer as the rat grew.

. Ordinate: periods of sleep cycles. Abscissa: age in wecks.

BEIC. PSIEYV—-—FDODRZOEENTIE DL /2 (Fige12), BEHE. BE
BEBICS Yy PTIEPSTIEY —~RREEICEL<S<AZN (HFRABM x *=21.99,
df=6, p <0.001; x 2=34.00, df=6, p<0.001). TN EY FTIEHFICELS 3B =

EDNBBOH SN (x 2=9.56, df=4, p<0.05; x 2=19.26, df=4, p<0.001),

BMERKOAXENERICE, BALCHLELEIERNEENILETH DS &
B BREORBEMEMNIGEL SEREN T S (FKE 1982, 1985ab;
Monnier 5, 1980), € DEK LS. AMAZER - SEOHMBY X A DK
ZEGRENICHER, SYPMCBIIERBERPSORBY A IIRE
N, EHEHABE LN, BEUXALAFERZERETS I ELEERO. &2
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Table 2-1

Summary of the daily amounts of wakefulness, SWS, PSITS (%) and PS[RT (%) at each developmental stage for rats and
Mean + SD in minutes. RT, recording time (= 24 hours).

guineq pigs
Rat
Age: 2.5 weeks 3 weeks 3.5 weeks 4 weeks 4.5 weeks
No. Animals: n=7 n=6 n=7 n=3 n=2
Awake 610.5 + 434 696.6 + 60.1 702.5 + 36.8 1.7 £ 70.7 694.7 + 633
SWS 554.1 + 28.6 528.1 + 439 556.0 + 55.5 569.4 + 81.6 606.9 + 60.9
PS/TS 332+ 83 290+ 15 248 + 4.0 221+ 38 187+ 12
PS/RT 19.1 £ 2.2 150+ 14 ° 126+ 17 11.0 £ 09 9.6+ 02
5 weeks 5.5 weeks Adult
n=7 n=2S5 n=]3
7471 £ 780  7692%49.6  687.0 4 55.1
565.6 £ 69.7 546.9 + 56.0 652.8 + 46.3
184+ 24 185+ 19 133+ 19
884+ 1.5 86+ 1.0 170+ 09
Guinea pig
Age: 1 week 2 weeks 3 weeks 4 weeks Adult
No. Animals: n=35 n=7 n=24 n=§ n=15
Awake 878.1 + 38.9 851.1 +21.2 910.2 + 26.6 871.8 + 38.3 889.0 + 54.5
SWS 485.0 + 31.8 515.6 + 20.2 467.7 + 26.6 497.0 £ 36.8 495.6 + 48.8
PS/TS 136+ 1.8 124+ 1.3 11,7+ 14 126 + 09 100+ 1.6
PS/RT 53+ L1 51+ 04 434 0.5 49 + 09 g+ 09

BomiclE., DEYV., BEOBREY A ZLEEBE Y XABRICIIEREY
HRBILIEET, BEVXALAZRABEIEION—RNERIAVTHD L
Wz 3.

BIE - BEUXATRERTHELS, ETONISF47UILNHE
BT D, chTIRIBEBTEBAYXAANDBTHEE S H Kleitman &
Engelman, 1953), S w FCIH COBMAIZ4 LS 45 BB TH> L. Sy T
. EbFERALCESC. HEBIC—AHALUPSEDS <. PSAHHEL.
COBER-EEOBAVUXAOCBEAREZMOBEYXALLERDE. B
A TH BSCNM A% 1 B (Fuchs & Moore, 1980 ) . #R & NATT 12 H
(Deguchi, 1975), BIB 3L F a3 X5 0> T 3 i@l # (Miyabo 5,1980), € L THH

EDHEE - EBRTRBAVIATERIC4~4EBEZELLE, SO LI
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Amount of PS per 24 hours{Min)
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07y 2 3 4 5 T Adult
Age In Weeks
Fig.2-11 The developmental changes of the average amount
of PS per day in the rat (filled circles) and in the guinea pig
(empty circles). Note the rapid decrease of the amount of PS
with age in the rat. Smaller circles indicate individually
- measured values. Mean amounts of PS (large circles) were
calculated in cases where more than 5 measurements were
obtained. Ordinate: total amount of PS (min) per day.
Absciss:;x: age in weeks.
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Fig.2-12 The developmental changes of the length of PS
episode in the rat (filled circles) and in the guinea pig (empty
circles). Note the gradual increase of the length of PS episode
in the guinea pig in rather sharp contrast to decrease in the
rat.
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BEDODTLED D, CAEZHATNOBLIBEIMN T EERNBEE D
HE-WBEAEEMEEL T S Allison & Twyver, 1970), —igIc. E 8B
BREZHBYWE—BHEVEBRENS VLA DA>TVEN. REROD
ZYMEHRTESOBHEAZBITENEY PTH. FHRERNRT &
BY. Sy IrOEBEEEZNM .

ERTHE, HERICHORBESRBTBBAES vy L. REICDH
MBYXARBRAICERSNDIBEEZEYU, SUSEPSAMEIEL<S AV,
PSEIIHEA L. SWSERRBMLA, —F, HEBROBMOBBELSEL . HAE
BEREOBRE - EFHELRFLZERMUETIEY TR, £ 1BEBTT T
CRKAEOBEAHORARLS 4BEHOER - EBEUXALAZRL., 185
JoUSWSEPSHIIRE. SWSEHBICD., RRICEK B ZE(ITROONAENL o K,

IHhETICHBMEBUVXALAREBHNLEEYUVIXAT, ZORBICIE, 24BH
TEHITIREEEANORBEZLELLAVWILPHLODIIENE, 25
. RETSy b EELEYFZ2AVTHBEVILADBEARELE LB L &
BR,. CCTHHABY A IMANOBBENER - EEOHMBYXAERER
HBRZERBARANWI LN, BoDhITENL, SO EEF, BEERHEIEE Y
AAFERICBAMABEBEULDILPREEZAVWIEEZEKL, BMEBUXARRI(IC
BEEALCHI2EBEREE (EYREH) FPEELRIZERLLTVNSZLE
AT, B, COMABRAOEBRNRESHASHICEN, RERTHICH S
—HOMNETRXXLEBVBABEZRAEALTOLB I EMHASMICEZND
DHB. ROEDLS., CORRXXLEBREBEYVXALARBEOBRZRH T 5.
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Ibuka,N., Nihonmatsu,l., and Sekiguchi,S(1980) Sieep-wakefulness

rhythms in mice after suprachiasmatic nucleus lesions. Waking and

Sleeping, 4, 167-173. % &1 s [T
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BIE L£YRHOEEEHOME
[IROXADBRXEXERBIBEROER - BB U XA

MELBEMN

CHET, TE,. 2ETHAVIARALCLHOILPDOLDIBEBERDREZR
TEREEDBVWAD . AETHEHBMBYXAZEVEIHIHRE.  BRETH &
MEBGFOREDOBMEERY EIF. /3R L& (suprachiasmatic nucleus,
SCN) HIE< HABTHAERHELTHBIETSIL»ERTT S,

