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Abstract

1. The DNA contents in mature lymphocytes of the mouse, rat and man are kept almost
constant. 2. The variety in the DNA contents in tumor cells is attributed to the rapid DNA synthesis
taking place at the interphase, though the degenerating cells and the cells in abnormal mitosis can
not be discarded as the source of the variety in DNA content. 3. The RNA content in AH-130
(ascites hepatoma) is less than that in normal liver cells.
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In the biological research field of development and genetics the most
interesting theme may be nucleic acids, DNA. The constancy of the
DNA contents per cell in each cell species have been reported recently by
many investigatorsl - 19• This fact seems to be a strong evidence to support
the opinion that DNA is the bearer of genetic characteristics of an indi
vidual cell. However, there are several papers contradictory to the DNA
constancy20-27, which are mainly reported by French and Belgian scholars
including Lison and Brachet. Consequently, it will be necessary that the
problems concering the DNA constancy per cell must be reconfirmed
before the bearer of gene is assumed to be DNA itself, because there is
a great possibility that a fairly considerable error may be expected by the
methods used, especially in the case of microspectrophotometry. From
this view point the author tried to minimize the errors which might be
introduced in the course of estimation, the errors by refractory, reflectory
and SV-effects28•29 and by the staining technique and the errors in the
mathematical calculation as reported precisely in the previous report32 33.

Using this method SENO and the author30 - 32 succeeded in estimating the
hemoglobin contents of a red cell exactly, the value of which coincides
with that calculated by the chemical method on the same sample, and the
DNA constancy per cell has been elucidated in the mature red cells of
the frog and hen33•

In this report the author presents the DNA contents of the lympho
cytes in human, rat and mouse and spermatocytes in rat by the same
method, showing the DNA contents also to be almost constant in mature
lymphocytes and closely correlated to the chromosome number. Besides
these, the author describes the variety in the DNA contents in cancer
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2 K. UTSUMI

cells, whose chromosome number is known to be seriously deviated from
that of the host cells. The results show the DNA contents are also closely
correlated to the chromosome number even in cancer cells and the irre
gularity in the DNA contents is mainly due to the accelerated DNA
synthesis accompanied by the rapid cell division.

MATERIALS AND METHODS

The lymphocytes of mouse, rat and human in the circulating blood
and spermatocytes of rat are used for the estimation of DNA as the repre
sentatives of the normal cells in each strain. As for the tumor cells the
ascites hepatoma cells (AH-130), Ehrlich's ascites tumor cells, Yoshida
sarcoma cells and H-cells34 (cultured human amnion cells, which have the
property of tumor cells in rat) served as materials. These tumor cells are
used at a certain period after the transplantation; 8 to 10 days by AH-130
in hybrid rats; Ehrlich's ascites tumor cells 10 to 12 days in hybrid mice;
Yoshida sarcoma cells 7 to 8 days in hybrid rats; and H-cells at 3 to 4
days' culture in Dulbecoo culture media.

The estimation of DNA has been carried out on the cells smeard or
stamped, dried and fixed with acetic alcohol, with Feulgen reaction at
5,600A or without staining at 2,600A (AH-130 only are measured at
2,600 A without staining). Acetic alcohol is prepared by mixing gracial
acetic acid with 3 volumes of ethanol38• For the observation of lympho
cytes the peripharal venous blood is smeard and the spermatocytes are
stamped on the glass cover slide 24 X 50 mm2 by the routine method and
dried quickly by the gentle air current of fan, with acetic alcohol for 5
minutes, hydrolyzed with 1 N HCI at 60°C for 5 minutes, and stained
by Shibatani's method36 for 3 hours. The DNA contents in each cell have
been measured with the light at 5,600 A under the microspectrophoto
meter32

