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Circadian DNA-synthetic Rhythm Accompanied Mitotic Rhythm in Newly
Hatched in Chicken Liver : Possible Role of Feeding Regiment

Joon-Pyo Han

Dept. of Food Science and Technology, Hyosung Women’s University, Hayang, 713— 702, Korea

Abstract

The division and circadian DNA-synthesis rtythm are studied in chick liver immediately after
hatching. The division function is tested by the mitotic and the °H-thymidine labelling index.
The DNA synthesis exhibited a cyclic variation of 12 hours immediately after hatching. The
rhythmic changes of DNA synthesis was maintained in the liver of meal-fed chickens, but
the DNA synthetic activities decreased gradually in the starved chicken liver. From this time,
the rhythm of DNA synthesis was greatly afffected by lighting schedule, all these DNA synthesis
of chicken liver was accompained by mitosis.

Introduction

It has long been known from histological studies
that there is a circadian rhythm in mitotic activity
in the liver of rats and mice’. Food appears to
be an important factor in the occurrence of the
circadian rhythm since the rhythm of cell division
and DNA synthesis in the liver can be modified
by both diet and schedule of feeding *. In the
liver of neonatal rats, however, there is no mitotic
circadian rhythm during the first 20 days of life
and' the rhythm appears progressively from the
20th day onwards®.

The present paper reports that the circadian
DNA-synthetic rhythm is observed in chicken liver
immediately after hatching and that the rhythm
is modulated by both feeding and lighting regime-

nts.

Materials and Methods

Animals

Male White Leghorn chickens were obtained
from Ishii Hatchery, Tokushimn, Japan, on the day
of hatching and kept either under a continueus
light condition or in a light-dark cycle of 12 h of
light(6 : 00— 18 : 00) fellowed by 12 h of dark(18
100—6:00) period. Chickens were meal-fed
“Chick A”(Marubeni, Japan) from the day after
hatching for 3 h(9 : 00—12 : 00) unless otherwise
stated. The composition of “Chick A" was 21.5%
protein, 12.0% carbohydrate and 2.5% lipid. Tap
water was available to the fed and starved animals
ad libitum.

Determination of DNA Synthesis.
(*H)Thymidine (New England Nuclear, specific
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activity, 15 Ci/mmole) was used to evaluate DNA
synthesis. At different times during the 24-h day,
the chickens were injected intraperitoneally with
("H)thymidine (10 uCi in 1 ml of saline) and killed
1 h later. The livers were quickly removed and
homogenized in 5 volumes of distilled water with
a Potter-Elvehjem homogenizer. Perchloric acid
was added to the homogenate to a final molarity
of 0.5. After centrifugation, the residue was washed
once more with cold 0.5 M perchloric acid. DNA
in the pellet was separated from RNA as described
by Munro and Fleck” and was assayed by the Ce-
riotti procedure. Radioactivity was measured on
a Packard Tri-Carb liquid scintillation spectrome-

ter using a dioxane-based scintillator.

Determination fo Mitotic Activity

Chickens were injected intraperitoneally with
colchicine(1 m3/k9 of body weight in 0.2 mé of sa-
line) and killed by decapitation 4 h later. A portion

of the median lobe of the liver was immediately
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excised and the mitotic activity was determined
by the method of Echave Llanos and Sadnik”. Ar-
rested metaphases were counted in at least 1,000

hepatocytes.
Results and Discussion

Fig. 1 shows the 1-h incorporation rate of labeled
thymidine into DNA in the liver of fed and starved
chickens under the condition of light-dark cycle.
In the meal-fed animals, DNA synthesis exhibited
a definite 12-h cycle  the peak incorporation occu-
rring at 9 * 00 and 21 * 00. In the starved animals,
a similad 12-h cycle was observed, but the 21 : 00
peak tended to be decreased until it disappeared
completely on the 4th day after hatching. Thus

-it appears that the nature of 9 © 00 peak and 21 © 00

peak is different ; the former is independent of
feeding while the latter is dependent on the fee-
ding schedule.

In the liver of immature growing rodents, rhyth-
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Fig. 1. Changes in hepatic DNA synthesis during chicken development in dark-light condition.
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mic periodicity of mitosis at 24-h intervals has been
observed® ™. Since the reversal of feeding sche-
dule from dark period to light period shifts the
mitotic rhythm in parallel with the feeding regimen
9 the rhythm of mitosis appears to be generated
not by the rhythm of lighting but by the rhythm
of food intake. Halberg et al'” indicated the impor-
tance of lighting regimen in controlling the mitotic
rhythm in mouse liver, but their experimental
scheme did not exclude the possibility that light
acted indirectly by affecxting the feeding pattern
of the animals.

When the lighting regimen was changed to 24-
h continuous lighting, the DNA-synthetic rhythm
in the chicken liver underwent a profound change.
As shown in Fig 2, DNA synthesis in the meal-
fed chicken liver displayed a 24-h rhythm with
the peak at 24 © 00. The 9 : 00 peak was not recog-
nizable. In the starved animals, the 12-h rhythm
was maintained but the peaks were shifted to 3 :
00 and 15 : 00.
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Fig. 3-shows the variations of the DNA-synthetic
activity and the mitotic index in the liver of chic-
kens kept under the continuously lighting condi-
tion. DNA synthesis correlated well with the cha-
nges in the mitotic index occurring about 12 h
later. A similar lag period between DNA synthesis
and the initiation of mitotic activity has been obse-
rved in mouse”” and rat' livers.

