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1A-0-8 Turnout Responses 

COMBINED USE OF RADIOTHERAPY AND CHEMOTHERAPY IN THE TREATMENT OF CANCER 
1A-O 

M.TUBIANA 

Institut Gustave-Roussy, villejuif, France 

Therapy involving a combination of radiation and cytostatic drugs has been applied for 

more than two decades in the treatment of cancers. 

One type of association could be called spatial cooperation; for example, chemotherapy 

is used to eliminate microscopic deposits of tumor cells situated outside the irradiated 

volume or radiation is used to eliminate cells beyond the reach of the chemotherapeutic 

agent, i.e. in sanctuaries such as the brain or the spinal cord. This type of association 

has proved to be useful in many neoplastic diseases such as malignant lymphomas, acute 

leukemias and embryonal tumors. 

In a second type of association, one attempts to achieve increased local effects of 

radiation through the addition of chemotherapeutic cell kill and/or chemotherapeutic enhance- 

ment of the radiation effect. In such regimens radiation and drugs may be given either 

concomitantly or sequentially. Concomitant administration has, in general, been very 

disappointing. Complementing or overlapping toxicity of drugs and radiation have often 

resulted in an enhancement of the detrimental effect on the normal tissues and a beneficial 

effect in terms of tumor response has seldom if ever, been observed. It has not been 

possible up to now to exploit either cell synchronisation or cell recruitment in clinical 

situations. 

Results of sequential treatments are more encouraging. The problem is to find the proper 
time interval between the administration of drug and radiation in order to avoid cross 

toxicity. With adequate scheduling, it appears that some drugs can be given at their 

full single-agent levels in conjunction with local irradiation of a tumor with radiation 

doses that are close to the tolerance level for radiation alone. 

A better understanding of drug-radiation interactions at the cellular level is required 

in order to fully exploit these associations. New schemes of treatments should also be 

introduced in order to take advantage of all the possibilities of these combined treatments. 
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1A-1 
COMBINED ACTION OF IONIZING RADIATION (GAMMA OR FAST NEUTRONS) AND CIS- DIAMINEDICHLORO- 
PLATINUM (II) ON A SOLID TUMOR: EXTERNAL MEASUREMENTS AND ISOBOLOGRAM ANALYSIS 

W. Porschen, H. Mfihlensiepen, R. Porschen, L.E. Feinendegen 

Institute of Medicine, Nuclear Research Center Jfilich GmbH, D-5170 J~lich, F.R. Germany 

Cis- diaminedichloroplatinum (If) (DDP) is clinically used for tumor therapy, but it's 
action is not yet fully understood. 

4 ~g DDP per g body weight was given in mice bearing Adenocarcinoma EO 771 in a hind leg, 
alone or 15 minutes prior to gamma or cyclotron neutron irradiation (mean energy 6 MeV). The 
effects were assayed in vivo, and 125-IUdR was used for tracing DNA precursor incorporation 
and cell loss in euoxic and average tumor cells. 

Tumor growth delay was enhanced by a factor of 8-i0 for gamma and neutrons and DMF's were 
identical for IUdR incorporation 24 hours after treatment. Both effects showed supra- 
additivity for combined treatment. - Comparing loss of tracer from the tumor with the rate 
of tracer incorporation, DDP affected euoxic cells mainly during recovery, but caused lethal 
radiosensitization in the average, largely hypoxic cell population. 

DDP is a potent adjunct to therapy with different LET radiation causing distinct effects in 
euoxic cells (repair inhibition) and hypoxic cells (radiosensitization). 

1 A - 2  

Split-Dose Recovery and Repopulation in a Slowly Growing Mouse Carcinoma. 

J.Kummermehr 

Institut fir Biologie, Abteilung Strahlenbiologie, GSF, Neuherberg, and 
Strahlenbiologisches Institut, Universit6t, M~nchen, F.R.G. 

The response of a slowly growing adenocarcinoma ( T d at the time of treatment ca. io d) 

to single and fractionated radiation was tested in situ, using regrowth delay. The fract- 
ionation schedules were 5F/8d, 5F/27d, 1oF/9d, and loF/27d. All doses were delivered to 
clamped tumours to exclude reoxygenation, the lowest dose per fraction being io Gy . 

The total doses required to produce a regrcwth delay of 12o d increased from 55 Gy of 
single irradiation to 82 Gy (5F/8d), ioi Gy (5F/27d), 1o9 Gy (loF/9d), and 122 Gy (loF/27d) 
This decline in efficacy reflects that more dose was wasted by raising the number of frac- 
tions from 5 to io than by expanding the treatment time from 8.5 to 27 d. The average 

dose recovered per fraction was 4.8 Gy between the fractionated schedules,and 6.3 Gy 
when the daily treatment regimes were compared with single dose irradiation. 
Estimates of repopulation from regrowth delay data are ambiguous in that a clear distinc- 
tion between proliferation during treatment, i.e. repopulation, and post-treatment 
changes in proliferation cannot be made. This is also true when net delay time from the 
termination of treatment is quantitated rather than gross delay time, thus taking the 
last dose fraction for a test dose. Tentative measurements from net delay curves gave 
dose differences of 27 Gy for the loF-schedules and 29 Gy for the 5F-schedules, amount- 
ing to a dose equivalent of repopulation of 1.5 Gy/d during the extra 18 d of treatment 
time. A similar figure, i.e. a "repopulated" dose of 6 Gy/4d, was obtained in another 
experiment where single anoxic test doses were given 3 or 7 d after a priming ambient 
dose of io Gy. A dose equivalent of 1.5 Gy/d would call for a doubling time during repo- 
pulation of less than 2 d which is much shorter than the T d but close to the Tpo t of 
the tumour at the time of treatment. 
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1 A - 3  
COMPARED RADIOSENSITIVITY OF A TRANSPLANTED HUMAN MELANOMA USING ~ RAYS, 

50 MeV NEUTRONS AND NEON IONS. EFFECT OF MISONIDAZOLE. 

M. Guichard ~, T. Tenforde ~ ,  S. Curtis ~ ,  J. Gueulette ~ ,  A. 14ambersie ~ ,  E.P. Malaise ~. 

I ~ t i t u t  G~tave-Ro~sy, 94800 V i l l e j ~ f ,  FRANCE. 
~ Lawrence Berkeley Laboratory, B~keley 94720, U.S.A. 

~ U.C.L., Av. Hippo~ate 54, 1200 B r u x ~ ,  BELGIQUE. 

Human melanomas are generally considered as clinically radioresistant. Using hu- 
man melanoma Nall transplanted into nude mice, we have previously shown that this radiore- 
sistance might be, at least partly, explained by both a high proportion of hypoxic cells 
(85 %) and a repair of potentially lethal damage (PLD). This repair has been found to occur 

in a comparable extent with y rays and 50 MeV neutrons. We have got with misonidazole a sen- 
sitizing effect of a comparable magnitude : ER = 1.6 and 1.5 for y rays and 50 MeV neutrons 
respectively. Furthermore, no repair of PLD could be detected with misonidazole at a concen- 
tration of ] mg/g. 

In the perspective of using high LET particles for deep-seated tumors, heavy 
ions (such as carbon and neon ions) seem to be of particular interest especially regarding 
their depth-dose distribution. Among the different biological properties of the heavy ions, 
some of them are well known at present (RBE - OER) ; in contrast, few data are available 

dealing with repair of PLD. 

Radiosensitivity of melanoma Nall was measured with neon ions at the Bevalac 

(Berkeley - U.S.A). Tumors were irradiated in the middle of spread-out Bragg peak of 10 cm. 
The RBE has been found to be 3.7, a value which is higher to that obtained with 50 MeV neu- 
trons. Likewise, a repair of PLD is observed, the magnitude of which is comparable to that 
described with T rays and 50 MeV neutrons. Finally, the ER of misonidazole is 1.4 when pla- 
ting is immediate ; in addition, repair of PLD does not occur when misonidazole is injected 
before irradiation. 

IA-4 

COMPARISON OF LOCAL RADIOTHERAPY AND SURGERY ON EXPRESSION OF METASTATIC DISEASE IN EXPERI- 

MENTAL TUMOUR MODELS. 

J. de Ruiter, S.J. Cramer and L.M. van Putten. 

Radiobiological Institute TNO, Lange Kleiweg 151, Rijswijk, The Netherlands. 

Cells from three different mouse tumours and a rat rhabdomyosarcoma have been inocula- 
ted into the foot pads of syngeneic animals or their F1 hybrids. The tumours in the foot 
pad spontaneously metastasized to lymph nodes and/or lung, although the distribution between 

lymph node metastases and lung metastiSes differed among the various tumours. 
Following local radiotherapy with doses of 45 to 80 Gy significantly more mice died 

with metastases than following local surgery of the tumour-bearing foot if the 2661 carcino- 
ma was treated. No significant difference in incidence of mice and rats dying with metasta- 
ses was observed after these treatments of the C22LR osteosarcoma and the Lewis lung carci- 
noma in mice and the RI rhabdomyosarcoma in rats. 

The metastases enhancing effect of local radiotherapy for the 2661 carcinoma seems not 
to be due to incomplete killing of tumour cells in the foot, since the other two mouse tu- 
mours are less radiosensitive than the 2661 carcinoma. Scattered radiation, received during 
local irradiation in shielded parts of the mouse, was not responsible for the metastases en- 
hancing effect. Furthermore, neither the presence of an irradiated tumour-free leg nor the 
presence of an irradiated tumour mass influenced the incidence of mice dying with metastases. 
However, if amputation of the tumour bearing foot was accompanied by irradiation of another 
tumour-free leg together with transplantation of an irradiated tumour into the amputation 
wound, the incidence of mice dying with metastases was significantly increased, although not 
as high as when local radiotherapy was administered. Evidently, the presence of irradiated 
tumour together with an irradiated leg promoted the outgrowth of tumour cells, which were 

present outside the tumour bearing foot at the time of treatment. 
The differences in response, i.e., a metastases enhancing effect of radiotherapy or 

not, among the various tumours studied could not be attributed to differences in radiosen- 
sitivity, immunogenicity, metastases localization or R4vesz effect of the various tumours. 
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1A-5  
Effects of hyperthermia and radiotherapy on a transplantable murine mammary carcinoma during 
development. 

J. Wondergem and J. Haveman 

Department of Radiotherapy, Wilhelmina Gasthuis, le Helmersstraat ]04, 1054 EG Amsterdam. 
The Netherlands. 

The s e n s i t i v i t y  for heat and X- i r rad ia t ion  of a transplantable murine mammary carcinoma du- 
r ing development was studied using tumour growth delay as parameter. 
In the range 0 . i  - 0.4 cm3 there is a progressive decrease of the rad iosens i t i v i t y  correla- 
ted with the tumour volume. Administration of hypoxic cel l  sens i t izer  (0.5 g/kg i . p . )  did 
not af fect  the rad iosens i t i v i t y  in small tumours (0 . i  cm3) but c lear ly  enhanced the radio- 
s e n s i t i v i t y  in the larger tumours (0.4 cm3). 

In the same range of tumour volumes we could not demonstrate differences in s e n s i t i v i t y  to 
heat. Moreover misonidazole had no s ign i f i can t  e f fect  on the thermosensi t iv i ty  of the tumour 

When the heat was applied immediately a f ter  i r rad ia t ion  an increase in tumour growth delay 
was observed. This increase was independent of tumour volume, and the extra delay (about 4 
days) was the same as the delay caused by heat alone. The combined treatment a f ter  admini- 
s t rat ion of misonidazole caused an extra delay of about 12 days, again independent of the 
tumour volume but s i gn i f i can t l y  larger than the ef fect  of heat alone. 

From the observed effects we may conclude that hypoxia, which caused radioresistence in 
large tumours (0.4 cm3), has no influence on the thermosensi t iv i ty .  In th is model misonida- 
zole has a large ef fect  with the combined i r rad ia t ion-heat  treatment where-as i t  has no 
s ign i f i can t  e f fect  in the case of treatment by heat alone. 

I A - 6  
Radiation response of a murine lymphosareoma. 

T.S. Veninga, B. Tribukait 

Radiopathology Laboratory, University of Groningen, The Netherlands, 
Department for Medical Radiobiology, Karolinska Institute, Stockholm, Sweden. 

The radiosensitivity of a murine lymphosarcoma in vivo has been studied using X-ray 
fractions of 2 Gy given according to various radiation schedules. The sarcoma is a very 
rapidly progressing tumour of lymphosareomatous type causing death of the animals within 8 
days after inocculation of 106 malignant cells. 
Cytofluorometric observations and 3H-TdR incorporation had revealed a 2 Gy induced arrest 
of 6 hr in DNA synthesis and a coneomittant prolongation of the S-phase. Therefore, we 
started with two X-ray doses applied with a 6 hr time interval at various days after in- 
occulation. The animals were irradiated on approximately 2/3 of their body (200 kV, 15 mA) 
leaving the part caudal to the spleen non-exposed. 
Only irradiation on the first 3 days caused a slightly enhanced survival of the animals; 
the 3 rd day exposure turning out to be most effective by showing a 30 per cent increase. 
A third irradiation with 2 Gy 6 hr after the second or additional exposures on day ] or 6 
did not cause a better survival. 
Also total-body irradiation failed to show an improvement. 
The results are discussed in the light of the present knowledge of this highly malignant 
tumour. 
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1 A - 7  
Inf luence of  p o s t i r r a d i a t i o n  growth k ine t ics  on resnonse to f rac t iona ted  X - i r r a d i a t i o n  
in Carcinoma NT 
E Hamilton, J Ramsay and A Freedman 
Department of  Oncology, The Middlesex Hospital Medical School, London Wl, England 

The e f fec t  o f  various X-ray doses on the composition and growth k ine t ics  of  the 
spontaneous mouse mammary carcinoma NT have been studied. For each dose, the delay in 
growth of  ind iv idua l  tumours was propor t iona l  to t h e i r  p r e i r r a d i a t i o n  growth ra te .  A dose 
of  l Ki lorad delayed growth to double t h e i r  t reatment volume by 6 days in tumours tha t  
doubled every 4 days before i r r a d i a t i o n .  Tumour growth ceased 3 days a f t e r  the 
i r r a d i a t i o n ,  at which time the i r r ad i a ted  tumours had one t h i r d  the amount of  p r o l i f e r a -  
t i ve  t issue and twice the amount of  necrosis and blood space found in cont ro ls .  The 
l a b e l l i n g  index (LI)  and m i t o t i c  index (~i )  were reduced to one t h i r d  and one s ix th  of  
control  leve ls  respec t i ve ly .  By day 6 the tumours began to grow again. They contained 
more p r o l i f e r a t i v e  t issue than controls but the LI and MI were s t i l l  low. By day 8 the 
tumours were growing at  t h e i r  p r e i r r a d i a t i o n  rate and the excess necrosis and blood space 
had been l os t .  The e f fec t  of  a dose of  500 tad, which delayed tumour growth by 1½ days, 
is being studied in a s im i l a r  fashion. Second doses of  500 and lO00 tad were g iven ,a t  
da i l y  i n te rva l s  a f t e r  the f i r s t .  The changes in tumour s e n s i t i v i t y  to r e i r r a d i a t i o n  w i l l  
be discussed in r e l a t i on  to the changes in volume, c e l l u l a r  composition and k ine t i cs .  

I A - 8  
Effects of irradiation on inoculated brain tumours of the rat: radiographic, 
microangiographic and histological findings 
H. Metzger, W. Schumacher, H.D. Mennel 
~4ed. Strahleninst±tut und Abteilung fHr Neuroradiologie 
T~bingen, W-Germany (Direktor:Prof.Dr.~.Frommhold u.Prof Dr.K.Voigt) 

The development of experimentally induced brain tumours in 45 BD - IX rats 
was studied by means of several neuro-radiological methods, and the 
findings as to the localisation of the tumcurs and their size were con- 
firmed by histological control. The tumours were chemically induced 
(ethylnitrosurea), malignant, mixed gliomas, which had been transplanted 
intracerebrally as a suspension of 1o ooo, i.e. 2o ooo cells. The growth of 
the tumour was observed in definded intervals from the 14th day after the 
implantation onwards until the prefinal stage by means of contact-radio- 
graphy and partly in rive after selective angiography of the internal 
carotid artery. The vascularisation of the tumour, its size, local~sation 
and extension as well as its relation to neighbouring cerebral structures 
was studied in a group of tumours which did not receive any treatment. The 
results of this control group vTere compared with a group of identical 
tumo~rs~eceiving radiotherapeutic treatment. 

The radiation induced changes were all examined by means of the same neuro- 
radiological and histological methods in a total of 64 tumour carriers. The 
radiotherapeutic treatment consisted of opposite-field irradiation of the 
skdll with 8 ~ ultrahard x-rays of a linear accelerator. Given varyinq 
fractionation schemes, the NSD ranged bet~zeen 13oo and 17oo ret. The 
vascularisation of the tumour, the modalities of spreading and the criteria 
of malignancy are described under qualitative and ~uantitative aspects 
and are compared with the findings of the control group. 
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1A-9-14 Normal Tissue Responses 

1 A - 9  

The late effects of X-irradiation on the rectum of the rat 

Z. Kiszel and K. R. Trott 

Strahlenbiologisches Institut der Universit~t MHnchen and Abteilung fur 

Strahlenbiologie der GSF, Neuherberg~ Federal Republic of Germany 

In radiotherapy of gynecological and other tumors in the true pelvis the 

rectum is often the critical and dose-limiting normal tissue. To study the 

acute and late reactions of the rectum in an animal model we developed a 

method to irradiate about i inch of the rectum of rats in the intact animal 

without exceeding the tolerance of other organs. The acute radiation response 

was a transient haemorrhagic proctitis, the late response was a pronounced 

fibrosis of the submucosa which finally caused stenosis and fatal rectal 

obstruction. Animals were irradiated with single and fractionated doses and 

dose response curves of fatal rectal obstruction were obtained. For single 

irradiation the dose to cause 50 % lethality from rectal obstruction (ED-50) 

was 19 Gy. For ,f/~d ED-50 was s4.5 Gy, for 2f/~d ED/50 was 25 Gy and for 

~f/,9d ED/50 was 27.5 Gy. Thus the rectum exhibits ELKIND recovery as well 

as slow repair. The results of 5f/agd are only preliminary, but ED/50 is 

definitely higher than 40 Gy. 
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I A - I O  

The effects of graded doses of fission neutrons and X-rays on the gastric fundie epithelium 
and gastric secretion in mice. 

J.M.Kingma-ter Haar +), M.F.Kramer x), G.A.Charbon ~) and J.A.G.Davids +). 

+) . x )  
Netherlands Energy Research Foundatlon ECN Petten.N.H., Department of Histology and 

Cell Biology, State University, Utrecht, Experimental Laboratory of Thoracic Surgery, 
University Hospital, Utrecht, The Netherlands. 

Male mice were exposed to whole-body irradiation with either fast fission neutrons of 
I MeV mean energy or 300 kVp X-rays at centre-line dose-rates of 0.] and 0.3 Gy/min, re- 
spectively. The mice received an isologous bone-marrow transplantation and a terramycin 
treatment to decrease acute lethality. Three weeks after irradiation stomachs were collec- 
ted for histological study and secretion tests were done. Cells were counted in a unit 
area of mucosa. Secretion was measured in anesthetized pylorus-ligated animals. 

The number per unit area of mucosa of mucous neck cells reached a peak value of ]0 
times the original value at 3.4 Gy neutrons and ]].5 Gy X-rays. The RBE for this effect 
is equal to 3.4. 

Both the number of parietal cells per unit area and the histamine stimulated acid se- 
cretion decreased to near zero between 2.8 and 3.6 Gyneutrons and between 9.0 and 13.0 
Gy X-rays. The RBE-value for the decrease of the parietal cell count is equal to 3.6 and 
for the decrease of the acid output 3.7. However, in the lower dose-range the acid output 
tended to increase, whereas the number of parietal cells per unit area showed the opposite. 

Both the number of zymogenic cells per unit area and the histamine + insulin stimulated 
pepsinogen secretion decreased to zero between ].0 and 3.2 Gy neutrons and between 2.0 
and |1.0 Gy X-rays. The RBE-value for the zymogenic cell depletion is 3.6 and for the de- 
crease of the pepsin output 3.7. 

The number of glandular tubules per unit area decreased after neutron doses > 2.4 Gy 
and after X-rays doses • 10.0 Gy. The RBE for the depletion of glandular tubules decreased 
from 4.3 for a slight depletion to 3.3 for a 90 percent depletion. 

1A-11 
Quantitative assessment of pig skin response to non-uniform irradiation 

G. WIERNIK, J. WELLS, J.W. HOPEWELL, C.N.A. YOUNG, L.J. FOSTER and D.N. PEEL 

CHURCHILL HOSPITAL RESEARCH INSTITUTE, UNIVERSITY OF 0XFOPJ), 
HEADINCTON, 0X20P~, ENGLAND. 

Non-uniform irradiation of pig skin is being studied %o measure non-stochastic effects so 
as to provide radiation protection criteria. Strontiun~90 sources, having a range of 
diameters from I mm %o 25 mm, are being employed. A range of doses is being used that 
gives rise %o a moist desquamation in the first wave acute reaction and dermal necrosis in 
the second wave reaction. We are examining the hypothesis that the first wave reaction is 
related %o radiation damage to the basal layer of the epidermis, which in turn has an 
effect on the superficial papillary plexus of vessels, and is expressed as erythema and 
desquamation. The second wave reaction is thought %o be related %o damage %o the deep 
plexus of vessels at the base of the dermis and is expressed as late atrophy and, for 
doses in excess of normal tissue tolerance, as dermal necrosis. 

The Oxford skin scoring system is being used to quantitate the biological effects. 
Biopsy specimens are being taken %o assess individual pig's skin thickness so that the 
skin scores can be correlated with the different depth dose data that are pertinent to the 
particular biological effect observed. Preliminary data from the pilot study will be used 
to illustrate the problems associated with this type of quantitative investigation. 
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IA-12 

THE ACUTE EFFECTS OF X-IRRADIATION ON NORMAL AND GRAFTED PIG SKIN 

C.M.A. Young and J.W. Hopewell 
Churchill Hospital Research Institute, University of Oxford, Heading,on, Oxford, U.K. 

Surgically damaged skin is generally considered to be more radiosensitive than normal 
skin. In clinical practice, therefore, free-skin grafts are usually excluded from an 
irradiated field receiving a full therapy dose. However, this apprehension appears to have 
a very poor scientific basis. The present study was designed to compare the functional and 
morphological effects of X-irradiation on free skin grafts and normal skin in the pig. 

Split thickness free-skin grafts were prepared on the backs of 3 month old pigs, using 
an elect~odermateme. The grafts were approximately 0.07 mm thick. When bleeding on the 
graft donor site was controlled, the graft was replaced on to its original bed and sutured 
into position. 

Skin blood flow measurements, using an isotope clearance method, were carried out at 
regular intervals for 2 to 21 days after surgery. Isotope clearance from the free-skin graft 
was compared with that in normal skin on the opposite side of the pig. 

When the graft was well established (21 days after surgery) areas of both grafted and 
normal skin were irradiated with single doses (1800 to 2340 rad) of 250 kVp z-rays. The 
radiation reaction of the grafted and normal skin was recorded, using a skin scoring system, 
for the first 20 weeks after treatment. Isotope clearance studies were carried out at 3, 6, 
12 and 26 weeks after irradiation. 

The functional studies showed that re-vascularisation of the skin graft starts 3-4 days 
after surgery. Isotope clearance was faster An grafts than in normal skin between 10-21 
days post-operatively. Following irradiation, the skin reaction of the grafted areas was 
less than that recorded in normal skin receiving the same dose. Isotope clearance in the 
irradiated grafted skin was faster than in normal skin. it would appear that established 
skin grafts are less sensitive to radiation than normal skin. This may be related to an 
increased vascular density in the graft. 

1A-13 
HISTOLOGICAL EXAMINATION OF THE EFFECTS OF DIFF~T FORMS OF FRACTIC~ATED 
X-RAY IRRADIATIONS IN NORMAL ORGANS AND TRANSPLANTED TUMOURS 

Emil UNGER 

"Frederic Joliet-Curie" National Research Institute for Radiobiology and 
Radiohygiene 
Budapest, Hungary 

A single dose of 50 Gy or # x 12,5 Gy, lO x 5 Gy and 30 x 1,67 Gy X-ray 
irradiation were applied to the left upper abdominal ares of rats and mice. 
During fractionated irradiation the accumulated dose of 50 Gy was given in 
two weeks. In the case of 30 x 1,67 Gy irradiation during 2 x 5 working 
days three irradiations were delivered daily /ultra-fractions,ion/. One, 3, 
7 and l~ days after the last irradiation spleen, lymph nodes, vertebral 
bone marrow, small intestine, liver and the left kidney were processed 
histologically, though no histological damage was demonstrable in the two 
latter organs after either type of irradiation. 

In rats, based on the cell number, with increasing the number of fractions 
the injury decreased in the minority of cases. In the white and red pulp 
of the spleen, sometimes in lymph nodes and on days 7 and 14 in the bone 
marrow, too, a higher cell number was observed after l0 x 5 Gy than after 
4 x 12,5 Gy. In case of ultra-fractions,ion the decrease of bone marrow- 
cell count and at the early intervals the damage of the small intestine 
were less expressed. Similar but less explicit results could be demonstra- 
ted in the small intestine of mice as well, though in the other organs the 
decrease of injury with increasing number of fractions was exceptional. 

After applying the same types of fractionsted irradiation in transplantable 
F 180 Crocker mice-tumours the histological damage of the tumour seemed to 
increase with increasing number of fractions. 
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1A-14 
EFFECT OF 60Co-y-IRRADIATION ON NORMAL AND DYSTROPHIC (VITAMIN E DEFICIENT) MUSCLE 

G.Katona, L.D.Szab6* , V.Sz@kessy-Hermann 

2nd Institute of Chemistry and Biochemistry of Semmelweis Medical University,Budapest 

*Frederic Joliot-Curie" National Research Institute for Radiation Biology and Radiohygiene 
Budapest, Hungary 

Radiation sensitivity of enzymes depends on their intracellular state, i.e. whether they 

are bound to cell structure or present in soluble form.This has been found in relationship 
with numerous enzymes, among others with acetylcholinesterase. Our recent results suggested 
that the alteration of enzyme activity in vitamin E deficiency induced muscular dystrophy 
possibly is consequence, at least partly, of a change in relationship of enzymes to muscu- 

lar structure.lnvestigations have been carried out therefore to determine if this change 
is to be observed in the radiation sensitivity of the enzymes.The radiation sensitivity 
studies have been supplemented with the use of a non-ionic detergent, Triton-X-100 that is 
being widely used for the study of membrane bound enzymes. 
It has been found that on the effect of increasing doges of 60Co-y-irradiation on the ace- 

tylcholinesterase activity in muscle homogenates of normal rabbit shows an initial increase 
which is followed by a decrease.No increase was observed after Triton-X-100 has been added 
or in homogenates originating from dystrophic muscle.Asimilar increase of acetylcholines- 

terase activity was found in the sarcoplasmic reticulum of normal muscle on the effect of 

low radiation doses.Activation was found to be smaller or even absent in dystrophic muscle 
preparations. The difference of radiation sensitivity in normal and dystrophic muscle sug- 
gests that alteration of enzyme activity observed in vitamin E deficiency is, at least 
partly, due to a structural damage of the muscle. 



Radiat. Environ. Biophys. 17, 284-288 (1980) 
Radiation and 
Envi ronmenta l  
Biophysics 
© Springer-Verlag 1980 

1B-l-8 Hematology 

1B-1 
Acute and de layed  e f f e c t s  o f  t o t a l - b o d y  i r r a d i a t i o n  on the g r a n u l o c y t i c  p r o g e n i t o r  c e l l  
compartment i n  dogs. 
W. Nothdurft and T.M. Fliedner 
Department of Clinical Physiology and Occupational Medicine, University of Ulm, 

7900 Ulm (Donau), Federal Republic of Germany 

We have shown that in dogs exposed to acute total body X-irradiation (TBI) the concentration 

of granulocytic progenitor cells (CFU-C) in the blood was significantly reduced for about 

35 days after 40 R and for more than 90 days after 80 R. Determinations of the CFU-C in 

bone marrow aspirates of the 80 R-irradiated dogs, on the other hand, revealed a lesser re- 

duction on the first two days and an earlier repopulation of this pool, reaching slightly 

subnormal levels about day 30. In the present studies some experiments were directed to the 

mechanisms that may be responsible for (i) the quantitative differences in the early de- 

crease between circulating and bone marrow CFU-C and (2) the differences in the regeneration 

pattern between both CFU-C pools. Results: Since the in vivo results suggested differences 

in tile radiation sensitivity between circulating CFU-C and hone marrow CFU-C, survival cur- 

ves for both populations were determined after in vitro irradiation. In fact, circulating 

CFU-C proved to be much more radiosensitive (D O = 25 ± 1 tad) than CFU-C derived from the 

bone marrow (D O = 61 ± 2 rad). According to these findings the differences in the acute re- 

sponse between blood and bone marrow CFU-C to TBI most probably are a consequence of their 
different radiosensitivity. - The spleen of normal dogs has been shown to contain large 

numbers of "blood" CFU-C under normal physiological conditions. This led us to study the 

role of the spleen in the long term repopulation of the blood CFU-C pool after 80 R TBI. 

A first increase in the CFU-C concentration commenced on day 17 in both, normal as well 

as splenectomized animals. However, whereas in the latter group nearly normal values were 

reattained between day 40 and 50 and a definite normalization occurred about day 90, the 
CFU-C in the irradiated normal animals remained at the 30 % level of normal only. These 

results show that the spleen of the dogs is involved in the mechanisms influencing the 

recenstitution of the blood CFU-C pool after small doses of TBI. 
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I B - 2  
Reparative processes in bone-marrow, spleen and blood of mice irradiated 

protractedly with the dose rate 4,8 Gy/day. 

Prasli~ka M., Mackov~ N. 

Institute of General Biology, Fact. of Sci., ~af~rik University, Ko~ice, 

Czechoslovakia 

The histological and cytological changes in bone-marrow, spleen and the 

changes in peripheral blood of mices till 60 days after the outset of 

continuous irradiation with the dose rate 4,8 Gy/day /500 R/ up to total 

doses 9,6 Gy /lO00 R/ and 19,2 Gy /2000 R/ were evaluated. In the bone- 

-marrow at the 9 th day many mononucleare cells of morphologically lymphoid 

type appeared and later an intensive reparation of grsnulocytopoiesls 

occured which already reached the control level at the 21 th - 28 th day. 

In the spleen an intensive reparation of erythropoiesis and megakaryocyto- 

poies~s were observed. The very intensive ectopic spleen erythropoiesis 

reflected in an increase in spleen weight which was statistically signi- 

ficant beginning the 14 th day. The number of peripheral blood granulocytes, 

erythrocytes and thrombocytes reached the normal values between the 21 th - 

- 28 th day. The agranulocyte counts increased till the day 14 up to 50 % 

of normal values and remained on this level till the day 60 after the out- 

set of irradiation. Total accumulated dose 19,2 Gy caused irreversible 

changes in hemopoiesis and the death of all animals till the day 12. 

1B-3  
PERSISTANCE OF STEM CELL DEFECTS IN THE HEMATOPOIETIC SYSTEM OF ~ICE FOLLOWING GAMMA- 
IRRADIATION. K.-H. v. Wangenheim, G.E. HUbner, L.E. Feinendegen 
I n s t i t u t e  of Medicine, Nuclear Research Center JUl ich, D-5170 JUl ich,  F.R. Germany. 
Slow regenerat ion of hematopoiet ic t issues fo l low ing  t ransfusion of  i r r ad ia ted  bone marrow 
suspensions in to  l e t h a l l y  i r r ad ia ted  mice suggested that  surv iv ing stem ce l ls  suf fer  from 
genetic i n j u r y  which slows down the p r o l i f e r a t i o n  rate in t h e i r  progeny. 
Thus, mice were whole body i r r ad ia ted  four times with 450 rad at i n te rva l s  of 21 days. 
A f te r  two months of  recovery the mice were k i l l e d  and appropr iate numbers of  nucleated bone 
marrow ce l l s  were in jec ted in to  groups of 12 - 14 l e t h a l l y  i r r ad ia ted  rec ip ien ts .  Half  of 
the rec ip ien ts  of  each group were in jec ted with lO/uCi of the thymidine analogue 125-iodo- 
deoxyur id ine (125-1UdR) at day 3, the other ha l f  at day 5 a f t e r  t ransfus ion.  From the 
increase in 125-1UdR incorporat ion in to  splenic DNA during the in te rva l  of 48 hours a 
doubling time is ca lcu lated which approximates, under the condi t ions used, the doubling 
time of p r o l i f e r a t i n g  ce l l s .  
The doubling time of  the i r r ad ia ted  bone marrow ce l ls  was 17.9 ~ 0.9 hours as compared to 
the un i r rad ia ted  contro ls with 12.0 ~ 0.5 hours. In s im i la r  experiments with s ingle 
exposures of 500 rad the improvement of  ce l l  doubling time was found to be slow and a defect  
was s t i l l  measurable a f t e r  a recovery period of 7 months. 
I t  is concluded that  genet ic i n j u r y  is maintained in stem ce l ls  and that  the e l im ina t ion  of 
these ce l l s ,  at the advantage of undamaged or less damaged stem ce l l s ,  is impeded due to 
p e c u l i a r i t i e s  of the hematopoietic ce l l  renewal system. 
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1 B - 4  
RESIDUAL RADIATION EFFECT IN THE MURINE SPLEEN, DEMONSTRATED BY 125-10DO-DEOXYURIDINE 
LABELING. G.E. HUbner, K.-H. v. Wangenheim and L.E. Feinendegen. 
Ins t i tu te  of Medicine, Nuclear Research Center JUlich, D-5170 OUlich, F.R. Germany. 
To demonstrate residual radiat ion e f fec t ,  mice were whole body gamma-irradiated with 
450 tad. Following recovery for  35 days these mice and unirradiated controls were in jected 
in t raper i tonea l l y  with the thymidine analogue 125-iodo-deoxyuridine (125-1UdR). During the 
fol lowing 50 - 74 days the incorporated a c t i v i t y  was measured in the spleen at in terva ls  of 
2 - ~ days. 
The resul t ing retent ion curves exh ib i t  three components: During the f i r s t  10 days a f ter  
125-1UdR in jec t ion  there was a rapid decline ( f i r s t  component). Thereafter a second 
component followed with a steeper decline in the control than in the experimental group. At 
days 25 - 28 and 40 - 45, respect ive ly ,  both slopes entered into the th i rd  component of the 
curve with the slowest turnover, ident ica l  for  both the i r rad ia ted and non- i r radiated mice, 
with a hal f - t ime of 35 days. Subtraction of the component 3 from component 2 results in a 
half- t ime for  the second component of 5.6 days for  the control and 9.8 days for  the i r rad-  
iated group. 
I t  is concluded that the f i r s t  component of the retention curve is due to maturation and 
migration of labeled hematopoietic ce l ls  from the spleen and that  the th i rd  component may 
re f lec t  the slow turnover rate of re t icu le-endothe l ia l  ce l ls .  The residual radiat ion ef fect  
measured in the second component of the retent ion curve seems to be due to a prolonged 
turnover rate of long l ived ce l l s ,  perhaps lymphocytes, and possibly hematopoietic stem 
ce l ls .  

1B-5  
IDENTICAL RECOVERY OF RESPONSIVENESS TO ERYTHROPOIETIN AFTER SINGLE AND 
SPY IT EXPOSURE AS ESTIMATED BY COMPARISON OF~LOPES 

Milorad Radotic and Nada Radotic 

University of Belgrade, Faculty of Medicine, and 
lnstitut of Nuclear Sciences "Boris ~idrich", Vincha 
Belgrade, Yusoslavia 

Responsiveness to Erythropoietin,known to be a specific estimate of quan- 
tified bone marrow RBC output if appropriate dose-response relationship 
is established, has been studied.Female Whistar white rats were irradiated 
with spaced doses of Co-60 gamma rays (650,800 and 950 R). Thirty days sur 
vivors were divided in two groups. The first one was injected with constant 
dose of standardized powdered Erythropoietin and assessed using 19 hours 
Fe-59 uptake. The other survivors were re-irradiated with 300 R and 30 days 
later injected with the same amount o£ ErythropoJetin, fasted and bio- 
assayed. 
Response to Erythropoietin reveals exponential decrease dependent upon re- 
distich dose with highly significant linearity in both groups of survmvors 
indicating that recovery follows identJ~:aL Sei~ern. T>e $;nlj difference 
_e ....... es to the intercept of plotted curve (Response to ~rythropoietin),due 
pressumably to nanifold excess of ce!]ularity ef the bone marrow while 
compared between conditionning and repeated exposures. 
Correlation coefficients are .999 and.971 respectively with t-va!ue for 
the sloDe difference of .2 ( y .05j. 
These data point !) to the fact thai constant amount of ~rythropoietin 
results in constant fraction of maximal response for ~ given animal, no 
matter how the responsive units are figured in Erythropoiesis resulation, 
and 2) recovery of responsiveness following repeated exposure increases 
Erythropoietin responsive cells Jn the m~rrow. 
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1 B - 6  
The efficacy of cyclophosphamide in combination with supraiethal total body irradiation 
followed by bone marrow transplantation in the treatment of acute myelocytic leukemia. 

A. Hagenbeek and A.C.M. Martens 
Radiobiological Institute TNO, Rijswijk, The Netherlands. 

Today, cyclophosphamide (Cy) followed by supralethal total body irradiation (TBI) is a 
well-known combined modality treatment in patients with leukemia. A bone marrow transplant 
should be available to overcome the severe aplasia. The efficacy of this treatment regimen 
was investigated in a rat model for human acute myelocytic leukemia (BNML). Studying 
various treatment schedules, the calculated log cell kill appeared to be greater than 
expected from a pure additive effect of Cy and TBI. E.g.: after 100 mg Cy/kg i.p. followed 
by 450 cGy TBI q 24 h x 3 a 9 log cell kill was calculated and a 7 log cell kill was 
expected. Evidence will be presented that this is in fact a virtual discrepancy caused by 
the cell kill assay procedure. Data point to altered kinetics of proliferation of residual 
leukemic cells (smaller growth fraction, prolonged doubling time), which is possibly due 
to treatment-induced changes in the bone marrow microenvironment. 

