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VORWORT

Der Ministerrat der Europdischen Gemeinschaften traf erst im Juni
1971 seine Entscheidung iiber das neue Mahrjahresprogramm '"Biologie -
Gesundheitsschutz". Am 1. Januar 1973 traten drei weitere Mit-
gliedstaaten den Gemeinschaften bei. Daraus ergab sich, daB 1972
das erste und einzige vollstéindige Arbeitsjahr des neuen Programms

"zu Sechs'" war,

Dieses Jahr wurde zu einem grofien Teil fiir Vertragsverhandlungen
sowie Neuformulierungen und Verbesserungen der Vertrige genutzt,
von denen die meisten inzwischen unterzeichnet und in Kraft getreten

sind,

Auflerdem fanden zahlreiche orientierende Diskussionen und Besuche
zur Vorbereitung des Beitritts der neuen Mitglieder statt, und ein
Vorschlag iiber die damit verbundene Anpassung des Programms wurde
dem Ministerrat im November 1972 vorgelegt. Wir mdchten an dieser
Stelle unseren Kollegen in den neuen MitgliedsliZndern und auch in
Norwegen unseren Dank aussprechen fiir die freundliche Aufnahme, die
sie uns bereiteten und fiir die konstruktiven Gespriche iiber eine
Vielfalt von technischen, politischen und Verwalﬁungsproblemen.
Diese Entwicklung gipfelte in der ersten Teilnahme der Delegationen
der neuen Mitgliedsliéinder als Beobachter an der Dezembersitzung

des Beratenden Programmausschusses "Biologie - Gesundheitsschuta".
Viele {lberlegungen galten ebenfalls wihrend dieses Jahres den Ver-

waltungsmethoden des Programms und seiner Forschungsprojekte mit

dem Ergebnis, daB einige neue sdministrative Vereinfachungen einge-~
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fithrt und auch bereits auf die 1972 unterzeichneten Mehrjahresver-
trédge angewsndt wurden. Unser besonderer Dank gilt den Mitgliedern
des Beratenden Programmausschusses, die uns mit wertvollem Rat zur

Seite standen.

Vor diesem Hintergrund machte die Forschung gute Fcrtschritte. Der
Leser wird auf den folgenden Seiten die Arbeit des Jahres 1972 in den

eigenen Worten der verantwortlichen Forscher dargestellt finden.

Es handelt sich um ein weites Gebiet, in dem jeder anregende neue
Ergebnisse antreffen wird. Genetiker werden von den letzten Hin-
weisen auf Dosis-Mutation-Beziehungen bei non-disjunction ange-
sprochen werden. Diejenigen, die sich mit internen Emittern be-~
fassen, werden die Menge der Arbeiten iiber Ra224—Untersuchungen be-
griifen. Diejenigen, die maximal zulidssige Dosen detailliert be-
rechnen miissen, aber sich auch lber die zugrunde liegenden Mecha-
nismen informieren wollen, werden auf die Ergebnisse der Arbeiten
iiber die Lunge und iiber aus der Luft inhalierte Radionuklide
verwiesen. Biophysiker und Immunologen werden weitere Interessen-
gebiete entdecken. MNeue Perspektiven und Konzepte haben sich bei
den Primfreffekten und Reparationsvorgingen ergeben. Neue Techniken
wurden in der Zytogenetik eingefiihrt. Die Methoden der Lokalisierung
von Ionen in subzellularen Strukturen, fiir die Dosimetrie auf
zellularer und subzellularer Ebene (Mikrodosimetrie) und fiir die
Neutronendosimetrie sind weiter vervollkommnet worden. Es wére
ungerecht, Namen einzelner zu nennen. Die Kompetenz von allen und
ihren grofRen Einsatz mdchten wir hervorheben und ihnen fiir ihre

Arbeit am Programm Biologie - Gesundheitsschutz danken.

Raymond K. APPLEYARD Fierre RECIHT
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INTRODUCTION

The Council of Ministers of the European Communities decided
upon the new pluriannual programme '"Biology - Health Protection"
only in June 1971. On 1st January 1973, three new Member States
joined the Communities. In consequence, 1972 was the first and

only full year of operation of the new programme 'a Six".

It was therefore spent quite largely in renegotiating and
redrafting new and improved contracts, most of which are now signed

and in operation.

In addition, many exploratory discussions and visits took
place to prepare the entry of the new Members and a plan for the
adaptation of the programme to this event was placed before the
Council of Ministers in November. We would like to thank our many
colleagues in the new Member States as well as in Norway, who
received us with great friendliness and talked with us most con-
structively of the wide range of technical, policy and administra-
tive complexities involved. This process culminated in the welcome
presence at the December meeting of our Advisory Committee on
Programme Management of observer delegations from the new Member

States.

Much reflection was also devoted during the year to the
methnd of management of the programme and its projects, with the
result that some new administrative procedures were brought into
play, which were applied to the pluriannual contracts signed in 1972.
We would like to thank particularly the members of our Advisory
Committee on Programme Management "Biology - Health Protection" who

helped with their advice.
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Against this backgrouynd, the research went solidly on. The
reader will find the year's work presented in the following pages

by those who were responsible for it in their own words.

The field is a wide one and each will find progress that
excites him. Geneticists will be interested by the progress con-
cerning the dose mutation relation for non-disjunction. Those
responsible for problems of internal emitters will note the solid
stream of papers now emerging from the Ra22h work., Those who must
compute maximum levels in detezil but would like to know about the
mechanisms will note the emergence of work on the lung and air-borne
entry. Biophysicists and immunologists will find other interests.
New data and concepts are emerging in the field of primary effects
and repair processes. New techniques are introduced in cytogenetics.
Methods for localising ions in subcellular structures, for the
dosimetry at the cellular and subcellular level (microdosimetry) and
for neutron dosimetry have been improved. It would be invidious
to mention names. To all, we would like to express our pleasure in
their technical competence and hard work and our thanks for their

cooperation.

Raymond K. APPLEYARD Pierre RECHT
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INTRODUCTION

Le Conseil de Ministres des Communautés européennes s'est
prononcé sur le nouveau programne pluriannuel "Biologie - Protection
Sanitaire™ en juin 1971 seulement. A la date du 1er janvier 1973,
trois nouveaux Etats membres se sont joints 2ux Communautés. En
conséquence, l'année 1972 a &t& la premiére et la seule année

compléte de fonctionnement du nouvesu programme & Six.

C'est la rsison pour laquelle 1972 fut en majeure portie
. A . . P P
consacree a renegocier et rediger de nouvesux contrats ameliores,

dont 1l plupart sont maintenant signés et mis en oeuvre.

De plus, de nombreuses discussions et visites exploratoires
ont eu lieu afin de préparer l'entrée des nouveaux membres, et un
plan d'adaptation du programme o &8té soumis, 2 cet effet, ~u Conseil
de Ministres en novembre. 1"ous souheiterions adresser aux nombreux
collégues, qui dans les nouveaux Etats membres aussi bien qu'en
Norvége nous ont requ avec beaucoup d'amitie, et ont eu avec nous
les échanges les plus constructi’s dans un vaste &venteil de pro-
blémes de technicue, d'administration et de doctrine. Ce processus
s'est soldé, en 1972, par la présence ecppréciée des délégations
d'observateurs des nouveaux Etats membres & la réunion de décembre

de notre Comité Consultatif en matidre de gestion de programmes.

On s'est beaucoup pench® ousci su cours de cette ennée, sur
la méthode de la gestion du vrogramme et de ses projets, avec pour
conséquence 1l'adoption de quelques nouvelles procédures administra-
tives, appliquées dans les contrats pluriannuels signés en 1972.
Nous voudrions remercier tout particuliérement les membres de notre

Comité Consultatif en matiére de gestion de programmes "Biologie -
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Protection Sanitaire" qui nous ont aidé de leur expérience.

Vu dans ce contexte, la recherche a progressé sérieusement.
Le lecteur trouvera le travail de l'année présent® dans les pages
suivantes par ceux qui en &taient responsables dans les termes

choisis par eux.

Le domaine est vaste, et chacun y trouvera matiére A intérét.
Les généticiens s'arr&teront sur les progrés relatifs 'a la relation
dose - mutation pour non-disjonction. Les responsables des pro-
blémes des émetteurs internes noteront l'impressionant afflux de
publications provenant maintenant du travail sur le Raazq. Ceux
qui doivent analyser les niveaux maximum en d&tail, mais qui
aimeraient 8tre informés des m&canismes seront intéressés par le
travail sur la voie d'entrée atmosphérique et pulmonaire. Les bio-
physiciens et les immunologistes trouveront d'autres sources
d'intérdt. Des données et des concepts nouvesaux se révélent dans
les domaines des effets primaires et des processus de réparation.
Des techniques nouvelles sont introduites en cytogénétique. Des
méthodes pour localisation d'ions dans les structures subcellulaires,
pour la dosimétrie au niveau cellulaire et subcellulaire (micro-
dosimétrie), et pour la dosimétrie des neutrons ont &té améliorées.
Il serait hors de propos, dans cette courte introduction, de citer
des noms. Mais que tous ceux qui ont participé a notre programme
soient remerciés pour leur coopération et sachent que leur compé-
tence technique et l'effort qu'ils ont fourni sont hautement

s s
apprécies.

Raymond K. APPLEYARD Pierre RECHT
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INTRODUZIONE

Soltanto nel giugno 1971 il Consiglio dei Ministri delle Comunitd
europee ha adottato il nuovo programma pluriennale "Biologia e protezione
sanitaria™, Il 1° gennaio del 1973 tre nuovi Stati membri hanno aderito
alla Comunitd. Si pud dire, quindi, che il 1972 & stato il primo ed unico
anno di piena attuazione del nuovo programma "a sei’.

Pertanto l'anno & stato impiegato per nuovi negoziati e per rifare
delle stesure di contratti nuovi e perfezionati, molti dei quali sono gia

stati firmati e sono operanti.

Inoltre sono state intavolate molte discussioni a carattere esplo-
rativo e sono state fatte delle visite per preparare l'entrata dei nuova
Stati membri; a tale scopo in novembre, & stato presentato al Consiglio
dei Ministri, un progetto di adattamento del programma. Vorremmo ringrazia-
re i numerosi colleghi dei nuovi Stati membri, nonché i colleghi norvegesi,
che ci hanno accolti con grande cordialitd intrattenendosi con noi molto
costruttivamente sulla vasta gamma dei problemi tecnici, politici e ammi-
nistrativi. Queste attivitad sono culminate con la gradita presenza alla
riunione di dicembre del nostro Comitato consultivo in materia di gestione

dei programmi di delegazioni di osservatori dei nuovi Stati membri,

Nel corso dell'anno si & prestata molita attenzione al metodo di ge-
stione del programma e ai suoi progetti, con il risultato che sono enirate
in gioco alcune nuove procedure amministrative da applicarsi ai contratti
pluriennali firmati nel 1972, Ringraziamo, in particolare, i membri del
nostro Comitato consultivo in materia di gestione dei programmi "Biologia

e protezione sanitaria' i cui pareri ci sono stati di grande aiuto.
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Su queste basi, la ricerca & stata sempre Hilt intensificata. Il
lettore troverda i lavori eseguiti durante l'anno, presentati nelle pagi-

ne seguenti dagli autori siessi.

Il campo & vasto e ognuno vi troverid l'argomento che lo interessa.
I genetisti saranno interessati dal progresso in materia di rapporto
dose/mutazione per la non disgiunzione. I responsabili dei problemi degli
emettitori interni noteranno l'abbondante produzione di documenti che han-
no avuto origine dal lavoro sul RA 224, Colero che devono calcolare detta—
gliamente i livelli massimi, ma che gradirebbero conoscere qualcosa circa
i meccanismi noteranno l'apparizione di lavori sui polmoni e sull'assimi-
lazione attraverso l'aria. I biofisici e gli immunologi troveranno aliri
soggetti interessanti. Nuovi dati e concetti emergono nel campo degli ef-
fetti primari e nei processi di rigenerazione. Nuove tecniche vengono intro-
dotte nella citogenetica. Sono stati perfezionati i metodi per la localiz-
zazione degli ioni nelle strutture subcellulari, e sono state migliorate
la dosimetria e livello cellulare e subcellulare (microdosimetria) e la
dosimetria dei neutroni. Non & il caso di far nomi, A tutti vorremmo espri-
mere il nostro apprezzamento per la 1or? competenza tecnica e il duro la-

voro ed i nostiri ringraziamenti per la lero collaborazione.

Raymond K. APPLEYARD Pierre RECHT
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INLEIDING

De Raad van Ministers van de Europese Gemeenschappen heeft pas in
Jjuni 1971 een besluit genomen met betrekking tot het nieuwe meer jarenpro-
gramma "Biologie - Bescherming van de gezondheid". Voorts zijn op
1 januari 1973 drie nieuwe staten tot de Gemeenschap toegetreden. Een en
ander heeft tot gevolg gehad dat 1972 het eerste en enige volle jaar is ge-

weest, waarin het nieuwe programma "van de Zes" van toepassing was.

Dit jaar stond daardoor grotendeels in het teken van nieuwe onder-
handelingen met het ocog op nieuwe, herziens contracten waarvan de meeste

thans ondertekend en van kracht zijn.

Daarnaast werden talloze verkennende besprekingen gevoerd, respec-—
tievelijk verkennende bezoeken afgelegd om de toetreding van de nieuwe
leden voor te bereiden; in rovember werd aan de Raad van Minigters een ont~
werp voorgelegd tot aanpassing van het programma aan de nieuwe situatie.
Wij willen hierbij onze wele collega's in de nieuwe lid-staten en in
Noorwegen danken die ons zeer hartelijk hebben ontvangen en die ons in
zeer constructieve zin hebben onderhouden over de talrijke technische,
politieke en administratieve problemen waarmede men in dit verband wordt
geconfronteerd. De zeer gewaardeerde aanwezigheid van de door de nieuwe
lid—-staten gedelegeerde waarnemers in de decembervergadering van ons
raadgevend comité voor programmabeheer vormde in dit opzicht een hoogte-

punt. .

In 1972 werd ook ernstig nagedacht over de methode die bij het be-
heer van het programma en de daarin opgenomen projecten moet worden toe-
gepast. Dit had tot resultaat dat enkele nieuwe administratieve procedures
werden vastgesteld en vervolgens toegepast op de in 1572 ondertekende
meer jarencontracten. Onze dank gaat hierbij in het bijzonder naar de leden
van ong raadgevend comité voor programmabeheer die ons met hun adviezen

hebben bijgestaan.
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Tegen deze achtergrond werden de onderzoekswerkzaamheden ijverig voort-
gezet. In de hierna volgende bladzijden brengen degenen die in 1972 voor de-
ze werkzaamheden veraniwoordelijk waren in hun eigen bewoordingen daarover
verslag uit.

Het daarbij bestreken terrein is zeer uitgestrekt, zodat iedere lezer
wel een of andere vooruitgang zal ontdekken die hem zal interesseren.
Genetici zullen met de grootste belangstelling kennis nemen van de vooruit-
gang die op het gebied van de "non-disjunction" dosis/mutatieverhouding
werd geboekt. Wie vraagstukken in verband met de interne stralers bestu-
deert, zal de stroom van documenten noteren die de werkzaamheden aan Ra224
thans opleveren. Wie maximale niveaus en detail moet bepalen en alles wil
afweten van de mechanismen zal met voldoening constateren dat nu ook werk-
zaamheden met betrekking tot de longen en uit de lucht geinhaleerde radio-
nucliden worden gerealiseerd. Biofysici en immunologen zullen er eveneens
wat van hun gading vinden. Op het gebied van de primaire effecten en her-
stelprocessen verschijnen nieuwe gegevens en begrippen. Nieuwe technieken
worden toegepast in de cytogenetica. Voorts werden de methoden voor het
lokaligseren van ionen in subcellulaire structuren, voor dosismeting op
cellulair en subcellulair niveau (microdosimetrie) en voor neutronen—
dosimetrie verbeterd. Namen kunnen hier moeilijk worden genoemd. Allen
die door hun uitgebreide kennis en harde werken tot die resultaten hebben

bijgedragen, betuigen wij hierbij onze hartelijke dank.

Raymond K. APPLEYARD Pierre RECHT
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STRAHLENMESSUNGEN UND IHRE INTERPRETATION (DOSIMETRIE)

MEASUREMENT AND INTERPRETATION OF RADIATION (DOSIMETRY)

MESURE DES RAYONNEMENTS ET LEUR INTERPRETATION (DOSIMETRIE)
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Weitere Forschungsarbeiten zu diesem Thema werden auch in folgen-
den Jahresberichten beschrieben:

Further research work on these subjects will also be described
in the following annual reports:

D'autres travaux sur ce théme de recherche sont &galement
décrits dans les rapports annuels suivants:
094-BIAN ITAL, Wageningen (De Zeeuw)

113-BI0C GSF, Neuherberg (Burger)
" GSF, Frankfurt (Pohlit)
" M.R.C., London (Vonberg/Bewley)
" TNO, Rijswijk (Broerse)
" Neutron Intercomparison Project/ICRU

Biology Group Ispra
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Group Contract

on

DOSIMETRY
in Biology, Medicine and Agriculture

Research on dosimetry although generally rather dispersed, is
an indispensable activity within radiobiological or other

radiation research institutes. Therefore it seemed necessary
to initiate close cooperation between a number of dosimetry -

research units in the Communities. The intention was

- to bring together through collaborative programmes the
dispersed efforts

- to provide an adequate structure for approaching difficult
dosimetry problems in common efforts (e.g. microdosimetry,

neutron dosimetry, intercomparison programmes) and

~ to provide effective services for other projects in the
Programme '"Biology- Health Protection" of the Commission

(e.g. EULEP Committee for dosimetry standardisation).

These three objectives have been achieved in varying
degrees, and continuing work is necessary. One of the achieve-
ments has been the formation of a Dosimetry Group initiated by
the Commission together with scientists from various institu-
tions within the European Communities actively working on

dosimetry.

The following research units are members of the Dosimetry Group

and are participating in a collaborative research programme:

- Radiobiological Institute TNO, Rijswijk1)

- C.P.A., Université Paul Sabatier, Toulouse
~ GSF, Abtlg. fiir Biophysikalische Strahlenforschung, Frankfurt1

1)
)
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- GSF, Institut fiir Strahlenschutz, Neuherberg/Mﬁnchen1)
- L.B.R.M., Université Louis Pasteur, Strasbourg1)

- Institut fiir Biophysik, Universitét des Saarlandes, Homburg1)
- CNEN, Lab. Dosimetria e Standardizzazione, Casacciaz)

~ Institute of the Association EURATOM-ITAL, WageningenB)

-~ Biology Group, CEC, Isprah)

The general aim of the collaborative programme of the Dosimetry
Group is research on dosimetry for biology, medicine and agri-
culture and the practical use of this knowledge. It serves as
physical basis for scientific work in these fields. The
Dosimetry Group has concentrated its collaborative efforts on
three major subjects, essential for understanding of the

mechanisms of radiation effects and for estimating the radiation

- evaluation of the biological effectiveness of different types

- energy transfer in biological material and model substances

- radiation effects in condensed matter, its application and

The results of the work for 1972 are outlined on the
following pages by different members of the Dosimetry Group.

The group has held half-yearly meetings which have actively

influenced the collaboration between the members and so achieved

The report on the activities in dosimetry is incorporated in the

2.
risk:
of radiation
development of new dosimetric methods.
b,
1) Contract nr. 101-72-1 BIOC
2) Contract nr. 068-67-6 BIOI
3)
annual report 1972 of contract nr. 094-72-1 BIAN
L)

The report on the activities in dosimetry is incorporated in the
annual report 1972 of the Biology Group, Ispra.
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success and progress of the work. Additional possibilities for
mutual exchange of information and a guarantee of high standard
of work from the members of the group are the Symposia on Micro-
dosimetry which are held every two years (proceedings of the last
symposium were published in February 1972 as Euratom report nr.
EUR 4810) and the Symposium on Neutron Dosimetry in Biology and
Medicine held on May 15-19, 1972 (proceedings published in
September 1972 as Euratom report nr. EUR 4896).

Scientific correlation exists between the work of the Dosimetry
Group and another group contract on neutron dosimetry and inter-
comparison (contract nr. 113-72-1 BIOC) the results of which are
given later in the present report. Since the research programmes
are complementary, and several institutes are collaborating in
both of them, the exchange of information is assured at each

level.
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Contract No, 101-72-1 BIOC
Radiobiological Institute TNO, Rijswijk (ZH), The Netherlands
G.W. Barendsen

Evaluation of the biological effectiveness of different types of radiation

The aim of these studies is the correlation of the pattern of energy deposition
by various types of radiation and the effectiveness of these radiations per unit
absorbed energy for producing biological damage. So far, experiments have been
carried out to determine frequency distributions of locally absorbed energy for a-
particles and protons of different energies, The data for a-particles have been
correlated with their effectiveness for induction of damage to the clonogenic
capacity of cultured cells. This correlation was based on a hypothesis assuming
that this damage is initiated through the action of a single particle which deposits
in a critical structure an amount of energy exceeding a specified threshold,

The data for protons were obtained as a basis for the interpretation of results

to be derived with fast neutrons.
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Results of Project No. 1

B. Hogeweg, G.W. Barendsen and J.J. Broerse

Evaluation of the biological effectiveness of different types of radiation

In order to relate cross section data for impairment to the reproductive
capacity for cultured cells of human kidney origin irradiated with different
types of radiation to microdosimetric quantities, event size distributions for
a-particles from 2N)Po and for protons of energies of 1.5 and 3.0 MeV have
been measured with a tissue-equivalent proportional counter. Simulated dia-
meters for critical structures ranging from 5.6 pm to 0,075 pm were obtained
by variation of the pressure of tissue-equivalent gas.

After passage of two Mylar absorbers of 0,54 mg/cm2 each, the particles
enter the sensitive volume of the proportional counter through a circular
aperture in the wall of the counter. The axis of the aperture is perpendicular
to the central wire. The Mylar windows are required to separate the sensitive
volume and the particle source from outside air. The energy of the particles
was varied by inserting additional Mylar absorbers in the particle beam.

Energy loss distributions for a-particles of different energies have been
measured at equivalent diameters of 5.6, 1.2, 0,63, 0.15 and 0,075 pm of
unit density tissue respectively. Measured energy loss distributions for a-par-
ticles which have passed through different numbers of absorbers for a simulated
diameter of 0.15 pm are presented in figure 1. The mean values of the energy
loss distributions for simulated diameters of 1.2 pm and 0.075 pm have been
fitted to the LEToo versus range curve for a-particles,derived from data published
by Walsh (1970). The results of this analysis are presented in figure 2, From this
curve the LETm of the a-particles which have passed through 2, 3, 4, 5 and 6
absorbers were determined to be equal to 110, 126, 148, 200 and 215 keV/pm
respectively,

At simulated critical structure diameters of 0.15 and 0.3 pm, energy loss dis-
tributions have also been measured for protons accelerated to initial energies of

1.5 MeV and 3.0 MeV. The results for protons of 1.5 MeV at a simulated dia-
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meter of 0.15 pm are given in figure 3.
An identical anglysis as performed for the energy deposition, distributions
of the a-particles has been carried out for the tocal energy distributions of
the protons, The result is presented in figure 4 and compared with an LETOO
versus range curve obtained from data published by Oldenburg and Booz (1972).
The energy distributions for a-particles as well as for protons have further
been compared with Vavilov distributions, Distributions obtained with the a-
particles were in fair agreement with the theoretical distributions. For protons,
however, there was a large discrepancy between measured and theoretical dis-
tributions which might be due fo spread in initial energy of the accelerated par-
ticles. Since the interprefation of the biological effectiveness of fast neutrons
depends in part on the knowledge of the energy deposition characteristics of

protons, this will be a subject for further investigations.

References

Oldenburg, U., and Booz, J., Euratom report EUR 4786 I, e (1972),
Walsh, P.J., Hith Phys. 19 (1970) 312,

LIST OF PUBLICATIONS CONTRACT No, 101-72-1 BIOC

Hogeweg, B. and Barendsen, G.W., Local energy distributions for a-particles
of different energies in relation to the evaluation of critical sizes and energy
requirements involved in the induction of damage in mammalian cells, In:
Proc. Third Symp. on Microdosimetry, Stresa, 1971, Commission of the
European Communities, Euratom, Luxembourg, pp. 857-872 (1972).

Barendsen, G.W., Concluding remarks biological aspects, Idem, pp. 905-913.
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Figure 1. Energy loss (€) distributions of 210Po a-particles, which have passed
through different numbers of absorbers, at simulated diameter (dg) of 0.15 um

tissue density 1, Numbers correspond to number of absorbers.
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Figure 2, LEToo versus range in soft tissue for a~particles. The curve is obtained

from data published by Walsh (1970),
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Figure 3. Energy loss distributions of 1,5 MeV protons, after passage through

different numbers of absorbers. Numbers correspond to number of absorbers,
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Figure 4. LET°° versus range for protons, Experimental points are for 1.5 MeV
protons which have passed through 2, 3, 4, 5 and 6 absorbers respectively and

are for 3 MeV protons after passage through 2, 6, 8 and 11 absorbers respectively.
Curve A is obtained from data published by Oldenburg and Booz (1972),
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Contractant de la Commission : Centre de Physique Atomique,

118, route de Narbonne
31077 TOULOUSE CEDEX

N° du contrat : 101-72-1 BIOC

Chef du groupe de recherche : D. BLANC

Théme général du contrat : Energy transfer in biological material and

in model substances,

Nous avons terminé 1'étude complete du ralentissement des
photons et des électrons d'énergie supérieure 3 2 MeV par l'introduction

et la simulation du Bremsstralhung et nous avons pu l'appliquer a divers

problemes,

Dans le domaine des basses énergies, nous calculons les
sections efficaces élastiques et inélastiques ce qui est fondamental pour

la suite des recherches,
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Résultats du projet n° 1

Chef du projet et collaborateurs scientifiques : J,P. PATAU,
M. TERRISSOL, M. MALBERT, M. TEP,

Titre du projet : Simulation du transport des particules dans la matigre
par méthode de Monte-Carlo, Application 2 la dosimétrie,

La simulation du rayonnement de freinage des électrons d'é-
nergie supérieure & 2 MeV est réalisée par échantillonnage de la formule
de SCHIFF (1). Nous appliquons ainsi nos programmes 3 1'étude de la pé-
nétration d'électrons de 30, 20 ou 10 MeV (énergies rencontrées en radio-
thérapie) pour obtenir toutes les quantités dosimétriques et microdosimé-
triques telles que répartition spatiale de 1'énergie, spectres de particules
3 différentes profondeurs, spectres de TLE et TLE moyen. Nous donnons
ici par exemple 1'énergie totale déposée en profondeur par un faisceau
d'électrons monoénergétiques de 20 MeV tombant perpendiculairement sur
un milieu semi infini d'altuglas . Les résultats de nos calculs sont com-
Fﬂ"ﬂ' totale déposée parés aux résultats expé-
* rimentaux obtenus par des
mesures d'ionisation avec
une chambre d'ionisation
3 remplissage liquide pla-
cée A diverses profondeurs
dans un fantSme d'altuglas.
Les expériences ont été
effectuées dans des fais-
ceaux d'électrons issus
du bétatron '"Allis Chal-
mers' des cliniques uni-
versgitaires de Louvain et
de l'accélérateur linéaire
"Sagittaire" de 1'Institut
Gustave Roussy de Ville-

Altuglas
Ez20MeV

Résu!'tatsde BERGER

50

= 8.62 em
21 MaV affichis

{Allis. Chalmers) juif. Nous donnons égale-
ment les résultats de Ber-
19 MoV ll'fu:t.lis ger (M. J.) (2) obtenus pour
{ Sagittaire) de l'eau avec des €lectrons
10 de 20 MeV,
(3 28 :ﬁ em

8 2
Pour 1'étud® du transport des électrons d'énergie inférieure
3 1000 eV, nous avons commencé les recherches et les calculs de sections
efficaces. Dans ce domaine d'énergie - 1000 eV 3 environ 10 eV - nous
devons tenir compte des diffusions élastiques et des diffusions inélastiques
(ionisations et excitations). Les autres interactions (phonons, vibrations,
etc...) . pouvant &tre négligées.
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Les sections efficaces élastiques sont obtenues théoriquement
par la formule de Mott (n® 1A 110 dans la nomenclature de Motz (J. W.)
(3))
2

2
do 137ro *® .
= Y | £ (21 + 1) exp{2in; - 1) P.(cos @)
s 2py 1=0 1 1

pour le calcul des phases ny nous avons besoin du potentiel de 1'atome et
nous utilisons soit un potentiel de Thomas-Fermi, soit un potentiel expo-
nentiel. La convergence de cette série de polyndmes de Legendre est
améliorée au moyen de la transformation récurentielle de Yennie-Raven-
hall et Wilson (4). Ainsi, nous pouvons obtenir les distributions angulai-
res de diffusion élastique pour chaque énergie de 1'électron,

Les sections efficaces inélastiques sont pratiquement impos-
sibles 3 obtenir par le calcul (excepté peut 2tre pour les atomes hydro-
genoldes) et nous avons été amenés A exploiter des résultats expérimen-
taux, Pour des corps d'intér&t biologique -H, C, O, N- nous avons rassem-
blé des sections efficaces inélastiques (par exemple travaux de Fite,
Boksenberg, ou Rapp (5), (6), (7)).

Ces résultats expérimentaux sont tabulés, approximés par des
fonctions empiriques et nous servent & déterminer pour un électron sur
un trajet donné les probabilités de diffusion inélastique.

Références.
1 - Rapport EURATOM - 1971, contrat n® 082 71 1 BIOC.

BERGER (M. J.) et SELTZER (S. M. ) : Ann., New York Acad. Sci. 161
3, 8, (1969).

3 - MOTZ (J. W.), OLSEN (H.) et KOCH (H. W. ) : Rev. Mod. Phys. 36,4,
881 (1964).

YENNIE (D.R. ), RAVENHALL (D. G. ) et WILSON (R. N. ) : Phys, Rev.
95, 2, 500 (1954),

5 - FITE (W. L. ) et BRACKMANN (R. T. ) : Phys. Rev. 113, 815, (1959).
6 - BOKSENBERG (A.) : Thesis University of London (1961).
7 - RAPP (D.) : J. Chem, Phys. Vol. 43, 1464, (1965).

[
1]

4

«35-






Vertragspartner der Kommission:
Gesellschaft fir Strahlen- und Umweltforschung
Miinchen

Nr. des Vertrages: 101 - 72 - 1 BIO C

Leiter der Forschungsgruppen:
Prof. Dr. W. Pohlit

Allgemeines Thema des Vertrages:
Dosimetrie in der Mikrébiologie

The understanding and interpretation of biological effects
of lonizing radiation requires information about the local
distribution of radiation energy depositlon. In project I
a special ionizing chamber was developed, by which the
absorbed dose can be determined as a function of the
distance from the ion track.

The contribution of anorganic and organlc radicals to the
inactivation of DNA is rather unknown. Since the relevant
structures in a cell are too complicated, 1t 1s nevessary
to investigate the inactivating effect of radicals in model
systems. In project 1II an agqueous solution of sulphuriec
acid with ferrous lons as targets was used to investigate
the protective and sensitizing effect of cystelne.

For quantitative analysis of radioblological investigations
in mierobioclogy and for intercomparison of these data
appropriate methods must be developed for the determination
of absorbed dose in thin layers, the quality of X-rays

and the homogeneity of radiation fields. For this purpose
in project III the thermoluminescence of thin crystals

of CaF2 were lnvestigated.
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Ergebnisse des Projekts Nr. I

Leiter des Projekts und wissenschaftliche
Mitarbeiter: Dr. A Kappos

Titel des Projekts: Determination of the radial
energy distribution of heavy charged particles

For the interpretation of biological effects in the
irradiation with heavy charged particles the knowledge of the
energy fraction, which is deposited directly in the core of
the track, and that fraction, which is deposited indirectly
by delta rays in a definite distance from the core, is of
great importance. Precise data about radial energy distribu-
tion of heavy charged particles are scanty. Theoretical
considerations are based on very rough assumptions, for
instance rectilinear tracks of delta rays, constant energy
loss. Therefore it 1s necessary to determine the radial
energy distribution of such particles experimentally.

