SER - FERDEWEE

F-BROEETRAOTI2a—-F 7Y OB IEFIZEHSH LD (Bibb et al,
2001) BHLND, v e RERLFALLIIC, <7 AF4ERICEH#Y
FRALERTIX, £% 0B L VR LY (EWEEED BT BcfosiBiiEF O
FEAERL, TV ATIRHER L) BRHERATRICEET 5 EAELHIC
o> TwA (Leard et al, 1994 ; Weaver & Reppert, 1995 ; Hannibal &
Fahrenkrug, 2004) .

ECBN, AFI) TV VBRIEFERYBRWAE ) 9 2779 - =9 RATR, %
EUH T BRI LB DOcfosBIZFHBD LR IZ, £#I15H F THRETET,
WM RO D 2 M BN D Z E D L2 o 7 (Sekaran et al, 2005).
AR 2E8ME VIR AOU RSV Y s =T IBRIERT S
FHTHD, COFEPS, TV RACBWTIAER 28M $ TRADHEER
AT 7T DH, Eth 2 BMUROKEZEICKE, T FTYy - a—-rtS
YIFMbYREINS LRSI NG,

[iifﬁiﬁﬁW:#U@ﬁm%:?ﬁﬁﬁ;?éﬁjﬂj%
el 5 UWVMRER - XS/ TV VRBEY AT LAOBES
KRB L »HDOT, £% 1 PARBOFERIEEEZIY 5
CHERBICIIRISLTwA, EBE, ABBHOKRL 2 AIET L E, BIC
BEHLDHEZIRT, BHT 28082 1cdbE, TOAS 2lEZBAT
BEICHEART 5,
COEZAREIELRBORADELZ L L2 5BH0T8H7:0, HEROEOE
HTWhzH»T &, EHEORND20~30EDME (Salapatek, 1975), H47
EATSem DM TER T H T &A% 2 5 (Braddick et al, 1979). ¥ 72, #4
WRIEBEDAIz/8 % — % 1FH (Goren et al, 1975 ; Johnson et al, 1991),
SHICRAMLGABEI N LARMOBERMY) OEEZTFLILLEIDLATVS
(Bushnell et al, 1989). & Z A%, ZOEEBOBHDLELTIERL, KAD
AN LEDLoTLEIZIT, ALAWRELHETERL{Z>TLE ). 2h
G AEROEZBO—RFRSHRYOBRBOME I ETE, B- R -Okw
> HORHDFEHOMEN T TRV EDICRIAHE THS (Bushnell,
1982 ; Milewski, 1976) . 7272 Z DN —)IZiZBIst2d 0, BEONIRICF LR

g
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4. AS/TIV/FRERDRRICEDS S [CHET DD

ML), OZBATABEZMAS L, BEONBOKEIC bHFERZEES
52 EHTES (Bushnell, 1979) 6

CITUOEOREIEELX T AL, ThOHERMCED SN LHERED,
R ERE BT A2 T ) TV e R PEL LAV AT ATRRENRTVWSTEE
EHHD, LVITETHI, BEICHELFERBOREIFEIL, B ichk
S>THLAZEROPERHROZLEMEL TWE2E 20 Lhkwy, T, B
BMEON—NVHBEOBBOMEII 2o TWARD, BENSv 27579V FD
BB 2 b5 A P CHIEAESTRDATWATESEXH 5, LA L, HER
HOWREBBEN AT ) T YR THRESWAERRETET AHL LT, B
FOEE (FEOREML, OOMM) 2HERIFEULBENDH S (Meltzoff
& Moore, 1977)c HERY AT ) 7Y Y BREOZZMEV, DI FF R M
b, H AtvolBOFON -V OBHEERAMTHILELTMLLERS,
PDEDEICEZBE, 2577 BHEROAE - BHUZhHboTwD
WREEETETE 2V, MATAHRBRRINAA Y ou P77y y, HB0idk
Wira—2F T fr LW R ICHREE L T 2 T REMEDS %,

X5 ) TUVRBRERDREICEDE S (CRETBOH

REREIREOAT )TV %MoT, WEEHRERTREL TS L
ZATRIELH K, L PREROFEEIZG X A2 NBRHOFELAILRAERNY L
TRELT, BT A4 2 VDb 50T L 240 2 B (EIAREL &
LEND) D2 O0DORETHRERM % LB L -HRELED 5.