•

The cancerous ascites is drawn out by glass capillary, and
smeared on glass cover-slide 24 x 50 mm'!, making two smears in each
sample. These are dried quickly and fixed as in the case of the smears
of blood. In the case of AH-130 cells, besides the smears on the glass
cover-slides, smears are made on the quartz cover-slides 25 X 50 mm2• The
smears on the quartz slides are used for the estimation of DNA at 5,600A
by staining with the Feulgen reaction. The H-cells cultured on the strips
of the cover-slides 10 x 50 mm2 in the culture tube, TD 15 are taken out
after 3 to 4 days' culture, and washed 3 times with freshly prepared
physiologic saline solution and dried at room temperature. These are
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Nucleic Acids in Cancer Cells 3

fixed with acetic alcohol, and stained with the Feulgen reaction by
Shibatani's method; and the DNA contents of the cells have been measur
ed at 5600 A under microspectrophotometer.

For the calculation of DNA and RNA contents in the unstained cells
the measurements at 2,600 A have been repeated 3 times on the same
sample, i. e. the first measurement on the cells after the fixation, the
second after treating with RNase and the third after treating with per
chloric acid. The RNA contents are calculated by subtracting the values
obtained by the second measurement from those obtained by the first
measurement, and the DNA contents by subtracting the values obtained by
the third measurement from those of the second measurement. For the
treatment with RNase the fixed smears are exposed to a 0.1 % solution of
RNase from cow pancreas, pH 6.78 at 60°C for one hour. For the treat
ment with perchloric acid the smears are exposed to a 10 % pechloric acid
solution at 70°C for 30 minutes37•

For the microspectrophotometry the absorption on the whole area of
the smeared cell are obtained according to the following formula;

K:! ~ Ix If (x) dx or KI:7) Ix If (x) dx. The f (x) means the area surrounded by

the curve obtained by connecting the points showing the absorption
maxima at the points ranging on the nuclear diameter. For the precise me
thod see the first and second reports32 •33•

In Ehrlich's ascites tumor cells the period of the mitotic cycle has
been calculated. The cells in mitosis are numbered on the smears stained
with Giemsa or hematoxylin by the routine methods. On the other hand,
the time required for mitosis has been estimated by observing the cells
floated in liquid paraffin under a phasecontrast microscope according to
Makino's method38• From these two values the mitotic period of the cells
has been calculated in the manner to be described later.

The volumes of nuclei of living cells (V) are calculated on all strains,
excepting Yoshida sarcoma cells, from the radius (r) measured on the
smeared cells by the follwing formula;

4V = -7T:(kr)3
3

(k) is the constant derived from the rate rdr2 where rl is the mean value
of the radius of 30 living rat lymphocytes, which are estimated in lympho
cytes found in the buffy coat of blood obtained by centrifugation of 2,000
rpm for 15 minutes, and floated in homologous serum. (r~) is also the mean
value of the radius of 30 lymphocytes from the same strain estimated on
the smeared and stained cells.
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4 K. UTSUMI

EXPERIMENTAL RESULTS

The DNA contents of the lymphocytes have been found to be almost
constant showing nearly the same values in each cell species, as is demon
strated in Table 1: i. e. the mean values of the DNA contents calculated
from 30 cells, having Feulgen reaction, are 3.76 in the mouse, 3.72 in the rat
and 3.74 in man in arbitrary unit, and correspond to the absolute amount of
the DNA contents of 5.64 x 10-9mg, 5.58 x 10-9mg and 5.61 x 10-9mg re
spectively. But there are some lymphocytes having double the amount of
DNA, probably of the tetraploidy (Fig. 1), These cells are found in about 4
per cent of the lymphocytes in the circulating blood of the rat and mouse
but not of man. The volumes of nuclei show some deviation in each cell
species, 46.1t-i in the mouse, 37.6,.i in the rat and 79.1 p.:i in man, in mean
value from 20 to 29 cells in each species. The DNA contents in the mature
sperms are estimated only in the rat and show almost constant value, 1.93
in arbitrary unit and 2.89 x 10-9 mg per cell in the mean value from 30

Table 1. Amount of DNA in nuclei of various cell

Number of Mean value DNA in Feulgen DNA in absoluteCell nuclei of nucleus unit (standard amount (1O-9mg)estimated diameter deviation)
-