1 B - 7  
226Ra induced changes in haemopoietic cells of different marrow sites related to the surroun- 
ding bone structure and the absorbed radiation energy. 
G.E.R. SCHOETERS and O.L.J. VANDERBORGHT 
Belgian Nuclear Centre, S.C.K./C.E.N., Radiobiology Department 
2400 MOL, Belgium 

The development of experimental assay systems for haemopoietie cells now makes possible local 
investigations of long-term effects of irradiation. Spatial and temporal assessments of the 
number of multipotential colony forming cells (CFU-s) and of granulocyte committed colony 
forming cells (CFU-c) after internal contamination with 22~Ra, are used to measure radiation 
damage in bone marrow. The biological damage is then related to the physical features of con- 
tamination with the a-emitter. Mice wereinjected with the "standard" radionuclide 22fiRa, at 
doses of 230 kBq 226Ra/kg and 660 kBq 2~6Ra/kg. 4 hrs,],3,10,24,lO0 and 300 days after injec- 
tion, marrow cellularity and the response of CFU-s and CFU-c was assessed in marrow sites 
surrounded by trabecular bone (distal end of femur, lumbar vertebrae, sternum) and in the 
femoral shaft where axial marrow and marrow cells near cortical bone were separately examined. 
The retention of 226Ra was also measured in the surrounding bone sites at corresponding time- 
intervals and morphometric analyses of the marrow sites and their surrounding bone structure 
were performed. This allowed to calculate the radiation dose absorbed in the considered mar- 
row sites. The response of CFU-s and of CFU-c was characteristic for each marrow site, e.g. 
300 days after injection of 660 kBq 226Ra/kg, the number of CFU-s and of CFU-c was reduced 
in comparison with the non-contaminated controls : the reduction factors were in the axial 
marrow of the femoral shaft resp. 1.8 and 1.7, in the peripheral marrow of the femoral shaft 
resp. 5.3 and 4.0, in the distal femoral end 3.2 and 2.3, in the lumbar vertebrae 2.6 and 
2.0, and in the sternal marrow 3.8 and 2.7. These differences could be explained by I) dif- 
ferences between the marrow sites in the percentage of marrow which absorbed a-particles 
2) unequal 226Ra concentrations retained in the surrounding bone structures of the conside- 
red marrow sites, although 300 days after injection no differences in 226Ra concentrations 
were observed anymore, 3) the surface area~of bone per unit volume of bone was not the same 
in the various surrounding bone sites. The!Zirst significant changes in CFU-s response oc- 
cured in marrow sites which contained a high number of mitotically active CFU-s (femoral 
distal end, peripheral marrow of the femoral shaft). Fewer alterations were noticed after 
injection of 230 kBq 22GRa/kg titan after 660 kBq 226Ra/kg. After 230 kBq 226Ra/kg the obser- 
ved changes in bone marrow cellularity and in the number of CFU-s and CFU-c were oscilla- 
tions above the control levels, whereas after 660 kBq ~Ra/kg depressions below the control 
level were observed. 
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RADIATION-INDUCED RELEASE OF PLATELET SEROTONIN "IN VIVO" 

Zivan Deanovid~ Dorotea M~ick-Seler, Branko Jernej 

"Ruder Bo~kovi~" Institute, Department of Experimental Biology and Medicine, 

41000 Z ag r e b , P.O.B. 1016, Yugoslavia 

1B-8  

Two groups of female and male Wistar rats were submited to 800 rad of whole-body 

X-irradiation or to sham irradiation. Three hours later the rats were exsanguinated by 

aortal puncture under aether anaesthesia and the blood was collected in a plastic syringe 

containing anticoagulant. ]%fter separation of platelets, their serotonin concentration was 

determined by direct speetrofluorimetric method. In irradiated female as well as male 

animals a statistically significant decrease of platelet serotonin concentration was shown. 

This finding lends support to the theory of radiation-induced increase of membrane permea- 

bility which occurs "in vivo" after lethal whole-body exposure. 



Radiat. Environ. Biophys. 17, 289-292 (1980) 
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1 B - 9 - 1 4  Effects on Plants 

1B-9 

SYNERGISTIC EFFECT OF IONIZING RADIATION AND RADIOTOXINES 
A. ~i. Kuzin 
Institute of Biological Physics, USSR Academy of Sciences, Pushchino,USSR 

Previous ideas of the role of biologically active substances, produced 
in the irradiated organism (radiotoxines), in the development of radiation 
damage were mainly based on experiments with intact, native structures 
(the genome) of cells (experiments on parabionts, partly shielded orga- 
nisms, native cells, etc.). They were justified in the case of the addi- 
tive character of direct action of ionizing radiation and the effect of 
radiotoxines. However, it is ]~uo~wn that ionizing radiation and chemical 
mutagens produce sometimes a synergistic effect. Two methods were used to 
study the effect of radiotoxines on plant tissues subjected to direct 
action of ionizing radiation. The revealed synergism indicates that the 
role of radiotoxines in the development of radiation damage is more im- 
portant than it was supposed before. 
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1B-10 
THE EFHECT OF ANOXIA AND LET ON THE MODE OF STERILISATION OE IRRADIATED FERN $POBELINGS 

J.H. Hendry I, F.G. Cowie I, K.-H. yon Wangenheim 2. 

Paterson Laboratories I, Christie Hospital and Holt Radium Institute, Henchester, Mgo 9BX, 
UK., and Institute f~r Medizin 2, D 5170 J~lich i, Germany. 

Sporelings of the fern Osmunda re~alis have been used to study a "reversion" phenomenon, in 
which a proportion of cells sterilised by radiation do not divide and die hut remain persi- 
stently green and physiologically intact. The sporelings were irradiated at 72 hours after 
plating, when there were about 7 cells in the prothallus. The proportion of sporelings ir- 
radiated in air which shows no dead cells in the prothallus (all cells green), increases 
with increasing dose to a maximum of about 80% of prothalli, with a slight decline at high 
doses. Sporelings irradiated in nitrogen and then returned to air show a similar shape of 
dose-incidence curve, but displaced to higher doses. 

In view of the interest in the problem of r adioresistant chroniea!ly-hypoxie cells, and in 
the role of differentiation in the radiation response of mammalian tumours, the following 
have been studied and are discussed: 
(a) the effect on the reversion of storage of the sporelings in nitrogen or very low 

oxygen concentrations before or after X-irradiation. 
(b) irradiations with 14.7 MeV neutrons. 
(c) the correlation between the incidence of dead cells and survival of the sporelings. 

1B-11 
P o t e n t i a l l y  l e t h a l  damage repa i r  (PLD r e p a i r )  a f t e r  60Co gamma-i r radiat ion o f  an u n i c e l l u -  
l a r  eucaryotic photosynthetic cell, Chlorella pyrenoidosa. 

Roland GILET et 8imone SANTIER 

Laboratoire de Biologie V6g6tale du D~partement de Recherche Fondamentale du Centre 
d'Etudes Nucl6aires de Grenoble - 85 X - 38041 GRENOBLE CEDEX (France). 

The effects of five different 7evels of intensity of illumination on the survival rate 
after irradiation have been studied on cells taken from mass liquid cultures at plateau- 
phase (resting cells C r) or at the end of exponential-phase (Ce-cells). 

Level 0 is darkness. The delay between the seeding of the cells and the appearance of 
the colonies varies from i0 days for level i to 4 days for level 4. 

The ratios Sd/S o and 8i/S 0 define the extent of PLD repair. 8 O is the survival rate 
obtained with cells exposed to level 4 at the end of irradiation until the counting of the 
colonies. S d is obtained with cells exposed 24 or 19 hours to levels I, 2 or 3, then to 
level 4 until the counting. S i is obtained with cells exposed to levels i, 2 or 3 at the 
end of irradiation until the counting. 

For C r the extent of PLD repair increases from ! to 2 when the first illumination 
decreases (Sd/S 0) or when growth continues at low level (Si/So). Therefore, there is a 
correlation between PLD repair and cycle time. For Ce, 8d/S 0 is close to i, hut Si/S 0 
reaches 2 as for C r. 
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1B-12 
EFFECT OF IRRADIATION OF SEEDS ON THE TRANSCRIPTION AND STRUCTURE OF PLANT 
CHROMATIN 

Gy6rgy Bagi and Egon J. Hidv@gi 

"Fr@d6ric Joliot-Curie" National Research Institute for Radiobiology and 
Radiohygiene, Budapest 1775, Hungary. 

Seeds of pea (Pisum sativum) and barley (Hordeum vulgate) were irradiated 
with 0-300 Gy doses of Cobalt-60 gamma Radiation and germinated in the dark. 
The buds of one week old etiolated seedlings were used for experiments. The 
wet weight of buds were decreased in proportion to the absorbed doses. 
Although there was no changes on irradiation in the composition of chromatin 
(the mass ratios of DNA: RNA: histone: non-histone proteins), the polyaoryl- 
amide gel electrophoresis pattern showed, that the quantity on HI histon 
was decreased on irradiation and there was a change in the ratio of HI 
subfractions. The DNase II enzyme digested faster the chromatin of the irra- 
diated sample than the non-irradiated one. These findings indicate radiation 
induced structural changes in the chromatin. There was no difference in the 
rate of in vitro transcription of DNA isolated from control and irradiated 
chromatins. On the other hand the K r values calculated from the in vitro 

• , , ~ t 

transcriptlon kinetlcs of chromatln, showed a gradual decrease on increasing 
dose of irradiation. These results suggest that the radiation alter the 
chromatin by loosening its structure, therefore the RNA polymerase can binde 
more tightly to the DNA and this may be the reason for the decreasing K . 

m 

1B-13 
COMPARATIVE RADIOSENSITIVITY OF PROLIFEROUS AND RESTING ROOT ~RISTEN CELLS 
OF Pisum sati~u~n L° 
Gudkov I.N., Grodzins~ D.M. 
Institute of Plant Physiology, Academy of Sciences of the Ukrainian SSR, 
Kiev 252627, USSR 

Variety of duration of root meristem mitotic cycle being estimated auto- 
radiographically occured mainly at the expense of G-I phase during gamma 
irradiating pea seedlings with growth-stimulating and growth-inhibiting do- 
ses. In so doing the number of cells present in this phase either decreased 
or increased respectively. Statistical analysis of hystograms of Feulgen- 
stained G-I cell distribution according to optical density of nuclei with 
545 nm wave length allowed to estimate the variety of their number occur- 
ings mainly at the expense of the nuclei absorbings light weakly that is 
those in the early G-I phase. 

Estimate of survival of gamma irradiated synchronically dividing meris- 
terns showed the cells in the early G-I phase has the highest radiosensitivi- 
ty (LD-90/IO made up 1400-1500 fads in comparison with 600-700 fads for the 
most radiosensitive G-2, N and late G-I phase). Estimate of cell radiosen- 
sitivity of quiescent centre being present in O-O phase which identified 
cytophotometrically as early G-I showed them losing ability for prolifera- 
tion with 1500-1600 fads. Closeness of values of letal doses for the cells 
of early G-I and G-O phases allows us to suppose that these physiological 
conditions of both are highly similar to each other and we can agree with 
Steel's opinion (1970) that both in plant and animal cells populations one 
may single out two variants of existence of resting cells. In the first 
case they are a part of G-I phase (the early G-1 phase). Decreasing or in- 
creasing cycle duration occurs at the expence of changing the time of cells 
in this period. In the second case the resting cells are out of the cycle 
though they maintain potential possibility to proliferation (the G-O cells 
of quiescent centre). The role of the latter seems to consist in filling up 
the pool of proliferous cells when injured. 
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16-14  
Radiation induced mutagenesis in in vitro cultivated plant cells 

P.A.Th.J. Werry 

Foundation ITAL, P.O. Box 48, 6700 AA Wageningen, The Netherlands 

Radiation induced mutagenesis in in v~tro cultivated plant cells has been studied with 
respect to the effect of dose, delayed plating and the quality of the radiation on the 
frequency of induction of resistance to cycloheximide. 
The following observations will be discussed: 
- The dose effect relationship for mutation induction after irradiation with X-rays is 

linear quadratic and nearly mirror shaped to that for cell survival. No phenomenon 
comparable to the increased plating efficiency after low dose irradiation (Werry and 
Stoffelsen~ Int. J. Radiat. Biol. 35, 293-298, 1979) could be detected. 

- The dose effect relationship for mutation induction after irradiation with fission 
neutrons is nearly exponential and mirror shaped to that for cell survival. 

- Delay of plating results in a substantial decrease of mutation frequency concomittant with 
a substantial increase in cell survival. It may be concluded that during the delay of 
plating repair of potentially mutational damage occurs in addition to the repair of 
potentially lethal damage. 
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1 C - I - l l  Cellular Effects 

The Response of Mammalian Cells to d-Be 9 Neutrons Generated by a ~ MV Van de Graaff 

Accelerator 

N.J. McNally, R.L. Maughan and J.de Ronde 

Cancer Research Campaign Gray Laboratory, Mount Vernon Hospital, Northwood~ Middlesex, 

England 

1C-1 

V79 Chinese hamster cells and WHFIB murine tumour cells have been irradiated with neutrons 

generated by accelerating deuterons on to a beryllium target by the Gray Laboratory Van de 

Graaff accelerator. The machine is operated at ~ MV with a beam current of about 500 ~A. 

This produces neutrons having a broad energy spectrum~ the mean being ~2 MeV and the maximum 

being ~ 8.5 MeV. Cells were irradiated in suspension a% a distance $5 cm from the tarQet at 

a neutron dose rate of approximately 0.50 Gy/min. The cells were positioned just inside a 

large aperture in a collimator constructed of steel and of boron-loaded paraffin wax. With 

this configuration~ the gamma-ray contamination was about 12 per cent of the total dose. 

For V79 cells the survival curve parameters were: n - i.$ Do = 0.8 Gy, OER - i. 7. The 

values for WHFIB cells were n = 1-79 Do = 0.50 Gy, OER = 1.6. The values for 250 kV X-ray 

irradiation were n - 6, Do = 1.6 Gy~ OER = 3-I for V79 cells, and n = 25~ D = 1.20 Gy, 

OER = 2.7 for WHFIB cells. 

The survival curve for V79 cells exposed to a single dose of X-rays and then immediately to 

a series of neutron doses was identical to that for neutrons alone~ implying that cells 

which had received all the sublethal X-ray damage they were capable of absorbing were not 

then more sensitive to neutrons. The survival curve for cells exposed to X-rays after a 

priming dose of neutrons had a reduced shoulder relative to that for X-rays alone. This 

implies that the neutrons caused some sublethal damage. This is consistent with the 

observed small~ but siQnificant shoulder to the neutron survival curve. 

Results will be reported on the interaction between X-ray and neutron damage following a 

period for recovery from sublethal damage between the two types of radiation. 
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l C - 2  

STUDY OF BIOLOGICAL EFFECTS OF FAST NEUTRONS PRODUCED IN THE CYCLOTRON OF THE 

"RUDJER BOSKOVIC" INSTITUTE 

MAJA OSMAK ~ D. PETROVIC, ANA FERLE-VIDOVIC ~ MIRJANA ANTIC ~ K. KADIJA, 

D. RENDIC AND I. SLAUS, RUDJER Bo~kovid INSTITUTE, Zagreb, Yugoslavia 

Synchronous and asynchronous mouse L929 ceils in culture were used as a system 

for examination of radiobiologicai properties of fast neutrons produced by our cyclotron. 

An internal cyclotron beam of 14 MeV deuterons incident on the aluminum target was 

used to produce a continuous energy spectrum of neutrons with mean energy of 5 MeV. 

Gamma irradiation was carried out at the cobalt-60 source giving I ~25 MeV mean energy 

gamma rays. In our experiments relative biological effectiveness (RBE) ~ oxygen enhan- 

cement ratio (OER)~ repair of sublethal damage and age response of L929 cells to neutron 
irradiation were studied. RBE decreased with increasing of dose. OER of fast neutrons was 

1.2 as competed to 2.8 for gamma rays. Split dose experiments using three doses of 

gamma rays (4~ 6.6 and 10 Gy) and fractionation intervals of 8 hours indicated the accu- 

mulation and repair of sublethal damage for doses of 6.6 and i0 Gy. Split dose experiments 

with comparable doses of fast neutrons (0.8~ 2.6 and 5.2 G y) showed repair of sublethal 

damage only for the dose of 5.2 Gy. The repair was lower for a factor of Z as compared 

to the corresponding dose of gamma rays. The study of the age response of cells to gamma 

rays showed dose-dependent increase of the ratios between sensitive and resistant phases 

of cell cycle. Age response of cells irradiated with fast neutrons however~ changed 

significantly less as compared to gamma rays~ but was also dose dependent. 

l C - 3  
BIOLOGICAL PROPERTIES OF THE NEUTRONS PRODUCED BY THE IRB CYCLOTRONE: CHEMICAL 

PROTECTION 
Ana Ferle-Vidovi6~ D. Petrovi6~ Z. Vidi6~ M. Osmak~ I. Slaus and K. Kadija 

"Ruder Bo~kovi6" Institute ~ 41000 ZAGREB ~ Yugoslavia 

A series of experiments has been undertaken in order to test the biological properties of 

neutrons produced in the cyclotrone of the Institute "Ruder Bo~kovi6" (IRB) in Zagreb. 

Protective effect of AET (Z-amino ethyl-iso-thiouronium bromid hydrobromid) on survival 

of L cells irradiated by fast neutrons generated in the IRB cyclotrone were studied by 
employing the single cell clonal growth method. For comparison the protective effect of AET 

after gamma irradiation has also been studied. The most important findings that have emerged 

from these experiments can be summerized as follows: (I) Protective effect of AET was 

present after gamma irradiation only. (2) The amount of protection was dependent on AET 

concentration in the growth medium. (3) No protective effect was found after neutron 

irradiation. These findings are in agreement with the generaly less efficient protection of 

this compounds after high-LET irradiation. 
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1 C - 4  
Thlopyronln-sensitlzed Photodynamlc Effect on RNA-and Prote~n Metabolism in Yeast 

N. K~ufer, S. Sch~)tze, C. Kreutzfeldt and E.-R. Lochmann 

Institut fur Biochemle und Molekularblologie, Frele Universit~t Berlin ,D] Berlin 33,Germany 

We describe here the efficiency of the photodynamlc effect with thlopyronin on RNA and protein 

metabolism in vivo in yeast ceils. 

fn photodynamlcally treated cells synthesis of new free and membrane bound ribosomes is inhibited, 

but there is only a slight influence on polyA-mRNA synthesis. We find that the relative amount of 

polyA-mRNA in the membrane [raction does not change compared tount reatedcontrols, while binding 

of polysomes on membranes seems to be prevented. The protein synthesis in vivo is inhibited immediat- 

ly. After irradiation with low dosls of visible light and af`ter a certain time of reactivation one can 

find an increase of po~somal polyA-mRNA and ribosomes on the membrane. The longer the time of 

reactivation the more ribosomes are to be found attached to the membranes. This event obviously 

indlc,ates relnltiation of protein synthesls.At that time synthesis of new free ribosomes starts. 

These results affirm that RNA synthesis in the nucleus is not directly photodynamically inhibbed ,but 

the inhibition of ribosome synthesis may be due to the inhibition of protein synthesis. 

According to these and other results , we can say that thlopyronin instead of furocoumar~ns can be 

recommended as a non-mutagenic and non-cancerogenlc compound in skin therapy. 

1 C - 5  
Studies on the repair defect(s) of Ataxia telangiectasia cells. 
G.P. van der Schans, H.A. Centen, P.H.M. Lohman 

Medical Biological Laboratory TN0, Rijswijk, The Netherlands 

Primary fibroblasts derived from patients suffering for the hereditary disease, ataxia 
telangiectasia (AT), are abnormally sensitive to ionizing radiation and have been claimed 
to be deficient in repair of damage in DNA; e.g., Paterson et al. found some AT-strains(ex-) 
partially defective in repair replication after anoxic y-radiation; other AT-cells were 
normal. We have initiated a study with AT and normal oells on the molecular processes 
involving DNA damage and repair. 
Paterson et al. have developed a method to measure the number of y-ray induced lesions 
in DNA of mamalian cells, by treatment with damage-specific endonucleases (or glycosylases) 
present in extracts of Micrococcus luteus. With this method the removal of these lesions 
was studied in normal and AT3BI cells, but no difference in the rate of repair was ohserved. 
AT cells show an increased level of both spontaneous and radiation-induced chromosome 
aberrations; possibly this might be due to a (partial) deficiency in the repair of single- 
and/or double-strand breaks in DNA. Since the effects may involve only a small fraction 
of the breaks, in our recent studies much effort has been given to measure single-strand 
breaks with high accuracy~ They were determined after moderately high doses (2-15 krad) 
of y-radiation and after low doses (up to 400 mad), following various post-irradiation 
incubation p~eriods. After 2-15 krad, in normal human fibroblasts, a rapid and slow repair 
of single-strands breaks could be distinguished, representing two different types of 
lesions. It appeared that the induction of the rapidly repaired single-strand breaks can 
be prevented by the presence of cysteamine during irradiation. Both types of single-strand 
breaks were also observed in irradiated AT=cells ; they were repaired at the same rates 
as in normal cells. 
After irradiation at doses up to 400 rad, in normal cells more than 50 percent of the 
radiation induced single-strand breaks was repaired within 2 minutes after irradiation, 
whereas preliminary results with AT-cells indicate that here some 3-6 minutes are needed 
to reach this percentage. 

Ref. : Paterson M.C., B.P. Smith, P.H.M. Lohman and A.K. Anderson 
Nature, 260 (1976) 444-447 
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Cell cycle kinetics of svnchronous and asynchronous tumour cells in vitro after 
irradiation with x-rays and ~-particles during the cell cycle. 
Analysis of flow microfluorometric data. 

Dr. ~<ichael NHsse 

~sellschaft fdr Strmhlen- und Umweltforschung 
Paul-Ehrlich-Str. 15, 6000 Frankfurt/M-70, ~rmany 

1 C - 6  

Sync_hronous E.hrlich ascites tumour cells in vitro were irradiated with x-rays and 
~-particles at various ooints in their cell cycle. The radiation-induced oerturbation 
of the cell cycle during the following two generations was measured by the method of 
flow micro[!uorometrll. The main effects after irradiation were a small retardation of 
S-ohase and the well known G2-block, de?ending both on dose and time of irradiation 
durinq the cell cycle. Retardation of S-phase was mi~limal after irradiation dttrin7 
q]- and early S-ohase but increased after irradiation durin~ late S-nhase. The duration 
of the G2-block, corrected by retardation of S-ohase, was small and r~mained constant 
after irradiation during GI- and S-ohase but increased after irradiation durin~ q2-o_hase. 
Both effects could be observed with x-rays and ~-particles. The RBE for both effects 
v~s RBE = 3.5. 
The relative number of cells in the q]-, S- and q2+M-ohase from microfluorometric data 
after irradiating synchronous and asynchronous cells could be described by a simple 
_mathematical model. Parameters of this model were the cell cycle dependant retardations 
of the different phases and the dose dependant number of cells which do not divide after 
irradiation. 
The oossible relevance of cell cvcle kinetics in the survival of cells and on reoair 
of PLD during the cell cycle will be discussed. 

IC-7 
ALTERATIONS IN LECTIN-BINDING CAPACITY OF ~A~MALIAN CELLS UPON IONIZING 
RADIATION 

Tamara KUBASOVA, L.P. VARGA and G.J. KOTELES 

'Fr6d@ric Joliot-Curie" National Research Institute for Radiobiology and 
Radiohygiene, H-1775 Budapest, Hungary 

Earlier we have already demonstrated that human fibroblasts /WI 38 cell 
line/ had bound more 9H-concanavalin A in the first hours after 
X-irradiation than the non-irradiated controls. The phenomenon proved 
to be dose-dependent. Recently, the radiation-induced changes of the 
lectin-binding capacity of plasma membranes of various blood cells from 
irradiated mice and from human blood irradiated in vitro were studied. 
The unirradiated erythrocytes, lymphocytes and platelets bind the lectin 
in increasing rate of this order, respectively. In addition, 
age-dependency in lectin-binding of the different subpopulations of 
erythrocytes and platelets was observed, lonizing radiation in the dose 
range of 0,25 to 3,5 Gy revealed the similar effect as for the cultured 
cells, i.e. very early, temporary and dose-dependent changes in the amount 
of bound radiolabelled lectin. Sensitive alterations were also detected on 
CHO cells during continuous exposure to tritiated water and 3H-thymidine. 
- As the lectin-binding technique may provide a practical method for the 
early indication of the extent of reaction in irradiated organisms, 
investigations were made to fix the supramolecular structure of plasma 
membranes in the various phases of the development of altered receptor- 
function by applying glutaraldehyde. The experimental data on these 
observations will be presented. 
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1C-8  
RADIOGENIC DISSOCIATION OF MOST TIGHTLY BOUND CHROMATIN PROTEINS OF EHRLICH 
CARCINOMA CELLS 

Peter P. Juhasz A, Nikolaj P. Sirota + and Ajub I. Gaziev + 

ABiology Department Univ. Med. School H-7643 PECS, Hungary and 
+Institute of Biological .Physics, Acad. Sci. USSR Pushchino, Moscow 
Region, SU-142292 

Eukaryotic chromatin contalns a small group of nonhistone proteins, which 
are extremely tightly (posslble covalently) bound with DNA. X-irradiation of 
Ehrlich ascites carcinoma cells (5-20 Gy) leads to the dissociation of these 
proteins from DNA. DNA-protein crosslinks can be observed at supraletha] 
doses of gamma-irradiation only. 

1C-9  
The i n f l u e n c e  o f  _~ccabinofuranosyl n u c l e o s i J e s  on the  r e ~ a i r  o f  PLD ~ ~ T - c e l l s .  
~org lliakis 

~sellschaft for Str~hlen und Umweltforschung 
D-6000 ~rankfurt a!~l 2~in, W. ~rmany. 

~rabinofuranosyl nucleosides (B-ar~tA and B-araC) have been found to be potent irrhibitors of 
DNA synthesis.This inhibition takes o!ace via inhibition of ~I-[A dependent D?~ oo!ymerases 
and B and is competitive with respect to dATP and dCTP respectively. 
We _have studied the action of these drugs on the radiation sensitivity of a line of F~AT-cells 
grown in suspension.Experiments have been performed when the cells J%ere in the plateau pha- 
se of growth where they show the highest ability to reoair potentially lethal damage (PLD) . 
This was measured by keeping the cells after irradiation in the plateau phase for some hours 
before dilution and p!atinq in fresh medittm to measure the survival.Complete irLhibition of 
the repair of PT/3 (detected by delayed plating) by 12 ,~M B-araA was found.At higher concentra- 
tions a further decrease in survival was observed oressumably due to additional inhibition 
of re~air orocesses which would normally take place in cells olated immediately after irra- 
diation.Since this Jamage is also lethal if unremairefl it can be classified as potentially 
letI%al.This additional repair inhibition results in a decrease of the shoulder width of the 
survival curve (Do remaining unchanged) ,a finding indicating that the shoulder is probably 
oroduced by some remair of potentially lethal damage.Eventually exoonential curves were ob- 
tained at high concentrations of B-araA (120 ~M). 
If the drug was added various times after irradiation at a concentration of 120 ZM it was 
found to inhibit the repair of lesions which were unremaired at the time of its addition. 
The kinetics of the repair orocesses responsible for t/%e formation of the shoulder could be 
estimated in this way.The repair took place with a time constant (ts0) of about one hour.It 
showed a tesnnerature deoendenee,which indicates its enzymatic nature. 
The high specificity of the action of B-araA, exclusively restricted to the D~A polymerases, 
and its highly inhibitory activity on the repair orocesses taking place in cells after irra- 
diation indicate that DNA polymerization is required for these re~air processes. 
Oualitatively similar results have been obtained with B-araC too, whereas ~-araA was found 
to be completely inactive. 



298 

1 ¢ - 1 0  
I n f l u e n c e  of  exogenous DNA on m i t o t i c  cyc le  of  c e i l s  damaged by r a d i a t i o n  
and o the r  mutagens 

K a r p f e l  Z. and ~ lo tov~  3ana 

I n s t i t u t e  of B iophys ics ,  Czechoslovak Academy o f  Sciences,  Brno, 
Czechos lovak ia  

Time parameters of m i t o t i c  cyc le  of  i r r a d i a t e d  meristem c e l l s  were s tud ied  
and the p o s s i b i l i t i e s  f o r  t h e i r  m o d i f i c a t i o n  by p o s t i r r a d i a t i o n  t rea tment  
w i th  syngeneic DNA were assessed. A p o p u l a t i o n  o f  V i c i a  faba p r imary  roo t  
meristem c e l l s  x - i r r a d i a t e d  w i th  1.5 Gy was used f o r  these s t u d i e s .  The i r -  
r a d i a t e d  roo ts  were grown in  tap water  and in  a lO /ug /m l  s o l u t i o n  o f  syn- 
geneic DNA. For de te rm in ing  d u r a t i o n  o f  the i n d i v i d u a l  c e l l  cyc le  phases 
the method o f  accumula t ion  of  d i p l o i d  and t e t r a p l o i d  metaphases at  v a r i o u s  
i n t e r v a l s  a f t e r  a 30-min t rea tment  w i th  0 . 1 %  c o l c h i c i n e  was used. The 
m i t o t i c  index and f requency of  i n d i v i d u a l  m i t o t i c  phases were determined in  
p a r a l l e l  exper iments .  Dura t ion  o f  one m i t o t i c  cyc le  in  c o n t r o l s  at 20 °C 
was found to be 15 h 5.88 mino A f t e r  i n  v i v o  i r r a d i a t i o n  o f  c e l l s  w i th  1.5 
Gy the m i t o t i c  cyc le  was pro longed b y ~ l / 2 ,  thus e q u a l l i n g  23 h 11.20 
min. Due to  p o s t i r r a d i a t i o n  t rea tment  w i th  syngeneic DNA the m i t o t i c  cyc le  
was p r a c t i c a l l y  balanced w i th  the c o n t r o l  v a l u e ,  l a s t i n g  15 h 56.27 min. 
Basing on accumula t ion  o f  d i p l o i d  C-metaphases the ra te  o f  e n t r y  o f  c e i l s  
i n t o  d i v i s i o n  was determined and d u r a t i o n  o f  the a c t u a l  m i t o s i s  and o f  i t s  
i n d i v i d u a l  phases was c a l c u l a t e d .  I r r a d i a t i o n  of  meristem c e i l s  was found 
to r e s u l t  in  a p r o l o n g a t i o n  o f  not on l y  the leng th  o f  m i t o t i c  cyc le  
( 1 . 5 4 x ) ,  but a l so  o f  the l eng th  of  m i t o s i s  (2 .34x)  and o f  the i n te rphase  
( 1 . 4 4 x ) .  Of the i n d i v i d u a l  m i t o t i c  phases i t  was p r i m a r i l y  the prophase 
tha t  was pro longed ( 2 . 5 1 x ) .  In  the e x p e r i m e n t a l  group t r e a t e d  w i th  syn- 
geneic DNA a f t e r  i r r a d i a t i o n ,  both the d u r a t i o n  o f  the m i t o t i c  cyc le  and 
the l eng th  of  the a c t u a l  m i t o s i s  receded back to  c o n t r o l  va lues .  

Analogous assessment of  the r e p a i r  e f f e c t  o f  syngeneic DNA was made in  the 
case of  i t s  a p p l i c a t i o n  to a c e i l  p o p u l a t i o n  damaged by chemica l  mutagens. 

l C - l l  
Rabbit Skin Tissue Culture, A New Biologic Model. 

J.H.Biesta and I.Kazem 

St. Radboud Hospital, 
Nijmegen, Holland 

Skin stripped off rabbit's ear is cultured for 4 days at 37 °C. The stripps are prepared in 
small rectangular partions and placed on glass rods in culture medium. Epidermal cells of 
the skin specimens grow in culture over the subdermal layer. Irradiated skin stripps are 
grown in culture with non irradiated partions as control. The extent of epidermal growth is 
dependant on the dose. Irradiation is given in-vivo, as in vitro. The system has the advan- 
tage that it tests primary radiation reaction in a quasi in-vivo situation, vascular effect 
is thus eliminated. Dose/time relations are tested, other possibilities are discussed. 
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1C-12-14 Transplantation and Immunology 

1C-12 
SUCCESSFUL TREATMENT OF LETHALLY IRRADIATED RHESUS MONKEYS BY BONE MARROW TRANSPLANTATION 
ACROSS MAJOR HISTOCOMPATIBILITY BARRIERS. 
G. Wagemaker, E.P. Walma, H.M. Vriesendorp, P.J. Heidt, D.W. van Bekkum, C. Zurcher and 
H. Balner. 
Radiobiological Institute, Institute for Experimental Gerontology and Primate Center, The 
Health Organisation TNO, P.O. Box 5815, 2280 HV Rijswijk, The Netherlands. 

A major limitation to the treatment of radiation victims by bone marrow transplantation is 
the risk of Graft-versus-Host disease (GvHD), which restricts donor choice to siblings 
identical for the major histocomp~tibility complex (MHC). These are only available in about 
30% of the cases. Studies in rodents and monkeys have shown that acute GvHD can be pre- 
vented by elimination of immunocompetent lymphocytes from the graft. In mice, delayed GvHD, 
evoked by lymphocytes which develop from dnnor precursor cells, can be further mitigated by 
prior elimination of the gastrointestinal microflora of the recipients. In a study with 
rhesus monkeys various donor/recipient combinations were investigated for take and re- 
sulting GvHD after transplantation of stem cell enriched, lymphocyte depleted bone marrow 
fractions, prepared by density gradient centrifugation. All monkeys were given total body 
irradiation (TBI; 850 cGy, 300 kV X-rays) and kept under reversed barrier nursing during 
the aplastic phase. Under these conditions the effect of matching for MHC-products could be 
clearly demonstrated. No take failures and no GvHD occurred in recipients of stem cell 
fractions from MHC-identical sibling donors, while only 40% of the recipients of stem cell 
fractions from unrelated mismatched donors showed a take, resulting invariably in lethal 
GvHD. (Half)sibling donor/recipient combinations mismatched for one MHC-haplotype gave no 
better results than unrelated mismatched controls. In unrelated monkeys, matching for the 
MHC A/B-locus antigens both improved takeability and decreased the risk of GvHD. Matching 
for MHC D-locus products had no beneficial effect. It was subsequently demonstrated that 
the effect of MHC-differences on takeability could be abolished by giving TBI in two frac- 
tions of 700 cGy X-rays, separated by 72 hours. The effect of MHC-differences on delayed 
GvHD could be largely eliminated by gastrointestinal decontamination of the recipients. If 
decontamination was added to the protocol of stem cell fractions from unrelated A/B-matched 
and haploidenticai sibling donors the monkeys showed no or transient signs of GvHD (n = 5) 
and survived recontamination as stable chimeras up to more than 2 years. These results 
indicate that bone marrow transplantation across MHC barriers in an outbred species like 
man does not result in lethal GvHD if the graft is depleted from immunocompetent lympho- 
cytes and the recipient subjected to gastrointestinal decontamination. 
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I C - 1 3  

Genetic control of the radiation-induced enhancement of the immune response. 

H.BAZIN 

Experimental immunology unit, university of LOUVAIN, clos chapelle aux champs, 30, 

Brussels 1200, Belgium. 

The production of antibodies may be increased by a whole-body irradiation. 

Different mechanisms have been proposed to explain this phenomenom and, in 

particular, a preferential inhibition of the regulatory T suppressor cells. 

We studied rats from two inbred strains which, in the same experimental 

conditions, behave differently. A dose of 4 Gy was delivered by caesium source to the 

animals 48 hours before an intraperitoneal injection of 5 micrograms of 

dinitrophenylated ovoalbumin and i0 I0 Bordetella pertussis organisms. Antibody 

titres were obtained by the passive cutaneous anaphylaxis technique. 

LOU/M rats did not present any increase of antibody production after 

irradiation by comparison with the unirradiated controls. On the contrary, OKA rats 

~ave a radiation-induced enhancement of antibody production in the same experimental 

conditions. The same increase of antibody production was also found in (LOU/M x OKA) 

El hybrid rats, but not in the test cross rats LOU/M (LOU/MxOKA) N2 which displayed 

no enhancement. 

These results strongly suggest that the radiation-induced enhancement of the immune 

response is under a genetic control which we are presently studying. 

Zupported by Euratom contract 250-77. BIOB; Publication nO1679. 

RADIOSENSITIVITY OF HELPER T CELLS. 

G.Agarossi,L.V.Pozzi,C.Mancini,G.Doria. 

CNEN-Euratom Immunogenetics Group,Laboratory of Radiopathology, C.S.N. Casaccia 

Roma, ITALY. 

1C-14 

I r rad ia t ion  of HRBC-primed mice impairs the a b i l i t y  of t he i r  spleen ce l ls  to help the 

anti-TNP antibody response of syngeneic normal ce l ls  immunized in v i t r o  with TNP-HRBC. 

This rad iat ion e f fec t  on helper T cel l  a c t i v i t y  increases with time a f te r  in jec t ion  of  

HRBC. 

At d i f f e ren t  priming t imes,the curve describing the remaining helper a c t i v i t y  as a fun- 

ct ion of the rad ia t ion dose shows the presence of two components,one rad iosens i t ive , the 

other radioresistant .The rad iores is tan t  hel~peP T cel l  subpopulation decreases with time 

a f te r  priming. 

Cell separation and recombination experiments indicate that  the two T cel l  subpopulations 

in terac t  in the generation of helper a c t i v i t y .  

Experiments are in progress to assess the type of funct ional a l te ra t ions  resu l t ing from 

deplet ion of the rad iosensi t ive subpopulation of helper T ce l l s .  
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1 D - 1 - 1 4  Molecular Effects 

1D-1 
STRUCTURAL DEPENDENCY OF MEMBRANE LIPIDS WITH REGARD TO RADIOSENSITIVITY 

Mooibroek, J., and A.W.T. Konings. 

