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SUMMARY

I. Title

KAERI-INP Joint Research for Science and Technology Cooperation

- Application of TSH bioindicator for studying the biological efficiency of

radiation

n. Objective and Importance of Project

The objective of this study is to establish the relationship for Korea-Poland

science and technology cooperation through the parallel research under conditions

of mutual KAERI and INP experiment.

HI. Scope and Contents of the Project

The KAERI-INP joint research can be divided into the following categories'

- Determination of the dose-response relationships for inducing gene mutations,

cell-killing and cell cycle inhibition in somatic cells of TSH by X-ray and

neutron.

- Analysis of RBE for Cf-252 neutrons

- Determination of the biological effects in TSH system after neutron irradiation

following pretreatments with borax as a chemical containing boron ions.
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IV. Results and Proposal for Applications

The results of joint experiment demonstrate that joint studies are possible

in conditions of mutual KAERI and INP experiment. Dose-response

relationships for inducing mutations in TSH somatic cells by X-ray and neutron

was established. From the pilot experiment, it was found that the biological

efficacy could be enhanced through the boron neutron capture process in borax

pretreated inflorescence of Tradesoantia But it is necessary to improve the

precision in irradiation and plant transport conditions. The results of the joint

research, though preliminary, can make a certain role for better relationship

between Korea and Poland.
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Introduction

In this paper we present data from the pilot experiment of which aim

was to compare relative biological efficiency of two californium-252 sources

from Academy of Mining and Metallurgy, Krakow, Poland and KAERI Taejon,

Korea. The special attention was paid to check whether in the range of neutron

energies available in the exposures any enhancement effects are visible due to

process of boron neutron capture in the cells enriched with boron ion. The

boron ions emitts alpha particles through the process of neutron capture. These

alpha particles can therefore give rise to an enhanced impact on surrounding

biological systems such as cells and cell organelles. The enhancement in

biological efficacy due to boron neutron capture is of great importance for its

applicability to clinical purposes which is called "boron neutron capture

therapy (BNCT)".

The planned research can be divided into the following categories'

- Determination of the dose - response relationships for inducing gene

mutations, cell killing and cell cycle inhibition in somatic cells of Tradescanfia

stamen hairs (TSH) by X-rays and neutrons.

- Analysis of RBE for Cf-252 neutrons.

- Determination of the biological effects in TSH system after neutron

irradiation following pretreatments with borax as a chemical containing boron

ions (Na2B4O7.10H2O).

The induction of gene mutations in the somatic cells of hetorozygous for the

flower color Tmdescantia clone 4430 will be used as bioindicator for evaluating

RBE of neutrons. It is one of the most radiosensitive plant systems known so

far; the dose-response curves have been determined down to doses of 0.25 cGy
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for X-rays and 0.01 cGy for neutrons (Sparrow et al. 1972). The significant

features of Tradesoantia that make it useful for radiation studies, particularly at

low dose region, are its extreme sensitivity to radiation and relative ease with

which the various genetic points in somatic cells can be reliably scored. The

flower buds are sufficiently small to permit neutron irradiation which is

uniform with respect to both dose and neutron energy. Tradescantia stamen

hair is essentially of a single-meristematic-cell nature; because it grows by

repeated divisions of terminal and subterminal cells. Therefore, the dose response

curves for different genetic end points can be compared with data from single

cell systems of other organisms. Depending on the dose level the number of

10,000-100,000 of stamen hairs per one point are examined to determine the

pink, single pink and stunted hair frequency.

Material and Methods

The bioindicator applied for our studies is Tradescantia stamen hair

(TSH) assay. Hybrid clones of Tradescantia have often been used as a

biological plant test system based on somatic mutations and cell lethality in the

stamen hair cells. They have been used for radiobiological studies extensively

in the previous years. The system was primarily developed by A.H. Sparrow

and his various associates at Brookhaven National Laboratory over a number

of years. In the case of Tradescantia clone 4430, the high sensitivity of

plants to radiation is accompanied by high sensitivity to chemicals as well.