Ascites mean 29 12.5 9.85 14.80
valuehepatoma

11 10.1 5.46 (1.69) 8.18cell
(AH130) 16 13.7 11.24 (3.34) 16.84

2 15.2 17.30 25.95

Ehrlich's
mean 132 12.1 9.97 14.95
value

ascites 74 10.5 6.74 (1.23) 10.11tumor
cell 54 13.6 13.47 (1.15) 20.24

3 15.8 20.21 30.32

1 19.4 28.84 43.26

H-cell
mean 33 12.9 9.96 14.93
value

21 11.6 7.68 (2.1) 10.92

12 14.7 14.03 (1.0) 21.05

Rat 30 5.0 3.72 (0.48) 5.58
lymphocyte

Mouse 58 4.9 3.76 (0.57) 5.64
lymphocyte

Human 30 6.8 3.74 (0.24) 5.61
lymphocyte

Rat 30 1.9 1.93 (0.05) 2.89spermatocyte
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Fig. 1. Individual DNA contents in the nucleus of the lymphocytes
in rat, mouse and man and of spermatocytes in rat. DNA contents of
spermatocyte is about half that of lymphocyte.
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Fig. 2. The relation between the DNA contents and volumes
of individual nuclei of rat, mouse and man.

cells (Table 1). These values are nearly half the mean value of the DNA
contents in rat lymphocytes and correspond to the values of haploid.

In tumor cells, the DNA contents per cell show a marked variety in
every stain, but in the distribution curves many cells are distributed
nearly at the values of two and 4 times that of lymphocytes of each host
animal. In Ehrlich's ascites tumor cells many cells are distributed nearly
6.5 and 13.5 in arbitrary unit, though there are some cells having an
abnormally high content of DNA (Fig. 3). In the case of Yoshida sarcoma
cells, AH-130 and H-cells almost the same tendency as in Ehrlich's ascites
tumor cells can be observed (Figs. 4, 5, 6). But as the common chara
cteristics of tumor cells, the DNA content in each cell presents a marked
variety in distribution, and the distribution is superposed on two points
aforementioned. This will be due to the active mitosis of the tumor cell as
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Fig. 4. Individual DNA contents in the nuclei of Yoshida tumor cells.
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Fig. 5. Individual DNA contents in the
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Fig. 6. Individual DNA contents in
the nuclei of lymphocytes of rat and of
H-cells.

will be discussed later.
The RNA contents, supposed to be closely correlated to the mitotic

activity of tumor cell with respect to the protein synthesis or to the
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material for DNA synthesis, are calculted only on the AH·130. As in
dicated in Table 2 the RNA content is 18.55 x 10- 9 mg per cell in mean
value from 30 cells.

Table. 2. Amounts of DNA and RNA in Ascites Hepatoma Cells

Number of Mean value NA/cell

I

Standardnuclei of nuclear
estimated diameters 10-9mg. deviation

Values obtained without 30 17.3 35.4 9.65treatment 33.35Total nucleic acid

Values after RNase 30 16.0 16.88 3.85treatment 18.55Contents of RNA

Values after PCA 30 16.0 2.05 0.15treatment 12.75Contents of DNA

The volume of the nucleus in cancer cells also show a marked variety
in each strain with an increasing tendency in volume with the increased
content of DNA (Figs. 7, 8, 9).
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Fig. 7. Relation between the DNA contents and volumes of the nucleus
of mouse lymphocytes and of Ehrlich's ascites tumour cells.
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Nucleic Acids in Cancer Cells 9

The time required for a whole cycle of mitosis that can be calculated
from the length of the mitotic period is observed in Ehrlich's ascites turnor
cells. The cells in mitosis are found to be about 7.7 per cent of the total
cells counted and requires about 72 minutes from the beginning to the
termination of mitosis in mean value of 10 cells, 52 minutes for prometa
phase, 10 minutes for metaphase, 4 minutes for anaphase and 6 minutes
for telophase.

