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I t i s now es tabl i shed that there are var ious t i s s u e s in which the deve

lopment of malignancy fol lowing i rrad ia t ion seems to be very rare' (CIPR 26, 

1977). Thus in v i t r o corre la t ion between de l ivered dose and observed b i o l o 

g i c a l e f f e c t s could only be used to analysé the mechanisms of i rrad ia t ion 

damage. 

However,these dose -e f fec t r e l a t i o n s h i p s could be of great help in the 

case of combined act ion of d i f f e r e n t carcinogens . Indeed,in vivo a s s o c i a t i o n 

of a - i r rad ia t ion with d i f f erent environmental agents has led to unpredictable 

e f f e c t s : e i t h e r synergy (METIVIER et a l . 1979),almost no e f f ec t GROSS e t 

a l . ( ! 9 6 9 ) TEMPLE et a l . (1960) or simple add i t ive e f f e c t s SANDERS (1973) . 

The determinism of these reactions could be only approached in vitro»due to 

tremendous number of combinations to be t e s t e d . 

While in v i t r o e f f e c t s , of low l inear energy transfer irradiat ion ,have 

been widely studied, only a few data have concerned high LET irradia t ion 

and e s p e c i a l l y a p a r t i c u l e s . 

After acute i rrad ia t ion ,wi th accelerated ions or ir.onoenergetic i p a r t i c l e s , 

r e l a t i v e b i o l o g i c a l e f f i c i ency (RBE) has been establ ished as a function of 

LET, Maximum e f f i c i ency , as concerned l e t h a l i t y , mutagenesis, chromosome 

aberrations has been demonstrated for LET of about 100 to 200 Kev/pm 

(COX et a l . 1977 and BARENDSEN, 1979). Such LET nearly corresponds t o 
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average energy deposition of a particles and then, this kind of irradiation 
could be expected to present a high RBE. This high RBE has been demonstrated 
as concerned cell lethality and chromosome aberrations (HALL et al. 1972, and 
BROOKS et al., 1976). Oppositely to first experiments on lethality, (BARENDSEN 
et al., 1960), it has been established that cell inactivation does not 
correlate with the energy deposition of only one a particle in cell nucleus, 
(DATTA et al. 1976 and LLOYD et al., 1979). This one hit event could 
be only observed for end track energy deposition in peripheral region of the 
nucleus (DATTA, 1976). 

Survival curves for mammalian cells, exposed to a particles, approximate 
exponential functions of dose (HALL et al., 1972) and are cell cycle dependent 
(RAJU et al., 1975). The purpose of this study, is to establish in vitro, 
dose effect relationships, between a irradiation and different cytogenetic 
modifications. Short term a exposure, as well as chronic irradiation, have 
been carried out. 

MATERIALS AND METHODS 

a IRRADIATION 

239 An equimolar complex of DTPA Pu was used, as a emitter. It has been 
stored, as a concentrated stock solution, until diluted in culture medium 
The cells have been irradiated, with different concentrations of DTPA Pu, 
for different times. 

The doses were expressed as average doses to the culture medium, though 
these values overestimate actual doses delivered to layered cells. This 
was especially the case for CHO cells, but in any case the actual doses 
correlate with average dose within a constant factor down to 0.5. For each 
experiment an equimolar complex of DTPA-Zn was used as control. 

PR0CARY0TE TESTS 

We have used Ames' methods (McCANN and AMES 1976) to study induced 
mutagenesis and lethality of Salmonella Thyphimurium after a irradiation. 
Exponentially growing TA 100 was irradiated in phosphate buffer, during 
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half on hour. The delivered dosesvaried from 0 to 1000 R. After several buffer 
rinsages, cells were plated as«decribed for the basic test system."Spot tests" 
were performed, using seven strains of Salmonella Typhimurium. A semiquantati-
ve study was first performed with TA 100 with 3.103, 3.102,102, 30,10 and 1 nCi 
239 P u 

spots. Other strains were then tested with only 3uCi as 5ul deposite. 
Susceptibility of each strain to induced mutagenesis by chemical compounds was ve
rified. We used 5pl spots of Nitrofluoren 1 mg/ml for TA 98 and 1538 

Amino acridine 1 mg/ml for 1537 
Ethyl methane sulfonate fo 1535 
Methyl methane sulfonate fo TA 100 
Mitr^ycine C 1 mg/ml for 2420 and 2421 

Either as spot test or as basir test system,controls was performed with 
various concentration of DTPA Zn. 