Tradescantia clone T-4430, interspecific diploid /2n=12/ hybrids originating from

the Brookhaven National Laboratory were used in our studies.
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Plant culture

The experimental plants were provided by in vitro culture from the

stock plants of Tradescantia clone 4430 transported from the Institute of Nuclear

Physics in Krakow where plants were grown in the conditions desciribed

elswhere [2]. Shoot meristems which were selected from healthy plants were

sterilized in sodium hypochlorite solution and placed into the growth medium [3].

Various growth regulators such as kinetin, BA and 2,4-D were added to the

Murashige-Skoog basal medium to attain the maximal growth. Plantlets from

the culture were transfered into the greenhouse after certain duration of

hardening.

Plants were grown under greenhouse conditions with growing and

cultivation procedures were maintained as described by Underbrink et al. [4].

An average of 21 cuttings per dose were exposed to both types of radiation

under the study and in order to avoid the storage effect [5] cuttings were

irradiated not earlier than 24 hours after the cutting. After irradiation cuttings

were cultivated in the growth chamber at 18-21°C with the 18-h day and

appropriate humidity for the 90%. Then cuttings were transported into Poland

into the growth chamber and gene and lethal mutations were scored from day

7-th to 20-th after the treatment. Flowers in bloom were collected between the

7th day and 20th day after exposure.

Tradescantia stamen hair assay

TSH assay measures were done under stereomicroscopes (x25). Flowers
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were taken at their full blooming, normally early in the morning on each day

and stored in the refrigerator before scoring. Stamen hairs were carefully

removed with forceps from the flowers and placed onto the slide glass upon

which proper amount of mineral oil was spreaded. Scoring was performed to

determine the pink, single pink and stunted cells frequency.

Gene mutations, characterized by single or numerous adjacent pink cells

in the hair, were counted as one mutational event (PF). The single cell pink

event can be considered as an indicator of mutations induced after the S phase

of the cell cycle [6]. A ratio between the number of single pink cells and all

pink mutation events (CCF) was considered as a factor indicating cell cycle

behavior. Number of hairs containing less than 17 cells in case of clone T-4430

(stunted hairs ) was taken as a measure of cell lethality (STF) caused by

exposure. The mean values of mutation frequency calculated for the scoring

period and expressed as a number of mutations per 100 hairs were used as a

measure of the mutation effect caused by the exposure.

Chemical pretreatment and irradiation of Tradescantia plants.

The chemical introducing boron ion into TSH cells was borax:

Na2B4(>7.10H2O supplied by Hayashi Pure Chemicals Company, Osaka. Borax was

dissolved in distilled water. The number of cuttings used for each treatment

group varied between 20 to 26. After removal of the oldest flower buds (2-4),

the 1% concentrated borax solution (20jd) was applied directly into the

inflorescence.

Irradiation of Tradescantia plants with mixed thermal-fast neutrons from

Cf-252 source was done at KAERI. Total activity of the isotopic source applied
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was ~5.10~1Ci, giving the dose rate of fast neutrons at the lm distance about

19.3 mSv/h in case of irradiation in the air. Normal and pretreated with borax

cuttings were placed in the plastic bags containing aproximately about 100 ml of

distilled water. For various doses plastic bags with cuttings were situated at the

various distances from the source (0.33, 0.50, 0.60 m). The time of irradiation

was 3 hours 15 minutes. Irradiations were performed 48 hours after borax

pretreatment. In case of X-rays plants were irradiated in the air and in case of

Cf-252 neutrons they were immersed in distilled water. After irradiation cuttings

were transfered into the growth chamber for further cultivation in aerated

Hoagland's solution (6 x dilution) with 18-h day at 21°C (±1°C) and appropriate

humidity [2].

