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Summary

Mitotic indices in sheep rumen epithelium were examined at 3:00, 7:00, 11:00,
15:00, 19:00 and 23:00, and the circadian rhythm of the index were determined.
When sheep were fed once daily at 18:00 with orchard grass hay or high con-
centrate type meal, the mitotic index showed the lowest value at 19:00, 1 hr after
the meal, and there were little differences between the mitotic index at another
times. When sheep were fed twice daily at 6:00 and 18:00, the lowest mitotic
index appeared at 7:00 and the peak was 23:00, 5 hrs after the evening meal.
The circadian rhythm of the mitotic index in twice daily fed sheep was less clear
than that in the sheep fed once daily. The mitotic index and its circadian
rhythm are probably related to the frequency and the time of food intake.

Sakata and Tamate (1) have reported that there was a circadian rhythm of the
mitotic index in sheep rumen epithelium and stated that the rate of epithelial cell
division may be affected by the food intake. There was, however, a clear difference
in the circadian rhythm in their two experiments in which sheep were fed at 7:00
or 11:00. Thus, we re-examined the circadian rhythm of the mitotic index in sheep

rumen epithelium.

Materials and Methods

Three male Corriedale sheep, 35-40 kg body weight, were used for the study.
They were fed with 1 kg of orchard grass hay in Exp. 1 (n=8), and with 200 g of
orchard grass hay and 800 g of concentrate in Exp. 2 (n=6), once daily at 18:00.
In Exp. 3 (n=8), they were fed twice daily at 6:00 and 18:00 with 100 g of orchard
grass hay and 400 g of concentrate with an automatic feeder.

Rumen papillae were biopsied from atrium ruminis with a pair of Chevarier-
Jackson specimen forceps through the rumen fistula at 3:00, 7:00, 11:00, 15:00,
19:00 and 23:00. Biopsied samples were fixed in phosphate-buffered glutaraldehyde,
dehydrated with ethanol and embedded in Paraplast (Lancer, U.S.). Four-micron
thick sections were stained with periodic acid-Schiff-hematoxylin.
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The number of mitotic figures were counted in the basal cells of the epithelium

and the mitotic indices were calculated. The student’s t-test was used in statistical
analyses.

Results

The results of the experiments showed the presence of a circadian rhythm
of the mitotic index in sheep rumen epithelium (Fig. 1). The indices showed wide
fluctuations ranging from 0.14 to 1.32%, from 0.28 to 0.95%,, and from 0.25 to
1.45%, in Exp. 1, 2 and 3, respectively.

In Exp. 1, sheep were fed with orchard grass hay at 18:00. The mitotic index
showed the lowest value at 19:00, then increased and reached the peak between
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Fre. 1. Circadian rhythm of mitotic index in sheep rumen epithelium. Each point
represents mean + standard error of the mean. Borken line shows time of meal.

Significantly (*: p<0.05, **: p<0.01) different from nadiar value at 19:00 (a, b) and
at 7:00 (c).



140 S. Ohwada and H. Tamate

23:00 and 3:00 (Fig. la). There were no differences between the mitotic indices
at 3:00, 7:00, 11:00, 15:00 and 23:00.

In Exp. 2, in which sheep were fed with high concentrate type meal at 18:00,
the circadian rhythm of the mitotic index showed a similar pattern with that in
Exp. 1 (Fig. 1b), though the circadian variation was less clear than that in Exp. 1.

When sheep were fed twice daily at 6:00 and 18:00 (Exp. 3), the mitotic index
did not show a two cycle pattern in a day (Fig. lc). Nadiar value appeared at
7:00, 1 hr after the morning meal and peak value at 23:00, 5 hrs after the evening
meal (Fig. 1¢). The mean value and the variations of the mitotic index at every
time in the circadian rthythm were reduced compared with that of once daily fed
sheep (Exp. 1 and 2).

Discussion

In laboratory animals, the epithelia of the alimentary tract show circadian
rhythms of cell proliferating activity expressed by the mitotic and labeling index
as well as the mitotic rate (2-9). Sheep ruminal epithelium also showed the
circadian rhythm of the mitotic index (1). But the pattern of the rhythms were
quite different between the two experiments in which sheep were fed once daily at
7:00 or 11:00.

The circadian rhythms of the mitotic index obtained in the experiments of the
once daily fed sheep (Exp. 1 and 2) in this study were similar to the pattern when
sheep were fed at 7:00 in their report (1). In these rhythms, the mitotic indices
showed the lowest values only 1 hr after the meal and maintained relatively high
values during a day.

These results suggest that the food intake may supress the mitotic index or
that some products of rumen fermentation may inhibit the cell proliferating
activity in rumen epithelium. Treatment with Na-butyrate inhibits DNA synthe-
sis of ruminal epithelial cells in vitro (10, 11). Sakata and Tamate (12, 13) reported
that the volatile fatty acids (VFA) stimulated the mitotic activity in sheep rumen
epithelium. In these reports, however, the rise of the mitotic index after the VFA
injection into rumen was observed 24 hrs after the administration. Therefore, their
conclusion is not directly usable for the circadian rhythm of the mitotic index in
rumen epithelium.

In twice daily fed sheep (Exp. 3), the mitotic index showed a low value 1 hr
after the morning meal, but the value did not decrease 1hr after the evening
meal. The first experiment of twice daily fed sheep was performed 4 weeks after
a change from a once daily feeding in which the sheep were fed at 18:00 and in
which the mitotic index showed the lowest value at 19:00. The nadiar value shifted
from evening to morning when the feeding was changed as above. It is expected
that in twice daily feedings, sheep reflected a light and dark cycle in nature,
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because they are dirnal animals and they graze mainly after dawn and before
twilight (14).

In sheep fed twice daily, the variation of the mitotic index in the circadian
rhythm reduced and the rhythm appeared less clear than that in sheep fed once
daily. This may relate to the fact that the frequent feeding reduces the dirnal
variation in the concentration of ruminal metabolites including VFA (15, 16).

Proliferating activity of ruminal epithelium in sheep is stimulated by insulin
infusion (17) and is influenced by infusion of catecholamines (18). Proliferation
activity of intestinal epithelium is controlled by many factors including the neural
and endocrine systems, as reviewed by Tutton (19). Sympathectomy causes the
circadian rhythm of the mitotic index in intestinal crypts of laboratory animals to
vanish (20, 21). In ruminal epithelium, too, the cell proliferating activity may be
controlled by the endocrine and neural systems which are related to food intake
and rumen fermentation products.
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