EUKARY0TE TESTS 

CELL CULTURE 

Two cell strains maintained at 37° in a gas phase of 5 Z CO2 95 7. air,were 
used.: 
1°) A Chinese hamster ovary cell line CH0,from which only the clone isolated 
from one cell,has been used. These cells were selected for their low level 
frequency of 6 thioguanine (TG) and ouabain resistance. The cell line was stored 
in liquid nitrogen ampoules,containing at least 5.10& cells. Before each 
experiment ampoule was thawed and maintained in exponential growth for several 
days. Cells were grown as monolayers,in MacCoy medium buffered with 10 mM 
Hepes and supplemented with 10 v foetal calf serum and 1 1 kanamycin. Cells 
were subcultures every two or three days,after 5 to 10 minutes incubation, 
with 0.25 % Trypsin in buffered MacCoy. 

2°) A human lymphoblastic cell line,LNH 13*,cultured as suspended cells in 
RPMI 1640, supplemented with 10 % foetal calf serum and 0.5 7. lyncocin. These 
cells were subcultured every 2 days. 

LNH]3 cells were nearly diploid (modal chromosome number 49) and presented 
a nearly constant karyotype. This cell line was only used to measure induced 
chromosome aberrations. 

* kindly provided by Dr ROSENFELD (Institut Gustave R0USSY. Villejuif. France 



During a irradiation, whatever the cell line used, 0.86 y Zn S0^ 7 H 20 was 
added to culture medium to prevent any free DTPA cytotoxicity (L0HBREIER-D0RR 
and HOTZ, 1979). 

CELL GROWTH AND SURVIVAL CURVES 

Growth of irradiated CHO cells was compared to control. DTPA-Pu was added 
about 2 hours after cell plating. At the end of a exposure, after thouroughly 
rinsages with fresh medium and trypsin incubation, cells were suspended in 
definite volume of culture medium and counted in hcmatocytometer. 

The cloning efficiency was performed after plating 130 cells, on a 6 cm 
diameter petri dish (four dishes per point). Colonies were counted 5 to 6 days 
later. Survival curves were deduced, either directly from cloning efficiency, 
or from the total viable irradiated cells versus the total viable control cells 
These control cells were plated at the same time and at the same cell concen
tration as irradiated cells. 

MUTAGENESIS 

For such studies, at least 1 to 1.5 10 cells were exposed to a irradiation 
and subcultured every 2 days after exposure. Ouabain and TG resistance were 
tested after a 8 - 12 days corresponding to the expression time. 

The TG selective medium was prepared with 10 % dialysed foe. 1 calf serum 
and 1.67 pg/ml TG. For each determination of mutation frequency, 2 106 cells 
were tested (10 plates,2,10^ cells/9 cm plate). Resistant colonies were 
counted after a 7 days culture (1ÎSIE et al., 1978). 

Ouabain selective medium was the same as basal culture medium but con
tained 1 mM ouabain. Colonies were counted 8 to 9 days after plating, 6 
plates, 10 6 cells/plate, (THACKER, STEPHENS and STRETCH, 1978). Frequency 
of TG or ouabain resistance was expressed as number of resistant colonies 
per 10& cells, corrected by cloning efficiency, determined in medium without 
selective agent. 



SISTER CHROMATIDE EXCHANGE (SCE) FREQUENCY 

SCE frequency was measured after an incubation during 18 hours, in the 
dark, with 2 pg bromodeoxyuridine(BUdR)per ml. Metaphasis were accumulated 

after a 3 hours colchicine arrest (50 yg/ial). 

Cells,suspended by trypsin incubâtion,were fixtd with methanol acetic 
acid (3/1) after a 0.075 M KC1 hypotonic choc. 

Differential chromatid staining was performed using U V + Giemsa method 
(PERRY and EVANS 1975). BUdR was added to control and to irradiated cells. 

Cells were tested during one two and three days of chronic irradiation ; 
BUDr being added during the last 18 hours. 

CHROMOSOME ABERRATIONS 

Chromosome aberrations were scored using LNH13 cells. These cells were 
irradiated with a dose rate of 5, 10, 15, 20, 30 and 50 R/day. Exposure 
varied from one cell cycle to 10 days. 

Metaphasis spreading was nearly the same as described for CHO cells. 
Chromosome aberrations were scored after Giemsa staining. 