Laboratory of Radiopathology, University of Groningen, 
Bloemsingel i, Groningen~ The Netherlands 

in order to investigate the relative radiosensitivity of the most important naturally 
occurring fatty acids, model lipid systems were prepared and X-irradiated under different 
conditions. Liposomal and mieellar models have been used. The liposomes were prepared from 
phospholipids extracted out of biomembranes. The highest radiosensitivity of these liposomes 
was found at concentrations of about 0.5 mg lipid per ml. Micelles were investigated below 
and above the critical micell concentration (CMC). A sharp rise in radiosensitivity occurs 
above the CMC as is known from earlier studies. 
High oxygen enhancement ratios were obtained in both systems, especially at low dose rates, 
suggesting the operation of slowly progressing chain reactions initiated by ionizing 
radiation. 
All eis-S,8,11,14-eicosatetraenelc acid (20:q, arachidonic acid) and all cis-4~7,10,13,16, 
19-docosahexaenoic acid (22:6) were the most vulnerable species in the liposomal structures. 
When micelles prepared from pure fatty acids were used, it appe&red that eis,cis-9,12-octa- 
dienoic acid (18:2, linoleic acid) was most easily destroyed by X-irradiatiOno All cis-6,9, 
12-octadecatrienoic acid (18:3, y-linolenicacid) and arachidonie acid were more resistant. 
It was found that the fatty acids in mixtures (mixed micelles)had different radiosensitive 
properties as compared to the fatty acids structured in micelles of one species. 
It is concluded that the degree of unsaturation of a fatty acid is not necessarily 
determining the radlosensitivity of the individual fatty acid. Structural situations of the 
lipid in membranes, permitting different degrees of contact between the fatty acyl chains 
are probably very important for the propagation of the damaging radiation induced oxygen 
dependent chain reaction° 
In liposomes the phospholipids are structured in bilayers just as found in biomembranes. 
It is assumed that (20:4) and (22:6) are the most radiosensitive species in the biomembranes 
of living cells. 
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1D-2 
PERMEABILITY CHANGES OF THE PLASMA MEMBRANE OF TUMOR CELLS AFTER LOW DOSES OF IRRADIATION. 

Fonck, K. and A.W.T. Konings. 

Lab. of Radiopathelogy, University of Groningen, Bloemsingel i, 
Groningen, The Netherlands. 

Polyunsaturated fatty acids as arachidonic acid (20:4) and docosahexaenoic acid (22:6) 
were relatively vulnerable to X-irradiation compared to saturated fatty acids as measured in 
a model membrane system of liposomes (i). 

l__n rive experiments with lymphosarcoma-bearing mice show a rapid incorporation of intra- 
peritoneally injected radioactive labeled fatty acids in the tumor phospholipids. At 
different times after injection, the mice were irradiated with low doses of X-rays (5 Gy). 
A sharp rise in the specific radioactivities of the lipids in the subcellular fractions of 
the tumor cells was seen shortly after irradiation. Within one hour the increase was back 
to control level. A second dose gave a repeatable effect. Both fatty acids, [3H]-palmitic 
acid (16:0) and [lqc]-arachidonic acid (20:4), simultaneously injected, behaved in a similar 
way. Directly after irradiation the free fatty acids accumulate in the soluble fraction of 
the tumor cells. This temporarely increase took place before the rise in the specific radio- 
activities in the phospholipids of the membranes. So fam we conclude to a non specific in- 
crease in the plasmamembrane permeability of the tumor cells to both types of fatty acids 
after X-irradiation. 

In vitro incubations of the lymphosarcoma cells and also of lymphoma cells (L5178Y) at 
37°C with the labeled fatty acids mentioned, also showed that ~he specific radioactivity in 
the lipids was raised after X-irradlation, although less than found in rive. Also here, 
there was essentially no difference with respect to 16:0 and 20:4. When the tumor cells were 
incubated with radioactive fatty acids, washed and irradiated with 5 Gy of X-rays a de- 
creased label incorporation in the phospholipids was observed. Up to now these experiments 
lead us to the suggestion that the polyunsaturated fatty acids of the membrane phospholipids 
are well protected against low dose irradiations when the cells are held under proper 
nutritional conditions. This confirms recently obtained results on the protection against 
radiation induced lipid peroxidation in the liver cell membranes (2). The irradiation 
probably enhances temporarely the in- and outflux of metabolites such as fatty acids. The 
latter compounds seem to be rate limiting in the de novo synthesis of membrane phospholipids 
of these cells. 
i) Konings A.W.T., Damen J. and Trieling W.B., Int. J. Radiat. Biol., 35 (1979) 343-350. 
2) Konings A.W.TJ and Oosterloo S.J., Radiat. Res., 81 (1980) 200-207. 

1D-3  
Radi at i  on sensi t i  vi ty changes..assLoci ated w i th  membrane, fa.tt~ acid composition 
A.M. George, N.A~ Cramp and M.B. Yatvin. 
M.R.C. Cyclotron Unit ,  London, U.K. and Universi ty of Wisconsin Medical School, Madison, USA. 

We have invest igated the role of unsaturated fa t t y  acids in modifying the s e n s i t i v i t y  of  
bacter ia l  and mammalian cel ls  to ion iz ing rad ia t ion .  E. col i  KI060 an auxotroph unable to 
synthesize unsaturated f a t t y  acids was used to study the e f fec t  of membrane f l u i d i t y  on 
survival and DNA damage. Oleic and e l a i d i c  acids were incorporated into the bacter ia and 
the temperatures of  i r r ad ia t i on  chosen to give maximum dif ferences in survival between the 
' l i q u i d  c rys ta l '  and the 'ge l '  states. Maximum sens i t i za t ion  was achieved when the bacter ia 
were at ice temperatures at the time of i r r a d i a t i o n .  Both o le ic  acid and e la i d i c  acid 
grown bacter ia were able to repai r  DNA strand breaks equal ly as well down to background 
levels.  This extensive repai r  was seen a f te r  i r r a d i a t i o n  condit ions which gave very big 
di f ferences in surv iva l .  We conclude that  DNA breaks per se are not responsible for  ce l l  
death and possibly another v i t a l  macromolecule may be the s i te  of primary le thal  damage. 
A l te rna t i ve ly  misrepair  to the damaged DNA may be the event leading to cel l  death. 

We have in addi t ion changed the unsaturated fa t t y  acid composition of a lymphoid mammalian 
cel l  l i ne .  Cells were grown in medium from which the major i ty  of the l i p i d  had been 
extracted and replaced with one of a number of unsaturated fa t t y  acids. Unlike the results 
with bacter ia the increased content of these acids in the cel l  did not increase the sens i t i v -  
i t y  under oxygenated condit ions of i r r a d i a t i o n  but markedly reduced s e n s i t i v i t y  when 
i r r a d i a t i o n  was in anoxia. 
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EFFECT OF GAMMA-RADIATION ON MEMBRANE-BOUND RIBOSOMES ISOLATED 
FROM RAT LIVER 

~.Holland and L.K6r6si 

"Fr@d~ric 2oliot-Curie" National Research Institute for Radiobiology 
and Radiohygiene, Budapest, Hungary 

Autho rs  exposed i s o l a t e d  r a t  l i v e r  microsome and r ibosome suspens ion 
to  6OCo-gamma i r r a d i a t i o n  / 0 , 2 5  - 5 kGy/ i n  s i r  atmosphere and i n v e s t i -  
ga ted the aminoac id  i n c o r p o r a t i o n  a c t i v i t y  of  the p a r t i c l e s .  They s t a t e d  
t h a t  the s e n s i t i v i t y  of  r ibosome f u n c t i o n  to  r a d i a t i o n  changes both 
q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  i n  the presence of  e n d o p l a i m i c  r e t i -  
culum. The i nc reased  r a d i o s e n e i t i v i t y  of  t r a n s l a t i o n a l  r e g u l a t o r y  
f a c t o r s  a c t i n g  in  the membrane s i g n i f i c a n t l y  c o n t r i b u t e  to  the q u a l i t a -  
t i v e  change. 

The p a r t i c l e  c o n c e n t r a t i o n ,  the t empera tu re  and the f r ozen  o r  me l ted  
s t a t e  of  suspens ion du r i ng  e x p o s i t i o n  d e c i s i v e l y  e f f e c t  the r a t i o  
o f  r a d i a t i o n  induced i n a c t i v a t i o n .  

P r e l i m i n a r y  who le -body  i r r a d i a t i o n  d id  not change the s e n s i t i v i t y  of  
r ibosomes to  r a d i a t i o n ,  i n  v i t r o ,  The s e n s i t i v i t y  to  r a d i a t i o n  of  r i b o -  
somes i s o l a t e d  from v a r i o u s  roden ts  / r a t ,  mice,  r a b b i t ,  guinea p i g s /  
showed i n s i g n i f i c a n t  d i f f e r e n c e ,  w h i l e  t h a t  of  microsomes i s  s i g n i f i c a n t .  

H ic rosomes,  i s o l a t e d  from ma l i gnan t  t r ans fo rmed  l i v e r  c e i l s  of  r a t  
c a r r y  on p r o t e i n  s y n t h e s i s  more i n t e n s e  than t h a t  of  the norma l ,  showing 
however,  i n c r e a s e d  s e n s i t i v i t y  to  r a d i a t i o n .  

1D-5 
Effects of sublethal gamma irradiation and exercise on lipid peroxides and 
lipofuscin in rat liver and muscles. 
J.~onka, J.~ilhelm 
Laboratory for Endocrinology and i~etabolism, 128 21 Prague, Czechoslowakia 

Ionizing radiation is leading to the formation of lipid peroxides. The 
product of their decomposition, malondialdehyde (MDA), forms stable lipo- 
fuscin like pigments (LFP), noxious to cells. The effect of irradiation 
and of exercise on NDA and LFP content in liver and muscle was studied in 
view of the detrimental sequels of exercise performed on the 3rd postirra- 
diation day, as reported last year. 

FirsZ, we estimated LFP concentration in rat liver homogenate and mito- 
ehondria up to 18 days from whole body irradiation (400 R). in the homo- 
genate, LFP content increased abruptly by 50% of the preirradiatio n value 
during the ist postirradiation hour. A slow increase continued up to the 
7th postirradiation day (200~) and then slowly decreased (160%) above the 
controls on day 18. LZP in mitochondria increased during the ist h. after 
irradiation also by about 50% but since then, L~'P steadily decreased to 
reach 54% of initial value on day 18. 

Next, iZDA and LFP were estimated in rat liver and skeletal muscles, sam- 
ples of which were obtained from control animals,30 min. after swinmling 
for 30 min., 30 min. after irradiation and from rats forced to swim on the 
3rd postirradiation day. Liver MDA increased significantly in swimming 
(65%) or irradiated (60%) rats, while the combination of these factors led 
to a non-significant increase (27~). Liver L~P increased to a smaller ex- 
tent in all groups. In muscles of swi~-~ing rats LIDA increased by 17~% and 
in irradiated animals by 300% of control level. Liuscle LFP produced a 
slight increase in swimming or in irradiated rats ana the combined regimen 
presented a still smaller increase. 

These results suggest that i/ liver concentration of iiDA is proportiona- 
te to LFP deposits 2/ in muscles, exercise as well as irradiation produce 
large ammounts of MDA with a lower transformation into L~'P 3/ the combina- 
tion of exercise and irradiation produces less LFP in comparison to the 
isolated effects of these loads. 

Rndiatlnn snd EnviromentAl Bionhwics 
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1D-6  

)IOCHEMICAL AND PHTSICO-CHEMICAL CHANGES O~ THE MEMB~S AFTER 
IRRADIATIC~ AND POSSIBILITY GF THEIR REPARATION 

E.~.]urlakova, G.A.Arkhipova, Institute of Chemical Physics,Academy of 
Sciences ef USSR, Moscow, USSR. 

The X-ray irradiation causes the regular changes of composition 
amd structural viscosity of membrane lipid,connected with the rate of 
their peroxidate intensification under irradiation fecilitates the remo- 
vel of lipids from the membrane, decreases concentration of less oxidable 
fraction of phospholipids and makes phospholipid phase more rigid. 

By methods thin-layer and gas-liquid chromatography the qu~atitative 
content of the liver microsomal ~ipids of irradiated mice with the antioxi- 
dant was stadied. The decrease in lipid oxidative reactions (antioxidanL) 
was foumd to resalt in the increase of the phosphatidylserin and phospha- 
tidylinositol content in cell membranes. These lipids were most ~saturat 
and most oxidabl~ The addition of antiosidant in vivo and in vitro was 
found to extrusion of these fractions from the membranes and to decrease 
in their proportion. It suggests that the oxidable lipids have the advan- 
tage in the utilisation and exchange rate and the interraction with the 
lipid carrying protein as compared the unoxidable lipids. 

In earlier peroods after radiation we obserwed a correlation between 
the changes of activity and cooperative properties of membrane-bomnd 
ensymes and the content of lipids- their allosteric effectors, which may 
be important for X-ray disease. Synthethic antiosidant, intribiting lipid 
oxidation normalise membrane lipid composition and thus recover the 
functional activity of the membrnae.6The reparation of the membrnae in 
shown to be significant for cell and organism survival. 

1 D - 7  
FURTHER INVESTIGATIONS ON THE INTERACTION OF GLUTATHIONE WITH ORGANIC 
RADICALS. 

M. Tamba, G. Simone - Laboratorio FRAE, CNR, Bologna, Italy 
M. Quintiliani, Laboratorio TBM, CNR, Roma, Italy 

Previous observations on this subject have shown that reduced glu- 
tathione (GSH) can repair OH-induced hydroxyalkylradicals by a hydro- 
gen transfer mechanism. At fixed GSH concentration and radiation dose, 
the per cent repair appeared to be constant with different concentrations 
of single aliphatic alcohols, where the repair was always complete and 
carbohydrates, where the repair was less than 100%. Moreover the rate 
constant for the repair reaction for carbohydrates, which according to 
the mechanism should be first order in GSH, showed significant deviations 
from the theoretical kinetics. 

Such deviations have been now shown to be mostly apparent due to the 
characteristics of the kinetics of GSSG formation, either directly from 
GSH radiolysis, or from the repair reaction. In particular it appears to 
be important to take into account competing radical-radical reactions 
influencing the observed yield of repair. 
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1D-8 
Activity of Prostaglandin-synthetase in the Liver, Brain and Testis of F l- 
mice (CBAxC57rl) ofter ~-irradiation 

E.F. Romantzev, T.I. Nikandrova, Z.I. Zhulanova 
Institute of Biophysics 
~{oscow, USSR 

Activity of microsomal prostaglandin-synthetase in the liver, brain 

and testis supernatants at various time after irradiation of mice with 

lethal dose C950 r) was studied. Microsomes and supernatants were incu- 

bated with IJL!C arachdonic acid, labeled products were extracted by 

ethylacetate and analyzed by thin-lower cl~omatography. Activity of en- 

zyme was evaluated by the amounts of prostaglandins F2o ~ and E 2 synthe- 

tized.~5 min after irradiation of mice the activity of enzyme in the 

tissues was increased. At later times (60 min, 6,24,72 hrs) the activity 

of enzyme in the liver and testis was decreased and in the brain was 

sharply increased. Possible role of hypophysis-adrenal system and of 

endogeneous inhibitors of biosynthesis in activation and inhibition of 

enzyme activity was discussed. 

1D-9 
EFFECT OF IONIZING RADIATION ON ACTIVITY OF ADENYLATE CYCLASE IN LIVER OF RAT EMBRYOS 

Slozhenikina L.V., Ushakova T.E., Mikhailetz L.P., Kuzin A.M. 

Institute of Biological Physics of the USSR Academy of Sciences, Pushchino, 
Moscow Region, 142292, USSR 

A comparative study of the effect of ionizing radiation on basal and 
catecholamine-stimulating activity of adenylate cyclase (ATP pyrephosphate- 
lyase (cycling), EC 4.6.1.1.) (AC) in liver of 20-day rat embryos under in 
vivo and in vitro conditions (a membrane fraction and plasma membranes) has 
been made. 

The activity of basal AC is found to increase after exposure of the 
membrane fraction or embryos to 2.5 Gy of y-rays. No changes in the activity 
of the enzyme are observed after irradiation of isolated plasma membranes 
under similar conditions. The share of the mitochondrial fraction in the ra- 
diation effect of AC activation is shown~ The contribution of the indirect 
effect of radiation to modifying of the AC activity is discussed. 

y-irradiation of isolated plasma membranes with doses 100-1000 Gy is 
shown to inhibit the AC activity~ This effect is more pronounced when AC is 
stimulated with isoproterenol. Indirect data suggest that the observed 
inhibition of AC activity may be due to radiation-induced changes in the 
lipid phase of membranes. 
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1D-10 
Reduction reactions with native and irradiated proteins. 

H. Schuessler and J. V. Davies 

Institut for Radiologie der Universit~t Erlangen-NHrnberg, 
Er langen, W-Germany 
and 2aterson Laboratories, Christie Hospital and Holt Radium Institute, 
Hanchester, England. 

The rate-constants for the reaction of the hydrated electrons with native 

bovine serum albumin (bSA) were measured at different pH-values and in the 

presence and absence of formate and ethanol. Preirradiation of bSA in the 

absence of scavengers does not produce a change of the rate-constant, but 

in the presence of ethanol and formate the reduction became faster with the 

preirradiation dose. The electron transfe~ from formate radicals to the di- 

sulfide bridges of native bSA is only 10 times slower than the reduction 

by eaq , while with native ribonuclease (RNase) the velocity of these two 

reactions differ by two orders of magnitude. In both cases with bSA as well 

as with RNase the reduction reaction became faster with the preirradiation 

dose. Especially with bSA there is a great increase of the yield of S-S- 

radicals after preirradiation. Though the redox potentials of formate and 

ethanol radicals are very similar, the reactivity of the ethanol radicals 

is comparingly low, but it is also increased by preirradiating the proteins. 

1D-11 
RADIOLYSIS OF TYROSINE,  GLYCYLTYROSINE AND P O L Y - T Y R O S I N E  
IN ALKALINE SOLUTIONS 

G r z e g o r z  Boguta and Antoni  M. Dancewicz  

Institute of Nuclear Research, Dept.of Radiobiology and Health Protection 
Dorodna 16, 03-195 Warszawa, Poland 

We have shown previously that radiolysis of water solutions of tyrosine and 
glycyl-L-tyrosine at pH lower than that of OH group ionization in the absence of 
oxygen results in dityrosine formation. Present communication summarizes results 
obtained during radiolysis of free and peptide-bound tyrosine /glycyltyrosine and poly- 
-tyrosiae/ in alkaline water solutions, pH>~10. S at concentrations equivalent to 
2.10-3M of tyrosine. Samples saturated with nitrogen, N2 O or air, were irradiated 
with 60Co gamma rays at the dose rate of 160 cGy. s -I. Radiolysis products were 
separated by gel fiitration and were analysed with amino-acid anaiyser. Absorbance 
and fluorescence spectra were also measured. The results obtained demonstrate that 
at pH higher than 10.8 radiation-induced dityrosine structures are formed mainly 
when solutions are oxygenated. The radiation yield of dityrosine at these conditions 
is much higher than in deaerated, neutral or acid solutions. 
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1D-12 
EXPERIMENTAL DATA ON BIOCHEMICAL INDICATORS OF RADIATION INJURY IN MAN 

L.D.Szab@, A.B.BenkS, P.Keresztes, A.Ferencz*,T.Predmerszky 
"Frederic Jollot-Curie" National Research Institute for Radiobiology and 
Radiohygiene, Budapest, and 
*Health Service Station of District Kom~rom, Tatab~nya, Hungary 

Present investigations are based on the methodology and experience of previ- 
ous experiments on rats. Human control urinary pseudouridine and deoxycyti- 
dine excretion values were determined in more than i00 healthy subjects (age 
between 18 - 30)using HPLC separation. Mean normal values for pseudouridine 
were found to be slightly above literature data (160 - 270 ~mol/L). The dis- 
tribution of excretion values showed three maxima representing three dis- 
tinguishable sub-population of the subjects. No significant differences in 
excretion values were found according to sex or age. These findings lead to 
the conclusion that diagnostic use of the examined parameters invariably re- 
quires the knowledge of the actual individual control level. 
Excretion of the two mentioned nucleosides was followed in more than 30 bre- 
ast cancer patients during a postoperative X-ray therapy. These patients are 
supposed not to have malignant cells to such an extent that they would be 
able to alter significantly the excretion pattern of nucleosides. 
Therapeutical irradiation was performed with 200 kV, 20 mA X-rays filtered 
by 0.5 mm Cu, in three sets, with 3 and 6 months' interruptions, of 5-10 ir- 
radiations each. Applied doses were between i0 and 20 Gy per set, and 4 sam- 
ples were taken during each set including self-control. Excretion values are 
found to be elevated in irradiated patients; the extent and the tendency of 
the increase are expected to be of prognostic value. 

I D - 1 3  
THE EFFECT OF IONIZING RADIATION ON THE TRANSPORT OF CALCIUM IONS IN MITOCHONDRIA 

Medvedev B.I., Gogvadze V.G., Kuzin A.M. 

nstitute of Biologica] Physics, Acad. Sci. USSR, Pushch no 

The influence of radiation on the Ca 2+ ion transport in the mitochondria 
solated from the rat liver 24 hr after y-radiation of animals with 1000 r 
s studied. It is found that the character of the registered changes of Ca 2+- 

transporting systems in the mitochondria of irradiated animals strongly 
depends on the time of storage of the isolated mitochondria. Radiation causes 
a disturbance in the function of Ca2+-transporting systems which is reflect- 
ed by changes of the following parameters: 

I) Ca2+-capacity (maximal amount of Ca 2+ ions accumulated by mitochondria) 
immediately after isolation exceeds the control value, 5 hr after it returns 

8 hr after it decreases by 15-20% as compared to to the control level and 
the control; 

2) the time of Ca 2+ r 
chondria, increases two- 
approaches the normal va 
contro]; 

3) the rate of the Ca 
animals is lower than in 

etention in a matrix, right after isolation of mito- 
fold as compared to the control, 2 hr after it 
lue and 4 hr after decreases by 20-25% as to the 

2+-H+ ion exchange in the mitochondria of irradiated 
the control, but then it shows gradual increase and 

8 hr after it exceeds the control by 20-25%; 
4) the radiation does not practically affect both the content of endo- 

genous calcium in mitochondria and the efflux of endogenous calcium from 
mitochondria under the conditions of the membrane potential being decreased. 
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1D-14  

THE y-INDUCED DEMETHYLATION OF THYMINE IN AQUEOUS SOLUTION AND IN THE 
SOLID STATE 

O. Merwitz 

Institut fir Chemie der Kernforschungsanlage J~lich GmbH, 
Institut I: Nuklearchemie, D-5170 J~lich, Postfach 1913 

Evidence is presented for the y-induced demethylation of thymine in aqueous 
solution and in the solid state. 
The demethylation of solid thymine was measured qualitatively and quantita- 
tively with specially purified thymine-(methyl-C-14). Analogous experiments 
with thymine-(methyl-3-H) and radio-gaschromatographic analyses provided 
proof for the formation of molecular hydrogen and methane. 
The cleavage of methyl groups from thymine in aqueous solution depends on the 
concentration and on the dose rate. Here, methanol und methane were found 
radio-gaschromatographically. 
The dose-independent G-values for the demethylation of thymine in aqueous 
solution are essentially smaller than the dose-dependent G-values for the 
demethylation of solid thymine. This surprising fact is probably due to the 
direct action of radiation on the C5-C 7 bond of thymine in aqueous solution. 
Irradiations in the presence of radical-scavengers could test this assumption. 
The attack of the methyl group by the water radicals seems only to induce the 
formation of hydroxymethyl-uracil. 
The cleavage of methyl groups from thymine leads primarily to uracilyl-5- 
radicals, which can react with hydrogen atoms to form uracil. The formation 
of the RNA-base uracil from the DNA-base thymine is an important change in 
the DNA-code. 
The results are discussed in connection with ESR-spectroscopic studies, and 
with respect to the dehalogenation of halouracils. 
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2 A - 0 - 8  Effects on D N A  

2 A - O  
CHEMICAL NATURE AND BIOLOGICAL SIGNIFICANCE OF DNA D ~ G E  CAUSED BY IRRADIATION IN VITRO 
H. Loman 

Physics Laboratory of the Vrije Universiteit, De Boelelaan 1081, Amsterdam 

Irradiation of DNA in aqueous solution and subsequent analysis of the damaged macromolecules 
provided a wealth of information on the chemical nature of the damage in terms of base and 
sugar modifications. However, relatively little is known about the biological 
consequences of specific chemical alterations. Some recent work in this field will be 
discussed; both inactivation and mutation will be considered. 
Also the effects of a few sensitizing and protecting compounds present during irradiation 
will be discussed. 
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Rate of Strand Break Formation in Poly-Uridylic Acid Induced by OH Radicals in Aqueous 
Solution 

2 A - 1  

E. Bothe and D. Schulte-Frohlinde 

Institut f~r Strahlenchemie im Max-Planck-Institut fur Kohlenforsehung, Stiftstr. 34-36, 
D-4330 M@lheim a. d. Ruhr, West Germany 

The reaction of OH radicals with the potassium salt of poly-uridylic acid (poly U) in 
aqueous, 02 free, N20 saturated solution was studied measuring the change of conductivity 

as a function of time after application of an electron pulse (l ps), and after 60Co- 7 irra- 
diation. The results obtained varying dose and dose rate show that the reaction with OH leads 
to an increase in conductivity with first order kinetics. The rate constant at 18 °C and pH 7 

is k = 0.67 s -I (activation energy = 12 kcal/mol and frequency factor = 3 x 1010 s-i). Sur- 

prisingly this increase in+conductivity is due to an increase in free potassium ion concen- 
tration as measured by a K sensitive electrode and not to a change in pH. As is shown by 
the effect of scavengers (tetranitromethan and p-benzoquinone) on the kinetics it is the 
lifetime of poly U radicals and not the diffusion of degradation products of poly U which 
governs the rate of the conductivity increase. 

The rate determining step is proposed to be the formation of main chain breaks (strand 
breaks) of poly U which causes a shift in the equilibrium between free and poly U bound K + 
ions. In analogy to the mechanism for single strand breaks in DNA (i) it is postulated that 
it is mainly the C-4' radical in poly U which leads to chain breaks by a cleavage of the 
sugar-phosphate bond. The pH dependence of the rate of the conductivity increase is in 
agreement with this view. 

(i) Miral Dizdaroglu, Clemens von Sonntag and Dietrich Schulte-Frohlinde 
J. Amer. Chem. Soc., 97, 2277 (1975). 

D. Schulte-Frohlinde, Proc. 6th Int. Congr. Rad. Res., Ed.: S. Okada et al., 
Tokyo: Maruzen 1979, p. 407-422. 

2 A - 2  
Charge migration in rigid DNA-water systems; a pulse radiolysis conductivity study. 

M.P. de Haas, D. van Lith, J.M. Warman, A. Hummel, J.B. Verbern*, and H. Loma~ . 
Interuniversity Reactor Institute, Mekelweg 15, Delft and 
*Biophysics Dept., Free University, De Boelelaan 1081, Amsterdam, The Netherlands. 

The conductivity resulting from pulse-irradiation with 3MeV electrons of concentrated DNA- 
water mixtures has been studied at nanosecond timescale over a temperature range of -20 to 
-120°C, using the microwave absorption method. 

In a sample of NaDNA (calfthymus, mol.wt. 2 x 107) which contained 110 molecules of 
water per nucleotide, the product of the free ion yield (G) and the mobilities of the 
charge carriers (D) was found to decrease only slightly with decreasing temperature. A 
value of G~ = 3 x 10-4(+ 40%) mZV-is-1(lO0eV -I) was calculated from the conductivity sig- 
nal at -40oc. The time dependence of the conductivity signal showed a combined pseudo 
first order (trapping) and second order (recombination) decay. The trapping rate constant 
at -40oc was found to be approximately 1.5 x 107 s -~. 

On reducing the water content to 15-20 molecules of water per nucleotide (i.e. 50% 
w/w water) the GD-value dropped by a factor of 2 while the trapping rate at -40°C in- 
creased by a factor of ten. In a sample which contained about ten molecules of water per 
nucleotide no transient conductivity could be detected, which means that the signal was 
at least a hundred times smaller than in the more hydrated samples. 

At -40oc a value for G~ of 4 x 10 -4 m2V-Is-l(100eV) -I has been reported for pure ice, 
where the electron has been shown to be the major charge carrier. Comparison of this value 
and the values mentioned above suggests that the conductivity observed in the samples 
containing 110 and 15-20 molecules of water per nucleotide is also due to migration of 
electrons, Assuming the free ion yield in the sample containing 15-20 molecules of water 
per nucleotide to be approximately equal to the value for ice (0.4 (100eV)-1), an elec- 
tron mobility of 4 x 10 -4 m2V-Is -l is calculated. 
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2 A - 3  

Formation and properties of the DNA-electron adduct. 
J.B. Verberne, H. Leman 

Interuniversity Institute for Radiopathology and Radiation Protection, Leiden and 
Biophysics Department of the Free University, Amsterdam, The Netherlands. 

The pulsradiolysis technique has been used for the study of the reaction of the 
hydrated electron with DNA. 

That this reaction really takes place, is speetrophotometrically evidenced by the rate 
of electron decay and the growth of an electron adduct. 

The absorption spectrum of this electron adduct, which differs from the hydrogen and 
hydroxyl adducts, is not just a straightforward addition sum of those of the nueleotides. 

Best fits are only obtained by assuming that, at least at longer times, the electron 
is located at the thymine moiety. 

This, in turn, could be a clue for electron migration along the DNA chain. 

DNA chain e longat ion in Chinese hamster ce l l s  a f t e r  ~°Co gamma i r r a d i a t i o n  
2 A - 4  

Karl J. Johanson, The Gustaf Werner I n s t i t u t e ,  Department of  Physical Bio logy,  Uppsala, 
SWEDEN 

lon iz ing  rad ia t ion  seems to a f f ec t  the DNA synthesis mechanism mainly by i n h i b i t i o n  of  i n i -  
t i a t i o n  of  new repl icons.  There are, however, only few studies on the e f fec t  on the DNA 
chain e longat ion.  The aim of  th is  work was to i nves t iga te ,  by using a sens i t i ve  method, i f  
there was any i n h i b i t i o n  of  the DNA chain e longat ion in i r r ad i a ted  mammalian ce l l s .  

Cells were pu lse- labe l led  wi th 3H-thymidine and then incubated at 37oc. Af ter  various periods 
when the labe l led  region was a distance from the r ep l i ca t i ng  fork  (DNA chain e longat ion rate 

(um/min) - times minutes),  the ce l l s  were t ransfer red to a l ka l i ne  so lu t ion  of low ion ic  
st rength.  The fu r the r  t reatment was s im i l a r  as the un~inding technique fo r  analyzing DNA 
strand breaks. 

The resu l t  is expressed as percentage of 3H-ac t i v i t y  found in the double-stranded f r ac t i on  
a f t e r  hydroxy lapa t i te  chromatography. At short  times a f t e r  pu l se - labe l l i ng  most labe l led  DNA 
w i l l  be unwound and thus found in the s ingle-st randed f rac t i on  but with increasing periods 
in 37°C less and less labe l led  DNA w i l l  be unwound. A f te r  about 60 minutes a plateau is 
reached ind ica t ing  the terminat ion of  the labe l led  rep l icons.  

No ind ica t ion  of  any i n h i b i t i o n  of the DNA chain e longat ion could be seen from I0 to 90 mi- 
nutes a f t e r  i r r a d i a t i o n  with 6.25 to 50 Gy. 
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Rejoining of DNA strand breaks induced by 3H- or 1251-decay in DNA at  O°C 
2 A - 5  

S. Sundell-Bergman and K.J. Johanson 

The Gustaf Werner I n s t i t u t e ,  Department of Physical Bio logy,  Uppsala, SWEDEN 

Decays of radionucl ides incorporated in to  DNA as 3H-thymidine (3H-TdR) or 1251ododeoxyuri- 
dine (1251UdR) induce DNA strand breaks in mammalian ce l l s .  During the l abe l l i ng  period at  
37°C many DNA strand breaks induced by 12Sl-decays are unrepaired (about 30 % of a l l  breaks) 
whi le breaks induced b~ 3H-decays are more e f f i c i e n t l y  repaired although some breaks are 
found unrepaired at  37uc (about 3 % of  a l l  breaks). 

The aim of th is  i nves t i ga t i on  was to study the repa i r  of DNA strand breaks induced a f t e r  an 
incubat ion period at  OoC. Cells were labe l led  with 3H-TdR or 12SlUdR fo r  18 hours and in -  
cubated in non-rad ioact ive medium fo r  add i t iona l  3 hours. The ce l l s  were then t ransfer red 
to small tes t  tubes and ch i l l ed  to O°C. Af ter  ~ hours the ce l l s  were incubated at  37oc fo r  
various periods ( repai r -phase) .  ~nalysis of  D[IA strand breaks was performed using the DNA 
unwinding technique. 

During the l abe l l i ng  period the ce l l s  accumulate a cer ta in  number of unrepaired DNA strand 
breaks (O-value) and a f t e r  6 hours at  O°C more DNA strand breaks are accumulated. When the 
ce l l s  are returned to 37oc these "new" breaks seem to be repaired w i th in  30-60 minutes de- 
pending on the accumulated dose. In a l l  experiments performed up to now there appeared to 
be an "ever-shoot"  - that  is the ce l l s  show less DNA strand breaks a f te r  30 minutes repa i r  
than the O-value. This e f fec t  may depend on an i n h i b i t i o n  of the i n i t i a t i o n  of  new rep i icon 
or/and an increased rate of death Of ce l l s  with high leve l  of DNA strand breaks during the 
O°C treatment.  

THE OXYGEN ENHANCEMENT RATIO IN CULTURED HUMAN KIDNEY CELLS 

EXPOSED TO 3H INCORPORATED IN DNA 

2 A - 6  

G.Tisljar-Lentulis, P.Henneberg, L.E.Feinendegen 

Institut fur Medizin 

Kernforschungsanlage J[lich GmbH 

5170 J~lich 

Fed.Rep. of Germany 

The experiments aim at elucidating toxic effects on DNA by DNA bound 3E-TdR. 

Human kidney cells in culture were unifilarly labeled with 6-3H-TdR. Cell survival and 

the induction of DNA single (SSB) and double (DSB) strand breaks were investigated under 

aerobic and hypoxic conditions. Decays were accumulated at temperatures between O and 4°C 

for time periods ranging from 4 days to 2 weeks. 

In DSB measurements, the ratio of breaks under aerobic conditions and in the hypoxic sta- 

te yielded an OER of 3.6 as expected from low LET radiation. In SSB measurements, 1.48 and 

i.O breaks per decay were found under aerobic conditions and 0.95 and 0.57 SSBs in the 

hypoxic state. The oxygen enhancement ratios thus are 1.56 and 1.75. There was no indication 
of repair effects. 

3 3 
The unusually low OER is assumed to be caused by the transmutation of H to He in the 6 

position of TdR causing a high yield of SSBs also under hypoxic conditions. 
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2 A - 7  
Determination of DNA double strand breaks in Ehrlich ascites turnout cells 

Detlef Bl~cher 

Gesellschaft fdr Str~hlen- und Umweltforschung 
Paul Ehrlich Sir. 15, 6 Frankfurt , West Gern~ny 

Usually D>~A double strand breaks (dsb) are measured in the dose range between 100 Gy and 
1000 Gy while cell survival studies are done at doses below D = 10 Gy. So an extrapolation 
over a dose factor of 100 is necessary for the correlation of both endpoints. This difference 
is diminished by the presentation of a method which permits t~he determination of dsb in 
E.hrlich ascites turnout cells at x-ray doses down to D = 5 Gy. The met_hod, based on that of 
Appleby (1977), involves preparation of high molecular weight DhLA by lysing cells and 
digesting away DNA associated co mpon~]ts usinq a mixture of detergents and enzlanes contained 
in a cut-down syringe. After such incubation the resulting DNA solution is cautiously 
layered onto the too of a neutral sucrose gradient and centrifuged at very_ low s.need 
(~ = 20/s, t = 90 h) to avoid speed effects (Zirsn 1976) . Strand break values are calculated 
by a numerical comparison of the sedimentation profiles of unirradiated and irradiated 
samples with a FORTraN program. The detection limit is about 100 dsb net cell. Data show 
bhe induction and repair of dsb under various conditions. The induction of dsb is linear 
with dose, h~ving a molar induction rate of (9 -+ 2)-10-12dsb/Gv • (q/reel) for 30 MeV electrons, 
(11 + 2).10-12dsb/Gy.(g/mel) for 140 kV x-rays and (5 -+ I).1~f2dsb/qy-(g/mel) for 4 MeV 
~ -particles. The reoair rates of dsb are denendent on the culture conditions and on the 
radiation quality. While more than 90 % of the $]sb nroduced by x-rays are repaired within 
t = 8 h, most of the dsb stay unrepaired after ~-irradiation, changing the rel~tive 
biological effectiveness of n~/ nx= 0.4 for the induction of dsb to n / n x ~3 after 
repair, c~ 

References : 

D.W. Appleby, S.C. Rall and J.E. Hearst, Biopol., 16, (1977), 2371-2391 
B.H. Zimm and V.N. Schumaker, Biophys. Chem., 5--, (1976) , 265-270 

2 A - 8  
The e f f e c t  o f  dose r a t e  on the product ion o f  DN~ double-s t rand breaks in  eukaryo t i c  c e l l s .  