T AU AT 2OIIBRNATIE, B 2 Vv0bs R TRESL
ZRER20%, ERARETREFSALEERALINRE Lo, TOHRDKE
BERET, OFEHN, QI NVIBFVHF 2 —THOMAE ICBIT LR
W, OBEBE L) WBEL FHT 570 0ONBMEILEL - -4, OAL
ke R LM, voslzmgicBWTHEY 4 2 VDb 5 HRHETRE
SNLREROTY, EHREORERI N GEHEBV I P2 BESINT
Wb (Miller et al, 1995)c FDIMEAA ¥ A5 5 DERKRIFE, S SHT
WT, BEEYA 7 VvDH 2 HRETRESNLCREROTH, EHFREORE

—_——
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SER - FERDRRRE

RICHAN, EREMAEL, REENSL o eREEN TS (Mann et
al, 1986), BETHHADRER - HFARE T, EHRELEREEL L #
RLTVEERVZVOBHKRTH L, FboADRELZLLL, BRWE
THRELNEHORB T2 LT, YA 7 VOH 5 KBEOBA &1
HTALENRSHLLD LIk,
ERREAEYRET AR L) K5 AARERMRLLDIT, T AH
ERENRICEENT R LERICI Y, HER<Y ZAORIE, KATY 2
DO & ) KIcH LEZEESABWC LAY o T2 (F11-5 @ 4 7—[04#%
H), HAELH XY 24RFMEZ B (EBIRSE) 3 AMBA NI HERT
Y ADEYFEHILPITALEIC R Y, BEEY A 2 VEFET 2R TIEF
EL2VHEHRETORB Sy —PRgES . Thicgl, KART7AD
AYHRIEZAREICSEA0IE, 4pA L) BRUMN, EHRECEEY
BUENGH o MEAT, KATYZADEWMERVTEEIC R AHEXLED
10% DA T, EHRSIIEEASH S (Ohta et al, 2005), ik, HER<
7 ADEYFERIAMEHBRE TIEIZI00%6 A KEC R 2 DICHGBYTH S
(Ohta et al,, 2006) .
ZOFAERBONERERORSIE, KHBICHT AT ) 7Y Y EDFRE
il (R7R) CHBBEEhD, £RO-5BCHTT, 27377V %28F
TARBEEMROEIIMML, TOHELZWVICRALNIVOEEICHIRE A
P be T, HABICHTLEHMBORIEEZ AN T AL * VIBEOENT
FHIEL7-EBRTY, AR OHOAMPERS HICHNR, FUSHESEBWI LR E
NLTv A (Sekaran et al. 2005) ¢

ROV RBREMEIE, KBtCay bo—vEh-HAEEED S OB
B4 2 NCEOERAHA = XLD) AL 2FM S22 L) BKRT, FEIC
HEEZEEE2E-TWEEHICBEXZ, LA L, —FTANBICHT 2880
REZ, ZTORVREEOLDIC, FAEROBECAFREL2HERXS X D
BLRLTVE, LR LAL) I, EERBICRESACREROK
EHNAS, BT I VOH5ERBETRESNLRERI VBV L2¥HE
ENTws (Mann et al, 1986 ; Miller et al, 1995). F7:, Hi4:RZeiRIEER
B AERAEL000gU TORER TR N R34, AR EORFHEND
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5. RER - FERDARARNBRT 7 —<E LTHELBOIX@H ?

B2 ALREISEEHOBERE 2o TV ATHESEM DS (Malloy &
Hoffman, 1995) .

@ BER - HiEROREMAMNERTDT—IELT
hl SRHHOEOH ?

HBEORHRKL, AOREAY—F28DH5 LV EWENLERS T T
%<, REZOHZBR, ThiHE{BFHII2=r—Yarivis&ia
B B2 6 b, BENYORL 2 ADEFICE > TEEZERE LD, Kb
2 ADBAKEDOTEES, HEHROLE (X5 )7 7) »blhEy, B &
PRMTIMEBEFROUE (W F 7V a=UF 7)) EBTLTWLE
ENbhrol. LML, FORBEAY— FIZBLHIT, BYRIHEHROME 250D
D DICEZS PRSP 5. BICERERTIE, HRFROLELTRI AT/
T Y DEBFEENMP M TV AT REENF(, BERSELOVMEORR
EYR—bTDILD, b ADRPIPLRELERTADICEES,

