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Effect of Various Feeding Patterns on Circadian
Rhythm of Voluntary Running Activity in Rats

Masashige SUZUKI, Naohiko HASHIBA and Sumiko KANNO

Effect of various feeding patterns on circadian thythm of voluntary running activity was studied in

Sprage-Dawley rats. Animals were fed ad libitum, meal-fed once a day at 07—09, 13—15, 1921, or
01-03 hours (MF-1), or meal-fed twice a day at 08—09 and 21—22 hours (MF-2). Rats were housed in
cage with wheel, and the room light was on from 07 to 19 hours. Amounts and circadian rhythm of

voluntary running activity, food intake, and body weight were measured in each experiment. The re-

sults were as follows;

1)

2)

3)

4)

5)

In ad libitum-fed rats, there found peaks of food intake at 21—23 hours and 05—07 hours and
these were.consistent with the peaks obtained in the circadian rhythm of voluntary running
activity.

MF-1 rats consumed only a half amount of food as compared with ad libitum-fed rats. Voluntary
running activity was increased 4-times from ad libitum-fed rats, but its circadian rhythm was simi-
lar to that obtained in ad libitum-fed rats.

MF-2 rats consumed the same amount of food at each meal time and total consumption per day
was equal to that of ad libitum-fed rats. Voluntary running activity was incréased 4-times from ad
libitum-fed rats and its circadian rhythm was bi-phase patteri showing high peak levels before and
after the meal times.

In MF-2 rats whose voluntary running activity was restricted from 08 to 22 hours, no alteration
was observed in either amounts or circadian rhythm of voluntary running activity. However, in
MF-2 rats whose voluntary running activity was restricted during dark period from 21 to 09 hours,
the amounts of voluntary running activity reduced to 80% from those obtained before the restric-
tion, and 54% of daily activity was performed between 19 hours and 21 hours.

When two diets (basal and 35% sucrose diets) were alternately provided at different timing to two
groups of MF-2 rats and voluntary running activity was restricted from 08 to 22 hours, the rats
consumed more sucrose diet than basal diet, but consumption per day was similar to that of ad
libitum-fed rats. The rate of body weight loss after the sucrose meal was significantly different
between the groups, suggesting the different nutritional consequence of sucrose meal in two ani-
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mal groups.

These results indicate that feeding pattern strongly affects voluntary running activity and its cir-

cadian rhythm of rats.

It is also suggested that the regulation of both feeding pattern and voluntary

running activity in animal experiments may be effective to investigate nutritional consequence of nu-

trients or foods in relation to their ingestion timing,.
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Y=V EBHOHNY X 4 Table 1. Food intake, body weight gain, and
1BH 720 0EAR, REMNBSIUERET voluntary running activity in ad
V=V /S EBER Table 112, 72, BABLD libitum-fed rats (Experiment I).
B¥S5v=v/EBHOHRNY X 4 Fig, 1ITRS Age, week

NBEOThHb, HBEEII2 -238E 06 - 07

i, FERT v =V SERE 21 - 018 & 06— 6 7

08B IcE N ENE— 2 AR L, Mg & b Y Food intake, g/day 25.8%0.2 28.5%0.8

HIOOBSF & BT £ — 2 2 #50 2 MDA Body weight gain, g/day  7.9£0.4 8320.7
AY XaZR LT 18— 19K B L T12 - 13K i R Voluntary running . i
‘ activity, km/day 21104 25%0.6
LGNAEFET V=V I EBHOE— 713, T OEHE ,
B ENTEHYOEEIEE 21718 » 7o Hil e Values are mean £ SE of 5 rats.
EoThhodhhbnEEZL NS, Every item was measured for 3 days in each week
of age.
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Fig. 1 Circadian thythm of food intake (A) and voluntary running
activity (B) in ad libitum-fed rats at 6 to 7 weeks of age
(Experiment I). Data are mean and SE of 5 rats.

* Time of animal care.
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Table 2. Food intake, body weight gain, and voluntary running
activity in rats meal-fed once a day (Experiment m?

07-09
&)
Food intake, g/day 13.0+0.4
Body weight gain, g/day 3511
Voluntary running 93405

activity, km/day

Group
Meal time, hours
13-15 19-21 01-03
(C)) (%) )
13.7+0.5 10.6 £0.3 13.3£0.8
1.0£0.9 26%1.9 -0.8x16
9.1%0.8 9.2%0.6 15.2+1.1

Values are mean £ SE. Numbers of rats are in parentheses.

a: 7 to 9 weeks of age.
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BEIUERT V= 7 EFHEIL Table 3ITR &
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Table 3. Food intake, body weight, and voluntary

running activity in rats meal-fed on basal
and sucrose diets alternately (Experiment

VI).
Group I Group II
Food intake g/10 weeks
08-09 hrs. 10943 £32.3 618.4£19.3
(Sucrose diet) (Basal diet)
21-22 hrs. 585.1+27.3 1056.8%21.1
(Basal diet) (Sucrose diet)
Total 1679.4 £28.1 1675.2%24.5
Body weight g
Initial 47.1£0.5
6 weeks of age 1296 6.3 129.7% 7.9
16 weeks of age 409.2£11.3 410.1 £15.5
Giain from 6 e 2804%126 2796 +10.5
Voluntary running km/10 weeks
activity 438.7 £53.9 4547 £67.0

Values are mean * SE of 10 rats for each group.

Group I and II were daily fed with a sucrose diet at
08-09 hrs. and 21-22 hrs., respectively, and a basal
diet was given at 21-22 hrs. to GroupI and at 08—09
h1s. to GroupIL
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Fig. 3 Food intake, body weight change, and voluntary running activity in rats meal-fed twice a day.
A: Experiment ITl, B: Experiment IV. Values are mean and SE of 5 rats for each experiment.
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Fig. 4 Circadian thythm of voluntary running activity in rats meal-

fed twice a day ( 7(A) and 9 to 10(B) weeks of age; Experi-
ment IIT) and before (7 weeks of age (C)) and after (9 to 10
weeks of age(D)) the daily exercise restriction from 08 to 22
hours (Experiment IV). Values are mean and SE of 5 rats
for each experiment.
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Fig. 5 Circadian rhythm of voluntary running activity in rats meal-
fed twice a day before ( A: 21 weeks of age) and after ( B:
23 weeks of age) the daily exercise restriction from 21 to 09
hours (Experiment V). Values are mean and SE of 5 rats.
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Fig. 6 Food intake, body weight, and voluntary running activity in
rats meal-fed on basal and sucrose diets alternately (Experi-
ment VI). Values are mean and SE of 10 rats for each group.
Group Iand II: see legend to Table 3.

(® values at pre-experimental period.
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Fig. 7 Circadian rhythm of voluntary running activity in rats meak
fed on basal and sucrose diets alternately (Experiment VI).
Values are mean and SE of 10 rats for each group.
Group I and II: see legend to Table 3.
[] Basal diet Sucrose diet

[ Exercise restriction l Voluntary exercise J
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@&——8 Group 11

08 10 12 14 16 18 20 22 24 02 04 06 08
Time of day, hours

Fig. 8 Circadian thythm of body weight change in rats meal-fed on
basal and sucrose diets alternately (Experiment VI).Values
are expressed as differences from the body weight at 08
hours (390.5 £ 7.6 g for GroupI and 402.0 9.2 for Group
IT at 14 weeks of age). 'Mean and SE of 10 rats for each
group. Measurements were performed twice at 3-day in-
terval. Group I and II: see legend to Table 3.
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