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Abstract

The synthesis of nuclieic acids in the liver and the lymphoid tissues of adult mice was studied
during the restitution period after the 6-day starvation. The results obtained indicate that there oc-
curs an unexpected rapid synthesis of DNA in the hepatic parenchymal cells during the restitution
period without significant increase in the total amount of DNA in the liver. Most rapid DNA-
synthesis in the liver appears to occur one day after refeeding. With respect to RNA in the liver as
well as to both RNA and DNA in the lymphoid tissnes, on the other hand, there is a good paral-
lelism between the rate of their synthesis and that of increase in their amounts, without apparent
dissociation between both rates as seen in the liver DNA.
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A number of authors reported that starvation of an animal results in
a remarkable loss of protein and ribonucleic acid from the liver (l, 3,4,6,
7, 13,20). The rapid syntheses of both of the constitnents were also report
ed by these authors during recovery from starvation. These processes were
shown to occur without significant change not only in the total cell num
ber or in the total deoxyribonucleic acid content of the liver (2,5,6,8, 12)
but also in the average DNA content per cell. These findings were be.
lieved to suggest that the metabolism of liver DNA was not affected by
starvation and refeeding.

In a previous experiment( 14), however, a burst increase of DNA synthe.
sis in mouse liver was found, radioautographically using tritiated thymi.
dine during the so.called non-mitotic recovery period after starvation. The
hepatic cells once labelled with tritiated thymidine were observed to persist
for a considerably long period without subsequent cell division, that is,
without change in the number of labelled cells.

The present study was undertaken to investigate the changes in the
rate of synthesis of DNA and of RNA in liver, spleen, lymph nodes and
thymus during the restitution period after starvation, by measuring the
amounts of nucleic acids and the rate of the incorporation of 32p into them.

MATERIALS AND METHODS

Adult mice of Db strain, weighing about 26 g, were fasted for six days, and
then they were refed on the Oriental compressed diet for mice (Oriental
MF, Japan), containing 24.2% of protein. Water was given ad libitum through
out the experiment. At appropriate intervals in the restitution period the
animals were killed in groups of ten; each mouse received 2 p. C inorganic
phosphate-32P per gram of body weight in a single intraperitoneal injection.
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Liver, spleen, thymus and axillary and inguinal lymph nodes were removed
weighed and then homogenized in ice-chilled 5 % trichloracetic acid (TCA):
Each homogenate was centrifuged and the supernatant was decanted. The
sediment was washed twice with cold 5 % TCA, twice with 95 % ethanol, and
once with tris-(hydroxymethylaminoethane)-buffer, pH 7.5. Nucleic acids were
extracted from protein by heating the sediment at 100°C for 20 min in 10 %
NaC!. The supernatant was decanted and the second extract was pooled with
first one. Nucleic acids were precipitated overnight from the supernatant with
95 % ethanol at room temperature. The precipitate of nucleic acids was purified
by repeating twice the above extraction with NaCl. RNA was hydrolyzed by ad
ding O.lN-NaOH and heating at 80°C for 30 min. The samples were cooled in an
icey bath, and after being neutralized with 0.3N-HCI, 25 % TCA was added to
each sample to give a final concentration of 5 %, and then centrifuged. The
supernatant containing RNA was pooled with the second extract with cold 5 %
TCA at 95°C for 15 min. Amounts of DNA and those of RNA were determined
photometrically using diphenylamine and orcine respectively. The incorpora
tion of 32p into DNA and into RNA of each sample was counted with GM
counter and the specific acivity of DNA was expressed as cpm/mg of the nu
cleic acids.

