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Fig. 1. Development of the circadian corticoste-
rone rhythm in control rats. Rats of group 1 were
sampled at 15, 20, 25, 30 and 35 days of age, and
those of group 2 were sampled at 22, 24, 30 and 35
days of age. Columns indicate weight gain or
food intake during a 12-hr period. Black horizont-
al bars indicate the dark period. Values represent
the means with standard errors. Asterisks indi-
cate significant differences of blood corticoste-
rone between the values at 8:00 and at 20 : 00(*
p<0.05, **p<0.01, ***p<0.001). Weight gain or
food intake in the daytime is also compared with
that in the night (*p<0.05,*p<0.01, **p<0.001).
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Fig.2. Development of the circadian corticoste-
rone rhythm in the sighted rats which were
periodically isolated from their mothers after the
5th day. The left panels show the results of rats
which were allowed to stay with thier mothers
before weaning (L) and to eat and drink after
weaning (L-L) only during the light period. The
right panels show the results of rats which were
allowed to stay with their mothers (D) and to
eat and drink (D-D) only during the dark period.
Asterisks indicate significant differences of blood
corticosterone between the values at 8: 00 and at
20:00 (*p<0.05, **p<0.01, ***p<0.001).
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Fig.3. Development of the circadian corti-
costerone rhythm in the sighted rats which were
allowed free access to food and water after the
23rd day of age. The left panels (L-ad) show the
results of rats reared with their mothers during
the light period. The right panels (D-ad) show the
results of rats reared with their mothers during
the dark period. Asterisks, as in Fig. 2.

2-B Group
L D
milk milk
—
5
Day 15 Fg—t—g--1 e s R
0
54 w._{ I\I/—{\}"{
Day 20
— o0
5
3 L—L D-D
© feeding feeding
c L v [ —
o
*
E 10 ,'I - k20
Day 25 g 4 ‘I\r/ ﬂ{ 10
9 -
£ o8
o
05 otk heo &

x wnk T

o 104 L7 -
Day 30 © 20 32
° 5 / ‘I ;
F) ] x
L]
° o~
3
15 F ok 40 >
ok -
104 -1 ®
Day 35 ~

1 20

5
[ [
8 14 20 2 8 8 % 20 2 B

time of day

Fig. 4. Development of the circadian corticoste-
rone rhythm in blinded rats, periodically isolated
from their mothers after the 5th day of age. The
left panels show the results of rats which were
allowed to eat and drink only during the light
period. The right panels show the results of rats
which were allowed to eat and drink only druing
the dark period. Asterisks, as in Fig. 2.




BERERVECOHNY X4 LBAETEH 479

2-B Group
L—ad D-ad

feeding feeding

—

= F

pay 25

o
°

pooy

pay 30

—
[y

corticosterone (vg/dl)
a8
@
g

3 o

*

i

ES
(sbe3/8) @xejuy

Day 35

blood
—
-~

a 1 20 2 8 8 14 20 2 8

time of day

Fig.5. Development of the circadian corti-
costerone rhythm in blinded rats, reared under
periodic maternal deprivation after the 5th of age
and allowed free access to food and water after
weaning, The left panels show the results of pups
housed with their mothers in the daytime until
weaning, while the right panels show the results
of pups housed with their mothers at night.
Asterisks indicate significant differences between
the peak and trough of the blood corticosterone
(*p<0.05, **p<0.01, ***p<0.001).
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Fig. 6. Development of the circadian corti-
costerone rhythm in sighted rats, reared under
periodic maternal deprivation after the 16th day
of age. The left panels show the results of rats,
housed with their mothers before weaning (L)
and allowed to eat and drink after weaning (L-L)
in the daytime. The right panels show the results
of rats, housed with thier mothers (D) and
allowed to eat and drink (D-D) only the dark
period. Asterisks, as in Fig. 2.
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Fig.7. Development of the circadian corti-
costerone rhythm in sighted rats, reared under
periodic maternal deprivation after the 16th day
of age and allowed free access to food and water
after weaning. The left panels (L-ad) show the
results of the pups that were housed with their
mothers in the daytime, and the right panels (D
-ad) show the results of the pups that were
housed with their mothers during the dark period.
Asterisks, as in Fig. 2.
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Fig.8. Development of the circadian corti-
costerone rhythm in blinded rats, reared under
periodic maternal deprivation after the 16th day
of age. The left panels show the results of pups,
housed with their mothers before weaning and
allowed to eat and drink after weaning only in
the daytime. The right panels show the results of
rats, housed with thier mothers and allowed to
eat and drink only at night. Asterisks, as in Fig.
2.
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Fig.9. Development of the circadian corti-
costerone rhythm in blinded rats, reared under
periodic maternal deprivation after the 16th day
of age and allowed free access to food and water
after weaning. The left panels show the results of
pups housed with their mothers in the daytime,
while the right panels show the results of pups
housed with their mothers during dark period.
Asterisks, as in Fig. 5.
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Fig. 10. Development of the circadian corticoste-
rone rhythm in sighted rats, reared with their
mothers who were fed between 8: 00-20:00. The
rats in the left panels (L-L) were fed only during
the light period after weaning, while the right
panels (L-ad) show the results of rats fed ad
libitum. The rhythm of the mothers is indicated
in the top panel. Asterisks, as in Fig. 2.
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Fig. 11. Development of the circadian corticoste-
rone rhythm in blinded rats, reared with their
mothers who were fed between 8 : 00-20 : 00. The
rats in the left panels were fed only during the
light period after weaning, while the right panels
show the results of rats fed ad libitum. The
rthythm of the mothers is indicated in the top
Panel. Asterisks, as in Figs. 2 and 5.
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Fig.12. Development of the circadian corticoste-
rone rhythm in sighted rats, reared with their
mothers who were fed only between 12:00-14:
00. The rats in the left panels were fed only
during the 2-hr period after weaning, while the
right panels show the results of the rats allowed
free feeding. The top panel indicates the rhythm
of the mothers. Asterisks, as in Fig. 2.