M.Frankenberg-Schwager, D.Frankenberg, D.Bl~cher, C.Adamczyk 

C~sellschaft fttr Stra_hlen-und Umweltforschung mbH, Abteilttng ftir Biophysikalische Strahlen- 
forschung, 6000 Frankfurt, Paul-Ehrlich Str. 20, ~rmanv 

Yeast cells were irradiated with 30 MeV electrons at a high dose rate (130 Gy/min) and with 
60-Co-ga~na-rays at a low dose rate (0.55 Gy/min) . In the high dose rate e xperLments cells 
were kent at 0°C during irradiation in order to irhhibit repair processes. The initial num- 
ber of double-strand breaks (dsb) shows a linear depend~gce of dose after irradiation at 
high dose rate, the frequency of induction is 6.8 x 10 --dsb _oer g tool - per Gy. When irra- 
diated cells are allowed to repair dsbs in a non-growth medium at 30°C for 72 h t_he linear 
relationship between initial dsbs and dose~$s converted into a quadratic relationship bet ~ 
ween irreparable dsbs and dose (5.15 x I0 '°dsb per g tool -j met gyZ). This quadratic term 
reflects the accumulation of dsbs which form irreparable dsbs. 
In low dose rate e _xperinmnts cells were kept at 30°C in a non-growth medium allowing repair 
during irradiation. The number of dsbs measured after irradiation at low dose rate is 
smaller than the number of irreparable dsbs observed after irradiation at high dose rate. 
The dsbs measured after irradiation at low dose rate comorise not only irreparable dsbs but 
they still contain a fraction of re,Datable dsbs. The number of irreparable dsbs produced by 
a dose of 2400 Gy applied at low dose rate is about one third of the irreparable dsbs in- 
duced by the same dose applied at high dose rate. This indicates that during low dose rate 
irradiation a drastic decrease of the quadratic term occurs. 
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2 A - 0 0 - 1 4  Cellular Effects 

2 A - 0 0  

The use of model systems for the interpretation of 

radiobiological data. 

W.POHLIT 

Gesellschaft fur Strahlen- und Umweltforschung mbH 
Frankfurt am Main, Germany 

Radiobiological data can be interpretated in a quantitative way by 
the use of mathematically formulated models for the production of 
radiation lesions and models for the expression of these lesions 
through biological pathways in the irradiated objects. All such models 
have to be made up by measurable parameters which for the interpretation 
of the biological data on a molecular level must have more than only 
a formalistic value. 
As an example, starting with a Poisson distribution of radiation in- 
duced low numbers of lethal lesions in mammalian cells and including 
a quantitative model of repair of potential lethal damage using satu- 
rated and unsaturated enzyme systems it can be shown that the biological 
endpoint of cell reproductive death and its quantitative relation to 
absorbed dose, the "shoulder curve", can be explained quantitatively 
from this system of models. Comparison of the parameters used with 
separate experiments on the molecular level such as the repair time 
constants for the repair of DNA-lesions give more information on the 
mechanism of damage exDression in living cells which can be applied 
also to Other observed biological endpoints. 



315 

2 A - 9  
DEPENDENCE OF THE QUADRATIC MODEL PARAMETERS ON DOSE RATE (y RAYS) 

AND 50 MeV NEUTRONS : AN ANALYSIS BASED ON THE IN VITRO SURVIVAL 

CURVES OF 6 HUMAN CELL LINES. 

B. F e r t i l  m, P. Deschavanne m, J. Gueulet te ~ ,  A. Wambersie ~m and E. P. Malaise m. 

Ins t i tu t  G~tave-Ro~sy, 94800 V i l l e j ~ f ,  FRANCE. 
~ U.C.L., Av. Hippo~ate 54, 1200 Bruxel l~,  BELGIQUE. 

We have already shown that the ¥ rays survival curves of six human cell lines 
were adequately described by the quadratic model. Furthermore, a test of relevancy lead to 
the conclusion that out of the 4 mostly used models, the quadratic model was the only one 
that provided a set of parameters values for a given survival curve irrespective of the 
part of the curve analyzed. 

In the present study, we try to verify if the traditional interpretation of the 
~, B parameters is in agreement with the dose rate effect we observe from our six cell li- 
nes. As expected, dose rate effect appears to vary widely from one cell line to another, 
but surprisingly ~ and B modifications do not comply with the theory. Not only a B compo- 
nent is always detectable, (even with the lowest dose rate used (0.I] Gy.hr-])), but also 
the ~ component undergoes a substantial reduction for some of the cell lines. 

The same analysis is performed on the survival curves to 50 MeV neutrons. Once 
again, the effect of neutrons differs widely from one cell line to another. The main effect 
of 50 MeV neutrons was a priori expected to result in an increase of the ~ component. As a 
matter of fact, such a behaviour is observed in only three out of six cell lines. 

In conclusion, although the quadratic model provides pertinent fittings for the 
human cell survival curves, additional hypotheses should be required to take into account 
the evolution of ~ and B with dose rate and neutrons. The interpretation of these varia- 
tions may call for biological factors, such as repair mechanisms, that are inherent to each 
cell line but are lacking in this physically oriented model. 

2 A - 1 0  
The correlations between different radiation induced b:Lalogical effects. 
K.H. Chadwick and,~H.P. Leenhouts 
Association Euratom-ltal 
Postbus 48, Wagem~ngem, The Netherlands. 

If it is assumed that one basic type of radiation induced~molecular lesion can be 
responsible for a variety of different biological effects., sucJm as ce~l killTng 
mutations, chromosomal aberrations~ then a series of straight forward mathemetical 
equations can be derived w~i~ch ~redi,~t the carrelatLens b~tween two different end points. 
The only restric~i, on on a comparison of the two end points is that they be measured~in the 
same cell population in the same experiment. The mathematical equations w~11 be derived and 
a variety of exp~rLmental data ~il:1 be analysed.to,demonstrate ~he~predicted correlations. 
Correlatiens will be shown between survival and:mutations, suP~ival and chromosomal 
aberrations, different aberrations, different mutations al} in somatic cells and it will 
be shown that similar correlations can be~f~und for effects induced in germ cells. 
The implications of the correlations for radiation biology will be discussed. 
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2A-11 
Ce l l  c o u p l i n g  and r a d i o s e n s i t i v i t y  o f  c e l l s  under  t i s s u e - e q u i v a l e n t  o r g a n i -  
z a t i o n  ( s p h e r o i d s )  

H. D e r t i n g e r ,  G. Hinz 
K e r n f o r s c h u n g s z e n t r u m  K a r l s r u h e ,  I n s t i t u t  f i ] r  G e n e t i k  und f ~ r  T o x i k o l o g i e  
yon S p a l t s t o f f e n ,  7500 K a r l s r u h e  1, F e d e r a l  R e p u b l i c  o f  Germany 

D. HUl se r  
B i o l o g i s c h e s  I n s t i t u t ,  U n i v e r s i t ~ t  S t u t t g a r t ,  F e d e r a l  R e p u b l i c  o f  Germany 

I t  i s  shown t h a t  some c e l l - l i n e s  when c u l t u r e d  as m u l t i c e l l  s p h e r o i d s  a re  
more r e s i s t a n t  a g a i n s t  y - r a y  i nduced  k i l l i n g  than  in m o n o l a y e r -  and s i n g l e  
c e l l  c u l t u r e .  A c o r r e l a t i o n  c o u l d  be e s t a b l i s h e d  between the  degree  o f  t h i s  
" c o n t a c t  r e s i s t a n c e "  (CR) and e l e c t r i c a l  c o u p l i n g  between c e l l s  t h r o u g h  gap-  
j u n c t i o n s  as measured by m i c r o - e l e c t r o d e - t e c h n i q u e .  M o r e o v e r ,  s p h e r o i d  c e l l s  
e x h i b i t  a dec reased  f r e q u e n c y  o f  r a d i a t i o n - i n d u c e d  m u t a t i o n s  and chromosome 
a b e r r a t i o n s .  To e l u c i d a t e  the  mechanism o f  CR s e v e r a l  c e l l  p a r a m e t e r s  were 
i n v e s t i g a t e d  in  dependence o f  c e l l - o r g a n i s a t i o n  ( s i n g l e  c e l l s / s p h e r o i d s ) .  
The r e s u l t s  o b t a i n e d  a l l o w  the  c o n c l u s i o n  t h a t  a l t e r a t i o n s  in  c e l l u l a r  r e -  
g u l a t i o n  e x p e r i e n c e d  by c o m m u n i c a t i o n - c o m p e t e n t  c e l l s  when c u l t u r e d  under  
t i s s u e - e q u i v a l e n t  c o n d i t i o n s  a re  the  bas i s  f o r  u n d e r s t a n d i n g  and f u r t h e r  i n -  
v e s t i g a t i n g  the  phenomenon o f  CR. The s i g n i f i c a n c e  o f  the  r e s u l t s  f o r  r a d i o -  
t h e r a p y ,  g e n e t i c s  and c a n c e r o g e n e s i s  i s  d i s c u s s e d  

2 A - 1 2  

Cell P r o l i f e r a t i o n  in Preimplanted Mouse Embryos a f t e r  Neutron I r r a d i a t i o n  in V i t ro .  
C. S t r e f f e r ,  M. Molls and N. Zamboglou 
I n s t i t u t  fu r  Med, Strahlenphysik und S t rah lenb io log ie ,  Un ivers i t~ tsk l in ikum Essen, 
Hufelandstr.  55, 4300 Essen I ,  F.R.G. 

Preimplanted mouse embryos were cul tured in v i t r o  from the 2-ce l l  stage to blastocysts 
( about 100 ce l l s  per embryo ). The embryos were i r r ad ia ted  with neutrons ( 0 .06- I .0  Gy ) 
in the G2-phase of the 2 -ce l l  stage. The number of ce l l s  per embryo was determined at 
var ious periods un t i l  110 hours a f t e r  i r r a d i a t i o n .  The d i s t r i b u t i o n  of  ce l ls  in the 
ce l l  cycle was measured by microscope cy to f luorometry .  Furthermore the occurrence of 
micronuclei  as a measure of  cytogenet ic damage was evaluated. 

Af ter  a dose dependent d i v i s ion  delay the ce l ls  migrate through two ce l l  cycles wi th  the 
same rate as the un i r rad ia ted cont ro ls .  Thereaf ter  the p r o l i f e r a t i o n  rate decrease with 
dependence of dose, measured by the to ta l  number of ce l l s  and the number of S-phase ce l l s .  
The dose e f fec t  curve fo r  the formation of the micronuclei has been determined at var ious 
time periods. At ear ly  periods the curve is steeper a f t e r  lower rad ia t ion  doses than a f t e r  
higher doses. The shape of the curve is determined by two phenomena: The cytogenet ic  damage 
a) which is only expressed a f te r  mi tos is  and b) the rad ia t ion  induced d i v i s i on  delay. 
The micronuclei  occurr ing a f t e r  the f i r s t  or second mitosis fo l low ing  i r r a d i a t i o n  can be 
in te rpre ted  as a consequence of chromatin breaks ( possib ly  double strand breaks ) and 
other  types of chromosome damage ( fo r  instance single strand breaks ) respec t i ve ly .  

The data w i l l  be compared with corresponding resul ts  a f t e r  X - i r r a d i a t i o n .  RBE value have 
been ca lcu la ted.  They decrease wi th increasing doses and range from 9.0 to 2.5. 
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2 A - 1 3  
INTERACTION BETWEEN X-RAYS AND CADMIUM IN THE PREIMPLANTED MOUSE EMBRYO 
W.-U. NUl ler ,  C. S t r e f f e r ,  N. ZambOglou 
I n s t i t u t  fur  Med. Strahlenphysik und S t rah lenb io log ie ,  Un ivers i t~ tsk l in ikum Essen, 
Hufelandstr .  55, 4300 Essen I ,  F.R.G. 

Cadmium belongs to the about 30 substances which are de f i ne te l y  known to be carcinogenic 
to man. Moreover cadmium is a severe environmental tox ic  agent the relevance of which 
becomes more and more apparent. 
Therefore i t  is of great i n te res t  to inves t iga te  whether there are synerg is t i c  or 
antagonis t ic  i n te rac t ions  between cadmium and X-rays. 
Test system was the preimplanted mouse embryo in v i t r o .  The embryos were iso la ted in the 
G~-phase of the 2 -ce l l  stage, t ransfer red to a medium contain ing cadmium (CdSOm or CdF~) or 
t~ control  medium and i r r ad i a ted  immediately. The inf luence of X-rays and cadmium e i t he r  
alone or in combination was determined from the fo l l ow ing  parameters: 
a) The microscopic v i s i b l e  development of the mouse embryos in v i t r o  un t i l  144 hours 
post conceptionem, b) The number of ce l l  nuc le i ,  the l abe l l i ng  index and the m i t o t i c  
index a L d i f f e r e n t  stages of development, c) The ce l l  cycle phases, d) The number of 
micronuc le i .  
A l l  experiments performed so fa r  ( i nves t i ga t i on  of  the microscopic v i s i b l e  development and 
of the number of micronucle i )  ind ica te  that  the ef fects  of X-rays and cadmium are add i t i ve .  

2 A - 1 4  
Neuronal maturation defects in the brain of mice following X-irradiation 
during fetogenesis 

Konermann, G. and B. Metzger 

Institut f~r Biophysik und Strahlenbiologie der Universit~t Freiburg, 
Albertstrasse 23, D-7800 Freiburg, Federal Republic of Germany 

The alignment of neuronal processes in the cortex layer Va as well as the 
diameter of total cerebral cortex and corpus callosum were studied in 
juvenile mice after intrauterine X-irradiation (25-200 R) on day 13 p.c. 
Microvideoanalysis of silver impregnated histological slides (Bodian stain) 
revealed deviations in the alignment of neuronal processes with a linear 
correlation to the exposure level. Diameter diminution of corpus callosum, 
being four times stronger than in the cortex, showed linear dose relation- 
ships too. Contrary to fluctuating irradiation induced maturation re- 
sponses, for instance observable during formation of myelin or tigroid 
substance, these structural defects are persistent, even after a 25 R 
exposure. 
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2B-1-8 Normal Tissue Responses 

2B-1 
SURVIVAL OF SPEPdv~.TOGONIAL STEM CELLS IN THE CBA MOUSE AFTER COMBINED EXPOSURE TO I MeV 
FISSION NEUTRONS AND HYDROXUREA 

A.L. de Ruiter-Bootsma and J.A.G. Davids 

Laboratory of Histology and Cell Biology, Medical School, University of Utrecht, and 
Netherlands Energy Research Foundation (ECN), Petten, The Netherlands 

Single neutron dose-response studies have demonstrated the presence in the CBA mouse tes- 
tis of about 2000 radioresistant (D O 80 rad) colony-forming stem cells. After surviving a 
dose of ]50 tad neutrons, these cells rapidly increase their radiosensitivity, as revealed 
by their very low survival after a second ]50 rad dose given at various intervals up to 72 
hours later. The second dose survival showed a cyclic pattern: a decrease to very low levels 
during the first ]6 hours after the initial dose, a rise to higher levels from 40 hours on 
and a second decrease starting at 56 hours. To investigate whether the fluctuations in stem 
cell survival are correlated with a synchronized progress of surviving stem cells through 
their first post-irradiation cell cycle, we replaced the second neutron dose by an injection 
with the S-phase specific cytotoxic agent Hydroxurea (HU). The pattern of stem cell survival 
found confirmed the synchronisatien. It can be concluded that the neutron survivors ]) were 
not in the S-phase of their cell cycle at the neutron exposure, 2) successively entered an 
S-phase between 36 and 52 hours after the neutron dose and left it about 20 hours later, 
3) had an intermediate radiosensitivity in the S-phase and 4) were radiosensitive in the 
preceding (part of the) Gl-phase. 

HU given before neutron irradiation resulted in a sharp decline of stem cell survival 
down to 3% of the level after irradiation alone when the treatment interval was prolonged to 
16 hours. This indicates that the great majority of the potential neutron survivors were in 
an S-phase of their cell cycle at 16 hours before irradiation. It may not be excluded how- 
ever that the great amount of stem cell killing in the HU-neutron experiments was caused by 
a triggering by HU of radioresistant slow-cycling cells into rapid proliferation, accompa- 
nied by a sharp increase of their radiosensitivity. 
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2B-2  
DEPOPULATION AND ~POPULATION OF THE SEMINIFEROUS EPITHELIUM IN THE HOUSE AFTER ] MeV FISSION 
NEUTRONS 

G.J.M.J. van den Aardweg I, A.L. de Ruiter-Bootsma I, M.F. Kramer I, and J.A.G. Davids 2 

Laboratory of Histology and Cell Biology, Medical School, University of Utrecht I, and 
Netherlands Energy Research Foundation (ECN) 2, Petten, The Netherlands 

Spermatogenetic cells have different sensitivities for irradiation, spermatocytes and 
spermatids being much more radioresistant than the earlier cell types in the line of sperma- 
togenesis: the A, In, and B spermatogonia. Due to these differences a progressive depopula- 
tion takes place in the seminiferous tubules after irradiation; the immediate disappearance 
of spermatogonia is followed in time by an outflow of more mature cell types, which complete 
their differentiation, but are not succeeded by new ones. 

Repopulation starts from a category of radioresistant stem cells, which give rise to col- 
onies which refill the tubules by longitudinal outgrowth. This outgrowth was followed after 
irradiation with a dose of ]00, 150, 300, and 350 rad neutrons with the use of stereological 
methods up to 30 weeks. 

The study on the growth rate of the colonies up to five weeks after a dose of |00 rad was 
complicated by the depopulation process (especially the shrinkage of the tubules), which 
dominates the repopulation. From five weeks on the outgrowth of the colonies was strongly 
inhibited by collision of the colonies. 

The growth rate up to five weeks after 150 rad, eight weeks after 300 tad and 30 weeks 
after 350 rad was almost similar and almost linear in time. Apparently longitudinal clonal 
growth is independent of the dose, i.e. independent of the number of surviving stem cells. 
From five weeks on after 150 rad the outgrowth of the colonies was inhibited by collision. A 
growth retardation was also found from eight weeks on after the higher dose of 300 rad, 
which however cannot be explained by collision of the colonies, since less than 10% of the 
tubules showed repopulation at that time after irradiation. 

During repopulation of the epithelium the stem cells are more radiosensitive than they 
were prior to irradiation. After a first dose of ]50 rad a slow return to the normal radio- 
resistancy was observed, which seeme~ to run parallel with the refilling of the tubules by a 
new epithelium. 

The differentiation of the spermatogenetic cells in the colonies was found undisturbed af- 
ter ]00 and 150 rad. After 300 and 350 rad the appearance of the round spermatids was re- 
tarded for one week. 

2 B - 3  
Murine Spermatogonial Regeneration after Exposure to X-Rays and 15 Mev l~eutrons. 

A. FoG. STEVENSON 

Institute for Anatomy, University of Regensburg, D-84 iKegensburg, W. Germany. 

The seminiferous epithelium represents a unipotential compartmental system whose 

single cell compartments show extremes in radiosensitivity. The regenerative stem 

cells (spermatogonia) are radioresistant. The testis has, thus, been proposed as a model 

for radiobiological inter-comparisons (GERACI et el, 1977). Studies on routine sperma- 
togonial regeneration have commonly been restricted to observation-times which do not 

exceed 1 to Z generation cycles (GC = 35 days) and, therefore, fail to render a compre- 

hensive impression of the regenerative process. The objective of this report is to show, 

comparatively, the indices of regeneration (RI) of spermatogonia as a function of dose 

and time. 
NMiKl-mice were whole-body-irradiated with D-T-neutrons at doses ranging from 

0.5 to Z Gy. The reference radiation was 150 kV X-rays; matched doses ranging from I. 5 

to 6 Gy were used. Mice were sacrificed periodically up to 150 days post-irradiation (i.e° 

at least 4 GCs); the testes were removed and processed for histology. IKI was evaluated 

in HE-stained serial sections. ZOO tubuli were scored for each point. 

A biphasic pattern of regeneration was recorded. A cursory/abortive rise was 

followed by permanent regeneration. Differences in the patterns of regeneration after 
neutron and X-irradiation were noted. The higher IKBE which is generally attributed to 

fast neutrons holds true only for the cell-sterilising effect. The final repopulation after 

neutron-irradiation was found to be more efficient than that after X-irradiation. 

The radiobiological implications with regard to possible qualitative differences in 

radiaton action at the cellular level shallhe discussed. 

Reference: GERACI, J.P. et el: iKadiat. IKes. 71, 377-386 (]977). 
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2 B - 4  
Long Term Cellular Recovery from Radiation Damage in Rat Thyroid; Studies on Cell Survival 
and Chromosome Aberration Frequency. 
P.A. Gellard, J.H. Hendry, D. Scott. 
Paterson Laboratories, Christie Hospital and Holt Radium Institute, Manchester, England. 

Administration of an antithyroid drug, goitrogen, stimulates cellular hyperplasia and 
results in at least a 4 to 5 fold increase in gland weight in norma] animals. If the 
observed weight increase is expressed in terms of cell survival, a dose of 5.5 Gy X-rays 
reduces survival to about 80%. There is no significant change in survival when the time 
between irradiation and stimulation is delayed by up to b months. 

5.5 Gy X-rays produces an initial chrmmoscme aberratisn frequency, in terms of anaDhaze 
bridges and fragments observed at d%y 6 of goitrogenic stimu!etion, of about 25% above the 
control. !eve]. When the stimulation is delayed for 6-weeks post irradiation, this ].eve~ is 
reduced almost to control values. There is no further change up to 6 months after radiation. 

Neutron irradiation ~f 2,'~5 Gy produces an aberration frequency of 2~% abmve control 
nevel~ w~ich does not decrease sJgnificantiy unti] stimulation is do~ayed for ~ mzntb: ~t~r 
r~i~tien. Thi~ reduced !ev~ ~ i ~- sti]? ~onsider~bly hi<her than control ve]ues. 

Thus lon~ term recovery in thyroid is observed by ]~ , ss  of chromosome nberr3tiens efte~ 
X-r~y~ but thi~ is n~t mirrored ~y the ability ~f thyroid ee~]s t<~ 4~vido fo~]owin~ 
~Jtro~enic ~timu~u!:, H~wever, the ~s[~ ~f ~berr~tion~ j.z not observed ~fter neutrino to 
tb? ~=ame extent. Tbi~ !atte~ observation is s~m~q~ ~ to previously pubTisbed resu!t~ u~ng 
rat ~iver. 

2 B - 5  
Development of the radiation-induced atheromatous plaque. 

H.B. bamberts, M.W. Aarnoudse, J. Vos ~ and F. Dijk ~ 

Laboratory for Radiopathology and ~Centre for Medical Electron Microscopy, University of 
Groningen, Groningen, The Netherlands. 

Local irradiation of the carotid arteries of hypercholesterolemic rabbits results in the de- 
velopment of thick atheromatous plaques within two months after the irradiation. In order to 
obtain information about the onset of plaque formation and about the origin of the enormous 
quantities of lipid-laden foam cells, observations were started from a few hours up to one 
month after local exposure of the arteries to i000 mad of X-rays. 
This study was performed with light- and electron microscopic techniques. 
From 8 h up to about i0 d after the irradiation monocytic cells were seen adhering to the 
endothelial cell layer and penetrating into the subendothelial space. These cells contain 
lipid vacuoles, they progressively change into lipophages or foam cells from 2 d post- 
irradiation. 
Increased migration of smooth muscle cells from the tunica media into the subendothelial 
space was observed from about 20 d post-irradiation. These cells apparently replace necrotic 
lipophages; they show several lipid vacuoles. 
In areas where neighbouring enlarging plaques become fused, endothelial cells of the 
original lining become enclosed and trapped within the resulting plaque. 
It is not yet clear whether the increased smooth muscle cell migration is the only mechanism 
to provide cells for the enlarging plaques, or that a cell proliferation process is in- 
volved. 
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EARLY VERSUS LATE EFFECTS OF X-RAYS IN THE CNS: A MORPHOLOGICAL SURVEY 

H. Reyners, E. Gianfelici de Reyners and J.R. Maisin 

Centre d'Etude de l'Energie Nuclgaire, CEN/SCK, Radiobiology Department, B-24OO Mol, Belgium 

The origin of late effects caused by focal X-irradiation to the brain is investigated by 
means of microscopical assessment of vascular, glial and nerve cell components at various 
depth levels in the cerebral cortex of female adult rats irradiated at 3 month old. 
When the appropriate corrections are made for anaesthetic influence, cortex depth variations, 
cortex zone surveyed and volume of irradiated brain tissue, certain differential changes in 
the glial populations can be found to occur between grey and white matter. 

In this communication, a detailed electron microscopic investigation of the modifications 
observed in the mid-cortex (Cajal large pyramidal cell zone) observed at 15 days and 3 
months after irradiation with 6 different doses of X-rays (ranging from 2,5 to 60 grays) is 
also reported. Preliminary results for longer periods of time will be presented too. The 
systematic EM exploration reveals that the 3 glial cell types behave differently after X- 
radiation: in the long while, irreversible cell depletion appears to be restricted only 
to oligodendroeytes, the cells responsible for myelin production and also the major satellite 
elements to neurons. The possible relationships of such situation with the development of 
various aspects of the late damages in the RX brain, will be considered. 

2 B - 7  
DOSE-DEPENDENT CHANGES IN THE OCCURRENCE OF FOCAL VASCULAR ABNORMALITIES OF THE IRRADIATED 

RAT BRAIN. i ,3 2 3 
~.S. Reinhold , J.W. Hopewell , A. van Rijsoort • 
Radiobiological Institute TNO, Ri~swijk, The Netherlands, 2Research Institute, 

Churchill Hospital, Oxford, U.K., Erasmus University, Rotterdam, The Netherlands. 

Current investigations on the radiation-induced changes of the rat brain are being per- 
formed by a cooperative European group* as a part of the "Eulep" program. This study deals 
with one part of the work of the group, i.e. the analysis of changes in the anglo- 
architecture by means of a vessel-filling method that has especially been developed for 
this purpose. The entire blood vessel system is perfused with a mixture containing 
pigments, plastic latex and fixatives, and cleared sections of about 0.5 ~n thick become 
available for examination. 

The initial investigations showed that after a dose of 2000 cGy focal abnormalities ap- 
peared in the central regions of the brain after an average latent period of 17 months. 
Development of teleangiectasies were the first aberrations, and foci of telangiectasies 
could progress into sizable areas with highly abnormal vessels, surrounding a necrotic 
part. More recently investigations with doses of 2500 cGy and 3000 cGy have shown that 
similar changes develop, however, after a short latency period. Preliminary data indicate 
that after a dose of 3000 eGy vascular abnormalities may develop as early as 8 months after 
irradiation. 

*The "Eulep" CNS/vascular group consists, besides the authors, of: W. Calvo (Ulm); 
G. Gerber, J• Maisin, H. Reyners (Mol) and A. Keyeux (UCL, Bruxelles). 
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QUANTITATIVE STUDY OF MICROCIRCULATION CHANGES IN THE RAT BRAIN AFTER 
LOCAL IRRADIATION 
Plotnikova E.D. , Levitman M.Kh., Shaposhnikova V.V, , Koshevoy JuoV., 
Eidus L.Kh. 
Institute of Biologica] Physics of the Academy of Scienqes of the USSR, 
Pushchino, Moscow Region, USSR 

2 B - 8  

Vascular damage is one of the most probable causes of late postirradiation 
necrosis. Thus the dynamics quantitative parameters of rat brain capillary 
system was studied after local irradiation with 20-60 Gy of 200 kVp X-rays. 
The method of automatic analysis was used, which permitted to evaluate seve- 
ral quantitative parameters that could not be registered by conventional 
microscopy. In order to determine the time-related incidence and location of 
gross vascular lesions 2-12 months after irradiation, the vascular network 
was filled with pigment and coronal 15# slices of the brain in the region 
between the optic chiasma and the posterior margin of bulbus olfactorius 
were automatically analyzed by the computerized cell analyzer PRJAC designed 
and constructed at the Institute of Biological Physics Acad. Sci. USSR. The 
vessel density, their mean cross section area and the total cross section 
area in each field of vision and the distribution of capillaries according 
to their size were determined in the brain cortex, nucleus caudatus, septum 
and corpus ca]losum. These brain regions differ in vessel density in decreas- 
ing order. The number of capillaries did not depend upon the age of animals. 
In irradiated animals the number of capillaries decreased and their mean 
size increased at the same time intervals. In the nucleus caudatus, septum 
and corpus cal]osum, localized regions of capillary dilation and deformity 
were seen microscopically. After irradiation with 30-60 Gy, in the corpus 
callosum were found necroses beginning at 6 and 4 months, respectively~ So, 
the observed angiopathy manifested itself both in changes of the number of 
vessels and their size. The obtained results show that the radiation effect 
is the stronger expressed, the poorer was the original vascularity. 
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Chemical  M o d i f i c a t i o n  o f  the  R a d i a t i o n  S e n s i t i v i t y  o f  T r a n s f o r m i n g  DNA 

K.D. Held~ H.A.Harrop and B.D.Michael 

Cancer Research Campaign Gray Laboratory, Mount Vernon Hospital~ Northwood, Middlesex, 
England. 

We have examined the actions and interactions of oxygen and sulphydryl compounds upon the 

radiation sensitivity of the biological function of purified Bacillus subtilis transform&ng 
DNA (tryptophan locus) irradiated under chemically defined conditions. The sensitivity of 
the DNA irradiated in dilute aqueous solution is less when irradiation is performed in i00~ 

02 than when in 100~ N ,i.e. O protects transforming DNA from inactivation with a dose- 
2 --- 

modifying factor of about 0.8 ~Held eL al.: 1978). The sulphydryl-containing compound, 
dithiothreitol (DTT) protects the DNA against radiation-induced damage, and the dependence 
on DTT concentration indicates that this effect can be partially explained by the scavenging 
of OH radicals by DTT. At low DTT concentrations (micromolar range) this protection is 

roughly equivalent in N 2 and 02. However, at higher DTT concentrations~ the protection 
is much greater when irradiation is in N 2 than in 0 . For example~ at lmM DTT the 
protection factor (ratio of radiosensitivities of D~A in the absence and presence of DTT) is 

about 500 in N2~ hut only about 50 in 0 . Thus~ at this DTT concentration, the ratio of 
anoxic to oxic response ("O.E.R.") is a~out i0~ as contrasted to a value of about 0.8 in the 

absence of DTT. These results can be explained in terms of the "hydrogen donation" 
hypothesis of radiation protection by sulphydryl compounds and will be discussed in relation 
to the effects of 02 and sulphydryls on lethal damage in intact bacterial systems (Michael 
and Harrop, 1979). 
The radiation response of transforming DNA is also affected by electron-affinic sensitizers 
other than oxygen. The interaction of some of these compounds with transforming DNA, and 
the effects of sulphydryl compounds on these processes will also be discussed. 
K.D.H. is supported by the National Science Foundation under Grant.No.SPI-?9&$829. 
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Influence of anoxic sensitizers on the radiation damage in biologically avtive DNA. 
M.V.M. Lafleur and H. Loman 

Physics Laboratory of the Vrije Universiteit, Department of Biophysics, de Boelelaan ]081, 
I081HV Amsterdam, The Netherlands. 

It is generally assumed that one of the most important target molecules of the cell is 
the DNA and it is therefore not unlikely that chemicals influencing the radiosensitivity 
of cells act on DNA. 

If DNA is irradiated in dilute solution, the presence of a chemical, such as a 
sensitizer, will usually result in protection of the DNA, because virtually almost every 
chemical is a radical scavenger. This means that possible sensitizing properties may be 
overshadowed by the scavenging of radicals. However, by careful comparison with a simple 
competitor it is possible to differentiate between pure scavenging on one hand and 
sensitization or repair on the other hand. 

Under the conditions of our experiments, in which biologically active }X]74 DNA is used, 
PNAP and misonidazole act like ordinary scavengers, whereas metronidazole (flagy~ is 
involved in DNA repair reactions. Only with nifuroxim sensitization is observed. Also 
the effects of these radiosensitizers on the production of breaks and of base damage are 
studied. 

2B-11  
A DIRECT METHOD TO DETERMINE THE AMOUNT OF DNA-PROTEIN CROSSLINKS IN IRRADIA- 
TED EUCARYOTIC CELLSJ 
Volker Kasche, Uwe Frixen, and Johanna Maass 
Biology Demartment, Universit~t Bremen, D-28 Bremen 33, F.R.G. 

A method to isolate uractically ~rotein-free DNA from cells and tissues 
has been develoned. It consists of a de~roteinization sten where the oroteins 
in the homogenates are hvdrolysed using immobilized Proteinase K. The DNA 
in the denroteinized samnle is then adsorbed to hydroxylauatite and isolated 
by stenwise elution using buffers of increasing ionic strength. The ratio 
of the DNA absorbance at 260 to 230 nm has been found to be a measure of the 
~rotein content in the isolated DNA. When DNA from irradiated cells is 
isolated using this ~rocedure this ratio was found to decrease with 
radiation dose. Incornoration of S-35 methionine in the DNA-fraction indi- 
cated that the ratio is reduced due to crosslinking of mroteins to DNA. 
The results show that crosslinked nrotein can be detected after doses of 

10 rad ( O.~ Gy) , and that this effect is not negligible when commared 
with other radiation effects on DNA in cells. The results also indicate 
that renair mechanisms exist for the crosslinked nrotein. 
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MOLECULAR MECHANISMS OF THYMOCYTE INTERPHASE DEATH IN GAMMA-II~RADIATED RATS 
S.R. Umansky, P.A. Nelipovich, B.A. Korol ', L.V. Nikonova 
Institute of Biological Physics, Academy of Sciences of the USSR,Pushchino, 
Moscow Region, 142292 USSR 

Degradation of thymocyte nuclear DNA in gamma-irradiated rats was studied. 
Regardless of irradiation dose, chromatin degradation begins after a 2 hr 
lag-period,reaches a maximum level in 6 hrs and does not change during the 
next 4 hrs. The amount of DNA fragments is determined by the quantity of 
perishing cells in which all the DNA is degraded rather than by the extent 
of chromatin breakdown in the whole thymocyte population. The chromatin 
fragments formed are nucleosomes and their oligomers with normal histone 
content and intact structure,as judged by their DNAse I cleavage products. 
Intranucleosomal DNA scission is negligible. The DNA breakdown is not accom- 
panied by degradation of histones and non-histone proteins. Thus, DNase I and 
proteases do not participate in the postirradiation DNA degradation. Chroma- 
tin degradation induced by hydrocortisone in hormone sensitive thymocytes 
occurs in the same way. 3 hrs after irradiation of rats autholytic digestion 
of DNA with endogenous Ca++/Mg++-endonuclease in purified thymocyte nuclei 
in vitro accelerates. But the activity of isolated nuclear nucleases is 
unchanged at the same period. The sensitivity of chromatin preparations from 
irradiated thymocytes for exogenous nucleases does not also differ from 
control. Cycloheximide injection prevents postirradiation chromatin degrada- 
tion in vivo, which is caused, at least partially, by the decrease of activi- 
ty of the chromatin Ca++/Mg++-dependent nuclease. The data obtained show 
that thymus chromatin degradation in irradiated rats is rather a step of 
events leading to the cell death than a consequence of hydralytic enzyme 
activation in died cells. DNA degradation is likely accomplished by Ca++/Mg ++ 
endonuclease but the process is initiated by another factor whose nature is 
yet unknown. It is supposed that DNA breakdown, which may be the result of 
realization of special genetic programm, is a general step of different forms 
of cell death. 

2B-13 
STUDY OF KINETICS OF DNA REPAIR AND ITS MODIF CATION IN CULTURED 
MAMMALIAN CELLS 

Vexler F.B., Eidus L.Kh. 

Institute of Biological Physics Academy of Sc ences of the USSR, 
Pushchino, Moscow Region, USSR 

The rate of repair of DNA single-strand breaks (SSB) in Chinese hamster cells 
is shown to decrease shortly for 5 min after exposure to a dose of 200 Gy. 
At the Gl-stage this decrease is more pronounced ( ~I0 fold) than that in 
asynchronous population containing 60 per cent of cells at the S-stage 
( 5 fold). After irradiation at dose 15 Gy the rate of repair at the Gi-stage 
is 1.5 times lower than in the asynchronous culture, but it remains constant 
till the end of the process in both cases. 

Postirradiation treatment of cells with cysteamine (MEA), caffeine-benzoate 
(CB) and caffeine sharply inhibits the repair of SSB at 5 min. This inhibition 
is reversible since washing of treated cells leads immediately to the resump- 
tion of the repair, but its rate is decreased with prolongation of treatment 
and increasing the concentration of agent. The efficiency of MEA and CB,which 
are weak electrolytes, is also pH-dependent. It is shown that the intracellu- 
far concentration of substances is the most important factor determining 
their efficiency. The presented data serve as the evidence for the existence 
of unspecific mechanism of the influence of the substances studied. 
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DNA REPAIR IN LIVER CELLS OF y-IRRADIATED MICE OF DIFFERENT AGE 

A.I. Gaziev, L.V. Malakhova 

Institute of Biological Physics Acad. Sci. USSR, Pushchino, 
Moscow Region, ]42292, USSR 

The level of unscheduled DNA synthesis of the liver cells of 22-month old 
mice remains, for 3 hr after y-irradiation, by 25-30% lower than in 
1.5-month ones. DNA from the liver of irradiated mice was first treated with 
the extract from M. luteus and then in the reaction with DNA-polymerase I. 
It is shown that the template activity of DNA from the liver of old mice 
is higher than that of DNA of young animals. This a11ows to suggest that 
repair of DNA damages in the liver cells of old mice occurs with a slower 
rate than in the liver of young mice. However the DNA polymerase activity 
in the extracts from the liver of mice of both ages is the same. The assay 
of the relaxation of nucieoid of the liver cells from the mice after their 
y-irradiation has shown that the nucleoid of old mice ceils is less relaxed 
than the one of young mice cells. A proposal is made that the rate of 
repair of DNA damages in the liver cells of old mice is reduced because of 
the ] imited access of the enzymes to the damaged sites of DNA. 
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2C-1-14  Sensitization and Protection 

2C-1 
ON THE pH-DEPENDENCE OF THE EFFICIENCY OF RADIOPROTECTORS 

Vexler A.M., Korystov Yu.N., Kublik L.N., Eidus L.Kh. 