BER - FERBOKEZHBTALVIRELL, UTD32%, Kbei
ORBEREEEZ D LTEELRT—<Thhbo

ORER - TEROBEZL ABRBOMBRETBELI,IZTEIE (| BEOCHMR T,
AT )Ty REREE L EYEERHE, RUVEY - REREANL, EHD
WA EZ BLBIEETRLME—DA A= XA TH D, BEOHEKRDIE T
IhA L), RBREIFRL L ADKEMME Vo LEBREIIRET 5,
CDAN=ALBLEE - YE - BEEZBLBELMIIL, FbrAllE-
TRELZEBOBEREFROTAZ L NBEETH A, ¥ BICHF4
W) OFRE, TOEBREROMRE, ZETEINRNATIA - Ty b
WKRONAZEMNEL, b -V EHRET I LIGEERENICHESL
T, COEWMEOFHR 2 LBEOFETH Y, EWETHONITY
ADER%E, BRI MIZ74—F v 7 CEX AN D 5.

QRERDELALBREOEFVSEZ Y A— M oM#ERMtE2T2 =
& RERE, MIRIOGETE I M HERICHN, BEEREESI 0 F
TvY A= F T VHRMT, BEEOBEERIMHHERL B 22 L
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FER - TERORRREA

RSB, 20720, HEBRRIEFTZEOUEN LM E T ICH LEER
DFERNEZ LK, ZOHBHZICEABOREREIC L ) RIS 2 K
HRoTL b BERICBWTIE, EFICEEROBASRI WYL ERICHE
~# < (Leventhal et al, 1989 ; Stanton et al, 1994 ; DiScala et al, 2000 ;
Kivlin et al, 2000), €DORED 12« LTEFEZEIHKD 2 ANOEHFZ A
A= IR TELVERERENL TV, BEARBICOVWTOHAM DGR
RN, RIEDZLVWEEROBFEAIINTATWHROAME ) 2L,
EDROBY LB TFHEEZERT2FT 22 MEE D 5. HERED
B RER - BBZRRTHI LR, RERZ L OEFZOEHBRLY
R— M5 LTEETHS, '

@OhL e ADRE - BMAN=ZZXLCBTBAT ) TV OREZHSMT
B L IBEOHEIZBNT, HERMOREAA =X uFT>y (@
JER ) OBEZPLICERESNTEL, LA L, REOHRENEICL
D, TDRAH =X LAO—BITHEROVEE EhETEXF )TV (48
JREHIRL) OMETABINTVAMEENBTEL, aFFY Y - 25
TorD2O0DNZEREREBI, ChITORER - FiEROBREAH=
AhzeOHLZETIEICLD, BE - BAOWIEICH/ -2 EN - BRMBE 4
ENBMREMELS DR, HLz2E, (A5 7Y YRREROVEZMZLD
LI hboTwrod] MOy E L HEEE
HOREN, TOBOQUFTSY >y - a—=rd 7T 2208 LR
AOGEHETHON] VoMb ADREREZEZ2L LT
BRENWTF -3 Th b,

AT - RHE - E - RE L Vo o MEIZHS, Kb 2 ADBEREIL
HARCRAZ D, EHEBBORBE LNV ZITRTVEVZ S, BILRF
V) ATRBECARBEAM O EH I N2 RERICE o THEBRE LMK
DEFIKEL, EGBFCHLITHTI v b REMEIFRbeADLY
RELREBITHBEOLNBILESLS,
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3. &W) LLOFSE

37 YN R

— -
e —

— Light Pulse

FHiED Y, WMDY, WHMEMbLYS
{OBEBYAFACEWTHEY A 2 00
WoMEHrHERTORMAFTHS,
BERFT I 8\ TER MO LN E T,
EEBHOMH SRS S L 2 BEE M~
BAEBETOHRO OB N/ VA &
IiEha,

SERNHCERESEL I VAR5
BmOBHOMAICNL T, £ULKEETR
DAEEET oy b LB HEEGHE
(phase response curve : PRC) & Xifi,
GHNHORBRA R+ 2 3 A °HE
Thd (H1,2). THMNBOX A 1R
HEAEMEERME S & 208, FHHEY
EONH i E0EEE, TRYEOEK
Fio{aiEsEEe T 3, Kooy
TAHRGCHRORIR A E Ciolfi~cs
N EAETATOEYICHET, Kt
A ABOIHABIGHIME Lidh s, 272,
FEWHEOPLAHE - CHEE R O F s
gl o LEREE B+ 2 AR O
GHANHFET 325, COfEiz 7o A4—
=l P ERIFND,. ORI
KW AEERBEIVF 4 HNIARE
LTBLTEARHSFLETEZ kb
3.
[TRREHFRORIC# s hERY
XLODF—Fipt, #LAEEL 2O
HofuficH LT, (RGOl E 7
oy PLAERMEEES B (phase
transition curve) £ Lifh 3 (H2). =
DHAROM & DT 1 Vil ERT
BE, | VoMBRGCHE, 0EwHa