AHOERCEROHRERLELRNY, CORRDPOBEAYILEES
HIBHBEBLERZ L, TFT7UPaAOF CREREICHART (P
i) DEETHOLEMVBELSMICET N TS (Nishiitsutsuji-Uwo, 1968; Page,
1982) , REBYDOTATISLTERSIBHBBICLE > TEREANLARE %
EBRDODLENBMEEN TS Block, 1981), —HF ., BHTRASKMEHK
DMHBEL THAREI N TE LD (Gaston & Menaker, 1968), EE. 5 v
P NLARS—OE BB TH 5, KX L& (suprachiasmatic nucleus, SCN)
ZWELTH, AXARTVFav0FEHIHOBMBUILANELICER
CHEBZEDS. MREBEH OB ELTEBEADILLCREEND .
LEZLSND, BLB, RETHE, MRAESCINEAEGSI —DOBE &L
T, BVXLAZREZHEDHIELEZSHNT VS (Ebihara & Kawamura,
1981; Takahashi & Menaker, 1982) , HEH W Z &I, CTHh S D FYICE L\ TH

HRAIRERZERIISIHMBERO—BELLTEAELTELZLTH D

(Fig. 3-1) . A aplysia . B cockroach .
A B
we / \ ommatidia o motor
c Ssparrow D rat SCN |
pineal body O
(D)< +SON ‘ { ;__ﬁm

visual
brain
Fig.3-1 Localization of circadian clocks from evolutional point of view. Circadian clocks
compose a part of visual system in various animals. (Ibuka. 1990, Fig.18

modified from Kawamura & Ybuka (1978)
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—h. BAHETHEHHERFOREEZEROIWMRIE. Sy . NARS
—EPLICAZINTHEY., BB ELLT SCNONBEEILT HICIHE.
RBEHEOLERICE>T, JVEBEN, —BNLABREBILENH D,

BMARHORBREEZRDODT. CHETRKEL<OHRBRENTEEN. 5
v FDOMIEBERE (Stephan & Zucker, 1972; Ibuka &' Kawamura,1975; lbuka & ,
1977), SCNoO T I F I - 2=y FOEEH (Inouye & Kawamura, 1979), 2-DG
Ik 2 SCNHEEREDH B LB O, (Schwartz & Gainer,1977), X & [T 14 SCN
WIRICIVBMBUXTALAZHELETZ Y PANOFHEF SCNOBHEICL BE
MUEMBYXALADEFE (Sawaki 5, 1984) BEDOWEICLY . BRI L&
FHMEREFELTERBSNLE., ZOHRTH, IC SCNOBIBEICELY . #
EEDOER - REYXAZE OO, FEH (Stephan & Zucker,1972; Rusak,
1977y, B & T8 (Nagai 5,1978) ., # 2 {& NAT(Moore & Klein, 1974), EBIE 0
JF2RF 0O (Moore & Eichler, 1972) DA Y X ADHEENREEINT
WBN., ChE5DHRIEISYy b, NLRSY—T SCNSH#IHBHTH B
CEBIUTHOIC., RKWICEBLU &,

ULoLAanSs, WEAHFICHBOT SCN WAL L THET B &%
BRI HEOICE, ESICAVSEBEEHALT. MALZEDDIVENH S,
ME. YO AT MR — 81K T 2 4 8% (retino-hypothalamic tract) ® 77 7£ 4% 3
BRX /= (Wenisch, 1976), O &ld. O RXRITHEVWTH EFL. SCN
MBUXTADRLSZAA - N —ELTHETHILEBSTET S, XET
. YORRLEWT SCNBRZZROER - EEUVXALADE{RZHAND C &
&Y. SCNBSy b NARY—LUAOHABEICEWLWTSH, BIAU X A
DRAAA—HN—ELTHET I LEZEMND IS ELE,

Ak
BERELEEHRAETHEFEEINTOLIHEOERRZ Y U X BALB/C,
WEEAWA, SCNBRZEEKETT. 8% DavidKopt # O K E I B E &

BICEAEL., E%23BLAMVBEBRERECETLVITET, ROR
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EFUSFSNHIC02 mm, BEERXRELY 58 mmoOAMBEICFAL, 06 MAD
ERXERZ 0OBRLE. BHE#BC=ALL T, BEEORKTHROBM % E
BOPUATHELL, MEBEEATEBCHELROLOORXEEBLEH
EREBOBEBEZHEHNICBENICEDAL, ChETI7z/ -0 5
7S5 71CFEEd. BELCEHAEAY MTEREL &,
BYEIERBE LM EASRESR (EE18cm, & 25 cm) KB H N,
2~4BRVISSTEEKRBEINE, ISABHIZEE—F (28x2°7C)
OBBEY—NLE - FryhbN-—TANSGh., BEY A I D212 (L,
08302030 D IRBERHUHCHEJE N/ (28, Fig. 2218 B), BHLKkFRBA
HICHRTEL, IXTORBERTER, IYPER A NESY-L T &
<KHEBL., MEZEBEREBEKTERE. 10%RIL2UyTEELE. HEM
BA%EZ BI/OVOBEESTHYHL., FAZ fE%k. SCN RELEM
T CTHR L~ Fig 3-2),
RUTSTRBEARXLBHDOF v+ > RIIVRBEAT, REMOELRRT

Fig3-2 A representative example of bilateral SCN lesion in a mouse.
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BEEZEL. BEELVEVERXY G0 mm/mnetrashkt.B85hiERU S
STRBEIAMETHEARALPYUAS T, 10 B T SWS, PS, Awake(BE) O
SHEICHEL., BHER (HTACIO 1) CAAL. B LAE, ZhICX VY,
1THBEHLUVDSWSE, PSE. PSEHLBREVELRKIHEEZERL .

mR
BETOXABABO 2REOCH. TOE<Z2EBRBRICEPLAN. B
CREENSERLAOY. BLAEILVDSRTERYICHENAEBE U XA
CHERBBMOUVN ST AT IURADEBRTIER - EBEUXAER
L. SWS & PSHZEBMICR TS, COZHEHABY A IIICEAAL
2 (Fig33 TB), Lo2h. SCN 24 5L SWS &L PSHOBAU X
A< HELALFQ33 LK), BERAICLARIC SCNEZBKRELAEIIRT

avnen

501 —SWS
pe 111(SCN)

| —SWS 109 (SCN) blind
80 ---PS
40
» 'E\ 30
E20
10
0 i T NP P e »...ﬁ_f._w.r—.,‘x 2 “""‘4. P,
116
—SWS
501 Ay
40

Fig.3-3 Hourly values (min/h) of SWS (solid line) and PS(broken line) of an intact
mouse (bottom) , a blinded mouse with SCN lesions (middle) and a mouse with intact eyes
(top) . Black bars indicate 12h dark phase.
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b, SWS &L PSOBEBVXALADHEEDBRONAE, LBALESRS, COBE
TH., 2~4BBBMOIVINISTF4T7UYUXLEEBEL X,

>
o

SCN Lesion

"Em——— R

Cont. Lesion
* N‘

Intact

SWS(min)
5 8 8

o

SWS(min)
5

=

0 "ER——

Fig.3-4 Means of the hourly distribution of SWS for three groups. Orrdinate indicates
the hourly amount of SWS in min. The diurnal rhythm of SWS was completely abolished
in the group with SCN lesions. (top), but not in the group with anterior hypothalamic
lesions sparing SCN (control lesion, middle) .