Results and Disussion

The purpose of this part of the project is to determine relative

biological effectiveness for inducing gene and lethal mutations in TSH assay

by a series of exposures to X-rays and different doses and various energy

neutrons from Cf-252 source. The range of neutron energies proposed for

studies is extremely interesting part of the LET spectrum for data on biological

response because of importance of those energies for clinical applications of

neutron capture.

In this pilot studies the preliminary data for dose-response curves ( for

normal and boronated cells) were provided. Chemical concentrations, radiation

doses and conditions, number of analyzed hairs and cells are presented in

Tables 1 and 2. The mean values of mutation frequencies (PF, SPF, STF) were
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calculated for days 10-th to 20-th of scoring period and these values were used

for graphic presentation of the data Figures 1-3 present time dependent

development of mutation rates induced by various exposures of X-rays and

neutrons without and with borax pretreatment, respectively. Figures 4 and 5

show exposure dependent relatioship of the mean values of gene and lethal

mutation frequencies induced by X-rays and californium neutrons in TSH cells.

Figure 6 present a simulation of linear dose-response relationship for the gene

mutations induced in TSH cells with an assumption that neutron dose increses

linearly with decreasing distance from the source. There is a linear dose

dependence in the effect induced by neutrons and a slight increase due to borax

pretreatment in low doses observed. Visible enhancement in gene mutation

frequencies due to pretreatment with borax was observed in cells irradiated with

various doses and none of a such enhancement in case of lethal mutations.

The effectiveness of neutrons in relation to X-rays in the induction of

various abnormalities in Tradescantia stamen hair cells of two clones

heterozygous for the flower color were assessed previously (Fig.7) [1]. Dose

response relationships for various endpoints (gene and lethal mutations and cell

cycle alterations) in somatic cells of Tradescantia clone-4430 plants (T-4430)

were established for X-rays, 5.6 MeV neutrons from U-120 cyclotron in Krakow

and fission neutrons from Reactor Center in Petten, Holland. In case of fission

neutron comparison studies, neutron and X-ray irradiations were performed

simultaneously in Petten.

Dose response relationship for the mutation induction in Tradescantia

according to the molecular theory of radiation action [7] is described as

follows:

M = {l-exp[-q(aD + ^D^DexpHs+pXffD + 0D2)] [1]
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where:

M = mutation frequency

D = radiation dose in Gy,

a,0 = probabilities per unit dose and square unit that DNA double strand

breaks (dsb) are induced in one or two simultaneous energy

depositions respectively,

q = probability that the radiation induced DNA dsb lead to a specific mutation,

s = probability that the induced DNA dsb lead to the suppression of a specific

mutation,

p = probability that the DNA dsb lead to cell reproductive death.

In the low dose region the values of s, p and $ are close to zero and

relative biological effectiveness approaches to its maximum value that means

[RBE = ffn/ttxl.

Our earlier obtained experimental data for radiation induced gene

mutations in Tradescantia clone 4430 was used to plot the dose response curves

and to calculate the values of alpha coefficient and relative biological

effectiveness (RBE). On the base of our former results we can estimate that

fission neutrons are more than twice as effective as 5.6 MeV neutrons for gene

mutation induction in both Tradescantia clones. The RBE values for T-02 clone

do not differ statistically significant from those for T-4430 clone, so we could

conclude that radiosensitivity of these two clones is similar. Irradiation of

Tradescantia clone-02 plants with the mixed flux of thermal and fast neutrons

from the Cf-252 source in Krakow resulted in the time of exposure dependent

response relationship both in case of gene and lethal mutations. Tradescantia

clone-4430 is known as the clone that is very sensitive to chemicals. Irradiation
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of Tradescantia clone-4430 plants with the mixed flux of thermal and fast

neutrons from the Cf-252 source in Taejon resulted in the weak time of

exposure dependent response relationship both in case of gene and lethal

mutations and only a slight enhancement in biological effect due to boron-ion

pretreatment. These results proved still promising from the clinical point of view

of BNCT in spite that we could only find a slight enhancement in biological

efficacy of 252Cf radiation by boron neutron capture, which was partly cuased by

sparse data

This experiment was done on a pilot scale without any assurance of the

possible data fluctuations invoked by the slight difference in thickness and

arrangement of inflorescence samples and of water introduced for thermalization

of neutrons during irradiation. Further study on such physical factors

mentioned above will make it possible to measure precisely the enhancement in

biological efficacy by boron neutron capture.