Institute of Biological Physics of the Academy of Sciences of the USSR, 
Pushchino, Moscow Region, USSR 

The pH-dependence of radiation-induced reproductive death of Chinese hamster 
fibroblasts (a 24-hour-old asynchronous culture B-II-d-ii-FAF-28 aneuploid 
strain 431) treated prophylactically with different chemical substances was 
investigated. It is established that in the pH range from 6,0 to 8.0 the 
protection effect of cysteamine increases with the increasing pH of the 
medium and that of caffeine-benzoate and thiog]ycolic acid decreases. In the 
same conditions the effect of caffeine does not change. Many of the extensi- 
vely used radiomodifying agents are known to be classed with weak electro- 
lytes. Based on the peculiarities of dissociation and penetration of such 
chemicals into the ceil, it is shown that the revealed regularities result 
from inhomogeneous distribution of the studied substances between the medium 
and ca]Is in the presence of pH gradient. The analysis of the data obtained 
enable the conclusion that the total intracellular concentration is the main 
factor determining the pH dependence of the efficiency of radioprotectors. 
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DYNAMIC MODIFICATION OF TISSUE RADIOSENSITIVITY DURING THE COURSE OF 
TUMOR THERAPY (POLYRADIOMODIFICATION) 

S.P.Yarmonenko, A.L.Vigodskaya, V~.Krimker, N.P.Vinskaya, E.A.Voloshina, 
Z.D.Duskaliyev 

Oncological Research Center,.Mo~c0w, USSR 

The use of radiomodifying agents in the clinical practise is limited 
by their toxicity and diminution of the modifying effect in the case of 
fractionated irradiation. This obstacle could be partly overcome by poly- 
radiomodification, by which we mean the dynamic modification of tissue 
sensitivity with the combination of agents with different mechanism of 
action, which in this case could be used in relatively smaller concentra- 
tions than in the case of separate use of each modality. The combinations 
of chemical protectors (WR-2721 and 5-metoxytryptamin) with the hypoxic 
gas mixtures or metronidazole as well as the combinations of short-term 
hyperglycemia with metronidazole or oxygen were investigated during radiation 
therapy of solid Ehrlich carcinoma. The protective effect of these sub- 
stances can be greatly increased by application of mild total-body hypoxia. 
,{yperglycemia in combination with metronidazole or oxygen improved the 
efficacy of radiation therapy of tumors. 

The advantages of different schemes of polyradiomodification will be 
discussed. 

2 C - 3  

TKE f£~C!£~I015S OF CI01~JOGE~C CEY~JS IN CU~%~Ji~ I~D IN T~dODI~S IIrDUCED 
BY I~IDIATIO~! AND CH~IOI~T~E[~APU~U~IC DRUGS 

l.i.Pelevina, G.G.Afs~asjev, V.Ja.Gotlib, S.S.Voronina, R.K.Kar~ov, 
K .V. Timcheva 

InstiCute of Chemical Physics, Academy of Sciences USSR, }~loscow, USSR 

In culture cells a~d in mice solid tumours the proliferative 
activity and colony-forming ability ~ter the action of radiation 
s~d methyLnitrosourea (I~NU) have been determined. The cloning 
efficiency doesn't depend on the proliferative activity and is 
identical in log- and plateau-phase of growth for culture arid for 
divi~ng a~Id restins cells in t~ou~'s. The cell population radio- 
sensitivity, that determined was by the cloning efficiency, 
doesn't depend o~ the proliferative activity. But quiescent cells 
in culture and in t~aours repair potentially lethal damages (P~D) 
induced by irradiation. ~he degree of repair increases when turnout 
masses and the fraction of resting eells~ increases. }~YC induced 
the selective killing of resting cells. The plateau-phase culture 
cells and clonogenic cells in large turnouts which has a large 
fraction of nondAviding cells, are more sensitive to ~JATJ. Cells 
in log-phase a1~d of small turnouts don't repaiz' 21~D induced by L~:~J. 
l:f the fraction o£ restin6 cells in culture sad in tumor, s 
increases, the ability t,o PLD repair appears s~d increases too. 
The mechanisms of cells resistance to irradiation ~d action of 
chemotherapeutieal dm~ags are discussed. 
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CHEMICAL PROTECTION AGAINST X-IRRADIATION BY AN ORALLY ADMINISTERED COMPOUND 

O. Vos 

Medical Biological Laboratory, TNO, Rijswijk, The Netherlands. 

The possibility of chemical protection against low LET ionizing irradiation has been studied 
since Patt (1949) and Bacq (1951) described protection by cysteine and cysteamine, respecti- 
vely. Since that time a great number of compounds with protective activity have been 
reported. In many cases the margin between a protective and a toxic effect is small. Most 
compounds are not active when administered by oral route. The degree of protection is mainly 
well below a dose reduction factor (DRF) of 2. In the present report results obtained with 
an orally active compound will be described, it concerns N-(]adamantylmethyl)-~-mercapto- 
acetamidine hydroch]oride and was obtained as compound WR 109342 AC from the Walter Reed 
Army Institute of Research. 
In (C57BL x CBA) F] hybrid mice the LD~0 was about 225 mg/kg, when orally administered. When 
we gave an oral dose of 75 mg/kg 30 mlnutes before X-irradiation a DRF of 1.7 was obtained. 
Application at shorter or longer intervals before irradiation resulted in a smaller protec- 
tive activity. A small but definite protection was still found when it was administered 4 
hours before irradiation. Lower doses gave smaller protective activity. The compound itself 
is poorly soluble. 
Investigations are performed to study whether a soluble compound is formed in the gut, which 
is taken up by the blood and which protects at the cellular level. Blood taken from mice 
30 minutes after oral administration of the compound is tested for its protective activity 
in vitro on cultured cells. 

2 C - 5  
RADIOPROTECTIVE AND THERAPEUTIC EFFECT OF LEUCOTROFINA UPON RADIATION SICKNESS IN MICE. 

Z. Uray, D.Suciu, Mariana Maniu, Camelia Ban 

Oncologieal Institute cluj-Napoca, Romania 

The radioprotective and therapeutic effect of Leueotrofina (a cell-free thymic extract) was 
investigated. The LD50/30 for the untreated control group was estimated of 570 rad, while 
after Leucotrofina treatment (5 u/day x 6, after irradiation) the value rose to 690 rad. 
From the LDS0/30 data a dose reduction factor of 1.21 was calculated. The radioiron (59Fe) 
uptake the erythrocytes 3 days after irradiation with i00 rad.resp. 2 days after the radio- 
iron adnlinistration for the unirradiated, untreated control group was estimated of 37.7 + 
3.21, for the irradiated control group of 10.5 + 0.7%, for the pretreated (5 u. 60 min. 
before Rx) and irradiated group of 23.7 + 0.5%, and for the irradiated and post-treated 
(5 u.60 min. after Rx) group of 21.7 + 079%. The radioiron uptake in the spleen and bone 
marrow 9-days after whole body irradiation with 500 rad was estimated for the unirradiated 
untreated group of 7.01 + 0.6% resp. 0.59 + 0.07%, for the irradiated control group of 
5.35 + 0.3% resp. 0.64 t-0.06%, and for the irradiated and treated (5 u/day x 6) group of 
10.30-+ 0.5% resp. 1.01 +0.06%. 9 Days after the whole-body irradiation of DBA mice with 
500 tad the number of endogenous spleen colonies was of 8.15 + 0.57, in the control group 
and significantly increased to 15.30 +0.75 in Leucotrofina treated (Su/day x 6) mice. The 
amount of DNA in thymus, and the uptake of 3 H-thymidine into thymic DNA were strongly 
enhanced following irradiation with 500 rad in Leucotrofina treated (5 u/day x 6) A2G mice. 
The recovery effect was also evident in the bone marrow after the application of Leucotrofina. 
However the mechanism of action of thymic extracts is still not clarified, it seems that the 
radioprotective and therapeutic effect of different thymic factors is mainly produced by 
stimulating the haemopoietic stem cells, by reactivating the energic or severely depressed 
haemopoietic and irmmune system. 
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On the Biochemical Mechanism of Endogenous Radioprotection 
P. VAN CANEGHE~< and R. GOUTIER 
Laboratoire de Radiobiologie, University of Li@ge, Belgium 

The evolution of tissular antiradical and antioxydant defense has been 
studied under different conditions in which an increase in radioresis- 
-tance caused by biostimulation can be observed (burning in mice~ 
injection of oestradiol to female mice~ injection of CoCIp to rats, 
injection of phenylhydrazine to mice). For this purpose, Zhe following 
substances and enzyme activities were determined: glutathione, GSH-peroxydase 
Glutathione-transferase, GSH-reductase, catalase, superoxyde dismutase, 
GSH peroxydase et glucose-6-phosphate dehydrogenase. All these parameters 
were measured in spleen and liver. 
The only factor whic~ regularly coincided with increased radioresistance 
was an increased content of reduced glutathione in spleen. 

2 C - 7  
CHEMICAL PROTECTION A~AINST GAMMA Pd~D~0LE~IO~S ~N RATS. 
M.I. Rojo, M. Fernandez, I. Tomicic, P. Mona, J. TobY. 

Comisi6n Chilena de Energla Nuclear, Centro Nuclear La Reina, Departamento de Fisica, 
Paeultad de Ciencias Fisicas y Matem~ticas U. de Chile, casilla 188-D Santiago Chile. 

The protective activity of NAD, FAD, Quinone was demonstrated on DNA and on erythrocytes 
in vitro. The highest DRF37 was obtained with a mixture of NAD, FAD and Quinone. The 
DRF37 obtained were 17,7 for DNA at 5 x 10 -5 M of the mixture; ii,i for rabbit erythrocy- 
tes and 3,9 for chicken erythrocytes, both at 2,5 x 10 -4 M of the mixture. The effect 
of these chemicals and that of ATP and mixtures of them on rats was studied. The D37 of 
the rats (Wisconsin) was 788 rads. The compounds studied, NAD, FAD and ATP were well to- 
lerated. They were injected up to 400 mg/Kg body weight. Quinone showed a high toxici- 
ty, so it was not considered for in vivo experiments. Adult rats weighing 290 grs. 
approximately were anesthetized and the chemicals injected intraperitoneally, 15 minutes 
before whole body irradiation. The number of rats surviving 30 days was scored. Animals 
were irradiated with a 137-Cs source. The dose rate was 80 rad/min. A protective effect 
was obtained with FAD 40 mg/Kg and with NAD-FAD 20 mg/Kg (1:1). The effect of the mix- 
ture was higher than the effect obtained with higher concentration of NAD and FAD. 
For FAD 40 mg/Kg at 800 rad and 875 rad, the enhancement of the surviving fraction was 
43,8% and 14% respectively. For NAD-FAD 20 mg/Kg. (i:l), the enhancement was 87,5 % and 
42,8% respectively. When NAD-FAD-ATP 93 mg/Kg. (i:I:i) was assayed, the enhancement 
was 31,3% and 100%. FAD 40 mg/Kg and NAD-FAD 20 mg/Kg (I:i) showed a gain of doses 
giving a hundred percent surviving. The mixture NAD-FAD-ATP did not show this shift of 
the shoulder for higher irradiation doses, but it gave an increase of the surviving 
fraction at higher irradiation doses. Higher concentrations of these compounds were also 
assayed. Besides, some biochemicals indicators suchas plasmatic polyamines levels were 
studied on irradiated non protected and p~otected rats~ The efficiency of these compounds 
lot in vivo use is discussed. 
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INVESTIGATION OF THE EFFECT OF LITORALON /gamma-L-glutamil-taurine/ 
COMBINED WITH OTHER TYPE OF RADIOPROTECTIVE AGENTS 

Gy. Benk6, L.Feuer I, G.Horvgth 1 

"Fr6d4ric Ooliot-Curie" National Research Institute for Radiobiology 
and Radiohygiene and CHINOIN Pharmaceutical Works Ltd. Budapest,Hungary 

Authors have already reported /6th ICRR, ~apan,1979/ On the low 
radioprotective effect of Litoralon /gamma-t-glutamil-taurin/ as 
against X-ray, gamma and mixed neutron-gamma radiation; this effeot 
becomes apparent in LD5o_7 o range of radiation dose. hitoralon showed 
some beneficial effect even in treatment of early syndromes of 
reaction to radiation /primarily adynamia, development of the physical 
ability/. In this paper authors report that the radioprotective effect 
of hitoralon may be increased if combined with AET / S,beta-amino- 
etilizotiuronium Br.HBr., cystamin, cisteamin, etc./. It was proved 
that toxic side effects of AET have favourably been lessened by 
Litoralon. The moderation of the side effects manifesting in cardio- 
toxic symptoms predominate caused by AET in Litoralon treatment. 
It is all the more worthy of note as Litoralon cannot be compared 
to pharmacological antagonists investigated in this field. Authors 
suppos8 that this moderation may be caused by the special structure 
of the molecule as no decrease was observed neither in radioprotective 
nor in cardiotoxie effee~when AET was given in combination with 
taurine. 
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2 C - 9  
RADIOSENSITIZATION BY IOTHALAMIC ACID IN SINGLE CELL SYSTEMS. 

G. Simone, L. Pini and M. Tamba, Laboratorio FRAE - CNR, Bologna, Italy 
V. Capuano, CNEN - CSN, Casaccia, Roma, Italy 
O. Sapora and M. Quintiliani, Laboraterio TBM - CNR, Roma, Italy 

The radiosensitizing activity of 3-(acetylamino)-2,4,6-triiodo-5-~methyla- 
mine) carbony!/ benzoic acid (iothalamic acid, ITA) has been tested on sur- 
vival of E. coli B/r and V79-753B cells. 
Bacterial experiments were carried out using pulsed electrons from a 12 MeV 
linear accelerator, and mammalian cells experiments using 250 KeV X-rays. 
Maximum sensitization was already achieved in bacteria at 10 mM ITA in 
phosphate buffer saline (PBS), while in mammalian cells the radiosensiti- 
vity steadily increased up to 200 mM ITA. The enhancement ratio (E.R.) in 
bacteria was much greater in aerobic than in anoxic cells, and was I in 
growing medium (G.M.) . In mammalian cells the E.R. was the same in PBS as 
in G.M., as well as in aerobic and in anoxic conditions.Different results 
between bacterial and mammalian cells were also found when scavengers, such 
as glycerol, DMSO, and cysteine were present in addition to ITA: namely any 
sensitizing effect was abolished in bacteria, while in mammalian cells the 
same E.R. than in absence of scavenger was detected. 
Possible mechanisms of those effects will be discussed. 
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2C-10 
"Structure-Activity Relationship of Some Pharmacological Agents that Act as Hypoxic Radio- 
sensitizers and/or Oxic Radioprotectors." 
Tom M. Yau 
Division of Radiation Biology, Department of Radiology, Case Western Reserve University, 
Cleveland, Ohio 44106 

Results from our laboratory have indicated that local anesthetics such as procaine 
or lidocaine are capable of modifying the response of mammalian cells toward x-irradiation. 
Whereas oxie cells are radioprotected, hypoxie cells are preferentially radiosensitized by 
these agents. In an attempt to seek a possible structure-activity relationship and to gain 
further insight into such paradoxical radiation modification afforded by these agents, we 
have proceeded to screen a series of clinically-used and related pharmacological agents 
using the in vitro murine L5178Y lymphoma cell system. Agents studied thus far include a 
series of local anesthetics, barbiturates, some tranquillizers, analgesics and psychophar- 
macological agents. The radiation-modifying effect of most of these compounds is in many 
ways similar to that resulting from treatment with local anesthetics. The efficacies of 
some of these compounds to radiosensitize hypoxic and/or radioprotect oxic cells are being 
compared with misonidazole and cysteamine, respectively. Possible mechanisms for the diff- 
erential radiation modification exerted by these various subclasses of agents will be pre- 
sented. Parameters to be discussed will also include electron affinity, solubility, parti- 
tion coefficient, and the ability of some of these compounds to inhibit cellular oxygen 
consumption, This investigation is supported in part by grants CA15901 and CA19283 from 
the U.S. National Cancer Institute, Department of Health, Education and Welfare. 

2C-11 
EFFECTS OF MISONIDAZOLE AND IRRADIATION ON I N I T I A L  TRANSPLANTATION GENERATIONS OF A MAMMARY 

ADENOCARClNOMA IN  MICE 

G . G r a s h e v ,  K. C b r i s t o v - T z e l k o v  

National Institute of Oncology, Sofia-l156, Bulgaria 

Cell kinetic parameters of a mouse ("H"strain) mammary adenocarcinoma in third and fourth 

generations were estimated LI-18%, TS-6, 7 hr, TC-17, O hr, Tp26 hr, GF-65%, cell ioss-88%. 

When in the leg mean tumor diameter was in the range of 3-8 mm a local gamma-60Co irradia- 

tion was given. Tumor growth curves indicated an exponential shade. Experiments performed 

and results obtained are summarized: 

Groups & Treatment No. TC RG T 
D 

i. Controls 15 - 9,5 

2. Misonidazole ix ~ 10 - 9,5 

3. Misonidazole 2x ~ i0 - 9,5 

4. 20 Gy 12 25 18 22 

5. 2x10 Gy 12 25 15 

6. 20 Gy+MJ:~on_ Ix ~ 15 40 45 I0 

7. 2x10 Gy+Mison.2x m~ 12 17 37 ii 

No.=Animals number 

TC :Tumor curability 

RD =Regrowth delay (days) 

T =Tumor doubling time 
D 

(800-1600 nm3)(days) 

m =i mg/g body weighth, i.p. 

• ~ =24 hr interval 

Dose fractionation is more effective for tumor growth delay but not for tumor regrowth 

potential. Fractionation of the dose does not increase tumor curability (Groups 4,5). 

Combination of a single dose irradiation and misonidazole is more effective for tumor 

growth delay and curability than fractionation of irradiation and drug (Groups 6,7). Tumor 

regrowth potential in both treatment groups (6,7) is almost similar to those of the controls 
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2C-12 

Radiosensitization of Hypoxic Bacteria by Radiosensitizers Containing Functional Groups 

other than Nitro 

R.F. Anderson, K.B. Patel, C.E. Smithen* and R.G. Wallace** 

CRC Gray Laboratory, Mount Vernon Hospital, Northwood, Middlesex HA6 2RN, England. 

* Roche Products Ltd., PO Box 8~ Welwyn Garden City, Hertfordshire AL73AY: England. 
** School of Chemistry, Brunel University, Uxbridge, Middlesex UB8 3PH, England. 

It has been sug@ested that the neurotoxicity of nitroimidazole radiosensitizers may be 
associated with the nitro group or with the reduced intermediates of this group. This 

paper describes the use of strains of the bacteria E.coli and S.lactis to investigate 
a number of non-nitro compounds as potential radiosensitizers.i Whereas most nitro- 
imidazole compounds have a one-electron reduction potential, E 7 in the range -0.6 to-O.2V 
(NHE) compounds containing substituents with electron-withdra~ing properties similar 
to the nitro group have proved to be much less electron-affinic. Most of the compounds 

have E <-i. OV, although a potential of -0.75 V was measured for a trifluoroacetyl 
derivative. Thus it is likely that radiosensitization seen with some of these compounds 
is due not to the electron-affinity of the compound, but to the radiolytic production of 
toxic intermediates or products. 

Liquid-Flow Rapid-Mixing Studies on the Radiosensitization of Mammalian Cells 

2C-13 

M.E. Watts, R.J. Hodgkiss, D.S. Sehmi and M. Woodcock 

Cancer Research Campaign Gray Laboratory, Mount Vernon Hospital, Northwood, Middlesex, 

England. 

A liquid-flow rapid-mixing technique using high dose-rate irradiation from the Gray 
Laboratory Van de Graaff accelerator has been used to study the time course of radiation 

effects in hypoxic Chinese hamster cells. The results from these studies yield 
information on the mechanisms involved in the modification of the radiation response by 
added chemicals. This technique has also been used to study the effects of the lipo- 
philicity of radiosensitizers on sensitization in vitro. Data on radiosensitization 
by a highly efficient ortho-substituted $-nitroimidazole will be presented and discussed 

in the light of proposed mechanisms of sensitization. For comparative purposes the 
time course of sensitization by oxygen in these cells has also been studied and the data 
will be compared with the results of similar experiments by Asquith et al.~ 1975. 
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2 ¢ - 1 4  
THE ROLE OF RADIOLUMINESCENCE IN THE EFFECT OF BETA RADIATION ON THE STIMULUS THRESHOLD 

OF MUSCLE. 

L. Kutas 

Biophysical Institute, ~99dical University, P6cs, Hungary 

According to our previous experiments scintillations can be evoked by very weak 

beta radiation of incorporated tritium in the cross striated muscles of frog. 

As it was found by others 

- the same radiation or 

- the illtmlination by light 

decreased the stimulus threshold in muscles. 

If the muscles are kept in solution containing tritium and radioluminescent 

chemicals the decrease of stimulus threshold is significantly larger than that caused 

by tritium only. Yhese chemicals applied without tritium increased the stimulus 

threshold. 

The results of recent experiments support the possible connecting role of 

scintillations in the mechanism of the stimulus threshold decreasing action of weak 

beta radiation. 
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2D-1-8 Dosimetry and Isotopes 

2D-1 
RECENT RESULTS OF ELECTRON TRACK STRUCTURE CALCULATIONS FOR RADIATION BIOLOGY 

Helmig G. Paretzke 

GSF - Institut ffir Strahlenschutz, D-8o42 Neuherberg, Fed. Rep. Germany 

So-called "low-LET" radiations as e.g. fast electrons, X-rays, and gamma quanta are of 

special fundamental as well as practical interest to radiation biology, -therapy, and to 

radiation protection. For the adequate specification of the radiation quality of such fields, 

for the promotion of our understanding of basic radibiological mechanisms set in motion by 

their interaction,etc, more information is needed on the microscopic pattern of relevant 

chemical activations produced by irradiation within cell nuclei and their constituing bio- 
molecules. 

To provide such basic physico-chemical data for primary electron track structures for further 

use in radiobiological theories, extensive Monte-Carlo simulation calculations have been 
performed for the model substance water vapour. The cross sections used in these programmes 

were carefully checked against experimental data wherever possible and meaningful in this 

context. Here results will be presented especially for the important energy region between 

o.oi and 1o keV. Emphasis will be put on 

- the stochastic energy density frequency distribution in small sites of o.i to io ooo nm 
diameter, 

- the yield of "clusters" and their frequency distributions, 

- the yield of blobs, spurs, short tracks, etc.,and their frequency distributions. 

These data will be compared to the respective more integral quantities LET and degradation 

spectra, and the advantages and disadvantages of their use in radiation biology will be 

discussed. 
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2 D - 2  
A SECONDARY STAiQARD IN I~rEUTRON DOSi~gETRY AND A TRANSFER DOSI~fETER 
I. Dvornik, S. Milja~id, M. Zivadinovid, U. Zec, D. Ra~em, and N.Ranogajec 
"Ruder Bo~kovi6" Institute, Zagreb, Yugoslavia 
The chlorobenzene-et9anol-trimethylpentane (CET) dosimeter is comparable 
with the well known secondary standard for absorbed dose measurements, the 
ferrous sulphate dosimeter. In some properties the CET-dosimster is more 
favorable: reproducibility with commercially available chemicals, measure- 
ment by spectro~hotometry at 552 nm, higher sensitivity (O,017 O.D. units 
per lO0 tad em-~). The important advantage: exposed to the mixed neutron 
plus gamma field it measures directly the total tissue dose. The response 
of CET per rad in muscle tissue of neutron dose is nearly equal to the res- 
ponse per tissue rad of yamma dose for radiation energies up to 15 51eV. 
Based on the CET system t~e dosimeters in the form of 5 mm OD and 130 mm 
long sealed ampoules were developed and are commercially produced under the 
name ~'DL-MS". This is the standard personal dosimeter for nuclear accident 
or emergency dosimetry. Iu this case the readout of dose is performed with 
an accurate visual colorimeter which adds to the simplicity and reliability 
of measurement, especially in cases when standard dosimetry has to be per- 
formed by people not specialized in the field. Due to stability and high 
reproducibility of individual properties the precision of 1 to 2 % is easi- 
ly obtained. Compared to other methods of standard dosimetry the time con- 
sumption and cost are lower. The factor of time economy is most important 
if high absolute accuracy is required and there is no time for checking of 
the instruments. The same is true if measurements are made at longer time 
intervals. In o~ur case the dosimeter and the reader are completely stable. 
;~ere we pre~eu% t~e results of error analysis relevant for accurate practi- 
cal dosimetry and for intercomparisou ~easurements by transfer dosimeters 
(i.e. dosime~,ers w?-~ie~ are sent by Dose:). Special care is ~iveu to errors 
i~tro,]uced ::ith the correction fo< ~ t'-e fs, dins of the signal in eases of 
readout performed several days affer irradiation. For transfer times of 
less than 15 days t~,is error is ~elow ! percent. The dosimeter can measure 
doses up to 1500 rad and tl,~e resolution below IO0 rad is fevz rad. The effe- 
ct ~f ~euLror~ e~er(iy could not >>e observed ':qitbi~ t~e experimental error 
of - IO percent, Further experi~ue~nt,{l wor~ is in pro~Tress aimed to develop 
st, anc]ard procedures in <,eutron, gamma and fast electron dosimetry. 

2 D - 3  
RJ~DIATION QUALITY OF FAST NEUTRONS AND RBE OF HUMAN KIDNEY T CELLS IN  A WATER PHANTOM 

J .  F i d o r r a ,  J .  Booz 

Institute of Medicine, Nuclear Research Center J~lich GmbH, D-5170 Jfilich, F.R. Gerlnany 

The spatial differences of radiation quality in patients irradiated with collimated fast 
neutrons for radiation therapy are not well known, whereas the RBE in terms of survival of 
cells in culture, measured by different authors, does not show any significant change 
inside and outside the central neutron beam. 

In order to extend such observation to in vivo tissue, the microdosimetric radiation quality 

and the RBE of human kidney T-cells as well as their spatial variation was measured in a 
water phantom. The fast neutrons had a mean energy of 6 MeV and were obtained hy bombarding 
a thick Beryllium target with 14 MeV deuterons. The collimator defined a field size of 
i0 x iO cm in 125 cm distance. 

The saturation corrected dose average yW decreased between the phantom surface and a water 
depth of 20 cm by only 12 %. The corresponding survival curves at these positions exhibited 
no change in RBE. At 5 cm water depth the microdosimetric spectra in the beam center and at 
a distance 5 cm from the beam boundary were significantly different. However, the survival 
curves obtained at these positions and the parameter y~ did not differ. 

It can be concluded that doses below i Gy inside the beam have the same effect on the 
colony forming ability of cultured mammalian cells in the phantom as equal doses in the 
penumbra region. This experimental result is an agreement with theoretical considerations 
relating yw and RBE. 



The UK Radium Luminizer Survey 

K.F. Baverstock and J. Vennart 

Medical Research Council, Radiobiology Unit 
Harwell, Didcot, Oxon. 0XII 0RD, England. 

337 

2 D - 4  

The use of paints containing radium to luminize watches and instrument dials became 
relatively widely practiced in the UK during the period 1939 to 1950. During the early 
1960's a survey population consisting of some 1600 workers in this industry was set up. An 
interim analysis of causes of death in part of this group (NIl00 women who started work 
during or after 1939) has revealed little evidence of the effects on bone, including osteo- 
sarcoma, whichwereobserved in the US luminizer population1~ but during the last decade the 
survey population has shown an excess of breast cancer when compared with the ~K population 
• 2 . • in general . Evmdence whlch suggests that this excess may he related to the higher back- 
ground radiation from radium and radon experienced by these workers at their work places is 
examined. 

The distribution of cancers other than breast cancer in the survey population is also 
examined in the light of recent claims that the ICRP estimates of risk factors 3 for certain 
cancers are under estimated by factors of an order of magnitude or more when applied to 
exposure of low dose rates 4. 

The problems associated with interpreting the results of small epidemiological studies 
such as the In< luminizer survey in the context of radiological protection are also discusse~ 

References 

] Martland, H.S. J. Amer.med. Assoc~92, 466 (1979). 
2 Baverstock, K.F., Papworth, D.G. and Vennart~ J. (Submitted for publication (1980). 
3 ICRP Publication 26~ Recommendations of the International Commission on Radiological 

Protection, Pergamon Press~ Oxford (1977). 
4 Mancuso, T. Stewart~ A. and Kneale, G., Health Phys.~ 33, 369-385 (1977). 

2 D - 5  

STUDY OF St-90 CONTENT OF HUMAN TEETH 
I.Turai, L.B. Sztanyik, O.R6ka, D. Stur, L.Kov&cs 

"Fred@rio Joliot-Curie" National Research Institute for Radiobiology and Radiohygiene 
Budapest, Hungary 

In connection with the commencement of the first Nuclear Power Station in Hungary, 
we have been dealing with estimation of the present radiation exposure of the 
population, and with measurements of basic levels of environmental radioactivity. 
Activity concentrations of Sr-90 in environmental media and in human bone tissue 
due to nuclear weapon tests have been determined. For the latter, extracted teeth 
collected from various clinics and dentistries of Budapest, have been classified 
according to their relatively most intensive period of development, and their 
activity concentration of Sr-90 measured. 

The data obtained so far indicate that the Sr-90 concentration of human teeth 
readily follows the changes of St-90 activity in the environment. Naturally, no 
St-90 Jan be detected in teeth cut before the nuclear weapon tests. Assessment 
of the bone marrow dose received from the Sr-90 content of the bones has been 
attempted. 
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THEORETICAL AND EXPERIMENTAL STUDIES ON THE TOXICITY OF 123I, 125I AND 
GLAND. 

J.A. van Best. 

Radiobiological Institute TNO, Lange Kleiweg 151, Rijswijk, The Netherlands. 

2 D - 6  

1 3 i i  IN THE THYROID 

Refined dosimetric calculations for different iodine isotopes in the thyroid gland were 
performed by the use of Monte Carlo procedures. These procedures were applied on a micros- 
copic scale to the beta spectrum and on a macroscopic scale to the gamma spectrum of the 
isotopes. The doses calculated to be received by follicular cells depended strongly on 
follicle size, thickness of the surrounding cell layer and thyroid weight. In order to 
verify the validity of t~ese calculations the thyroid function was determined after irradia- 
tion originating from 12 I, 125I and 131i. Groups of mice were injected with various activi- 
ties of these isotopes and a year later, the thyroid uptake of a tracer dose was determined. 
From the dose effect curves, the activity of each isotope required for suppression of tracer 
uptake to 20% of the control value was estimated. The calculated average dose in the cell 
layers was found to be more relevant for damage to the thyroid function than the calculated 
dose in the thyroid. 

2 D - 7  

RADIOTOXICITY OF THALLIUM-201 IN V79 CELLS. 

Amin I. Kassis and S. James Adelstein 

Harvard Medical School, Boston, Massachusetts U.S.A. 

The uptake of thallium-201 in Chinese hamster V79 lung fibroblasts has been compared 
to that of potassium-42/-43 and rubidium-86. Because these intracellular cations are not 
bound to cellular elements, special methodology was developed for the rapid separation 
of cells from radioactive media. The rates of uptake of 2°ITl, 86Rb, 43K and 42K were 

linear with increasing concentrations of radioactivity in the media reaching a plateau 
within 6 hr. Efflux of thallium after 18 hours of exposure was more rapid than that of 
rubidium and potassium. 

The radiotoxicity of these monovalent cations to V79 cells was also determined. 2°ITl, 
the only Auger emitter, was most toxic. Both 4ZK and 43K had equal toxicities while 86Rb 
was the least effective. The radioactive contents of whole cells at a surviving fraction 
of 37% for Z°ITl, 43K/42K and SGRb were 1.2, 1.8 and 3.8 pCi/cell, respectively. While 
the uptake of all these radionuclides was inhibited by Ouabain, only the toxicity of 2°iTl 
was sensitive to changes in intracellular concentrations. Thus, for the latter cation, 
as would be expected from the decay scheme, the microscopic distribution of energy within 
the cell is the determinant of radiotoxicity. 
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2 D - 8  
REMOVAL OF RADIO-BARIUM BY CRYPTAND (222) FROM MAMMALS . 

Wilhelm H. MUller and W. E. Kollmer 
Gesel lschaf t  fu r  St rah len-  und Umweltforschung , Abt. Nuklearbiologie,D8o42 NEUHERBERG 
Commission o f  the European Communities, Contract 207-76-BlO-D,Contr ibut ion no. 1682 

Sr-90,Sr-89 and Ba-140 appear in Mattauch~ curve of  Uranium and Plutonium f i s s i on  in the ma- 
xima, e.g.  in highest amounts together  wi th the corresponding isobars to about 4,8%,5,9% & 
6,4% in reac to r  burn-up . A l l  of  these nucl ides are bone-seeking elements and there fore  haz- 
zardous to man in the case of an accidenta l  exposure . But very l i t t l e  a t t en t i on  is  paid at 
present to the f a c t ,  that  there ex is ts  no s u f f i c i e n t l y  developed remedy in order  to remove 
these rad ionuc l ides ,  once incorporated in to  the human body . One of  us has presented prev iou-  
s ly  cryptand (222) as a possib le means to remove Sr-90 from mammals wi th an ex t rapo la t i on  to 
man . (x) Here we should l i k e  to present cryptand (222) as a means even more potent fo r  the 
removal of  Barium-140 c i r c u l a t i n g  in mammals. The responsib le parameters, such a s ~ f f i n i t y  of  
(222) towards Ba-140,(KI) ,  and the therapeut ic  range are given. Decorporat ion of Ba-140 is  
shown also in the context  of i t s  r e l a t i v e s  Sr and Ra . By a t reatment scheme, demonstrat ing 
the therapeut ic  e f f ec t  e.g. the decorporat ion e f f ec t  as dependent on the appl ied (222)-dose 
and the t ime of  t reatment s t a r t  in r a t s ,  we t r y  to est imate the e f f i c i e n c y  of a probable 
-(-2~-2)-treatment in radio-bar ium contaminated man . E x t e n d e b i l i t y  and l i m i t s  of  a (222 ) - t rea t -  
ment are discussed . 

(x) W.H.MUIIer: Present State of Radio-Stront ium Decorporat ion Research wi th 
Cryptand (222) ; IRPA Congress , Jerusalem 1980 . 
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3A-0-13 Mutagenesis 

3 A - 0  
[nterspecies differences of radiation induced genetic effects 
A.T. Natarajan and P.P.W. van Buul 
University of Leiden & J.A. Cohen Institute of Radlopathology and Radiation Protection, 
Leiden, The Netherlands 

Nuclear volume, DNA content and the capacity to repair damaged DNA are important among the 
factors which affect sensitivity of different species towards genetic effects of radiations. From the avail- 
able data, quantitative comparisons between diverse species can only be made with two endpoints, namely 
chromosomal aberrations and 'point mutations. ' A linear relationship between DNA content and frequencies 
of gene mutations induced by ionizing radiations in diverse organisms has been presented by Abrahamson et 
al. 1974. Though this relationship in general is attractive it has been subjected to criticisms on valid 
grounds. Results from in vitro studies involving rodent cells and human fibroblasts, indicate equal sensiti- 
vity (or within a factor of 2) for induction of point mutations for 6-thloguanine resistance (HGPRT-) induced 
by X-rays. Chromosomal aberrations induced by ionizing radiations in diverse mammalian species can be 
compared from data obtained in somatic cells (peripheral blood lymphocytes) and germ cells (stem cell 
spermatogon[a). The magnitude of interspecies differences obtained for induction of dicentrlc chromosomes 
by X-rays in peripheral blood lymphocytes is not different from variations present within the same species 
indicating an equal radbsensitivity for this end point. However, data for induction of reciprocal trans- 
locations in stem cell spermatogon[a in diverse species (mouse, hamsters, rabbit, monkeys and man) 
exhibit a higher variability than the ones observed in lymphocytes. A major factor for this interspecies 
variability in response is due to differences in elimination of cells containing chromosomal aberrations 
(cell selection) from the time of induction until meiotic division. 
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3A-1 

Chromosome aberrations and cell death 

J. Tremp and H. Fritz-Niggli, 
Strahlenbiologisches Institut der Un~versit~t ZUrich, Postfach, 
CH- 8029 ZUrich/Switzerland 

A possible correlation between chromosome aberrations and reduced pro- 
liferation capacity or cell death was investigated.- Synchronized Chinese 
hamster fibroblast cells were irradiated ( 3o0 tad X-rays) in early G I. 
Despite synchronization the cells reached the subsequent mitosis at 
different times. The rate of chromosome aberrations was determined in 
the post-irradiation division at 2-h intervals. The highest rate occurred 
in cells with a first cell cycle of medium length. - The colony-forming 
ability of mitotic cells was measured in parallel samples by following 
the progress of individual mitoses. The proportion of cells forming macro- 
colonies de~eased with increasing cell cycle length, and the number of 
non-colony-forming cells, i.e. cell death, increased. Irrespective of 
various first cell cycle lengths and different rates of chromosome aber- 
rations, the number of cells forming microcolonies remained constant. 
A correlation was found between cells without chromosome aberrations and 
the ability to form macrocolonies. However, cells with a long first cell 
cycle formed fewer macrocolonies. 

Characterization of radiation-induced mutants of cultured mammalian cells 
3 A - 2  

Robert Brown and John Thacker 

MRC Radiobiology Unit, Harwell, Didcot~ 0xon, 0XI] 0RD, England. 

When mutants resistant to the toxic purine 6-thioguanine (TG) are isolated from mammalian 
cell cultures, they are usually found to have reduced activity of the purine salvage enzyme 
hypoxanthine-guanine phosphoribosyl transferase (HGPRT). Somatic cell hybridization and 
pedigree analyses have shown that HGPRT activity is associated with the X chromosome in all 
mammalian species investigated. 

Reproducible increases in the frequency of TG-resistant mutants can be obtained with 
ionising radiations (Thacker & Cox 19757 ~!ature 258, 429; Cox et al 1977, Nature 267, 425). 
Our preliminary characterization of radiation-induced mutants suggested that the majority 
had a complete lack of HGPRT activity and could have arisen by large changes in the X 
chromosome rather than from 'point' mutations involving only a few nucleo%ides (Thacker e t 
a l 1976, Mutat. Res. 3_~5, 465; Thacker et al ]979~ Int. J. Radiat. Biol. 36, ]37~ Cox & 
Masson 1979, Int. J. Radiat. Biol. 36, 149; Cox & Masson 1978 Nature 276, 629). 