HIZ 8D CSEIRMALA, L-ad B 25 Hicld 8
FRZE—27%2RTCS Y XaniasnBRaELBHo
Fn%Emots, L, 30, 35 Biz/k s & CS{ER®
PEECTHFELELTY X AIRMEEL, BEBLER
DEEFHESH TR R T,

E ]

5-1: FIRFS v b
EHRSHAPSET v b ORKBERE % 12~14 B
O2EMICHRL TEEs 2L, B9 b CS Y
ALGRERSD LBIIE—2 24 D8F -2 12
o> Twi: (Figl2).
COEBRBEDOFTI v Md Table 1ok >ica v b
O — LRt D RERRE © LI L TEBCHEREND <
FEESB» o, BABOKEEMZEHER’ LT
(L-ad B OF M 2 BMOA»DOBAHIR 26517 7088
(L-LB) X0 29, 4HTEmofens, 2 ba—n
HOKEZ TOERIZASNE o7z (Table2, 3).
B7y OREHEITORP o0, 2EEOLD
REFIBETFS y NIV 252 00 ER 5
Tnic®, BEALOEICIZREREHIIo .

FZ7v D CS VY RABEFNHCRASNT, L-LE
TEH2BLD RBIE—2055) XA2HEL,



482 H R

Table 1. Body weights in conrtol and experimental groups from the 5th to 19th

day of age.
body weight (g)
day 5 day 9 day 14 day 19
Exp. 1 control pups 7.6%0.7 16.2+1.2 21.2%£1.3 30.4£1.8
Exp. 2 intact pups
L group 7.3+0.8 15.0£1.0 19.4+1.4 28.0£2.0
D group 7.5+0.6 15.3+1.3 19.8+1.5 28.6+1.8
blinded pups
L group 7.0£0.7 14.6+1.4 19.0+1.3 29.2+2.2
D group 6.8%£0.9 14.4%1.3 19.5%1.3 29.0+1.6
Exp. 3 intact pups
L group 7.8+0.7 16.0+0.9 21.5%1.5 30.1x1.5
D group 7.6%0.8 15.8+0.8 21.0%1.2 29.3+1.3
blinded pups
L group 7.5£0.9 16.2+1.0 21.0+1.1 29.6+1.2
D group 7.5+0.7 15.9%1.1 20.7+1.2 29.1+1.3
Exp. 4 intact pups 8.0%0.7 16.5+1.0 20.9£1.6 29.9£2.0
blinded pups 7.0%0.9 16.0x0.7 20.2x1.1 28.6+1.4
Exp. 5 intact pups 7.4£0.9  13.0%£0.9° 17.6+1.1° 23.0+1.7""
blinded pups 7.4£0.5  12.6+£0.8° 17.2+1.3" 22.8+1.4""

Mean + SEM
*p<0,01, **p<0.001 (vs. control groups)

Table 2. Body weights in the control and experimental groups which were allowed
free feeding after day 23.