The chamber consists of a conducting cylinder ( inner
diameter: 194 mm, length: 1900 mm ) with a electrode fixed
excentrically to the ion track ( electrode diameter: 2 mm,
distance from the chamber axis: 10 mm). The particle beam
enters the chamber centrally. For defining the measuring
volume the electrode consists of three parts, which are
isolated against each other by teflon. The middle part 1s the
collecting electrode with a length of 100 mmj at both ends of
thecollecting electrode are the screenlng electrodes. To
avoid the backscattering of electrons from the chamber wall

a grid of 0.2 mm thick steal wire 1s installed. The distance
between the wires amounts 2.6 mm. The distance between grid
and chamber wall amounts 10 mm. The positive voltage is put
on the grid. The chamber is filled with gas at a definite
pressure. When the pressure is high enough, all delta rays
produced by the primary particles are stopped within the
measuring volume. Then, on the collecting electrode all the
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ions are recorded, which correspond to the energy loss of the
primary particles along the collecting electrode. Naturally,
this is only the case, when equilibrium is reached between
such delta rays, which are produced before entering the
measuring volume and deliver their energy within this volume,
and those electrons, which are produced in the measuring
volume and deliver their energy outside the measuring volume.
The condltions for this equilibrium are fulfilled, if firstly
the length of the screening electrodes are greater than the
range of the most energetic delta rays in the gas and
secondly the stoppingpower of the gas for the primary
particles 1s constant during the passage through the

chamber.

When the gas pressure 1s lowered, not all delta rays are
stopped totally within the chamber. A part of them reaches
the chamber wall and is absorbed there. The ions, which
wereproduced by the remaining energy, are not recorded on the
measuring electrode. The measured current will be smaller

and corresponds to the energy, which is deposited within a
cylinder around the beam of the primary particles. The radius
of this cylinder is defined by the gas pressure. By variation
of the gas pressure in the chamber instead of changing the
chamber dimensions the function LETr can be determined.
Differentlation of this function to r ylelds the energy
deposited in a cylinder ring of the radius r and the thickness
dr. Conditlon for this calculation is the knowledge of the
W-value. Experimental values for W(E) (Total absorption of an
electron with the energy E) and w(E) (For an electron with

an energy between E and E + dE) are mentioned by COLE (1969)
for delta rays between 20 eV and 50 keV in air. These values
will be used in determining the radial energy distribution
forprotons with energies up to 600 keV.

Reference :

COLE, A.: Rad.Res. 38 (1969), 7
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Ergebnisse des Projekts Nr. 11

Leiter des Projekts und wissenschaftliche
Mitarbeiter: Dr. D. Frankenberg

Titel des Projekts: The role of radicals in the
inactivation of biological target molecules

For the interpretation of protection respectively sensi-
tization in blologlcal systems 1t is necessary to investigate
these effects 1n model systems. As a simple model system

an aqueous solution of sulphuric acid was used, to which
were added ferrous lons as targets and cysteine as the modi-
fying agent. The concentration of the ferrous ions amounted
10'3 mol/l in all experiments, the concentration of cysteine
varied between zero and 1 mol/l. Aerated and deaerated
solutlions were irradiated with X-rays up to 40 krads.

One of the experimental results is shown in figure 1. The
quotient Q= C;e3+

Cpe3+
1s plotted against the cysteine concentration, whereby
c;e3+ 1s the concentrat%on of ferric lons in the ferrous-
cysteine solution and cFe3+ the concentration of the ferric
ions in the pure ferrous solution. Q > 1 means sensitization,
Q < 1 protection. In aerated solutions at low cysteine concen-
tration sensitization is obtained. With increasing cystelne
concentration sensitization increases, reaches a maximum at
2x10'3 mol/l and then decreases. Complete protection is

achieved at 2x10"2 mol/l cysteine.

In contrast to aerated solutions no sensitization can be
observed in deaerated solutions. Protection 1s achieved for
cysteine concentrations higher than 10"3 mol/l. Complete
protection is obtained for cysteine concentrations higher
than 5x10™° mol/1.
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The interpretation of the experimental results may be followed
best regarding the reactionscheme in figure 2. The main
radiolyse products in deaerated acld solutions are OH'- and
H®- radicals, in aerated acid solutions OH'~ and HOé - radi-
cals. In figure 2 the radicals OH*, H* and HOé are denoted

as A’.In the presence of ferrous ions and cysteine molecules
in deaerated solutions only the pathways 1 and 2-3 are possible.
In this case the cystelne molecules compete for A® with the
ferrous ions. The higher the cysteine concentration the more
effective will be the protection of the ferrous ions, which

1s in good accordance with the experimental results 1n de-
aerated solutions.

In aerated solutions all the pathways are possible. For
cFe2+ > cCy the pathway 1 is much more probable than
pathway 2. But the RS°~radicals formed by pathway 2 are
origins of chain reactions U4-5, by which 02 is consumed and
ferric lons are produced. The higher the cystelne concentra-
tion the more probable is pathway 2 and therefore chain
reactions U4-5, The quotient Q increases with increasing
cysteine concentration. But the quotient Q cannot go to
infinity, since there are competing reactions in form of
dimerization of RS°-radicals (pathway 3) and chain reactions
4.6, Consequently, the quotient Q will reach a maximum and
then decrease. For cFe2+-<< cCy only RS°-radicals are produced
(pathway 2), which dimerize or initiate chain reactions 4-6.
The result 1s protection of the ferrous ions.

The investigations of these simple model systems show, that
cysteine not only protects agalnst indirect radiatlon effects,
but may cause also sensitization. Sensitization 1s observed
only in the presence of oxygen and depends on the relative
concentrations of ferrous ions, cysteine molecules and
molecular oxygen as well on the absorbed dose.
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figure 1 : The sensitizing and protective effect of cysteine
in acid solutions of ferous sulphate
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figure 2 : The reaction scheme of irradiated acid solutions
A with ferrous sulphate and cysteine
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Ergebnisse des Projekts Nr. III

Leiter des Projekts und wissenschaftliche
Mitarbeiter: Prof. Dr. W. Pohlit, Dipl.Phys. T. Cremer

Titel des Projekts: TLD in microbiological research

Due to the complexity of the methods used in radiobiology

a close cooperation between different laboratories is
necessary. This is possible only if the applied absorbed

dose in the experiment and other varameters of irradiation
such as radiation quality and absorbed dose distribution are
well known and comparable., Many of the institutions in this
field are not able or are not equipped to performe such mea-
surements with a suitable accuracy. Therefore a dosimetric
system is necessary which can be sent by mail from a central
station to the interested institution for irradiation. Prom
this system all the necessary parameters must be estimated in
a later evaluation of the irradiated probes, The system of
choice for this purpose is an arrangement of several thermo-
luminescent detectors as shown in Fig.3. Up to three different
types of radiation fields can be mecasured with the discs A,

B and C, Disc D is for controls only. Each disc is irradiated
separately with all the 12 probes in position. In the central
nosition 4 probes are piled up for the determination of the
depth absorbed dose as a measure of radiation quality. Prom
these four values also a mean absorbed dose in layers of cer-
tain thickness can be determined or the absorbed dose in the
surface by extrapolation to thickness zero. The other 8 probes
serve for the determination of dose distribution perpendicu-

lar to the beam direction.
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First LiF-probes have been used for this purpose., But a ther~
mal instability of the trap distribution in this material
has been discovered through careful measurements which is
ealled "trap dynamics". Therefore the calibration factor of
such probes is not constant enough and LiF is not useful for
precise measurements as necessary under these conditions,
Other thermoluminescent probe materials have been examined
systematically. Up to now only Cal?2 has proved to have traps
which are deep enough for dosimetric purposes as shown in
table 1 and does not show any trap dynamics. Therefore this
probe material will be used for further exweriments in the
determination of radiation guality for different types of

radiations.

Tab.1. Trap depth energy in LiF and CaF,

Peak Wo. Trap depth energy in eV
TiF CaF2
1 1.4140.1 2.0 +0.1
2 1.77+0.2 2.6 +0.2
3 2.26+0.2 | (3.2)
4 (2.9) 3.7 +0.4
5 3.62+0.4 4,8 +0.5
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Fig.3 Arrangement of thermoluminescent probes for inter-

comparison of dosimetric data by mail.
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Vertragspartner der Kommission: Gesellschaft fiir Strahlen- und
Unweltforschung mbH - Miinchen

Nr. des Vertrages: 101-72-1 BIOC

Leiter der Forschungsgruppe: Dr. Georg Burger

Allgemeines Thema des Vertrages: Energielibertragung in Modellsub-
stanzen und Strahleneffekte in kondensierter Materie

The research program includes two projects, both dealing with
investigations in the field of radiation quality analysis in
the case of neutron irradiation of biological material. Within
the first project the event size distributions inside small
volumes have been calculated and measured. The calculations are
based on a formalism developed by Caswell, the measurements are
performed with a Rossi-type counter. In spite of the known
short-comings in the theory, regarding the physical input data
(cross sections, W-values etc.), the agreement between calcula-
tions and measurements is good. Nevertheless, additional MC-cal-
culations have been prepared, for further refined theoretical
studies.

The investigations on the ion track analysis have been conti-
nued by further improvements of the computer simulations for
the delta~ray energy dissipation around the ion path.

The second project dedlt with the investigation of thermally
stimulated exoelectron emission from organic material. The
attempts have been continued to analyse several imaginable
reasons for the negative results reported earlier. As no exo-
emission could be detected the project was stopped and the de-
veloped apparatus used for further analysis of TSEE in conven-
tional samples.
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Ergebnisse des Projektes Nr. 1.

Leiter des Projektes und wissenschaftliche Mitarbeiter:
G. Burger, G. Leuthold, E. Maier, H. Paretzke

Titel des Projektes: The radiation interaction within tiny
volumes of arbitrary size

Neutron deep penetration calculations have been performed for
irradiation of human phantoms (see contract No. 113-72-1 BIOC).
Inside the phantom the neutron spectra, the resulting primary
charged particle distributions, their slowing down spectra, and
finally the event distributions ha¥e been calculated following
the method of Caswell for a tissue sphere of 2 /um diameter.
The measurements have been performed in a low scattering arran-
gement in the Neuherberg calibration hall.

The neutrons have been produced by bombarding specially prepa-
red thick Tritiumtargets with 400 keV deutrons from a Van De
Graaff generator. The neutron peak energy is calculated to be
14.9 MeV, the fwhm around 6%. The elliptical phantom was
22.30-60 cm’
quid as proposed by Rossi and Failla. Measurements were perfor-

in size, It was filled with tissue equivalent li-

med with and without a neutron collimator. The SSD was 60 cm.

The detector used is a commercially available Rossi-type counter
with an inner diameter of 12.7 mm. The pressure of 66.6 Torr
simulates a tissue volume of 2 /um diameter of unit density.

The counter was either irradiated in free space at the SSD, or
positioned along the phantom axis at different depths.

In order to demonstrate the accuracy of the calculations, the
event desitribution for the Rossi counter used was also calcu-
lated for free space irradiation and compared with the measu-
red distribution.

Fig. 1 shows the result with the main reaction components also
plotted. The agreement is rather good, considering the limited
energy rescolution in the measurements.
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Folding the theoretical results with a "resolution function"
evidently would lower the proton peak and alsc smear out the

*-edge.

—; ,' ‘\ without collimator|
S o ; / |
1 free ar
1 by
! Y ~—— measured
¢ b ----~ calculated
i iy
i i)
‘\
050 3
z
z ] \ X
b . ; \ \ /‘Q
025 / AN Ve
Ji - cneBel 1 N .
B pet VP
/' protons >4, Cin uBe| '-'/t.‘ \
4 \
i g7 [\
oE é; &
1 10 100 1000
Y keV/pym

Fig. 1: Measured and calculated Y-D(Y) spectra of 14.9 MeV resp.
15 MeV neutrons.

The main results are the following:
For irradiation of a phantom with 15. MeV neutron without a colli-

mator, the neutron spectra are markedly softened with phantom
depth and, as a result, the event distributions change. The main
variations occur near the proton edge below an event size of

100 keV//L Using a collimated beam, spectrum hardening and softe-
ning along the axis of the phantom cancels each other, so that
the event spectra change only slightly.

The event distribution in a tissue sphere is different from that
in the equivalent size Rossi counter above about 40 keV//L

This is due to the different amounts of oxygen and carbon in
both cases.

Calculations of event size distributions in a Rossi-type coun-
ter on the basis of Caswell's formalism show sufficient agree-

ment with experimental results for 15 MeV neutron.

Literature:

H. Paretzke, F. Griinauer, E. Maier, G. Burger

The change of radiation gquality in a neutron irradiatéd phantom
Proc. First Symp. on Neutron Dos. Biol. Med. EUR 4896 d-f-e, 1972
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Ergebnisse des Projektes Nr., 2.

Leiter des Projektes und wissenschaftliche Mitarbeiter:
D.D. Peterson

Titel des Projektes: Study of exoelectrons from solid material

The investigations on plastics have been continued for irradia-
tion with® -particles under vacuum conditions and at liquid ni-
trogen temperature. Thermal stimulation was then applied. No
exoemission could definitely be identified.

For further investigations on the operation of the energy ana-
lyzer, it was decided to chose TSEE-materials. The first one
was BaSO4,the energy distribution of which was previously mea-
sured by Kriegseis and Scharmann. The sample is made, as repor-
ted there, by suspending BagSo, powder in methyl alcohol and
placing the mixture onto a thin copper plate. After the alco-
hol evaporates the powder adheres to the plate which can then
be mounted onto the sample platform.

Samples irradiations are done in air with an X-ray machine and
an Am24l alpha particle source. Following the irradtiation, the
sample is transfered to the measuring chamber and evacuated.

6Torr, with a

Measurements are taken at a pressure of 4x10°
background signal of 0.1 counts/s.

The results are shown in fig. 1. Curve a) shows the electron trans-
mission curve (i.e. the integral energy spectrum) as a func-

tion of the retarding voltage. The maximum exo-electron ener-

gy is clearly at most 1 eV.

Curve b) shows the measured derivate curve (i.e. the differen-

tial energy spectrum). It is characterized by a maximum near

0,3 eV and a halfwidth of 0,5 eV. These results are the same

for alpha and X-ray irradiations in air. They do not agree with
those from Kriegseis, who found considerable higher energies.

Further studies have been made in different BeO samples, with
and without Li-doping. BAn example is shown in fig. 2.
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In this case the doping increases the energy of the emitted
electrons. Other commercial BeO-samples showed unexpected high
electron energies without doping, which then were decreased
by the dopant resulting in the same retarding potential curves
than in fig. 2. Summing up it can be seen that Li-doping of
BeO-samples "stabilizes" the energy distribution of electrons

emitted in the main glow peak at around 400°C.

As a result of our investigations throughout two years and
with respect to similar results previously reported by

G. Arabin et.al who worked on optical stimulation of exo-
emission from plastics, it must be stated, that it seems to
be very unlikely to get exoemission from organic material.
Due to this, the investigations in plastics will not be con-
tinued. The apparatus will be used for further studies in
semiconductors, ceramics etc. in the future.

Literature:

/1/ D.D. Peterson: Energy distribution of thermally stimulated
Exo-Electrons from BaSO4

phys. stat. sol. (a) 14,K 149 (1972)

-51«






Partie A :

~ Contractant de la Commission : Université Louis Pasteur de

Strasbourg - Laboratoire de Biophysique des Rayonnements et

de Méthodologie - 11, rue Humann - Strasbourg
- N° du contrat : 101-72-1-BIOC

- Chef du groupe de recherche : R. RECHENMANN

- Théme général du contrat : Microdosimetry of charged

particles in dense matter.

Des protubérances ayant des aspects morpholo-
giques variés ont &té observées au microscope électronique le
long de traces de particules alpha (E4£ 8.9 MeV) enregistrées
dans des &mulsions ionographiques. Ces couches sensibles avaient
été soumises 3 un des traitements d'activation mis au point en
notre laboratoire avant d'&tre développées d'apré&s une procédure
spécifique. Des séries de comptages d'événements ont &té réali-
sées au microscope optique en faisant varier différents para-
métres expérimentaux. Par ailleurs, le nombre de protubérances
en fonction du parcours crolt d'une mani&re significative en
fin et surtout au début de la trace. Tous les résultats de ces
études expérimentales excluent la possibilité que les phénomé&-

nes observés soient dus 3 un artéfact photographique.

Parallélement, une approche théorique a &té
entreprise en vue de l'interprétation de ces phénoménes. On
s'est basé 3 ce stade de notre &tude sur deux hypothéses de
travail :

a) certaines des protubérances correspondraient & des traces

courtes d'électrons §

b) une autre proportion des &vénements serait causée par des

noyaux d'hydrogéne éjectés lors du passage de la particule.

Publications : R. Rechenmann, E. Wittendorp. High Efficiency
Development Procedures for nuclear emulsions. Jli of Micros-
copy, Oct. 1972, Vol 96, Pt.2, 227-244.

R. Rechenmann, R. Aiguabella, E. Wittendorp. Energy loss pat-
terns of low-energyx-particles in dense media (en préparation).
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Partie B : Résultats du projet n° 1.
Chef du projet et collaborateurs sclentifiques : R. RECHENMANN,

R. AIGUABELLA, E. WITTENDORP.

Titre du projet : Study of the energy loss patterns of heavy
charged particles.

INTRODUCTION :Nous avons entrepris des recherches systématiques
sur les mécanismes de perte d'énergie des iomns lourds en fin de
parcours, en nous limitant aux phé&nomé&nes impliquant une ionisa-
tion du milieu., La mise au point de mé&thodes ionographiques nou-
velles résultant en un rendement et une résolution accrus dans
l'enregistrement de trajectoires de particules chargées(l), sur-
tout si on les conjugue avec l'observation au microscope &lectro-
nique, nous a amenés i reprendre l'étude de la structure fine de
ces traces. Nous avons ainsi pu observer le long du parcours de
particules o des événements que l'observation au microscope élec-
tronique permet de résoudre morphologiquement en des &largisse-
ments trés localisés de la trace ou en des embranchements de lon-
gueurs et d'épaisseurs variables, formant avec l'axe de la trace
des angles variés (2) (Fig.l et 2).

I.METHODOLOGIE :Les émulsions ionographiques (Ilford K5,K2,L4,
Montreal B55) ont &té& expos&es sous une incidence rasante 3 une
source de ThB (particules o respectivement de 6.2 MeV du ThC, et
de 8.9 MeV du ThC'). Apré&s activation 4 1'or de 1'image latente
(1), elles ont &té développées soit dans 1l'amidol, soit dans dif-
férents types de révélateurs 3 base d'oxalate ferreux.

1°) Dans cette premiére phase de notre &tude, le microscope &lec-
tronique a &€té utilisé surtout pour 1l'observation de la morpholo-
gie des évé@nements. Nous avons également mesuré la longueur moyen-
ne des embranchements, qui est de l'ordre de O0.5umdans 1'émulsion
Ilford L4. 2°) On a déterminé au microscope optique la fréquen-
ce des protub&rances en fonction de différents paramétres expéri-
mentaux, notamment de la taille moyenne des microcristaux. Le
pourcentage des protub&rances augmente si le diamé&tre du grain
diminue; ceci favorise l'hypothé&se selon laquelle les embranche-
ments seraient des traces de particules chargées ayant des par-
cours définis dans le systéme gélatine-BrAg. Nous avons par ail-
leurs déterminé les histogrammes du nombre de protubérances en dis-
criminant entre les embranchements ayant une longueur projective
(perpendiculairement & 1'axe de la trace) plus petite ou égale 3
0.5 ym, et ceux ayant une portée supérieure 3 0.5 um(Fig.3 et 4).

II. CONSIDERATIONS THEORIQUES. Nous nous sommes basés sur deux
premiéres hypothé&ses de travail pour interpréter les événements
considérés : 1°) Les protubérances seraient partiellement dues 3
des €lectrons &jectés lors de collisions ionisantes avec les ato-
mes du milieu. Le calcul de la probabilité d'éjection d'un élec-
tron en lére approximation de Born implique a) des perturbations
8lectromagnétiques tré&s faibles des orbitaux, et b)des vitesses B
de la particule chargée (ze) incidente telles que BPZAN~(3). Pour
des atomes lourds (Br-Ag) dont la charge effective nucléaire agis-
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sant sur un électron Z'est ZHz la condition a) est satisfaite et
s'avére suffisante pour assurer la validité de la f&re approxi-
mation de Born (4,5). Nous avons donc utilisé le traitement de
Merzbacher et co0ll.(6) pour obtenir le taux linéaire d'électrons
éjectés lors des collisions de particules avec les orbitaux for-
tement liés des atomes Br et Ag. En ce qui concerne la composan-
te légére de 1'émulsion (C-N-0-H) o 0.7¢ Z'€ 7.7, on doit s'at-
tendre & des effets de polarisation des orbitaux (6). Les condi-
tions a) et b) n'étant pas remplies, l'applicabilité de la lére
approximation de Born n'est pas rigoureusement assur8e, Dans cet-
te premidre approche théorique, nous avons néanmoins calculé d'a-
prés Bhabha (7), donc en lére approximation de Born, le nombre

de particules ayant une énergie T»To, & condition que To soit
beaucoup plus grand que 1l'énergie moyenne de liaison des élec-
trons.

Au stade méthodologique actuel, seuls les &lectrons ayant
une énergie Tw4-5 KeV pouvant &tre décelés, nous avons tenu comp-
te de ce seuil dans les calculs des taux linéaires respectifs
d'électrons d'ionisation pour les atomes Ag-Br et C-N-O0-H (Fig.5).

2° La deuxiéme hypoth&se de travail concerne la possibilité
d'interactions &lastiques entre la particule incidente de masse
M et les noyaux atomiques M, pour un rapport M/M. suffisamment
grand., A partir de la formule classique é~RutheI%ord’corrigée
pour tenir compte des effets d'é&cran ainsi que de la faible é&ner-
gie de la particule (8), nous avons calculé le taux linéaire de
noyaux d'atomes d'hydrogéne émis, dans 1'émulsion standard, en
fonction de 1'énergie de la particule (Fig.6).

I1II CONCLUSION . Les premiers résultats excluent absolument les

-

possibilités d'artéfacts photographiques ou autres 3 l'origine
des protub&rances le long des traces. Par contre, nos hypothéses

de travail, 3 savoir que le plus grand nombre des embranchements

seraient dus & la fois 3 des rayons S et a des protons (surtout
en début de parcours résiduel), semblent donner une description
cohérente de nos premiers résultats expérimentaux. Finalement,

il faut envisager la possibilité selon laquelle d'autres mécanis-
mes d'interaction des particules avec la matidre dense seraient

4 1l'origine des ph&nomé&nes considérés.

1) RECHENMANN R., Proc.7th, Int.Coll.Corpusc.Phot.and Visual So-
‘ 1id Detectors, Barcelona 1970; Rapport Euratom N°EUR.4688e,I971.
' 2) RECHENMANN R., WITTENDORP E.,39&me Congré&s Ann. ACFAS, Sher-
brooke, oct.I97I. 3) WILLIAMS E.J., Rev.Mod.Phys.I17,217, 1945.
4) MOTT N.F., Proc.Cambridge Phil.Soc.gl,553,I93I. 5) HENNEBERG
W.Z. Physik §£,592, 1933. 6) MERZBACHER E., LEWIS H.W.,Handbuch
der Physik XXXIV,1I66, 1958. 7) BHABHA H.J.,Proc.Roy.Soc,Llondon,
Al64,257, 1938. 8) LITTON G.M,, LYMAN V. et TOBIAS C.A.,UCRL-
17392, Berkeley, Cal.,1968.
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Vertragspartner der Kommission: Institut fiir Biophysik,
Homburg/Saar, Universitidt des Saarlandes

Nr., des Vertrages: 101-72-1 Bio C

Leiter der Forschungsgruppe: Prof.Dr.H.Muth, Prof.Dr.R.
Grillmaier

Allgemeines Thema des Vertrages: Energy Transfer in Biolo-

gical Material and in Model Substances.

It is the purpose of this work, to get a little more in-
sight into the processes of energy transfer which lead
after absorption of ionizing radiation energy to biological
radiation damage at or near by the molecular level. There-
fore we investigated the chromosome aberration rates as in-
dicators of radiation damage near by the molecular level
and the behaviour of radiation induced radicals. For measu-
ring the radicals it is necassary to freeze in the samples.
By this procedure the life time of the radicals is lengthe-
ned and the absorption of micro wave power (ESR-spectrosco-
py) is avoided. Further more the subsequent slowly increase
of temperature enable us to watch the radical reactions in
the sample.,

We now have established the chromosome aberration rates for
cells irradiated at 77°K. After measuring the radicals pro-
duced in water as well as in complete cell suspensions we
try to get the contribution of the most important cell com-

pounds to the whole ESR-spectrum.

From earlier measurements we could learn, that some of the
primary radiolytic water products are not longer present at
77°K. Therefore we introduced radical scavengers into our
experiments and prepared investigations at much lower tem-
peratures then 77°k (liquid helium) to make the radiolytic
products more stabile.

Furthermore we have started the investigation of ESR-spectra

210Po) to

see if there are differences in spectra compared to those

produced by radiation of higher LET (d -rays of

caused by X-ray produced radicals.
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Results of Project Nr. 1

Leader of the project and scientific coworker:
Prof.Dr.R.Grillmaier, Dipl.-Phys. H. Fell

Title of the project:

Investigations of the connection of radiation dose, radical
production and radiation damage in biological systems (cells)

and their components.

1. The earlier investigations of lympbocytes which have
been cooled down at 77°K and which were irradiated at the
same temperature showed that the chromosome aberration ra-
tes of the various types are lowered by a factor of 15
(resp. 45) compared with cells irradiated at room tempera-
ture. Because such a large "radiation protection factor"
has not been observed up to now, these investigations were
repeated during the past year at doses starting at 500 R
to 5000 R in steps of 500 R. The new mean value are in
agreement with the former ones within the variation limits
caused by the statistical uncertainties and the biological
variability. The publication of these results is in prepa-

ration and will appear early in 1973.

2. In connection with the investigations of the chromosome
aberrations rates the frequencies of cells with 0, 1, 2

and more aberrated chromosomes in dependance on radiation
dose were determined. The points giving the numbers of cells
with O, 1, 2 and so on aberrated clwomosomes for a fixed dose
have still to be fitted with the appropiate distribution
curve. It can be seen, that if one puts on the ordinate the
numbers of aberrated chromosomes in a cell which appear

most frequently and on the abscizza the radiation dose, the
points on a first appocimation are fitted by a straight
line. The discussion of these results is still going on but
theyalso will be published early in 1973.

3. In preparing the investigations of radicals and chromo-

some aberrations, which appear after irradiation at the tem-

perature of liquid helium, lymphocyte cultures were irradia-
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ted at +4°C with B-rays of tritium instead of X-rays. For
this purposes tritiated water was added to the cellsuspen-
sion., This procedure has the advantage that technically
complicated apparatuses for keeping the low temperature of
4°x during irradiation and transport of the samples from
the locus of irradiation to the sample container of the
ESR spectrometer can be avoided. The preliminery investiga-
tions showed, that at the same doses but at much smaller
dose-rate (irradiation time: X-rays about 2 min, B-rays 20
hs) the chromosome aberration rate caused by the B-rays was
only 50 % of that caused by X-rays (X-ray dose was measured
in R, B-ray dose was calculated from mean B-ray energy, 3H-
activity and exposure time in Rad)

For further investigations the specific activity of tri-
tium was taken 10 times as high as before, to get a higher
dose rate. The exploitation of this experiments has not

been finished till now.

4, In continuing the investigations of radicals which are
present after irradiation at 77°K, solutions of pure DNS
and Na-DNS salts in water were frozen and irradiated and
the behaviour of the radicals in the range of 90°K to the
melting point was investigated. Similar spectra and similar
behaviour like those after irradiation of complete cell
suspensions were found. Above all in these solutions the
share of the organic radicals of the whole spectra is also
larger then the share of the organic material in the solu-
tion. The final exploitation of these results has still to

be carried out.

5. To catch the water radicals which at 77°K are instable,
experiments with solutions of tryptophane as a radical
scavenger were started. The preliminary results showed the
expected behaviour: At first a higher share of tryptophane
radicals as should be found according to the share of
tryptophane of the whole sample mass (propably caused by
reaction of H'- and e -radicals with tryptophane radicals)

and than an increase of triptophane radicals with increa-
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sing temperature, when the OH' radicals get back their mo-
bility.

6. To see the influence of LET in further experiments the
radicals produced by 210?0 X -rays in water were investiga-
ted. Unfortunately no carrier free & -ray emitter soluble
in destilled water (at pPH = 7) was available. Therefore

the exploration of the spectra is difficult. Also a direct
treating of cells with this radionuclid (Po-Nitrate in

3M - HNO3

Before going on in these experiments an appropriate

solution) is not possible.

commercially available X -ray emitter must be found.
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Associato della Commissione: Laboratorio di Dosimetria e Standard

dizzazione

N° del contratto: 068-67 BIOI

Capo del gruppo di ricerca: Prof. E. Casnati

Tema generale del contratto: Application of solid state devices

to radiation dosimetry

In the original research program 1972-1974 the three
following projects were included:

a) application of solid state devices to dose
intercomparisons;

b) dosimetry of mixed fields of neutrons and gammas;

¢) use of TSEE solid detector in the dosimetry at
interfaces between different media.

In 1972 only the first project has been developed with
the results described in the next page.

This was due to the fact that the staff (1 graduate and
1 technician) and the financial support necessary to carry out
the above mentioned program, has not been officially approved
during this year.
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Risultati del progetdo 1

Capo del progetto: Prof. G. Scarpa

Titolo del progetto: Application of solid state devices to dose

intercomparison

A large scale practical application of TLD's in intercomparison
has been carried out at the last dose intercomparison promoted by
EULEP., Lithium fluoride as loose powder has been used in the first
part of this study.

The problem of intercomparisons has been discussed during
the meeting organized by EULEP at Rijswijk and the one held in
Toulose by the Dosimetry Group of EURATOM.

Members of this Laboratory have taken part in these meetings
where the EULEP Dosimetry Group came to the decision to perform a
second intercomparison to check the improvements made on the dosimetry
at the various Institutes. This project will begin next February
and measurements will be carried out both with LiF powder and with
beryllium oxide sintered dosimeters. Everything concerning preparation,
package, final read out of BeO disks will be done in this Laboratory.

In order to investigate specifically the use of ceramic BeO
as postal TL dcsimeter, and additional study has been performed with
special regard to the following characteristics: disc-to-disc response,
fading, linearity, energy dependence and some specific problems
connected with postal delivery.

As previousely published, the use of unselected discs
belonging to the same batch gives a stamdard deviation of TL responses
ranging from 6 to 7 percent. In order to minimize this kind of error
two methods can be used: first, the pencil marking of each single
disc followed by an individual calibration; second, the preliminary
selection of the discs whose sensitivity ranges between stated limits,
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e.g. 1 or 2 percent. This second technique was selected as the most
convenient one. A set of experiments have shown that a stable standard
deviation of + 3% can be easily attained; this figure looks quite
acceptable as, basing on pure statistical laws, the mean value of

4 readouts would fluctuate by only + 1.5%.

The fading was stated in the same conditions met during a
real intercomparison, i.e. with a variable annealing-to-irradiation
and irradiation~to-readout time lag. The relative response of the
dosimeters has shown a variability not exceeding + 2%, This low
figure is probably due to a sort of compensation between fading and
rise of sensitivity after annealing.

The supralinearity of BeO was found to be less marked for
X-rays than for gamma rays. The linearity index reaches its maximum
value at about 1000 rads for both radiation qualities.

The energy dependence was studied with special regard to
X-rays in the range of 1 to 3mmCu HVL, i.e. the energy range used
in most radiobiological experiments. The variation of the relative
response is between 7 and 17%, according to dose level: this variability
is due to the dependence of supralinearity index én the radiation
energy.

In order to ensure a correct delivery of the material
throughout the intercomparison, a special plastic container has
been planned, made of antishock black polystyrene. This container
is completely light-tight, shock-proof and open-proof.