We have now isolated about 50 independent TG-resistant mutants induced by y-rays in V79 
hamster cell cultures, as well as a smaller number induced by high LET radiations, and 50 
mutants occurring spontaneously (without treatment). A similar number of mutants was 
induced by the chemical mutagen ethyl methane sulphonate (EMS), which is known to cause 
'point' mutations. The isolation experiments were designed to ensure~ as far as possible, 
that no selection operated against any one mutant phenotype. Assay of HGPRT activity in 
cell-free extracts has shown that none of the radiation-induced mutants has activity, while 
some of the spontaneous and the EMS-induced mutants have partial activity. This supports 
our preliminary hypothesis, although we have found from chromosome banding studies that 
few mutants have visible X-chromosome changes, and so far no TG-resistant mutant has shown 
deficiency in another X-linked enzyme, glucose-6-phosphate dehydrogenase. 
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Sister chromatid exchange /SCE/ in human lymphocytes exposed to low dose 
radiation during G o 

S. GUNDY and P.L. VARGA 

"Fr6d4ric Joliot-Curie" National Research Institute for Radiobiology and 
Radiohygiene, Budapest, Hungary 

In order to evaluate the induction of SCE by ionizing radiation, and 
to check the validity of linear extrapolation of data in radiation 
cy~ogenetics, the effect of a wide range /0,05-5 Gy/ of low-LET radiation 
/bUCo-gamma/ was tested on peripheral human 15~phocytes. 

Results obtained in course of investigation showed a multiphase 
dose-response function between induced SCE frequency and doses applied. 
A sharp, almost 3,5 fold increase in SCEs was observed after O,1 Gy 
followed by a decrease between 0,1-0,25 Gy, while doses between 0,5-5 Gy 
exhibited a modest increase, showing a quasi-linear dose-relationship. 

Furthermore, 45 normal persons and 30 individuals exposed to low doses 
of occupational radiation were tested by harlequin technique. There was 
found a significant difference between examined groups, in average 
5,5 SCE/cell and 8,8 SCE/cell, respectively. However, the contribution 
of other mutagenic agents /chemicals, drugs, etc./ might not be excluded 
in the latter group by all certainty, based on our findings, the 
elevated SCE frequency can be ascribed partly to the low level radiation 
as well. 

3 A - 4  
Compar i son  o f  t h e  e f f e c t i v e n e s s  o f  d i f f e r e n t  t y p e s  o f  r a d i a t i o n  f o r  i n d u c t i o n  
of cell reproductive death and chromosome aberrations in three cell-lines. 

J. ZOETELIEF AND G.W. BARENDSEN 

Radiobiological Institute TN0, Rijswijk, The Netherlands 

The induction of impairment of clonogenic capacity and chromosome aberrations have 
been studied in three established cultured cell-lines (R-IM, RUC-2 and V-79). The expe- 

riments have been performed with cells in plateau phase cultures, which contain about 70 to 

80 per cent of cells in G o or prolonged G 1 phase of the cell cycle. The irradiations 

were performed with 137Cs galm~a rays, 300 kV X rays and 0.5, 4.2 and 15 MeV neutrons. 

The studies of chromosome aberrations have been restricted to clearly observable chromosome 
aberrations i.e. dicentrics and centric rings. 

The different types of cells show a large variation in sensitivity for induction 
of both types of effects. The dependence on radiation quality shows a comparable behaviour 

for the different cell types for both types of effect. The radiosensitivity is highest 

for 0.5 MeV neutrons, intermediate for 4.2 and 15 MeV neutrons and lowest for photons. 

Differences in effectivity between 300 kV X rays and 137Cs gamma rays were only observed 

for RUC-2 cells for induction of both types of effect and for induction of chromosome 

aberrations at higher dose levels for V-79 cells. 

With regard to cell reproductive death the R-IM cells show the highest sensitivity 

for all types of radiation whereas the results for RUC-2 and V-79 cells are similar. For 
induction of chromosome aberrations the R-IM cells show the highest sensitivity for 

photons, whereas for neutrons the highest susceptibility is observed for V-79 cells. For 

doses, only taking into account the linear coefficients of dose-effect relations, the 

effectivenesses per unit of dose for loss of reproductive capacity are higher than those 

for induction of dicentrics and eentric rings by a factor of 2.5 to 6. These differences 
are larger than expected if all impairment of clonogenic capacity results directly from 

gross chromosome aberrations. 

Maximum RBE values were smaller than 10 for all cell types at 50 per cent survival 

and 10 per cent chromosome aberrations for 0.5 MeV neutrons. 
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3 A - 5  
s t r u c t u r a l  chromosome a b e r r a t i o n s  i n d u c e d  i n  human G o l s ~ p h o c y t e s  h y  a i u m i n i u m  and c a r b o n -  
characteristic ultrasoft X-rays 

R.P. V i r s i k  +, D.T. Goodhead ~,  R. Cox ~, J .  Thacke r  ~,  and D. Harder  + 
+ 

Institut f~r Medizinische Physik und Biophysik, G~ttingen, W.-Germany 

MRC Radiobiology Unit, Harweil, Didcot, England 

Human G l~nphocytes were irradiated with ultrasoft X-rays from aluminium and carbon 
targets~ Chromosome aberrations were scored in predominantly f±rst metaphase cells. Both 
radiation qualities were found to he effective in inducing structural aberrations, 
including dicentric (and polycentric) chromosomes, centric rings and acentric fragments 
as well as gaps and chromatid exchanges. 

The lowest photon energy used in our experiments was 0.28 keY (i.e. carbon K X-rays). 
These produce within the irradiated cells monoenergetic photoelectrons which have ranges 
of~ 7 nm. The finding that these electrons are capable of efficiently inducing exchange 
aberrations (e.g. dicentric chromosomes) indicates that "primary lesions" in chromatin 
fibres can be produced by ~ 280 eV (i.e. ~ only 14 ionisations) confined to distances 
smaller than 7 nm. 

3 A - 6  
Chromosome analyses in human lymphocytes after 14-MeV (DT) neutron therapy. 
J. Dresp, E. Schmid, M. Bauchinger, H.D. Franke,G~angendorff 

Department of Radiation Biology, GSF, 8042 Neuherberg-M~nchen, and Radio- 
therapy Department of the University Hospital Hamburg-Eppendorf 

Chromosome analyses were carried out in peripheral lymphocytes of 17 
patients with different tumors in various body regions. 4 females and 13 
males, aged between 12 and 80 years, were irradiated by a 14-MeV (DT) 
neutron therapy facility at the University Hospital Hamburg-Eppendorf. 
Blood samples were taken before, during and after a partial-body exposure 
in different irradiation fields with doses of between 1.3 and 15.6 Gy 
(D + ~). The frequency of dicentric chromosomes showed a positive corre- 
lation with the therapeutical surface dose. Equivalent whole-body doses 
could be ascertained by using a calibration curve determined in an earlier 
in vitro experiment with 15-MeV (DT) neutrons. The dose estimation by means 
of dicentric chromosomes yielded a mean of 3 - 6 % of the surface dose 
depending on the irradiated body region. Despite partial-body exposure 
cytogenetic dosimetry is in principle feasible even for high LET radiation. 
However, it is necessary to take into account some correction due to 
different exposure sites of the body. These experiences obtained under 
controlled medical exposure conditions can contribute to an improved 
cytogenetic dosimetry after accidental or occupational partial-body exposure. 
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Analysis of cell kinetics of human lymphocytes and aberration yields in 
first (MI) and second (MII) post irradiation divisions by FPG-stalning. 
J. Kolin-Gerresheim, M. Bauchinger 

Department of Radiation Biology, GSF, 8042 Neuherberg-M~nchen, Federal 
Republic of Germany. 

Under the culture conditions of our laboratory at the culturetime of 48 hr 
the frequency of MII cells in blood samples of 50 different unirradiated 
donors varied between 7 - 56 %. Beyond this, significant different MII 
frequencies (35 - 51%) were present in blood samples from one and the 
same donor taken at different time intervals. These data hold for a 
BrdU-concentration of ii ~g/ml. They certainly do not reflect real cell 
kinetics without BrdU, because application of BrdU in concentrations down 
to 1 pg/ml leads to a pronounced increase of the MII frequency. In an 
irradiation experiment with 220 kV X-rays (50-400 rad) we found a dose 
dependent decrease of MII frequency. 

In a separate experiment with a single dose exposure of 200 rad,chromosome 
analysis in MI and MII was carried out. The dicentrlc yield in MII cells 
is only one half of that observed in MI cells. A similar analysis of 
acentrlc fragments will be discussed. 
From these experiments it can be deduced that in cases with rapidly 
dividing lymphocytes, i.e. high MII frequencles, lower aberration yields will 
be scored with conventional staining. Therefore it is suggested that 
calibration curves used for cytogenetlc dosimetry should be established 
by means of a standardized FPG-technique. 

3 A - 8  

Increased chromosome sensitivity im Xeroderma pigmentosum cells with de- 

fective repair of ionizing radiation induced damages in DNA 

V.H.Zikhelson, V.D.Zhestyanikov and G.G.i~achapuridze 

Institute of Cytology~ Academy of Sciences of the USSR, Leningrad, USSk 

Frequency of chromosome aberrations has been studied in the cells of 

patient with Xeroderma pi~mentosum form named X~ II. According to previous 

results (Mikhelson et al.,Tsitologia,1974~16,2:203), XP II is characteri- 

zed by defective rejoining of ~-induced single-strand breaks and decreas- 

ed unscheduled DNA synthesis after both UV- and ~-irradiation. 

Chromosome aberration rate after UV-irradiation in the XP II lympho- 

cytes was increased to the same extent that in classical XP cells. After 

X- and ~-irradiation chromosome aberration rate was increased only in the 

XP II cells, but did not differ in classical XP cells from that in norm. 

Effect of chemical mutagens of "UV-tipe" (BMBA, 41~Q0, AAAF) on chromosomes 

of classical XP and XP ii cells was similare, but I~.iS, ~MS and I~S:NG incre- 

ased the chromosome aberration rate only in XP II cells. Spontaneous chro- 

mosome aberration rate was increased in both XP forms studied. 

These findings show the decisive role of DNA repair in sensitivity of 

chromosomes in human cells and the community of ~[A repair mechanisms du- 

ring normal cell activity and in mutagen treated cells 
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3 A - 0 0  

SztanyikrBo L~szl6 
"Fr'~'d~ric Joliot-Curie" National Research Institute for Radiobiology and 
Radiohygiene, Pentz K~roly Uo5, H-1775 Budapest 22o Hungary 

Since the publication of the BEIR and UNSCEAR reports in 1972, con- 
siderably more attention has been given to the somatic, than to the genetic 
risks associated with radiation exposure° The reason is that carcinogenesis 
is considered to be the main somatic risk of irradiation at the dose range 
involved in radiation protection. Knowledge on the carcinogenic effect of 
ionizing radiation on man has been increased over the past decades and is 
based on a large collection of data° For dose levels of a few hundred rads 
risk can be evaluated rather accurately° For lower doses of a few rads or 
tens of rads, however, the likely frequency of tumour induction is still 
quite uncertain° 

Assumption that a linear dose response rel~tionship holds down to zero 
dose /in other words that the biological effect is proportional to dose 
regardless of the size of dose/ has been disputed from both sides° Some 
scientists claim that there are much radiobiological and epidemiological 
evidences indicating that the linear hypothesis lead to a substantial 
overestimate of radiological risk° According to other scientists, certain 
data show that the linear hypothesis actually underestimates the risk° It 
is of the greatest importance, therefore, that in addition to the follow- 
up studies in selected human populations, appropriately conceived radio- 
biological experiments in model systems, at both cellular and organism 
levels, contribute to the exploration of the mechanism of radiation 
carcinogenesis, of the influence of dose rate, dose fractionation and 
linear energy hransfer~ 

An analytical approach to radiation induced tra~slocations in mouse spermatogonia. 
H.P. Leenhouts and K.H. Chadwick 
Association Euratom-ltal 
Postbus 48, Wageningen, The Netherlands. 

3A-9  

Within the model proposed by 0akberg for the spermatogenesis in the mouse, two 
assumptions have been made to derive an analysis of the radiation induced effect. It is 
assumed that the stem cells A s are made up of two populations with radically different 
radiation sensitivities, and it i% further assumed that the same type of molecular lesion 
can be responsible for the formation of a translocation or for cell reproductive death. 
Using these assumptions mathematical equations can be derived to describe the effect of 
acute radiation as the average number of transiocations induced in the survivors of the 
sensitive and resistant stem cells. The equations are fitted t o  experimental data. Unusual 
results have been found especially after 24 hour fractionation treatments and it has been 
suggested that the explanation for these results arises, because the first dose of radiation 
induces some of the resistant cells to move into the sensitive state. We assume that the 
progression of the resistant cells into a sensitive state is unaffected by the first dose, 
but that the progression of the sensitive cells into the resistant phase is delayed by the 
first dose and that the probability for delay is linearly proportional to the first dose. 
Using this assumption the mathematical equations can be modified to describe the effect of 
24 hour fractionation. The mathematical predictions are compared with experimental data. 
The analytical approach will be used to discuss how the biology of spermatogenesis can 
influence the radiation induced effect, especially in the comparison of the hereditary 
effects in different species. 
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3A-10  
Kinet ics of  micronuclei  formation a f te r  X - i r r ad i a t i on  of preimplanted mouse embryos 
cul tured in v i t r o .  

H. Mol ls,  C. S t re f f e r ,  N. Zamboglou 
I n s t i t u t  fur  Med. Strahlenphysik und S t rah lenb io log ie ,  Un ivers i t~ tsk l in ikum Essen, 
Hufelandstr .  55, 4300 Essen I ,  F.R.G. 

Hicronucleus formation was studied in preimplanted mouse embryos cul tured in v i t r o  a f t e r  
i r r a d i a t i o n  in the la te  Gg-phase of the 2 -ce l l  stage. The micronucleus tes t  allows a 
rapid assesment of chromosomal damage ( Countryman, P.L. and Heddle, J.A. 1976, i,iut. Res. 
41, 321 ). 15 hours a f t e r  i r r a d i a t i o n  the embryos had developed to 4-,  5-,  6- ,  7- or 
8 -ce l l  embryos. At th is  time the formation of micronuclei  depended on the X-ray dose and 
on the rad ia t ion  induced d i v i s i on  delay. In the embryos of the 4 -ce l l  stage ( f i r s t  
mi tos is  post rad ia t ion  ) we observed micronuclei only a f te r  the r e l a t i v e  high doses of 
100 R and 200 R. Embryos which at the same time had already developed to the 8-ce l l  stage 
( second mi tos is  post rad ia t ion  ) showed micronuclei  over the whole dose range from 
12.5 R to 200 R. In the 8-ce l l  embryos the number of micronuclei reached a maximum. 
However a f t e r  the higher doses ( 100 R and 200 R ) only a small number of  S-cel l  embryos 
was present in the cul tures whereas the number of 4 -ce l l  embryos was high due to the 
rad ia t ion  induced d i v i s i on  delay. Therefore the number of micronuclei  per X-ray dose was 
r e l a t i v e l y  small a f t e r  app l i ca t ion  of 100 R and 200 R. The dose e f fec t  curve was steeper 
in the lower dose range than in the higher dose range. - 
39 hours a f te r  i r r a d i a t i o n  the shape of the dose e f fec t  curve had changed. We found a 
l i nea r  re la t i onsh ip  at th is  t ime. The inves t iga t ions  underl ined the high s e n s i t i v i t y  of 
the embryos fo r  th is  cytogenet ic e f f ec t .  Even a dose of  6 R doubled the formation of 
micronuclei 200 R caused a 30 fo ld  increase ( control  value: 0.4 micronuclei per 100 
ce l l s  ). - Considering a period of 63 hours a f t e r  i r r a d i a t i o n  the number of  micronuclei  
per embryo increased wi th t ime. Hicronuclei  were apparent ly formed even a f t e r  the t h i r d  
and fu r the r  mitoses post rad ia t i on .  
Possible mechanisms and the s ign i f icance of micronuclei formation f o r  the embryonic 
development w i l l  be discussed. 

3A-11  
RADIO-INDUCED GENETIC DAMAGE IN ASPERGILLUS NIDUL~S : THE EFFECT OF RADIOSENSITISERS ~D 

A TUMOUR PROMOTOR. 

Wood, J.T., I~e, C~N., Holt, G. & N.E. Gillies. 

School of Engineering and Science, Polytechnic of Central London, England & 

Middlesex Hospital Medical School, London, England. 

Asp@rgil~us nidulans is a eukaryotic fungus in which a variety of genetic damage can be 

examined in one cell system. In this study A. nidulans has been used to estimate the 

degree of chromosomal non-disjunction, mitotic crossing-over, gene conversion and point 
mutation caused by ionising radiations of different quality including fast electrons, soft 

x-rays, B-particles and ~-particles. Depending on the genetical end-point being 

considered, the calculated RBE values for the radiations were markedly different. For 

example, following ~-irradiation, the RBE values varied from 1.69 for mitotic crossing- 

over up to 150.36 for non-disjunction. 

With respect to chemical modification of the response of A. nidulans to radio-induced 

genetic damage studies have been made using the ttmlour promotor 12-O-tetradecanoylphorbol- 

13-acetate (TPA) and two radiosensitisers, metrondiazole and misonidazole. 

Conflicting data exist on the ability of TPA to induce sister chromatid exchanges in 

mammalian cells afterinitiation by chemical mutagens. Our study has shown that while 

TPA has no effect on the viability of the cells it does increase the frequency of gene 

conversion after initiation by Co-60~ -rays. [~reover, no such increase in the frequency 

of point mutation was found. 

In terms of radiosensitisation to electrons the enhancement ratios for misonidazole were 
always higher than those for metronidazole and varied from 1.64 for crossing-over on 

linkage group I to 2.96 for crossing-over on linkage group VIII, compared wid] 1.16 and 
2.42 for metronidazole. The oxygen enhancement ratio again depended on the particular 
genetical system being assayed and varied from between 2.43 for non-disjunction to 

8.33 for gene conversion. 
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Sensitization of chromatid break- and gap-formation in DNA-repair deficient 
mutants of Drosophila melanogaster 

P. Schweizer and H. Fritz-Niggli 
Strahlenbiologisches Institut der Universit~t ZHrich 
8029 ZHrich Switzerland 

When metaphase chromosomes are analysed in the first mitosis following ir- 
radiation of cells in the preceding interphase chromatids may contain in 
addition to obvious breaks smaller non-staining regions without significant 
dislocation of the chromatid parts on eather side of the gap. Interpreta- 
tions of the nature of gaps remained controversial so far and their impact 
upon the function of the chromosomes is not yet fully understood. It has 
been questioned if they are related to damages of the chromosomal DNA at 
all. In meiotic and mutagene sensitive (excision repair deficient) mutants 
of Drosophila (mei-9) the frequency of radiation induced chromosome aberra- 
tions in larval neuroblasts is significantly increased compared to the ra- 
diation effect in wildtype (repair competent) animals. This sensitization 
by a genetic defect in DNA repair metabolism affects the frequency of ob- 
vious breaks and of achromatic lesions classified as gaps. This suggests 
that formation of gaps is also initiated by damages of the DNA. Breaks and 
gaps may simply represent different manifestations of identical lesions 
modified upon chromatin condensation into microscopically recognisable 
discontinuities of various extent, or different primary damages which are 
normally repaired by a common pathway of genetically controled repair me- 
chanism give rise to eather breaks or gaps when this mechanism fails to 
opperate. 

3 A - 1 3  

RADIATION SENSITIVITY OF HUMAN ATAXIA TELANGIECTASlA AND RETINOBLASTOM~ CELLS: VARIOUS 
END-POINTS. 
D. Scott~ F. Zampetti-Bosseler and W.J. Benson. 
Paterson Laboratories, Christie Hospital and Holt Radium Institute, Manchester M20 9BX U.K. 

Our recent studies (Scott and Zempetti-Bosseler, 1980) on mouse lymphoma cells of different- 
ial sensitivity to the lethal effects of X-rays showed a positive correlation between cell 
killing, chromosome aberrations (CAs), spindle defects and mitotic delay. We suggested 
that CAs and mitotic delay are derived from a common DNA lesion~ that mitotic delay in G 2 
leads to spindle defects but that sell death is caused primarily by CAs. Our present 
studies on human fibroblasts ~th different radiosensitivities support the hypothesis that 
CAs rather than spindle defects lead to cell death but not that CAs and mitotic delay 
share a common lesion. We were unable to confirm the elevated sensitivity of fibroblasts 
from a patient with retinoblastoma (RT), having a deletion in chromosome 13 (Weichselbaum 
et al., 1977), to either cell killing or eberration induction. However, cytogenetic 
observations of lymphocytes from six RT patients (non-deletion type) compared with age 
and sex-matched controls revealed a higher incidence of spontaneous sister chromatid 
exchanges (SCEs) and of radiation induced CAs and SCEs. 
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chromosome aberrations, spindle defects and mitotic delay in mouse lymphoma cells of 
differential sensitivity to X-rays. Int. J.Radiat.Biol. 37, 33 - 47. 
WEICHSELBAUM, R.R., J. NOVE and J.B. LITTLE, 1977. Skin fibroblasts from a D-deletion type 
retinoblastoma patient are abnormally X-ray sensitive. Nature, 266, 726 - 727. 



Radiat. Environ. Biophys. 17, 348-352 (1980) 
Radiation and 
Environmental 
Biophysics 
© Springer-Verlag 1980 

3 B - 1 - 8  Effects on D N A  

36 -1  
Radiolytic pathways in y-irradiated DNAo Influence of chemical and conformational factors. (*) 

S. Gregoli~ M° 01ast and A. Bertinchamps. 
Universit@ Libre de Bruxelles. Service de Radiobiologie Mol~culair£. Rue des Chevaux 67. 
B-1640 Rhode St. Gen~se. Belgium. 

The structures and the reaction pathways of free radicals induced by 7-irradiation in nume- 
rous different DNA samples have been analysed by ESR. In particular~ the possible involve- 
ment of the following chemical and conformational factors has been thoroughly probed: base 
composition (DNAs from different sources); denaturation and degradation (from highly polyme- 
rised DNA to single-stranded oligonucleotides); relative hydration degree (from DNA 2mg/ml 
H20 ~ through 100% hydrated DNA to dry DNA); anoxic or oxic conditions (from totally deaera- 
ted to 09 doped DNA solutions). This systematic analysis resulted in the production of a 
large number of extremely diversified ESR spectra. However~ the application of the computer 
assisted technique developed in our laboratory to these composite spectra permitted their 
resolution in terms of linear combinations of the same four elementary patterns: a doublet~ 
associated with thymine anions (T-l; a poorly resolved singlet~ associated with guanine ca- 
tions (G); an octet~ associated with H-addition radicals to C-6 of thymine (TH) and an 
asymmetrical doublet~ associated with peroxyl radicals (RO0"). Such a formal interpretation 
of the numerous experimental spectra~ provided us with a quantitative description of single 
radical reaction kinetics and permitted us to reveal the following basic features of DNA 
radiolysis in frozen aqueous solutions. 
- Neutral DNA solutions frozen at 77 K are phase-separated systems. Radiation damage to DNA 

can only be produced by the direct effects of radiation. Water radicals are formed in high 
density spurs in the solvent phase and become deactivated before diffusing to the clusters 
of solute molecules. 

- Primary radicals on DNA are ions of both signs~ randomly distributed among the constituent 
bases. Their net electric charge refers to the base n-electron systems. 

- Electrons and positive holes migrate via the stacked bases. The final electron sink is the 
base thymine. The final positive hole sink is the base guanine. 

- ~icr~asing the temperatur% ~does not react with the surrounding water molecules~ where- 
as T does react to form H-addition radicals at C-6. 

- In the presence of dissolved oxygen and at low DNA concentrations~ the predominant secon- 
dary radical reaction is the formation of peroxyl radicals ROO'. 

- No sugar-located free radical has been detected in the course of the present investigation. 

(Co) Contribution 1681~ Radiation Protection Progra~nm% Commission of the European Communities. 
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ESR STUDY OF THE RADIATION - INDUCED RADICALS IN A SINGLE CRYSTAL 

OF DEOXYGUANOSINE 5' - PHOSPHATE (SODIUM SALT) 

B. Rakvin + and J.N. Herak ++ 

+"Rudjer Bo~kovi6" Institute and ++Faculty of Pharmacy and Biochemistry, 
University of Zagreb, Zagreb, Croatia, Yugoslavia 

In an irradiated single crystal of the sodium salt of deoxyguanosine 
5' - monophosphate tetrahydrate (5'dGMP 2Na • 4H20) six different radical 
species are distinguished. The three radicals stable at 77 K could not be 
completely spectroscopically characterized, because their ESR spectra are 
not well enough resolved in most of the crystal orientations. From the 
available date we conclude that one of the species is an anion on the 
guanine base, and that another species is of the ~ -cationic type. The 
third species remains unknown. The details of the arguments for the inter- 
pretation of the former two species is presented. 

At room temperature three stable radical species different from those 
observable at 77 K are identified and spectroscopically characterized. One 
of them is the well known radical formed by a hydrogen-atom addition on 
C(8 ~ of guanine. The second species, with a characteristic nitrogen-atom 
c6ugling, is interpreted to be the deprotonated cation. The third species 
is formed in the sugar moiety, by abstraction of a C(5, ~ - H hydrogen. 

The appearance of the radicals in the base moiet~ a£d the lack of any 
experimental evidence for the scission of the sugar-phosphate bond is 
discussed in terms of the electronic structure of the nucleotide. 

3B-3  
RECENT DEVELOPMENTS IN THE RADIATION CHI941STRY OF DNA C(IMPONENTS 

R. TEOULE, J. CADET and M. BERGER 

Laboratoire de Radiobiochimie - D@partement de Recherche Fondamentale - Centre d'Etudes 

Nucl@aires de Grenoble - 85 X - 38041 - Grenoble Cedex - France 

The mutagenesis and the inactivation of living cells by ionizing radiation is due 

at least to a certain extent to the chemical alterations of the DNA bases. There are 

various types of damages produced when DNA is irradiated. In aerated solutions, an impor- 

tant event responsible for the degradation of the pyrimidine bases is the formation of 

hydroperoxides. However less in known about the alterations of purine constituents. We 

wish to report here a cc~parison of the radioinduced degradation of guanine and adenine 

constituents when DNA is irradiated. Analysis of the radiation of the DNA constituents is 

easier to perform and a lot of information can be gained by the study of 2~-deoxyguanosine 

and 2'-deoxyadenosine. The chemical reactions undergone by purine deoxyribonucleosides due 

to ionising radiation can be classified into four main categories : rupture of the N-glyco- 

sidic bond, C'5 - C'8 cyclisation, oxidation of the C-8 of the purine, iscmerization and 

anc~erization reactions of the sugar moiety. The corresponding radiation products have 

been identified both_ in aerated and deaerated solutions. They ~mve been separated by high 

pressure liquid chromatography and characterized by 250 MHz ~ spectroscopy and mass 

spectrometry. Some of these defects have been isolated after gamma irradiation of DNA 

itself. 
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PROTECTION OF ¢X174 

RADICALS. 

DNA BY CLUSTERS OF METHYLENE BLUE AGAINST INACTIVATION 

3 B - 4  
BY OH 

KEES van RIJN and H LOMAN. 

Physics Laboratory of the Vrije Universiteit, Biophysics Department, 

Amsterdam, The Netherlands. 

De Boelelaan 1081, 

Methylene blue bound to %X174 DNA protects the DNA better against inactivation by OH 

radicals than free methylene blue. We measured the protection in presence of t-butanol 

and we calculated it from a model describing the binding of methylene blue to DNA. 

Methylene blue forms dimers and trimers in solution. Binding of methylene blue to DNA 

increases this effect and therefore still larger clusters exist near the DNA. The model 

for binding of the clusters includes only electrostatic effects and it is assumed that 

the protection is caused by scavenging of the radicals by the bound clusters. 

The concentration dependence of the protection is described very well, whereas the 

magnitude of the protection cannot be predicted due to uncertainties in the rate constant 

of the reaction of methylene blue with OH radicals. 

3B-5 
STRUCTURAL ANALYSIS ON SINGLE-COPY DNA AFTER IRRADIATION 

Heidi Martin-Bertram and Ulrich Hagen 
Institute of Biology, Dept. of Radiation Biology, GSF 
D-8042 Neuherberg, Fed. Rep. of Germany 

Double-stranded DNA from gamma-irradiated bacteriophage Ti was checked for structural 
integrity by thermokinetics (i.e. melting and reannealing) and by cleavage with the 
single-strand specific nuclease SI. Compared to the reannealing behavior of DNAaseI de- 
graded DNA samples, the reassociation rate constant k 2 was three- to fourfold reduced 
with DNA from gamma-irradiated phages. This was a clear hint, that structural lesions, 
different from single-strand breaks, were present in the irradiated DNA. Temperature of 
melting (T) was also reduced, dependent on the dose. Yet, the T of the reassociated 

• , m - - -  -- DNA molecule returned to normal values, indlcatrng that those structural lesions, inter- 
fering with kinetics, were not participating during subsequent melting.This behavior 
excluded any mismatch reaction during reessociation. Thus, we considered such lesions 
as "heteroduplex sites" in double-stranded DNA. 
Further proof for "heteroduplex sites" was their quantitative excision with nuclease SI. 
The ratio of frequency of radiation-induced single-strand breaks to S1 nuclease-sen- 
sitive-sites was about i : i. After removal of the heteroduplex sites from the gamma- 
irradiated DNA, The sample reanneals normal, but is considerably reduced in size. From 
molecular weight analysis, a rise in heterogeheity revealed a random distribution of 
the hetereduplex sites. Since the amount of base damages could be considered to be 
about three times more frequent than chain scissions, we have assumed that several base 
damages ( defect bases or base loss) are associated in such a heteroduplex site. Probably, 
the direct absorption of energy in the DNA, packed in the phage head during irradiation 
induced such "hetreoduplex sites". 
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The Effects of Ionizing Radiations on Hamster cells; 5 Types of DNA-breaks differentiated 
by Kinetics of Repair. 
G. Ahnstrgm, K.A. Edvardsson, and K. Erixon 
University of Stockholm, Wallenberg Laboratory, S-I06 91 Stockholm 

Some of the most sensitive techniques to measure chain-breaks, alkaline elution (i) and 
the DNA-unwinding technique (2,3) involve alkaline treatment of the DNA to expose the breaks. 
It is then not possible to distinguish between different types of breaks, single strand 
breaks, double strand breaks or alkali labile bonds. Other means have to be used to identify 
biologically significant lesions; for example it has been shown that the chain-breaks remai- 
ning after a few hours of repair correlate to cell killing (4,5). 

We have used the DNA-unwinding technique to measure chain breaks in irradiated hamster 
cells during an incubation period ranging from 0 to 30 hours. The first minute after raising 
the temperature from 0 to 37°C we observe an increase in number of breaks. This increase in 
breaks is cancelled in presence of catalase indicating that peroxides start to react with 
DNA when the temperature is increased. The repair then follows a first order kinetics giving 
two components with half lifes of 4 and 35 minutes, respectively. The remaining breaks are 
re~aired at a much slower rate giving a minimum of breaks after 15-20 hours of incubation at 
37 C. Below a critical dose, I0 krads for gamma rays and 5 krads for fast neutrons, the le- 
vel of breaks is not significantly higher than in unirradiated cells. At this time, 15 -20 
hours, new breaks start to appear in irradiated cells. These breaks are of unknown origin 
but might reflect degradation taking place in dead cells. 

Cell survival and mutation in relation to DNA-damage and repair will be discussed. 
I. Kohn,K.W. and Ewig, R.A.G. (1973), Cancer Res. 33, 1849. 
2. AhnstrSm,G. and Erixon,K. (1973), Int. J. Radiat. Biol. 23, 285. 
3. AhnstrSm,G. and Erixon,K. (1980), In DNA REPAIR: A LABORATORY MANUAL OF RESEARCH PROCE- 

DURES, eds. E.C.Friedberg and P.C.Hanawalt, Marcel Dekker, New York. 
4. Ahnstr~m,G. and Edvardsson,K.A. (1974), Int. J. Radiat. Biol. 26, 493. 
5. Ritter, M., Cleaver, J., and Tobias, C. (1977), Nature 266, 653. 

3 B - 7  
R e j o i n i n g  K i n e t i c s  o f  DNA Double S t r a n d  Breaks in  Mammalian C e l l s  
Kar l  F. Weibezahn and T. C o q u e r e l l e  
K e r n f o r s c h u n g s z e n t r u m  K a r l s r u h e ,  I n s t i t u t  f u r  G e n e t i k  und f u r  T o x i k o l o g i e  
von S p a l t s t o f f e n ,  P o s t f a c h  3640,  D-7500 K a r l s r u h e  1, Fed. Rep. o f  Germany 

N o n - r e p a i r e d  doub le  s t r a n d  b reaks  a re  g e n e r a l l y  
c e l l .  Ev i dence  f o r  the  r e j o i n i n g  o f  t hese  b reak  
to  i n v e s t i g a t e  the  r e j o i n i n g  mechan isms,  we use 
n ique  ( i )  to  s t u d y  i t s  k i n e t i c s .  The t e c h n i q u e  
d e t e r m i n a t i o n s  o f  b r e a k i n g  and r e j o i n i n g  a f t e r  
r e l a t i v e l y  low doses (1 k r a d ) .  
V79 h a m s t e r  c e l l s  r e j o i n  DNA breaks  i n t r o d u c e  
h a l f - t i m e  o f  20 min .  a t  37°C. The r e j o i n i n g  f o l  

b e l i e v e d  to  be l e t h a l  to  the  
s i s  e q u i v o c a l .  In ou r  a t t e m p t  
d the  n e u t r a l  e l u t i o n  t e c h -  
a l l o w s  us to  make s e n s i t i v e  
the  i r r a d i a t i o n  o f  c e l l s  w i t h  

d by C o - ~ i r r a d i a t i o n  w i t h  a 
lows a t  l e a s t  2nd o r d e r  k i n e -  

t i c s  and reaches  a p l a t e a u  when 80-90 % o f  the  DNA breaks  a re  r e j o i n e d .  The 
v e r y  f a s t  k i n e t i c s  sugges t  t h a t  doub le  s t r a n d  r e j o i n i n g  occurs  no t  o n l y  in  
the  G2 phase bu t  r a t h e r  t h r o u g h o u t  the  c e l l  c y c l e .  

(1)  M.O. B r a d l e y ,  K.W. Kohn, N u c l e i c  Ac ids  Research Z ,  793 -804 ,  1979. 
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3 B - 8  
Effects of inhibitors and culture conditions on repair of double strand breaks in the DNA 

of Ehrlich ascites cells measured by the unwinding ~thod. 

P. E. Bryant. 

GSF-Institut fur Biologie, Frankfurt am :~ain, Paul Ehrlich Sir. 15, West Germany. 

The DNA "unwinding" technique (Ahnstr6m and Edvardsson 1974, Rydberg 1975) has been used 

to investigate the reoair of radiation induced double strand breaks (dsb) in Ehrlich ascites 

cells. Advantage was taken of the biphasic nature of the disappearance of DNA unwinding 

points as a function of time after irradiation. A rapidly repairing con~onent with a time 

constant (t37) of about t37=3o min gives way to a much slower repairing component (t37= 

2-9 h,depending on conditions), This second cor~oonent has been shown to corresnond with the 

repair of dsb as measured by velocity sedimentation (Bryant and Bl6cher 1980). Extrapolation 

of data for repair of breaks as a function of time back to t: O enabled an estimate also of 

the nt~ber of initial breaks induced to be made. The repair of dsb is shown to be strongly 

dependent on the quality of the radiation and affected by inhibitors of DNA synthesis 

~-ara A and ~-ara C. 

References. 
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3 B - 9  
THE STABILITY OF RADIATION RESISTANCE OF SPOREFORMING BACTERIA 

S . A . S a b o v l j e v  and Z .S .~un i~  
R a d i o b i o l o g i c a l  L a b o r a t o r y  Bo r i s  K i d r i ~  I n s t i t u t e  o f  N u c l e a r  Sc iences 
B e l g r a d e ,  Y u g o s l a v i a  

The b i o l o g i c a l  i n d i c a t o r s  o f  s p o r e f o r m i n g  b a c t e r i a  w i t h  s i g n i f i c a n t  

r e s i s t a n c e  a g a i n s t  i o n i z i n g  r a d i a t i o n  is  d i s cussed ,  

A c o r r e l a t i o n  cou ld  be drawn between i r r a d i a t i o n  and p h o t o r e a c t i v a t i o n  

i , e . ,  b i o l o g i c a l  damage and the f o r m a t i o n  of  p y r a m i d i n e  d ime rs .  In 

i r r a d i a t e d  spores the  damage of  t h e i r  n u c l e i c  a c i d  is  no t  p h o t o r e a c t i v a b l e  

and no p y r i m i d i n e  d imers  are found.  The dose e f f e c t  r e l a t i o n  g i ves  

ev idence  f o r  the e x i s t a n c e  o f  r e p a i r  mechanisms. For i n a c t i v a t i o n  o f  

m a c r o m o l e c u l e s ,  v i r u s e s  and spores the  s u r v i v a l  curves are g e n e r a l l y  

o n e - h i t ,  bu t  w i t h  b a c t e r i a  the curves are s o r t s  o f  h y b r i d  between the one- 

h i t  and m a n y - h i t  cu r ves .  

The i n a c t i v a t i o n  curves of  s p o r e f o r m i n g  b i o l o g i c a l  i n d i c a t o r s  i r r a d i a t e d  

in  Co 60 ( 0 . 2 - I . 4  Mrads ) ,  in  l i q u i d e  s t a t e  under the a e r o b i c  c o n d i t i o n s  

take  a l i n e a r  fo rm.  The p o p u l a t i o n  of  b i o l o g i c a l  i n d i c a t o r s  w i t h  h igh 

r a d i a t i o n  r e s i s t a n c e  ( B . s p h a e r i c u s  and B . c e r e u s )  a f t e r  be ing  passed and 

i r r a d i a t e d  in  l i q u i d e  c u l t u r e  media shows sharp decrease o f  r a d i a t i o n  

r e s i s t a n c e .  The p o p u l a t i o n  of  B .pum i l us  a f t e r  the same t r e a t m e n t  does 

no t  change r a d i a t i o n  r e s i s t a n c e  r e l a t e d  to i t s  p a r e n t  p o p u l a t i o n .  
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3 B - ! 0  
Photoreaetivation after Ionizing Radiation: The Role of Concomitant UV Damage by Cerenkov 
Radiation 

B.D. Michael, H.A.Harrop and K.D. Held* 

Cancer Research Campaign Gray Laboratory~ Mount Vernon Hospital,Northwood~Middlesex~ 
England. 