COMMENT

As demonstrated first in lymphocytes and spermatocytes, the DNA
contents of the completely matured cell will be kept almost constant, sug
gesting that DNA is closely correlated to the gene of each animal species
though some deviation can be seen. This deviation, to some extent, may
be due to an error in the estimating method, but there is a possibility that
some variation actually exists in each nucleus as the result of an error
occurring in estimation of same cell in which the error is less than 2 per
cent by this method on lymphocytes. This point need be settled by the
further observation, but the results seem to support the theory of the cons
tancy in the DNA contents per cell destined in each strain of animal.

However, the results obtained on the volume of the nucleus of lym
phocyte shows that the DNA content is not so closely correlated to the
volume of the nucleus. In cancer cells the DNA contents show a marked
variety from cell to cell even in the cell belonging to the same strain,
though there is some tendency in which many cells contain as much
as about 2 and 4 times of DNA as that of lymphocytes. However, in
such event the accelerated mitotic activity must be taken into consi
deration, where an active DNA synthesis is postulated and accordingly
the variation in the DNA content will result. The period of mitotic cycle
(p) of Ehrlich's ascites turnor cell is calculated as 17 hours from the
number per cent of the dividing cell (a = 7.7) and the period required for
the termination of the whole course of mitosis (b = 72 minutes) as cal
culated by the following formula:

p = b/a x 100
If it is assumed that the variation in the DNA content in each cell is

due to only the difference in the stage of the DNA synthesis, the follow
ing calculation can be applied:

As the DNA synthesis is supposed to proceed during the interphase
reaching the maximum content between the prophase to telophase, then
the curve showing the rate of DNA synthesis in each stage of mitotic
cycle will be demonstrated by arranging the number per cent of the cell

9
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10 K. UTSUMI

according to their DNA contents, from the least one to the largest. For
example, as in the case of Ehrlich's ascites tumor cell which is supposed
to be of hypotetraploid originally, the least one is the number per cent
of the cell found at the first peak of the distribution curve and the maxi
mum one is that of the second peak. As is well known the cancer cells
generally show some abnormalities in mitosis and some of them are found
in the course of degeneration. Therefore, those cells having smaller DNA
contents than those found at the first peak in the distribution curve and
larger ones than those in the second peak can be reasonably discarded.

8
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THE TIME OF:MITOTIC CYCLE:(hr)

Fig. 10. The curve of DNA synthesis in mitotic cycle of Ehrlichs ascites
tumour cell: Abscissa shows the number per cent of cells arranged according'
to the DNA contents in the time of mitotic cycle (17hrs) and ordinate shows
the amount of synthesized DNA.

Thus a curve is obtained as indicated in Fig. 10. Abscissa shows the
number per cent of cells arranged according to the DNA contents in the
time of mitotic cycle (17 hours) and ordinate shows the amount of synthe
sized DNA. As the small distibution in some period of mitotic cycle is
understood to show the accelerated DNA synthesis in this stage and the
large one in distribution the delayed DNA synthesis. This curve will
actually show the rate of DNA synthesis in each stage of mitotic cycle.
If this conception is accepted, the DNA synthesis is proceeding rapidly
between 8-10 hours and slowly during the period of 0 to 8 and 10 to 17
hours after the termination of mitosis. The DNA synthesis during mitosis
is actually zero, because the lower value would be obtained at the terminal
stage of interphase if DNA synthesis should occur in some stage of mito
sis.

There are many reports claiming the DNA synthesis to occur during
the interphase19, and this claim will support that the inconstancy of DNA
contents in tumor cell is due to the active synthesis of DNA, and con-
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Nucleic Acids in Cancer Cells 11

sequently the first peak appearing in distribution curve in DNA contents
will show the DNA value fixed to the destined chromosome number in
each cell, the stem line cell of Makin038

• The fact that the volume of the
nucleus increases with an increase in DNA content will also support this
view, because it is generally observed that the volume of the nucleus
increases before mitosis.