Bibliografia

(1) G. Scarpa, G. Benincasa, L. Ceravolo - The Thermoluminescence
of Beryllium Oxide as applied to Radiation Dosimetry.
Submittet to Symposium on Dosimetry Techniques Applied to
Agriculture, Industry, Biology end Medicine. Vienna, 17-21
April 1972,
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Behaviour of linearity index vs. exposure level and quality of
radiation for BeO TL dosimeters.
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Energy dependence of BeO TL dosimeters at various exposure levels

in the range between 1-3 mm Cu HVL.

-64-



Annual Report 1972

of the group contract on personnel dosimetry

For the Health Protection Directorate the personnel dosimetry
group contract (contract no, 065-72-1 PST C) constitute a
widening and completion of efforts to establish basic stan-
dards for the protection of the population and labour force
against the health hazards of ionising radiation, This agree-
ment is furthermore an important contribution to the promo-
tion of research and standardisation in the field of radia-

tion protection within the European Community,

Research groups from the following institutions are members

of the agreement :

Comitato Nazionale per 1'Energia Nucleare, Roma ;

Commissariat & 1'Energie Atomique, Paris ;

Gesellschaft fiir Strahlen- und Umweltforschung,

Neuherberg/Miinchen ;

Kernforschungsanlage Jiilich GmbH, Jilich,

The aim of the agreement is to improve existing methods and
to develop new ones, The following principal domains are
treated in the group agreement : neutron dosimetry, standar-
disation and calibration, nuclear track etching, dosimetry
in mixed radiation fields, x-ray luminescent radiation for

calibration purposes and stimulated exoelectron emission,

In the interests of close cooperation, partners in the appro-
priate areas of the field were annually called to a meeting
to report on results achieved, exchange notes and discuss
further research projects, Bilateral discussions were held
between the partners to agreement, In order to enable the
partners under the research agreement to take account of
practical requirements, they were invited to attend meetings

of the technical experts at which the implementation and
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findings of the intercomparison programme are discussed,
Knowledge and experience gained from practical observation

thus directly reflected in the execution of research work,

In order to make the results of work under this agreement
available to a wider circle, establish contacts and receive
suggestions, eight papers based on work promoted by the
Health Protection Directorate were presented at two inter-
national symposia (first symposium on neutron dosimetry in
biology and medjicine, Neuherberg/Miinchen ; symposium on

neutron monitoring for radiation protection purposes, Wien),
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Contrat N° 65 =72 = 1 PSTC

Organisme - lieu - pays -~ Commissariat & 1'Energle Atomique -~ Centre d'Etudes
Nucléaires de FONTENAY-gux~ROSES = FRANCE e

Chef du Groupe de recherche - G. SOUDAIN

Chef du projet - G, PORTAL - J.L. CHARTIER

Thime général -~ Production de rayonnements photoniques de référence pour la dosi-
métrie.

Description générale succincte des travaux accomplis 3

L'étude de la production des rayonnements monochromatiques d'énergie infé-
rieure & 250 keV & 1'aide d'un spectromdtre i cristal courbé a été poursuivie en 1972,

I - EMPILEMENTS DE CRISTAUX -

Rappelons que nous avions constaté en 1971 qu'il n'était pas possible de
courber des cristaux de fluorure de lithium d*épaisseur supérieure & 4 mm sans
altérer exagérément la qualité des rayonnements obtenus. Or, il est nécessaire
d'utiliser des cristaux plus épais si l'on veut disposer de faisceaux de rayonnement
X suffisamment intenses,

Nous avons essayé d'empiler plusieurs cristaux de fluorure de lithium
convenablement orientés. Nous avons construit un dispositif pour le calage de
ces cristaux et mis au point un systime d'orientation trés préeis,

Les résultats obtenus sont tout & fait satisfaisants. BEn effet, on obtient
& titre d'exemple 3

- une résolution de 2 keV pour un rayomnement de 50 keV
-~ une résolution de 5 keV pour un rayonnement de 100 keV

- des débits variant de 250 & 400 mrad/heure pour un tube & rayons X fono-
tiomnant sous une intensité de 10 milliampdres.
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II - NATURE DU -

Nous avons également essayé d'accroftre ltintensité du faisceau en utilisant
des cristaux dont le facteur de structure et le coefficient de réflexion sont supé-
rieurs & ceux du fluorure de lithium.

Les cristaux d'aluminium qui ont été fabriqués & notre demande ne nous ont
pas donné satisfaction; en effet 1'état de surface n'est pas de bonme qualité et
1l'on n'a pas encore trouvé de méthode de polissage qui solt efficace et qui n'altdre
pas les propriétés des oristaux,

Le germanium nous a donné de bons résultats s bien que 1'on n'ait pas essayé
de courber plastiquement des lames d'épaisseur supérieure & 1 mm, les débits obtenus
sont identiques & ceux ocités dans le cas du fluorure de lithium. Cependant le gerw
manivm présente sur ce dernier um avantage considérable : la diffusion d'ordre 2 présen~
tant une intensité comparable & celle dtordre 1, il est parfaitement possible d'ob
tenir des rayommements de 200 keV, alors qutavec le fluorure de lithium on est prati-
quement 1imité & 100 keV. Les essais d'empilement seront entrepris prochainement.

Le cuivre devrait permettre d'obtenir des résultats encore supérieurs, En
effet son facteur de structure est 4 & 5 fois plus élevé que celul du germanium.
Nous nous heurtons pour 1l'instant, tout comme pour l'aluminium,au problime de 1l'état
de surface. Des études sont en cours pour le résoudre. Nous comptons notamment
effectuer un polissage chimique.

III ~ TUBE A FOYER VARIABLE =

Nous avons fait réaliser un tube & foyer variable permettant d'adapter la
dimension de la source d'émission de rayonnement & celle de la fente définissant la
résolution du faisceau afin d'augmenter la "brillance® relative de la source de
rayomnement. Les essais ont montré que nos prévisions étalent justifides 3 & réso=-
lution égale on obtient un débit d'exposition dans le faisceau deux fois plus
important quand on supprime la fente,

Ltétude de 1l'optimalisation des caractéristiques de cette installation se
poursuivra en 1973 et nous fondons les plus grands espoirs sur ltutilisation de
cristaux de germsnium et de ocuivre.

PUBLICATION - J.L. CHARTIER, G, PORTAL, D, ROMAN, D, DUGAY,
Production de rayormements monochromatiques intenses - Nuclear Instr,
and Meth, 100 (1972) 107.
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COMITATO NAZIONALE ENERGIA NUCLEARE -~ BOLOGNA (ITALIA)

CONTRATTO : 065-72-1

G. BUSUOLI

STUDIO DI NUOVI RIVELATORI APPLICABILI ALLA DOSIMETRIA PERSONALE

L'attivita portata avanti in questo laboratorio in
connessione al contratto in oggetto ha riguardato i seguenti

due argomenti:

1) Applicabilitad dei rivelatori TSEE alla dosimetria personale.
In questo ambito sono state condotte ulteriori prove di ri-
producibilita sul BeO che in linea di massima si sono dimo-
strte pil positive rispetto a quelle analoghe portate a
termine nel corso dell'anno precedente. Si & notato inoltre
che la riproducibilita dipende dalla geometria del rivelatore
utilizzato.

2) Applicabilita dei rivelatori gastici a traae nella dosimetria
da incidente di criticita. Nelle prime prove condotte si &
studiata in modo sistematico l'influenzadel tempo e della
temperatura d'attacco delle plastiche sul numero di tracce
rivdabili. 1Inoltre si & rivolta particolare attenzione allo
angolo limite di rivelazione al di sotto del quale le parti-
celle cariche non vengono piu rivelate e cid in relazione alla
utilizzazione di schermi convertitori di Boro o di Litio per

la rivelazione dei neutroni.
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PROGETTO N. 1

G. BUSUOLI, L. LEMBO

STUDIO DELLA APPLICABILITA' DEI RIVELATORI TSEE ALLA DOSIMETRIA
PERSONALE

L'attivita condotta nel Laboratorio di Fisica Sani-
taria di Bologna sul BeO ha riguardato principalmente i seguenti
due aspetti:

a) riproducibilitd;
b) studio della risposta TL del BeO in vista di una utilizzazione
combinata dei due effetti nell'impiego del rivelatore stesso.

I1 puanto a) & stato un proseguimento delle prove condotte
nel corso del 1971 dato che queste avevano ancora una volta mo-
strato che lo scoglio maggiore per il proseguimento della attivi-
ta derivava proprio dalla scarsa riproducibilita del rivelatore
usato come TSEE.

Riproducibilita

Visti i risultati non molto soddisfacenti raggiunti
nel corso del 1971, per quanto riguarda la riproducibilita e
stata rivolta in un primo tempo particolare attenzione alh messa
a punto del contatore che come si ricordera & un G.M. a flusso
di elio isobutano. Per questo si & leggermente modificato il
fornetto riscaldante ed inoltre si sono eseguite prove di funzio-
namento del contatore cercando di ottenere le condizioni di mi-
glior impiego. Si pensa inoltre di sperimentare altri tipi di
contatori (come ad esempio quello a punta gia in corso di allesti
mento) in relazione all'elevato tempo morto deél G.M. ora utilizzato.
Dopo queste prove preiminari si & passati alle prove

di riproducibilitd con le pastiglie di BeO. Queste sono state
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sempre irraggiate, senza togliere dal contatore, con una sor-
gente di Am241 in modo da eliminare eventuali effetti spuri
durante il trasporto del rivelatore. Ovviamente queste non
possono essere le condizioni per verificare la riproducibilita,
ma le prove cosl condotte hanno avuto 1o scopo di verificare se
la riproducibilita era dovuta a cause intrinseche alle pastiglie
oppure alla mahipolazione delle stesse. In queste condizioni
sono state condotte prove con pastiglie di BeO (Thermollox 995)
di diverso diametro e si & arrivati alla conclusione che la ri-
producibilitd € una funzione del diametro della pastiglia stessa.
A conferma di quanto accennato in precedenza,in Tab.1 sono rias-

sunt® i risultati delle prove con le pastiglie di diverso diametro.

TABELLA 1

Diametro pastiglia
No
pastiglia 22,35 mm 15,85 mm 12,75 mm 8,75 mm
1 g = 24% & = 18% & = 22% & = 5%
2 & = 55% S = 27% & = 7% &= 4%
3 6 = 36% 6 = 18% G = 12% 6= 6%

Nota: Le dosi sono state sempre equivalenti ad 1 rad di Co-60.
la 6 si riferisce a 7 misure eseguite sulla stessa pasti-
glia.

Non & facile dare una interpretazione di questo fenome-
no; un semplice tentativo pud essere quello di attribuire la
migliore riproducibilita al fatto che le pastiglie pill piccole
introducono minori distorsioni delle linee di forza del campo

elettrico all'interno del contatore. Bisogna infatti ricordare

-71-




che i rivelatori sono dei perfetti isolanti e sono sempre sta-

ti utilizzati senza renderli conduttori in superficie mediante

la deposizione di uno stato di grafite o di un metallo a numero
atomico piu elevato.

Contemporaneamente sono state condotte prove di termo-
luminescenza con il BeO ceramico per poter fare un confronto con
le prove sugli esoelettroni.

Utilizzati in questo modo i rivelatori si comportano
in modo migliore. Infatti su un totale di 180 misure ripetute
su 30 diverse pastiglie e per una esposizime di 200 mR si &
avuta una standard deviation del + 7% senza usare particolari
precauzioni durante gli irraggiamenti e le letnre. La riprodu-
cibilitd su una stessa pastiglia risulta (sempre a 200 mR) ancora
migliore e dell'ordine di qualche percento.

Anche usando il BeO come termoluminescente si é riscon-
trto che la riproducibilita dipende dal diametro delle pastiglie
utilizzate non perd in maniera cosl semplice come avviene nelle
misure esoelettroniche. Questo tipo di fenomenoc & piuttosto stra
no e potrebbe essere dovuto, in questo caso essendo un fenomeno
di volume, ad una diversa distribuzione delle trappole derivante
da eventuali differenze nel procedimento di preparazione delle

pastiglie.
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PROGETTO N. 2

A.CAVALLINI, A.FASSO'

APPLICABILITA' DEI RIVELATORI PLASTICI A TRACCE NELLA DOSIMETRIA
DA INCIDENTE DI CRITICITA'®

La ricerca ha lo scopo di preparare un dosimetro per
neutroni basato su rivelatori plastici a tracce. Ci si & orien
tati sulla reazione ( n, alfa) nel Boro o nel Litio, perche
consente, in linea di massima, di rivelare neutroni di tutte le
energie che si possono avere in caso di incidente (dai neutro-
ni termici fino a qualche MeV). Per la discriminazione di un
certo numero di bande di energia, s'é pensato di utilizzare
schermi di Boro per le energie basse e intermedie, e una spettro

metria alfa grossolana con filtri sottili per le energie veloci.

Misure effettuate

Come rivelatore si & scelto il nitrato di cellulosa
per la sua sensibilitd e perché viene fornito in commercio con
caratteristiche riproducibili. Come attacco chimico s'é usato
un bagno pure reperibile in commercio (Kodak VX-007).

Sono state eseguite diverse serie di misure allo
scopo di definire esattamente le caratteristiche del materiale
prescelto.

Si & determinato, per sorgenti alfa di diversa energia,
l'andamento in funzione del tempo di attacco del numero di trac
ce rivelate. Per le sorgenti la cui energia massima & superiore
a Ea, dove E2 & l'energia oltre la quale il valore di %% scende
sotto la soglia di rivelabilita, si ha un aumento grosso modo
lineare delle tracce rivelate in funzione dell'attacco chimico,

Fino a un valore massimo di saturazione, che rimane poi costante.
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Per le sorgenti la cui energia massima & inferiore a E2, il
numero di tracce rivelato e costante, qualunque sia il tempo
di attacco. A una data temperatura, il tempo occorrente per
avere saturazione il tempo necessario per asportare uno spes-
sore di plastica uguale alla differenza di percorso delle alfa

di massima energia della sorgente e le alfa di energia E_. Con

2
frontando tali tempi ottenuti con due sorgenti di energia massi

ma diversa, si ottiene il valore di E,, e quindi anche il tasso

2'
critico di perdita di energia (%E)c.
Come sorgenti per questa serie di misure abbiamo utiliz

zato una sorgente di Np237

nuda, e la medesima sorgente coperta
con un certo numero di film sottili. (Mylar d4i 6/um di spessore).

La stessa serie di misure ha consentito di stimare un
limite superiore dell'angolo di incidenza critico, oltre il qua
le le particelle alfa non vengono registrate. A causa degli erro
ri non & stato perd ancora possibile determinare il valore esatto,
e a questo scopo sono in corso ulteriori misure. Si & trovato
che 1'angolo in questione rispetto alla superficie della plasti
ca) & inferiore a 30° (MOURGUES (1) da per 1l'angolo limite il
valore 28°).

E' stata anche determinata 1'influenza della temperatura
del bagno sui risultati. Il tempo necessario per giungere a
saturazione varia colla temperatura del bagno, ma il valore di
saturazione rimane invariato. Cid contrasta con quanto afferma
la Ditta produttrice del nitrato di cellulosa, secondo la quale,
per temperature superiori a 60°C, si avrebbe un considerevole
"fading" in competizione col processo di rivelazione.

Tutte queste misure preliminari sono necessarie, per-
ché il metodo che si & scelto per la rivelazione dei neutroni
(conversione per reazione (n,alfa) su Litic o su Boro) implica

una completa conoscenza delle caratteristiche del rivelatore
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per cid che concerne la dipendenza dall'angolo di incidenza

e dall'energia delle particelle. Parallelamente al lavoro
sperimentale, & stata svolta anche un'attivita di calcolo
(perdita di energia, percorso delle alfa, assorbimento), neces

saria per l'interpretazione delle misure.

(1) M.MOURGUES - Contribution & 1l'étude de l'enregistrement
des traces des particules alpha dans les détecteurs de
nitrate de cellulose.

Tesi - Centre d'Etudes Nucléaires de Cadarache, Sept.1970
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Contrat N° 065-72-1 PSIC
Commissariat & 1'Energie Atomique (FRANCE)

M. BRICKA *

Description générale succincte des travaux accomplis :

L'effort le plus important a été fait en 1972 sur le développement

d'un compteur & hélium 3 présentant des caractéristiques convenables pour l'u-
tilisation sous sphires de polyéthyléne.

Les prototypes dits & fenétre céramique réalisés par LMT,actuelle-
ment & 1'essei, ont une excellente isotropie et un rendement supérieur & celui
des cristaux d'iodure de lithium qu'ils sont destinés & remplacer.

Une matrice des réponses des sphires équipées de ce compteur a été déterminée
par le calcul en utilisant la théorie du transport multigroupe (codes ANISN
et DTF IV). Cette matrice sera ultérieurement recalée sur des mesures en neu~
trons monoénergétiques.

La détermination des courbes de réponse pour les sphires équipées
de cristaux d!'iodure de lithium a été poursuivie, La mairice des réponses a
été obtenue en combinant les données des mesures en neutrons monoénergétiques
avec celles du calcul.

Cette matrice a été utilisée pour divers essais de spectrométrie
et donne des résultats parfaitement cohérents avec ceux qui ont été obtenus,
par ailleurs avec des détecteurs & activation,
Les premiers essais de spectrométrie réalisés auprés du convertisseur 14 MeV-
fission montrent également une bonne concordance entre les spectres donnés
par le multisphére et par le compteur proportionnel & protons de recul.

Une communication faisant le point de ces travaux est présentée au
colloque sur la dosimétrie des neutrons (VIENNE - DEC. 72). (1)

Ces études sur les sphéres modératrices sont menées en liaison avec
le Dr HEINZELMANN. Une réunion de coordination a été tenue & CADARACHE
entre les chercheurs de KFA et ceux du CEA (Mai 72).

* Département de SGreté Nucléaire - Service d'Etudes de Sfireté
Radiologique -~ CEN/CADARACHE.

(1) BRICKA et Coll.
VIENNE 1972 - Rapport IAEA - SM 167/19.
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Titre : Développement d'un compteur & hélium 3.

Noms des chercheurs : J. CERCY, R. LORIENT

Description des résultats :

3

Le compteur & hélium est destiné & remplacer les cristaux d'iodure de lithium
trop sensibles au rayonnement gamma,

Un premier prototype LMT 0,4 NH 1/1 (figure 1) avait été réalisé sous 1l'im—
pulsion de H. VIALETTES., Ce prototype du fait de la position du queusot pré-—
sentait une assez forte anisotropie et son montage dans les sphdres de petit
diamétre posait quelques problimes,

Dans les nouveaux prototypes LMT 0,5 NH 1/1, dits & fen8tre céramique, le vo-
lume sensible se trouve & l'extrémité du compteur. L'isotropie est ainsi amé-
liorée (£ 10%) et le montage sous sphdre facilité,

Le remplissage de ces compteurs est constitué par un mélenge
hélium 3 : 8 bars krypton : 2 bars Autocoupeur : &

La figure 2 présente les courbes de réponse en fonction de la tension obte-
nues pour deux des prototypes essayés, avec un gain de 58 db et un seuil de
0,5 volis,

Le premier compteur & fenétre céramique réalisé aveit une dérive importante -~
de 1'ordre de 30% - 3 la mise sous tension. Une medification de la fen8tre
céramique a permis de réduire & moins de 10% cette dérive - quinze minutes
aprés application de la haute tension le compteur reste parfaitement stable.

Dans le prototype le plus récent, actuellement & l'essai, et dont la géomé-
trie est un peu différente de celle des précédents, on ne constate plus au-
cun phénoméne de dérive.

Le rendement des divers moddles du type 0,5 NH 1/1 est légdrement inférieur

4 celui du premier prototype 0,4 NH 1/1. Il reste cependant supérieur au
rendement du cristal d'iodure de lithium,
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Titre : Détermination des, courbes de réponse,

Noms des chercheurs : J. CAIZERGUES, Mme M. DOLIAS, M. BRICKA

Description des résultats :

Le calcul des réponses des spheres de Bonner utilisant la théorie du trans-
port multigroupe avait été entrepris dans le cadre du groupe de travail in-
ter SPR N° 8 (Dosimétrie des neutrons) (1).

Les données de ces calculs ont été confrontés avec les résultats des mesures
en neutrons monoénergétiques faites en 1971 (2).

La matrice des réponses qui a été retenue (figure 3) est obtenue par recalage
sur les valeurs expérimentales des courbes données par le calcul.

Des mesures ont été entreprises pour déterminer les réponses au voisinage de
0,4 eV, On utilise, selon une méthode signalée par HUGUES, deux épaisseurs
différentes de cadmium -~ 0,2 mm et 1,4 mm -~ La différence entre les comptages
obtenus sous ces deux écrans de cadmium constitue la réponse & des neutrons
d'énergie moyenne 0,4 eV. .

La difficulté réside dans la mesure correcte du flux de neutrons dans cette
"fenBtre".

Une premidtre mesure a été effectuée avec le cristal d'iodure de lithium, consi-
déré comme un détecteur noir pour l'énergie 0,4 eV. Les points expérimentaux
obtenus par cette méthode sont reportés sur la figure 3,

La réponse aux neutrons thermiques a été mesurée pour les sphéres équipées

de compteurs & hélium (figure 4).

La courbe de réponse calculée a été recalée sur les résultats expérimentaux,
le calcul ne permettant pas d'atteindre directement le rendement du compteur &
hélium. L'accord entre le calcul et l'expérience peut &tre considéré comme sa-—

tisfaisant.

(2) Mme M. DOLIAS
Rapport EURATOM N° 4791 F (1972)

(1) J. CAIZERGUES - G. POULLOT
Rapport CEA N° 4400
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Titre : Spectrométrie par la technique multisphére.

Noms des chercheurs : M. BRICKA, J. CERCY.

Description des résultats :

Un premier essai utilisant des données de mesure antérieures avait pour but
de vérifier la validité de la matrice des réponses. Il mettait en oeuvre un
ensemble de détecteurs & activation et des sphéres de différents diamdtres.
Les spectres obtenus sont présentés sur la figure 5.

Le tableau I donne les écarts entre valeurs mesurées et valeurs recalculées

& partir des spectres,

.I1 apparaft une divergence systématique entre le soufre et les sphires de 10"
et 12" qui couvrent la méme bande d'énergie. Une intercalibration de ces dif-
férents détecteurs permettrait de réduire les écarts.

Compte tenu des conditions dans lesquelles ont été étalonnées les sphdres,
d'une part, les détecteurs de soufre d'autre part, on peut estimer que c'est
1tétalonnage de ces derniers qui est & revoir. La source Sildéne, actuellement
en cours de réalisation et qui pourra fonctionner & des niveaux de puissance
trés variés, permettra l'intercalibration des deux systémes de détecteurs en
dépit de la grande diffdérence de sensibilité,

Une spectromdtrie multisphtre a €té également faite pour le convertisscur
sous écran, La figure 6 donne le spectre obtenu qui peut 8tre comparé au spec-—

tre correspondant déterminé & l'aide d'un compteur proportionnel & protons
de recul (2).

Ce spectre correspond & une bande d'énergie pour laquelle les réponses des
sphéres ont ét¢ mesurédes en neutrons monoénergétiques, donc peuvent &tre con-
considérées comme convenablement connues. La méthode des spectres modtles,
mise en oeuvre pour l'interprétation des données de mesure (programme de
calcul SESR 1590) permet, semble-t-il, une spectrométrie suffisamment correcte

(2) G. BENEZECH, M. BROSSON, R. VENTRE.

EURATOM - Rapport Annuel 1971 ~ Programme Biologie - Protection Sanitaire
pages 192 - 193,
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TABLEAU I

ECARTS ENTRE LES REPONSES MESUREES ET LES REPONSES RECALCULEES

-¢g8~

HPRR Nu HIIPRR Ecran acier Castor 0,82 m Castor 3,26 m
Jotz)_o(z) aE JotE) o(®) aE fo(E) o(E) dE JHE) an
Détectours 10- necutrons Ecarts ’ ncutrqns Ecarts (V10 nQutrons Ecarts necultrons Ecarts
jh(m) 9(E) dE o Jh(E) ®(E) aE % Jh(p) ¢(E) 4E % (E) 9(E) dE o
10" impulcions 10'""  impulsions 10*'"  impulsions impulsions

Cuivre nu 3 460 -0,09 2 080 -0,76 12 h00o 0,37 2 870 0,24
Or/cadmium 299 000 -0,55 172 000 -0, 56- 990 000 -1,29 189 000 ~1,4%2
Cuivre/cadmium 1 59¢C 3,26 889 5,33 2 950 6,95 493 6,085
Soufre 842 -6,87 124 -2,21 888 -9,00 63,6 -4.18
Magnésium 12,5 0,50 1,8 0,16 15,8 0,80 1,35 0,43
2" nue 0,667 0,32 0,397 44,00 1,34 -1,70 0,256 -1,03
2" /cadmium 0,559 2,87 0,359 -0,86 0,880 1,78 0,152 0,32
2,5"/cadmium 1,143 -3,78 0,733 -6,11 1,38 -0,36 0,226 0,1h
3" /cadmium 1,97 -2,96 1,266 -5,37 1,98 -2,77 0,309 -1,99
4, 2v/cadmium 4,12 -2,71 2,58 -3,98 3,05 -2,k46 0,438 -2,79
5 5,19 ~6,73 2,11 -6,27 3,47 ~6,47 0,445 -2,09
gn 4,98 -2,01 2,68 -2,59 3,02 =3,%2 0,343 -5,61
10" 2,5k 7,02 1,684 8,94 2,20 6,94 0,226 3,50
12n 2,30 8,97 1,018 7,18 1,56 7,29 0,145 6,35

Fluences

2,7%.10% n cm~9

fe

‘1,5}.10la n cm="

2,23.10'% n cm'j

3,22.10* n cn
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Kernforschungsanlage Jilich GmbH
D-517 Jllich, Postfach 365

Nr. des Vertrages: 065-72-1 PSTC

M. Heinzelmann

Neutronendosimetrie mit Spaltfragment-
dosimetern und Kugelmoderatordosimetern

Das Projekt befaft sich mit der Neutronen

Orts- und Personendosimetrie. Als Ortsdosi-
meter wurden Detektoren mit Kugelmoderatoren
(Dosimeter nach Bonner) untersucht. Der Ein-

fluB der Detektorgrdfe im Moderatormittelpunkt
wurde berechnet. Weiter wurde der Einfluf des
Lichtleiters auf die Empfindlichkeit gemessen
fiir verschiedene Kugeldurchmesser, und es wurde
ein unerwartet hoher LichtleitereinfluB gefunden.

Als Personendosimeter wurden die im Vorjahr her-
gestellten Spaltfragmentdosimeter im praktischen
Einsatz gepriift und mit Filmdosimetern verglichen.
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a)

Ergebnisse des Projekts Nr. 1
F. Rohloff, M. Heinzelmann

Neutronendosimetrie mit Spaltfragmentdosimetern
und Kugelmoderatordosimetern

Untersuchung der Dosimeter mit Kugelmoderator

In diesem Jahre lag das Schwergewicht der Arbeiten auf
dem EinfluR des Detektors im Moderatormittelpunkt und
der Detektorzuleitungen auf die Empfindlichkeit. Es
wurde flir 2 verschiedene Moderatorkugeldurchmesser

die Empfindlichkeit als Funktion der Neutronenenergie
flir 4 sehr unterschiedliche Detektoren im Kugelmittel-
punkt berechnet. Als Moderatorkugeln wurde eine grofe
und eine kleine Kugel benutzt (10" und 3" Durchmesser).
Detektoren im Kugelmittelpunkt sind ein JHe-Z&hlrohr
und drei LiJ-Sgintillatoren mit ganz unterschiedlichen
bLi-Genalt.

Gerechnet wurde mit einer "discrete ordinate" Methode.
Als Ergebnis erh#lt man bei einem Moderatorkugeldurch-
messer fiir alle 4 Detektoren, abgesehen von einem
Proportionalititsfaktor, praktisch die gleiche Energie-
abhingigkeit der Empfindlichkeit. Figur 1 zeigt die
Ergebnisse flir die lo" Moderatorkugel. Die berechneten
Empfindlichkeiten unterscheiden sich erheblich von den
Rechnungen anderer Autoren (z.B. Hansen und Sandmeier).
Die 3" Moderatorkugel zeigt nach den neueren Rechnungen
eine geringere Energieabhingigkeit und bei der 10" Kugel
ist im Bereich von 105 bis 100 eV der Verlauf steiler.
Eine der nichsten Aufgaben wird sein zu priifen, warum
die neueren Ergebnisse von den alten Rechnungen sich

unterscheiden.

Da bei Messungen mit Detektoren nach Bonner verschie-
dene Arbeitsgruppen ganz verschiedene Detektorzufilh-
rungen verwenden, wurde geprift, wie weit die Detektor-
zufithrung die Empfindlichkeit beeinfluBt.
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b)

Es wurden Indiumfolien im Mittelpunkt von Moderator-
kugeln mit den Neutronen einer Am-Be-Quelle bestrahlt.
Die Indiumfolie saR entweder an der Spitze eines Licht-
leiters oder in einer homogenen Polyithylenkugel. Die
Messungen wurden mit Quarz- und Plexiglaslichtleitern
von 12,7 und 15,8 mm Durchmesser ausgefilhrt. Der Ein-
fluB des Lichtleiters ist vor allem bei kleinen
Moderatorkugeln erheblich,und er darf nicht vernach-
l18ssigt werden. Die verschiedenen Mehr-Kugel-Verfahren
in der Neutronendosimetrie sind aufgrund dieser Ergeb-
nisse neu zu itberpriifen. Der dlinnere Quarzlichtleiter
verringerte die FluRdichte thermischer Neutronen im
Mittelpunkt der 2" Kugel um 28 %. Eine Aluminiumhiille
von 1 mm Dicke um den Lichtleiter verringert die Fluf-
dichte im Kugelmittelpunkt weiter um ca. 14 %.(Figur 2)
Fiilr eine dicke Aluminiumhiille wurde gezeigt, daf der
LichtleitereinfluB energieabhingig ist. Die FluRdichte
thermischer Neutronen wird bei Bestrahlung mit den
Neutronen einer Am-Be-Quelle um 15 % mehr verringert

als mit den Neutronen einer Am-Li-Quelle. Diese Messungen

sollen mit weiteren Detektorzuflihrungen fortgesetzt

werden.

Spaltfragmentdosimetrie

Von den im vorigen Jahr hergestellten Spaltfragment-
dosimetern wurden 1o monatlich in Jlilich von Personen
getragen, die viel in Strahlenfeldern mit Neutronen
arbeiten. 2 weitere Dosimeter wurden an Personen ausge-
geben, die mit Sicherheit nicht in Neutronenfeldern
arbeiten. Die gemessenen Neutronendosen waren gering.
Bei den 2 Kontrollpersonen wurden nicht mehr als

2 Spuren/Monat, im Mittel aber weniger als 1 Spur/Monat
festgestellt. 2 Spuren entspricht 10 mrem. Auf den
anderen Dosimetern wurden hiufig Dosisbelastungen von
20 bis 35 mrem/Monat gemessen. Der Maximalwert betrug
50 mrem/Monat.
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c)

d)

Die h8heren Werte h#tten eigentlich gerade mit den
Kernspurfilmen meBbar sein milssen, insbesondere wenn

man beriicksichtigt, daf die Kernspurfilme fiir Neutronen
mit Energien ab 500 keV, die Spaltfragmentdosimeter aber
erst ab 1,3 MeV empfindlich sind. Diese Ergebnisse machen
aber auch verstindlich, warum in Jiilich nie eine Dosis-
belastung auf Kernspurfilmen gefunden wurde.

Zusammenarbeit mit Herrn Bricka, Cadarache

Durch denselben Vertrag werden auch Arbeiten mit Detektoren
nach Bonner in Cadarache gefdrdert. Zur Koordinierung
dieser Arbeiten war im Mai 1972 eine Besprechung in
Cadarache mit den Herren Bricka, Caizergues und

Lamberieux.

Verdffentlichungen und Vortrige

M. Heinzelmann, F. Rohloff, H. Schiiren,

EinfluB® gestreuter Neutronen auf die Kalibrierung von
Detektoren nach Bonner

Atomkernenergie 19 (1972) 312.