5 SCN Lesion
b '
52 [\\/\W/\/\/\/\/\/\/\/v\/\/\/
52
01
0 R e
51 Control Lesion
4
E3
n 2
&y
0
5{ Intact
c4
23
n2
a4
0

. Fig.3-5 Hourly distribution of PS for three groups. Ordinate indicates the hourl)f amount of: PS
in min. The diurnal rhythm of PS was completely eliminated in the group with 'SCN .lestons
(top), but not in the group with anterior hypothalamic lesions sparing SCN (contro! lesion, middle)
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Fig. 3-4 | SCN #1&E (n=8), # %l SCNEFEHKEMN=4), BILURETI R
(n=7)> SWSHDOUXAZFHILLT. /S 7ICKLKE, SCNRIERDH
BERICSWSOER - FEOBMBUYXANELRLTOWS, AL &, PS
DERETHHER X N L (Fig. 3-5),

Table 31 [C3 8D 2 RHEOHM. BAMAHOPS HHEREHKEL PS HHEH
MRENTWWS, SCNBREBTIE PSEKE PSEBEEMICEVNT. BAH
EHEHBOBMICEEZR AW (DY Yy - FXb. p>005), —F,
ChicxL., HMBRERCEBREBE T, BHRAICEX, BHRICEFS PS &
& PSHIRBEABREIEBELCEBALTWS (Dallad vy - FREE,
p<L 008), LB, —HBHHEZVDPSHEETEHIFHMICE<EZAL
(HFXb. p> 005, DEY. SCNBIBICLY—H®D PS HIRDHH/N
GUOMEDLOEEITDOIELETH S, AHEIC, SWSO—BbAYEREH
HPIBRBT. FEERRONAEL>EHFRAM, p> 008, SWS IZB W
TH, SCNBRICKXY, TO—BHAVERERHMEIRERCRLZ &0
< HROGHHEARLAEALETTH> £,

Table 3-1 Frequency and total time of PS for dark phase (D), light phase (L) and total day (24 h),
for three groups. The total amount of PS in a day was not significantly differ between the groups.

Mean+S.D.

PS frequency PS time (min)

D L 2%h D L 2k
SCN 19.7 +4.04 19.5+2.44 v 39.246.65 24,94 5.64 - 23.343.70 48.2+7.96
Control 13.1+3.01 25.8 +5.66 38.947.65 17.1+£3.79 31.5+5.93 48.6 1 8.44
Intact 11.3+3.01 2044644  40.7+6.62 14.146.71 36.8+8.72 50.9+8.41

Ft &

ERBOBEREB SCNSA, IYALCBENVNTHELER - EEUXADY
— AT AT RAZASA—A—ELTHELTVWDZLEZRLEBDTH
B, CORWEICEY . 5w b (Stephan & Zucker, 1972; Moore & Eichler, 1972) .
/N I R 4 — (Rusak, 1977; Stetson & Watson-Whitmyre, 1978)[C 01X . 9 R T %

SCN "BIERFH L THREL TWAZEMNBEEMEAY, HHY X ARG
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ELTO SCNABAFIZIENWT., LUVEEBHEZHDILO—DODHRNE
MA o &Ickbd, 5|2 lnouye & Kawamura (1979) (2. £ & TNS XA F A
JICEUYABHMWICSCNZED "B (sland)" BEATOTILFIIN - 22w b
BHEN,LL. BABOZ 1 —OYFEHICE 24658 OBHBESRNVEENE
B, BHABOoZ -0 FEBHICEE UBHOoOAHEESREEZ AL
il ltEzREL.SCNOZao -V REBEEREDILEERLODICL L.
WOED_ORRIF SCNAMBERELELTHELTHWD IO LERIL., B
BadosLlk.

Fh. BODRBTHEONAEERBE, R4V EICSy POER - BB Y
ALTHRELERNBEYDVATHER, BITTH8b0OTH-
(lbuka & Kawamura,1975; lbuka &, 1977), ¥ /b B . SCNEgIEET—H H/=V
D PSELESWSOHOHEBREY PSERAREOEEBENTZ2ELERBZ &AL,
REZTORBREMTOLEEZDILVIATOL. EHTHH>L, HMEIT N
I£. SCN A ARG LU THELTVWT, ChADPBIEENS CHBHICH
HLCHBRLUAER - FEOMBAVXAOREBENEA EN. TORHK
ERELE, LEADEDHES,

ARBRER»S. Sy b, NAXS—[CIMA. TOATH SCN OBHKIR
kY. BEt#EEIS R, BEBUYUXLAREERTSH I EBD> R, B
XE#EF, Z2<OBAFETHERETHAELEDBALSHLPECEATHLEDT
(Moore-Ede 5. 1982), MO BHABMTH_OHBERN . KL<BABRF&LL
THELTWSAIERR. EO6TEVEEDN S,

LbhlLans, FETHEANALICANBEERY. SCNEBERICEWVLT
BREHBETHAEEBERANFaRTOVOFHNWAEDOYIAR., E4RIC
SCNLUAKCHE—_OBERHBENFETHSAREIHSILEHI TR
LT3, RETHCIOEZ_OBBIRKABRBEOREZRNT 5.
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45 HYBHELTORXRXLEBEOMEBE-LE_OHBIFORF
T O 7 BE % —

Saito,M., and Ibuka,N(1983) Decreased food intake of rats kept under adiurnal

feeding cycles: effect of suprachiasmatic lesions. Physiology and Behavior,

30, 87-92. & 4 I
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FA4E HEUBHELELTORRILBOMB-B_0OBHOREED
AT HE 1% —
F3F2 ABBMBYHORKREY A INLTTHONES Y PO
BREORY  BRXLEBEWIEBEOMR]

i &

FBDXDIE., —DO0B BRI (EYBH) PEKOTBPERBED
BHEOMBUXAZEa PO~ LLTVWEZDOREDI IF. BT LT RE
DEMTEEF—BLTOWSDIFITHEHAEN, HICEMNCROSWSIAMERS
EHENDIBRKRE, BR - FEOBBEYXALEREOBBEUXAZ2XET
ZMEBHADIHNECEFEETSLOBOVERLLTEIAONATNS, B
LEEER, BEMICEELTVWSRY., BEOBHIESHLTHT., EBE
CREBLGERVIADOABMEB—-HBLTWVWSE, L3, BRAEAH»VOD S
KRAVRERETERIELOND L. HBEIBEMSZODHBBUXIADEEN,
E<RA->TLKB o eHMEN TS (Fig. 41, Fig. 41 1BV T, 14H
KU, BBEUYXLORBRHMN 251 BH. BIE - FEVXAOBHEN 3B4BMH
B, COBRE, TR, BEVXAZESZETHABHE., Ui
KEHLER - -BEERBLBRBRODZDODHDLEBLSRTHDTH S,

Time (hours) —F. Sy hbTH1HICE
0‘1?424 1'2 24 1'2.2411'2‘%1?424.75'?4.112"24
) = ABEOEZEZ. BHREDH
===
: = | r.mrar ZIC1~2BHICHRT S
10 A :Y na .
.y rr—— . RDTEMEEZEDS X
g M| | At
3 Tt :
l & s T34 hr 2EHUEFIL. KEBZO
i:20 ‘_\. 'v A...-q;._'__ 1
z e, pasin '*'“:::_%_% 2~ 3WMENS. FRICH
6| : "-.." ~—y R o
28 T EBmenThE
30 Lo

(Bolles & Strokes, 1965), = O

Fig4-1 Desynchronization of & subject living under constant conditions
without environmental time cues. The activity thythm is

ted by bars (black=activity, white=rest). The rectal - .
::g:;:::ture iZ r'c?:esenzcd by tx%lal;ygles, indicating the temporal ‘fﬁ“ [SE ﬁﬁ ﬁE Iz & A ?: ﬁﬂ H"] 15 ,ﬁ g]

position of maximum (A) and minimum values (V).
HOoBEVRIENEZLNS

(Wever, 1979, Fig. 27)
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iR TE oL L, FHRBEORAMZ BBH., HH50VF 0BHEO
3512 4 BEHIVKESEBHLEBEBTHERLAEN, CENEET
H2, D2EYU. COZDODHHEE. FHREEZABEF LTSI OFHN
DX Aab, HMABE (BBE) CLoTHVEEhABAVIATHSC
LERFH->EVERLTVAEDNLETH S,

AN EE, FIMBEZRABEFL L THAVHEAEESE. GE.
ANFAXRTAYOFHNEEOMAYUXLE., Sy FORXXREE
(SCN) ZHEBL THEET R LERAV, LOBENL L EINE
(Krieger 5, 1977 ; Boulos 5, 1980), Ch S5 DFERE S v FITBEWTH,
GERPEBHEOMBAY X LEDY
256 BBATEAVWCILICAS., BEMAS, SCNEHEEZNTH T,
BELTELT, o THEBHLLTHOLTLWAEAVLDOT, BIMERKEZ

bO—Ld 5RHMNSIN—DTH B LT

FHTHILEEREVWDLETHS.