RNA is less in contents in AH-130 cells in comparison with those in
normal liver cells observed by several authors. The result seems to be
contradictory when the RNA is supposed to be closely correlated to the
protein synthesis and DNA synthesis. But in the case of tumor cells it
is supposed that the protein synthesis like albumin which is only secreted
from the cell ceases and the protein used only for cell division will be pro
duced and RNA for·the albumin synthesis as in normal liver cells may be
lost. This might be the reason why the tumor cells contain less RNA.

SUMMARY

1. The DNA contents in mature lymphocytes of the mouse, rat and
man are kept almost constant.

2. The variety in the DNA contents in tumor cells is attributed to
the rapid DNA synthesis taking place at the interphase, though the de
generating cells and the cells in abnormal mitosis can not be discarded as
the source of the variety in DNA content.

3. The RNA content in AH-130 (ascites hepatoma) is less than that
in normal liver cells.

ACKNOWLEDGMENT

The author wishes to extend his sincers thanks to Pro£. Satimaru SENO for his
guidance and pain-staking proof reading of this paper.

REFERENCES

1. Mirsky, A. and Ris, H.: Variable and constant components of chromosome.
Nature 163, 666, 1949

2. SWift, H.: Quantitative aspect of nuclear nucleoprotein. International Rev. Cytol.
2,1, 1953

3. Alfrey, V. F., Mirsky, A. F. and Stern, H.: The cytochemistry of the nucleus.
Adv. in Enzymol. 16, 411, 1955

4. Pollister, A. W.: Nucleoproteins of the nucleus. Exptl. Cell Res. 2 supple. 59,
1956

5. Naora, H.: On the DNA content of cell nuclei determined by microspectrophoto
metry. Biochem. et Biophysic. Acta 9, 582, 195£

11

Utsumi: Quantitative studies of nucleic acid in the cell by

Produced by The Berkeley Electronic Press, 1960



12 K. UTSUMI

6. Davidson, ]. N., Leslie, 1., Smellie, R. M. and Thomson, R. Y. Chemical
changes in the developing chick embryo related to the DNA contents of the nucleus.
Biochem. J. 46, XI, 1950

7. Pollister, A. W., Swift, H. and Alfert, M.: Studies on the desoxyribonucleic acid
contents of animal nuclei. ]. Cell. Comp. PhysioI. 38 suppl. 101, 1951

8. WALKER, P. M. B. and ]. M. MITCHISON: DNA synthesis in two ciliates. Exptl. CellRes. 13, 167, 1957
9. Venderly, R. et Venderly, C.: La teneur du noyau cellulaire en acide desoxyri.

bonucleique a traves les organes, les individus et les especes animals. Experientia
5, 327, 1949

10. Atkin, B. and Richard, B. M.: Deoxyribonucleic acid in human tumors as mea·
sured by microspectrophotometry of Feulgen stain: a comparison of tumors arising
at different sites, Brit. S. Cancer. 10, 769, 1956

11. ]erome, F. Freed and David, A. Hungerford,: DNA content of nuclei and chro
mosome number in sublines of the Ehrlich ascites carcinoma. Cancer Res. 17, 177,
1957

12. Bader, S.: Distribution of deoxyribonucleic acid in tumor nuclei. Proc. Soc.
Exptl. BioI. Med., 82, 312, 1953

13. Petermann, M. L. amd Schnider, R. M.: Nuclei from normal and leukemic mouse
spleen. n. The nucleic acid content of normal and leukemic nuclei. Cancer Res. 11,485, 1951

14. Fautrez, ], Caralli, G. and Pisi, E.: Variation in the amount of DNA in the
cell nuclei and its correlation with mitotic activity: Compensatory hypertropy of
kidney. Nature 175, 624, 1955

15. Cevermont-Comphaire, F. H. and Cevermont, M.; Action of ribonuclease on
living cells in vitro and synthesis of deoxyribonucleic acid. Nature 176, 1075, 1955

16. Parthen, C. R.: Comparative microphtometric determination in normal and tumorous
growth of Fern Prothalli. Cancer Res. 16, 300, 1956

17. Leuchtenberger, C. and Leuchtenberger, H. and Davis, M.: A microspectropho
tometric study of the DNA content in cells of normal and mali~nant human tissues.
Am. ]. Pathol. 30, 65, 1954