F. Rohloff,

Spezielle Probleme bei der Neutronendosismessung mit
Moderator-Detektor-Systemen

Proceedings First Symposium on Neutron Dosimetry in
Biology and Medicine, EUR 4896 (1972) p. ho5.

M. Heinzelmann, H. Schiiren,
Thoriumspaltfragmentdosimeter in der Neutronendosimetrie
Proceedings First Symposium on Neutron Dosimetry in
Biology and Medicine, EUR 4896 (1972) p. 315.

F. Rohloff, M. Heinzelmann,

The Influence of Detector-type and -equipment on the

Sensitivity of Bonner Spheres

IAEA Symposium on Neutron Monitoring for Radiation

Protection Purposes, Vienna 1972.
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Vertragspartner der Kommission: Gesellschaft fiir Strahlen- und
Umweltforschung mbH - Miinchen

Nr, des Vertrags: 065 - 72 - 1 PSTC
Leiter der Forschungsgruppe(n): Prof, Wachsmann u, Dr, G. Burger

Allgemeines Thema des Vertrags:
Strahlenschutz - Personendosimetrie

Gegenstand des Vorhabens ist sowohl die Ver besserung der Neutronen-
dosimetrie im Strahlenschutz als auch der damit zusammenh&ingenden
Kalibriertechnik, Verbesserungen in der Personendosimetrie sind der-
zeit nur in zwei Richtungen zu erwarten, ndmlich durch die Einflihrung
der nichtphotographischen Kernspurtechnik und durch die Verwendung
von Albedo-Dosimetern zur Erweiterung des erfassbaren Energiebe-
reichs. Fiir den Nachweis schneller Neutronen scheint sich Np-237
durchzusetzen., Die Arbeiten daran wurden mangels geeigneter Konver -
ter unterbrochen und werden 1973 unter Verwendung von Np-Aluminium-
Folien fortgesetzt, Zwischenzeitlich werden besonders die Auswerte-
verfahren verbessert. Die theoretischen Grundlagen fiir die Albedo-
technik wurden mit Hilfe der weiterentwickelten Neutronentransport-
programme in Angriff genommen,

Da Moderatordetektoren in der Strahlenschutzdosimetrie eine wesent-
liche Rolle spielen [4/, wurden deren Eigenschaften theoretisch und ex-
perimentell weiter untersucht,

Der Schwerpunkt der Arbeiten lag auf dem Gebiete der Kalibriertechnik,
Hier wurden die Arbeiten zur Neutronenspektrometrie fortgesetzt, sowohl
in Richtung der Verbesserung der experimentellen Methoden als auch der
numerischen Datenanalyse, (Spektrenentfaltung)

Im Rahmen eines Vergleichsprogrammes der Gemeinschaft wurden Ra-
dionuklidquellen kalibriert. Die Quellstidrkebestimmung erfolgt dabei
mit dem MnSO ,-Bad und dem Precision Long Counter, die Spektrome-
trie mit dem Szintillationsspektrometer,
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Ergebnisse des Projekts Nr, 1.

Leiter des Projekts und wissenschaftliche Mitarbeiter:
H, Schraube, W, Abmayr, F. Griinauer, K, Kolbe

Titel des Projekts:
Neutronendosimetrie und Kalibriertechnik

Ein Hauptziel war die automatische Auswertung von Atzspuren, Unter Ein-
beziehung der Katastrophen-Dosimetrie soll ein Spurdichtebéreich vonl -
105 Sp/cm2 tiberstrichen werden kénnen, Bis 4 - 102 Sp/cm2 verwenden

wir einen Funkenzéhler nach Cross und Tommasino, Fiir die Auswertung
hoher Spurdichten werden lichtoptische Methoden eingesetzt, ndmlich die Ab-
tastung der Detektorfolien durch ein Flying-Spot Mikroskop, das zur schnel-
len Datenverarbeitung online an einen Computer angeschlossen ist und durch
ein kommerzielles Fernseh-Mikrobildabtastgerit, Mit geeigneten Verfahren
kénnen Spur-Uberlappungen korrigiert und Spurdichten bis zu 4 . 105 Sp/cm2

mit guter Linearitit nachgewiesen werden,

Zur rechnerischen Bestimmung der Empfindlichkeitsfunktionen von Modera-
tordetektoren bieten sich bekannte SN-Codes an, Der zweidimensionale Co-
de DPT -2 sowie der eindimensionale Code ANISN wurden an eine Rechenan-
lage 360 -91 angepaBt und an einer Reihe von "benchmark''-Problemen ge-
testet, Fiir den Code ANISN wurde auch die adjungierte Rechnung durchge-
flihrt und am Beispiel der Bonner Moderatorkugeln erprobt, Sowohl die Bon-
ner Kugeln als auch der de Pangher Precision Long Counter wurden in streu-
strahlarmer Geometrie in der Neutronenmefhalle der GSF Neuherberg mit
Radionuklidquellen kalibriert und die Ergebnisse der Kugeln mit denen der

Rechnungen verglichen, An Hand der Ergebnisse wurden Kalibriervorschrif-

ten fiir Moderatordetektoren erarbeitet /3/.

Die Rechenergebnisse fiir die Empfindlichkeitsfunktionen des Teleskop-
Spektrometers wurden mit monochromatischen 14 MeV-Neutronen aus der
D, T-Reaktion an einem 400 kV-Van De Graaff-Generator unter Verwen-

dung der associated-particle Methode absolut iiberpriift, Fiir das Szintilla-

.92



tionsspektrometer erfolgt die Auswertung der Impulshohenverteilung nach
zwei Verfahren, dem vereinfachten sogenannten Differentiationsverfahren
und einem Entfaltungsverfahren unter Beriicksichtigung der realistischen
Empfindlichkeitsfunktionen, Die frither vorhandenen gréfieren Diskrepan-
zen zwischen den beiden Verfahren sind z, T, erkldrt und beseitigt /4/.
Bis auf noch ungeklarte kleinere Unstimmigkeiten in der Energieeichung
zeigen besondeérs die nach der vereinfachten Auswertemethode gewonne-
nen Ergebnisse des Szintillationsspektrometers eine gute Ubereinstimmung

mit denen des Teleskop-Spektrometers,

Die flir die verschiedenen Anwendungsbereiche im Rahmen der friiheren
Vertrige entwickelten Methoden der Spektrenentfaltung wurden einer zu-
sammenfassenden kritischen Wiirdigung unterzogen, Dazu wurden die ge-
brduchlichsten aus der Literatur bekannten Verfahren hinsichtlich ihrer
mathematischen Merkmale klassifiziert und mit den eigenen Verfahren ver-

glichen /5/.

Literatur

/1/ W. Abmayr, G. Burger, P. Gais, H, G. Paretzke and H, Platzer
Automatic Measurements of Tracks in Solid State Track Detectors
Proceedings 8th Intern, Coll, on Corp, Photogr, Bukarest, 1972

/2/ D. Nachtigall and G. Burger
Dose Equivalent Determinations in Neutron Fields
in Topics in Radiation Dosimetry, Academic Press, 1972

/3/ H, Schraube, F, Griinauer, and G. Burger
Problems in calibration of neutron moderator detectors
IAEA/SM-167/32, Vienna, 1972

/4/ H, Schraube, W. Eckl, K, Kolbe and G. Burger
The Spectrometry of Fast Neutrons with Different Methods
Proc. First Symp. on Neutron Dos. Biol, Med, EUR 4896 d-f-e, 1972

/5/ F., Griitnaver and W, Schmatz
Data analysis for low resolution neutron spectrometry
IAEA/SM-167/31, Vienna, 1972
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Vertragspartner der Kommission: Bundesforschungsanstalt
fiir Lebensmittelfrischhaltung, Karlsruhe

Nr. des Vertrags: 047-69-4 PST C

Leiter der Forschungsgruppe: Prof., Dr. J.F. Diehl

Allgemeines Thema des Vertrags: MeBbare Verédnderungen in
bestrahlten Lebensmitteln

In den vergangenen Jahren sind in mehreren Lindern Genelmigungen fiir die
Behandlung von Lebensmitteln mit ionisierenden Strahlen erteilt worden.
Eine EWG-Richtlinie fiir die Zulassung der Kartoffelbestrahlung in den
Mitgliedslindern der Europ, Gemeinschaft ist in Vorbereitung. Den mit

der Lebemsmitteliiberwachung beauftragten Stellen steht jedoch bis heute
keine allgemein anerkannte Methode zur Verfligung, die eine Unterscheidung
bestrahliter von unbestrahlten Lebensmitteln gestattet. Das Interesse an
der Entwicklung solcher Methoden ist daher groB.

Abgesehen vom Problem der Uberwachung interessiert die Untersuchung der
durch die Bestrahlung in Lebensmitteln verursachten chemischen und physi-
kalischen Verinderungen auch im Hinblick auf toxikologische und technolo~
gische Fragen. Ziel der in Teil B beschriebenen Arbeiten ist einerseits
die Priifung verschiedener analytischer Methoden auf ihre Eignung zum
Nachweis einer erfolgten Bestrahlung von Lebensmitteln und andererseits
die Vertiefung der Kenntnisse iiber die strahleninduzierten Verdnderungen
in Lebensmitteln.

Ergebnisse des Projekts Nr, |

Leiter des Projekts: Dr. H. Scherz, Bundesforschungsan-
stalt flir Lebensmittelfrischhaltung, Karlsruhe

Titel: Elektrische Leitfdhigkeit

Frithere Ergebnisse hatten gezeigt, daB beli Kartoffeln die elektrische
Leitfdhigkeit durch die Bestrahlung erniedrigt wird. Die Abhidngigkeit

der erhaltenen Werte von der Strahlendosis ist nicht linear; nach einem

-95-



anfinglich starken Abfall wird bei hoheren Dosen ein konstanter Endwert
erreicht. Die Untersuchungen wurden auf andere Materialien ausgedehnt:
Bei Bestrahlung von Apfeln, Karotten, Zwiebeln, Futterriiben, Kohlrabi
und Spargel (Dosis: 10, 20, 50 und 100 krad) konnte keine signifikante
Anderung der Leitfihigkeit festgestellt werden.

Bei unbestrahlten Kartoffeln war ferner beobachtet worden, daf ummittel-
bar nach dem Einstechen der Elektroden die Leitféhigkeit abfiel und nach
drei Minuten einen konstanten Wert erreichte, der 20 = 30 7 unter dem
Anfangswert lag. Dieser Leitfdhigkeitsabfall wird durch die Bestrahlung
stark reduziert und ab 50 krad erhdlt man ummittelbar nach dem Einste-
chen der Elektroden den Endwert. Da dieser Effekt Verminderung des Leit~
fihigkeitsabfalls von der Sorte weitgehend unabhidngig ist, kann er als
ein Unterscheidungsmerkmal zwischen bestrahlten und unbestrahlten Kartof-
feln gelten. Mit Sicherheit lassen sich Strahlendosen griBer als 10 krad
iber einen Lagerzeitraum von 4 Monaten nachweisen. Der Leitfihigkeitsab-
fall nach dem Einstechen der Elektroden konnte auch bei Riiben, Kohlrabi
und Spargel festgestellt werden. Allerdings ist der Effekt geringer als
bei Kartoffeln und zeigt keine Korrelation mit den angewandten Strahlen-

dosen,

Verdffentlichungen:

H, Scherz: Conductivity measurements as a method for differentiation
between irradiated and nonirradiated potatoes.
EURATOM Bericht, im Druck

Ergebnisse des Projekts Nr, 2

Leiter des Projekts: Dr. H. Scherz, Bundesforschungsan~
stalt fiir Lebensmittelfrischhaltung, Karlsruhe

Titel: Chromatographie und Kolorimetrie

Bei der Untersuchung der radiolytischen Spaltprodukte von Kohlenhydraten
wurden Malondialdehyd, Desoxy— bzw. Desoxycarbonylverbindungen und 1,4~

Pyronverbindungen gefunden. Da diese Substanzen bei der Bestrahlung in
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Lebensmitteln nur in sehr geringen Mengen gebildet werden, ist es not-
wendig, zu deren Nachwels und quantitativer Bestimmung geeignete An-
reicherungsverfahren auszuarbeiten. Als Untersuchungsobjekt diente Wei-

zenmehl,

Durch fest—fliissig Extraktion mit dem Lisungsmittelgemisch Athylacetat-
Aceton-Wasser 4:5:1 (v/v) wurden neben geringen Mengen an strahlenindu-
zierten Spaltprodukten grofle Mengen an Lipiden und Phosphatiden mit ex-
trahiert, die im weiteren Verlauf der Aufarbeitung Emulsionen bildeten,

die eine quantitative Isolierung ummodglich machten.

Bessere Ergebnisse wurden durch eine Kombination von Dialyse mit fliissig-
fliissig Extraktion erzielt. Aufschlidmmungen von bestrahlten Mehlproben
wurden in Dialysierschlduche gefiillt und diese in die widssrige Phase der
Extraktoren eingebracht. Die niedermolekularen Spaltprodukte diffundie-
ren durch die Schlauchwinde, und die mehr hydrophoben Substanzen werden
kontinuierlich in die organische Phase iiberfiihrt. Nach deren Abdampfen
konnten die 1,4-Pyrone nach diinnschichtchromatographischer Trennung in
bestrahltem Mehl ab 2 Mrad einwandfrei nachgewiesen werden.

Verdffentlichungen:

1) H. Scherz: Uber die Bildung von Malondialdehyd bei der Bestrahlung
von Lebensmitteln.
Chem, Mikrobiol. Technol. Lebensm. 1 (1972) 103

2) H. Scherz: Die Bildung von 1,4~Pyronen bei der Radiolyse von Stirke.
Z. Naturforschg., im Druck

Ergebnisse des Projekts Nr., 3

Leiter des Projekts: Dr. B.J. Radola, Bundesforschungsan-
stalt fiir Lebensmittelfrischhaltung, Karlsruhe

Titel: Chromatographie, isoelektrische Fokussierung und
Enzymanalyse

In Fleisch, das mit einer Dosis von I bzw. 5 Mrad bestrahlt wurde, las-
sen sich mit Hilfe verschiedener Enzymnachweise in den Sarkoplasma=Pro-

teinen strahleninduzierte Verinderungen feststellen, die es emmiglichen,
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eine erfolgte Bestrahling zu erkennen und die angewandte Dosis abzu-
schitzen. Bei der Diinnschicht-Gelfiltration wurde bei Anwendung chromo-
gener und fluorogener Nachweisverfahren fiix Esterasen und Lipasen zu-
sdtzlich zu den 2-3 im unbehandelten Fleisch vorhandenen enzymatisch
aktiven Zonen eine strahleninduzierte Fraktion gefunden, die aufgrund
des hohen RM Wertes von ~ 2,4 leicht zu erkennen war. Diese Fraktion
hatte denselben RM Wert wie eine bereits frilher bei der Proteinanfir-
bung gefundene strahleninduzierte Fraktion. Empfindliche Sekunddrsub-
strate ermbglichten auch den Nachweis einer strahleninduzierten Frak-
tion mit Peroxidaseaktivitdit. Der RM Wert dieser Fraktion lag ebenfalls
bei ~ 2,4, In Modellversuchen wurde ein Gemisch aus Sarkoplasma-Pro-
teinen aus Rindfleisch und einer vorgereinigten Meerrettich-Peroxidase
bestrahlt. Bei steigender Strahlendosis traten zunehmende Mengen enzy—-
matisch aktiver Aggregate auf, die bei der Diinnschicht-Gelfiltration
mit einem Ry Wert von ~ 2,4 wanderten. Aufgrund dieser Modellversuche
ist es sehr wahrscheinlich, daB es sich auch bei der im bestrahlten
Fleisch gefundenen Fraktion mit Ry ~ 2,4 um strahleninduzierte enzyma-
tisch aktive Aggregate handelt. Verglichen mit den bisher angewandten
Methoden der Proteinanfirbung sind die enzymatischen Nachweismethoden
einer erfolgten Bestrahlung einfacher und schneller.

Bei der diinnschicht-isoelektrischen Fokussierung und der Disk-Fokussie-
rung wurden durch enzymatische Nachwelsverfahren charakteristische An-
dexrungen des Fokussierungsmusters festgestellt, die einen zusétzlichen
Hinweis auf eine erfolgte Bestrahlung ermbglichen. Es tritt eine dosis-
abhingige Verminderung der basischen Proteine sowie einiger Komponenten
im Bereich pH 6-7 ein. Auch bei Enzymen (Esterasen, Peroxidasen) wurden
bei der Bestrahlung die basischen Isoenzyme bevorzugt inaktiviert. Die
strahleninduzierten Verdnderungen des Fokussierungsmusters der Proteine
sind nach Bestrahlung mit 5 Mrad gut sichtbar. Charakteristisch fiir das
Muster der Proteine aus bestrahltem Fleisch sind = neben quantitativen
Unterschieden - unscharfe Zonen und eine starke Untergrundfirbung zwi-

schen den Proteinzonen.
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Ergebnisse des Projekts Nr. 4

Leiter des Projekts und wissenschaftliche Mitarbeiter:
Prof. Dr. F. Drawert, Dr. B. Beck, Institut fiir chemisch-
technische Analyse und chemische Lebensmitteltechnologie
der Technischen Universitidt Miinchen

Titel: Gaschromatographie und Massenspektrometrie

Tripalmitat, Tristearat, Olsiuremethylester, Linolsduremethylester, Lau-
rinsdure, Schweinefett, Palmin, Sonnenblumentl und Olivenl wurden mit
einer Dosis von 0.5 bis 6 Mrad bestrahlt. Nach Trennung der Kohlemwasser=-
stoffe von den Sauerstoffverbindungen an Kieselgel unter Verwendung von
Pentan bzw. Pentan/Ather als elutrope Reihe wurden in den mit 6 Mrad be-
strahlten Proben 28 Kohlenwasserstoffe und 24 Sauerstoffverbindungen gas-

chromatographisch getrennt und massenspektrometrisch identifiziert.

Aufgrund der gefundenen Spaltprodukte sind amhand der Literatur Radikal-
mechanismen zu diskutieren, was auch Veranlassung dazu gab, Fette nach
24stiindigem Erhitzen auf 170° C zu untersuchen. Auch hier konnten 28
Kohlenwasserstoffe identifiziert werden, die aber zusitzlich Cyklohexene
enthalten, wodurch eine Unterscheidung zwischen bestrahlten und erhitz-
ten Fetten mdglich ist. Unter den gewdhlten Bedingungen werden die er-
hitzten Fette stdrker verdndert als die bestrahlten.

Verdffentlichungen:

1) F. Drawert, B. Beck: Bildung von 9-Oxo-nonansiuremethylester und
Nonanal aus Olsiuremethylester von 9-Oxo-nonansdure aus Schweine-
fette durch Bestrahlung mit 6 Mrad.

Chem, Mikrobiol. Technol., Lebensm. 1 (1972) 110 - I11i

2) F. Drawert, B. Beck: Bildung von 9-~Oxo-nonanséuremethylester und
12-0xo~dodecesduremethylester aus Linol- und Linolensduremethylester
und von 9-Oxo-nonansiure aus Sonnenblumendl durch Bestrahlung mit
6 Mrad.

Chem. Mikrobiol. Technol. Lebensm. 1 (1972) 158 - 159
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Ergebnisse des Projekts Nr. 5

Leiter des Projekts und wissenschaftliche Mitarbeitexr:
Dr. H. Penner, S. Shirsat, Bundesforschungsanstalt fiir
Lebensmittelfrischhaltung, Karlsruhe

Titel: Mikrostruktur, Chromatographie

Zur Beantwortuﬁg der Frage, ob frither mit histologischen Methoden fest-
gestellte Strahlenwirkungen auf die Wundheilung auch mit biochemischen
Methoden nachweisbar sind, wurde der EinfluB einer Bestrahiung (Dosis

10 — 15 krad) auf stoffwechselphysiologische Vorginge in Kartoffelknol-
len untersucht. Gemessen wurden die Aktivitdt der Phenylalaninammonia-
lyase (PAL) und der Gehalt an Chlorogensiure in bestrahlten und unbe-
strahlten Kartoffeln sowie in inkubierten Gewebeschnitten. Zur Bestim—
mung der Chlorogensdure wurde eine diinnschichtchromatographische Methode
mit densitometrische Auswertung entwickelt.

Werden Kartoffelscheiben oder =wiirfel in einer feuchten Kammer inkubiert,
so nimmt der Gehalt an Chlorogensédure sowie die Aktivitdt der PAL zu,

Bei bestrahlten Kartoffeln zeigt sich mit zunehmender Strahlendosis eine
verstirkte Chlorogensiuresynthese und eine abnehmende PAL~Aktivitdt,
Diese Effekte sind jedoch stark von der Kartoffelsorte und von Lagerungs-
bedingungen abhdngig und daher fiir eine Identifizierung bestrahlter Kar—
toffeln nur beschrénkt geeignet,

Veroffent lichungen:

1) H. Penner und H. Fromm: Versuche zum Nachweis einer erfolgten Be-
strahlung von Kartoffeln. II. Bestimmung der Chlorogensdure.
Z.- Lebensmittel-Unters. =Forschg. 150 (1972) 84

2) H. Penner: Versuche zum Nachweis einer erfolgten Bestxahlung von
Kartoffeln. III. Die Wirkung vom Rontgenstrahlen auf die Chlorogen=—
sdurebiosynthese in der Kartoffelknolle.

Potato Research, im Druck

3) S. Shirsat und H. Penner: Versuche zum Nachweis einer erfolgten Be-
strahlung von Kartoffeln. IV. Die Wirkunmg von Rintgenstrahlen auf
die Bildung von Phenylalaninammonialyase in Kartoffeln.

Z. Lebensmittel-Unters. =-Forschg.,im Druck
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A. The

Results of the project Nr. O47-69-4 PSTC

Head of the team / scientific coworkers: L.Strackee
D.Onderdelinden

Title of the project: Detection of irradiated foodstuffs by

means of electron spin resonance

Description of the results obtained in the period
Jan 1 - Dec 31 1972

investigations performed during the above mentioned period were

mainly concentrated on ESR measurements of irradiated plastic materials.

The

was

materials were obtained from commercial sources and were used with-
further purification and are listed below.
polyethene a) high pressure polyethene
b) low pressure polyethene, low molecular weight
¢) low pressure polyethene, high molecular weight
polypropene
polystyrene
polyacetale
polytetrafluorethene
polycaprolactam
polyvinylchloride a) density 1.39 gram cm'3
b) density 1.35 gram em™
polymethylmethacrylaat
phenolformaldehyde paper
phenolformaldehyde tissue
polycarbonate

formation and decay of radicals induced in these materials by y rays
studied. An evaluation of the ESR spectra measured after the irra-

diation leads to identification of the radicals in most cases. The
decay behaviour of these radicals was studied quite extensively.

Quite generally it follows from the performed study on the induction of

free radicals in polymers that can be used as packaging material that

for

most cases the radicals can be measured during a period of the order
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of 2 months after irradiation ,with a dose of one Mrad. Exceptions are
formed for polymers with a large fraction in the glass state above the
glass temperature and for polymers with plasticizers. The number of
radicals created in the polymers was found to depend on irradiation con-
ditions such as dose rate, temperature and gas environment. A model with
accounts qualitatively for some of these parameters is given. Decay times
were also found to depend on these parameters. It is therefore not
possible to deduce accurately from an ESR measurement to what dose a
sample is irradiated, even if the date of any possible irradiation can
be estimated. An exception is formed by Teflon, where at room temperature

no decay of any significance could be observed.

The results are presented in a report entitled: "ESR Study on irradiated
plastics" which has been accepted for publication as an EUR-report.

At the end of above mentioned period measurements were started on
changes in the electrical conductivity of irradiated potatoes. The first
measurements were performed with the potatoe variety "Bintje" and were
consistent with the results obtained by dr.Scherz in Karlsruhe.
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Contrat n° 047-69-4 PSTC
Institut d'Hygiéne et d'Epidémiologie
Bruxelles (Belgique)
Directeur : Prof. Dr. A. LAFONTAINE
Chefs du projet : Dr. L. BUGYAKI
Dr. M. VANDER STICHELEN ROGIER.

Application de techniques &lectrophorétiques & l'identification de l'irradia-

tion de certains aliments.

Deux techniques ont &été testées dans ce but :

électrophorése en gels de polyacrylamide (méthode d'Ornstein et Davis) et
focalisation isoélectrique en gels de polyacrylamide (ampholines de pH 3-10;
7-10; 3-6 et 5-8).

Elles ont &té appliquées aux extraits protéiniques des aliments irradiés

(3 la température ordinaire) suivants :

~ viande de boeuf (5 Mrad et 0,5 Mrad)

- filet de cabillaud (1 Mrad)

- oeuf entier homogénéisé (1 Mrad)

- crevette grise cuite et décortiquée (200 krad)
- champignon de couche (250 krad)

- oignon (10 krad)

- pomme de terre blanche (15 krad).

Les échantillons irradiés ainsi que les t&moins non irradiés ont été conservés
en réfrigérateur sauf les oignons et les pommes de terre qui ont &té conservés
dans une cave. Les protéines ont été extraites au moyen de solutions tampons
adéquates. Dans le cas des crevettes, des champignons, des oignons et des
pommes de terre, les extraits furent lyophilisés apré&s dyalise contre de l'eau
distillée.

Electrophorése en gels de polyacrylamide.

- protéines sarcoplasmiques de la viande et du poisson : certaines différences
apparaissent entre les séparations électrophorétiques des extraits protéini-
ques des échantillons irradiés et non irradiés, notamment dans l'affaiblisse-
ment ou la disparition de certaines zones colorées.

- oeufs : de faibles différences, dues & 1'irradiation, apparaissent dans les
séparations &lectrophorétiques des différents extraits. Toutefois, la
congélation d'un échantillon modifie plus les séparations &lectrophorétiques
que ne le fait 1'irradiation ce qui, par conséquent, rend la méthode inadé-
quate pour détecter l'irradiation.

- crevette : nous ne sommes pas parvenus a reproduire les résultats d'une
méthode d'identification publiée. De nouveaux essais en ce sens seront
entrepris.

- champignons, oignons et pommes de terre : il n'apparalt pas de différences

notables entre les séparations des extraits protéiniques des échantillons
irradiés et non irradiés.
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Focalisation isoélectrique

- protéines sarcoplasmiques de la viande et du poisson : certaines différences
apparaissent entre &chantillons irradiés et non irradiés mais les expériences
sont toujours en cours.

- oeufs : mémes conclusions que pour 1'électrophorése.

- crevettes : les séparations obtenues sont mauvaises. De nouveaux essais
seront entrepris avec d'autres tampons d'extraction.

- champignons et oignons : aucune différence notable n'apparait entre les
extraits protéiniques des é&chantillons irradiés et échantillons témoins.

- oignons : une certaine différence apparait, provoquée par 1'irradiation mais
ce résultat doit @tre confirmé par de nouvelles expériences.

2. Identification des champignons irradiés au moyen de cultures cellulaires.

Différents milieux de culture (3 base d'agar) ont &té ensemencés au moyen de
boutures prélevées sur des champignons irradiés et des champignons frais non
irradiés. Aprés 24 h. d'incubation & 25° C. on observe la prolification de
filaments (hyphes) en plusieurs endroits de la bouture dans le cas du champi-
gnon frais non irradié. Par contre dans le cas des champignons irradids i la
dose 250 krad il n'y a pas de formation d'hyphes nouvelles. Cette méthode
simple permet donc d'identifier les champignons irradiés. Des études complé-
mentaires vont &tre effectudes afin de déterminer la sensibilité du phénoméne
4 la dose d'irradiation.

Publications.

1/ L. BUGYAKI et M. VANDER STICHELEN ROGIER - Eur. 4878 (en cours d'impression) :
Immunoélectrophorése et &lectrophorése verticale en gel d'amidon des protéines
de la viande, du poisson et de 1'oeuf entier, irradiés aux rayons gamma.

2/ L. BUGYAKI et P. HEINEMANN; Atoomkernenenergie, 19, 261 (1972) : Identification
des champignons irradiés.
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Contractant de la Commission : CENATRA
Numéro du contrat : 047-69~4- PST C
Directeurs des recherches : Prof. Ir. E. Maes

Prof. Ir. A.R. Deschreider,
Sujet général du contrat : La détection de l'irradiation
des denrées alimentaires.

Dans le cadre de l'application des rayons gamma en vue de la
conservation des aliments, une attention particuliére a &té
donnée 3 la détection d'un traitement de ce genre. Il s'agit

14 d'un probléme dont les aspects sanitaires et juridiques

sont évidents.

Dans l'étude de ce problé&me il y a d'une part la recherche des
constituants des aliments dont les modifications, sous l'action
du rayonnement sont susceptibles de servir de critére pour la
détection; et d'autre part, le choix des techniques les plus
aptes & déceler des modifications trés faibles.

Dans le présent contrat de recherche, c'est & CENATRA que
furent confiés les moyens d'investigation relevant de la
spectrophotométrie, de la spectropolarimétrie et de 1l'analyse
thermodifférentielle.

Pendant l'année 1972 cet institut s'est attaché a l'examen des
trois points suivants

a) l'étude en infrarouge différentiel des emballages nlasti-

ques alimentaires irradiéds.

b) l'examen comnlémentaire des nolym@res irradiés dans le

proche infrarouge.

c¢) la possibilité d'utiliser l'activité de la peroxydase de
choux de Bruxelles comme moyen de détection de l'irradiation

de ce légume.
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Résultats du projet n°® 1

Directeurs des recherches et collaborateurs scientifi-
ques : Prof. Ir. E, Maes, Prof. Ir. A.R. Deschreider,
‘J.~M. Vigneron, Dr. Sc.

Titre du projet : La détection de l'irradiation des
denrées alimentaires.

a)

b)

Infrarouge différentiel des plastiques irradiés.

Cette &tude a permis de classer les polyméres en trois
groupes selon leur réaction aux rayons gamma.

Dans un premier groupe se trouvent le polystyréne, le
propyléne et le polyé&thyléne.

Le polyéthyléne présente un nombre de bandes d'absorption
ayant une absorbance supérieure & 10 %, qui croit en fonc-
tion de la dose d'irradiétion. Cela se vérifie pour chaque
épaisseur des feuilles de polymire.

Pour le propyléne et le polystyré&ne &galement le nombre de
bandes croit avec la dose et un certain nombre d'entre
elles sont caractéristiques.

Il ressort que le polyéthyléne et le polystyréne sont plus
sensibles au rayonnement que le polypropyléne.

Le second groupe comprend le chlorure de polyvinyle et la

polyamide., Ici, le nombre de bandes d'absorption différen-
tielle n'est pas aussi important ni marqué que pour le pre-
mier groupe.

Le troisiéme groupe comprend le cellophane qui ne présente
que peu de bandes diff&rentielles, mais elles sont trés

.prononcées, en particulier celle situ€e & 6 microns.

L'infrarouge proche des plastiques irradiés.

L'irradiation du polyester se traduit par un effet hypso-

chrome et l'apparition d'une bande d'absorption supplémen-
taire aux doses de 0,1 et 1 Mrad et de deux bandes supplé-
mentaires pour 5 Mrad.
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Lorsque l'épaisseur du film passe de 13 & 26 microns, le
nombre de bandes décroit fortement. Pour le polystyréne, la
zone la plus intéressante se situe entre 2,21 et 2,36 microns;
en plus d'un effet bathocrome, une nouvelle bande d'absorp-
tion apparait déja a 0,1 Mrad.

Quant au cellophane, l'action du rayonnement dépend du type.
C'est ainsi que pour le type 340 X S 1l y a un effet batho-
chrome prononcé aprés l'irradiation et disparition d'une
bande d'absorption. Alors que pour le type 335 MS il y a

un effet hypsochrome s'accompagnant d'une bande supplémen-

taire dont 1'absorbance est pronortionnelle 3 la dose de

rayonnement.

En résumé, le choix des paramé@tres instrumentaux a permis
d'établir une distinction entre les polyméres irradiés

et non irradiés.

c)L'activité de la peroxydase du choux de Bruxelles.

L'activité de la peroxydase de Brassica Obracca a &été suivie
par la mesure de l'absorbance des solutions & 420 nm en
fonction du temps.