CMODORBREEBEABY, Sy bTHEPDXSIC, SCNEHITEZ
OHMABHNEETHAEENBETELE. FETHR, UTLCERZI LS54
FLLOWRBNASSASLEEZERTILCELY., COE_OHMBRBHOEE
OWEEHEERE> &,

INETRRTELELDIIC, Sy b, NLRY—, RTUR, B8FHL
HE2<OMAPET. B4«OTHOWMBAVIANRXIX L& (SCNIT &L -
TarybhbA-—ILEATWBRIEBASHICHE> L. SYPMOERTHOMR
BUYUXLBKES SCNICEET I EMNDM > TS (Nagai 5, 1978),

L LAansds, ChETOSYy rOBETHOBMBYXLDERIE. ¢
RTHHEATT UEBMESNCHYIERTZS., Wb "'H&EA
HEBRXE ICX>TW3, LD, B, #24BHAMOKETI. 24
B EAABOBEICLER, BIVOBRENIE< BV, BEVFE<SAKDC
ED RV E N/ (Saito & Noma, 1980), COERED RV ZHABEY I 7L O
WhalChDbDOSTHRTSOT. MENG 4 BHEOBARKHEEBLG
B A NVOBMICKRRAANECEEDEBRENL,
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FLTCAHET@ER. ER1ICBEVT "BEHEREZ ' EHB21CBVT.
JE4 BB HIMREEEXZ FEATIOLICKY, HABHELTO
SCNORIEEa XY —BBREICL. SCNUAOBABEOEEONEE %3
o,

RBR1T OBM®
BRI ER (SCN)OBREZNAHWME. "BHER "HZ0HbLTER
OBMBYXANERTSERL, RE2ICBVWTHERAYT S HMBY XALHE
ROHBRBMEFYVEBIIELEEZBMEL L.

A&

AABYH (KR, Bd) KUBALLBOREIASA RS —FF v 10
MEROVE, BIMIZBEE Y &)L LD12:112(L, 06:00-18:00), B E 24x2 C. £
EKRDBEHICERTZ37—CPBbNAAHBEETCHEERINE, b —
CKETOHEDIE(F130~150)LZ XA THo k.,

B DavidKopf t OB EMB EEBICR > NI ESY — L BB (50
mo/kg, I THEBEEZNEEZWAR., UTOLENZEN ., SCN O KIE
(B, No. 610) F2mADERZIOWBEE LA, EBOEBEEMNE. %
WA ENEHREREBE OGN VISTET. PLOBRUS TSI
[C04mm, BERTEOZ2mMm FICkEy bEahi, BB (5, No.1~ 5)
ESCNKU T mmLEERBARVATHEINAE, AEOHMEFHE
sAO%. BAORBY—CICANLDhE, COTV—YVREBHEEERSEN
hYRIVTEEEZN, Pryrvd—2FHCBLICKY. BIYWEBICT 2t
ATERVWESIXRZAh TS, BEEERBHEICABRENEFLIVED
MICERMICHEZEES N, BHRECHFE L,

Ridosr—-YicgmeEAn,. 1 BEEHE»S>ELKS5A IDTT, BHO
Py v —FEHMLT. BRICEZzERZE, BIWOERNS V£ 3 BH
CERHBLUAE. EA. SHEOEKRESES S, O Ea—4 HTACI0 1)
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CEVEBRETHOUILAZABWIFL L.

1 R

MERIEBY (No. 15)& SCNHEBYWO ID TTOERBYUXLERS L,
MEANMEERCHEENENL, BHETEEI T2 AN ARITHEERY
AbLZERLED, SCN Z2HBEN LAY TCHIOBERII LIRS ICH %
L7 (Fig. 4-2 bottom; No. 6810), LHL. —AHLUERERKH B
14.6+0.7g. SCN BEiEEIY 1252060 LB ICHBEERROA LD oA, N T
— AR BHEDPS S, SCN HESY T 4 BEBHEAINRLR2ICHX
7= (Fig. 4-3),

&
0
4 RatNo. Rat No.
0
4 3 1 3f 6
0
2 3
0 /\/\v .4 7
G >
- 4
g . :‘é Ol ot
-] 3t
: VAN 8
a 4f O
g L 6 E o A U vt W 0
ool ©
(1] L
4} a3 L/\/-- 4 3 9
P ’ ) 4
o] 0 O RPNl Y 0
4 8 3t 5 3 10
0
3 48 24 16 12 96 48 24 16 12 96
ot Hours Hours
4 10 Fig4-3, Power spectral diagrams of the feeding patterns illustrated in
ol Fig.4.2.
] 6 6 6 6 6
Clock Time

Fig4-2 Feeding patterns of individual rats for 5 consecutive days.
The black columns indicate amounts of food consumed (g) during
3-hr periods. The shaded areas correspond to times of darkness
(1800--0600 hr). Rats No. 1-5; control-lesions, Rats No. 6-10; SCN-
lesions.



B2 B®
HMERHTHD SCNYBHEEZL, BREOBRUI LD EDNEFHYIC
BOT, LTFTICHEXZ3E4RME  HEREHE " ETOBEREL, 2BHEAR
DEBEBEEZLEBETEZLICLY., SCNLUHADOE_OBMBRHOFEDTE
HERHT S,
Kk

BREBRRBR I TAVAS Yy PIOEZRAVE., ChoDHEBREE., RE
TRRTH. BEYA /NP EGEARBEWICEASNEEZHET, 28
BRBERENFENE, TORDORBREIROSEBIVEBREIATHLS,
Phase 1 (24 BRI AHAIREE) - A, 101606 RH. URBEAYETI7TH
MEBAENSHFENSD, Phase 2 (20 HABAMMBE) : F1 8, 10158, H2
H611HE., B3R 27T, - - -O&L>IC., 200WBICIC5KEE. 15 M
EEMNHFEND, Phase 3 Q4B AMKEE) : Phase 1 AL EHETEH.
6RM. FMANMTITEMEBANNFEND, Phase4 (28K M B E)
1R, 10178, 28 4218, E3H 1B1IE. - - -DXSIC28BE
MO&LIC7THME, 00BBENFE N, Phased: Phase 1 C R UEMT.
HmHE6RM, HKHEAMNT THOERLSF EN AL, EHEYIIILTO
BAREBMIL. 624, 520, 728 & 7a U, BYRBES A IO 1VAELEELVWESR
BEMESIZLOhk. CORB2OHRKETR. RR1TAVEF -0
Sr v —-FEEBEUAORBBELLSN, BYWREREEERT S LEH
Ko, ERETER., T RTOBHYORELEERBEXKTERL., 10
%RINVTYUYTEELE. REEXZ B /00 THYVHL., F
ok, EHECHEBMUEZEABFENICHKRL L.

