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DNA SYNTHESIS IN IRRADIATED ANIMALS 

LosS. Kelly 

Through the availability of radioactive tracers, rapid progress has been 
made in the Last fifte,n 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 constder&hly in their metabolism. Whereas RNA 
may have a rapid intracellular renewal, DNA--once formed--appears stable 
for the tUe of the cell. Every diplold cell In a species contains the same 
amount of DNA, and It synthesizes an additional complement of this chromo-
•omsl material only in preparation for cell division. The sy thesis of now 
DNA occurs during tote iphase; the exact time may vary for different cell 
types. Under normal conditions isotopes are incorporated only into the newly 
synthesized DNA, and the rate of Incorporation I. therefore a reliable index 
of the rate of cell renewal in a tissue. 

Since Euler's and Revesy's o1
"

ginst 1tudy, in which they described a 
decresee in the incorporation of Piflto DNA of Irradiated icusen sarcoma, 
many paper, have appeared on the influence of radiation on DNA synthesis I 
mammalian tissues (a complete review cannot be presented here, however). 
A great many tis.ue, both normal and neoplaetic, have been investigated by 
use of radiation doaags in the rsge of 100 to $000 r. Nearly always the 
specific activity of DNA has been lowered at some I  time after radiation, and 
the inhibition of DNA synthesIs has thus come to be consIdered one of the 
important biochemical defects produced by radtsUm. However, more recent 
experiments on ascites tumors have led us to believe that irradiated cells are 
still able to synthesize DNA and that the inhibition that I. usually observed in 

/ tioeues with mixed cell populations is largely a secondary effect. 

Ascites tumors have been used in many laboratories to recent years for 
radiobiotogtcal tovistigations becau$e theyoff*r several advantage, over most 
tissues:. they may be obtained as nearly pure euepenslons of one cell type, and 
their growth rate can be determined with ease, as also can the cell number and 
percentage of viabIe cells In any sample to be studied biochemically. We owe 
much of our knowledge of these tumors to the work of Klein and ae.oct$ea, and 
the experiment to be described is an extension of one of their studies.' 

Mice bearing the Ehrlich ascites tumor 4 to 6 days ifter transplantation 
were Irradiated with 800 r 4  After radiation It was  found that mitoses were 
absent for two day., and during this time there was no change in the total cOIl 

'Donnor Laboratory, University of California. Berkeley. 
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number or in the number of dead cells. In other words, all the cells that had 
been irradiated were still present, and biechemiC*l changes in then co*4d  be, 

• .tudtd The mean cell volume and mean 4, NA cofltent increased durt*g this 
time. When the 2-hour Incorporation of P' Into. DNA was measured at 
various times after radiation, no significant depression was seen untiL the 

• second day. Determinations of the mean DNA contóñt per cell (i•  1) showed 
• that during the first day after irradiation, the cell, cön*inued to synthesis. DNA 

at n rate closely matching the estimated, rate of DNA synthesis and the growth 
rate of the utairradiated tumor (1.5% per hour). The increased mean DNA conk 
tent per cell one day after Irradiation was confirmed by. Feulgon micro- 

• spectrophotometry, which showed a definite increase in the percentage of cells 
with the higher DNA Content. During the second postirradistion day there was 
little further increase in the mean DNA content per celtt also, there was a 
depression In the. rate of incorporation of p3 Our r..UIs therefore would be 
consistent lwith the Idea that atthongh' the celLs are Unable to go through mitosic 
after r adiatior, they continue to synthesize DNA until the majority 01 calLs 

• have reached tbó pz'euattotic DNA content, at which time DNAqynthasis de-
creases. Howard has recently diacused this qucition in. detaiL It is 
'important to pói'nt out that. althOugh the irradiated 1hrlich cells synteéize 
DNA at a normal rate, we have no assurance that this Is entirety normal DNA 
or nucleoproteirL. Conger has shown that when paitosis Is resumed nearly all 

• ceU have anaphase abuoimaUties after 400 r. ° • 

• • It has frequently been suggested that the well known radiation Inhibition' 
of mitotie I. the regult of an inhibition of DNA atheiii. However. Or,, 
resufl. mith the Ebritch tumor and simiLar observations in regenerating 
tiveri:',together with the recently discovered time relationships, make it very ,  
e?tdcñt.that the mitolic 1ohibiton 'Is due to eome radiosensitive process that is 
independint of any possible effect on DNA 'synthesis. 	 . 