RESULTS

As shown in Fig. 1, the body weights of mice were reduced to less
than a half of their initial values by the six-day starvation, and they re
covered in ten days upon refeeding. Daily injections of 3H-thymidine for
these ten days resulted in a heavy labelling both of the hepatic cells and
of Kupffer stellate cells as reported previously (14). Another interesting
finding was that the cells which had been once labelled with tritiated
thymidine during the restitution period persisted for a long period, more
than 6 weeks, without apparent synthesis of DNA or mitosis.
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Fig. 1 Change in the I::ojy weight durinJ starvation and refeedin.s
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In order to know when liver DNA is most rapidly synthesized in the
restitution period, the incorporation of 32p into DNA was studied. Fig. 2
shows the changes in the liver weight. in its contents of DNA and RNA,
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Fig. 2 Changes in the liver weight and in the amount of nucleic acids in
relation to changes in the specific· activity of 32P incorforation into the nucleic
acids in liver during starvation and refeeding period

and the change in the specific activity of32P-incorporation into DNA and
into RNA during the restitution period after starvation.

The weight of the liver was reduced to about one-half of the normal
value by the 6.day starvation and then rapidly recovered in a day. In
contrast, the amounts of DNA did not vary significantly from normal
level during the starvation nor during subsequent refeeding. The amounts
of RNA, on the other hand, dropped to about a half of the initial values
by starvation and then recovered rapidly by refeeding, almost parallel to
the changes in the liver weight. Most rapid incorporation of 32p into DNA
occurred one day after refeeding. On the third day it dropped to the
normal level. A peak of 32P-specific activity of RNA was also observed on
the first day but of much smaller magnitude as compared with that of
DNA. Thereafter, a marked incorporation was observed again on the
12th day when the specific activity of DNA also rose but to a lesser
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extent.
Similar studies were carried out on the lymphoid tissues. Results are

shown in Figs. 3, 4, and 5 for spleen, lymph nodes and thymus respective.
ly. In the spleen, a close parallel relation was observed among the
changes in the amounts of DNA, of RNA and that of spleen weight (Fig.
4). In other words, the content of RNA per unit DNA and the splenic
weight per unit DNA were nearly constant throughout the experiment.
Again they were reduced to about a half of the initial values by starva
tion. Upon refeeding they approached the normal values on the third day.
The incorporation of 32p into DNA began to increase soon after the start
of refeeding, reaching a peak on the fifth day. The specific activity of
RNA increased also to a high level between the fifth and eleventh day.
Thus the specific activity of DNA and RNA are raised almost parallel
with each other.

Lymph nodes required 3 days to recover its lost weight (Fig. 5). Ax·
illary and inguinal lymph nodes are too small in quantity to allow a precise
extraction of the nucleic acids according to the present method. A rapid
incorporation of 32p was observed in the earlier stage of the recovery
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Fig. 3 Changes in the spleen weight and in the amounts of nucleic acids in relation
to changes in the specific activity of 32P-incorporation into the nucleic acids in spleen
during starvation and refeeding period
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Fig. 4 Changes in the weight of axillary and inguinal lymph nodes
in relation to changes in the specific activity of 32P-incorporation into the
nucleic acids in these nodes during starvation and refeeding
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period as compared with those in spleen for both nucleic acids. Thus an
enhanced synthesis of DNA occurred during the first 3 days. It dropped
to the normal level after the fifth day. The specific activity of RNA
abruptly rose on the first day of the recovery period, returning to normal
level after the third day.

Thymus required 7 days to recover its lost weight, a much longer
period than in other tissues (Fig. 6). In this tissue, again, the change in
the 32P-incorporation was quite proportional between DNA and RNA.
The uptake of either DNA or RNA increased soon after the start of
refeeding, reaching its peak on the third day. Thereafter it was main.
tained at high levels until the 15th day.

DISCUSSION

As outlined above, there is a good parallelism between the change in
the weight and that in the RNA content of the liver, both values falling
to less than a half of the initial values by starvation and recovering to
normal levels in a few days by refeeding. The DNA content of the liver,
on the other hand, does not change significantly throughout the starva
tion and recovery periods. These results indicate that in the liver the
amount of DNA, or the number of cells, remains unchanged, and that
the change in the liver weight is attributable to that in the amount of
non-DNA components of the cell including RNA. These are in essential
agreement with the results of other workers (1, 2). However, our previous
experiment has demonstrated an unexpectedly intense incorporation of
tritiated thymidine into liver DNA during the recovery period subsequent
to starvation (14). This was confirmed by the present study. It was shown
that there occurs a rapid incorporation of 32p into liver DNA during the
early period of restitution subsequent to starvation, a maximal incorpora.
tion being observed one day after the start of refeeding.