It has long been established that the exposure of cells to visible light after potentially 
lethal doses of UV causes photoreactivation repair (PR) of the UV damage. Experiments to 

determine whether ionizing radiation-induced damage could also be repaired by PR failed to 
detect any such effect until the work of Myasnik and Morozov (1977) who showed that PR of 
y-ray induced damage did occur in certain UV-sensitive strains of E.eoli. They also found 

that PR of damage induced by X- or y-rays depends on the type and energy of the ionizing 
radiation (Myasnik et ai.,1980). The nature of this dependence suggested to us that damage 

by UV Cerenkov light produced by Compton electrons might be a contributing factor and 

calculation of the proportion of energy available as UV Cerenkov light showed that there was 
a sufficient amount of this light to account for the effect. To test this possibility we 

used 1.8 MeV electrons from a linear accelerator to irradiate suspensions of E.coli Kl2 
AB2~80 uvrA recA either with the electrons and their concomitant Cerenkov ligbt~ or with a 
similar flux of Cerenkov light only that was produced by stopping the electrons in 6 mm of 
high purity fused silica (Spectrosil) placed immediately in front of the cell suspension. 
We found that the photoreaetivable fraction of the (electron + Cerenkov) d@mage was partly 
attributable to the (Cerenkov only) damage. The latter was almost fully photoreactivable. 
It is concluded that a large part of the photoreactivation that can be achieved after 
ionizing irradiation involves repair of damage induced by UV Cerenkov light produced in the 

suspending medium. Similarly~ Cerenkov light photolysis may be important in other radio- 
biological and radiation chemical work where light-sensitive components are present. 

References 

Myasnik, M.N. and Morozov~ I.l.~ 1977. Int. J. Radiat.Biol. 3__!, 95-98 

Hyasnik, M.N.~ Morozov, I.I. and Petin~ V.G.~ 1980. Int. d. Radiat.Biol. 37, 81-8~ 
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3B-11 
RAD!ORESiSTANCE 0~ E.COLI El2 REC- ~TJTANTS HARBOURiNG R-FACTOR 

F. Hern~di, I. ~rancia, Zsuzsa Hern~di 

Central Research Laboratory and Chemotherapy Department /Institute of 
Pharmacology/, University medical School of Debrecen 

UV and Co-gamma radioresistance of a wild type E. coli K12 strain 
/E.coli ABll57/ and its rec- mutants /recA-, recB , recA-recB- double 
mutants/ harbouring R46 R-factor was investigated. R-factor was 
transferred by conjugation i~to E.coli K12 strains. 
The appearence of R46 in rec and rec- E.coli strains was detected by 
conferrlno re=istance ~o four an~ibmotics /amp~clllmn, streptomycln, 
tetracyclin and sulfonamides/, coded by R46. On the other hand R46 was 
detected by the method of Freifelder et al. By this latter method the 
chromosomal DNA can be separated from the covalently closed circular 
plashed DNA making possible the detection of the above form of R-factor 
in previously R- bacterium strain. 
A well detectable increase in UV and Co-gamma radioresistance was found 
in recB-mutant harbouring R46. It seems that R46 R-~actor is able to 
partly compensate the lack of the coding activity for exonuclease in 
recB mutant. At the same time R46 slightly increased the survival of the 
wilde type strain and had no effect on the s~rvival of recA-strsin and 
recKrecB~double mutants. 
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3 B - 1 2  
Radiosensitization of Staphylococcus aureus by p-hydroxybenzoic acid 

NOAH SADE and G.P.JACOBS 

School of Pharmacy, Hebrew University of Jerusalem, F.O.B. 12065, Jerusalem, Israel. 

Selective sensitization of hypoxic cells to radiation without increased ds~age to 
normal cells has been demonstrated ~;ith certain electron-affinio substances. The 
implications to radiotherapy of the use of such radiesensitizers is well documented. 
Current interest in the search for new hypoxic radicsensitizers has been cencentr{~ted 
on substances whosemedicinal use is established and therefore, ~rhose pharmacology, 

toxicology and pharmscokinetics is ~:ell documented. One particular compound anticip- 
ated, on the basis of its relatively high electro~-affinity~ to act as a radiosensi- 
tizer is p-hydroxybenzoic acid (PHBA) ( ke-= 4xi0 M-Is -1 ), vshose esters are incor- 
porated in many pharmaceutical formulations as antimicrobial preservatives. 

I n this study the effect of different concentrations of PHBA on the sensi~$vity of 
oxic and anoxio buffered suspensions (DH 7) of Staphylococcus aureus to Co gamma- 
rays has been examined. Slopes of dose-in survivor curves have been used as the crit- 
eria for assessment of radiation response. 

increasing concentrations of PKB~ from 10 -6 to 5x10-SM in anoxic bacterial suspens- 
ions ~roduced no change in the radiation response characteristic of bacteria irrad- 
iated in anoxic buffer alone. However~ further rises in i>HBA concentrations to 10-21,[ 
caused a merked increase in radiz~tion sensitivity, %vith the ~laximal response very 
close to that for suspensions irradiated in the presence of 02 . The testing of higher 
PI{BA concentrations has been confounded by problems of toxicity. 

The testing of PHBA in oxygenated suspensions demonstrates that the enhancing effect 
of this agent and oxygen are net additive and that the sensitizing action of PYIP~ 
operates within the Voxygen effect'. 

Preliminary results indicate that esters of PHBA., like the parent compound , also 
possess radiosensitizing properties. 

3B-13  
Repair of photodynamic lesions produced by TP or 8-MOP and induction 
of repair processes by photodynamic effects of these dyes in 
Escherichia coli 

ikira Yasui, Klaus Winckler and Wolfgang Laskowski 

Institut fur Biophysik der Freien Universit~t Berlin, 
1000 Berlin, FRG 

The ability to repair lesions produced by photodynamic action using 
UV-induced repair systems as well as the induction of repair processes 
by photodynamic effects was investigated in E.coli. After treatment 
with thiopyronine(TP) and visible light, the survival percentage of 
wild type cells is 20 times greater than that of rec A cells, indicat- 
ing that TP produced photodynamic lesions are repairable. If UV-ir- 
radiated E.coli cells are infected with ~-phages treated with TP and 
lighttinduced repair system repairs TP-lesions of phage, so that phage 
mutation rates increase to 2-5 times. In E. coli cells pretreated with 
TP and light and infected with UV-irradiated ~-phages the viability 
of the phages is smaller than in untreated E.coli cells. This negative 
"induced repair" may be caused by a specific accumlation of TP in E. 
cell cells, by which the viability of the phages is decreased. The 
results obtained after TP-treatment are compared with those obtained 
after treatment with 8-MOP and the capacity of inducible repair as 
well as the effects of photodynamic action by TP and 8-MOP is discuss- 
ed. 
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3C-1 
UV-INDUCED DEATH OF E.COLI 

Yl. Petranovid~ E. Salaj-Smic~ D. Petranovid and 7. Trgov~evi6 

Institute "Ruder Bogkovi6"~ Zagreb ~ Yugoslavia 

Fate of the prophag e part of the E. coli chromosome was followed in the course of post-UV 

incubation. For this purpose~ lambda ci857 ind prophage~ which can be induced by heat but 

not by UV-light~ was used. Over the entire dose range tested~ survival of the prophage, if 

measured immediately after UV-irradiation, was higher than that of its host. This sensiti- 

vity difference was completely lost at the end of post-UV division delay~ although the 

capacity of irradiated cells to support growth of the exogenous phage was fully preserved. 

The experiments on DNA synthesis kinetics showed that~ just at the end of post-UV division 

delay~ DNA synthesis abruptly slowed down. The analysis of the DNA synthesis curves 

strongly suggested that this change in the rate of DNA synthesis was due to the cessation 

of replication in the "doomed" cells. Thus both post-UV fate of the prophage and post-UV 

DNA synthesis kinetics implied that complete functional failure of the chromosome might 

be a specific cause of UV-indueed cell death. 

3 C - 2  
REPAIR OF E.COLI AND LANIBDA DNA AFTER UV-IRRADIATION 

E. Salaj-Smic~ D. Petranovi6~ 54. Petranovi6 and Z. Trgov~evi6 

Institute "Ruder BoSkovi6" ~ Zagreb~ Yugoslavia 

Repair-proficient E.coli cells lysogenic for the thermoinducible prophage lambda ei857 ind 

red3 were exposed to UV-irradiation and then tested for colony- and plaque-formin 9 ability. 

The results show that the bacterial cell is about i. 5 times more sensitive to UV-light if 

compared to the prophage that is irradiated in the bacterial chromosome and, on heat induc- 

tion~ repaired in the cytoplasm. Since the bacterial DNA is about 80 times larger than the 

phage DNA it is inferred that the host repair processes are about 50 times more efficient 

on its own chromosome than on the chromosome of the phage. UV-snrvival data for the 

lysogenic strains carryin 9 mutations in the nvrA and/or recA genes were also analyzed in 

the same way and the main conclusion is that the recA-dependent postreplieation repair 

does not operate on the phage DNA. 



357 

3 C - 3  
W Reactivation is Inefficient in Repair of the Bacterial Chromosome 

Erika Salaj-Smic~ Drago Petranovid~ iVlirjana Petranovi6 and 7-eljko Trgov~evid 

Institute "Ruder Bo~kovid" ~ 4 i001 Zagreb ~ Croatia ~ Yugoslavia 

UV-inducible "SOS" processes associated with W reactivation of phage lambda were studied 

for their effect on repair of lambda prophage integrated in the bacterial chromosome. For 

this purpose~ lambda cI857 in~[red-lysogens were used. These lysogens~ although non- 
---- o o 

-inducible by UV light~ can be induced by raising the temperature from 30 to 42 . If the 

W reactivation processes are involved in repair of the bacterial DNA ~ when the lysogens 

are incubated at 30 ° after UV exposure W reactivation should be fully expressed and should 

also exert an effect on the bacterial chromosome and the prophage inside it. When heat- 

-induction is delayed until the time at which W reactivation reaches its maximum~ a 

considerable increase in phage survival might then be e×pected. The results presented in 

this report show ~ however ~ that the delayed induction had only a small effect on the survival 

of prophage in the wild-type strain (possibly attributable to excision repair) and no detec- 

table effect on prophage in a uvrA strain. From these results we conclude that W reactivati- 

on is largely irrelevant to the repair of UV-damaged bacterial ]DNA. 

3 C - 4  

THE SELECTION AND REPAIR CAPACITY OF A BIOLOGICAL FILTER 

N.Ferndndez iN .  I . R o j o ; I . T o m i o i ¢ ; V . H o y a  and U. Toh~ 

Departamento de F~s ica ,  FacuLtad de C ienc ias  F {s ica8  y N a t e m ~ i o a s ,  Un iv .  de C h i l e  

Comlsi~n Chi{ena de Energ{a Nuc lea r ,  C a s i L l a  188-D Sant iago C h i l e  

We h a v e  d e f i n e d  a " B i o l o g i c a l  F i l t e r "  aS a n  i n t e r w e d i a r y  (micro  a n d / o r  maoroorganism) 
between i r r a d i a t e d  food and a human consumer . Food i r r a d i a t i o n  w i t h  s t e r i l i z i n g  
doses (2x106rad)  could  induce g e n e t i c  damage in the i n g e s t i n g  organism, When i r r a d i a -  
ted food (2x lO6rad )  is  consumed in a d i r e c t  form~ Che p r o b a b i l i t y  of  g e n e ~ i o  e r r o r  
was p r e v i o u s l y  es t imated  lhrough a mathemat ica l  model  as 10 -11cons ider lng  a s e l e c t i o n  
and r e p a i r  caRac i ty  t bu~ when one or  two b i o l o g i c a l  f i l t e r  a r e  usedt the r i s k  was 
10 -13  and 10 - 1 5  r e s p e c t i v e l y ,  
The s e l e c t i o n  oapao l ty  of  Saccharomyoes Cerev iseae and small  i n t e s t i n e  of  P a t  ( i n  
v i t r o )  was s~udted as m i c r o  and macroorgantsm b i o l o g i c a l  f i l t e r  models r e s p e c t i v e l y .  
For  Saccharomyces Cerev iseae we found that  one t h i r d  of  the w h o l e  set of  damaged 
molecules e n t e r  t o  the ceiLsp by incuba t ion  in a Labe l led  medium i r r a d i a t e d  at  2x106 
tad  and 1C 6 tad  in a 60Co gamma s o u r c e ,  The s e l e c t i o n  c a p a c i t y  of  r a t  s m a l l  i n t e s -  
t i n e  was in  v i t r o  w 82~ a 'pproxtmate iy .  
DNA les ions  w e r e  s t u d i e d  on mouse smal l  i n t e s t i n e  feeded w i t h  i r r ~ d l a t e d  food (106 
and 2x10 Pad) supplemented FlO medium i r r a d i a t e d  at  106 and 2x106 Pad were used. 
DNA was e x t r a c t e d  by a Harmur~ m o d i f i e d  technique and DNA Lesions w e r e  es t imated  by 
CsCL d e n s i t y  g r a d i e n t s .  The e f f i c i e n c y  of  ~he use  o f  one o r  two b i o l o g i c a l  f i l t e r  
is  e x p e r i m e n t a l l y  demonstratede 
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3C-5-13 Carcinogenesis 

3C-5 
INFLUENCE OF DOSE FRACTIONATION ON LIFE SHORTENING AND CAUSES OF DEATH OF MICE EXPOSED TO 
IONIZING RADIATION 

J.R. Maisin, A. Wambersie, M. Lambiet-Collier, G. Matgelin, J. Gueulette 

Dgpartement de Radiobiologie, C.E.N./S.C.K., B-2400 Mol, Belgium and 
Unit6 de Radiobiologie, UCL-Facult6 de M~decine, B-]200 Bruxelles, Belgium 

Male mice of the BALB/c strain, ]2 weeks of age, were given single y-rays exposure given 
in ]O daily fractions at a dose rate of 140 rad/min in order to assess the amount of non 
reparable and reparable lesions. In order to obtain dose effect relationships, different 
groups of animals were irradiated with increasing doses of y rays from 25 to 600 rads. The 
animals were inspected daily, holidays and weekends included, for their entire lifespans. 
Death was recorded when it occurred naturally, and the lifespan of the different groups of 
mice determined. Dead mice were autopsied and the causes of death determined. The causes 
of death were classified among the following 12 groups : thymic lymphoma ; non thymic lympho- 
ma ; reticulum cell sarcoma B ; myeloid leukemia ; all leukemia ; lung carcinoma ; liver 
tumors ; all cancers others than leukemia ; sarcoma ; glomerulosclerosis ; non cancerous 
lung lesions. The preliminary results on the causes of death indicate that a treatment with 
IO daily fractions of ~°Co y rays increases significantly compared with the same dose of y 
rays glven in a single exposure the total incidence of leukemia and cancer. 
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3C-6  
MAMMARY GLAND OESTROGEN RECEPTORS AND PLASMA PROLACTIN DURING OESTROGEN-ENHANCED RAT MAMMARY 
TUMOUR DEVELOPMENT; STRAIN DIFFERENCE IN THE RESPONSE TO OESTROGEN. 
M.A. B]ankenstein, E. Mulder, J.J. Broerse and H.J. van der Molen, 
Department of Bioehemistry~TDivision of Chemica] Endocrino]ogy), Medical Faculty, Erasmus 
University Rotterdam, and Radiobiological Institute TNO, Rijswijk, The Netherlands. 

The mechanism through which oestrogens and ionizing radiation act synergistically in 
the development of ma]ignant rat mammary tumours is not completely understood. One way to 
explain the effect of oestrogens in mammary tumour development, is through an oestrogen-in- 
duced rise in plasma prolactin concentrations. On the other hand, it could be possible that 
oestrogens affect the synthesis or the availability of their own receptors in the mammary 
tissue, and thus modulate the sensitivity of the mammary tissue to oestrogens. 

The aim of the present study was to detect possible changes in the oestrogen receptor 
content of the mammary tissue and the prolactin concentration in the plasma of rats exposed 
to low doses of exogenous oestrogen and/or radiation. In this respect, the nuclear oestrogen 
receptor content of mammary tissue was estimated in female Sprague-Dawley rats for a period 
of 14 months after administration of a cholesterol-paraffin pellet containing 2 mg oestra- 
diol, and/or exposure to 2 Gy of X-rays. In addition, prolactin was estimated in peripheral 
plasma of the same rats as well as of Wistar and Brown Norway rats which were given the same 
amount of oestrogen. 

In Sprague-Daw]ey rats, oestrogen treatment resulted in a prolonged decrease of the 
number of oestrogen receptors in the mammary tissue; a prolonged increase of the prolactin 
concentration of the plasma concomitant with the occurrence of pituitary tumours; and the 
loss of the oestrus cycle. Radiation had no additional effect on the parameters studied. 
Wistar rats showed an increase of prolactin similar to Sprague-Dawley rats, but Brown Norway 
rat responded to oestrogen treatment with a relatively small increase of the prolactin level. 
The basal concentrations of pro]actin in the three strains did not differ. Interestingly, 
the Brown Norway rats are the least susceptible to mammary tumour development. 

The results indicate that the enhancing effect of oestrogens on the development of 
radiation-induced mammary tumours is exerted either through a decrease in oestrogen receptor 
concentrations or through an increase of the concentration of prolactin in peripheral plasma. 

This study was supported by the Netherlands Cancer Society (K.W.F.) 

3 C - 7  
INDUCTION OF MAMMARY GLAND TUMORS IN RATS FOLLOWING SINGLE AND MULTIPLE FRACTION IRRADIATION 
AND HORMONE ADMINISTRATION: MORPHOLOGICAL ASPECTS 

M.J. van Zwieten 1), J . J .  Broerse 2) ,  C.F. Hollander 1), and D.W. van Bekkum 2) 

Institute for Experimental Gerontology TNO I), and Radiobiological Institute TNO 2), Rijswijk, 
The Netherlands 

Investigations of mammary gland carcinogenesis in female WAG/Rij, BN/Bi and Sprague- 
Dawley rats have been in progress for several years. Among the goals of these studies, 
which employed single and mu]tiple fraction irradiation with X-rays and monoenergetic 
neutrons, are the assessment of risk estimates for low dose exposures in an experimental 
animal mode], and the influence of exogenous hormone administration on mammary tumor devel- 
opment. An important aspect of these studies is also to make a distinction between benign 
and malignant mammary tumors, the latter being most re]evant in extrapolating the findings 
to the situation in man. 

In this presentation, data will be presented on the numbers and histological types of 
mammary tumors found in the various experimental groups. The most common type of benign 
tumor found was the fibroadenoma, with adenomas and fibromas occurring less frequently. The 
most common malignant tumors were adenocarcinomas and papillary carcinomas. Cribriform and 
anaplastic carcinomas were seen less commonly, and sarcomas were rare. It will be shown 
that the numbers of induced tumors increased with increasing radiation dose, and that 
considerable differences in susceptibility for tumor induction existed among the three 
strains. Furthermore, it was found that malignant tumors constituted near]y 50% of all 
mammary tumors in WAG/Rij rats, but these were relatively rare in BN/Bi and Sprague-Dawley 
rats. Exogenous estrogen administration increased not only the proportion of rats with 
malignant tumors but a]so their absolute incidence in the \JAG/Rij and Sprague-Daw]ey strains. 
Similarly, multiple mammary tumors developed more frequent]y in estrogen-treated rats than 
in their non-estrogen-treated counterparts. No apparent correlation was observed between 
the incidence of pituitary gland adenomas and mammary tumors in the various experTmenta] 
groups. 

In the accompanying presentation, data will be shown which emphasize the tumor preva- 
]ence curves as a function of time as well as the relative risks of the various types of 
irradiation. 
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3 C - 8  
INDUCTION OF M~MMARY GLAND TUMOURS IN RATS FOLLOWING SINGLE AND MULTIPLE FRACTION IRRADIA- 
TION :DOSE-EFFECT RELATIONS AND RBE. 

i) 
J.J.Broerse ,M.J. van Z w i e t e n  2) , C . F .  ~ o l l a n d e r  2 ) a n d  D.W. v a n  Bekkum 1) 

Radiobiological Institute TNOi)and- Institute for Experimental Gerontology TNO 2) , 

Rijswijk, The Netherlands. 

Experimental studies on radiation carcinogenesis can provide a basis for risk-benefit 

analyses of occupational exposure and diagnostic procedures involving relatively small doses 
of ionizing radiation. The human data available for X- and ga/mna-irradiation all pertain to 

large doses. In order to extrapolate these data to the range of much smaller doses, the shape 

of the dose-effect curves for tumour induction must be evaluated. 

The objectives of the present program on mammary carcinogenesis are to investigate the 

cumulative tumour prevalence in different rat strains over a wide dose range for single and 

fractionated irradiations, to determine the relative biological effectiveness (RBE) of neu- 

trons with energies of 0.5, 4 and 15 MeV and to study the possible synergistic interaction of 

oestrogen administration and neutron irradiation, so as to gain insight into possible increa- 

sed risk of women on oestrogen-containing contraceptive medication. 
The animals were irradiated at an age of approximately 8 weeks. A total number of 7000 

animals is included in the experiment. The animals were allowed to live out their natural 
life span and were killed when moribund. The probability of animals surviving without known 

mammary tumour as a function of time, has been calculated according to a life table analysis. 

Different subgroups, notably intact females, intact females with oestrogen (E2) and hystero- 
ovariectomized females were included in the study. 

The following conclusions can be formulated: i) The number of tumours increases and the 

latency period for tumour induction decreases with increasing dose. 2) The latency period for 

non-irradiated controls without E~ can be in excess of 22 months. In the hormone treated ani- 

mals tumours appear earlier than in parallel groups without E 2. 3) There are considerable dif- 

ferences in susceptibility for tumour induction in the three rat strains. 4) At a level of 3~ 
cumulative prevalence the RBE for 0.5 MeV neutrons varies between 8 and 25 and for 15 MeV 
neutrons between 2 and 4 for the three rat strains. 5) The results for the fractionated irra- 

diations indicate that repair processes play a relatively more important role after the X- 

irradiations than after the neutron-irradiations. In the accompanying presentation the histo- 

logical classification of the mammary tumours is discussed. 

Supported by NCl grant no. I-CP-33330 and Euratom grant no. 253-77-i H~O N. 

3C-9  
The significance of gene transfer - misrepair as a mechanism of radiation carcinogenesis. 

D.W. VAN BEKKUM and P.A.J. BENTVELZEN 

Radiobiological Institute of the Organization for Health Research TNO, 

Rijswijk, the Netherlands. 

The gene transfer - misrepair hypothesis (i) postulates that fragments of DNA released 

from lethally damaged cells may contain specific onc genes. Such DNA fragments can pene- 

trate into viable cells and if the recipient cells are in the process of DNA synthesis, 
e.g., repair synthesis as a result of sublethal damage by radiation, they have a certain 

chance of being incorporated at a site remote from the influence of controlling genes. 

As a result, that cell is transformed into a malignant cell. It has recently been demon- 

strated: 
i) that DNA fragments can penetrate into cells and become incorporated in their nuclear 

DNA (transfection); 
2) that fragments prepared from DNA of normal mouse tissues can transform 3T3 cells in 

vitro (2, 3). 
In case such processes are of importance in radiation carcinogenesis, the linearity of the 

dose response curve at doses below 0.1 tad can be challenged, since at such doses the dis- 

tance between damaged cells releasing DNA fragments and damaged cells capable of incorpo- 

rating DNA fragments becomes too large to allow for equal chances of transfection as 

following exposure to higher doses of radiation. 

References: 
i. D.W. van Bekkum, In: Proc. 5th Int.Congress of Radiation Research, Seattle, July 14-20, 

1974. Radiation Research; Biomedical, Chemical and Physical Perspectives (eds O.F. 

Nygaard, H.I. Adler and W.K. Sinclair), New York, Academic Press, 1975, pp 886-894. 

2. G.M. Cooper, S. Okenguist and L. Silverman, Nature, 284, 418 (1980). 
3. V. Krump and R.J. van den Berg, Nature, submitted for publication. 
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3C-10  

CELL POPULATION KINETICS AND RADIATION CARCINOGENESIS OF THE THYROID 

GLAND IN SUCI~ING ~L~TS 

Konstantin Christov-Tzelkov 

National Institute of 0ncology, Tumor Radiobiology Laboratory, Sofia -56 

Bulgaria 

Cell population kinetics of thyroid follicular cells was studied in Wistar 

rats during the first 2 weeks afte~ birth and compared with those of adult 

animals. In 10 days old rats the number of proliferating follicular cells 

(ZI, Li) is up to 50 times higher than -those of adult animals. In the 

former, 4~% of the follicular cells are in the cycle (GF) with the median 

cell cycle time (T C) - 79 hrs, S-phase duration - 8 hrs, G2-phase - 3 hrs 

and G 1 - phase - 68 hrso Three hundred fads X-rays given to the neck re- 

gion of 10 days old rats lead to the development of more thyroid tumors 

within a shortent latent period, than the thyroid gland of adult animals 

has been irradiated with the same dose of X-rays0 A subsequent treatment 

for a long time of irradiated animals with methylthiouracil increases the 

number of thyroid adenomas and carcinomas and shortened their latent pe- 

riod. The thyroid tumor induced were predominantly of follicular type. 

Papillary, trabecular and medulary tumor variants were observed in indi- 

vidual animals onlyo 

3C-11 
INDUCTION OF LUNG TUMOURS IN THE RAT BY Ir-192 IMPLANTS 

H.B. Kal 

Radiobiological Institute TNO,Rijswijk, the Netherlands 

There is a distinct need for realistic animal models to explore new treatments for lung 
cancer in man. The method of implantation of iridium-192 wires in the rat lung was used 

with the aim of inducing transplantable lung tumours in rats as a model for human bron- 

chial carcinoma. Ionizing radiation emitted by Ir-192 was used as carcinogenic agent. The 

half-life of Ir-192 is 74.5 d. The isotope was implanted in the form of wires of 5mm 

length and 0.3 mm diameter enclosed in tissue equivalent plastic tubing. Each ratwas 

implanted with a wire which contained 0.27 mg Ra-equivalent of activity at the time of 
implantation. 

Forty male WAG/Rij rats were implanted at the age of 4 weeks. They were anaesthetized 
with ether. The skin of the thorax was shaved and an incision of about i cm between two 

ribs was made. A lobe of the lung was brought outside the thoracic cavity and the wire 

was implanted using a hollow needle of i0 cm with an inner diameter of 0.7 mm. After im- 

plantation, the lobe was returned into the thoracic cavity and the skin was closed by two 
or three clamps. 

In the observation period of 15 months, 30/40 animals developed tumours. Malignant heman- 

gioendotheliomas occurred with the highest frequency (50 per cent). In 12 lungs, a squa- 

mous cell carcinoma was found. Several other types of tumours were found, e.g. osteosar- 

coma, pleomorphic sarcoma, neurofibrosarcoma, adenosquamous carcinoma and mesothelioma. 

In 8 lungs two tumours and in i lung 3 different tumours were found. Tumour fragments 

were transplanted into syngeneic hosts for propagation of the tumours. 

These observations show that local irradiation with an implanted radioactive source is 
an efficient means of inducing malignant lung tumours yielding a relatively large number 

of squamous cell carcinomas. Transplantability of the squamous cell carcinomas was, 

however, adversely influenced by the high incidence of malignant hemangioendotheliomas 
in the tumour samples used for transplantation. The yield of transplantable squamous cell 
carcinomas in this series is i0 percent. 
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3C-12 

Myeloid leukaemia in CBA/H mice following whole-body exposure to fission neutrons: 
An interim report. 

R.H.Mole (Medical Research Council, Radiobiology Unit, Harwell, England) and J.A.G.Davids 
(Netherlands Energy Research Foundation, Petten, The Netherlands). 

Male CBA/H mice (bred at Harwell) were given single brief whole-body exposures to fission 
neutrons in the special facility of the Low Flux Reactor at Petten. They were then 
maintained for life at Harwell. Cases of myeloid leukaemia have occurred after each of 
seven different doses from 2 to 200 rads. No example has been recognised in several 
hundred controls. The dose-response will be compared with that for low LET irradiation. 

3C-13 
TUMOR INDUCTION IN RHESUS MONKEYS AFTER X-RAY AND NEUTRON IRRADIATION 

C.F. Hollander ~, M.J. van Zwieten ~ and J.J. Broerse ~ 

~Institute for Experimental Gerontology TNO and ~mRadiobiological Institute TNO, Rijswijk, 
The Netherlands 

Over the past 17 years experiments have been performed on the longevity of rhesus monkeys 
and the effects of bone marrow transplantation after irradiation with X-rays and fission 
neutrons (van Zwieten et al., 1978). Two groups of longterm surviving animals are studied 
consisting of 9 monkeys irradiated with fission neutrons in doses ranging from 2.3 to 
4.4 Gy, and 20 X-irradiated monkeys which received doses ranging from 3 to 8.6 Gy. A 
control group of comparable age distribution comprises a total number of 21 untreated 
rhesus monkeys. In the neutron-irradiated group, 6 out of 9 monkeys died. In five of them 
tumors were observed which were classified as follows: osteosarcoma, malignant glomus 
tumor, renal adenocarcinoma, astrocytoma and glioblastoma. Of the 3 monkeys which are still 
alive, one has a malignant glomus tumor. In the X-irradiated group, 11 out of 20 animals 
died. In 6 of them tumors were observed which were classified as follows: osteosarcoma, 
malignant glomus tumor, renal adenocarcinoma and colonic adenocarcinoma. In the 21 untreated 
control monkeys, which are all still alive, no tumors have been observed up to the present. 
The number of monkeys with malignant tumors over the total observation period in years is 
5/76 for the neutron-irradiated group, 7/186 for the X-irradiated group and 0/310 for the 
control group. 
Based on the incidence results and the average doses received (7.2 Gy and 3.4 Gy for the X- 
irradiated and fission neutron-irradiated groups, respectively) risk values of 7/186x 7.2= 

-4 - -1 -I . . 5~x10 -4 year- lGy -1 fo r  X-rays and 5/76x3.4=190x10 year Gy fo r  f i s s i on  neutrons can be 
ca lcu ]a ted.  From these data, the RBE for  tumor induct ion is approximately 4, which is lower 
than that  prev ious ly  reported (van Zwieten et a l . ,  1978). This is due to the occurrence of  
tumors in monkeys of  the X - i r r ad ia ted  group which died recent ly .  The latency period of  11 
years in the l a t t e r  group is considerably longer than that o f  the neu t ron - i r rad ia ted  group, 
namely 7 years. 

Reference: 
M.J. van Zwieten e t a ] . :  Longevity studies in rhesus monkeys a f t e r  X-ray and neutron 
i r r a d i a t i o n  wi th special emphasis on tumour induct ion.  In: Late b io log ica l  e f f ec t s  o f  
ionizing rad ia t i on ,  Vol. I I .  Vienna, In te rna t iona l  Atomic Energy Agency, 1978, pp.165-179. 
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3 D - 1 - 1 4  Cellular Effects 

3 D-1  

The interaction of radiation and adriamycin in Chinese hamster cells 

K.-R.Trott 

Strahlenbiologisches Institut der Universit~t M~nchen 

and Abteilung f~r Strahlenbiologie der GSF, Neuherberg, W Germany 

In combined modality treatment of Chinese hamster cells, interactions 

were observed between irradiation and adriamycin which were additive 

in V-79 cells but synergistic in B-lq cells. The radiosensitizing effect 

of adriamycin may last for hours and days and can even be transferred 

to the progeny of surviving B-14 cells. On the other hand~ irradiation 

does not influence the sensitivity of V-79 cells to adriamycin, yet 

adriamycin given after irradiation interacts additively with radiation 

as well. Adriamycin completely inhibits the accumulation of sublethal 

radiation damage in V-79 cells irradiated several hours later but does 

not interfere with split dose recovery and the shedding of sublethal 

radiation damage. 
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3 D - 2  

EFFECT OF ADRIA~YCIN ON THE REPAIR OF RADIATION DAMAGE IN CHIXESE HAMSTER 

CELLS 

B. N a g y ,  Z. M a r i ~ i ~  and M. B i s t r o v i ~  
C e n t r a l  I n s t i t u t e  fo r  T u m o r s  and A l l i e d  D~[seases ,  Z a g r e b ,  Y u g o s l a v i a  

t h e  a i m  of t h i s  s t u d y  w a s  to a s s e s s  the  e f f e c t  of s u b s e q u e n t  a d r i a m y c i n  a d m i n i s t r a t i o n  
on the  c e l l s  a b i l i t y  to r e p a i r  r a d i a t i o n  d a r n a g e .  E x p o n e n t i a l l y  g r o w i n g  V-79  m o n o l a y e r  

c u l t u r e s  w e r e  u s e d  and X - r a y  s u r v i v a l  c u r v e s  a t  v a r i o u s  t i m e  of d r u g  a d m i n i s t r a t i o n  
w e r e  e x a m i n e d .  The d a t a  s h o w  t h a t  the  a d r i a m y c i n - r a d i a t i o n  i n t e r a c t i o n  i s  s u b s t a n t i a l l y  

t i m e t a b l e  d e p e n d e n t .  C h i n e s e  h a m s t e r  c e l l s  t r e a t e d  w i t h  a d r i a m y c i n  5 to  7 h o u r s  a f t e r  
i r r a d i a t i o n  e x h i b i t  an e x p o n e n t i a l  c o m b i n e d  t r e a t m e n t  s u r v i v a l  c u r v e ,  as  a r e s u l t  of 

s h o u l d e r  r e d u c t i o n .  If  the  c e l l s  w e r e  i r r a d i a t e d  twice~  7 and 5 h o u r s  b e f o r e  a d r i a m y c i n  
t r e a t m e n t ~  the  s h o u l d e r  on s u r v i v a l  c u r v e  r e a p p e a r e d .  When the  c o m b i n e d  t r e a t m e n t  

s u r v i v a l  c u r v e  i s  s i g m o i d a l ~  i . e .  i f  i r r a d i a t i o n  is  p e r f o r m e d  13 h o u r s  p r i o r  to a d r i a -  
m y c i n  t r e a t m e n t  s the  s h o u l d e r  of t h i s  c u r v e  d i s a p p e a r s  if  s e c o n d  i r r a d i a t i o n  is  d e l i v e r e d  
two h o u r s  a f t e r  the  f i r s t  e x p o s u r e .  The o b s e r v e d  r e s u l t s  i m p l i e d  t h a t  a d r i a m y c i n  i n t e r -  

a c t s  w i th  r a d i a t i o n  i n f l u e n c i n g  the  r e p a i r  of s u b l e t h a l  r a d i a t i o n  d a m a g e .  

3 D - 3  
Bleomyein-induced Po ten t i a l  Lethal  Damage in HeLa ce l l s  in v i t r o .  

Hassanzadeh, M. and Chapman, I.V. 

Department of Medical Biophysics, University of Dundee, Dundee, DDI 4HN, Scotland, U.K. 

Increase in survival of HeLa cells, exposed to various growth conditions after a single 
dose of bleomyoin may be explained either by repair of potential lethal damage or by 
a decreased pharmacological activity of drug mobilised from the cell membranes, reflecting 
drug catabolism. Both theories have been tested and in the case of clonogenic assay 
following exposure in monolayer, the latter concept may be the more feasible. 

Attempts to exploit this membrane bound drug pool by hyperthermia to enhance cell 
killing have not proved unequivically successful. However co-operative action of 
bleomycin and hyperthermia, used simultaneously to decrease cell survival has been 
readily demonstrable. 
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3 D - 4  
E f f i c i e n t  G2-delay a f t e r  very low doses (0.03-1Gy)  of alpha par t i c les  
Chr is t ine LUcke-Huhle 

Kernforschungszentrum Karlsruhe, I n s t i t u t  fu r  Genetik und fu r  Toxiko logie von Spa l ts to f fen ,  
D-7500 Karlsruhe 1, Postfach 3640, Federal Republic of  Germany 

Previous experiments on ce l l  cycle per turbat ions by beams d i f f e r i n g  in t h e i r  i on i za t i on  den- 
s i t y  revealed densely ion iz ing  rad ia t ion  to be espec ia l l y  e f f ec t i ve  in causing G2-delay in 
V79 ce l ls  during t h e i r  f i r s t  pos t i r r ad ia t i on  ce l l  cycle. A maximum RBE value of 8.3 was 
found fo r  th is  LET-dependent e f fec t  at about 100 keV/um. 4 MeV alpha par t i c les  as emitted 
by an Am-241 source (LET ~110 keV/~m) were, there fore ,  used to inves t iga te  the phenomenon 
of  G2-delay. Exponent ia l ly  growing cul tures of  human and animal o r i g i n  were i r r ad i a ted  under 
retainment of  optimal growth condi t ions and afterwards analysed fo r  ce l l  cycle a l t e ra t i ons  
by means of  f low-cy to f luoromet ry .  A higher e f f e c t i v i t y  of high-LET alpha par t i c les  compared 
to low-LET Cobalt-T-rays was found fo r  a l l  ce l l  l i nes .  G2-delay increased l i n e a r l y  with dose 
y i e l d i n g  G2-fract ions above 70 % at  doses less than i Gy of alpha pa r t i c l es .  Even 0.03 Gy 
alpha-rays caused a measurable e f fec t .  At low doses (more than 50 % of  the ce l ls  surv ive)  
G2-blockage was revers ib le  reaching control  values 12 hours a f t e r  i r r a d i a t i o n .  At higher 
doses the e f fec t  became i r r e v e r s i b l e ,  most of the ce l ls  stayed at G2 even 24 hours a f te r  i r -  
rad ia t i on .  In contrast  to low-LET Cobalt-y-  or X-rays ce l ls  seemed to die wi thout  completing 
at least  one mitosis a f t e r  i r r a d i a t i o n .  
In order to learn about the ta rge t  responsible fo r  G2-delay the purine de r i va t i ve  caf fe ine 
with i t s  spec i f i c  a f f i n i t y  to damaged DNA was added jus t  before i r r a d i a t i o n .  Then G2-delay 
was reduced considerably.  Even at high doses (ce l l  k i l l i n g  above 90 %) G2-blockage became 
revers ib le  and most of  the ce l ls  completed mi tos is .  This e f fec t  was concentrat ion dependent. 
2 mM caf fe ine ,  however, was enough to abol ish G2-delay a f t e r  doses up to i Gy completely.  
I f  caf fe ine was added a f t e r  ce l ls  had already accumulated t o t a l l y  in G2-phase (about 10 hrs 
a f t e r  5 Gy) the block became t rans ien t .  That means that  ce l ls  which would have stayed in G2 
un t i l  ce l l  l ys i s  occurred, regained the a b i l i t y  to complete mi tos is .  The reduct ion of  G2 
a f t e r  add i t ion  of  caf fe ine led to an increased ce l l  k i l l i n g  e f fec t  demonstrated by a D37- 
sens i t i za t i on  fac to r  of 1.45. 