Although radiation In this does range probably 4oes not cause a. bin-. 
chemical lesion in. DNA synthesis, the incorporation of precursors Into DNA 
baa 'been ,fond depressed in nearly every meromalian tissue studied. The Ob-
:aerved dacreaso in DNA specific activity might be the result of a number of 
prácesses other than.'a direct inhibition of DNA synthesis (processes that vary 
with -the tissue 	ition dose, and the time interval 'under Lnveótigatiofl)z 
(a) The radintion-inducet depression of mitosie might prevent cell', from,. 
entering their next period of DNA synthesis, and the time of apearance of 
inhibition wo*l4 depend on the normal time interval between .mttoeis and' DNA 
synthesis. (b) Since mammalian tissues are composed of mixed cøll populations 
with very different rates of cell diviaion, any lose of the more actively dividing 
cells would 'produce a decreased DNA specific activity. (c) In some tiaøues 
death of cells shortly alter radiation is a prominent phenomenon, and inclusion 
of their DNA in the isolated material would'lower the DNA speçiflé activity, 
although the remaining viable cells might be synthesizing DNA at a normal 
rate. The magnitude' of this effect 4epsnda on the death 'rate and the rate of 
removal of dead cells from the tièsue. (d) An inhibition of DNA synthesis 
may be the result of several as yet ill-defined indirect effects, such &*the 
liberation of tissue-breakdown products, redaced, food intake, or adrenal 
hype rae Uvity.  

• 	' 	S 	' 	 rrV' 
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tb.re are wide vartationa among tissue 	et to the time courac 
the ultimate percentage depression, the beginning of recovery, and the dose 
response. FIgures 2 and 3 *lluetrate thee. differences. The data were tekea 
from experiment, in wb1cmice were Irradiated with x..rays and tbe 2.. or 
4.horjncorpore4ion of P ' into DNA was neaeured at variou* times after. 
wards. ° In general the results parallel the 'histologically observed patterns of 
injury and recovery. It Is well known that radiation produces a marked change 
in the cell population of,  the spleen, with nearly complete elimination of the 
myetopoietic and tyrnphopoleUc colts. The tow rate at Isotope incorporation 
into DNA I. probsbly due to the absence of tkoe cells which are normally 
most active in the syntheete of DNA The marked difference In the intestinal 
response to 800 and 2500 r (Fig. 3)1. in accord with histological observations 
of early regeneration at 600 r, copirasted with a severe depletion of the 
Intestinal crypte at higher doa*e. 9 Fignre 2 Includes data on the liver DNA 
specific acftvfty. 1ven though liver ecIle are considered radioreelotant and 
the liver normally has a very low rate of DNA renewal, renewal Is depressed ; 
after radiation. Part of the inhibition presumably I. due to the lowered food 
intake after radiation, since fasting alone cane.s a depression. Hwer, 
additional factors must be in,oIve& There is no known teas of cells, and the 
inhibition of synthesis cannot be attrIbuted to rrdtotic inhibition since the 
intermitotic time is so tong. 

A comparison of two transplantable tumor, affords a striking example of 
different reactions to irradiation. Thepe turners had Approdmately the same 
growth rate. mitotic index, and ehort-termn Incorporation Ot.P3 into DNA 
before radiation. FIgure 4 shows the DNA' ipeetfic activities as various 
times after 800 r, and it Is apparent that the responses were quite different; 
they paralleled the histologically observed rsdio.enaitvit1e.. The very low 
specific activity of the lymnpbosarcoma one day after radiation was undoubtedly 
due mainly to the presence of large amounts of cell debris. By three days the 
tumors had involuted severely, but the remaining cell, had a normal DNA 
specific activity. 

In the mammary carcinoma the incorporation into DNA was only very 
slightly affected at øhofl times alter radiation. Mitoses, however, were 
abent, indicating again that some process other than Inhibition of DNA 
synthesis was responsible for the mitotic lnhibttion. After the first day, both 
the DNA specific activity and milotic activity were approtdmnatety 50 1% of 
normal. Despite this considerable rate of cell production, there was no 
increase irt tumor weight for 6 days, presumably because of increased cell 
death. Jn1ortunatety, measurements of total DNA content which would have 
permitted quantltetiou of the number of cells syntheslalog DNA, were omitted 
from this experiment. 

In radiosensitive Uaeuoe the effecte of rather low doses can be clearly 
measured. For example. rat thymus and spleen the DNA •peclfi activity 
(2.hour incorporation of P) measured 24 b'urs after 100 r was found to be 
approximately 40 of normal. At the same time the DNA content of these 
organ., a refl*ction of the total number of cello, was approxImately 60% of 
normal. It can be estimated by multiplying these percentages that one day 
after 100 r the number of cells synthesising DMA was reduced to onequarter. 

- 	 CE13EtY 
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SUMMARY 

zeruonte carrted out during the paàt few years strongly eiggest 
that the generaUy obscrved inhibtton of DNA synthesia after radiation is a 
.3econdary effect principally due to changes in colt populations. 3wrthermore. 
the mitotic dalay after radiation must be due to some radiosensitive process 
Independent of any possible effect on DNA synthesis. 
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