HR
TRTOEYWE WL TFTT. 4B T BEOER 17 B M (Phase
1,3 5), 0BBEYE CREMOER15HM(Phase 2), 28 H AT 7B
ODEE220AMPhase YO RS D a—IEHET, BREENUEZhEZ, BR

- 63 -



REIVHEELERE OHASA I VOEBERBLRBHABBERTROKE
ETRTOHYMICEWVTRLUA (Table 41 ), B & & REBMEBE (SCN
Wi BE, 291150, #E B 283x5g) ICHANGBEEEILADN. RERRTHEO
SCN % 1% 8 (No. 6-10) (D T 15 4k 8 257+20g. # %l 8 (No. 1-5) 0 (& & 256279 & .
HEICEEEDONAL, Phase 1, 3, 5 TERBERSILEBMLEDBOOD.,
FEALETRTOHYICH VT Phase 1, 3ICLtER, Phase 2 TOERER D
W, AL &SI, Phase 3 & 5[CtENTH, Phase 4 TOREEREI D
o7 (Table 4-1), 24 EAMERKEY A INDOIRFHREERT S H
BT, Phase 1 & 3DIERBDFEIH & Phase 2 DERE., Phase 3L 50D ER
BEOFE & Phase 4DERBOLE L SCNHEBLKFABENLENLICIOL
THo7k (Table 42), T THHLLALSIC. 4BMAMBIRGEL
ERC0BEEANE BBEMBHOKREY A I TOERES SCN BRIRE.
HEBLICRACLSCEHEREICALY (Table 4-2), £, BRI UERY
A4 J®D Phase 1,3, 5 COWMBBICHERBEZRLL., ACKIIC, 200BHMY
A& 8BHBY AL 2D Phase 2 & Phase A THHRBEMOEBEREICEE
ExAmL., Chonpoehb, F UBHMAMOKBETTAONSIERE
OFLIE, SCNEHBICE> THHEET I LRFBEVEVASD,
SCNBIELHBRBOHEBMBEALAERZ Fig.44IZRL K,

Table 4-1

BODY WEIGHTS AND FOOD INTAKES OF INDIVIDUAL RATS UNDER
ADIURNAL FEEDING SCHEDULES

Body Weight (g) Food Intake (g/hr)
(I+ (III+
Rat No. initial final 1 II I v \% 112 v
1 295 294 2.5 2.1 2.5 1.9 22 2.5 2.3
2 270 164 1.8 1.3 1.8 1.5 1.3 1.8 1.6
3 293 267 2.4 1.3 2.1 19 2.0 2.2 2.1
4 281 235 3.0 1.9 2.2 1.9 24 2.6 2.3
5 278 321 3.0 1.8 2.5 24 25 2.8 2.5
6 298 245 1.8 1.1 1.8 1.5 2.0 1.8 1.9
7 302 313 2.5 1.9 2.3 1.9 2.1 2.4 2.2
8 336 292 3.0 1.2 2.5 1.4 1.9 2.8 2.2
9 275 215 2.4 2.0 2.1 1.1 1.0 2.2 1.5
10 246 218 2.4 1.1 1.6 1.3 1.8 2.0 1.7

Food intake was calculated by dividing the total amount of food intake by the total feeding
time in consecutive 10-cycle periods. Feeding cycle: I, II1, V; 24 hr, 11; 20 hr, IV; 28 hr. Rats
No. 1-5; control-lesions, Rats No. 6-10; SCN-lesions.
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Table 4-2

EFFECTS OF SCN-LESIONS ON FOOD INTAKE UNDER ADIURNAL FEEDING CYCLES

(I+111)/2 ¢ (III+ V)2 v
Feeding Cycle 24 hr 20 hr 24 hr 28 hr
Food Intake (g/hr)
Control-lesions 24x02 1.7 £ 0.2 {p<0.01) 2.2 0.2 1.9 £ 0.1 (p<0.05)
SCN-lesions 22x02 1.4 £ 02 (p<0.05) 1.9 = 0.1 1.4 0.1 (p<0.02)
(N.S)) (N.S.) (N.S)) (N.S.)

Food intake was calculated from the data in Table | and was expressed as the mean + S.E.
Statistical significance of differences between values was determined by the paired /-test (between values for rats
under different feeding cycles) or by Student’s i-test (between values for rats with control-lesions and SCN-lesions).
N.S.; not significant (»p>0.05).

Flg-4’4 Photomicrograph of a coronal section through the optic chiasm, showing the SCN-lesion (upper) and the control-lesion (lower).
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Lo

FERBIOEHKEHBREOEENS, SCNBHERBHABY A L TT
Ron/i-EHEOBBUYXAZRRICHEHKEEE, 2B D., CoThbEE
SCNHEBO—HHOEAVBRERIFKEIBOBMYWERMARDI LA, SCN K
BRAEELEERBYIADNRSY Y, RETHIE. BRABORESH. 2k
EHEEFTHL L, CHOEDHMAEESETOETHAKREEMN TS S
DTHY. SCNWHBEYASA VI Z2RABEFLITHSBMAURALCETS8A
B at (IRBIK) THI I LERTHOTH S,

—A. RBR20F A BEBABPORNMBRKECOEREREIL. SCNBKIEMS
MEBEOGHLIC, 20 E, 28 BHANE U BBORNREBRETEHTFILE
BEED, EBYA )LD 14 E3BLEBALCLTHEICHrDET. JF 24
HREBYGREE LTI EESIhER L., TOBBEL T,
BEE (B#HE) LHBUVXACBRBRERIMPELCEEOEBRXE, £2T,
HL SCNHSy bcBWTAEE—DOBBRE GEREK) THEILERE
TH5L. FRBRTE SCN drZEa2h, #EELTWHW A WD T, B AKE
EHBBUXLDOBBHRAGEECSOAVWIENFRENDS., > T. SCN Hix
BLBOVTR., FUBEBERKEE (0BHE 8KHAAMAKRIRGE) & 24
HEBHFERKEEORT, EEECEVRRLAAVRTTHS, &3
M, BRI SCNBRFEBELCEVWTR., HEBLACKSIC, U KHAMY
FIRWBET COBREBRRBRL LE., COZ&E SCNUAICEZDIREE
DEETILEHRLSTT,

CHhETHSYy ME—H2HHBEOHREBICE L, P THYE
HIRWEORIZFAL T, HIRKERZODLEDLS. EBRENEED
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Fig.5-2 A Siberian hamster with winter coat.
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Fig.5-3 An experimantal cold room with a short photoperiod. Body temperature is monitored by
a transmitter placed under abdomen of an animal.

Fig.5-4 An IBM computer system for data-acquisition and data-analysis in the present
. experiment..