RESULTS 

AMES'STEST 

Using Ames* test, in vitro a irradiation of TA 100 from 0 to 1000 R, 
induced cell lethality,only for delivered dose higher than 200 R, but radio-
induced mutants could hot be observed. 

239 As shown in figure l,3yCi DTPA Pu as 5pl spot was not mutagenic on 
TA 100 and on the seven different strains of Salmonella tested. A clear 
cytotoxic effect could however be pointed out. From TA 100 screening,this 
cytotoxic effect could only be observed for spot deposition higher than 
0.3 pCi. 

DTPA Zn alone used at the same concentrations as DTPA Pu was neither 
cytotoxic nor mutagenic in Ames' test or spot test. 



Control of mutagenesis,in each of the 7 strains used was positive after 
spot deposition of mutage.iic compounds figure 1. 

CELL GROWTH AND SURVIVAL CURVE 

Over a three days culture, chro.iic a irradiation of CHO cells did not modi
fy cellular proliferation wher dose rate delivered in the medium was less 
than 23 R per day» figure 2. Cell exposed to 1, 3 or 9 R per day during 12 
days have presented,all over the 2 days subcultures, the sa>..2 doubling cime 
as control. Figure 3 presents cell survival as a function of delivered dose. 

MUTAGENESIS 

Determination of expression time for TG resistance is presented in figure 
Whatever delivered dose,an increase of resistant cells was only observer* du
ring the 6 to 10 days post exposure. Then mutant frequency remained constant. 

Figure 5 presents dose effect relationship between dose and TG resistance 
frequency. Two different relations could be demonstrated : one as concerns 
dose rate higher than 9 R day-* the other one for lesser dose rates. For deli
vered doses lower than 50 R, dose effects relationships could be described as 
linear, but two different efficiencies per unit dose could be pointed out. 

Ouabain resistance was tested either at high or low dose rate. No si
gnificant increase of resistant clones could be demonstrated between 1 R 
and 70 R. 

SISTER CHROMATID EXCHANGES 

Table 1 shows SCE after chronic o irradiation. Using dose rates that 
do not induced au important decrease of cell proliferation, no modification 
of SCE could be demonstrated over a three days period. After exposure, during 
24 hours at higher dose rate,only a few metaphasis could be scored, but no 
significative increase of SCE could be demonstrated. 



CHROMOSOME ABERRATIONS 

Figure 6 presents chromosome aberrations per LNH 13 cell as a function of 
the delivered dose. Inhibition of cell proliferation has shown a clear dose 
rate effect. For dose rates, •lova to 20 R day-' the cell proliferation was 
nearly abolished after 50 R delivered to the culture medium. Up to 20 R day'1 

no important inhibition was observed down to 100 R. 

Whatever the dose rate, relation between dose and chromosome aberrations 
was linear up to 50 R. At higher doses a clear decrease of chromosome aber
rations could be demonstrated, within the range of dose race that allowed 
proliferation of irradiated cells. 

DISCUSSION 

Using several cytogenetic tests we have screened the genetic effects 
induced by a irradiation. 

Cell survival, measured in CHO cells, shows an approximate exponential 
function of delivered dose. Two different relationships are pointed ?ut : 
one for an exposure of 6 hours, another one for exposure from 24 to 72 
hours. 

These differences in survival curves strongly suggest, either a dose 
rate effect or an increase of cell radie sensitivity during the first 
hours following trypsination and plating (RAAPHORST et al. 1979). An 
exponential function of dose is also observed, when survival is expressed 
as fraction of viable cells versus control. Such experimental data account 
for a reduced mitotic delay and an absence of repair of the radiation 
damages. 

a irradiation was demonstrated to produce, neither revertants after 
Ames' test, nor mutagenesis toward ouabain resistance in CHO cells. These 
results could be correlated with the severity of the genetic damage induced 
by ionizing radiation (THACKER, STEPHENS and STRETCH, 1978). Indeed, severe 
genetic damages are evidenced by induced TG resistance. A similar response 
is observed, as concern quantitative relationships, between delivered dese 
and TG resistance or chromosome aberratiqns. 



This phenomenon has to be related to the important fraction of X chromosome 
aberrations, found in radiation induced TG resistant cells (COX and MASSON, 
1978). Finally, o irradiation whithin the range of dose studied, does not 
increase the frequency of SCE. 

If we compare our experimental data with those available from X, y or 
neutron irradiations (Review LEENHOUTS and CHADWICK, 1978) obviously, a 
irradiation induce. 

- a much more important cell inactivation. 

