
6.5 A METHOD FOR RADIOBIOLOGICAL INVESTIGATIONS IN RADIATION FIELDS WITH 
DIFFERENT LET AND HIGH DOSERATES, W. Grundler, (Forschungsreaktor 
Neuherberg, Neuherberg, Germany) 

1. Introduction 

Irradiation fields with radiation of different linear energy transfer (LET) 
and a wide range of doserate require usually a high experimental precision 
for quantitative radiobiological investigations. 

The mixed field of reactor radiation has these properties and affords para
meters not easily to be investigated. 

Provided a research reactor is used not only as a device for isotopproduc-
tion, materialtests, neutronradiography etc. but also as a radiation source 
for therapeutic methods, as a model for radiation risk studies and accident 
analysis and for low doserate-investigations in the field of health physics, 
especially in the era of increasing power reactorsythen biological test sys
tems are necessary with observation parameters suitable for the experimental 
realities. 

Such a biological test system and the developed observation method are de
scribed. Most of the demands for analysing such a mixed field radiation are 
rather well fulfilled. 

2. Material and Methods 

The experiments are carried out with a homozygous, diploid strain of the 
yeast saccharomyces cerevisiae /!/ and using an automatic microphotographic 
method recording the growth behaviour of the cellpopulation. What properties 
are expected and how they are represented by cellsystem and analysing meth
od? 
The following table (fig. 1) gives a short demonstration about that. 
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Fig. 1: Survey upon demanded ce l l system properties 
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Fig. 2: Schematic diagram of the experimental procedure of single cell 
observation and -analysis 
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The schematic diagram of figure 2 shows the realisation of an irradiation 
experiment. After irradiation the growing up behaviour of a cell group (a-
bout loo cells) is microphotographically observed and this optical stored 
information after transforming in an electronical one analysed by pattern 
recognizing methods. 

Related to the different technical and physical properties the irradiation 
could be performed for cells in suspension, on filter or on nutrient agar. 

The observation of the first three generation cycles is done on a prepared 
slide by microscope, securing an optimal supply with metabolic substances 
and oxygen, an exact (< 2ym) finding of the cellpositions and a remaining 
of the population in the microscope focus level. 
Solving these problems enables the employment of this experimental method 
at all. 

The optical registration technique had been optimized for getting a yes-no 
representation of the cell pattern for computer analysis (fig. 3). 
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Fig. 3: Part of a cellpopulation after different observation-intervals 
( yes - no representation for computeranalysis ) 

The f i r s t step of the information processing i s the conversion into an e l e c 
tronical pattern by a TV-camera reading the opt ica l picture automatically 
l i n e by l i n e . 
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These "Boolean" data were concentrated by a data vector and from comparing 
of the vector coordinates one gets the interesting cell specific information. 

3. Representation of the cellkinetic information and of its dependence 
on the radiological parameters 

Information stored by optical registration is only concerned with the ana
lysis of the form of a cell or of the dynamical behaviour in time. As an ex-
ample of the single cell observation method here the time-analysis is pre
sented HI. 

Figure 4 shows the behaviour of a non irradiated cellpopulation over the in
teresting time interval. At time t - 0 all cells are lying on nutrient agar 
as single objects (N ) and represent loo% of the population. Starting with 
growing up they become groups of two (_ N.), four (_ N.) and after 3 divi
sions of eight cells defined in this situation as survival. 
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Fig. 4: Populationspectrum of yeast: Plated for time t = 0 as 
single cells on nutrient agar (control) 
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For example after 8 hours (fig. 4) all the loo% cellgroups are indicated as 
Ng-groups. In this demonstration other parameters are to be determined as 
lagtime (reversing point of the Nj-curve) and generation time (difference 
between the maxima of the (N.-lO-and (N,-N_)-curves). 

The aim of this analysis method is a quantitative representation of the ef
fects caused by dose, repair and different kinds of radiation (LET). 

Fig. 5 shows the influence of dose (for instance X-ray dose of 25 krad) on 
the cell population. In contrast to the control the cells have been irradi
ated in a buffer solution and have been plated on nutrient agar at the time 
t o o forced to start with the cellcycle. The changed observation parameters 
as lag- and generation time are to be read out from this figure. An other 
quantitative dose relation is shown later. 
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Fig. 5: Populationspectrum of yeast: Plated for time t = 0 on nutrient agar after 
irradiation with D x = 25 krad 

When holding the population after irradiation for 48 hours in a non nutrient 
buffer solution (liquid holding repair: LHR) the partly repair of radiation 
damages is possible due to the inner cell energy capacity, and the following 
growing up behaviour shows fig. 6. The differences between this figure and 
the last one appear only because of the liquid holding repair. 
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Fig. 6 : Populationspectrum of yeas t : Plated for time t = 0 on nutrient agar after 
i r radiat ion with Dx = 25 krad and l iquid holding repair of £8 h 

A further observation parameter is the distribution of cells to the differ
ent groups at the end of the observation time when steady state is reached. 
These groups differ from another only by the number of cells. The cell-end-
point-analysis from the fig. 6 e.g. at a X-ray dose of 25 krad delivers val
ues for the N2~group of about 7oZ and for the other three groups of about 
lo%. 

In fig. 7 these values are to be found once more. In this picture the cell-
group-distribution of a irradiated population of single cells after a "rea
sonable" observation time (and 48 h liquid holding repair) is shown related 
to the dose (X-ray dose for example). Corresponding to our definition the 
Ng-group-curve represents the surviving cells normally used as a radiation 
parameter in radiobiology. The other curves demonstrate the dose dependent 
distribution of cells unable to divide with other word give an "analysis of 
the death" and let conclude considerations concerning to the radiation in
duced damages. 

The behaviour of the nonsurviving cells is mainly described by the curvature 
of the N2~group cells. The N2~group curve of figure 7 is related to X-rays 
with a mean LET of L, » lo keV/um. 

loo 
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Fig. 7: Cell-end point analysis related to X-ray dose (with LHR) 
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Fig. 8: Cell- end point analysis of ̂ -groups related to Dose x RBE 
values for different LET radiation (after 48 h LHR) 

6-50 



For quantitative describing of the LET-effects with other kinds of radiation 
the N.-group curves for electron- (L. «* o.5 keV/um) and alpha particle 
(L, <•* 5o keV/um) radiation are compared (fig. 8). This distribution drawn loo 
versus Dose x RBE - values within the margin of error shows nearly no dif
ferences between the three LET influences in the case of none liquid holding 
repair. If the population is allowed to repair over a time of for example 
two days this part of population is able for reparation of damages which 
corresponds to the area limited by the two outer curves of fig. 8. Analo
gously the same is valid for the other kinds of radiation. 

Without giving a further radiobiological analysis of the shown effects, one 
sees that the method of single cell observation correlated with an automati
cally pattern recognicing and data evaluation delivers quantitative parame
ters for the effects caused by dose, repair and LET. 
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