ETRTESIR 0 MOMER G W s
N3, —BITH N AOWEHEL D >
{rEROKE ik kE {2 h, HERES
W 0B s | WEBTT 5.

e ndROPEXDRANAEHGT
RO AR EFE @ s Lk
N, BARHOXERCMSTRELS
FHROERBRIELtRET I LTS
3,
—7, {E9RET THEmMMoRNE T
5 Z e %/ SVA (dark pulse) ALEE &
&2, TOBEOGARAHEIINE R
74 7OUMBEGIE E LR D, 18
B ORI & ERMEB O < A8 o i
ME, EMAEOEE> S TROBORL
iR BELRE LS (BI), -
HBOERTHOMA Y X A LERICEB
HHhooWNERET 5188, "LXF
—EFMLVMEELBTHHNERCEL -
WEPLIT VI LEYOBYEES LT
BECH S h A HEICIhSIZ R, LA D
(ARG HBE L EEBERT I L
S, ZhSEFBMLSOWB: k2 g
{212 FEXES (non-photic entrainment)
ERFahECELDE, (REiysie)
X
1) B=esil: MM EWS, ppl-328, ¥

&I, 1990.

2) Pittendrigh, C.S. : Handbook of Behavioral
Newrobiology, Volume 4, Biolagical Riythuns
(Aschaff, J. ed.), pp.95-124, Plenum, 1981.

3) Dwyer, S.M. and Rosenwasser, A.M.: J.
Biol. Rhythws, 15, 491-500, 2000.
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W, BEEEOT, EEoReiic (2R 5,
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PLERIC I A (1), RRsIEs i
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B, 19 M R REE O BE O H
JATEM SR E 57 2 Ed S BRERERO
BEICMET LLbhB LSz,

1917 S£ 4= McCord & Allen iz 7 » B3
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WHEADOEY, Axelrod 5k B3 43
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DI, 25101k Menaker 5k 34 =
AZARRERERRC L 2HARHRE
OEHP, HOsk3=7 b ) {ERESE
BiZA b= EREHIET 2 AR
THET A EORRAE, BREEBGEOR
HIRFEMEDENROREWEMATE
fo. BETIEREKR, BERERCE
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Abstract

Background: It Is widely accepted that circadian physiological rhythms of the fetus are affected by oscillators in the
maternal brain that are coupled to the environmental light-dark (LD) cycle.

Methodology/Principal Findings: To study the link between fetal and maternal biological clocks, we investigated the
effects of cycles of maternal food availability on the rhythms of Per! gene expression in the fetal suprachiasmatic nucleus
(SCN) and liver using a transgenic rat model whose tissues express luciferase in vitro. Although the maternal SCN remained
phase-locked to the LD cycle, matemal restricted feeding phase-advanced the fetal SCN and liver by 5 and 7 hours
respectively within the 22-day pregnancy.

Conclusians/Significance: Our results demonstrate that maternal feeding entrains the fetal SCN and liver independently of
both the matemal SCN and the LD cycle. This indicates that matemal-feeding signals can be more influential for the fetal
SCN and particular argan oscillators than hormonal signals controlled by the maternal SCN, suggesting the importance of a
regular maternal feeding schedule for appropriate fetal molecular clockwork during pregnancy.
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Introduction

Most living organisms exhibit circadian rhythms, oscillanons
with a period of approximately 24 hours, in their behaviors and
physiological functions, including activity, sleep, metabolism and
body temperature, Circadian rhythms normally entrain to daily
environmental cycles and free-run with a peniod of approximately
24 hours (called “circadian period™) in the absence of environ-
mental cues [1]. Circadian period is remarkably precise for cach
species and differs slightly from 24 hours [2,3]. In mammals, the
circadian timing system is organized as a hierarchy of multiple
organ oscillators [4,5]. Among them the suprachiasmatic nuclei
(SCN) of the anterior hypothalamus function as the master
pacemaker at the top of the hierarchy, which coordinates clocks in
peripheral organs such as the heart, lung, liver, kidney, pancreas
and uterus [6]. At the molecular level, cellular clocks in the organs
are controlled by autoregulatory transcriptional and translational
feed back loops of key “clock genes”, in which BMAL] and
CLOCK proteins drive expression of the Per and Cry genes while
the PER and CRY proteins in turn suppress the transcription of
their own genes. In the circadian system, the light-dark [LD) cycle
is the most reliable and effective external signal thar synchronizes
{enurains) biological rhythms with the environment. In mammals,

@: PLoS ONE | www.plosone.org

photic information i perceived by specialized retinal photorecep-
tors and conveyed directly to the SCN of the hypothalamus, which
is hypothesized 1o transfer circadian information to the other
organs through hormonal signals or the nervous systems [1].