- a lesser mutagenesis to TG resistance, when expressed as function of cell 
survival. The optimal mutagenesis delivered dose is lower than with neu
tron X or y. 

Compared to other ionizing radiations, a irradiation appears to induce 
more DNA damages, the biological effects of which being much more lethal 
than mutagenic. Such conclusions cannot be established from in vivo studies. 
In fact, if neoplasic lesions are considered as genetic, the biological 
efficiency for tumor incidence always increases as LET values. We are not 
aware of an optimal 100 to 200 Kev/um LET efficiency as decribed in vitro. 
Alternatively preliminary observations at Harwell indicate a high efficiency 
of fission fragments (BUCKLEY et al., 1978). 

On the other hand, the rad efficiency, in vivo, increases when dose 
decreases (MASSE, 1979). In this in vitro study, chronic a irradiation 
revealed, a similar phenomenon as concerns induced TG resistance. The dose 
rates used can be compared with a irradiations which were found in vivo 
to produce high incidences of tumors without important decrease of survi
val time (LAFUMA et al., 1974). After exposure to 1 and 3 R/day no detec
table lethality was observed in CHO cells over a 12 days period. Irra
diated cells showed a linear increase of TG resistant frequency as a 
function of delivered dose. The efficiency per unit dose was nearly 5 
times higher than for higher dose rate exposure. This increased effi
ciency can be correlated with an induced mechanism that promotes mutage
nesis (LITTLE, 1979). 



Then no relationship can be established between cell survival and muta 
genesis. These data clearly demonstrate chat for low level a irradiation, 
biological effects cannot be extrapolated from short term exposure. 

Finally after chronic exposure at low level ihe genetic modifications 
cannot be correlated only with basic DNA damages but have also to be cor
related with the modifications of cell physiology, and cellular environ
ment both parameters being influenced by irradiation of the tissue. 



ABSTRACT 

The genetic effects induced by a irradiation were examined using short 
term assays in Procaryotes and Eucaryotes. Irradiation was produced by 7Pu 
dissolved as a DTPA equimolar complex in the culture medium. 

Induced mutagenesis was not observed with Ames'test or when test for 
ouabain resistance in CHO cells was used : GTG resistance and chromosome 
aberrations in Eucaryote cells were increased at dose rate exposure down 
to 5 R.day~l. Until an optimal delivered dose, these two biological effects 
have shown a linear increase as a function of the dose. 

In our experimental conditions a irradiation has appeared to be much 
more lethal than mutagenic. Using lower dose rate, corresponding to 1 and 
3 R a day we could also demonstrate a linear increase with dose of the 
induced TG resistant cells. Efficiency per unit dose was 3 to 5 times su
perior to what was observed at 5 R.day-^. This phenomenon could correspond 
to an induced cell sensitivity, and clearly pointed out that for chronic 
and low delivered doses, informations deduced from flash or short term a 
exposure are not valuable. 
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TABLE 1 

SCE according to dose and dose rate 

Dose rate, R. day 0 9 R 23 R 

Exposure time S C E 
i i 

24 h 11.7 
o - 3.6 

10.7 
0 = 3.2 

1 

48 h 10.4 / 12.1 
0 - 2.4 o - 3.1 

72 h 11.1 10.7 11.6 
o - 3.i a - 3.3 o = 3.0 

(30 metaphasis were scored for each point) 



CAPTIONS OF FIGURES 

Fig. 1. Spot test using TA 100 strain 
•a 

! - 3.10 nCi deposit. Only cytotoxic effect is observed 

2 - 5 pi Methyl methane sulfonate deposit cytotoxic and clear 
mutagenic effect is demonstrated. 

Fig. 2. CHO cells growth under chronic irradiation. 

Fig. 3. Survival curves after a-irradiation 
open circles : 6 hours exposure 
closed circles : 24 to 72 hours exposure 
On the right - percent of viable cells corrected from cell growth of 
control cells. 
On the left - percent of viable cells not corrected. 

Fig. 4. Expression time of radioinduced TG resistant CHO cells, as a function 
of delivered dose. 

Fig. 5. Induced TG resistance in CHO cells. Dose-effets relationships, on 
the left dose rates higher than 9 R day-', on the right, lower dose-
rates. 

Fig. 6. Chromosome aberration as function of dose during chronic irradiation 
of an human lymphoblastoïd cell line, closed circles corresponds to 
dose rates higher than 15 R day~l open circles to lesser dose rates. 
At least 100 metaphasis were scored for each point. 
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