Si les échantillons irradiés ont fourni des courbes d'acti-
vité de la peroxydase différentes de celles des &chantillons
non irradiés, il s'avére cependant qu'elles ne peuvent servir
3 la détection de l'irradiation de ce légume.
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TRANSPORT VON RADIONUKLIDEN IN DEN KOMPONENTEN DER UMWELT

TRANSFER OF RADIOACTIVE NUCLIDES IN THE CONSTITUENTS OF THE
ENVIRONMENT

CHEMINEMENT ET TRANSFERT DES RADIONUCLIDES DANS LES COMPOSANTS
DU MILIEU AMBIANT
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Weitere Forschungsarbeiten zu diesem Thema werden auch in folgen-
den Jahresberichten beschrieben:

Further research work on these subjects will also be described
in the following annual reports:

D'autres travaux sur ce théme de recherche sont également décrits
dans les rapports annuels suivants:

100~-BIAF CEA, CEN Fontensy-aux-Roses (Lafuma)
Biology Group Ispra
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Contrat N° 061-72-1

Commissariat a 1'Energie Atomique, Paris, France
" Niveaux de pollution du milieu ambiant "

Chef du Groupe de recherche : G. LACOURLY

Dans son .stade actuel, |'étude comprend quatre

projets principaux :

i/ Etude des paramétres biologiques de |'homme européen

2/ Etude des paramétres de transfert de la contamination de |'environnement
3 partir de-la pollution de |'atmosphére

3/ Etude des paramétres de transfert de la contamination & partir de la
pol lution des eaux

4/ Etude des paramétres de transfert de la contamination déposée dans

les sols.
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Projet N° | -
Etude des paramétres biologiques de |'homme européen -
M. KARHAUSEN, Mme GARNIER -

RESULTATS -

| - Paramétres de dilution au cours du transit gastro-intestinal
{collaboration du Professeur Loeb de 1'Université de Bruxelles ) =
L'étude de la dilution du repas chez le nouveau-né,
I'enfant et I'adolescent 3 différents niveaux du tractus gastro-intestinai
est terminée, L'introduction des valeurs obtenues dans le modéie mathé-

matique, précédemment mis au point, permettra d'obtenir le premier modéle
dosimétrique du TGl chez !'enfant.

2 - Métabolisme thyroTdien ( collaboration du Dr Ermans, Decoster et

TRTTTY 3 TTURIVGrsTT de Bruxel les ) -

Une premiére étude porte sur les variations géogra-

phiques de la captation thyroTdienne et de |'apport d'iode stable dans
les six pays de la Communauté Européenne. Une carte a été établie qui
montre tes variations régionales de ces valeurs, On observe des variations
relativement importantes qui atteignent un facteur de trois entre les
différentes régions. || reste quelques zones d'ombre plus difficiles a
connaltre parce que moins bien désservies médicalement, Elles seront
étudiées au cours de |'année 1973,

L'étude qui porte sur |'hétérogénéité de ta distri-
bution de |'iode dans fa thyroTde est en cours, Cette étude doit permettre

de calculer la dose délivrée non plus & la glande thyroTde, mais aux
structures tissulaires.

Enfin, 1'étude cinétique précoce de |'iode destinée
a compléter le modéle métabolique antérieurement &laboré est terminée,

3 -~ Métabolisme du strontium ( collaboration du Professeur Lanzola de
[TUniversite de Pavie ) -

Les résultats de |'enquéte sur le strontium 90 dans
les os des enfants ont été présentés au Congrés International sur le

-

métabolisme du strontium & Glasgow.

4 - Absorption intestinale du plomb -

Une discussion critique de !a |ittérature portant
sur {'absorption intestinale du plomb chez ['homme a é+é présentée au

Congrés organisé par |'Environmental Protection Agency et la C.E.E, &
Amsterdam,

5 - Composition minérale du corps humain ( Laboratoire de Chimie Analytique
C.E.A., Fontenay-aux-Roses ) -

Le programme comporte |'étude de ta teneur des différents
tissus du corps humain en ol igoéléments. L'étude pilote est terminée et les
techniques sont & présent au point.
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Projet N® 2 -
Etude des paramétres de transfert de la contamination de |'environnement
& partir de la pollution de |'atmosphére -

M, ANGELETTI -
RESULTATS -

Les recherches entreprises avec la co!laboration du
Kernforschungsanlage & JUlich ( Dr Vogt ) ont été poursuivies.

Au cours de i'année 1972, on a effectué, d'une part,
des mesures In situ de la vitesse de dépdt sur I'herbe de I'iode 127
et, d'autre part, des mesures en systéme fermé ( boite a gants ) du
rapport entre les vitesses de dépdt sur I'herbe de I'iode et du iodure
de méthyle,

Les essais in situ ont été réalisés tant sur des
prairies naturelles que sur du ray-grass et du tréfle cultivé.

Les nombreux résultats obtenus sont encore en cours
d'élaboration et feront prochainement |'objet d'une publication.

Les valeurs frouvées pour les vitesses de dépdt sont
comprises dans |'intervalle de 0,3 - 2,7 cm s~} et elles apparaissent
dépendre de la vitesse et du profil du vent ainsi que de la densité de
I'herbe, de |'espéce végétale et de son &ge. Le traitement en cours des
données devrait permettre d'évaluer !'influence de ces différents
paramétres.

Les études en systéme fermé ont montré que les valeurs
du rapport des vitesses de dépdt de |'lode vapeur et de t'iodure de
méthyle sont d'environ 80, ce qui est en bon accord avec ce qui a été
trouvé par les expérimentateurs américains.,
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Projet N° 3 -

Etude des paramétres des transferts & |'homme de la contamination & partir
de la pollution des eaux -

M, BITTEL, Mme VAUBERT, Mme GARNI|ER -

| = Transferts de la contamination aux végétaux irrigués -

En collaboration avec la Division de Biologie
d'Euratom & Ispra, deux études ont été poursuivies. La premiére concerne
la contamination, par le chrome 5| sous forme chromate, de prairies
de type " marcites " irriguées par submersion. Les coupes successives
ne prélévent qu'une assez petite fraction du chrome 5! apporté, cette
fraction étant d'autant plus faible que la teneur des eaux en chrome
stable est moins élevée ; mais les arriéres effets d'une contamination
sur les coupes ultérieures irriguées avec de |'eau non contaminée sont
importants,

La seconde étude concerne la contamination ,par le
zinc 65 et le césium i34, d'une prairie mixte ( ray-grass et tréfle )
irriguée par aspersion, Les deux plantes se contaminent identiquement,
les rétentions des deux nucléides sont égales, dans les conditions
expérimentales adoptées, mais le césium migre plus dans la plante que
le zinc,

En collaboration avec le laboratoire de Radioécologie
Continentale du Département de Protection du C.E.A,, on a réalisé a
Cadarache des études sur |'Influence de la minéralisation de |'eau
d'irrigation et de la forme physico-chimique du radiocobalt sur la
contamination de légumes irrigués par aspersion. La contamination des
parties comestibles ( feuitles de laitue, gousses de haricots ) est
plus faible quand |'eau est fortement minéralisée et quand le cobalt
est complexé,

2 = Transferts de la contamination aux organismes dulgaquicoles =

En collaboration avec la Division de Biologie
d'Euratom & Ispra, on a poursuivi les études sur la contamination des
poissons par le zinc 65 et entrepris des recherches relatives au chrome 51,
On a constaté en particulier que le chrome |11 était plus " accumulé " que
le chrome VI,

L'étude de la contamination d'invertébrés par
divers produits d'activation ( zinc, cobalt, chrome ) a montré que les
formes complexes étaient moins prélevées que les formes simples,

3 - Essais d'évaluation des risques de contamination radioactive interne
de IYhomme du fait de |'ingestion d'aliments d'origine marine -

En utilisant les données de la Radioécologie et
des enquétes alimentaires, on a comparé la méthode dite des facteurs de

concentration et celle de |'activité spécifique. Appliquées 3 un cas
concret, elles conduisent & des résultats du méme ordre.
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4 - Transfert de la contamination au cours des processus de production
et de transtformation des produits alimentaires -

En collaboration avec le Centre National de Recherche
Zootechnique et avec le laboratoire de Biologie Végétale du Département
de Recherche Fondamentale du C.E.A., on a étudié te comportement de
divers métaux lourds ( Hg, Pb, Cu, Zn, Cr, Co, Fe ) des aliments du bétail
( vache ) au lait, puis & divers produits d{rivés du lait, On constate
une concentration de ces éléments dans les fromages et une dilution
relative dans les lactosérums correspondants.,

5 = Transferts des pollutions associées aux pollutions radicactives
dans des chaines trophodynamiques marines -

En collaboration avec le CERBOM & Nice, on a étudié
le transfert de divers métaux lourds ( Pb, Hg, Cr, Cu, Zn ) dans une
chatne du type benthique & mol lusques, Cn constate une forte concentration
relative dans les deux échelons marins étudiés ( ptancton, moules ).

Dans les conditions expérimentales adoptées, !'incidence de la forme
chimique des polluants est faible.
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Projet N° 4

Etude des paramétres de transfert de la contamination déposée dans les
sols et les limons -

M. MAGNAVAL -
RESULTATS -

I - Etude du comportement du césium 137 dans les sols -

a

L'évaluation du transfert sol-plante & partir
d'expériences en conditions contrélées est comparée aux résultats
déduits d'observations in situ. Les valeurs observées sont proches
dans les deux cas, pour des teneurs en césium échangeable inférieures
32 1%, au-deld le coefficient de transfert observé in situ est toujours

Y

inférieur a celui déterminé & partir d'expériences en pots,

Les caractéristiques physico-chimiques du sol :
capacité d'échange, teneurs en argile et en matiéres organiques,
influencent |'absorption du césium 137 dans le cas du bié, par contre,
la contamination indirecte de 1'herbe est beaucoup plus dépendante
de la teneur en eau du sol et des facteurs saisonniers,

2 - Fixation du mercure 203 sur les sédiments ( cotlaboration aux
travaux du laboratoire de Biologie Végétale du CEN=Grenoble ) -

La cinétique de fixation du chlorure et du méthyie
de mercure par les sédiments_de riviére est de la forme

_ t .n
C = Co (G S )

ol C, est la concentration initiale et C la concentration & I'instant
+ du polluant ",a et n " sont des paramétres dépendant du modéle

expérimental .
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PUBLICATIONS DE L'ANNEE | 9 7 2

Sszxsszmazss=ssS=Zs=SsS=zsSz=Sa=II

LACOURLY G, Problémes posés par 1'évaluation de la capacité radio-
diologique limite d'un milieu récepteur - Principes
généraux d'approche
Actes du Symposium International : La Radioécologie
appliquée & la protection de |'homme et de son
environnement =~
Rome, 7-10 Septembre {97! , CCE, Luxembourg , 1972,
EUR 4800 d.f.i.e., pp 459-475 ).

BITTEL R, Utilisation des informations des recherches radioéco-
logiques relatives aux produits métalliques d'activation

pour |'étude des transferts & |'homme de polluants
chimiques métalliques ou organométall iques

Actes du Symposium International - La Radioécologie
appliquée & la protection de |'homme et de son envi-
ronnement

Rome, 7-10 Septembre i971, CCE, Luxembourg, 1972 ,
EUR 4800 d.f.i.e., pp 745-758 ),

BITTEL R,, MERLIN! M., BEQUE H., BERG A., MYTTENAERE C,, RAVERA O,, VEROT JL.,
VAN DER BORGT 0.

Etude du transfert 3 I'homme, par les aliments des radio-
isotopes du ruthénium, du cobalt et du zinc rejetés dans
les eaux continentales,

Rome, Symposium International - La Radioécologie appliquée
a la protection de |'homme et de son environnement,

Rome, 7-10 Septembre 197, CCE Luxembourg, 1972,

EUR 4800, d.f.i.e., pp 869-890.

BITTEL R. Contribution d'un modéle prévisionnel & |'établissement
de formules de rejet d'effluents radioactifs dans les
eaux,

Rome, Symposium International - La Radioécologie appliquée
& la protection de |'homme et de son environnement,

Rome, 7-10 Septembre 1971, CCE Luxembourg, 1972,

EUR 4800, d.f.i.e., pp 977-987,

LEHR J., MYTTENAERE C,
Estimation du taux de transfert de la radiocontamination
de fa pluie aux végétaux,
Actes du Symposium International - La Radioécologie
appliquée & la protection de |'homme et de son environnement
Rome, 7-10 Septembre 1971, CCE Luxembourg, 1972,

EUR 4800, d.f.i.e., pp 989-1013,
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MARCKWORDT U., LEHR J.

ANGELETTI L.

Factors of transfer of |37 Cs from soils

to cirops

Actes du Symposium International - La Radioécologie
appliquée a la protection de |'homme et de son
environnement,

Rome, 7-10 Septembre 1971, CCE, Luxembourg, 1972,
EUR 4800 d.f.i.e., pp 1057-1067.

La contamination des p8turages par |'iode |3l
lére partie : la vitesse de dépdt de |'iode !3l.
EUR 4872 f

RAPPORT ANNUEL 197! " Niveaux de contamination du mil{eu ambiant

GARNIER A,

LACOURLY G,

et de la chatne alimentaire "
EUR 4885 f

Evaluation des doses d'irradiation interne délivrées
aux individus du public par suite de la pollution

des aliments par e 90Sr et le |137Cs en vue de la
détermination des niveaux de rejet des radionucléides
dans le milieu ambiant

Health Physics, Pergamon Press 1972, Vol,., 22 ( March ),
pp 267-277, Printed in Northern lreland.

La protection radiologique des individus du public :
Discussion des problémes posés - Solutions actuelles -
Perspectives futures

Health Physics, Pergamon Press 1972 ( March ), pp 279-
285, Printed in Northern Ireland.

PUBLICATIONS SOUS PRESSE

KARHAUSEN L., PAGES J.P., PIEPZ A,,

Fate of iodine radioisotopes in infants and
adolescents
Health Physics.

KARMAUSEN L., PAGES J.P., PIEPZ A., DE VISCHER M,, VACCA G,
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Contract No, 104-72-1 BIAI
Laboratorio per lo Studio della Contaminazione Radioattiva del Mare

Association CNEN-EURATOM - Fiascherino (La Spezia) ltaly
Dr. Michael Bernhard

Title:

The dynamics of radioactive and stable elements in the marine environ-

ment under special consideration of those elements which are important

to marine radiocontamination

Results:

The results of 6 of the projects are organized according to the
different levels of the food chain, starting from the physical and chemi-
cal environmental factors of the environment, The last project repre-
sents a joint effort to synthesize the results obtained by all projects
in order to build short-term and long-term models of the behaviour of
radioisotopes in the marine environment, The long range program of
each project contains at least two parts, one to be carried out under
laboratory conditions and one under field conditions in order to guaran-
tee that the experiments are carried out under conditions comparable
to those in nature,

As in previous years the isotope work has been centered on
zinc and phosphorus, Zinc is representative for a metal with different
physicochemical states, both labil and inert, while phosphorus is an
example for a biological important element with a rapid turnover,

Since many publications on up-take and loss experiments do
not supply enough informations on such basic and important biological
data such as growth, culture conditions etc, , great emphasis has

been placed on the importance of these parameters in the projects,
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Project No, 1
Title: Physical environmental factors of marine contamination and
Special Developments
Name of scientists: M, Bernhard, A, Benedetti, F, Moller and
M, Soldi (all part-time)

Results:

1) Development of an instrument computer system for the determination

of number and size of fluorescent and not fluorescent particles

The dynamics of particles, inorganic and organic, play an important
role as sorption sites in the distribution of radioisotopes,

Phytoplankton with fluorescent chlorophyll represents probably the
most important way of entrance of elements into the food chain, In order
to select a counter for the instrument system the results obtained with
three commercial available instruments (Celloscope, "Cell counter",

(Air supply), Cytofluorograph) were compared with the manual counts

using the Utermoehl technique (in collaboration with project 3). Of the
three instruments only the Cytofluorograph is already capable to distin-
guish between fluorescent and not fluorescent particles the other two
have still to be adapted, Comparing the results testing mono-and-poly-
algal solution showed that the "cell counter"” net values were about 7 %
higher than the manual counts with a coefficient of variance of less than
2 % (2000 events), The counts obtained with the Celloscope which had
been interfaced by us to a 100-channel-analyser to obtain a frequency/
size distribution, were 5 % higher than the manual counts when clean
cultures were counted, The Cytofluorograph demonstrated that algae
with marked size differences could be distinguished by their size and
their chlorophyll content, but the number of events did not correspond
to the values obtained by manual counts,

Studying the flowsystem of the Cytofluorograph which has the most
promising setup for a particle counter system indicated that the sample
flow can be focused into the light detection beam if the flow of the sample

and that of the supporting flow media are adjusted appropriately.
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A new sequential counting strategy has been developed which
will reduce the counting time necessary for the classic Utermoehl method
used in phytoplankton counting considerably (in collaboration with project

.

2) Simulation and model building

As contribution to project 7 several computer programmes
have been newly written or adapted.
a) Evaluation of transport rates between two and three compartment

closed system not in steady state from experimental data,

b) Simulation of non- steady-state compartment system up to 4 compart-

ments,

c) The 'Basic’ of the computer laben 70 has been extended with subrouti-
nes for punch-tape-input, punch-tape-output and for an output in XY

graphic form with one variable versus three,

d) Adaptation to the IBM 360/65 (Pisa) of the '"Matexp' program for the
numerical solution for ordinary differential equations with an exten-
tion to non-linear equations,

e) Comparison of various IBM-Programmes for the numerical solution

of non-linear differential equations on the IBM 360 (Pisa).

3) Instrumentation and computer programs needed by other groups

Computer programmes for the evaluation of sequentially
obtained counts of phytoplankton algae according to a new counting stra-
tegy applied to the Utermoehl method (see also project 3).

Interfacing of a IBM correspondence teletypewriter to

Laben 70 to be used for the editing of publications (administration).
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Project No, 2

Title: Investigation of the chemical factors influencing the distribution
of the most important elements in the marine environment

Name of scientist: A, Piro

Results:

1) Investigation of the reactions of equilibrium of the physicochemical

states of zinc in seawater mainly by anodic stripping voltametry

Zinc in seawater was found to be present (see Annual Reports, 1968
to 1971) in three main physicochemical states: complexed, particulated
and ionic. The investigation has now been focussed on the equilibrium
reactions between these forms. The natural equilibrium can be distur-
bed by addition or subtraction of zinc in one or more physicochemical
states, After subtraction of the ionic fraction by controlled electrolysis,
a pronounced influence of the pH has been observed, At pH 6 the equili-
brium is reestablished by release of zinc from the complexed fraction to
the ionic one, At pH 8, even after several days,the redistribution does
not occur. This is in agreement and could explain the fact that the ionic
radioactive zinc added to seawater at pH 8, does not enter in equilibrium
with the complexed fraction (A, Piro et al, 1972). In particular, when
radioactive ionic zinc is added to seawater at pH 8 a part (~ 50 %) of
this remains in solution in the ionic form and the remaining part is tran-
sformed into the particulate form, Consequently for marine organisms
which, for example, selectively accumulate zinc in the ionic form the
available zinc will have a higher specific activity than that estimated
on the basis of the total concentration of zinc in seawater,

2) Investigation of the influence of storage conditions in the iron distri-

bution in seawater

During the development of the automated method for iron determina-
tion in seawater it has been found that different conditions of storage can
produce wrong results on the determination of the iron content of a sea-

water sample, The adsorption of iron on the surface of the storage bottles
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has been investigated as function of the following parameters:

- kind of container;

- temperature of storage;

- acidification of the sample to pH 2,

Polyethylene and Pyrex glass bottles have been used in the experiment,
Iron is quickly adsorbed from normal seawater even at 0°C, this process
being slower using Pyrex bottles than Polyethylene bottles, Changing the
storage temperature from 0°C to 20°C the adsorption on the plastic bot-
tles increases gradually and after 40 days only 30 % of the iron original-
ly present is still in solution. On the contrary the adsorption on the Pyrex
bottles is practically not influenced by the change of temperature, having
reached the adsorption equilibrium during the storage at 0°C, If seawater
is acidified to pH 2 and stored at 0°C there is no loss of iron by adsorp-
tion, but at 20°C the iron content increases very quickly especially in
the seawater stored in plastic bottles. Experiments to confirm the possi-
bility of a release of iron from the containers under acid conditions have
been planned for the next future.

3) Automated colorimetric method for direct zinc determination in

seawater

The anodic stripping voltametry has been successfully used to
measure zinc content of seawater, as well as its physicochemical states.
Unfortunately this method is time consuming requiring 1 to 4 hours for
each determination, Consequently efforts were made to develop an auto-
matic colorimetric method to determine the concentration of total, and
ionic plus particulate zinc in seawater. The sample should be completely
mineralized under high temperature and pressure (this step is necessary
only for the "total" zinc determination), and allowed to react under
controlled conditions with a dithizone hydroalcoholic solution,

From preliminary results the automated method shows a sensitivi-
ty of 10-8 pgat Zn/1 and offers a capacity of carrying out 30 to 40 analy-

ses per day.
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Project No, 3
Title: The role of phytoplankton in the accumulation, loss and transfer
of radioisotopes in the marine environment
Name of scientists: A. Zattera and L, Rampi (part time)
The scope of the project is to collect information on the most
important parameters which can influence uptake, loss and transfer
along the food chain of isotopes (stable and radioactive), on the stable

element content in order to predict the possible level of contamination
and on the population dynamics of primary producers.

1) Uptake and loss of stable and radioactive zinc

Results on uptake of zinc in a system which simulates a not grow-
ing algae culture (chelex 100) showed different distribution patterns bet-
ween stable and radioactive zinc, This phenomenon due to different phy-
sicochemical forms must be taken into consideration in evaluating data on
uptake of radioactive isotopes under natural and laboratory conditions.

Experiments carried out to establish if metabolic products of
algae (Phaeodactylum tricornutum) can change the physicochemical states
of zinc showed that no change occured. Uptake of zinc in algae (Platymo-
nas suecica) is related to the zinc present in the medium, The fluxes, or
transport rates, of zinc have been evaluated utilizing a closed two com-

partments model not in steady state,

2) Uptake of phosphorus

Light energy supplied influence significantly the population size

and phosphorus accumulated by Phaeodactylum tricornutum,

The uptake of phosphorus from different sources of inorganic and
organic phosphorus showed that algae can take up phosphorus both from
inorganic and orgenic forms and when the two forms are present the algae
take up preferentially the inorganic phosphorus, A two compartment clo-
sed system had been adapted to evaluate the transport rates in these ex-

periments (Fig, 3.1 and 3.2),
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Fig. 3.1 - Uptake of stable and radicactive (P32) phosphorous by
Phaeodactylum tricornutum, ,

Phosphorous is expressed as fractit?ln of the total amount before inocula-
tion (1.0). P32 was added at the 7 day from the beginning.

Preparation: {{[(RSW-{-PRSW):I + algae } +(P32 +P carrier)}
7d 7d

Total P‘?’2 5.45x10-5ugat PT32/1 6
= = 1,6x10"
Total stable P 35 ugat PT/ 1
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Fig. 3.2 - P uptake by Phaeodactylum tricornutum.
Fluxes evaluation between days 7 and 10 (see fig, 3.1)
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3) The chemical composition of .phytoplankton

Natural and artificial populations have been prepared for
radiactivation analysis, Particular attention will be given to those ele-

ments which possess analogous radioactive isotopes potentially dangerous,

4) Studies on phytoplankton populations

Growth characteristics (generation time and growth coefficien?d
have been evaluated in situ for natural populations and compared with
populations composed from algae strains of our culture collection, The
results show that the generation time and growth coefficient obtained
in situ are practically the same as those under laboratory conditions,
The knowledge of these parameters is of great importance in the estima-
tion of the potential production in natural populations and hence in the
potential accumulation of radionuclides of a given biomass.

As appears from nutrition studies with organisms in higher
food chains the prediction of radiocontamination must be made at specie
level,

Hence the right identification of an individual must have the
same precision as the enumeration of the populations,

Therefore, a key which permits the right identification of a
specie by a non-taxonomist has been so far prepared for Diatomeae and
Peridineae found in the Mediterranean Sea,

A new time saving sequential approach for the microscopic
counting of natural populations has been developed (in collaboration with

project No, 1),
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Project No. 4

Title: The role of the first heterotrophic levels (zooplankton) in the
accumulation and transfer of radionuclides relevant to marine
radiocontamination

Name of scientist: A, Nassogne

Results:

1) Accumulation and loss of stable and radioactive Zn by Euterpina a.,

Stable and 65Zn uptake through feeding was found nearly 10
times higher than direct uptake from water. By transferring Euterpina
from laboratory mass culture (about 5.5 ug stable Zn in water and algae)
into normal seawater (5.4 ug stable Zn/1) total Zn content of copepods
decreases to reach an equilibrium after 4 days. Nearly 40 % of the ini-
tial Zn content was excreted while uptake represented only 0.8 %, Only
particulate and ionic Zn were accumulated mainly through adsorption on
Euterpina external surfaces, Increasing stable concentration in seawa-
ter, stable Zn uptake increased proportionally, reaching in 90 ug stable
Zn/1 solution about 8 % of the stable Zn initial content in copepod, Loss
of stable Zn, however, is only slightly reduced so that the stable Zn
concentration in Euterpina at equilibrium is only little increased by
increasing stable Zn in solution and may be considered as regulated.

In solution with algae, Euterpina reached at equilibrium a stable Zn or
652n content proportional to the corrisponding concentrations in algae.
Thus no regulation was observed, even after a long period of loss in
seawater, Zn accumulated from food is probably bounded into compart-
ments characterized by a very slow Zn loss rate,

65

Summarizing these results, showed that ~~Zn level in copepods could be
predicted knowing stable Zn concentration, 652n specific activity and
physicochemical state of both 652n and stable Zn in the medium (seawa-

ter and algae), A mathematical model will be developed in this direction,
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2) Accumulation and loss of radioactive and stable P by Euterpina

(In collaboration with project 6)

Direct accumulation of 32P from seawater is mainly due to bacte-
rial flora associated with Euterpina a, Influence of bacteria however is
neglectible when 32P is accumulated through food. Uptake from algae is
about 10 times higher than direct uptake from water, both reaching a
plateau within 2 days. 50 % of 32P accumulated from food or from water
is lost in normal seawater with or without algae after few hours.

In order to rely, in the future, data on 32P to stable P content in ani-
mal and medium, a technique was developed for P determination in algae,
seawater and copepods, Stable P content in Euterpina is not directly
related to P content in algae or seawater.

These preliminary results allow to set up optimal experimental conditions
for future experiments on phosphorus metabolism in copepods.

3) Microdistribution of radionuclides in Copepods by autoradiography

(In collaboration with Dr Debertoldi, Pisa University)

Techniques for including Euterpina a, in synthetic resins were
successfully developed. Anatomical description using normal and elec-
tronic microscopy and influence of radionuclides concentration or expo-
sure time on the quality of autoradiography are in course. Autoradiogra-
phy will allow to localise "de visu" the accumulation pools of 32P and

Zn in copepods according to different accumulation and loss ways.

4) Microdistribution of natural zooplankton

The continuous zooplankton sampler developed previously was
further modified . Microdistribution of the most important species of co-
pepods was followed in a series of 50 samples corrisponding to successi-
ve sampling distances of about 80 m, Distribution was heterogeneous in
the range of 0.9 to 4.5 organisms/1. Shorter distances have to be adop-

ted in view to point out eventual patchniness in zooplankters distribution,

-130-



Project N. 5

Title: The role of the last levels of the food chain (mussels, crustaceans,
fish) in the accumulation and transfer of radionuclides relevant to
marine radiocontamination

Name of scientist: E. Schulte

Results:

1) Culture experiments with mussels (Mytilus edulis) and shrimps
(Leander squilla)

Both species were tried to culture under laboratory conditions
as a steady source for further experiments on the transport of radioacti-
ve nuclides in the food chain. Conditioning for out-of-season spawning
failed only in shrimps (extirpation of eyestalks) since oviposition did not
include fertilization of the eggs. In mussels stimulation by temperature
schock gained in successful spawning of both sexes within three hours,
Larvae of mussels and shrimps were successfully hatched and cultured
under different environmental conditions (temperature, food amount, popu-
lation density). Best survival and growth rates were found for mussels
larvae at 20°C and for shrimps larvae at 20°C and 25°C respectively.
Populations-densities from 10-30 shrimp larvae per 1000 ml were the
most favourable ones, A good continuous culture of shrimps is now esta-
blished.

2) Life cycle and reproduction time

The breeding period (1972) or the reproduction time of
Leander squilla in the sea lasted from the first days of May (female with
external eggs) to the end of September ( 150 days). Females caught in
the beginning of May and kept in the laboratory spawned during that pe-
riod twice and again had eggs after 2-3 months interruption,
First spawning of Leander squilla larvae, which were hatched to meta-
morphosis under laboratory conditions, occured at an age of about 210

days, so that one life cycle from egg to egg lasted about 240 days under
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laboratory conditions (20°C), while under natural conditions first spaw-
ning will take place not before April or May of the next year, The natu-

ral life cycle lasts according to that about one year.

3) Food requirements of mussels (Mytilus edulis)

In three series of experiments using single mussels, small
groups of six mussels and big groups of 50 mussels (all together about
450 specimens) the filtering behaviour of Mytilus spec., was studied in
order to determine the filtering capacity ("feeding rate"; "filtered volu-
me") expressed in ml filtered per animal per hour. The influence of seven
ascending pure algae concentrations (Platymonas suecica) reaching from
5x 102

following up the decrease of the initial algal concentrations during time

tol1l.5x 105 algae cells/ml on the "filtered volume" was tested by

applying the "Utermoehl method" for algae counting. The filtering capa-

city (ml/h) was calculated with the Gauld formula:

log conc t - log conc ty

F = v, . 60

loge xt

V = volume (ml of algae solution used; conc, t, = initial concentration;
conc. t; = concentration at time t;; t = time (min) between t, oty

The results of all three series generally show a decreasing filtering acti-
vity with increasing algae concentrations, Solutions ranging from 5 x 10

5

to 103 algae cells/ml as well as from 107 to 1.5 x 105 cells/ml significan-

tly depressed the filtering activities of mussels at a high rate, while those

3 and 105 algae cell/ml only had a low effect

concentrations between 10
on the filter capacity of Mytilus, so that the decrease of the filtered
volume was very little considering the high change in algal concentra-

tions, .
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Project No. 6

Title: The role of heterotrophic level of microorganisms in the uptake and
transfer of a few ecologically relevant radionuclides and distribu-
tion of metabolically active bacteria in the marine environment

Name of scientist: C.N, Peroni

1) Investigation of the role played by bacteria in the passing of radioacti-

vity to higher trophic levels along the marine food chain

la) Transfer of 32P from bacteria to copepods (collaboration with project

e L Ly e

No, &)

The copepod Euterpina acutifrons made "sterile" by preincu-

bation in seawater + penicillin 0,1 % and added with various amounts of
labelled bacteria (strain 21-6-9, a rod) takes up as much activity as the
blank. "Not sterile” copepods without added bacteria take up an activity
more than 20 times higher than the blank,

The same results have been obtained by using a staphilococcus
(strain 25-5-19) instead of a rod as labelled strain, Nauplii behave in the
same manner as adult Euterpina under the same conditions.

If labelled bacteria are added to "sterile" copepods in the
presence of algae ( B 2), used as food by Euterpina, a quantity of 32p
significantly higher than the blank was taken up.

This indicates that the bacteria present in the environment

are unimportant as food and, therefore, as transfer agent of radioactivity

as far as Euterpina acutifrons is concerned, whereas bacterial flora as-

sociated with the copepod is very important,
Bacteria present in the environment can be important in pre-
sence of algae ingested by the copepods, probably due to their adhesion

to the algal body.

1b) Transfer of 32P from bacterla to mussels

It was observed that mussels pretreated with antibiotics take
up less activity than untreated mussels probably due to the epizootic
microflora living on the shell, Therefore, pretreated mussels have been
used in the further experiments,

The results indicate that mussels accumulate radioactivity

mainly in pseudofaeces and to a lesser degree also in soft tissues,
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This means that an ingestion of bacteria occurs and a modera-

te assimilation of radiophosphorus from bacteria can take place.