F—9RER GREEWBR I —CTICELNERBER-FICKYV TV
A=V RAFAICEVE=ZSY -k, CORBEHMOBEMICEREMIC
BHAAENERFS Y AI vy — Minimittergt, LT M) 2FAL T,
BEEZRARBICTERLEESZ2V—-ERDRESRMNIE X, Dataquest $t
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Fig.5-5 Examples of daily torpor in 3 animals under cold and short photoperiod. Body

temparature begin to decline a few hours before the onset of light period.
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Fig.5-6 Daily torpor in an animal for consecutive 15 days.
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Fig.5-7 Representati
violet-stained coronal brain sections of an intact animal (no. 518) and
2 animals not manifesting torpor postoperatively (nos. 774 and 810).
Animal 810 sustained complete ablation of suprachiasmatic nuclei
(SCN), while animal 774 sustained partial damage to SCN (see Table
1 for damage to other structures). OC, optic chiasm.
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Fig.5-8 Representative body temperatures of individual hamsters
before and after surgery (indicated with arrows). Records in A-D are
from animals that sustained complete lesions of SCN; the circadian
temperature rhythm was eliminated in each case. Data-in E are from a
hamster that sustained only partial damage to SCN; other nuclei also
were damaged. Record in F is from & representative pinealectomized
(PINx) animal.
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RECHBEENATWEIELEPHASHATHSIE 1 RBREBFLCHBAEZA VA
DT, BETHECHARKH THESCNEOBICHBEREECL S NEL.
> T, SCNRIRBTIIIE 4 BRI BAMFIRKES 2 SHBAHRBKEET
DEEBEBEICENBEVE T THD, L2308, REBRTIE SCN 28HEL £
CHDbHboT. HEBHELRALXIIIC, F 4 BERANHFNREETOEER
B 4 BBERAMBMBBELLER, BP Lk, 2O & SCN EUMITET
DEMABHNEETSILEBLSRTHBDOTH B,

ESE IMBHAUVXALEHUILOBEG-BERXXLZOBEDLDY -] T8
WTHEH., 2RUFNARY—DFA Y —+« b=/ — (daily torpor, H H{K
B) RBRICHHPDOLHIRAXIXLEBLECN O FEEEHLMICLE, =N —1Z
HH. BADXHMICRRTIFEHTHTCHS. ED—FH. b—N—F D
MO EHRTHLIABPICARL THETSIHA VI LARHEZRT .

BEEON-—NPERETHOBELEOLI>BEHUXALATNESZRT DA
ERGEBEROEHETHD., —BHEVOBOREDERER,LS SCN %
BT. BRMICMRBRAEICEL., ASP R eRETH . >T. BR
BRAE<EHUVILTHORFAICBE TS LPMOEATVNS, L. B
MHBEEHYILTHERTADICE. HR. RELEREHAN TSI &N
HPEZh, CORMNICABERIRZFAALTLE D> TWHS.,

oD LERETDE. P—NR—ORFIC SCNAFEEMICHESESL
TWBZEEBRTHZN., 2<ZTORFAB/BEHFRA A TOA L,
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TIT. FP—NBBRICRET SCNBELMREBLOYRERL. 8
MEZEHBHEASCRELTCHTERBER. B9 b—N—%2FRL L%, SCN
EWRTHDELLUB2EL,-—N—-GFL2<HBALARL, L3 HHBBES
T, BMEIBO - N—ZRLE. BB F—N—ZRLEER. R
BEBELAESBACD., BYEF—N—2BURLAE, ChoDERIZH
—N—ORBICIE SCNPEENICEASL. SCN2HLEBELT B LERT,
COBE. SCNBBCIVURRENFBZELES B EDLITEEL., BE
mo., MRFEHEHBLTH., KA M- N—-—FHRLETELSETHD. ©
L3, SCNBIRICLY, BIERBRZFMALT. BIYWLERBECERERA
T A BEHEEFE#E (photoperiodic time measurement, PTM) 48 48 71 o h, 7= 0] &

R EIRBEEN L,

AHATLULEDLEBYVOMRZEZRBAD., CHOOEBREWMAUYUXLAWE
DERICKZS<FELADDODTHSEELTVE., TZO—AT. SHODE
BOAMERELELTIHEDERZN L,

TO—DOBABHOERSOBMETHS. COMEBEREMNETTARL,
SYMPONLARSY —DODBEBETOHELZENE., FWEDORBNS ST (A
PINETORRTHSHICENAELIIC, BEETHEROBABO
FEERELCALSTH, SBHOODDPROEHEKROFEEIZ L, UM L. SCN
DESBBHLBHNOBBRHEEN. HOLIPCRETILAOMBERSR
GICBRTERVWAESD, SCNOBEZN, BELASA>EE&ICE.
REVMCHESEPHBRBEEFE ODCAFLLLTHELTHEEGEZL S
NBVWIETREBEVW, ARADEIIRETR. BRXRX EZRERREHNHEIC,
MEABABREZF>OVT, AHZHRBLTVD., L2AL., BEETEARS
FEMEBELTS HMAVUXADBEELABAWZLE. <55 TVS

BHBHEZZ558d. CNSORFVEBE (master clock) &FEh
&t (slave oscillator ) MBEFRICH 2 DN, HHWW(E., B EHEELCHMIL.

- 86 -



REBEERZFEAGZOOD, OBMEDEETHD. CNALHIEERELTEKRE
RTHY., SHEORETHD.

RICEREZNAZREL, BEHRHTHOIERTIX EEN., FEHU X LLSKIC
HbOEBUXTAILBVWTEDELSBLBEEZRAEZLTVWESIDLOBETH
5, EEBRETTHR T IEEY X A (circannual rhythm) T 0 % &l (2 &E IC
BoTR®>ERBRFENEILDEN, SCNEZBHBIELTH., ThZHEZLLY
ZBMOMFYIALKELCEE2E52H0. AMRTRAFHIIALR
EhVU, hEZXLERXETELY, REOHEBREOBOEFEREIEBER
WoeEPmonTWd (Ruby 5, 1998), £/, AMATEFEHY X AL
LTFAY— - b—N—ZRY LT, SCNBHZEOHRERBALL., AWK
THOLNEERY., EEAZEEY, FEZCOXISAMOFEHU X ALK
ZHETEIZOLOHED. SBOBHFELELLTNS. ¥*BEBOEHKY
Ah,. W1TBREBOEGYUR A, BIBEOBMEYUIALA, BEEHEINSD
VDXAICBEREGBHER > TWEOM, HHE2VWIE ST ARTICHB
TORHEF >-TVWIOD., COMELBREBAVILAMETCEELRKE
BRBRETDHY, SEOMABBFALEND LZIATHD.

-87 -



51 A 3k

Allison,T., and Van Twyver,H. (1970) The evolution of sleep.  Nat. His. 79,56-66.

Aschoff,d. (1960) Exogenous and endogenous components in circadian rhythms.
Cold Spring Harbor Symposium on Quantitative Biology, 25, 11-28.

Barnes,B., Kretzman,M., Licht,P., and Zucker, |. (1986) The influence of hibernation on
testis growth and spermatogenesis in the golden-mantled ground squirrel, Spermophilus
lateralis. Biol. Reprod., 35, 1289-1297.

Bittman,E.L. (1984) Melatonin and photoperiodic time measurement: evidence from
rodents and ruminants. In:The Pineal Gland, edited by R.J.Reiter. New York: Raven

Press. pp.155-192.

Block,G.D. (1981) In vivo recording of the ocular circadian rhythm in Aplysia.
Brain Res., 222, 138-143.

Bolles,R.C., and Stokes,L.W. (1965) Rat's anticipation of diurnal and a-diurnal feeding.
J. Comp. Physiol. Psychol., 60, 290-294,

Boulos,Z., Rosenwasser,A.M., and Terman,M. (1980) Feeding schedules and the circadian
organization of behavior in the rat. Behav. Brain Res., 1, 39-65.

Davis,F.C., and Menaker,M.(1981) Development of the mouse circadian pacemaker.