Although the incorporation of 32p into liver DNA does not result in
an increase in DNA content of the organ, it must first be considered that
the mitotic activity of both hepatic cells and Kupffer cells might be
enhanced by starvation and refeeding, as claimed by LEDUC (9, 10). She
observed a definite increase in the number of mitotic figures of hepatic
cells on the second day of refeeding with a diet, whose protein content
was 23.9 per cent, after 10 day's protein depletion. As far as the present
experiment is concerned, however, a definite increase in the mitotic
activity of either hepatic cells or Kupffer stellate cells, which might be

6

Acta Medica Okayama, Vol. 22 [1968], Iss. 1, Art. 1

http://escholarship.lib.okayama-u.ac.jp/amo/vol22/iss1/1



Liver Nucleic Acid Synthesis During Starvation Restitution 7

responsible for a striking incorporation of 8H-thymidine and 32p into liver
DNA, could not be confirmed. Moreover, such an enhanced cell division
as claimed by LEDUC should result in a net increase in the amount of
liver DNA. This was not the case in the present experiment as already
emphasized.

Accordingly, a possible explanation may be that in the liver aged or
exhausted cells die away (12) during the restitution after starvation and as
a result replacement of the lost cells by fresh cells occurs, so that the num
ber of cells or the amount of DNA in the liver remains unchanged. An
alternate interpretation which allows explanation of the constancy of
DNA content would be that cells in the non-dividing tissues such as liver
of adult mammals renew their DNA as PELC and other investigators sug
gest(15-19), and that in the process of restitution after starvation such a
renewal of DNA in the exhausted cells is promoted. A third possibility
which should be considered here, is the so-called "repair of DNA" without
replication, the process which is known primarily in bacteria (21).

In the spleen, lymph nodes and thymus, the changes in weight, DNA
and RNA contents show no essential differences from each other. In addi
tion, the rate of 32P-incorporation into DNA and RNA is elevated almost
coincident with the rise in the tissue weight and its nucleic acid contents.
It is noteworthy that the specific activity of DNA is raised parallel with
that of RNA in both lymph nodes and thymus, although the time of
maximal synthesis of the nucleic acids is different between the two. These
facts indicate that the changes in the weight of the lymphoid organs dur
ing starvation and restitution are dependent on the number of cells in the
organs rather than on the amount of cellular components per cell. The
above-mentioned findings in the lymphoid organs are in sharp contrast
with those in the liver.

SUMMARY

The synthesis of nuclieic acids in the liver and the lymphoid tissues
of adult mice was studied during the restitution period after the 6-day
starvation. The results obtained indicate that there occurs an unexpected
rapid synthesis of DNA in the hepatic parenchymal cells during the resti
tution period without significant increase in the total amount of DNA in
the liver. Most rapid DNA-synthesis in the liver appears to occur one
day after refeeding. With respect to RNA in the liver as well as to both
RNA and DNA in the lymphoid tissnes, on the other hand, there is
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a good parallelism between the rate of their synthesis and that of increase
in their amounts, without apparent dissociation between both rates as seen
in the liver DNA.

ACKNOWLEDGMENTS

The author wishes to thank Dr. A. SIBATANI, Division of Animal Genetics, C. S. 1. R. 0.,
Epping N. S. W.. Australia, for his stimulation and advice.