Although, presented results from the pilot erxperiment with Cf source in

KAERI are only preliminary data, with not sufficient statistics yet, but they

demonstrate that joint studies are possible and improvement of the precision in

irradiation and plant transport conditions may give a promising tool for

comparative studies of biological effectiveness of radiation sources.
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Abstract

The effectiveness of neutrons in the induction of various abnormalities in

the Tradesoantia stamen hair (TSH) normal or boronated cells of the clone

heterozygous for the flower color was assessed. Dose response relationships for

various endpoints (gene and lethal mutations and cell cycle alterations) in

somatic cells of Tradesoantia plants clone 4430 (T-4430), were established for

mixed fast and thermal neutrons from isotopic source of Cf-252 source. The

effectiveness of neutrons in relation to X-rays in the induction of various

abnormalities in the Tradescantia stamen hair cells of the clone heterozygous for

the flower color was assessed. Dose response relationships for various endpoints

(gene and lethal mutations and cell cycle alterations) in somatic cells of

Tradescantia plants clone 4430 and clone 02, were established previously

for X-rays, and 5.6 MeV neutrons from U-120 cyclotron in Krakow [1]. This

was a pilot experiment to check if it is possible to establish the RBE values for

Cf-252 irradiated TSH cells, with and without boron ion preatreatment, in

conditions of mutual Taejon-Krakow experiment.
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Table 1. Treatments and cells scored in Tmdescantia clone 4430

Exp. number

1

2

3

4

5

6

7

8

X-rays
(Gy)

0.3

0.5

distance from
Cf-252 (m)

0.60

0.50

0.33

0.60

0.50

0.33

B-10 (ppm)

0

0

0

0

0

224.4

224.4

224.4

NoH

4494

6638

4170

1107

3822

2760

9895

3297

NoP

75

157

9

9

29

19

219

36

NoH - number of screened hairs;

NoP - number of pink mutations.
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Table 2. Biological effects measured in Tradescantia clone 4430

on days 7-20 after irradiation

Exp. number

1

2

3

4

5

6

7

8

PF±SE

1.69 ± 0.66

2.41 ± 0.80

0.27 ± 0.22

0.76 ± 0.45

0.78 ± 0.42

0.66 ± 0.32

0.84 ± 0.48

0.95 ± 0.35

SPF±SE

0.81 ± 0.42

0.95 ± 0.45

0.08 ± 0.08

0.23 ± 0.19

0.44 ± 0.29

0.39 ± 0.22

0.34 ± 0.27

0.27 ± 0.17

STF±SE

4.76 ± 1.63

3.21 ± 1.43

1.66 ± 1.17

nd

0.46 ± 0.42

4.88 ± 1.69

2.32 ± 1.28

0.85 ± 0.71

CCF

0.53

0.46

0.83

0.38

0.57

0.56

0.58

0.31

PF - pink mutations/100 hairs;

SPF - single pink mutations/lOO hairs;

STF - lethal mutations/lOO hairs;

CCF - cell cycle factor;

nd - no data.
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Fig.2. Plot of gene mutation frequencies in T-4430 against days

after exposure to Cf-252 source.

- 1 4 -



Cf-252 + borax

•.«•• •©-

I

s

4 7 • 9 I t 11 12 13 14 15
Days after exposure

17 I t 19 2t
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Fig.4. Dose-response relationship for gene mutation frequencies

induced in T-4430 by different exposures.
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Fig.5. Dose-response relationship for lethal mutation frequencies

induced in T-4430 by different exposures.
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Fig.6. Experimental data and the best fit linear approximation of the gene

mutation induced in T-4430 by X rays and Cf-252 neutrons.
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