2) Role of bacteria in the uptake of radionuclides

2a) Dznamm of Ptake in laboratorz cond1t1ons

Experiments have been set up to investigate the dynamic of
uptake of radiophosphorus by bacterial strain 21-6-9,

By incubating in active sterile seawater a heavy bacterial
suspension previously grown in medium at high stable P content, it was
observed that the bacteria lose P exponentially and the 32P reaches
immediately an equilibrium between bacterial cells and seawater,

By incubating in active sterile seawater few bacterial cells,
a close correlation was observed between uptake of stable and radioacti-
ve P by bacteria and the disappearence of stable and active P from the

seawater, as the number of bacterial cells was increasing.

2b) Effect of hydrostatic pressure on P uptake

By using a pressure chamber, the effect of moderate pres-
sure (40 Atm) was studied on the radioactive P uptake by a surface strain
(M) and a deep-sea strain (4Z-3-4).

The uptake in the surface strain was markedly inhibited in
comparison to the uptake at environmental pressure, but it was unaffec-
ted in the case of the deep-sea strain,

This indicates that hydrostatic pressure is an important
ecological factor involved in the decreasing of microbial activity with
the depth,

Strain 4Z-3-4 will be used for in situ experiments to inve-

stigate the role of ecological factors other than pressure,
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Project No, 7
Title: Simulation of laboratory experiments and model building of natural
and artificial systems

Name of scientists: Joint participation of the other groups

Results:

1) Multi compartments systems

In order to prepare for the treatment of the experimental data
obtained in the other projects, computer programs have been developed
or adapted and tested which can be used for the interpretation of closed
2, 3 and 4 compartment models not in steady state (see project 1), If
simulations based on experimental data obtained under certain conditions
are run at different growth rates and different initial population size
the radiocontamination due to growth accumulation can be compared with
the contamination due to exchange., As one could expect in fast growing
organisms growth accumulation is by far more important than exchange
accumulation, Therefore for the estimation of transport rates per example
it was possible by simulating various parameters such as initial popula-
tion size, concentration of stable carrier, sampling frequency etc, to
improve on the design of successive experiments,

Simulation of an entire tracer experiment showed in fact that the preci-
sion of the estimation of the transport rates can be greatly improved if
the optimal sampling schedule is first determined by a simulation, It also
demonstrated quite clearly that more precise data are needed for an esti-

mation of transport rates than usually supplied by the experimenters,

2) Survey of a future disposal area (Gulf of Taranto)

The survey had to be postponed due to lack of external means.
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Management Committee

President: Prof, P, KORRINGA

Members: Prof., B, SCHREIBER, Drs, F, van HOECK and O, SIGNO-
RINI

Secretary: Dr. L, FORTI

Collaborations and participation in scientific meetings

As in the past the laboratory has collaborated with the Istituto di
Zoologia (Prof, B, Schreiber), Parma, the International Laboratory for
Marine Radioactivity (IAEA) Principality of Monaco and the Center of
Marine Research (Institut Ruder Boskovic) Rovinj, Yugoslavia,

The 14'th Contact Group Meeting on Marine Radioactivity was
held in Rovinj,February 1972, At this meeting participated besides staff
members of the above mentioned laboratories, scientists from Fisheries
Radiobiological Laboratory, Lowestoft, England and the Radiobiological
Laboratory of the Biologische Anstalt Helgoland, Hamburg, Germany.

Drs, Bernhard and Piro participated in the Symposium on the
"Interaction of Radioactive Contaminants with the Constituents of the
Marine Environment", Seattle, Washington, July 1972, On this occasion
they visited the following institutions: Woods Hole Oceanographic
Institution; Department of Oceanography, University of Seattle; Battelle-
Pacific Northwest, Richland, Washington; School of Oceanography,
Oregon State University; Scripps Institution of Oceanography, La Jolla;
Radiobiological Laboratory, Beaufort, N,C,
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Contractant van de Commissie: Institute of the Association EURATOM-ITAL,
Wageningen, the Netherlands.

Nummer van het contract: 094/72/1 BIAN
Hoofd van de researchteams: Dr.Ir. D. de Zeeuw.
Algemeen onderwerp van het contract:

RADIATION PROTECTION

- Movement of radioactive pollutants in soils.

- Uptake of radioactive pollutants by plants.
- Radiation effects (physical, genetical, physiological).

Algemene omschrijving van de uitgevoerde werkzaamheden:

Main topics of the 1972-research by the soils and plantgroup of the
Institute were:

- Sampling and analysis for control of the simulation model concerning the

90 137

behaviour of “"Sr and Cs in soils of Western Europe.

- Tracing of soil moisture movement with 36C1, 60Co and Tritium and
considering the influence of water movement on the translocation of
tritium and tritiated compounds in soils.

- Transport and behaviour of 51Cr, stable chromium, mercury and mercury
compounds in soils.

- Kinetics of the uptake of 51Cr and stable chromium, on the one hand, by
intact plants and, on the other hand, by chloroplasts. ’

The work on chromium, mercury in soils and nlants is part of a research
programme on heavy metals in the food chain in collaboration with the
Biology Division at Ispra.

Other research topics were:

- Improvement and testing of a new molecular theory on radiation effects in
biological material, The theory has been successfully used to analyse the
variation of radiation sensitivity in the cell cycle and to explain
observed chromosome aberrations.

- Development of new or improved dosimeters and their apnlication in
biological research.

- Although the research on the irradiation dose-fractionation effect in
Saintpaulia is part of the Applications programme
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it has to be mentioned here that research on changes in the metabolic
activity and on the induction of a "protective' agent is in progress.

- Other information from the Applications programme,
using Lemma minor populations grown on either 14N or 15N and either
10 11B solutions and chronically irradiated with thermal neutrons,
show more sensitivity to boron than.to N-substitutior. Damages, due to

B or

the N,p (]4N) reaction, however, more severely impair the subsequent
growth than damages due to the N,a (10B) reaction.
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INSTITUTE OF THE ASSOCIATION EURATOM-ITAL
P.B. 48, Wageningen, The Netherlands.

Board of Governors

J.A.P. Franke chairman
P. Buringh vice-chairman
G. Wansink secretary

T.J. Barendregt
H.N, Hasselo
A.C. Schuffelen

Management Committee

G. Wansink chairman

P. Buringh vice-chairman
R.K. Appleyard secretary

R. Craps

A.C. Schuffelen

At the end of 1972 Prof.Dr.Ir. P. Buringh retired from the Board and the
Management Committee. His successor is Ir. J.B. Ritzema van Ikema
(President of the Board of the Agricultural University).

International Scientific Advisory Council

A.C. Schuffelen chairman

F. D'Amato vice-chairman
H. Laudelout

H. Laven

H.F. Linskens
H. Marschner
W. Pilnik

G.F. Wilmink

In the course of 1972, Prof.Dr. F. D'Amato and Prof.Dr. W. Pilnik,
respectively vice-chairman and member, retired from the council.

Changes in the Scientific Staff

- Ir. J. Beek, Dr.Ir. R.B. Contant, Dr. R.M. Ecochard and Drs.Mrs. K.J.A.
Wijnands-Stédb, have left the Institute, mainly to accept research or
teaching duties elsewhere in the world.

- New members of the scientific staff are: Dr.Ir. J. Sinnaeve and
Drs. G. Desmet, both from Belgium.
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- Tenporary menbers (post-graduate fellows) responsible for particular
aspects of the programme: Ir. Miss H.M.G. Groot, Miss M. Matteoli,
Ir. C. Petit, Ir. J.P. Rolland and Ir. M. van de Steene.

- Several guest-workers, mainly from developing countries have spent
6 to 12 moﬁths at the Institute.

The programme for 1972 has once more been carried out in close
cooperation with other scientific institutes wherever possible.
Examples of this scientific collaboration are:

- on heavy elements in the food chain with the Biology Division in Ispra
and within the European Society of Nuclear Methods in Agriculture
(ESNA);

- on mutation breeding, incompatibility, protein content and disease
resistance in higher plants in the Mutation Breeding Contact Group;

- on pollution problems with Institutes in the Netherlands, Germany and
Belgium and with the ESNA working group;

- on radiation effects within the European Dosimetry Working Group;

- on standardization of absorbed dose and dose distribution measurements
within the European Late Effects Project Group (EULEP);

- on incompatibility in higher plants with several Institutes and
Organizations in Italy and the Netherlands;

- on improvement of the "wholesomeness-testing' technique in
collaboration with Institutes in Denmark and the Netherlands;

- cooperation to projects concerning the testing of irradiated food, set
up by the Organization for Economic Cooperation and Development (OECD)
and the International Atomic Energy Agency (IAEA);

- on applications of the food irradiation technique with different
Institutes in the Netherlands;

- research on genetic control of insect pests, coordinated, naticnally
in Section VII of the INO Working Group "Integrated Control of Insect
Pests" and, internationally in the joint European Working Group of the
"Organisation Internationale de la lutte Biologique" (OILB) and of ESNA.

Other interesting contacts are those within the German-Dutch cooperation,
mainly on food-irradiation, and with groups in the Agricultural Faculty
of the Catholic University at Louvain.
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Resultaten van het project No. 1

Hoofd van het team en wetenschappelijke medewerkers:

M.J., Frissel, P. Poelstra ’

Titel van het project: Verification of~predi;gions (ma§$ly derived
1 Cs

from computer simulation models) concerning Sr and

behaviour in soils of Western Europe

Beschrijving van de resultaten:

As indicated by the title the main object of this project is
control by field sampling of the calculated information on 9oSr
and 13703 behaviour, which was derived from the simulation model.
Ten sampling sites, 2 in Germany, 2 in France, 2 in Italy and 4

in the Netherlands, covering the most important European types of
soils, have been maintained in this project. To work off arrears
in the analysis of soil and plant samples (mainly 1971) it had
been decided to interrupt the sampling for one year in 1972,

Due to an accident with the special drying oven, half of the 1971
samples, which were in the final stage of preparation for analysis,
have been lost. The analysis of the remaining 1971 samples is now
in progress. Owing to the high costs of the sampling and the
analysis and, notwithstanding this 1971 drawback, the decision

concerning the 1972 sampling has been maintained.

Publication ¢
Annual report 1972 of the Association EURATOM-ITAL.
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Resultaten van het project No. 2.

Hoofd van het team en wetenschappelijke medewerkers:

M.J. Frissel, P. Poelstra, F. van Dorp.

Titel van het project: Transport of soil moisture and its effect on the
regime of tritiated water and other tritium compounds.

Beschrijving van de resultaten:

60

Tracing soil moisture migration with 36C1, Co and Tritium.

Dispersion effects of solutes in the liquid phase of soils can be
studied by tracing the migration of water. Three radioactive isotopes
were selected for this purpose: 3 to 1abel H,0, 361 to 1abel Cl-ions
and %00 to 1abel Co(CN)g-.

The chloride ion was selected because, in several studies on the water-
balance of soils, the migration of chloride is taken as representative
for the migration of water. With 36C1 and 60Co inorganic anions are
labeled, but it is generally assumed that these may be used to trace
the migration of water in systemslike soils, that do not adsorb these
anions. Tritium has been chosen because it has the advantage that it
can be used to label the water-molecules themselves. The disadvantage
of tritium is that isotopic exchange with organic substances in the
soil may occur. Such an exchange would cause a delay in the tritium
migration compared to the water migration.

The mentioned dispersion studies are being performed in undisturbed
soil colums with a diameter of 12 cm. It is a great advantage for
such studies if the water migration in the colums can be followed
without disturbing the soil._. 60Co emits a y-radiation of_1.33 MeV
and thus permits such a measurement by scanning the Co(CN)3' ions from
the outside. The emission of 3H and 30C1 is far too weak £9r such
purpose.

The experimental work has partly been carried out by K. Harmsen, of the
Laboratory of Soils and Fertilizers of the Agr. Univ. (Dept.of Prof.
G.H. Bolt).

sandy soil (old arable land or plaggept) were treated with '"rain"
(flux-1.14 cm d-1) long enough to establish steady state conditions.
This flux is much higher than in nature; to avoid the danger of
structure degradation associated with complete removal of salts from
the soil, the percolating solution was given approximately the same
ionic composition as the original soil solution (0.003 N CaClj,

0.001 N KC1, 0.001 N NaCl). 36... - 60 3-

Next, mixtures_of the salts of ~ Cl and ~Co(CN). (same cation ratio
as above) and SHHO were supplied during 32 days tg the sandy soil and
during 40 days to the clay soil. Thereupon leaching was continued with
the original solution. The effluent was analysed two times per day for
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36C1 , 60Co and 3H by liquid scintillation counting.

The calculated curves were obtained with a simulation model taking into
account both diffusion and dispersion and applicable to heterogeneous
one dimensional systems (cf ref. 1). In this calculation diffusion and
dispersion are combined into an apparent diffusion coefficient according
to DA =0.v.D+ 0.d.V, in which o equals the volumetric water
content, y the tortuosity of the soil and D the diffusion coefficient

in pure water. If D is given in cm2 sec"1

it is convenient to express
the dispersion "distance', d, in cm and the linear velocity of the

L (V = waterflux/9).

For the present experiment the water fraction in the clay soil varied

from 0.61 at the top to 0.45 at the bottom; the total water content of

solution in the colum, V, in cm sec”

the colum was 5713 ml. The water fraction of the sandy soil varied from
0.37 at the top, to 0.15 in te center of the colum and to 0.30 at the
bottom; the total water content was 2586 ml. The calculated curves
corresponded with a mean dispersion distance of 4 cm for the clay and

5 am for the sand. The sensitivity of the spreading for variation of
the dispersion distance is shown in fig. 1: both, the calculated curves,
for a dispersion distance of 2 cm and 6 cm are included.

For both, clay and sand, there is sufficient agreement between experi-
mental and calculated values to conclude that adsorption of Tritium is
negligible. The fit between calculations and experiments is less good
for C1” ions, but taking into account that undisturbed soils were
investigated the results are accurate enough to conclude that the use
of chloride ions as a tracer for water would for the present soils lead
to errors of 11 percent for the sandy soil and 37 percent for the clay

60c4 (o) g- ions show approxi-

due to anion exclusion or desorption. The
mately the same deviation. Due to radiochemical impurities (or decompo-
sition during the experiment ?) part of the 60, appeared to be adsorbed

as 60Co+++ ions, as was verified in the colum. The maximum value of the

60Co breakthrough curve was therefore lower than that of the 36C1
breakthrough curve

In as far as the slight trailing behind of 6OCo(CN)ngn comparison to
36C1- - as noticed especially in the clay colum - is significant, this
might imply that some decomposition of 60Co (CN)g’cook place during the
experiment.
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From the above the conclusion, appears warranted that tritiated water is
far superior to anionic tracers for following the migration of water in
soil. As expected the latter exhibit clearly the effect of anion
exclusion by negatively charged soil colloids, leading to premature
breakthrough. As was shown, this effect may be quite significant in
clay soils. The presence of Co impurities in solutions of Co(CN)g-
may cause further difficulties in the interpretation of the results.
Nevertheless Co(CN)g'being "'scannable', remains a useful tracer, if
corrections for the anion exclusion and decomposition are made.
Adsorption of tritium or isotopic exchange of tritium with H-atoms from
soil constituents seems to be insignificant.

Submitted for publication in Nature: M.J. Frissel, P. Poelstra, K.
Harmsen, G.H. &Tt, Tracing soil moisture migration with 36C1, 60co
and tritium.

Amnual report of the Association EURATOM-ITAL.
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Fig. 1 Breakthrough curves for a clay soil.

Experimental values: O ¢ JHHO, + : 50C1, A s 6OCo(cn)2‘.

Calculationgt —— 3}EIZHO, dispersion 'distance' 4 cm,
no adsorption.

— 3HIHO, dispersion 'distance' 2 cm,
no adsorption,

_— 3HHO, dispersion 'distance' 6 cm,
no adsorption.

36

Cl~, dispersion 'distance' 4 cm,
desorption 37 percent.
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Resultaten van het project No. 3.

Hoofd van het team en wetenschappelijke medewerkers:

M.J. Frissel and P. Poelstra.

Titel van het project: Transport of chromium and other heavy metals
(mercury excluded) in the soil.

Beschrijving van de resultaten:
Transport and accumulation of chromium in soil.

The chromium regime in soils depends mainly on the chemical form. From
our leaching experiments it appeared that, from the ot ions, more
than 90% had been adsorbed by the soil, irrespective of the soil type.

The CrO4 "~ adsorption varied between 0.5 and 95%, depending on the soil
type.
For soils the following equilibria are important:

3

cr”’ + 3H, 0% Cr(O); + 3 H'

2- + > -
CrO4 +H <—HCr04
- + > -
ZCr04+2H <-Cr207 -HZO
- T+
CrZO +7H20

) +14H 220

In HCrO4- chromium can be considered as Cr6+

and thought of as dissociat-
ed in H)0 and Cr, 0,

With the equilibria constants of these equations a Redox potential - pH
diagram can be set up which shows the relation between chemical form,
Redox potential and pH. -
Boundaries are formed by concentrations at a 1073 molar level (50 ppm)
and 10”* molar level (5 ppm) (see fig. 1).

Reiniger has found redox potentials varying between 20 to 40 mV for
aerobic soils and values of -90 to 180 mV for anaerobic soils. From the
diagram and those measurements it can be concluded that a major part of
the Cr-ions will be precipitated in soils as Cr(CH) 3+ Only at lew pH
values, very high redox potentials and very low Cr concentrations the
major part of the Cr remains in solution. The diagram shows that in

peat soil part of Cr may be present as anions.

The diagram gives no information on the velocity with which the compounds
are oxydized, reduced or precipitated. So it is possible that a solution
of K, Cr Oy, which is expected to precipitate, can still be leached out
or taken up by plants if the precipitation rate is slow.
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Leaching experiments were carried out both with ce*" and Cr 04 .
As references purified sand and Dowex-50 were used.

Characteristics of the soils:

1. Valburg, area frequently flooded with Rhine water, foreland soil,
pasture. Heavy ''zavel", clay 22%, org. matter 6%, calcareous, pH 7.9.

2. Hannover, sandy soil from Luneberger Heide, podsol; soil from project
Eurosoil, pH 6.2.

3. Schoonebeek, peat soil, pasture. Eastern part of the Netherlands.
Org.matter > 95%, pH 5.5

Results are shown in fig. 2; it appears that the adsorption is strongly
dependent on the soil type. The results confirm the idea that a major
part of the Cr must be precipitated as Cr (OH);, the highest leaching
is indeed obtained with Cr-anions in the peat soil.

Publications.
Note presented at the 2nd annual meeting on heavy metals in food chain.
Annual report 1972 of the Association EURATOM-ITAL.
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Fig. 1 - Redox potential - nH diagram for Cr.
Full lines: boundaries 10~3 molar (50 pom).
Dotted lines: boundaries 10~4 molar (5 npm).
The regions for the three soils are indicated.
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Fig. 2 - Cumulative percentage of Chromium present in the
effluent of leaching exmeriments. The total water
of the soils in the colums was approximately 10 ml;
the total colum volume 20 ml. Influent concentration
5 ppm Cr.
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Resultaten van het project No.4.

Hoofd van het team en wetenschappelijke medewerkers:

M.J. Frissel, P. Poelstra, M. van de Steene.

Titel van het project: Behaviour of mercury and mercury compounds in soils.

Beschrijving van de resultaten:

. A mercury monitoring programme was carried out on a number of Dutch soils.
Eleven soils were selected, which differed widely in characteristics,
location and farming practice. These soils were sampled to a depth of

1 meter and the total mercury content was determined from each 5 cm

layer up to a depth of 30 cm and below 30 cm from each 10 cm layer (table
1.

The soils selected can be divided into three groups.

group I: foreland soils from the river Rhine, at Millingen, Valburg and
Biesbos respectively. When these sampling sites are arranged
according to increasing clay content, c.q. decreasing distance
to the North Sea, they show in the upper 20 cm a mercury content
of respectively 0.10, 3.3 and 10.4 . ppm. Deposition and
accumulation of mercury does occur; obviously this mercury stems
from the river Rhine, and is strongly absorbed by clay.

group II: soils situated in areas used for bulb culture, at Hillegom and
Anna Paulowna Polder. The total mercury content in the upper
20 cm is 0.16 and 0.13 ppm respectively. There is no excessive
mercury accumulation, although mercury compounds have been
applied as fungicides for many years.
When considering, however, the amount of mercury in the 0-50 cm
layer these soils contain twice as much mercury as the reference
soils. (group III}.

group III: soils permanently used as pastures, .no.. profile disturbances
occurred for the last 20 years. These series of soils have widely
differing soil characteristics and include calcareous and non-
calcareous soils, a variation in clay content from 2 to 40% and
a peat soil with an organic matter content of more than 95%.
These soils can be considered to be references, because no
mercury has been introduced. All soils show a mercury content, in
the upper 20 cm layer, of approx. 0.09 ppm, except one which is
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polder in the Biesbos area reclaimed about 50 years ago.
So even 50 years ago the river Rhine was already polluted
with mercury.

B. Transport of some mercury compounds in undisturbed soil colums.

The compounds studied are: Hg-203 labelled HgCl,, CH,HgCl and Hgo;

the experiments are carried out on soil from the area for bulb culture;
sampling site: Hillegom; length of the soil core in the colum about
100 cm. The top soil in this colum is labelled homogeneously with

the compound studied. The artificial rainflux is 24 mm per 24 hours.
Air is permanently sucked over the colum to remove escaping mercury
vapours and is led through a number of washing bottles containing
liquids suitable to determinme:the:types-.of.the escaping volatile mercury
compounds.

According to the present information HgCL, does not move under these
conditions and approx. 1 o/oo of the added mercury has escaped from
the soil over a period of 3 months.

The mono methyl mercury shows some mobility and during the first months
of the experiment about 1% escaped from the soil. The experiments with
metallic Hg have not yet been started.

Table 1 - The mercury content respectively in the 0-20 and 20-100 cm
layer of Dutch soils.

Group Location Hg content ppm
0 - 20 cm 20 - 100 cm

I-1 Millingen 0.10 0.01

I-2 Valburg 3.3 0.45

1-3 Biesbos 10.4 2.6
11-4 Hillegom 0.16 0.10
I1-5 A.P, Polder 0.13 0.05
I1I-6 Biesbos 0.35 0.26
I11-7 Alkmaar 0.09 0.02
I111-8 Hilversum 0.09 0.02
I1I-9 Amersfoort 0.09 0.01
III-10 A.P, Polder 0.08 0.03
ITI-1 Schoonebeek 0.07 0.04
Publication :

Annual report of the Association EURATOM-ITAL.

-151~-



Resultaten van het project . No. S5

Hoofd van het team en wetenschappelijke medewerkers:

G. Verfaillie.

Titel van het project: Kinetics of uptake of heavy metal-ions by
intact plants.

Beschrijving van de resultaten:

1. Aim

The scope of the research is the knowledge of the mechanisms by
which the plant mineral nutrition might be a vector of the
pollution by chromium. In 1972, the study has been restricted to
the absorption of chromium from nutrient solutions polluted with

crRII_EDTA and with X,Cx0,.

2. Materials and methods

9 kinetic runs have been performed with batches of 24 six weeks
0ld rice plants (Oryza gativa L. cv Arborio). The technique and
the experimental get-up are the same as those used in project 7
of which project ‘5 (Radiation protection) is an application. The

tracing of the chromium has been done with 51Cr.

3. Uptake from a solution containing CrIII-EDTA
.1 The kinetics

The rate of uptake is extremely low but fits a saturation

kinetics. One single mechanism has been found for concentrations

ranging from 1.8 x 10-° M/1 up to 10~% M/1 cr TI-EDTA. The
kinetic parameters based on a Michaelis formalism are:

Vm = 8.35 nM per day and gram fresh root.

.4 - 1.85 x 1072 M/1

(v/c)m = 0.45 ml per day and gram fresh root.

2 The distribution
The small amount of chromium taken up is readily transported
and distributed all over the entire plant. During a first
period of one day the collars and the leaves accumulate the

chromium taken up while the roots and the stems behave merely

as conductors. Later on, the leaves are saturated, the collars

still accumulate at a slowly decreasing rate while the roots
and the stems begin to accumulate for themself.
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3.3 The tolerance
No biological disease could be observed on the plants even
after a continuous uptake during 5 days with a concentration
equal to 10~4 M/1 cx'!I-Epra.

.4 Conclusion
- Chromium chelated with EDTA is taken up extremely slowly
but is readily transported all over the plants.
~ The absorption seems to be a real physiological uptake.
- The mineral nutrition of plants cannot be considered as a
pollution vector for chromium when the latter is chelated
with EDTA,

4. Absorption from a solution containing KZCrO4

.1 The kinetics
When the initial conditions are only taken into account, the
influence of the chromate concentration on the rate of
absorption of chromium reveals the existence of 2 mechanisms
with a threshold concentration approximating 2 x 10-6 M/1.
Both mechanisms are of the saturation type and may be repre-
sented by Michaelis curves as in fig. 1.
The kinetic parameters are:
for the low concentration mechanism: Vm = 2.16 nM/h.gFR

K, = 0.455 uM/1
(v/c)m = 4.75 ml/h.gFR
for the high concentration: Vm = 34,2 nM/h.gFR
K = 34.7 uM/1

(g/c)m = 0.98 ml/h.gFR
When the time during which the absorption proceeds, is taken
into account, the relation between concentration and absorption
rate is completely different as it is shown in fig. 2 a and
2 b. To the contrary of what happens in engymatic reactions,
the saturation factor does not remain constant during the
process.
It has also been observed that the absorption of chromate

increases the rate of acid consumption.

.2 The distribution
To the contrary of what happens with CrIII-EDTA, about 98
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4.3

percent of the chromium gbsorbed remains bound to the roots.
However, the small translocated amounts are of the same order
of magnitude in both cases.

This suggests that the variable saturation factor involved

in the absorption process would be the root absorbing surface
itgelf, that should react with the chromate ions. Such a

reaction would also involve hydrogen ions (see 4.1).

Physiological effects

The absorption of chromate is accompanied by strong
physiological effects varying with the chromate concentration.
At concentrations higher than 2 x 1072 M/1, the leaves turn
yellow and show wilting. Even at a concentration of 5 x 10-7M/1,
a reduction of the transpiration of about 40 percent has been

obsgerved.

The influence of the pH on the chromium absorption rate.

The initial rate of the chromium absorption at the concentration

-5
of 107° M/1 K,0z0,

parameters are found when the acid consumption is compensated

varies linearly with the pH but different

or not. Both linear relations are shown in fig. 3. When the
acid consumption is not compensated by a pH-stat, the
abgorption of HCr04- proceeds against an extra thermodynamic
potential due to the continuous displacement of the ionic
dissociation equilibria of the diprotic chromic acid. (compare

with H2Po4' in project 7 (Application).

The reduction hypothesis

All the observations reported above suggest that the
absorption of chromium is due to the reduction of the chromate
by the root surface followed by a major chemical sorption and
a minor physiological uptake of the resulting chromic form.
Congidering the following equation,

HCz0, + TH + 3¢~ — o™t 4 41,0
the increase of the acid consumption due to the chromium
abgsorption ig explained. Moreover, the linear dependance of
the absorption rate upon the pH would imply the linear
dependance upon the redox potential.

Indeed:
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dVa _dVa , dB =5.1 mM/h.gFR per pH unit _ 36. 4 nM/h. gFR. Volt

dE ~ dpH ' dpH - -0.14 Volts per pH unit
4.6 Conclusions

- Chromium given as chrO4 is readily absorbed by the plant
roots but only a negligible part of it is translocated to
the shoots.

- The absorption would be due to the reduction of the
chromate by the root surface.

- Lowering the pH enhances the translocation of the absorbed
chromium,

- As far as the aerial parts are concerned, the plant mineral
nutrition cannot be considered as a vector of the pollution

by chromium, when the latter is in the chromate form.

Publications on the gubject in 1972:

G. Verfaillie. Physico-chemical considerations about the use of
Hoagland-Arnon I nutrient solution in relation to chromium
pollution studies.

(Working group report, April 1972).

G. Verfaillie. The kinetics of chromium absorption by intact rice
plants (ngza gativa L. cv Arborio).
(Working group report, December 1972).

Annual report 1972 of the Association EURATOM-ITAL.
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Fig.

Fig. 2
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1 The initial rate of chromium absorption in relation to
the initial chromate concentration.
V_ = initial rate of chromium absorption (nano-mole per
hour and per gram fresh root).
C_ = initial chromate concentration (mole per liter).
Vm = maximum initial rate of chromium absorption at the

saturation of each mechanism.
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Variations of the chromium absorption rate with the chromate
concentration during a continuous run.
Vt = time dependent rate of chromium absorption (nano-mole

per hour and per gram fresh root).
C, = time dependent chromate concentration (mole per liter).
Tﬁe arrows along the curves indicate the direction of the
concentration scanning during the runs.
The duration of the runs are written near the end points
of the curves.
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Fig. 3 The
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[xzc.o‘] = 108 M
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Vg = 24.5 - 4.08 oW

influence of the pH on the initial rate of chromium

abgorption for a chromate concentration equal to 10'5m/1.

V =

A
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The
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initial rate of chromium absorption (nano-mole per
hour and per gram fresh root).

at constant pH (stepwise scanning of the pH levels).
with self-floating pH (continuous scanning of the pH).
stopping of the pH-statization.

arrows along the curves indicate the direction of the

pH scanning during the complete run.
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Resultaten van het project No. 6.

Hoofd van het team en wetenschappelijke medewerkers:

C. Petit.

Titel van het project: Transport, accumulation and redistribution

of heavy metals in intact plants.

Beschrijving van de resultaten:
The scientiast in charge of this project, arrived in October 1972,
The final research programme, mainly on cadmium, has been worked

out and the first experiments are in progress.
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Resultaten van het project - No. 7.

Hoofd van het team en wetenschappelijke medewerkers:

G. Desmet, A. de Ruyter, A. Ringoet.

Titel van het project: Uptake and release of heavy metals by subcellular
structures, mainly chloroplasts and mitochondria.

Beschrijving van de resultaten:

A, On chromium uptake by isolated chloroplasts.

This project is part of the collaboration programme on 'Heavy metals in
the food chain' (Association, Wageningen - Biology, Ispra). Mainly from
animal-physiology research it is known ghat heavy metals frequently form
protein-complexes and therefore it was worthwhile to learn more concerning
their reaction with plant-membranes from spinach (Oleracea spinacea L.
cv. Noorman). The isolated chloroplast was chosen as a model.

A few preliminary experiments, considering the chemical form

>, Cr042-, Cr-EDTA), at the highest physiologically acceptable

concentration for Cr3+ and CIO42_ (6 ppm) and at 4, 6 and 8 ppm for

Cr-EDTA, were made. In all experiments chloroplasts were submitted to

a one hour introductory incubation period in calcium solutions of

different concentration (membrane permeability). Results in fig. 1a, b

show that:

- the uptake of Cr042- and Cr:”+ either reaches an equilibrium exchange
after 10 min or is blocked by a self-inhibition mechanism.

- Cr3+-uptake is smaller than the Cr042'-uptake. Cr-EDTA absorption,
which was negligible at different concentrations and pH, is not re-
presented.

- the different calcium concentrations of the introductory treatment

have opposite effects on the uptake of Cr:”+ and Cr042—

: higher
chromate but lower chromic absorption at increased calcium.concentration.
From these preliminary results is concluded that:
- both, negatively and positively charged Cr-ions are taken up by the
chloroplasts.
- the negligible uptake of Cr-EDTA is probably due to the dimensions
of this complex molecule.
An observed pH-effect (maximum uptake at pH 6 to 7) suggests that Cr3+—
ions, resulting from the partial disintegration of the complex, may be

responsible for the very small uptake measured.
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- there may be some competition between Ca2+ and Cr:()+ for the
same binding sites.

- in the case of chromate, its uptake probably compensates to a certain
extent for the absorption of the positively charged Ca-ions.

