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1 Schematic presentation of schedule of perio-
dic maternal deprivation (PMD) study.
Each asterisk along the right edge of the
figure represents effective PMD schedule.
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Schedule of determination of blood corticosterone and water intake rhythms

*1
(* : water intake, +: blood sampling). Numbers in parenthesis represent
the number of animals in each group.
Week after birth
PMD
aw | 5w [ ew | 7w | 8w

Control (L, D=6) * * j *
1-21 (L, D=6) +* +* +*
1-10 (L, D=#6) * * + *
1-5 (L=6, D=5) * * *
1-4 (L, D=6) * * + x
1-2 (L, D=6) * * + *
11-21(L=5, D=6) * 4 *
15-21 (L, D=6) * * *
18-21 (L, D=4) * + *

2% 2 Increase in body weight (g) during the nursing period in blinded pups subjected to PMD from
day 1 to day 21. Asterisk indicate significant levels of the difference in body weight (¥#%*: P<
0.001, **: P<0.01, *: P<0.05). NS means no significance in the difference.

0800 h 2000 h
Age (days)

s | 14 | 2 5 15 21
L 1-21 Mean 9.36 17. 46 28. 25 9.05 20.54 32.69
SE 0.37 0.75 0.76 0.27 0.77 1.13
D 1-21 Mean 11. 64 ‘ 23.29 34. 25 8. 57 23.47 36.01
SE 0.58 ) 1. 06 2.17 0.25 1.15 2.51

t-test *k ; Fokokk * NS * NS
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INTAKE (mi/ 4hrs)

WATER

INTAKE (ml/4hrs)

WATER

B2

TIME OF DAY

L1-2

DI-2
Lil-21
Dli-21
LIS5=-21
Di5-21
Lig-2i
bDlIg-21

Two day patterns of water intake in blinded rat pups subjected to PMD. Each thick and
thin bar represents the mean with SE of water intake determined every 4hr in each
pup group. Each asterisk indicates the acrophase of the rhythm. Numerals on the right
edge of illustration represent the lighting condition of mother’s access period and time
of PMD during the nursing period and age in week studied is shown on the upper edge.
Significant difference over time analyzed by ANOVA are shown by blank circless (OO
0:p<0.005, OO:p<0.01, O:p<0.05). Significant difference between the lowest and
the highest mean each day tested by paired t-test are represented by filled circles (@ @
®:p<0.005, ®@®:p<0.01, @®:p<0.05). Note the difference in acrophase between

. L-and D-groups.
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3 Two day patterns of water intake in blinded rat pups subjected to PMD. Refer to the
legend of Fig. 2 for more details.
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Week after birth

4 Phase shift pattern of acrophase of drinking rhythm in blinded
rat pups subjected to PMD. Ordinate and abscissa show the
acrophase in time of the day and wecks after birth of pups,
respectively. Numerals on the right edge of each charts identify
the lighting condition of mother-accessing period and periods
of periodic mother deprivation. Statistical difference in acrophase
between L-and D-groups tested by Student’s t-test are shown
by filled triangles (A A A A:p<<0.001, A A A:p<<0.005 AA4:
P<0.01). NS means no statistical significance in the phase
angle difference,
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20 - 3 -
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Blood corticosterone (pg/dl)

0
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- . Lo * x 000 | o
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5 Forty-eight hour patterns of blood corticosterone levels in blinded rat pups
subjected to PMD from day 1 to day 21. Numerals on the upper edge of
illustration identify weeks after birth. The patterns of blood corticosterone
of L1-21 and D1-21 group are illustrated in the upper and lower rows of
the figure, respectively. The time of day when pups had access to the
mother are shown by the blank bars along abscissa. Each asterisk indicates
the acrophase of the rhythm, Significant differences over time analyzed by
ANOVA are represented by blank circles (OO O: p<0.005), Significant
difference between the lowest and the highest mean each day were tested
by paired t-test are shown by filled circles (@ @ ®: p<0.005). Note the
difference in patterns of corticosterone rhythm between the two groups.
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B 6 Twenty-four hour patterns of blood corticosterone levels in blinded rat
% p
pups subjected to PMD. Refer Table 1 to identify the week of age

studied.
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abstract

Postnatal Development of the Circadian Rhythms in the Rat Pup:

Effect of Periodic Maternal Deprivation

Kiyohisa Takahashi, Kazutaka Shimoda, Naote Yamada and Koichi Hanada

It has been well known that circadian clock
mechanism is inborn nature and that the oscilla-
tion of the clock starts during fetal stage or the
early phase of infant age. However, the postnatal
influence of mothers on the pups’ endogenous
rhythm as an entrainer seems to be still a matter
of debate. To study the possibility and potency
of the maternal factors for entrainment, access of
the natural mother of which pups were optically
enucleated on the day of birth (day 1) was res-
tricted to either light phase (L-group) or the dark
phase (D-group) for various durations beginning
on various days during the nursing period (i.e.
Periodic maternal deprivation: PMD). Drinking
rhythm of both of L-and D-groups were deter-
mined once per one or two weeks between the
4 th and 8 th postnatal week. The corticosterone

rhythm was determined to confirm the results
obtained by the measurement of water intake.
Both rhythms were clearly observed by 5 weeks of
age, and a reversed phase relationship was ob-
served even when PMD was performed for a short
period during days 1-4 or days 15-21. On the
other hand, no phase angle difference was observed
between L-and D-groups, when pups were perio-
dically exposed to their original mother either
during days 1-2 or days 18-21. These facts indi-
cate that periodic exposure to mother can set the
phase of the blinded pups’ rhythm and that the
period required for entrainment of the rhythm
is as short as 4 or 7 days in the early or late
times during the nursing period respectively,
showing the high potency of PMD in entraining
the circadian rhythm of blinded pups.
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