The nature of the stimulus or stimuli responsi-
ble for the circadian rhythm of DNA synthesis in
chicken liver is not known. Nevertheless, the pre-
sent study suggests that the stimuli may vary not
only in relation to food intake but also in response
to changes in lighting environment of the animals.
Regarding the effect of light, it is interesting to
note that the circadian rhythm of melatonin syn-
thesis in chicken pineal gland is greatly affected
by light®> ®. Whether or not the DNA synthesis
in chicken liver is under the control of pineal func-
tion remains to be determined.

In the liver of neonatal rats, there is no mitotic
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Fig. 2. Changes in hepatic DNA synthesis during chicken development in light-light condition.
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Fig. 3. Changes in mitotic indices in chicken liver.
circadian rhythm during the first 20 days of life e o

and the rhythm appears progressively form the
20th day onwards. It is of interest to note that
the appearance of the rhythm slightly preceded
weaning which took place at 22 days.

In the case of chickens, peaks of DNA-synthetic
rhythm occur at 21 : 00 on the Ist day and at 9 : 00
on the 2nd day after hatching(Figs. 1 and 2). It
should be pointed out that these two peaks occur
without any feeding experience. Moreover, the ti-
ming of these peaks is identical for both light-dark
cycle and continuous light groups. The fertilized
chicken eggs were incubated for 21 days in comp-
lete darkness and the newly hatched chickens
were exposed to light for the first time in their
life at the day of hatching. It is thus possible that
the biological clock that controls DNA-synthetic
rhythm in chicken liver is set i ovo, independent
of feeding or environmental lighting. Studies in
ovo are necessary to clarify the mechanism of onto-
genesis of the DNA-synthetic rhythm.

A 22 ol BEF ALY DT 58 HES
Aste] 732 2-o] Hole] ¢ DNA 34 2% 2
1 AEFA L AL M HES A 3
ol oM DNA &4 2lFe olf7] F719)
F¥sled vt 2F(0Eo Dl gloiA] DNA
A 252 #3241 nke 2dsga )
DNA 4 252 Aa4d3d o8 2557171 &
A=Ak §HH DNA 34 84S 4o o8 7+
a¥%en DNA @49 #swushs Arad3d
M= HEtatA AT We) o) L Bo
FIE "ottt o]23k 7F DNA 48 12413 =&
Aol A FAHELE Fukalgct,

oo
t]

References

1. Cheifetz, p. : The daily rhythm of secretion of
corticosterone in rat and mice. J. Endocr. 49,
9(1971)

2. Barbiroli, B. and Potter, V. R. : DNA synthesis

and interaction between controlled feeding



148 @& u

schedules and partial hepatectomy in rats. Scie-
nce, 172, 738(1971)

. Potter, V. R, Baril, E. F., Watanabe, M. © Syn-
thematic oscillations in metabolic functions in
liver from rats adapted to controlled feeding
schedules. Fed. Proc. 27, 1238(1968)

. Hopkins, H. A., Bonney, R. J., Walker, P. R.
and Potter, V. R.  Food and light as separate
entrainment signals for ratliver enzyme. Adv.
Enzyme Regul. 11, 169(1973)

5. Dallman, P. R., Spirito, R. A. and Siimes, M.

A. ? Diurnal patterns of DNA synthesis in the
rat > Modification by diet and feding schedule.
J. Nutr. 104, 1234(174)

. Munro, H. N. and Fleck, A.  Determination of
DNA radioactivity after (*H)-Thymidine labe-
ling in vivo. J. Biol. Chem. 224, 4843(1969)
. Echave, ]J. M. and Sadnic, 1.  Preparation of
liver tissue for the evaluation of mitotic activity.
Stain Tech. 4, 289(1970)

. Barbason, H., Cantfort, J. V. and Houbrechts,
N. Correlation between tissular and division
functions in the liver of young rats. Cell Tissue

10.

11.

12.

13.

g G2 Fohe A

Kinet. 7, 319(1974)

. Noguchi, T and Aramaki, Y. : Correlation bet-

ween circadian rhythms of polvamine synthesis
and cell proliferation in rat liver. J. Biochem.
85, 953(1979)
Cohn, C., Doroty, J. and Wurtman, R. . Influe-
nce of feeding habits and adrenal cortex on
diurnal rhythm of hepatic tyrosine transami-
nase activity. Proc. Sco. Exp. Biol. Med. 134,
460(1970)
Halberg, F., Barnum, C. P,, Silber, R. H. and
Bittner, J. J. © Proc. Soc. Exp. Biol. Med. 97,
897(1968)
Wurtman, R. J., Shoemaker, W. J. and Larin,
F. : Mechanism of the daily rhythm in hepatic
tyrosine transaminase activity : Role of die-
tary tryptophan. Proc. Nat. Acad. Sci. 59, 800
(1968)
Dallman, P. R. and Manies, E. C. : Turnover
of protein and reutilization of amino acid in
cellfractions of rat liver. J Nutr. 103, 257
(1973)

‘ (Received Dec. 18, 1989)