J. Comp. Physiol., 43, 527-539.

Deguchi,T.(1975) Ontogenesis of a biological clock for serotonin: acetyl coenzyme A
N-acetyltransferase in pineal gland of rat. Proc. Nat. Acad. Sci., 72, 2817-2818.

Ebihara, S., and Kawamura, H. (1981) The role of pineal organ and the suprachiasmatic
nucleus in the control of circadian locomotor rhythm s in the Java sparrow, Padda
oryzivora. J. Comp. Physiol., 141, 207-214.

Ellott,J.A. (1976) Circadian rhythms and photoperiodic time measurement in mammals.
Fed. Proc., 35, 2339-2346,

Faradji,H.R., Cespuglio,G., Rondot,L.Paut, and Jouvet,M. (1980) Absense of light-dark
entrainment of the sleep-waking cycle in mice with intact visual perception.

Brain Res., 202, 41-49,

Fuchs,d.L., and Moore,R.Y.(1980) Development of circadian rhythmicity and light

responsiveness in the rat suprachiasmatic nucleus: a study using the 2-deoxy(1-' * C)
glucose method. Proc. Nat. Acad. Sci., 77, 1204-1208.
Gaston,S., and Menaker,M.(1968) Pineal function: the biological clock in the sparrow ?

Science, 160, 1125-1127.

._88_.



Gibbs,F.P. (1981) Temperature dependence of rat circadian pacemaker.
Am. J. Physiol., 241, R17-R20.

Goldman,B.D., and Darrow,J.M. (1983) The pineal gland and mammalian photoperiodism.
Neuroendocrinology, 37, 386-396.

Halberg,F.(1959) Physiologic 24-hour periodicity : general and procedural considerations
with reference to the adrenal cycle.  Z. Vitamin-, Hormon- und Fermentforsch,

10, 225-296.

Heldmaier,G., and Steinlechner,S. (1980) Seasonal pattern and energetics of short daily
torpor in the Djungarian hamster, Phodopus sungorus. Oecologia, 48,265-270.

KEH— - KXBE& - KE 4 (1989) EFEUXAOHE. dLBEKXKFE
Effie

Hoffmann,K. (1978) Effects of short photoperiods on puberty, growth, and moult in the
Djungarian hamster(Phodopus sungorus). J. Reprod. Fertil., 54, 29-35.

Hudson,J.W. (1978) Shallow daily torpor: a thermoregulatory adaptation. In:Strategies
in the Cold, edited by L.H.C.Wang, and J.Hudson. New York: Academic Press,
pp.67-108.

HRMFEHB (1982) HWIEEEORFHIE. Z0H® #¥B BEFE, 27, 246258
Ibuka, N. (1984) Ontogenesis of circadian sleep-wakefulness rhythms and developmen-
tal changes of sleep in the altricial rat and in the precocial guinea pig. Behavioural

Brain Research, 11, 185-196.
HREE (198a) HY—hFa472 PRTFLOHBHBEBELZTOEBRLESE.
B2, 56, 300-315.
HEESR (1985b) MR - REOY—-NTF 47 ATA. HEHED
it 4,29, 15-27.

Ibuka,N. (1987) Circadian rhythms in sleep-wakefulness and wheel-running activity
in a congenitally anophthalmic rat mutant.  Physiol.Behav., 39, 321-3286.

FHERIEB (190) THoORMEYE. AEERE (BX)

Ibuka,N., and Fukumura,K. (1997) Unpredictable deprivation of water increases the
probability of torpor in the Syrian hamster.  Physiol. Behav., 62, 551-556.

Ibuka,N., and Kawamura,H. (1975) Loss of circadian rhythm in sleep- wakefulness cycle
in the rat by suprachiasmatic nucleus lesions. Brain Res., 96, 76-81.

ibuka,N., and Zucker,l. (1986) Daily torpor and sleep.  Abstract of Japan-US Seminar
on Biological Rhythms (Honolulu).

Ibuka,N., Inouye, S.T., and Kawamura,H.(1977) Analysis of sleep-wakefulness rhythms

_89_



in male rats after suprachiasmatic nucleus lesions and ocular enucleation.
Brain Res., 122, 33-47.

Ibuka,N., Nihonmatsu,l., and Sekiguchi,S. (1980)  Sleep-wakefulness rhythms in mice
after suprachiasmatic nucleus lesions.  Waking and Sleeping, 4, 167-173.

HRES -BEOXAX - WE & (1977) Infradian Zeitgeber N O F 5 -

BESE (v X) . BEBYLEZEEI TERERERWE.

lkeda,Y., and Chiba,Y. (1981) Circadian activity rhythm in an anophthalmic mouse mutant.
Zool. Mag., 90, 362-367.

et B - HERESR (198 HABITHOMELEMNEZEOER- - HEUXA.
BHEBMOEZREAS5BASRERYE.

Inouye,S.T. (1983)  Does the ventromedial hypothalamic nucleus contain a self-sustained
oscillator associated with the periodic feedings ? Brain Res., 279, 53-63.

Inouye,S.T.,and Kawamura,H. (1979) Persistence of circadian rhythmicity in a mammalian
hypothalamic "island" containing the suprachiasmatic nucleus.

Proc. Nat. Acad. Sci., 76, 5962-5966.

Ishikawa,k., and Shimazu,T. (1980) Circadian rhythm of liver glycogen metabolism in rats:
effects of hypothalamic lesions. Am. J. Physiol., 238, E21-E45.

Jouvet-Mounier,D., Astic,L., and Lacote,D. (1970) Ontogenesis of the states of sleep in rat,
cat, and guinea pig during the first postnatal month. Develop. Psychobiol., 2, 216-239.

Klein,D.C., and Moore,R.Y. (1979) Pineal N-acetyltransferase and hydroxy indole-O-
methyltransferase: control by the retino-hypothalamic tract and the suprachiasmatic
nucleus.  Brain Res., 174, 245-262,

Kleitman, N., and Engelman,T.G. (1953) Sleep characteristics of infants.

J. Appl. Physiol., 7, 269-282.

Krieger,D.T. (1980) Ventromedial hypothalamic lesions abolish food-shifted adrenal and
temperature rhythmicity.  Endocrinol., 106, 649-654.

Krieger,D.T., Hauser,H., and L.C.Krey.(1977) Suprachiasmatic nuclear lesions do not
abolish food-shifted circadian adrenal and temperature rhythmicity.

Science, 197, 398-399.

Miyabo,S., Yanagisawa,K.,Ooya,E.,Hisada,T., and Kishida,S. (1980) Ontogeny of circadian
corticosterone rhythm in female rats: effects of periodic maternal deprivation and food
restriction.  Endocrinology, 106, 636-642.

Monnier,M., Bremer,F., Gaillard,J.M., Hediger,H., Horne,J.A., Parmeggiani,P.L., Passouant,
P., and Rossi,G.F. (1980) Biology of sleep. An interdisciplinary survey.

_.90_.



Experientia, 36, 1-27.

Moore,R.Y., and Eichler,V.B. (1972) Loss of a circadian adrenal corticosterone rhythm
following suprachiasmatic lesions in the rat. Brain Res., 42, 201-206.

Moore,R.Y., and Klein,D.C. (1974) Visual pathways and the central neural control of a
circadian rhythm in pineal serotonin N-Acetyltransferase activity. Brain Res., 71, 17-33.