18. Mendersohn, M. L. and Richards, B. M.: A comparison of scanning and two-wave
length microsptctropotometry. J, Biochem. Biophysi. Cytol. 4, 707, 1958

19. Davidson, J, N.: The biochemistry of the nucleic acid. Methuen & Co. London,1957
20. Vokaer, R., Compel, C. and Cislanin, A.: Variation in the content of deoxyri

bonucleic acid in human uterine and vaginal receptors during menstrual cycle. Nature172, 131, 1953
21. Stich, H. F. and Naglor, ]. M.: Variation of deoxyribonucleic acid content of

specific chromosome regions. Exptl. Cell Res. 14, 442, 1958
22. Dunn, C. E., Bass, AD. and McArdle, H.: Effect of cortisone on liver nucleo·proteins. Exptl. Cell Res. 14, 23, 1958
23. Govaert, ].: Desoxyribonucleic acid content of germinal vesicle of the oocyte inFasciola hepatica. Nature, 172, 302, 1953
24. Lison, L.: Schwarzshild-Villiger effect in microspectrophotometry. Science, 118,382, 1953
25. Brachet, J, Biochemical cytology, Academic Press, Inc., New York, 1957
26. DiStefano, H. S. and Dirmeier, H. F.: Effects of alloxan reduced food intake on

liver deoxyribose nucleic acid of the rat. ]. Histochem. Cytochem. 7, 83, 1959
27. Reisner, E. H. and Korson, R.: Microspectrophotometric determination of deoxy-

12

Acta Medica Okayama, Vol. 14 [1960], Iss. 1, Art. 1

http://escholarship.lib.okayama-u.ac.jp/amo/vol14/iss1/1



Nucleic Acids in Cancer Cells 13

ribonucleic acid in megaloblast of pernicious anemia. Blood 6, 344, 1951
28. Naora, H.: Microspectrophotometry and cytochemical analysis of nucleic acids,

Science 114, 279, 1951
29. Naora, H.: Microspectrophotometry of cell nucleus stained by Feulgen reaction.

I. Microspectrophotometric apparatus without Schwarzshild-Villiger effect. Exptl.
Cell Res. 8, 259, 1953

30. Seno, S.: The structure and the function of reticulocyte. Acta Hem. Jap. 21,
suppl. 351, 1958

31. Seno S., Oda, T. and Utsumi, K. Hemoglobin synthesis in erythroid ceHs.
Symposia Cell. Chem. 8,223, 1958

32. Utsumi, K.: Quantitative studies of nucleic acid in the cell by microspectropho
tometry. I. The critique and improvement of the microspectrophotometry. Acta
Med. Okayama 13, 43, 1959

33. Utsumi, K.: Quantitative studies of nucleic acid in the cell with microspectropho
tometry. 11. Nucleic acid and hemoglobin contents in erythroid cells of frog and
hen. Acta Med. Okayama, 13, 175, 1959

34. Hamamoto, E., Kitamura, I. and others: Neoplastic changes developing in
human amnion cell line derived from normal person. Annual Bull. of the Cancer
Institute of Okayama, 2, 137, 1958

35. Marrian, R. W.: Standard chemical fixations as a basis for quantitative inves
tigation of substances other than DNA. J. Histochem. Cytochem. 6, 43, 1958

36. Shibatani, A. and Naora, H.: Enhancement of colour intensity in the histo
chemical Feulgen reaction, method and quantitative estimations. Experientia 8,
263, 1952

37. Shibatani, A. Techniques in cytochemistry of nucleic acids and nucleoproteins,
Nucleic acids and nucleoproteins. Edited by Egami, vol. 2, 1-67, Kyoritsusha,
Tokyo, 1951

38. Makino, S.: Mitotic events and cellular morphology in ascites tumors of rat
observed by phase cinematography. Sympo. Cell. Chem., 7, 114, 1958

13

Utsumi: Quantitative studies of nucleic acid in the cell by

Produced by The Berkeley Electronic Press, 1960