~ the calcium concentrations used in the present experiments do not
permit any conclusion on the direct influence of this element on
chloroplast membrane permeability.

ng Cr /mg chiorophyll
A 8

1300 1

137-10° M Ca*

16610 M Ca**

10 20 30 40 50 €EOmin M 20 30 40 30 60 mn

Fig. 1 - Uptake of chromate (a) and Cr3+ (b) by isolated spinach
chloroplasts after pretreatment with Ca-solutions of
different concentration.

Publication :
Annual report 1972 of the Association EURATOM-ITAL.
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Resultaten van het project No. 8

Hoofd van het team en wetenschappelijke medewerkers:

K.H., Chadwick, K.J, Puite, H.P. Leenhouts, W.F. QOosterheert.
Titel van het project: Primary radiation effects in inert and

biological material.

Beschrijving van de resultaten:
The molecular theory
This new theory is based on the damage of a double molecular
target and gives an equation for cell survival

S = EaD ébD2
where the coefficients a and b contain parameters which take into
account the various repair processes and the effect of different
types of radiation.
The theory has been successfully used to analyse the variation of
radiation sensitivity in the cell cycle. The results of this
analysis show that the equation can be fitted to the survival of
synchronized cells irradigted in different phases of the cell
cycle (fig. 1) and that the coefficients 'a' and 'b' show a
congistent variation through the cell cycle independent of the
type of cell. The coefficient 'a' shows a dip in the S phase
(fig. 2) and this is explained on the basis of the double mole-
cular target being the two strands of the DNA double helix which
partially opens during the S phase.
The theory containg implicitly, through repair mechanisms and the
damage of a double target, a dose rate effect. Theoretically the
dose rate effect should be revealed in a changing 'b' coefficient,
'b! decreasing as the dosge rate decreases. It predicts that for
survival curves made at constant dose rates with the same cells
and radiation the 'a' coefficient should remain constant and the
'b!' coefficient should change. Analyses of published work have
confirmed this theoretical expectation and the dose rate effect is
explained on the basis of enzymatic repair of DNA single strand
breaks, As the modern concept of a chromosome is a long DNA-double
helix 'backbone' with attached protein and ribosomes, a chromosome
aberration may be considered to arise from a break in the DNA
double helix 'backbone'’, that is a DNA double strand break. This
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DNA double strand break is the damage which is the basis of the
molecular theory of cell survival and consequently the same process
of radiation induced double strand breakage has been applied to
chromosome aberrations. The result is a new theory of chromosome

aberrations which gives the equation

Y = aD + pD°
for all chromosome aberrations. The theory differs from the
classical and exchange theories currently in use in that each
chromosome aberration is based on one chromosome break plus

incorrect rejoining instead of two chromosome breaks plus exchange.

Polymethylmethacrylate (PMMA)

The results of a study of the dependence of the OD-dose relation-
ghip in PMMA on irradiation at temperatures from -196°C to 20°¢C
have been analysed.

The OD-dose relationships are different at different temperatures
but each curve can be fitted by an equation based on a first order
radical destruction process. The coefficient of radical destruction
ig also temperature dependent. The most likely explanation is:

from - 196°C t0 - 100°C the curve is determined by the production
and destruction of a radical or ion giving the singlet ESR spectrum
and the activation energy of the destruction process is 0.0045 eV;
from - 100°C to 20°C the curve is determined by the production and
destruction of the radical givimg the nine line ESR spectrum and

the activation energy of this destruction process is 0.03 eV.

Publications:?

Chadwick, K.H, The effect of light exposure on the optical density
of irradiated clear polymethyl methacrylate. Phys. Med. Biol. 17
88-93, 1972.

Chadwick, K.H. A discussion of the role of free radicals in the
biological effect of different LET radiation. Proc. 3rd Euratom-
symposium on Microdosimetry. Stresa October 1971. 253-265. 1972.
EUR 4810 d-f-e.

Chadwick, K.H., A comparison of the radical dose relationship in
clear polymethyl methacrylate following gamma and fast neutron
irradiation. Proc. 3rd Euratom Symposium on Microdosimetry.
Stresa October 1971. 237-252. 1972. EUR 4810 d-f-e.

ten Boséh, J.J., W.F. Verhelst and K.H. Chadwick, Relation between
free radicals and ultra-violet absorption in polymethyl methacrylate.
J. of Polymer Sci. Part A-1. 10. 1679-1685. 1972.

Annual Report 1972 of the Association EURATOM-ITAL,
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Fig. 2. Variation of the coefficient 'a', in the cell cycle for
two different cell types.
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Resultaten van het project No. 10

Hoofd van het team en wetenschappelijke medewerkers:
K.H. Chadwick, K.J. Puite.

Titel van het project: Applied dosimetry.

Beschrijving van de resultaten:

Thermoluminescence measgurements on BeO irradiated at liguid nitrogen

temperature
BeO shows a supralinear TL response with increasing dose, as does

LiF. Both materials exhibit glow peaks in the temperature range
from - 196°C up till 400°C. According to literature, the degree

of supralinearity for LiF is a linear function of the cube of

the absolute peak temperature.

The measurement on BeO are aimed 1) to find out if this T2
relationship is a general one and also holds for the supralinearity
of BeO and 2) to get an insight in the mechanism of the supra-
linearity of BeO.

BeO discs were irradiated at - 19600 and read out in an atmosphere
of He up to 70°C. At this temperature the discs were replaced to
another read out apparatus for recording the TL glow curves up to
350°C.

Using a heating rate of 20°C/min peaks were recorded at a heater
temperature of - 113, - 95, - 12, + 40, + 173 and + 267°C.

The dose response curvesg indicate that a T3 relationship is not
present in BeO.

Measurements of emission spectra and the use of special

filtration may lead to reduction of the disturbing supralinearity
effect in BeO.

Publications:

Leenhouts, H.P. Another failure of a commercial X-ray shutter
system. Health Phys. 22. 413-414. 1972.

Puite, K.J., D.L.J.M, Crebolder, J.J. Broerse, and B. Hogeweg.
Intercomparisons of absorbed dose and dose distribution for X-

irradiations using mailed LiF thermoluminescent dosimeters. Phys.
Med. Biol. 17. 390-399. 1972.

Puite, K.J. and J. Arends. Trapping centers in CaF_ Mn from Tl and
TSEE measurements on undoped and doped CaF,_, samples. Proc. 3rd
Cong. on Luminescence Dosimetry Risf , Octoger 1971. Report 249.
part 2. 680-691. 1972.
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CONTRAT N° SC 010/094-72~1 3IA N
UNIVERSITE CATHOLIQUE DE LOJVAIN

by H.LAUDELOUT

List of scientists having contributed to this report :

Dr.R.Van Bladel, Dr.Tang Van Hai, Dr.Gloria Gaviria, Mr.Fageria.

I. Ion Movement and Exchange in Soils.

The modelling of the movement of ions or molecules in the

soil profile require that several parameters are known fairly
accurately whether it is contemplated to study the movement

of radionuclides, pant nutrients or tiocides.

If the model is to be of sufficient generality, the relationships
between the parameters measured and the properties of the system
studied should be as fundamental as possible,

One of the important factors in this respect is the influence
of the salt concentration in the soil solution on the exchange
affinities of various ions, It has been shown that the factor
of importance in this respect is the hydration numbers difference
of the ions involved in the exchange.

Ion exchange equilibria for four pairs of singly charged ions

in a montmorillonite clay were carried out at different total
normalities of the equilibrium solution at 25°C, Only the trace
region for the preferred ions was investigated., The effect of
solvent activity a, on the selectivity coefficient KC was esta=
blished. In each case the expected linear relationship between
anc and In 3, was observed, The values for the differences of
the ion hydration numbers, n‘s - n‘i , calculated from this purely
thermodynamic relationship, were consistent and were comparable
with values that could be deduced from basal spacings or anion
exclusion volume data.
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H.Laudelout, R.Van Bladel and J,Robeyns ; "Hydration of Cations
Adsorbed on a Clay Surface from the Effect of Water Activity
on Ion Exchange Selectivity", Soil Science Society of America
Proceedings, 1972, 36, 30-34,

An additional reference on a related subject has appeared during 1972,
R.Van Bladel, Gl.Gaviria and H.Laudelout : "A Camparison of the
Thermodynamic Double Layer Theory and Empirical Studies of the

Na=Ca Exchange Equilibria in Clay Water Systems"., Proceedings
International Clay Conference, Madrid, 1972, II, 15-30.

Another important aspect influencing ion movement in soils is the
tortuosity of the pore systems (see for instance A.Cremers and
H.Laudelout : "Conductivité &lectrique des gels argileux et
anisométrie de leurs éléments". J.Chim.Phys., 1965, 10, 1155-1162.

Considereble attention has been devoted to this problem during the
last year (Gaviria Gl. : "Influencia de la hidratacion de las
arcillas sobre los fenomenos de transporte en los geles arcillosos",
Thesis submitted for a doctorate at the University of Louvain,
December 1972),

The results from the work carried out may be summarized as
follows : if the electrical conductivity of a soil paste Kg

" is related to the electrical conductivity of the salt solution
f\illing its pores K s» @ very good agreement can be found between
the experimental results and the predictions of Maxwell's theory
expressed by Fricke's formula :

K -k = (KS-Ki) pR
s g 1+ pR
1
with p = % -t
1- p!
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where p' is the volume fraction of the solid phase and R is given by :

R = + 1

K, X,

1«»(—l -1>ﬁ 1+(—1-1) a-mw
X 2 X
S S

where K, is the conductivity of the so0lid phase and M is a
factor related to the shape of the particles,

We have shown that this agreement demonstrated earlier by
Thomas and Cremers (J.Phys.Chem., 1970, 74, 1072: "Electrical
Conductivity of Suspensions of Conducting Colloidal Particles")
is illusory and due to the arbitrary adjustment of three inde-
pendent parameters,

If the hydration of the particles is measured by negative
adsorption techniques and the hydrat:on numbers used for
calculating the volume fraction of the hydrated solid phase
the agreement between theoretical predictions and experimental
results is shown to be restricted to a fairly low range of
volune fractions. It is thus more su.table to use the empirically
determined formation factor defined as the ratio of the rate
of transport in the solution to that in the solution than
theoretical relationships which obviously do not apply in

“soil systems.

The obstruction effect of clay-water systems becomes largely
independent of the techniques\ used for its measurement as

soon as the salt concentration becomes high enough as shown

in the figure.
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Formation factor measured by three different techniques in clay-water
systems as a function of electrolyte concentration,
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II, Uptake of solutes by plants from a di.ute environment,

Most, if not all of the physiological studies on mineral
nutrients uptake by plants have been carried out on relatively
concentrated nutrient solutions., Several problems relating

to the radio contamination of the environment(and generally to

the mineral nutrition of plants growing on soils of low

fertility level) demand a better knowledge of processus of

uptake from very dilute solutions. Studies on the uptake

of phosphate, as a model-element, Dy the rice plant from

extremely dilute solutions have been initiated several years

ago : (Tang Van Hai and H.Laudelout . Soil Sci., 101, 408-417

(1966)).

The emphasis was placed from the start on obtaining accurate

experimental data and modelling the prenomenon, This research

has been carried out in close cooperation between the Association

EURATOM~ITAL and the Louvain group siace several years.

This is shown by the following publications which appeared during

1972 :

-~ Tang Van Hai, N.K,Fageria and H.Laudelout : "Root Electrical
Potential and Phosphate Uptake of Rice as determined by pH".
Reprint from "Isotopes and Radiation in Soil-Plant Relationships
including Forestry", IAEA, Vienna, 1972, 81-86.

- Alagar Swamy, Tang Van Hai, M,Frissel, H.Laudelout, A.Ringoet :
"Analysis of response curves to increased phosphate concentration
in intact rice and groundnut plants",

Reprint from "Isotopes and Radiation in Soil-Plant Relationships
including Forestry™, IAFA, Vienna, 1972, 87-94,

Most of the work done in 1972 has been concerned with the influence
of other ions on the uptake kinetics of a given ion from a very
dilute solution., This was the physiological counterpart of the
purely physico-chemical study carriec out previously (Tang Van Hai
& H.Laudelout : "Phosphate Uptake anc¢ Root Electrical Potential,
Journal of Experimental Botany, 1971, 22, 830-836.

Rice plants (Oryza sativa L var,IR8) were grown in dilute nutrient
solutions with varying concentrations of calcium, phosphorus,
potassium and magnesium,
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2.

Ion Interaction

The uptake of phosphorus was independent of calcium concentrations
in the range of 6 uM to 748 uM calcium, Absorption of potassium
and nagnesium was stimulated in the presence of calcium ions at

low calcium concentrations, But potassium and magnesium absorptions
were inhibited at higher calcium concentrations.

Rate of potassium absorption as well as tissue potassium concen-
tration were independent of phosphorus concentration,

At low concentration of phosphorus, the rate of uptake as well as
the total magnesium content of the plants increased but at higher
concentrations of phosphorus, magnesium uptake was depressed,

The effect was more pronounced for tissue concentration. Increasing
concentrations of potassium in the nutrient solution depressed
phosphorus, calcium, and magnesium absorption rate as well as
concentrations of these elements in the plants, But under higher
concentrations this effect was diminished,

Magnesium at high concentrations caused decreases in potassium,
phosphorus and calcium contents of the plants tissue, A similar
trend was recorded in the rate of absorption of potassium and

phosphorus.

Ton uptake at different growth stages,

Rice plants showed a marked response in both rate and, of course,
total ion accumulation with respect to age.

Potassium, phosphorus and magnesium uptake rates increased up to

75 days and then declined, The concentrations of calcium, phosphorus,
potassium and magnesium in the plants gradually declined from the
seedling stage till maturity.
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Université Catholique de Louvain

N° 096-72-1 BIO B

A. GOFFEAU

Transport des radionuclides par les structures membranaires biologiques.

L'utilisation de mitochondries fonctionnelles de levures dont 1'isolement
avait &té mis au point en 1971, a permis de réaliser d'intéressants progrés
en 1972. En particulier, une stimulation par le strontium de la respiration
mitochondriale a &té observée. Cet effet, particuliérement marqué lors de
1'oxydation du NADH, nécessite des concentrations de 1 a 10 mM de SrC]z.
L'étude détaillée des nombreux paramétres susceptibles de modifier la
stimulation de la respiration par le strontium a montré que celle-ci ne
peut étre identifiée & aucun effet décrit précédemment. L'action du stron-
tium semble s'exercer a un niveau trés primaire,antérieur a celui auquel
agissent les agents découplants de 1'oxydation phosphorylante. On peut
espérer que 1'étude plus détaillée de 1'interférence du strontium avec
1'&quilibre ionique mitochondrial fournira des données .intéressantes sur Te
role de celui-ci dans 1'oxydation phosphorylante.

Des progrés notables ont également é&té réalisés en ce qui concerne 1'é&tude
du mode d'action d'agents chélateurs des terres rares et des métaux lourds:
les dithiocarbamates. Ces composés utilisés en pharmacie et dans certaines
industries inhibent préférentiellement la succinate déhydrogénase mitochon-
driale de levure. Un parallé&lisme étroit a &té observé entre son action
aux niveaux de 1'oxydation et de la perméation des anions dicarboxyliques.
Cette étude a permis d'avancer 1'hypothése d'une intervention directe de la
succinate déhydrogénase dans le transport des dicarboxylates & travers la
membrane mitochondriale de levure.

D'autre part, 1'obtention par irradiation aux rayons X et la caractérisa-
tion biochimique et génétique de mutants de levure, déficients dans Teurs
fontions mitochondriales, a fortement progressé. L'&tat actuel des ces tra-
vaux permet d'espérer 1'utilisation prochaine de ces outils génétiques dans
1'étude des phénoménes de transport des radionuclides par les mitochondries
isolées.

Enfin, signalons 1a mise en place d'un nouvel équipement de microscopie
électronique et le perfectionnement de diverses techniques morphologiques
et biochimiques nécessaires a 1'étude du rdle des membranes plasmiques de
levure dans le transport des radionuclides. Ces travaux encore préliminai-
res ont permis 1'observation de structures intéressantes constituées par
1'invagination de Ta membrane plasmique.de levure.
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Publications

1. M. BRIQUET - Action du Ziram sur les fonctions mitochondriales.
Arch. Intern. Physiol. Biochim. 80, 1 , 181-182, 1972

2. A. GOFFEAU, Y. LANDRY, A.M. COLSON et F. FOURY - Dual control of
synthesis of oligomycin-sensitive ATPase in a "petite-
negative" yeast.

Abstract Communications Meetings Federation European
Biochemical Societies, 8, 610, 1972,

3. A, GOFFEAU, A.M, COLSON, Y. LANDRY and F. FOURY - Modification of
mitochondrial ATPase in chromosomal respiratory-deficient
mutants of a "petite-negative" yeast : Schizosaccharomyces
pombe 972h”,

Biochem. Biophys. Res. Comm., 48, 1448-1454, 1972.

4, F. FOURY and A. GOFFEAU - Glucose superrepressed and derepressed res-
piratory mutants in a "petite-negative" yeast : Schizo-
saccharomyces pombe 972h.

Biochem. Biophys. Res. Comm. 48, 153-160, 1972.

5. Y. LANDRY et A. GOFFEAU - Isolement et caractérisation du complexe
.ATPasique mitochondrial sensible & 1'oligomycine chez la
souche sauvage et des mutants respiratoires d'une levure
"petite-négative" Schizosaccharomyces pombe.

Arch. Intern. Physiol. Biochim. 80 (3), 604-606, 1972.

6. A.M, COLSON, C. COLSON and A. GOFFEAU - Systems for membrane alteration:
genetic perturbations of mitochondria in a "petite-negative"
yeast,

Methods in Enzymology, 1973,(sous presse).

7. F. FOURY and A. GOFFEAU - Combination of 2-deoxyglucose and snail gut
enzyme treatments for spheroplast preparation in Schizosac-
charomyces pombe.

J. Gen. Microb. 74, 1973 (sous presse).
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Projet N° I
A. GOFFEAU, M. BRIQUET, A. SOUCHAY, F. FOURY, Y. LANDRY
Transport des radionuclides par les mitochondries isolées de levure,

1. Action du strontium sur les mitochondries isolées de levure (A. SOUCHAY,
A. GOFFEAU, M., BRIQUET).

La présence de 1 3 10 mM de SrC]2 stimule la respiration de mitochondries
isolées de Saccharomyces cerevisiae. L'ampleur de cette stimulation varie
selon la nature du substrat oxydé. Mesurée & son pH optimum (5.8 & 6.5) elle
est de 25% pour le citrate et le succinate, 60% pour 1'éthanol et de 150%
pour le NADH. A T'exception du beryllium, tous les cations de la série des
alcalino-terreux ont un effet stimulateur semblable. Par contre, les cations
divalents de la série du fer préviennent de fagon non compétitive 1'effet
du SrC]z. L'augmentation de perméabilité aux protons de la membrane mito-
chondriale par les découplants de 1'oxydation phosphorylante ou le vieillis-
sement & 0°C des mitochondries isolées, favorisent 1'action stimulatrice du

SrC]z. Le SrC]2 Tui-méme n'exerce pas d'action découplante puisqu'il permet
et généralement favorise la phosphorylation de 1'ADP. L'inhibition par
1'oligomycine de 1a phosphoryTation de 1'ADP et de 1'ATPase mitochondriale
n'interfére pas avec la stimulation de respiration par le strontium. Par
contre, en conditions non phosphorylantes, 1'ADP accentue 1'effet du SrC]2
tandis que le phosphate contrecarre celui~ci. Aux concentrations de 1'ordre
de 100 uM, le chlorure de lanthane ainsi que 1e rouge de ruthenium pré-
viennent toute stimulation de respiration causée par Tes alcalino-terreux
aussi bien que par les agents découplants ou par la phosphorylation couplée
de 1°'ADP,

Les caractéristiques de ces effets sont totalement différentes de celles
décrites précédemment dans la 1ittérature. Les résultats obtenus sont dif-
ficilement interprétables dans le cadre des théories impliquant un trans-
port de cations causé par un intermédiaire chimique de haut contenu éner-
gétique hydrolysé par les agents découplants. Par contre, les faits expé-
rimentaux pourraient é&tre interprétés selon la théorie dite chimio-osmoti-
que. Dans ce cas, la stimulation de respiration serait le résultat d'une
diminution de 1a composante ionique du potentiel de membrane et i1 fau-
drait admettre que cette composante ionique puisse étre modifiée indépen-
damment du gradient de pH aboli par les agents découplants.
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2. Le Ziram, inhibiteur préférentiel de 1'oxydation et de 1a perméation
du succinate chez les mitochondries de levure (M. BRIQUET).

Le diméthyldithiocarbamate de zinc (Ziram) inhibe préférentiellement 1'oxy-
dation du succinate par des mitochondries isolées de levure (Publication

n°® 1). A la concentration de 30 uM, le Ziram inhibe de 77% 1'oxydation du
succinate stimulée par la phosphorylation couplée de 1'ADP chez des mito-
chondries intactes. L'oxydation et le contrdle respiratcire inhibés peuvent
étre rétablis par 1'addition d'autres substrats tels que 1'é&thanol, le NADH
ou 1' o-glycerophosphate. En 1'absence de barriére de perméabilité, les
activités succinate déhydrogénases de particules submitochondriales et de
1'enzyme solubilisée sont inhib&es de 30 & 50% par 30 uM de Ziram. A cette
méme concentration, 1a perméation passive du succinate, mesurée en 1'absen-
ce de respiration, est fortement ralentie. La perméabilité d'autres subs-
trats tels que 1' a-glycerophosphate, le citrate et 1' a-cetoglutarate
n'est pas affectée, par contre, celle du malate est également inhibée. Le
parallélisme observé dans la spécificité d'action du Ziram sur 1'oxydation
du succinate et sur sa perméation suggére qu'une relation étroite existe
entre 1a fonction catalytique de la succinate déhydrogénase et le transport
des anions dicarboxyliques.

3. Obtention par irradiation et caractérisation de mutants de levures défi-
cients dans la respiration (A. GOFFEAU, Y. LANDRY, F. FOURY).

Dans le but d'&tudier comment 1'altération génétique de la membrane mito-
chondriale peut modifier le transport des radionuclides, une série de
mutants pleiotropiques de levure, déficients & 1a fois dans les cytochromes
a et b et dans 1'ATPase mitochondriale ont &té caractérisés biochimiquement
et génétiquement (publications 2 & 6). I1 résulte de 1'étude approfondie du
mutant M126, obtenu par irradiation aux rayons X, qu'une mutation dans un
seul géne nucléaire est & 1'origine de multiples déficiences identiques a
celles obtenues par altérations du DNA mitochondrial. I1 semble donc que la
mutation nucléaire affecte un mécanisme d'assemblage de 1a membrane mito-
chondrié]e. controlé @ la fois par le DNA mitochondrial et certains génes
nucléaires.

Plusieurs méthodes originales d'isolement de mitochondries intactes de ces
mutants ont &té mises au point mais leur utilisation reste délicate (Publi-
cation n° 7). Une nouvelle technique utilisant une enzyme isolée d'Arthro-
bacter luteus a donné récemment des résultats prometteurs.
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Projet N° II

A. GOFFEAU, E. MRENA et J. DELHEZ

Etude du rdle de 1a membrane plasmique dans le transport des radionu-
clides par les cellules de Tevure.

Cette étude est encore dans un état préliminaire de mise au point
technique.

Le professeur A, CLAUDE avec lequel nous m1l1laborons dans ce projet a
installé un nouvel équipement de microscopie électronique dans des locaux
adjacents aux ndtres. L'amélioration des techniques de fixation et d'ob-
servation en microscopie électronique de 1a levure Saccharomyces cerevi-
siae a fait 1'objet de plusieurs expériences. L'état actuel de ces teth-
niques a permis 1'observation d'importantes invaginations de la membrane
plasmique. Ces structures contiennent des substances de nature diverse :
membranes, protéines et granules. Par ailleurs, J. DELHEZ a détecté dans
des fractions membranaires obtenues aprés broyage des cellules, un mar-
queur probable de la membrane plasmique: 1'AMPase. Une fraction membra-
naire contenant cette activité a pu étre débarassée de contaminants
mitochondriaux par centrifugation en gradient de saccharose.
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HEREDITARY EFFECTS OF RADIATION
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Weitere Forschungsarbeiten zu diesem Thema werden auch in fol-
genden Jahresberichten beschrieben:

Further research work on these subjects will also be described
in the following annual reports:

D'autres travaux sur ce théme de recherche sont également décrits
dans les rapports annuels suivants:

094-BIAN  ITAL, Wageningen (De Zeeuw)
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Contract No. 102-72- 1 BIAN Project No. A 1

Laboratory for Molecular Biology, State University of Leiden, The Netherlands

(in collaboration with the Medical Biological Laboratory TNO, Rijswijk 2100).

Title: STUDY ON THE MECHANISM OF MUTATION IN ANIMAL AND
HUMAN CELLS

Summary:

Mammalian cells have the ability to repair damage induced in their DNA by
irradiation or chemicalcompounds. The molecular mechanisms of these repair
processes are largely unknown. In the following report results are presented of
studies on repair processes occuring in mammalian cells cultivated in vitro.
after irradiation with ultraviolet light. "Repair replication" is a characteristic
reaction of the cell after irradiation; methods to measure repair replicaﬁon
are presented and data on the kinetics of this reaction were obtained,

In this study also cells derived from Xeroderma pigmentosum patients were
included, These cells are sensttive to UV light and show a reduced amount of
repair replication after irradiation with UV, Studies on damage caused by
alkylating agents are also included in this study.

It was shown that normal cells contain an enzyme which specifically reacts
with UV irradiated DNA. To gain more insight into the molecylar nature of repair
processes it is of course important to study enzymes which are involved in these
processes. Techniques were set up for the separation of endonucleases.

Using man/Chinese hamster somatic cell hybrids several linkage groups of
man were established and moreover several of the studied enzyme loci have been
assigned to a chromosome. Hybrid clones isolated from fusion between lymphocytes
with a 3/X translocation and Chinese hamster cells gave information about the
position of some X-linked loci within the X-chromosome. Genetic transformation
by means of homologous wild type DNA was performed in Chinese hamster
temperature~sensitive mutant cells.

Human peripheral blood lymphocytes were irradiated in vitro with 250 kV
X-rays, 15 MeV neutrons and 18 MeV electrons.Cells were examined at their first
mitosis in culture for chromosome aberrations. Analyses of the results was restricted
to the number of dicentric chromosomes and centric rings.|n the X-ray experiments,
the influence of PHA stimulation time (30 min before,2 and 16 hours after
irradiation) , temperature during irradiation(room temperature or 37°5clnd irradiation

of whole blood or of blood in culture medium on aberration frequency was tested.
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Project No. A 1.1.

Title: The induction of chromosome aberrations by chemical and physical agents
and the automation of the scoring of these abnormalities

Research workers: Drs. H. Heering, Prof. Dr. D. Bootsma, Drs. W. G. Burgerhout,
Dr.S.Bacchetti

Progress reports

The dose effect relationship after irradiation with 250 kV, 15 mA X-rays,

8 MeV electrons and 15 MeV neutrons has been determined. X-rays and electrons
were equally effective in aberration induction. Neutrons were significantly more
effective than these both; the difference was about a factor two.

There was no significant difference in the induction of chromosome aberrations
when the stimulation time of PHA was 30 min before or 16 hours after irradiation.
There was also no difference in aberrations when the experiments were done in
room temperature or at 37°C. In the cases of the whole blood irradiation experi-
ments or of blood in culture medium during imadiation, one result was not
significantly different from its control while in the other experiment there was
a slightly significant shift towards lower aberration frequencies.

A staining technique for human chromosomes (e. g. atebrine and ASG) has been
developed good enough for determination of aberrationa and translocations. The
techniques are not good enough for automation of the scoring of the abnormalities

of the whole karyograms.
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Project No. A 1.2

Title: Repair of radiation damage in mammalian cells

Research workers: Dr. G. Veldhuisen, Dr. P.H.M. Lohman, Drs.W.J.Kleijer,
Dr.S.Bacchetti, Dr.R.A. Oosterbaan, Dr.P.H. Pouwels, Prof. Dr. D.Bootsma

Progress report:

Study of the repair of damage of DNA in mammalian cells was carried out along
the following lines:
1) Measurement of repair replication in mammalian cells after UV irradiation.

A new technique was introduced to measure repair replication. It consists of

isopycnic centrifugation in sodium iodide (Nal) gradients containing EtBt, With

this technique several data on repair replication were collected:

a) study of repair in UV sensitive cells, Normal cells show repair replication when
they are irradiated with UV light. Cells from patients with Xeroderma pigmen-~
tosum (XP) show a decreased amount of repair replication after UV irradiation,
The rate of repair replication differs in the different XP lines isolated: cells
from De Sanctis~Cacchione (DSC) patients (a severe case of XP) are completely
negative in repair; cells from other XP patients (so-calles classic XP) were
classified in a group with a low rate of repair (5-10% of the control) and a
group with an intermediate rate of repair (20-70% of the control). All these
repair rates are genetically determined. It was shown that fusion of DSC-cells
with classic XP-cells results in the formation of heterokaryons which show a
normal rate of repair replication. So at least two genes are involved in the
process of repair replication,

b

~=

studies on the kineties of repair replication were performed using several UV
doses and measuring repair at different times after irradiation.

c) the Nal technique for measuring repair replication was also used to try to
localize the genes responsible for repair. For this ;fudy interspecies hybrids
between men and Chinese hamster cells were used. It was not possible to connect

a "repair gene" with one of the known enzyme markers,

2) Study of excision of thymine dimers. Normal cells have excised about 50%
of their dimers after 24 h incubation after UV irradiation. The kinetics of
disappearance of dimers from DNA (measured with chromatographic techniques)
is comparable with the degree of repair replication at severa! times after irradiation.

Another way to measure the number of thymine dimers present in DNA was introduced.

*see also project 71-14
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In this case the extracted DNA was, incubated )th the enzyme UV-specific
endonuclease and analysed in alkaline sucrosé gradients. Excision of thymine
dimers does not occur or to a much lower extent in XP cells,

Occurence of single-strand breaks in DNA during repair of UV damage could
not be detected with the technique used (sedimentation in alkaline sucrose
gradients', in which 0.2 breaks in a DINA molecule of 108 daltons was the limit
of detection). The possibility was examined that breaks do occur during excision-
repair, but are closed very fast. by subsequent reactions, so that they escape
detection. Therefore inhibitors were added to the cells immediately after UV
irradiation, inhibitors which were known to block the repair of X-ray induced
breaks (e.g. EDTA, KCN, DNP, iodoacetate and crystalviolet). With none of

these compounds accumulation of the presumed "UV breaks" could be shown.

3) Damage by alkylating agents. Incubation of cells with MMS (10-4 M) and
EMS (5 x 10-3 M) leads to the induction of breaks in DNA strands as was shown
after analysis in alkaline sucrose gradients. Preliminary experiments showed that
prolonged incubation after the removal of the alkylating agent resulted in repair

of the induced damage.

4) Study of repair enzymes in mammalian cells. An enzyme activity has been
detected which specifically introduces breaks in UV imadiated DNA (measured
in alkaline sucrose gradients), UV irradiated DNA, incubated with photo-
reactivating enzyme was degraded to the same extent, so probably another damage
than the thymine dimer is recognized by this enzyme. The activity is also present
in extracts of XP cells. From preliminary experiments it was concluded that extracts
from human cells also contain an enzymatic activity that acts on lesions produced
in DNA by ionizing radiation,

Biological reactivation of UV irradiated ¢X-RF DNA with extracts of normal
human cells met with failure.

Endonucleases in cell extracts were separated by means of electrophoresis in
DNA-polyacrylamide gels. The sensitivity of this technique was enhanced by

localizing the enzyme bands with fluorescence measurements,
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Project No. A 1.3
Title: Genetic studies on in vitro cultured human and mammalian cells

Research workers: Dr.A.Westerveld, Drs,H. van Someren
Progress reports

Hybrid cell lines obtained after fusion of Chinese hamster cells with human
fibroblasts or lymphocytes show a preferential loss of human chromosomes. Since
most of the homologous enzymes of man and hamster are electrophoretically
distinguishable it is possible to establish linkage groups. The association of
genetic markers can be established by their simultaneous retention or loss; the
presence or absence of specific phenotypes and specific chromosomes presumes
the linkage of a particular gene to a particular chromosome.

