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California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.

*



1

UCRL -3995

A DNA SYNTHESIS IN xnmwrm ANIMALS

Lola 8. Kelly®

Through the availability of radicactive tracers, rapid progress has been
made in the last fifteen years in our knowledge of the biochemistry of the
nucleic acids. The two main types, ribose nucleic acid (RNA) and desoxyribose
nucleic acid (DNA}), differ considerably in their metabolism. Whereas RNA
may have & rapid intracellular rencwal, DNA -.once formed.-.appears stable
for the life of the cell., Every diploid cell in a species contains the same

‘amonunt of DNA, and it synthesizes an additional complement of this chromo-

somal material only in preparation for cell division. The synthesis of now

‘DNA occurs during interphase; the exact time may vary for different cell

typca. Under normal conditions isotopes are incorporated only into the newly
thesized DNA, and the rete of incorporation is thcrcfon a reliable index
the rate of cell renewal in a tissue.

Bince Euler's and Hevesy's %Slglna! tm&y.‘ in which they described a
decrease in the incorporation of P”¢ jato DNA of irradiated Jensen sarcoms,
many papers have appeared on the influence of radiation on DNA synthesis 15
mammalian tissues (a complete réview cannot be presented here, however).

A great many tissues, both normal and neoplastic, havs been investigated by
use of radiation dosages in the range of 100 to 5000 r. Nearly always the
specific activity of DNA has been lowerad at some time after radiation, and
the inhibition of DNA eoynthesis has thus come to be considered one of the
important biochemical defects produced by radiatién. However, more recent
experiments on ascites tumors have led us to belisve that Srradiated cells are
sttil able to synthesize DNA and that the inhibition that is usually observed in

{  tissues with mised cell populations is largely a secondary effect.

Ascites tumors have been used in many laboratories in recent years for
radiobiological investigations because they offer several advantages over most
tissues: they may he obtained as nearly pure suspensions of one cell type, and

. theiz growth rate can be determined with ease, as also cen the cell number and
‘percentage of viable cells in any sample to be studied blochemically. We owe

much of our knowledge of these tumors to the work of Kiein and auoctgten. and
the experiment to bo described (s an extension of one of their studies. '

Mice bearing the Ehrlich ascites tumor 4 to & days after transplactation
were irradiated with 800 r. 4 After radiation it was found that mitoses were
sbhsent for two days, and during this time there was no change in the total cell

"\‘Donnor Laboratory, University of California, lierkc'ley.

BN 2@ RERERY

i
fhmeitt 2 ATy

GFFICTAL TCE O Wv




_time. When the 2-hour incorporation of P

| " cells have anaphase abuormalities after 400 '».
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aumbar or in the siumber of dead cells. In other words, all the cells that had

520 8 sy

been irradiated were otill present, and blochemical changes in them could be

studied. The.mean cell volume and moean %HA content increased duriang this
32 {ato. DNA was measured at '
various times after radiation, no significant depression was scen until the

" second day, Determinations of the mean DNA content per cell (Fig. 1) showed
- that during the first day after irradistion the cells continued to synthesize DNA
‘at & rate closely matching the estimated rate of DNA synthesis ond the growth
" rate of the natrradiated tumor (1.5% per hour). The increased mean DNA con-

tent per cell one day after irradiation was confirmed by Feulgen micro- -
spectrophotometry, which showed a definite increase in the percentage of cells

. with the higher DNA c¢ontent, During the second postirradiation day there was

little further increase in the mean DNA content per cell; also there was a
depression in the rate of incorporation of P32, Our results therefore would be
consistent with thée idea that althgugh the cells are unable to go through mitosis

after radiation;, they continue to synthesize DNA uatil the majority of cells
- ‘have reached the premitotic DNA coantent, at which time DNA *asvnthaeinaéu
creases, Howard hae receatly discussed thie question in deteil.” 1t is ,
fmportant to point out thet, although the irradiated Ehrlich cells syathesize
. DNA at & sormal rate, we have no sssurance that this is entivély normal DN4

or nucleoprotein. Conger has shown that when gmeaia is resutned nearly all

1t has frequently been suggeated that the well -known radiation inhibition”