Moore-Ede,M.C., Sulzman,F.M., and Fuller,C.A. (1982) The Clocks That Time Us.
Cambridge, Massachusetts:Harvard University Press

Nagai,K., Nishio,T., Nakagawa,H., Nakamura,S., and Fukuda,Y. (1978)  Effect of bilateral
tesions of the suprachiasamtic nuclei on the ciradian rhythm of food intake.
Brain Res., 142, 384-389,

Nishiitsutsuji-Uwo,J., Pittendrigh,C.S.(1968) Central nervous control of circadian rhythmi-
city in the cockroach lll. The optic lobes, locus of the driving oscillator ?
Zeitsch. verglei. Physiol., 58, 14-46.

Page, T.L.(1982) Transplantation of the cockroach circadian pacemaker.
Science, 216, 73-75.

Philtips,J.L.M., and Mikulka,P.T.(1979) The effect of restricted food access upon
locomotor activity in rats with suprachiasmatic nucleus lesions.
Physiol. Behav., 23, 257-262.

Portman,A(1961) AR EZETE#HML. SAREZR FEEE (ER)

Richter, C.P.(1967) Sleep and activity: their relation to the 24-h ciock. In: Sieep and
Altered States of Consciousness, Vol.45, edited by S.S.Kety, E.V.Evarts, and R.L.Williams.
Baltimore:William and Wilkins, pp.8-29.

Richter, C.P.(1971) Inborn nature of the rat's 24-hour clock.
J.Comp.Physiol.Psychol., 75, 1-4.

Ruby,N.F,, Dark,J., Heller,H.C., and Zucker, 1.(1998) Suprachiasmtic nucleus:role in
circannual body mass and hibernation rhythms of ground squirrels.
Brain Res., 782, 63-72.

Ruby,N.F., Ibuka,N., Barnes,B., and Zucker,l. (1989) Suprachiasmatic nuclei influence
torpor and circadian temperature rhythms in hamsters. Am. J. Physiol., 257, R210-R215.

Rusak,B. (1977) The role of the suprachiasmatic nuclei in the generation of circadian
rhythms in the golden hamster, Mesocricetus auratus. J. Comp. Physiol., 118, 145-164.

Rusak,B., and Morin,L.P. (1976) Testicular responses to photoperiod are blocked by
lesions of the suprachiasmatic nuclei in golden hamsters. Biol. Reprod., 15, 366-374.

Saito,M., and Ibuka,N.(1983) Decreased food intake of rats kept under adiurnal feeding

_91_



cycles: Effect of suprachiasmatic lesions.  Physiol. Behav., 30, 87-92.

Saito,M., and Noma,H. (1980) Food intake and growth of rats fed with adiurnal periodicity.
Physiol. Behav., 24, 87-91.

Scheuch,G.C., Johnson,W., Conner,L., and Silver,J.(1982) Investigation of circadian
rhythms in a genetically anophthalmic mouse strain: correlation of activity patterns with
suprachiasmatic nuclei hypogenesis. J. Comp. Physiol,, 149, 333-338.

Scwartz,W.J., and Gainer,H. (1977) Suprachiasmatic nucleus: Use of ' “ C-labeled deoxy-
glucose uptake as a functional marker.  Science, 197, 1089-1091.

Steinlechner,S.G., Heldmaier,C., Wever,C., and Ruf,T. (1986) Role of photoperiod: pineal
gland interaction in torpor control. In: Living in the Cold: Physiclogical and Biochemi-
cal Adaptations, edited by H. C.Heller, X.Jd.Musacchia, and L.H.C.Wang. New York:
Elsevier, pp.301-307.

Stephan,F.K., and Zucker,1.{1972) Circadian rhythms in drinking and ocomotor activity of
rats are eliminated by hypothalamic lesions. Proc, Nat. Acad. Sci., 689, 1583-1586.

Stephan,F.K,, Swan,J.M., and Sisk,C.L. (1979a) Anticipation of 24-hr feeding schedules
in rats with lesions of the suprachiasmatic nucleus. Behav. Neural. Biol., 25, 346-363.

Stephan,F.K., Swann,J.M., and Sisk,C.L. (1979b) Entrainment of circadian rhythms by
feeding schedules in rats with suprachiasmatic lesions.

Behav. Neural. Biol., 25, 545-554,

Stetson,M.H., and Watson-Whitmyre,M. (1976) Nucleus suprachiasmatics: The biological
clock in the hamster? Science, 191, 197-199.

Takahashi,J.S., and Menaker,M. (1982) Role of the suprachiasamtic nuclei in the circa-
dian system of the house sparrow, Passer domesticus.  J. Neurosci., 2, 815-828.

Takahashi,K., Hanada,K., Kobayashi,K., Hayafu;ji,C., Otani,S., and Takahashi,Y.(1979)
Development of the circadian adrenocorticosterone rhythm in rats:studies by determi-
nation of 24- or 48-hour patterns of blood corticosterone levels in individual pups.
Endocrinology, 104, 954-961.

Tinbergen,N. (1965) On aims and methods of the ethology.

Zeitsch. fur Tierpsychol., 20, 410-433.

Ueda,S., and Ibuka, N.(1995) An analysis of factors that induce hibernation in the
Syrian hamster.  Physiol. Behav., 62, 551-556.,

Vitale,P.M., Darrow,J.M., Duncan,C.A., Shustak,C.A., and Goldman,B.D. (1985)  Effects of
photoperiod, pinealectomy and castration on body weight and daily torpor in Djungarian

hamsters (Phodopus sungorus). J. Endocrinol., 106, 367-375.



Wenisch,H.J.C. (1976) Retinohypothalamic projection in the mouse: Electron microscopic
and iontophoretic investigations of hypothalamic and optic centers.
Cell Tiss. Res., 167, 547-5661.

Wever,R.A.(1979) The circadian system of man. Berlin:Springer-Verlag.

_93..



	0001.tif
	0002.tif
	0003.tif
	0005.tif
	0006.tif
	0007.tif
	0008.tif
	0009.tif
	0010.tif
	0011.tif
	0012.tif
	0013.tif
	0014.tif
	0015.tif
	0016.tif
	0017.tif
	0018.tif
	0019.tif
	0020.tif
	0021.tif
	0022.tif
	0024.tif
	0025.tif
	0026.tif
	0027.tif
	0028.tif
	0029.tif
	0030.tif
	0031.tif
	0033.tif
	0034.tif
	0035.tif
	0036.tif
	0037.tif
	0038.tif
	0039.tif
	0040.tif
	0041.tif
	0043.tif
	0044.tif
	0045.tif
	0046.tif
	0047.tif
	0048.tif
	0049.tif
	0050.tif
	0051.tif
	0052.tif
	0053.tif
	0054.tif
	0055.tif
	0056.tif
	0057.tif
	0058.tif
	0059.tif
	0060.tif
	0061.tif
	0062.tif
	0063.tif
	0064.tif
	0065.tif
	0066.tif
	0067.tif
	0068.tif
	0069.tif
	0070.tif
	0071.tif
	0072.tif
	0073.tif
	0074.tif
	0075.tif
	0076.tif
	0078.tif
	0079.tif
	0080.tif
	0081.tif
	0082.tif
	0084.tif
	0085.tif
	0086.tif
	0087.tif
	0088.tif
	0089.tif
	0090.tif
	0091.tif
	0092.tif
	0093.tif
	0094.tif
	a.pdf
	0023.tif

	b.pdf
	0077.tif

	a.pdf
	0004.tif

	b.pdf
	0032.tif

	c.pdf
	0042.tif

	d.pdf
	0083.tif