body weight (g)

day 24 day 29 day 34

Exp. 1 control pups 41.5%2.5 56.2%x4.2 70.44+3.8

Exp. 2 intact pups L-ad group 40.0+2.8 55.0+4.6 70.8+5.0

D-ad group 41.9+3.8 55.84+3.4 69.0£4.0

blinded pups L-ad group 39.0+4.2 52.8%4.5 68.8+4.5

D-ad group 40.5+3.6 53.9+5.0 69.5%5.6

Exp. 3 intact pups L-ad group 42.0£2.2 56.8+3.8 72.5+4.0

D-ad group 42.3+3.6 57.51+4.5 73.0%4.5

blinded pups L-ad group 38.3+3.6 52.5£4.0 68.5+5.3

D-ad group 37.8£3.0 52.2+4.2 69.3+4.8

Exp. 4 intact pups L-ad group 40.5+3.8 55.54+4.2 71.5%5.1

blinded pups L-ad group 38.8+£3.5 53.5t4.2 68.8+4.8

Exp. 5 intact pups L-ad group 34.44+2.87" 48.5+4.0" 65.5+5.4
blinded pups L-ad group 33.5£3.1"" 46.9%£3.5"" 63.0+£4.5"

Mean + SEM
Asterisks, as in Table 1.
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Table 3. Body weights in the experimental groups which were reared with food and

water restrictions after weaning.

body weight (g)

day 24 day 29 day 34

Exp. 2 intact pups  L-L group 38.4%£2.5 52.3+3.2 65.0+4.3
D-D group 39.24+2.2 51.9£3.0 63.8£3.7

blinded pups L-L group 38.8+£2.8 50.6%t4.3 63.8+4.9

D-D grop 39.5+2.4 51.5%+5.6 64.0+4.5

Exp. 3 intact pups L-L group 40.0£2.2 53.0%£3.2 68.1+4.5
D-D group 38.8+2.1 53.5%+2.8 68.5+4.7

blinded pups L-L group 38.5+2.7 52.0+3.6 66.2+3.7

D-D group 38.0+2.4 51.8%4.5 67.0+5.3

Exp. 4 intact pups L-L group 39.2+2.8 53.2+3.3 68.0£5.6
blinded pups L-L group 37.5£2.9 50.8t4.8 65.5+4.8
Exp. 5 intact pups L-L group 31.0£2.27" 38.8+4.0"" 47.6+4.3
blinded pups L-L group 29.4+2.8"7 35.5+3.4"7 44.6+3.9

Mean + SEM
Asterisks, as in Table 1.
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Fig.13. Development of the circadian corticoste-
rone rhythm in blinded rats, reared with their
mothers who were fed only between 12:00-14:
00. The rats in the left panels were fed only
during the 2-hr period after weaning, while the
right panels show the results of rats those were
allowed free feeding. The top panel indicates the

rhythm of the mothers. Asterisks, as in Figs. 2
and 5.
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Influence of Feeding Behavior on the Ontogeny of Circadian Corticosterone Rhythm in Rats
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Abstract

Influences of feeding behavior on the development of the circadian blood corticosterone
rhythm in young Wistar rats (female) were studied under diurnal lighting conditions with illumi-
nation from 8 a.m. to 8 p.m. Half of the young females had their eye-balls enucleated 2 days
after birth. All the animals were weaned from their mothers 23 days after birth. Blood samples
were obtained by tail-tip incision and the corticosterone levels were measured by radioimmuno-
assay, Normally sighted pups (controls), which were housed continuously with their mothers fed
ad libitum until weaning, showed a circadian corticosterone rhythm peaking at 8 p.m. and a noc-
turnal feeding pattern after the 22nd day. Both sighted and blinded pups, which were reared
with periodic maternal daprivations before weaning and with periodic feeding restrictions after
weaning, showed a circadian corticosterone rhythm with the peak just before food was given.
When the young females were reared with their mothers, their food and water intake was limited
to the daytime, and further reared with the same food restrictions after weaning, a circadian
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adrenal thythm with the peak just prior to the presentation of food and water was noted even in
the blinded pups. In the sighted pups, which were periodically isolated from their mothers after
the 5th day, an adrenal thythm appeared significantly earlier than did in the control rats. When
the sighted rats were freely allowed access to food and water after weaning, the zenith of the
corticosterone level appeared at 8 p.m. and a nocturnal feeding pattern was observed. On the
other hand, a few blinded rats, which were allowed to feed freely after weaning, developed a
corticosterone rhythm in accordance with their maternal activity. It seems that maternal be-
havior may act as a possible synchronizer for the circadian rhythm among the blinded pups.
Although the group data obtained from the blinded rats did not show a consistent corticosterone
thythm, individual rats revealed a certain periodicity. The present results indicate that the
development of the circadian corticosterone rhythm is influenced more directly by feeding
behavior than lighting conditions, and that the effect of feeding restrictions during their infantile
period does not persist permanently. The sighted rats show a feeding and adrenal rhythm syn-
chronized with lighting conditions, while the blinded rats show a free-running rhythm when they
are allowed free access to food and water after weaning,