. of mitosis is the result of an inhibition of DNA synthesis. However, our

with the Ehrlich fumor and similar observations in regensrating

reeults

‘ ~tii'ref’s;§7 togethor with the rscontly discovered time relationships, make it very

independent of any possible effect on DNA syathesis. -

- evident that the mitotic inkibition {6 due to some radiosensitive process that ia

o Althwdh Maﬂbn in this dose range .px"abamf does not cause a bio-

-chemical lesicn in DNA seynthesis, the inceorporation of precursore into DNA

- - bae been found depressed in pearly every memmalian tiseue studied. The ob-
- :gerved decrease in DNA specific activity might be the result of & number of
. processes other then a direct inhibition of DNA syatheeis {processes that vary
. with-the tissue, the radiation dote, and the tirne interval under investigaton)
(a) The radiation-induced depression of mitosie might prevent cells from . -

entering their next period of DNA syathesis, and the time of appearance of
inhibition would depend on the normal time interval betyeen mitosis and DNA" -
eynthesis. (b} Since mammalion tissues are composed of mixed cell populations
with very different rates of cell division, any loss of the more actively dividing

- cella would produce a decreased DNA specific activity. (c) In some tissues
. death of cells shortly after radiation is @ prominont phenomenon, and inclusion

of their DNA in the {aclated material would lower the DNA specific activity,
although the remaining viable cells might be ayntheeizing DNA at 2 normal

_vate. The magnitude of thie effect depends on the death rate and the rate of

removal of dead cells from the tissuo. (d) An inhibition of DNA synthesis
may be the result of several as yet {ll.defined indirect effects, such as the
liberatton of tissue -breakdown preducts, reduced food inteke, or adrenal
hyperactivity. o _ :
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There are wide variotions among tissues w B 'xeo ¢ to the time course,
the uitimate perceatage depression, the beginning of recevery, and the dose
response. Flgurea 2 and 3 {llustrate these differences, The data were taken
from experiments in whlagémice were irradiated with x-zays aad the 2. or
4-hour éncorporotion of P?% jnte DNA was measured at various times after.
wards. Y In general the results parsllel the histologically observed patterns of
infury and recovery. It is woll known that radiation produces a marked ihange
in the cell population of the spleen, with nearly complete elimination of the
myelopoietic and lymphopolatic cells. The law rate of isctope incorporation
into DNA 1is probably due to the absence of those cells which are normally
mont active in the synthesis of DNA, The marked difference in the intestinal
responge to 800 and 2800 r (Fig, 3) is in aceord with histological observations
of sarly regeneration at 800 r, contrasted with a severe depletion of the
intestinel crypts at higher dooes.? Figure 2 tncludes data on the liver DNA -
specific activity. Even though liver cells are coasidered radioresictant and
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the liver normally has a very low rato of DNA renewal, renewsl fs depressed : |-

after radiation. Paurt of the inhidition presumably is due to the lowersd food
{ntake after radiation, since fasting alone causes a depression. However,
additionnl factors must be involved. There is no known loss of cells, and the
inhibition of synthesis cannot be attributed to mitotic inhibition since the
intermitatic time is so long. ) : ' ‘

A comparicon of two traasplantable tumors affords a striking example of
different reactions to irradiation. These tumors had approximately the same
growth rate, mitotic index, and short-term incorporation of P32 {ate DNA
before radiation. Figure 4 shows the DNA specific activities at various
timas after 800 x, aad it is appareat that the responses were quite differeat; .
they paralleled the histologically abserved radiosensitivities. The very low
specific activity of the lymphosarcoma ose day after radistion was undoubtedly
due mainly to the presence of large amounts of cell debric. By three days the.
tumors had involuted severely, but the reamaining celle had & normal DNA
apecific activity, '

In the mammary carcinoma the incorporation into DNA was only very ‘
slightly affected at short times after radiation. Mitoses, howaver, ware {
absent, indicating again that some process other than inhibitlon of DNA ‘
syntheois was rosponsible for the mitatic inhibition, After the first day, both
tha DNA epecific activity and mitotic activity were approximately 50% of
sormal. Degpite this considerable rate of cell production, there was no
increase in tumor waight for 6 days, presumably because of increased cell
death. Unfortunately, measurements of total DNA content which would have
pormiltted quantitation of the number of cells synthesieing DNA, were omitted
from this experiment,

In radiosensitive tissuce the effocts of rather low doses can de clearly
measured, For example, iz rat thymus and spleen the DNA epecific activity
{2-hour incorporation of P’%) measured 24 hours after 100 r was found to de
approximately 40% of cormal. At the same time the DNA content of these
~ organs, a reflection of the total number of cells, was approximately 60% of
normal. It can be estimated by multiplying these percentages that one day :
. after 100 r the number of cells synthesizing DNA was reduced to one-quarter.
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SUMMARY

Experimonts carried ocut during the past few years strougly suggest
that the genorally ebserved inhibition of DNA synthesis after radiation is a
-secondary effect principally due to changes in cell popuintions, Furthermore,
. the mitotic délay aftor radiation must be due to some radiosenamve process
independent of any ponzible effect on DNA uymlwsia.
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Fig. 3. Short-term incorporation of P
into DNA of mouse small intestine as
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