REFERENCES

1. BHARADWA], T. P., and R. LOVE: Cytology of rat liver cells during starvation and
refeeding. ]. Nat. Cancer Inst. 23, 695, 1959

2. BARTON, A. D.: Metabolism of glycine. Proc. Soc. E~ptl. Biol. Med. 77, 481, 1951
3. CAMPBELL, R. M., and H. W. KOSTERLITZ: Effect of dietary protein on turnover of

phospholipides, ribonucleic acid, and desoxyribonucleic acid in liver. ]. Biol. Chern.
175, 989, 1948

4. SAME AUTHORS: Assay of nutritive value of protein by its effect on liver cytoplasm. ].
Physiol. 107, 383, 1948

5. DAVIDSON, J. N., and C. WAYMOUTH : The nucleoproteins of the liver cells demonstrat
ed by ultraviolet microscopy. ]. Physiol. 105, 191, 1946

6. KOSTERLITZ, H. W.: Effects of changes in dietary protein in composition and structure
of liver cell. ]. Physiol. 105, 194, 1947

7. LAGERSTEDT, S.: Cytological studies on protein metabolism of liver in rat. Acta Anat.
suppl. ix, I, 1, 1949

8. LAIRD, A. K., and A. D. BARTON, and O. NYGAARD: Synthesis of protein and ribo
nucleic acid in rat liver during refeeding after starvation. Exptl. Cell Res. 9, 523, 1955

9. LEDUC. E. H.: The effect of fasting and refeeding and of changes in dietary protein
level on mitosis in the liver of the mouse. Anat. Rec. 99, 586, 1947

10. SAME AUTHOR: Mitotic activity in the liver of the mouse during inanition followed by
refeeding with different levels of protein. Amer. ]. Anat. 84, 397, 1949

11. MACDONALD, R. A.: "Lifespan" of liver cells; autoradiographic study using tritiated
thymidine in normal cirrhotic and partially hepatectomized rats. Arch. Intern. Med. 107,
335, 1961

12. MANDEL, P., M. JACOB, and L. MANDEL: Etude sur Ie metabolisme des acides nucei
ques; action du jeune proteique prolonge sur les deux acades nucl<::iques du foie, du
rein et du cerveau. Bull. soc. chim. biol. 32, 80, 1950

13. MILLER, L. L.: Changes in rat liver enzyme activity with acute inanition; relation of
loss of enzyme activity to liver protein loss. ]. Biol. Chern. 172, 113, 1948

14. OSOGOE, B., K. J. MORI, and M. AMONO: Cell proliferation and DNA synthesis in the
liver cells of the mice during the restitution after starvation shown by autoradiography.
Arch. histol. lap. 24, 531, 1964

15. PELC, S. R.: Incorporation of labelled precursors of DNA in non-dividing cells. Cell
Proliferation, Ed. by L. F. Lamerton and R. J. M. Fry, Blackwell Scientitic Publica
tions, Oxford, 1963

16. PELC, S. R.: Labelling of DNA and cell division in so-called non-dividing tissues. ].
Cell Biol. 22, 20, 1964

8

Acta Medica Okayama, Vol. 22 [1968], Iss. 1, Art. 1

http://escholarship.lib.okayama-u.ac.jp/amo/vol22/iss1/1



Liver Nucleic Acid Synthesis During Starvation Restitution 9

17. PIERCE, J. C., W. R. MEEKER, and R. L. VARCO: Nucleic acid synthesis in various
tissues of the rat. j. Amer. Med. Assoc. 183, 866, 1963

18. ROELS, H.: "Metabolic" DNA: A cytochemical study. International Review of Cytology, 19,
1, 1966

19. SAMPSON, M., A. KATOH, Y. HOTTA and H. STERN: Metabolically labile deoxyribonu
cleic acid. Proc. Nat. Acad. Sci. 50, 459, 1963

20. SCHULTZ, J.: On nature of labile protein j cathepsin II activity of liver and kidney of
fed. and fasted rabbit. j. BioI. Chern. 178, 451, 1949

21. HANAWALT, P. C. and R. H. HAYNES: The repair of DNA. Scientific American, 36, 1967

9

Mori: Nucleic acid synthesis in the mouse liver during restitution

Produced by The Berkeley Electronic Press, 1968