During fetal development, however, the siuation 1 different
Fewuses do not respond directly to the entraining effects of light, but
the timing of their biological clock is nevertheless coordinated with
the environmental light-dark cycle. This prenatal entrainment of the
fetal biological clock is the result of communication of time-of-day
information from the mother to fetus in the uterus [7,8]. In addition,
based on postnatal behavioral rhythms, maternal-fetal communi-
cation of circadian phase is considered to be disrupted by
destruction of the maternal SCN, suggesting that the fetal clock is
regulated by the maternal entraining signal [7,9]. Previows studies
focused on the possibility that the maternal signal comes from
hormones regulated by the maternal SCN since fetuses are
anatomically separated from matemally-originated tssues by the
placenta and maternal-fetal neural communication does not exist,
Remaoval of selected maternal endocrine organs (pineal, pituitary,
ovary, adrenal, thyroid and parathyroid), however, does not seem ta
disrupt maternal-fetal communication of circadian phase in the rat
fetal clock, indicating that the rhythmic hormonal outputs from
these glands may not be necessary [10].
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In this study, we focused on a maternal signal, which i not
directly controlled by the maternal SCN, by using a restncted
feeding (RF) schedule to examine the possibility of feeding-related
factors being a synchronizer for the fetal SCN. When food is
available only for a limited time each day in an RF schedule, rats
increase their locomotor activity 2 to 4 hours before the onset of
food availability [11]. Entrainment of anticipatary locomotion by
RF occurs independendy of the LD cycle, suggesting that the
circadian oscillators entrmned by RF are distinct from those
entrained by light. Surprisingly, RF does not influence the phase of
clock gene expressions in the adult SCN but does influence
locomotar activity and the clock gene rhythmicity in the other
organs [12-14]. Thus, this 1s an ideal model to test the effect of
maternal circadian signals independent of the maternal SCN on
the fetuses. Moreover, synchronization can be found between the
phase of locomotor activity of an SCN-lesioned mather rat who
has been entrained through RF while still pregnant, and that of
her newly born offspring, suggesting thar ferl clocks can be
controlled by RF on mothers [15]. With a ransgenic rat model in
which the mouse Per/ gene promoter has been linked to a
luciferase reporter, we continuously monitored the rhythmic
expression of Perl, one of the key “clock genes”, by recording
light emision from tissues m oo [4]. We used this model to
investigate the effects of maternal feeding on the communication
berween mother and the fetal SCN during pregnancy.

Results and Discussion

We first exposed pregnant Per/ luc rats 1o an RF regimen, in
which food was available only for 4 hours during the light portion
of a 12-hour:12-hour LD cycle, and recorded their locomotor
activity, for 22 days of pregnancy after mating. Within 10 days,
the rats began to increase their behavioral activity a few hours
before food became available, and also shifted their locomotor-
active period from might to daytime (Fig. 1), Afier 21 days of RF

Maternal Feeding & Fetal Clock

and one following day of fasting, we sacrificed the ammals;
explanted both the fetal SCN and liver as well as the maternal
SCN and liver and measured luciferase activities from each tissue
in vigre (Fig. 2, Fig, 3 and Fig. 4). Despite the marked effects of this
regimen on matemnal locomotor behavior, the phase of the
maternal SCN rhythm  was unaflected (one-way ANOVA,
p=>0.05; the peak tmes for ad lib and restricted feeding were
43.9=1.4 hand 44.2208 h (mean=s.d., throughout) respectively)
and remained phase-locked 1o the light cycle, even after 21 days of
RF (Fig. 4), This result & consistent with previous studies which
report that RF does not entrain the adult SCN and suppors the
general notion that entranment to cycles of food availability does
not directly mvolve the maternal SCN [12-14]. In contrast, the
circadian clock in the fetal SCN was entrained by the 4-hour RF
regimen (Fig. 2, Fig. 4} and phase-advanced by 4.7 h (one-way
ANOVA, p<0,01; the peak times for ad lib and restricted feeding
were 50.0= 1.1 h and 45.222.1 h respectively). This suggests that
the feral SCN may have a unique ability to adapt temporally to
changes in the maternal feeding paitern unlike the adult SCN, The
feral SCN  showed prominent Pel-fuwc circadian rhythms
233217 h, n=5, in the ad fib feeding and 22.5=20h, n=5,
in the RF for the calculated free running periods of the fetal SCN
m wire; no statistical difference between the two groups) with
smaller (0.32-fold} rough-to-peak amplitudes compared to those of
the maternal SCN