3 D - 5  
T h e  e f f e c t s  o f  X - i r r a d i a t i o n  o n  t h e  i n t e r m i t o s i s  t i m e  a n d  t h e  o c c u r r e n c e  o f  c e l l  d e a t h  o f  

Mouse Osteosarcoma cells. 

R. van Wijk ~, A. van Meeteren ~ and B.F. Deys % 

Department of Molecular Cell Biology, State University, Utrecht, The Netherlands 

% Laboratory for Radiobiology, University of Amsterdam, Amsterdam, The Netherlands 

137 pedigrees of mouse osteosarcoma cells, irradiated to achieve 50% survival in a cloning 
assay, were constructed by time-lapse cineu~atography. The data were organized in cumulative 
frequency distributions of intermitosis times (e-plots) and cumulative frequency distribut- 
ions of differences of cell cycle times of sibling pairs (~-plots). The slope of the semi- 
logarithmic E-plot is a measure for tile transition probability P of the cell cycle. The 
shoulder of the e-curve gives an indication for the distribution of the "B-phase" duration. 
The X-ray treatment causes an extension of the generation, in which the irradiation took 
place. This extension appears to be due to two effects. Cells, which presumably are in G1- 
or S-phase show only a small extension of the "B-phase", but the cells, that are lethally 
damaged show a decreased transition probability P. The G2-phase cells show a much more 
pronounced extension of the "B-phase", while the lethally damaged cells of this group cannot 
De distinguished by a decreased transition probability. 
During the first post-irradiation generation, cells, whose parents received lethal damage 
in the GI- or S-pilase, die preferentially. All lethally damaged cells, that pass into the 

second post-irradiation generation, show a decreased transition probability, regardless the 
age of the parent at tile time of irradiation. However, the differences in "B-phase" durat- 
ions in the irradiated generation have dis appeared in the first post-irradiation generation. 
Cells, whose grandparents were irradiated ~hile in G2, die preferentially in the second 

post-irradiation generation. 
The occurrence of cell death appears to be significantly correlated for sister cells. 
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3 D - 6  
COMPARISON OF THE CLONOGENIC EXPRESSION AND TUMOUR GROWTH AFTER TRANSPLANTATION OF R-1,M 
CELLS INTO THE SYNGENEIC WAG/Rij RAT AND THE ALLOGENEIC BALB/c.nu MOUSE IN THE COURSE OF 

TDs0 ASSAYS. 

Hermens A.F. and Madhuizen H.T. 
Radiobiological Institute, 151Lange Kleiweg, Rijswijk, The Netherlands 

The expression of the clonogenic capacity of R-L,M tumour cells may vary with the 
growth conditions provided by the assay system employed. This is evidenced by results of 
assays performed with cell suspensions containing R-I,M cells alone or admixed with either 
heavily irradiated R-I,M cells, designated as F(R-i,M) cells, or normal syngeneic MER-I cells 
with a phagocytic capacity. Assays were done by employing the in vitro plating technique and 
the TD 5 assay using WAG/Rij rats or BALB/c.nu mice. 

0 
A maximal colony forming capacity of 0.8 to 1.0 per R-i,M cell in suspension was 

observed with the in vitro plating technique and using medium enriched with F(R-I,M) cells. 
In vivo assays performed with the WAG/RiJ rat and BALB/c.nu mouse revealed that the TDs0 
is about 6000 cells for each of these strains if only tumour cells are injected. Smaller 
values of TD50 were obtained by admixing tumour cells with F(R-I,M) or MER-I cells, the 
smallest value being 10 cells which was observed when R-I,M + MER-I cells were assayed in 
the BALB/c.nu mouse. 

However, R-I,M tumours originating from inocula,containing MER-I cells plus fewer than 
1000 R-I,M cells grow more slowly and even showed complete regression, in the BALB/c.nu 
mouse as compared to that observed in the WAG/Rij rat. 

Finally, experiments designed for assessing the intrinsic radiosensitivity of in vitro 
irradiated R-I,M cells demonstrated that data on fractional surviving cells obtained with 
the two in vivo assay systems showed significant differences with respect to the initial 
slope of the survival curve as compared with corresponding data obtained by the in vitro 
plating technique. 

3 D - 7  
P r o l i f e r a t i o n  Kinet ics  .of Human Helanoma Cel ls a f t e r  Hyperthermia and X-rays. 
Part I :  DNA Content and DNA Synthesis Rate of Human Melanoma Cel ls  a f t e r  f rac t i ona ted  

Hyperthermia and X - i r r a d i a t i o n .  

D. van Beuningen, C. S t r e f f e r ,  N. Zamboglou, St. Kerst ing 
I n s t i t u t  fu r  Med. Strahlenphysik  und S t rah lenb io log ie ,  Un ive rs i t~ tsk l in i kum Essen, 
Hufelandstr .  55, 4300 Essen I ,  F.R.G. 

Human melanoma ce l l s  were exposed to hyperthermia ( 3 x I h, 42 ° C; I x 3 h, 42 ° C or 
3 x J h, 44 ° C; I x 3 h, 44 ° C ). The hyperthermia was combined wi th 400 R X-rays. The 
DNA content per ce l l  cu l tu re  was measured by a biochemical method. The DNA synthesis rate 
was determined by the incorpora t ion  of 3-H-thymidine in to the DNA. The DNA content was 
taken as an equ iva lent  fo r  the ce l l  number. 
Immediately a f t e r  3 h, 42 ° C a s l i g h t  growth delay was observed, af terwards the ce l l s  
p r o l i f e r a t e d  l i k e  the con t ro ls .  72 hours a f t e r  t reatment a s l i g h t  ce l l  loss occurred. 
X - i r r a d i a t i o n  combined with hyperthermia enhanced the ce l l  loss.  A f te r  f rac t i ona ted  
hyperthermia ( 3 x I h, 42 ° C ) the ce l l  grew l i k e  the con t ro l s ,  but a f t e r  the combination 
of f rac t i ona ted  heat ing and i r r a d i a t i o n  wi th 400 R ce l l  loss was observed again. The 
recovery from heat damage a f t e r  f r a c t i o n a t i o n  was deminished by the i r r a d i a t i o n .  This 
could mean, tha t  the expression of thermotolerance was suppressed by X - i r r a d i a t i o n .  The 
DNA synthesis rate showed a depression a f t e r  hyperthermia alone. A f te r  heating fo r  
I h, 42 ° C i t  had recovered 3 hours a f t e r  t reatment .  A f te r  3 h, 42 ° C the recovery took 
place a f t e r  9 hours. The return to the cont ro ls  values was not changed by X - i r r a d i a t i o n ,  
but in cont rast  to heating alone no overshoot ing react ion occurred. The depression of the 
D[~A synthesis could be re la ted to the observed growth delay.  Further i nves t i ga t i ons  of the 
p r o l i f e r a t i o n  k ine t i cs  under these condi t ions w i l l  be reported by Dr. Zamboglou in the 
fo l l ow ing  paper. 



367 

3 D - 8  
P r o l i f e r a t i o n  Kinet ics of Human Melanoma Cel ls a f t e r  Hyperthermia and X-rays. 
Part I I :  Cell Cycle D i s t r i bu t i on  of  Human Melanoma Cel ls a f te r  f rac t iona ted  Hyperthermia 

and X - i r r a d i a t i o n  

N. Zamboglou, C. S t r e f f e r ,  D. van Beuningen, M. Hitzegrad 
I n s t i t u t  fur  i~ed. Strahlenphysik und S t rah lenb io log ie ,  Un ivers i t~ tsk l in ikum Essen, 
Hufelandstr .  55, 4300 Essen I ,  F.R.G. 

In the same system presented by Dr. van 3euningen and a f te r  the same treatment fu r the r  
parameters were inves t iga ted .  Af ter  s ta in ing the ce l l s  wi th ethidium bromide the DNA- 
d i s t r i b u t i o n  patterns were recorded wi th a microscope photometer ( Lei tz  MPV 2 ) y i e l d i n g  
the percentages of  ce l l s  in the Cell cycle phases. The DNA content of  each nucleus and the 
comparison of  the resu l ts  of  autoradiography on the same nucleus allowed us: 

a) the determinat ion of  the ce l l s  which have a S-phase DNA content but are not 
labe l led  au to rad iograph ica l l y .  Such ce l l s  had been found already 24 h a f t e r  
f rac t iona ted  treatment by hyperthermia and X-rays ( 23 % of the S-phase ce l l s  
were unlabel led ). 

b) the determinat ion of  the ce l l s  which have a G1-phase DNA content but which are 
labe l led  au to rad iograph ica l l y .  Those ce l l s  had been found 3 h a f t e r  i r r a d i a t i o n  
or combined treatment by i r r a d i a t i o n  and hyperthermia. About 25 % of the G1-phase 
ce l l s  were l abe l l ed .  

Furthermore the formation of  micronuclei  increases a f te r  i r r a d i a t i o n  ( 3 times 4 Gy ) from 
5 ( contro ls  ) to 85 micronuclei  per 100 ce l l s .  A f ter  combined treatment i t  increases to 
120 micronuclei  per 100 ce l l s .  

3 D - 9  

ULTRASTRUCTURAL CHANGES OF A TRANSPLANTABLE ~N~ARY CARCINOMA IN MICE 

AFTER IRRADIATION WITH A SINGLE DOSE OF GAMMA RAYS 

Ch.Prokopanov, KoChristov-Tzelkov, G.Grashev 

National Institute of 0ncology, Sofia-56, Darvenitza, Bulgaria 

The radiobiological changes of the tumor cells of a transplantable mamma- 

ry adenocarcinoma in mice were studied during the initia] transplantation 

generations b;¢ variety of morphological (autoradiography, light micros- 

copy, electron microscopy) and cytochemical (cytophotometry) metodso This 

transolantable carcinoma was derived from a spontaneous mammary tumor 

growing in "H" strain mice. Tumor cells from the third transplantation 

generation in the control non-irradiated animals were predominantly arran- 

ged in trabecular and microfollicular structures containing sometimes a 

secretory product. A lot of mitochondria, membane attached and free ribo_ 

somes were observed in the cytoplasm of tumor cells. The nuclear membrane 

ir~dicated deep invaginations. Condensed chromatin in the nucleus was mar- 

ginally situated and close conected with different in shape and structure 

nuclolli. First ultrastructural changes were noted 2 hrs after tumor irra 

diation with 20 Gy gamma rays (60Co) and concerne predominantly the nu- 

clear membrane and mitochondria matrix. In the next hours (6,9,24) a fur- 

ther increase in the cellular damage was found: swelling of nucleus and 

mitochondria, extension of perinuclear space, appearance of phagolysoso- 

mes, agregation and disagregation of chromatin structures and nucleoluso 



368 

3D-10  

SPECIAL HEMATOLOGICAL FINDINGS FOLLOWING RADIOIOD!NE THERAPY FOR THYROID 
CARCINOMA 
B. Chon~ 
K l i n i k u m  der  U n i v e r s i t ~ t  H e i d e l b e r g ,  Zent rum R a d i o l o g i e ,  
A b t e i l u n g  S t r a h l e n b i o l o g i e ,  Vo6s~r .  3, 6900 H e i d e l b e r g  l ,  BRD 

Based on 391 p a t i e n t s  o f  t h y r o i d  neoplasms h e m a t o l o g i c a l  f o l l o w - u p - s t u d i e s  
in  46 cases ,  t r e a t e d  by o v e r a l l  J - i 3 1 -  dose o f  more than  500 mCi,  were p e r -  
f o rmed .  
The f o l l o w i n g  p a r a m e t e r s  were i n c l u d e d :  Io P e r i p h e r a l  b l o o d  c o n t r o l ,  2 .Bone 
marrow a s p i r a t i o n ,  3. Ce l l  vo lume d i s t r i b u t i o n  s i z e  o f  l e u c o c y t e s  a f t e r  
p r e p a r a t i v e  e n r i c h m e n t .  I f  i n  dough t  a bone marrow s z i n t i g r a p h y  was added.  

H e m a t o l o g i c a l  e x a m i n a t i o n s  were c a r r e d  ou t  us i ng  s t a n d a r d  c l i n i c a l  l a b o r a -  
t o r y  me thods ,  o b s e r v e d  o v e r  a 4 y e a r  t h e r a p y  and c o r r e l a t e d  w i t h  t ime  and 
dosage o f  a d m i n i s t r a t i o n  o f  t h e r a p e u t i c  J - 1 3 l .  
Excep t  f o r  one case d e v e l o p i n g  an acu te  l e u k e m i a  a f t e r  h a v i n g  r e c e i v e d  990 
mCi J-131 d u r i n g  a p e r i o d  o f  l ]  y e a r s  we d i d n ' t  f i n d  some v a r i a t i o n s  o f  
usua l  p a r a m e t e r s  in  p e r i p h e r a l  b l ood°  
On the  o t h e r  hand the  v a l u e  o f  p a r a m e t e r  2 and 3 can be c a l c u l a t e d  as 
f o l l o w s :  B i opsy  o f  bone marrow p r o v i d e s  d e t a i l e d  i n f o r m a t i o n  f o r  d e t e c t i n g  hy 
p o p l a s t i c  a l t e r a t i o n  be ing  l a t e n t  in  c i r c u l a t i n g  b l o o d  f o r  some y e a r s ,  even 
o f  J-131 c u m u l a t i o n  dose be low 500 mCi. The a n a l y s i s  o f  d e s T . r i b u t i o n  s i ze  
o f  l e u k o c y t e s  r e p r e s e n t s  a f u n c t i o n a l  a s p e c t  a f t e r  r a d i a t i o n  induced  i n j u r y  
o f  bone mar row.  
The r e s u l t s  a re  c o r r e l a t e d  w i t h  h i s t o l o g i c a l  c r i t e r i a  o f  t h y r o i d  ca rc i noma  
and J-131 r e t e n t i o n  a f t e r  t h e r a p e u t i c  a p p l i c a t i o n  o f  r a d i o i o d i n e .  

3D-11 
Change o f  UV f l u o r e s c e n c e  i n t e n s i t y  i n  l y m p h o c y t e s  a f t e r  i n c o r p o r a t i o n  o f  
r a d i o c a e s i u m  i n  r a t s  
F. G e n s i c k e ,  E. T r 6 1 s c h  and I ,  Neuh@user 
N a t i o n a l  Board  o f  N u c l e a r  S a f e t y  and R a d i a t i o n  P r o t e c t i o n  
1157 B e r l i n ,  DDR 

A f t e r  s i n g l e  i n c o r p o r a t i o n  o f  v a r i o u s  Cs -137  amounts  ( 0 , 7 4 ,  3 , 7 ,  9 , 2 5 ,  
1 8 , 5 ,  3 7 , 0  and 6 2 , 9  kBq C s - 1 3 7 / g  body  w e i g h t )  t h e  change o f  UV f l u o r e s -  
cence i n t e n s i t y  o f  p e r i p h e r a l  l y m p h o c y t e s  ( e x c i t a t i o n  o f  c e l l s  a t  280 nm 
and measurement  a t  340 nm) was s t u d i e d  i n  r a t s .  The measurement  o f  f l u o r e s -  
cence i n t e n s i t y  o f  l y m p h o c y t e s  was made i ,  14,  28 and 90 days  a f t e r  r a d i o -  
caes ium a p p l i c a t i o n .  I n  o r d e r  to  o b t a i n  a n o t h e r  measure  f o r  i n t e r n a l  
r a d i a t i o n  e x p o s u r e ,  i n  a d d i t i o n  t h e  a b s o l u t e  number  o f  l y m p h o c y t e s  was 
c o u n t e d .  
A f t e r  a p p l i c a t i o n  o f  more t han  0 , 7 4  kBq C s - 1 3 7 / g  body  w e i g h t ,  t he  r e s u l t s  
have so f a r  shown an i n c r e a s e  o f  UV f l u o r e s c e n c e  i n t e n s i t y  wh i ch  i s  
s i g n i f i c a n t  f rom 3 , 7  kBq C s - 1 3 7 / g  body w e i g h t  o n w a r d s .  J h i l e  UV f l u o r e s -  
cence  i n t e n s i t y  o f  c e l l s  a g a i n  i s  n o r m a l i s e d  w i t h i n  90 days  up to  i 8 , 5  kBq 
C s - 1 3 7 / g  body  w e i g h t ,  t h i s  e f f e c t  w i l l  r e m a i n  unchanged  o v e r  t h i s  p e r i o d  
a f t e r  a p p l i c a t i o n  o f  1 8 , 5  kBq C s - 1 3 7 / g  body  w e i g h t ,  A f t e r  a p p l i c a t i o n  o f  
l a r g e r  r ad i ocaes±u ra  a m o u n t s ,  UV f l u o r e s c e n c e  i n t e n s i t y  o f  c e l l s  d e c r e a s e s  
to  s u b n o r m a l  v a l u e s  a f t e r  r e a c h i n g  a maximum v a l u e .  The r e s u l t s  o b t a i n e d  
a r e  compared w i t h  t h o s e  o f  o t h e r  a u t h o r s  o b t a i n e d  a f t e r  c h r o n i c  e x t e r n a l  
i r r a d i a t i o n .  



THE EFFECT OF IONIZING RADIATION ON RABBIT LIVER MITOCHONDRIA 

IN EMBRYOGENESIS. 

A.K.MIRAKH~IEDOV, A.~RADILLAEV AND D.KH.KHA~IIDOV. 

The Institute of Biochemistry, Uzbek Academy of Sciences, 

Tashkent, USSR. 
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The effect of gamma radiation on the enzymatic activity and stability 
of liver mitochondria of 25-30 days old embryos (when the mother was irra- 
diated), as well as adult rabbits of I, 4, 24 and 48 hrs after effects with 
the dose of 200 R was studied.. The activity of succinic oxidase, NADH and 
cytoehrom-e-oxidase systems of mitochondrial respiratory chains fluctuates 
throughout embryogenesis. The stability of cytochrom-c-oxidase did not sig- 
nificantly change. The stability of NADH and succinic oxidase decreased 
during the early and late periods of irradiation. 

Electrophoretic studies in PAAG within I hr after irradiation have 
shown the same electrophoretic and densometric pictures of polypeptide frac- 
-Lions of inner mitochondrial membranes from livers of normal and irradiated 
embryos as well as adult rabbits. Within 24 to 48 hrs after irradiation the 
thickness of protein patches in gels, as well as the densometric height, 
corresponding to high molecular weight (above 46.000 daltons) mitochondrial 
proteins were increased. In contrast to mitochondrial membrane proteins 
from adult organisms, embryos showed high molecular embryo specific frac- 
tions, the thickness of which increased after 48 hrs of irradiation. 

Electrophoretic lability of proteins after irradiation during periods 
mentioned above did not change~ We suppose that radiation changes taking 
place in the biosynthesis of some protein components from mitochondrial mem- 
branes are connected with the loss of links of mitoehondrial protein synthe- 
sizing systems. The effect of irradiation is accompanied by unequal levels 
of enzymatic stability in the liver mitochondria from adults and embryos, 
which is connected with different functional states and specificity of the 
enzymes in the respiratory chain. 

3D-13 
ESR-STUDY OF RADIATION-INDUCED FREE RADICALS IN TISSUES OF HEALTHY 

AND TUMOR-BEARING ANIMALS AND THEIR POSSIBLE ROLE IN TISSUE RADIOSENSITIVITY 

M.K. Pulatova, G.T. Richireva 

Institute of Chemical Physics, Academy of Sciences of the USSR, Moscow, USSR 

The nature of radiation-induced damages in a number of tissues of heal- 
thy and tumor-bearing animals (hepatoma 22a) has been studied by ESR method. 
The present study examines the possibility of a relationship between the num- 
ber and nature of primary damages and the different tissue radiosensitivity. 
The ionizing radiation effect on tissues is shown to result in the formation 
both radical products of water radiolysis (OH, H02) and free-radical products 
of the chemical cell components. The most important results are: (i) the es- 
tablishment of the fact of DNA damage (formation of hydrogen-addition radi- 
cals of thymine) in animal tissues at the initial stages of radiation-chemi- 
cal processes; (ii) the observation of the greater extent of DNA damage in 
the radiosensitive mouse tissues (spleen, thymus, bone marrew) as compared 
to the radioresistant ones (liver, kidneys, muscle, heart); (iii) the occu- 
rence of the DNA damage in the cells of hepatoma 22a, the tumor cell culture. 
Besides the water radiolysis radicals (OH and HO 2) and H-adduct radicals of 
DNA thymine bases, the radicals of protein nature (singlet with ~ H = 23 Oe, 
g = 2,003) and the carbohydrate radicals (quintet with a ~ 20 Oe, quartet 
with a = 16 Oe and singlet withaH = 90e and g = 2,005) are shown to form in 
the irradiated tissue samples. In the hepatoma samples peroxide radicals of 
lipids are observed. For establishing the localization of radiation damages 
ESR spectra of subcellular structures and biomacromolecules have been studied. 
The comparative study of nature of the radiation damages in normal and patho- 
logical tissues has revealed centres which can be observed only in tissues 
of sick animals (hepatoma 22a and liver of the tumor-bearing animal). These 
paramagnetic centres have a singlet signal (n H-60e and g=2,0005), its in- 
tensity depends on the period of tumor development. The studies of kinetic 
changes in intensity of this signal in hepatoma and regenerating liver (a sy- 
stem with active proliferation of nonmalignant etiology) have made it possib- 
le to conclude that its behaviour correlates with activity of cell prolifera- 
tion in the liver and tumor tissues. The nature of this signal is presented 
as centres of type (~a3+... 02) which are intermediate active states of a 
number of enzymes of the oxidase type. 
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ROLE OF SEX HORMONES IN DEVELOPMENT AND REPAIR OF RADIATION INJURI TO TESTIS 

V.G.Kondratenko and L.F.Ganzenko 

Institute of Biological Phisics, USSR Academy of Sciences, Pushino, USSR 

In experiments on mice using tritium-labeled sex hormones it was established 

that exogenic androgens and estrogens penetrate into the testis where they combine 
with incretory cells. Testosteron is bound with spermatocytes-I, young spermatids 
and Sertoli cells, and estradiol with Leydig's and Sertoli cells. Sex hormones 
bound to germ and incretory cells change their DNP affecting the functional 

status of the genom. In experiments on irradiated animals it was shown that andro- 
gens and estrogens produce a modifying effect on the genom of testis cells at a 
time when abscopal effect of ionising radiation comes into play. Using exogenic 
hormones a cytophysiological correl~tion was rewealed between the genom activity 
of incretory cells of the testis and division and differentiation of germ cells. 
Testosteron and estradiol regulate mitotic and meiotic activity in spermatogonia 
and spermatocytes-I which is important for repair of radiation damages. 

3 D - 1 4  
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4A-1-9 Bone and Bone-Seeking Radionuclides: 
Physiology, Dosimetry and Effects. 
Symposium of the European Late Effects Project Group 
(EULEP) 

Bone tmmour induction and its significance: An introductory outline. 
4A-1 

R.H. Mole 

Medical Research Council, Radiobiology Unit, Harwell, Didcot, England. 

Bony tissue is among the less sensitive for tumour induction by ionizing radiation but is 
nevertheless of major significance in the practice of radiological protection. Alpha- 
emitting radionuclides, such as plutonium and other actinides, are preferentially taken up 
into bone from the circulating blood, and the relatively high local concentration in 
tissue, together with the relatively high efficiency of s-particles for damage, makes the 
possibility of induction of bone tumours a major criterion in regulating the intake of 
these materials into the body. Moreover the first recommended "dose limit" based directly 
on human experience of tumour induction (1941) was that for the s-emitter radium-226 in 
bone. Not only has this limit remained effectively unchanged for the past 40 years but it 
has also continued to provide a major reference point within the internationally accepted 
system of radiological protection. 

Bone tumour induction also provides an important experimental model for studies of 
carcinogenesis by ionizing radiation and in general. It provides insights into the nature 
and anatomical localisation of the cells from which the tumours may originate, into the 
kinetics of tumour induction and its modifications by physiological and radiological 
variables, and into the principles by which experimental observations may be applied to the 
human species, since the experimental findings may be compared with well-established 
evidence about bone tumour induction in many by S-emltters in bone. 
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Bone cells: A review, 

M a u r e e n  Owen 

NRC Bone Research Laboratory, Nuffield Orthopaedic Centre, 
Oxford OX3 7LD, England. 

4 A - 2  

Bone marrow contains two main cellular systems, the stromal and hemopoietic systems, 
and these are derived from histogenetically distinct cell lines in the postnatal organism. 
Recently, evidence has accumulated to show that the two main functional cells in bone, the 
osteoblast and the osteoclast are components of the stromal and hemopoietic systems 
respectively. 

The origin of the osteoclast from a blood-borne mononuclear cell has been demonstrated 
in experiments with cell markers, osteopetrotic animals and parabiotic systems. A sub- 
stantial body of circumstantial evidence suggests that the osteoclast is most probably an 
end cell of the mononuclear phagocyte system. 

Evidence for the origin of the osteoblast from the stromal cell system comes from work 
in three areas; transplantation of marrow to ectopic sites, regeneration of marrow tissue 
in an ablated marrow cavity and culture of marrow stromal cells. Studies in the first two 
areas provide good morphological evidence for the following conclusions. That marrow 
stromal cells and the soft connective tissue associated with bone surfaces are each capable 
of giving rise to both bone tissue and marrow stroma and that the formation of trabecular 
bone and the stromal tissue of the sinusoidsl microcirculation appears to be necessary 
before hemopoiesis can be established. Studies in the third area using more recent 
techniques provide support for these conclusions. Furthermore in vitro/in vivo culture of 
stromal fibroblasts from marrow has demonstrated directly that these cells contain the 
stem cells of the osteoblast cell line. 

Experiments performed to investigate whether there is interchange of cells between the 
stromal and hemopoietic systems or whether there is a pluripotent cell giving rise to both 
have proved negative. Currently, this is the best evidence that osteoblasts and osteoclasts 
are not derived from a common precursor in the postnatal organism. 

Construction and Reconstruction of Bone 

4 A - 3  

J.F. Loutit. 

M.R.C. Radiobiology Unit, 
Harwell, Dideot, Oxon, England. 

Bone is a late evolutionary development. Formed from embryonic mesenchyme it begins 
in fetal life as condensations, most of which become cartilage but some remain membranous. 
The signal for bone formation is vascularization. For endochondral ossification, after a 
first periosteal membranous cuffing, blood vessels invaginate the perichondrium and, 
preceded by cartilage cell-degeneration, invade the cartilage matrix, ultimately to 
approach the ends, there forming bone growth-plates. Linear growth depends on continued 
growth of cartilage in the plates, circumferential growth being mainly periosteal membran- 
ous. Bone-marrow forms in the lysed cartilage matrix, stroma from pericytes of the vessels 
and haematopoietic tissue by diapedesis of immigrant ha~aic stem cells from the liver 
through the now sinusoidal vessel walls. 

Bone formed is either ephemeral (woven) or definitive (lamellar). To fashion the 
bone much ephemeral and some lamellar bone is resorbed here and more apposed there, 
ultimately to form an ivory outer cortex and a trabecular inner cancellation. 

Even at maturity resorption and repair continue, especially in cancellous bone, on a 
care and maintenance basis to be greatly accelerated on damage, e.g. fracture. 

Bone is mostly matrix, mineral, collagen fibre and glycoprotein and only sparsely 
cellular still dependent on vascularization. 

Radionucleides may deposit in the mineral, as calcium substitutes (9°Sr, 22GRa) or 
in matrix or its surface (239Pu). Consequential death of osteocytes demands repair from 
osteogenic precursors, some of which may have been "transformed". Preliminary resorption 
is effected by osteeclasts derived from haematopoietic stem cells. 

Histology of bones from mice bearing radionucleides indicates increased resorption 
and repair, with sporadic mis-repair, i.e. osteosarcoma, often multiple ranging from 
microscopic to massive. 



CYTOLOGICAL STUDIES OF PLUTONIUM UPTAKE IN BONE: 

THE EFFECTS OF BONE REMODELLING 
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N.D. PRIEST 

National Radiological Protection Board, Harwell, U.K 

In common with other actinide and lanthanide elements most plutonium in the body 
is concentrated by the liver and skeleton. Within the skeleton plutonium is initially 
deposited onto bone surfaces. It is thus commonly referred to as a bone-surface seeking 
radionuclide. This notation distinguishes it from the bone-volume seekers such as 
strontium which are analogues of bone constituents and are deposited throughout the 
matrix. 

Autoradiographie studies in rats using a low energy B-emitting isotope of 
plutonium, namely plutonium-241 have shown that subsequently, plutonium is either 
buried by the apposition of new bone onto contaminated bone surfaces or is removed 
during bone resorption. The plutonium that is resorbed is initially concentrated by 
osteoclasts where it remains for several days. It is then transferred to macrophages 
in the bone marrow. It remains in these cells for a much longer period producing a 

substantial bone marrow deposit of plutonium. However, eventually this plutonium also 
is lost from the cells and is redeposited onto bone surfaces .Consequently, there is a 
tendency with time for plutonium to become fairly evenly distributed throughout the 
bone and bone marrow. 

The spatial distribution of plhtonium-239 in bone and its changes with time. 
GREEN, D., HOWELLS, G.R. 

Radiobiology Unit, Medical Research Council, 
Harwell, 0xon, England. 

4A_5 

The cells within bone most likely to be at oncogenic risk have been identified as 
(a) the haematopoietic stem cells of the marrow (b) the osteogenic precursor cells on or 
near endosteal surfaces, and (c) certain epithelial cells located close to bone surfaces 
(ICRP Publication 11). 

Alpha-particles emitted by the industrially important radionucdide plutonium-239 have 
a range of less than 40Dm in soft tissue and 20~m in bone mineral. To understand the 
toxicological effect of plutonium-2~9 on bone tissue it is necessary to have a quantitative 
measure of its distribution with a resolution considerably less than the range of alpha- 
particle. 

The spatial distribution of plutonium-239 about the periosteal and endosteal surfaces 
of the ilium of the CRA mouse at various times after intravenous administration of the 
radionuclide is considered. Two different dose levels (50 nCi 239Pu kg -I body mass and 
I ~Ci kg -~ body mass) are reported and contrasted. 
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Dosimetry of a lpha-emi t ters  in bone 
E. Pol ig 
Kernforschungszentrum Karlsruhe, I n s t i t u t  fu r  Genetik und fur  Tox iko log ie  von Spa l ts to f fen ,  
Postfach 3640, D-7500 Karlsruhe 1, Fed. Rep. of Germany 

The paper describes the development and app l i ca t ion  of a novel technique fo r  evaluat ing 
alpha-autoradiogramms. The method involves scanning the a lpha- t rack d i s t r i b u t i o n  on ce l l u -  
l o s e - n i t r a t e  detector  f o i l s  and determinat ion of t issue st ructure from A l i za r in -s ta ined  bone 
sections (150 vm) by means of  a computer cont ro l led  microscope photometer. Geometrical 
alignment between the two samples is preserved during the measuring process. Af ter  combining 
the f i l e s  contain ing the t rack densi ty  d i s t r i b u t i o n  with the corresponding d i g i t i zed  bone 
images on a random access storage medium, de ta i led  informat ion concerning the rad ionucl ide 
d i s t r i b u t i o n  on a microscopic scale, dose ra tes,  h i t  frequencies etc. are extracted by a 
sequence of FORTRAN-programms. 
The potent ia l  of the method is demonstrated in a study deal ing with the d i s t r i b u t i o n  of 
239-Pu in the lumbar ver tebra and d is ta l  femur of adul t  ra ts .  The animals were in jected 
( i . v . )  with 1.8x104 Bq kg -1 and sacr i f iced a f te r  days 1,7,28 and 84. 
Endosteal and per iosteal  dose rates in the d is ta l  femur and the lumbar ver tebra are s im i la r  
and t y p i c a l l y  about .01Gy/d in the endosteal marrow 0-10 ~m from bone surfaces. Dose rates 
are increasing up to the 84th day due to r ec i r cu la t i ng  and redeposi t ing 239-Pu. The per i -  
osteal deposi t ion of a c t i v i t y  is about 20 % of the endosteal one. Only about 2 % of the 
to ta l  a c t i v i t y  in a section was found over 'deep' marrow, but with the tendency to increase 
up to 8 % at  the 168th day. The d i s t r i b u t i o n  funct ions of dose rates reveal a rather  non- 
uniform deposi t ion of the rad ionuc l ide on bone surfaces and correspondingly a wide v a r i a t i o n  
of dose rates.  
The mean bur ia l  depth amounts to only a few microns up to day 84. The measured dose rate 
d i s t r i b u t i o n  is discussed in terms of h i t  D robab i l i t i es  fo r  ce l l  nucle i .  Consequences and 
re la t ionsh ips  of the resu l ts  with reQard to quan t i t a t i ve  tumour models are ind icated.  
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Incorporation experiments with short-lived radionuclides are very promising means to study 

in particular problems of dose response as a function of time factor. For this purpose 

long-term series experiments with mice were performed in order to study oncogenic effects of 

some short-lived bone-seekers in dependence on radiation quality, skeletal dose and its 

temporal and spatial distribution. Special emphasis was laid on the extensive variation of 

dose rate, keeping the total dose constant and using different treatment spans. 

Ra-224 (3.6 d half-life) and Th-227 (18.7 d half-life) were used as alpha-emitting bone- 

seekers. They were applied with mean skeletal doses between 20 and i0 000 rad as single 

injections and between 120 and 2 000 tad with protracted application over a period up to 

36 weeks. The results were also compared with those after single injections of the long- 

lived radionuclides Ra-226 and Ac-227. 

Lu-177 (6.7 d half-life) was the representative for a short-lived beta-emitter. It was used 
with skeletal doses by single injections between 2 800 and 22 400 rad, and protracted 

application between 2 800 and 11 200 rad over a period up to 12 weeks. The comparison with 

the effects of the long-lived beta-emitter St-90 showed that the osteosarcomas were induced 

by similar total doses of the short-lived as well as of the long-lived radionuclide. 

As a general rule it was shown for middle and higher doses that protracted application of a 
short-lived radionuclide (alpha- as well as beta-emitter) was able to cause significantly 

higher osteosarcoma incidences than the same activity given as a single dose. 



Influence of biological parameters on the induction of 90St induced 
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Several biological variables such as species, strains and age variations are known to alter 
the spectrum of pathological lesions induced by ionizing irradiation. Data as regards in 
particular internal emitters are still scanty and not yef suitable for meaningful generali- 
zations. In addition many factors such as hormonal dysbalances~ metabolic disorders, infec- 
tions and other diseases which are integrated parts of a heterogenous human population are 
hardly investigated at all. The objective of this report is to give some additional infor- 
mation on parts of this subject with special reference to internal emitters. 90Sr has been 
used as a model in mouse experiments and the following biological parameters have been in- 
vestigated: Sex, age at time of exposure, genetical constitution, hormonal balance and im- 
munological response. In this particular report the osteosarcoma frequency has been used as 
an index of carcinogenicity. 

As a general conclusion these experiments indicate that female mice were more prone to 
develop osteosarcoma than were males (i.ii vs 0.72 tumours/mouse; total material 680 mice). 
Furthermore it was found that the puberty period (75 days of age) was the most sensitive 
time for osteosarcoma inducfion followed by juvenile mice (25 days), middle aged mice 
(150 days) and old mice (300 days). 
In seven different strains of mice the osteosarcoma incidence was investigated and found to 
vary with a factor 2 between the least and most sensitive mouse strains. 

~hen 90Sr was combined with oestrogenic hormones (polyestradiolphosphate) the tumour 
frequency was increased with a factor 2 whereas the induction time decreased approximately 
with 50 per cent. In addition when low doses of 90Sr were combined with oestrogenic hor- 
mones an unexpectedly high incidence of pituitary tumours (405) was observed in contrast 
to 1% and 71 when 90Sr or oestrogen were given alone. ?Pnen methylprednisolone was given 
once every second week in combination with 90Sr there was a remarkable decrease of the 
tumour incidence as compared to when 90Sr was given alone (0.16 vs 2.16 tu/mouse). The tu- 
mour induction time was prolonged with more than a factor 2. Finally it should also be 
mentioned that BCG-vaccination of 90Sr-treated mice significantly reduced the osteosarcoma 
yield. 
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With regard to the evaluation of the osteosarcoma risk at low dose level of internal 
alpha-irradiation it seems to be important to study the mechanism and stages of the tumeur 
development and the possible effects of additional endogenous biological and exogenous 
promoting factors which may influence the tumour incidence and/or shorten the latency 
period. 

The occurrence of non-neoplastic proliferations preceding radiation-induced osteosarcoma 
was studied in an experiment with 100% tumour expectancy. In female and male C3H x 101/F 1 
mice such proliferations were observed with much higher frequency than large or intra- 
osseous osteosarcemas. They occur within a relatively short time interval before osteo- 
sarcoma. 

Age disposition: The time distribution of age-related bone dysplasia in female NMRI mice 
and of spontaneous osteosarcoma may partly determine the time of occurrence of osteo- 
sarcomas, as shown in experiments with osteosarcema risk less than 50%. 
Strain disposition: Several strains of mice (BALB/e, C57BL, NMRI) showed different 
sensitivity for osteosarcoma induction with regard to the tumour latency period. A mouse 
strain (i01) with a high incidence of spontaneous osteomas did not show a higher 
sensitivity for osteosarcoma induction as compared to NMRI mice. In addition the sites 
of radiation-induced osteosarcomas did not correspond with the most frequent sites of 
the spontaneous osteomas. 

Aspects of tumour promotion in the field of radiation-induced osteosarcoma will be 
discussed. 