Ouwr finding of Perl-lue circadian rhythms in the rat fetal SCN
differs from the findings of some previous studies that did not
detect clear Per! circadian rhythms in the rodent fetal SCN by m
situ hybridization [16-21]. In addition to possible variation due to
putative stramn and species difference, this discrepancy might be
explained by the technical difficulty in measuring the low-
amplitude Per/ circadian expressions in the developing SCN by
wn situ hybridization, which requires a delicate combinadon of the
proper aflinity of designed probes to the target Prl mRNA and
the appropriate Alm exposure time for successful detection of weak
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Figure 1. Rep ive | activity records from preg Perl-luc ic rats. (a} shows activity in an animal under od lib

feeding. (b) shows activity in animals given access to food for 4 hours each day (the restricted feeding (RF) group). The open boxes in [b) indicate the
daily food-access interval. The bars at the top indicate the light period in white and dark period in black. For rats in the RF group, food access was
restricted to a 4-hour period at zeitgeber time (ZT) 5-9 for 21 days of pregnancy (where ZT0 is lights on and ZT12 is lights of). RF in (b) resulted in
typical anticipatory activity occurring before food access. During the RF, activity is generally increased and the nighttime activity is shifted forward

toward the food-access period of daytime.
doi:10.137 1/ journal pone.0002601.g001

@ PLoS ONE | www plosone.org

July 2008 | Volume 3 | Issue 7 | e2601

—lF—



7.000
€
‘5 6,000
€
=
8
® s.000
§ 12,000
W
o
£
§
3 10.000
o

8,000

(=]
-

2 3
Days in vitro

Figure 2. Rhythms of light emission by fetal SCN explants.
Shown are raw data from (a) a fetus of an od fib fed control pregnant
animal and (b) a fetus of a pregnant animal that had been exposed to a
4-hour RF regimen for 21 days after mating. Because the pattern of
light emission is quite variable during the first 12 to 14 hours after
explantation, we consider that the phase of the tissue in vive is best
reflected by the phase of the peak during the first full subjective day (1
to 25 days after explant] as previously described [13]. The phase of
these peaks is consistent from animal to animal (Fig. 4). Here, the phase
statistically chosen is indicated by the inverted triangles
dol:10.1371/joumal. pone.0002601.g002
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Figure 3. Rhythms of light emission by fetal liver explants. Shown are raw data (a) and detrended data (c) from a fetus of an ad lib fed control

pregnant animal

(b) and (d) show raw and detrended data, respectively, from a fetus of a pregnant animal that had been exposed to a &-hour RF

regimen for 21 days after mating. The peak of the phase during the first full subjective day (1 to 2.5 days after explant) as statistically chosen is
indicated by the white and black inverted triangles. The white inverted triangle in (a) and the black inverted triangle in (c) indicate the same peak
time statistically chosen, as do the white and black triangles for (b) and (d), respectively
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Figure 4. Effects of 4-hour restricted feeding on tissue
luciferase rhythmicity. The average times (*sd, shown by error
bars) of peaks from the different tissues are plotted against the LD cycle
shown at the top of each panel. The timing and duration of food
availability at ZT5-9 is indicated by open boxes in each section. The
sample size is shown in parentheses, The phases of fetal SCN, fetal liver
and maternal liver rhythmicity were significantly different from control
values in all groups of RF rats (one-way ANOVA, p<0.01}); the phase of
maternal SCN rhythmicity was not significantly different between
control and 4h-RF groups
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activity (recorded from 24 to 108 h m vitro) was assessed for cach
SCN culture and calculated by averaging the period between the
first and second peaks and the period between the second and
third peaks. The Perl-bw amplitude for an SCN culture was
calculated as the difference between the first trough and second
peak of the detrended curves of the bicluminescence. Statistical
comparisons for these data from the RF and ad lib groups were
performed by one-way ANOVA [(p<0.05).
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