Cultured cells of normal persons are able to repair radiation damage
(both UV and ionizing radiation). Since Chinese hamster cells have about
20 per cent of the repair replication activity compared with human cells,
repair replication can be used as a marker in man/Chinese hamster somatic
cell hybrids. Until now no evidence is present that the "repair" locus (loci)

is linked with the loci coding for the 30 tested enzymes.

The evidence that in man the locus for glutamic-pyruvic transaminase B
(GPT B) is linked with the loci coding for lactic dehydrogenase B (LDH B) and
peptidase B (pep B) and the linkage between the GPT C and LDH A loci has
been extended. It was shown that in man besides the loci coding for 6-phospho~
gluconate dehydrogenase (6 PGD) and phosphoglucomutase 1 (PGM 1) also the
locus for pepC is situated on the same chromosome,

The expression of the HL-A histocompatibility antigens in man/Chinese
hamster hybrid cells has been compared with the absence or presence of 21
independent loci coding for human enzymes. No clear evidence until now is
present that the HL-A locus is linked with one or more loci coding for the tested
enzymes. An electrophoretic separation between human and Chinese hamster
homologous enzymes has been developed for peptidase C, nucleoside phosphorylase
(NP) and pyruvate kinase (PK).

In collaboration with Dr,P. Pearson (Dept. of Anthropogenetics, University
of Leiden) and Dr.A. Jongsma (Dept. of Cell Biology, Medical Faculty Rotterdam),
the following loci have been assigned to a chromosome; 6 PGD, PGM 1 Pep C
to chromosome 1; NADP dependent cytoplasmic malate dehydrogenase to 6;

LDH A and GPT C to 11; LDH B, GPT B and Pep B to 12; indophenol oxidase B
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to 21; hypoxanthine-guanine phosphoribosy! transferase (HGPRT), glucose-6-
phosphate dehydrogenase (&36PD), 3-phosphoglycerate kinase (PGK), and
a-galactosidase (a-Gal) to X.

To determine the position of the loci for HGPRT, G6PD, PGK and a-Gal
within the X-chromosome, lymphocytes from two people having a 3/X translocation,
were fused with Chinese hamster cells, The hybrid clones isolated from these
fusions were tested for the presence or absence for HGPRT, G6PD, PGK
and a-Gal. Preliminary results showed that the structural gene for G&PD is
located on the terminal part of the long am of the X~chromosome. The locus
loci) for a=Gal is segregating independently from the loci for G&PD, PGK

and HGPRT.
Genetic transformation by means of homologous wild type DNA was studied

in Chinese hamster temperature-sensitive mutant cells, Pretreatment of the
recipient cells, prior to addition of transforming DNA, with DEAE ~dextrane
with presence of high concentration of Ca™t gave the best results (up to 10
or 15 times the control). The transformation frequency has been determined
under various experimental conditions in order to obtain optimal results. This

work is still in progress.
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Contract No. 102-72- 1 BIAN Project No. A 2

Laboratory for Molecular Genetics, State University Leiden, The Netherlands

(in collaboration with the Medical Biological Laboratory TNO, Rijswijk 2100)

Title: THE IDENTIFICATION OF ENZYMES AND GENES WHICH ARE
INVOLVED IN THE REPAIR OF RADIATION DAMAGE IN BACTERIA

Summary:

The study of repair processes in bacteria form an important source of
information on repair processes in general, Under investigation are the processes
inE. coli and Micrococcus luteus which are able to repair damage caused by
irradiation with UV- and X-rays.

The mechanism of binding of the ATP-dependent nuclease (an important
enzyme in the processes for repair of X-ray damage and recombination) to DNA
was studied in detail. The enzyme (purified from M. luteus) binds preferentially
to a linear double stranded DNA (without or with very short sticky ends) but
not with single-stranded DNA or circular double=stranded DNA, ATP is not
required for the binding and two enzyme molecules only will bind to each
linear duplex.

The expression of the action of the enzyme in recA mutants of E. coli was
studied. Evidence has been obtained now that the apparent higher ATP-dependent
nuclease content of recA over Le_t_:i strains must be ascribed to a difference in
the state of the DNA in these strains. Ee_zﬁ_ strains contain a high amount of
fragmented DNA which is unable to inhibit the enzyme.

Also rorA mutants show a higher ATP-nuclease activity than ror strains.
The rorA mutation maps inside or very near the recBC locus, the structural gene
for the ATP-dependent nuclease, The enzyme has been purified both from rorA

——

+ . .
and ror cells and a comparative study is in progress,

Much attention has been given to a peculiar mutant-enzyme of DNA polyme-
rase 1, isolated from the polA'107 mutant of E, coli. The mutant enzyme has
normal polymerase activity and 3' - 5' exonucleolytic activity, but lacks the
5" - 3! exonucleolytic activity. The enzyme is able to synthesize a new strand
with nicked double-stranded DNA as substrate, in the absence of concurrent
DNA breakdown.
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Project No. A 2.1
Title: Studies in vitro to elucidate the mechanism of repair processes
Research workers: Dr.R.A. Oosterbaan, Drs.A.Hout,Ir.B. van Dorp,

Drs. H. L. Heijneker, Dr. Ir.C. A. van Sluis, Dr. Ir.P. van de Putte, Dr.P. H. Pouwels,

Dr.W.F,Stevens

Progress reports

1) The important function of the ATP-dependent nuclease in recombination
and repair in E, coli stimulated further research concerning the properties of
a related enzyme in Micrococcus luteus. The mechanism of action of this
enzyme has been investigated with partially purified or extensively purified
enzymes (approximately 50 per cent pure).

Glycerol gradient sedimentation analysis as well as phase partition experiments
(polyethylene glycol-dextran) have shown that the enzyme forms a very stable
complex with linear double-stranded DNA from phage T7, but not with single-
stranded DNA or circular double-stranded DNA. For this reaction ATP is not
required; due to the instability of the enzyme in the absence of magnesium ions
the binding experiment could only be performed in the presence of magnesium
ions. Two enzyme molecules will bind as a maximum to a linear duplex, probably
one to each end.

Double~stranded DNA with sticky ends from phage lambda still binds the
enzyme but T7 DNA treated with exonuclease 1 to get more extended single-
stranded ends,is completely incapable to bind the enzyme.

Free DNA molecules do not compete with molecules initially bound to the
enzyme,

Results from kinetic experiments suggest that the formation of the enzyme~DNA
complex is a necessary intermediate in the overall degradation process. Degrada-
tion after the formation of the DNA~enzyme complex is a first order process,
its rate being proportional to the concentration of the complex . At 0°C one
enzyme molecule needs about 30 min to degrade one T7-DNA molecule with
a MW = 26 x 106.

2) The investigation to show that the (hypothetical) mechanism through which
UV-induced damage in DNA can be repaired by the successive actions in vitro
of a number of enzymes, has been proceeded. Now it has become evident that
the combined action of highly purified UV-specific endonuclease, polymerase |
and polynucleotide ligase cannot lead to the repair of UV-damaged DNA. For the
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action of polymerase | the hydrolysis of the phosphate ester bond near the thymine-
dimers, by the endonuclease must be followed by the introduction of another

break by means of exonuclease IlI to get the appropriate terminal group. Only
under these conditions the breaks which result from the action of UV=specific
endonuclease on UV irradiated RF=-DNA from phage ¢X174 can be restored

completely .

3) Much attention has been devoted to the characterization of the biochemical
lesion of the E. coli mutant KMBL 1364 exr {now polA 107). Phenotypically
this mutant exhibits a pronounced sensitivity towards X-rays and is incapable to
restore MMS-treated phages.

Biochemical analysis has revealed that this mutant synthesizes an abnormal
polymerase |, The following characteristics of the enzyme have been established:
a. the enzyme behaves similarly to the wild type enzyme on SDS polyacrylamide-
gel electrophoresis,

b. mutant and wild type enzymes possess comparable 3'-» 5'exonucleolytic
activities and polymerase activities (exonuclease 111 treated DNA),
c. the mutant enzyme is devotedof any 5'= 3'exonucleclytic acti vity, contrary

to the wild type enzyme

4 Extracts of E. coli K12 show a nuclease activity which is absent in the
isogenic recB and C strains. The nuclease activity is not stimulated by MgH
or ATP and is even inhibited at higher concentrations of Mg++ than 10-2M.
Extracts of RecA strains show a much higher activity than of the wild type strain.

Studies are in progress to isolate the enzyme.
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Project No. A 2.2 and A 2.3

Title: Identification of gene products detemining radiation=-sensitivity of bacteria,
Research workers: Dr.Ir. P, van de Putte, Drs. A, Hout, Dr. F, Palitti, B.W.Glickman,
M.Sc., Dr.lr.C.A..van Sluis

Progress report:

It has been shown that the ATP-dependent exonucleasewas absent in RecBC
cells and was more active in extracts of RecA cells than in Rec cells,

First it was thought that the higher acitivity of the enzyme in RecA cells was
due to the absence of the RecA gen product that would inhibit the ATP exonuclease.
It was found, however, that the difference between Rec' and RecA extracts was due
to different amounts of inhibitor DNA in those extracts. The RecA DNA, purified
from the extracts, bands in two peaks in a neutral sucrose gradient, whereas the
Rec’ DNA bands in one peak. Only the DNA from the RecA extracts, which
corresponds with the DNA of Rec’ extracts, inhibits (by substrate dilution) the ATP-
exonuclease activity.

The difference between the two DNA's is not found when the DNA is isolated
from cells which are lysed by SDS. Apparently the DNA in the RecA cell extracts
becomes more fragmentated than in Rec+ cells extracts and it was found that this
fragmentation is due to an ATP-independent nuclease. This nuclease, which
activity is much lower in Rec cell extracts and unmeasurable in RecB C extracts,
works only with very low Mg'éoncentration and the activity is lost by RNase
treatment, A strong stimulation is found when tRNA is added to the extract. The
enzyme will now further be characterized and its relation to the RecB C and RecA
genes established.

DNA-free extracts of the RorA mutant contain more ATP-nuclease per mg of
protein than extracts of the wild type. The ATP nuclease from Ror' and Ror™ cells
are purified now to such an extent that comparative experiments can be started
with the two enzyme preparations in the near future,

As concerned the identification of the RecA gene product. Hfr's were isolated
which have their point of origin very close to the RecA gene. These Hfr's were
isolated using the phenomenon that F-factors can become integrated at any site of
the bacterial chromosome with the help of bacteriophage Mu. From these Hfr's
it will be tried to isolate RecA containing episomes as a first step for the isolation
of RecA carrying phages which will be very useful for the isolation of the RecA
gene products,

In 1972 no work was done on the identification of uvr gene products.
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Project No., A 2.4
Title: The isolation of well defined multiply marked mutants of Escherichia
_coli K12
Research workers: Prof, Dr, A, R8rsch, Dr. P, van de Putte, Dr, |,E. Mattern,
B.W. Glickman, M. Sc.

Progress report:

Mutants of the original E. coli K12 F+ strain were isolated by introducing
the desired genetic markers via transduction. Thus the strains are never brought
into direct contact with mutagens and the genetic quality of the strains can be
ensured, In this way several hundred strains containing auxotrophic markers
have been isolated, Furthermore, into a number of these strains, various mutations
have been transferred which affect radiation sensitivity. With the exception
of the small section of chromosomal DNA which is introduced by the transduction,
the so isolated radiation-resistant strains form strict isogenic partners.

A master strain was produced, KMBL 1835 lacZ 001, malB78 serA101 metA79
metf 72 proCé5 trpsus1 pheA001,his-51 bio-87 thyA301, towards which can be
transferred any of the genes determining radiation sensitivity of the series uvrA,
B, C, D, E, F, polA, recA, B, C, rorA, exrA, lonA by transduction, by selection

for the +allele of the neighbouring auxotrophic marker.
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Contract No, 102-72- 1 BIAN Project No. A 3

Laboratory of Molecular Genetics, State University Leiden, The Netherlands

(in cooperation with the Medical Biological Laboratory TNO, Rijswijk 2100)

Title: IDENTIFICATION OF THE PRIMARY LESIONS INDUCED BY
IONIZING RADIATION

Summary:

lonizing radiation induced single-strand breaks, double-strand breaks and
nucleotide damage, i.e. damage not accompanied by a break, in the most
important cellular target DNA. It has been shown that in phage DNA nucleotide
damage may be responsible for more than 80 per cent of the lethality, Not all
nucleotide damage is lethal, however,

Part of the damage induced by y-rays in phage DNA can be repaired by the
excision repair system of the host bacterium, Repair of damage inflicted under
oxygen, however, does not need the "UV-endonuclease".

A small fraction of the radiation damage causes mutations in bacteriophage,
both in single-and in double-stranded DNA phages. Often mutation induction is
higher under oxygen than under nitrogen. Replication of the DNA is not
necessary for expression of pre-mutational damage.

Sensitization of cells to ionizing radiation by the presence of the well-known
sensitizers paranitroacetophenone and triacetoneamine-N-oxyl, was found not to
be due to reaction of these compounds with DNA radicals, suggesting that the
so~called "direct action model" of sensitization does not apply. The presence of
these compounds during irradiation does have an influence on the repairability

of the radiation damage in DNA.,

-190-



Project No, A 3.1

Title: Induction of mutations in bacterial and mammalian cells and viruses and
in biologically active DNA by physical and chemical agents

Research workers: Ir.J.F.Bleichrodt, Drs.J. Vreeswiik,Prof.Dr.A,R8rsch,
Dr.R.A, Oosterbaan

Progress report:

An ochre mutant of bacteriophage dX 174 contains the codon TAA in its DNA,
an amber mutant,the codon TAG, and an opal the codon TGA. In the previous
annual report it was reported that the conversion of a particular ochre mutant
into an amber by y-irradiation showed an oxygen effect. This was found not to
be a general phenomenon.

Attempts to convert an opal mutant into an ochre, representing the transition
of guanine into adenine, have failed thus far. The opal mutants available also
could not be mutated into ochres by chemical means, indicating that the amino
acid inserted by the ochre suppressor in the bacterium used, yielded non-
functiona! proteins and not that the conversion G —3 A by irradiation cannot
occur.

Amber mutants in cistron A of bacteriophage diX 174 can be reverted by y-rays
to pseudo-wild types, i.e. to particles able to grow in a suppressorless host. Since
these ambers do not show any replication of the double-stranded form of ¢X174
in the non-permissive host, it can be concluded that replication of the double=-
stranded DNA is not necessary for expression of the mutation induced.

Induction of mutations by y-rays was also studied in the double-stranded DNA
phage T7. Amber mutants of T7 irradiated in nutrient broth are mutated to
pseudo-wild type particles. The efficiency of induction varies between 'IO-6 to
8 x 107% mutants per lethal hit per phage particle for amber mutants in different
cistrons irradiated under oxygen. Under nitrogen the efficiency is lower for all
mutants tested,

Induction of revertants in mutants in cistron 1 and 5, which code for T7 RNA
polymerase and T7 DNA polymerase respectively, shows that DNA replication is
not necessary for expression of radiation-induced mutations. Since the first few
cistrons of T7 are transcribed by the bacterial RNA polymerase, and cistron 5 by
the T7 RNA polymerase, it may be concluded that these polymerases can "read"

the pre-mutational lesions induced by the radiation, unless these lesions are

-191-



first repaired by host repair enzymes.
With the exception of the polA mutation in Escherichia coli, which results in

a lower induction of mutations in T7, induction was the same on various E. coli

strains deficient in their repair systems.

An increase in induction of mutations, which is obtained in the presence of
oxygen, is not obtained by irradiation in the presence of paranitroacetophenone
or triacetoneamine-N-oxyl. With respect to mutation induction in phage these
compounds, which like oxygen sensitize cells to ionizing radiation, therefore

show a behaviour different from oxygen.

Project No, A 3.2 and A 3.3
Title: Chemical and physcial identification of lesions in nucleic acids

Research workers: Dr.J.de Jong, Dr.G.P. van der Schans, Drs. J. J. van Hemmen,

Ir.J.F.Bleichrodt
Progress reports

1YWhen the double=stranded circular DNA of the bacteriophage PM2 is
irradiated in buffer in the presence of oxygen,about 5 per cent of the lethality
is due to double-strand breaks, assuming that the efficiency of inactivation of
the DNA by a double-strand break is 100 per cent. About 85 per cent of the
lethality is due to nucleotide damage, i.e. damage not resulting in strand
breakage. Not every nucleotide damage is lethal, however, Of the nucleotide
damage which is lethal in the biologically active single-stranded circular DNA
of PM2, which can be obtained from the double~stranded DNA, only 30 per cent
is lethal if present in double-stranded DNA.

Radiation~induced single-strand breaks contribute for about 10 per cent to
lethality in PM2 DNA. Only about 2 per cent of all single=strand breaks is lethal.
These data confirm the less accurate results previously obtained with the circular
double-stranded replicative form of phage 4X174.

tnvestigations on the lethal damage in DNA inflicted by irradiation of phage
PM2 in protective media were less successful. The phage coat is very sensitive
to radiation and DNA cannot be recovered quatitatively after irradiation. There-
fore the direct effect of radiation on PM2 DNA is now being investigated by
irradiating the DNA in nutrient broth at =196°. The presence of nutrient broth

in the medium excludes the application of the previously mentioned filter
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technique to separate the various DNA components in irradiated samples, This
separation is obtained now by an improved method of sucrose gradient sedi-

mentation.

2)When DNA of the bacteriophage 77, heavily labeled with 3H in the
adenine bases at C-8, is irradiated with y-rays adenine is liberated from the
DNA and also water is formed. When ir radiated DNA was degraded by pancreas
DNAase | and with snake venom phosphodiesterase, mixed with irradiated
5'-dAMP and the radiation products separated, the products of 5'-dAMP and
those of DNA containing 3H appeared to be the same. Therefore identification
of the products is performed using irradiated 5'-dAMP. Besides free adenine,
4, 6-diam ino -5-formamidopyrimidine was detected, together with a third main
product which disintegrates during purification. A few of the disintegration

products have been characterized by mass spectrometry.

3)Radiation damage in DNA of bacteriophage T1 sustained by irradiation of
the phage in protective media under nitrogen, can be repaired by the excision
repair system in E. coli, because the phage was found to show a greater
sensitivity on a Uvr™ than on a .Uvr+ strain. The survival of T1 did not differ
on these strains if irradiation was performed under oxygen. On a Pol* and a
Pol™ strain there was a difference in sensitivity both after irradiation under
oxygen and after irradiation under nitrogen. These observations suggest that
the "UV-specific" endonuclease recognizes only y=-ray damage inflicted under
anaerobic conditions. This conclusion was supported by experiments with the
bacteriophages T4 and T4v. This phage codes for its own "UV-specific"

endonuclease, and the latter strain carries a mutation in the endonuclease cistron.

4)n the previous Euratom report, it was shown that the so-called "direct
action model" of sensitization of DNA by electron affinic sensitizers does not
apply to irradiation of dry DNA in the presence of the sensitizer paranitro-
acetophenone (PNAP), This was also shown to be the case for triacetoneamine-
N-oxyl (TAN). Also in the rapid-mixing apparatus these compounds were
found not to sensitize the inactivation of biologically active DNA if the
irradiated DNA was mixed with one of the sensitizers within 1. 5 ms after
irradiation. In steady state experiments where DNA is irradiated in buffer in
the presence of TAN, the sensitizer does react with DNA, since the survival

of the DNA was found to be lower on spheroplasts of a Uvr  than on those of
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a Uvr+ strain, DNA irradiated in the presence of PNAP does not show a difference
in survival on these strains.

When bacteriophage T1 is irradiated under anoxic conditions in the presence
of PNAP the difference in survival of the phage on a Uvr' and a Uvr” strain is
decreased which is an effect similar to that of oxygen. TAN on the other hand

causes an increase in the difference in survival,
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Department of Radiation Genetics and Chemical Mutagenesis
Contract No. 102-72- 1 BIAN
Prof. Dr. F.H. Sobels

The Effects of Radiation on Genetic and Biochemical Systems

Research is directed to studying the induction of mutations and
chromosome aberrations in somatic and germinal tissues of several
mammalian species, including man.

A system has been developed for the selection of 8-azaguanine
resistant mutants in diploid human cell strains; it was found that 8-
azaguanine is not only selecting, but also inducing mutants,Mutants
are being tested for residual enzyme activity and their ability to
grow on restrictive HAT-medium.

Groups of mice have been given exposures ranging from 100 R to
600 R of X-irradiation. Chromosome aberration frequencies in bone marrow
and testes are being determined at various time intervals after exposure.
A first somatic-germ cell correlation has been obtained for one dose and
time interval.

Testes biopsies have been tried as a source of material for
studies on the radiosensitivity of human male germ cells. Cultured
meiotic cells did not, however, develop further than late pachytene.

Attempts to induce cell transformation are being continued with
human diploid skin fibroblasts.

Drosophila is an ideal organism for studies on the induction and
recovery of radiation induced changes at the chromosomal level. The
sophisticated genetic systems which are available in this organism per-
mit an analysis and manipulation of events which can only be observed
cytologically in other systems. The models derived from Drosophila
are essential for the interpretation of data used to estimate the ge-
netic hazards to man. The results of the past year's research are
summarized below.

Treatment of females with caffeine affects the recovery of
dominant lethals and chromosome loss induced by the irradiation of
spermatozoa in males. Maternal genotype was also found to be a sig-
nificant factor.

Heterozygosity for structural rearrangements of the two major
autosomes did not affect the induction and recovery of translocations
when stage-7 or stage-14 oocytes were irradiated.

By using dose fractionation, it has now been convincingly demon-
strated that many chromosome breaks induced in spermatids remain open
until after fertilizationm.

Autosomal non-disjunction has been studied by using compound
autosomes. The evidence obtained so far indicates that there is no
threshold for the induction of non-disjunction in stage<7 or-14 oocytes.
There was no apparent dose rate effect on non-disjunction induction in
stage-7 oocytes.

The relative breakability of euchromatin and heterochromatin
and the absolute breakability of the latter have long been subjects
of discussion. Work reported here indicates that the breakability of
heterochromatin is not in accordance with currently accepted hypotheses.

By repeating techniques used in mouse genetics, with Drosophila,
it is possible to check the validity of the genome mutation rates in
the mouse.
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Project No,: B 1.1

Participant(s): D. Mendelson

Title: Effects of Changing the Maternal Environment with
with Chemical Inhibitors on the Repair of Chromosome

Breaks Induced in Male and Female Germ Cells

Caffeine is consumed in large quantities throughout the world.

Tests for mutagenicity have given a different response in different

test systems, and caffeine by itself does not seem to constitute a

serious risk as an environmental mutagen. In microorganisms caffeine

acts as in inhibitor of dark repair, and thus potentiates radiation
damage. The effect of caffeine on the repair of chromosome breaks in

Drosophila was studied in several different ways:

1) When males were fed for two days on 0.15% caffeine in 10%Z honey
and then exposed to 1000 R, a non-significant increase of the
II-III translocation frequency over the controls was observed in
sperm, spermatids and spermatocytes.

2) When females of Nothel's (Mutations Res. 10: 463, 1970) Ro I
stock (which exhibits radioresistance in stage-7 oocytes) were
injected with 0.13% caffeine, and then exposed to 3000 R X-rays,

a significant increase of 7-16%7 dominant lethality was observed in
comparison to that in the controls. Caffeine treatment increased
the X-ray response of the radioresistant stock to the level of

the normal (+60) non-radioresistant stock. In the latter stock,

the effect of caffeine was far less pronounced and not significant.
This observation suggests, that radioresistance in the R0 I stock
is brought about by a biochemical system that can be inhibited

by caffeine.

3) Young females of different stocks were injected (0.15-0.17%) or
fed (0.14~0.27) with caffeine and mated two days after eclosion
to males, which had been irradiated with 2000 R. A significant
increase was observed then for the dominant lethal frequency in
the paternal genome, If y sn3 females were treated with caffeine,
loss of the paternal X-chromosome was similarly increased. However,
the latter effect was less pronounced when "Oster" females
(y sc511n49 sc8; bw; st pp) were used. Very high frequencies of
paternal sex-chromosome loss were obtained when irradiated males

were mated to Ubx females. Caffeine treatment of these females
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did not affect significantly the frequencies of either chromo-
some loss or intra-chromosomal rearrangement. This indicates
that the Ubx females probably have a very inefficient repair
system,

These results provide evidence that the repair
system in Drosophila females (Proust, Comt. Rend. 269: 86, 1969, and
Proust,Sankaranarayanan and Sobels, Mutation Res. 16: 65, 1972, and
Wirgler and Maier, Mutation Res. 15: &1, 1972), responsible for repair
of restitution of breaks in both the maternal and paternal genomes,
can be effectively inhibited by caffeine. In accordance with this
hypothesis, when females were treated with caffeine, it was found

that fewer translocations were recovered from irradiated male gametes.

=199~



Project No.: B 1.3

Participant(s): Dr. K. Sankaranarayanan

Title: Effects of Structural Heterozygosity on the
Induction of Autosomal Translocations in

Female Germ Cell Stages

The induction of translocations between chromosomes II
and III has been studied in oocyte stages 14 and 7 from females that
are gtructurally heterozygous for these chromosomes (_S.}:S_; m ).
The general rationale of this experiment is the following: exchanges
between chromosomes in stage~7 oocytes depend on pairing relation=-
ships, whereas in stage-14 oocytes on chance associations; if homo-
logous chromosomes can be effectively inhibited from pairing for
exchange, the chromosomes so inhibited undergo distributive pairing,
one which is dictated by chromosome length and not by homology. In
a structural heterozygote, such as the one used (the SM5 and TM3 chro-
mosomes are believed to inhibit exchange pairing), there is thus a
greater opportunity for heterologous pairing. If translocations can
be induced between the autosomes and provided there are no compli-
cations in segregation following their induction, such translocations
should be recoverable at frequencies higher than under conditions when
normal females are irradiated.

The results thus far available show (i) in stage-l4
oocytes irradiated with 500 R, out of 1112 gametes tested, 9 trans-—
locations were recovered (0.8%); none of these translocations could
be kept for more than a generation or two following their recovery
(ii) in stage-7 oocytes, irradiated with 3000 R, the rate of recovery
is quite low... 1 in 523 gametes tested (0.2%). The frequency in stage-
14 oocytes appears higher than the one recorded by Traut in normal fe-
males (0.367 at 500 R); however, it appears likely that the higher
rate in the present study is probably due to improved sampling tech-
nique (8 hrs of egg-laying versus 24 hrs used by Traut). The rate
for stage 7 ... 0.2% is not inconsistent with that obtained by
Traut (0.32%7 at 3000 R).

The results thus demonstrate that structural hetero-
zygosity does not have any appreciable effect on the rate of recovery
of autosomal translocations from either of the germ cell stages examined
in this respect. It is proposed to terminate this project as soon as

experiments currently underway are completed.
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Project No.: B 1.5
Participant(s): Prof.Dr. F.H, Sobels
Title: How long do breaks induced in pupal spermatids remain

available for interaction?

A number of further dose-fractionation experiments were
carried out to determine at what stage of spermatogenesis (in Drosophila
pupae) X-ray induced breaks (or potential breaks) remain available for
interaction with breaks induced in the same cells, when mature spermatozoa.
A first radiation exposure of 500 R was given to spermatids in 24-hour
or O-hour pupae. The second fraction of 1000 R to the same cells, as
mature spermatozoa, in inseminated females. The yield in the fractionated
group was compared with that expected on the basis of additivity of
interaction between breaks induced by the single fractions (obtained from
simultaneous parallel experiments). Previous observations had shown that
following irradiation of spermatids in 48-hour pupae, the translocation
frequency in the fractionated group was significantly higher than the
sum of the yields of the separate fractions. This result corresponds to
our findings for adults, but ;tands in contrast to earlier observations
of Oster (1955) and Falk (1961). After irradiation of 24~hour pupae,
additivity was observed in three out of four experiments, and complete
interaction in a fourth., Following irradiation of O-hour pupae, no
interaction was found. The transition from interaction to additivity thus
occurs in spermatids of pupae around 24 hours after puparium formation.
The finding that lesions in spermatids remain available for interaction
with damage which is induced 4-5 days later after insemination of the
female is of interest. The frequencies of recessive lethals and trans-
locations can be modified by contrasting post-treatments, following
irradiation of spermatids under anoxia (Sobels 1965; Watson 1967). In
view of the recent observation by Proust, Sankaranarayanan and Sobels
(1972), and Mendelson, Clark and Sobels (1972), that the expression of
genetic damage induced in sperm cells can be profoundly influenced by
both the genetic and physiological conditions of the oocyte, it seems
worthwhile to investigate whether post-treatments of spermatids makes
them more or less susceptible to undergo repair proceeding fertilization

in the female.
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Project No.: B2
Participant(s): Prof.Dr. F.H. Sobels

Title: Radiation induction of non-disjunction of autosomes

Non-disjunction is an obvious hazard to man, because recent
surveys (Jacobs, Proc. 4th Int. Congr. Human Genetics, Paris, September
1971) show that 30-40% of spontaneous abortions and 0.4-0.87 of live-born
children are associated with aneuploidy, and hence presumably arise from
non-disjunction. Until now non-disjunction could only be measured for
the sex-chromosomes or the small fourth autosome, because trisomy or
monosomy for one of the large autosomes is lethal in Drosophila melano-
gaster. For non-disjunction of the X-chromosomes an unusual dose-effect
relationship with a threshold up to 1000 R has recently been reported
by Traut (Mutation Research 10: 125, 1970). To investigate whether
Traut's observation is of more general applicability, a method was devised
to study non-disjunction of the large autosomes by employing isochromosome
stocks, Advantage is taken of the fact that in the female, isochromosomes
usually disjoin regularly, whereas in the males they show disjunctional and
non-disjunctional segregation with equal frequencies. This system makes
the quantitative recovery of non-disjunctional progeny possible, because
disomic and nullosomic females gametes will result in viable zygotes after
fertilization with nullosomic or disomic sperm, respectively.

The induction of non-disjunction by X-irradiation of the
second chromosome in stage~7 oocytes has been studied by employing various
isochromosome stocks. Determination of egg-hatchability has been used to
correct for varying degrees of segregation in males carrying different
isochromosomes. Even at exposures as low as 250 R the frequency of non-
disjunction is significantly higher than in the controls. No evidence
has been obtained for the existence of a threshold. In the stage-7 oocytes,
the induction of non-disjunction increased linearly with radiation exposure
over a range of 250-3000 R and thus seems to reflect a single~hit event.
These findings could be of significance for the evaluation of genetic
radiation hazards in man. In slightly younger oocyte stages the induction
of disomic eggs followed dose-square kinetics. The frequency of nullosomic
eggs rises exponentially with radiation exposure, presumably as a
consequence of increasing chromosome loss, resulting from unrestituted
breaks in each of the two maternal isochromosomes. Furthermore, it was
observed that the late stage-7 oocytes were more sensitive to the

induction of non-disjunction than earlier stages.
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Project No.: B 2
Participant(s): Prof.Dr. F.H. Sobels
Title: The induction of non-disjunction of compound second

chromosomes in stage-14 oocytes of X-rays

The findings recorded for the induction by X-rays in
stage—14 oocytes are controversial. After exposure to 500 R, Day and
Grell (Mutation Research 3: 503, 1966) obtained values similar to those
expected from stage-7 oocytes, provided linear extrapolation from 4000 R
data for stage-7 oocytes is correct. For both the X and the fourth
chromosomes, Kiriazis and Abrahamson (Genetics 60: 193, 1968) did not
observe an increase over the control values. The latter result was
confirmed by Traut (Mutation Research 10: 156, 1970), who categorically
concludes that a dose of 400 R does not induce non-disjunction in either
mature or immature (Traut, Mutation Research 10: 125, 1970) oocytes.
More recently, however, Clark and Sobels (Mutation Research: in press)
and Sobels and Clark (Abstr. 3rd Europ. Dros. Res. Conf., Milan, Sept.
1972, ed. Barigozzi), by making use of compound second chromosomes, were
able to show that, in contrast to Traut's findings, exposures of 500, and
even 250 R do significantly raise the non-disjunction frequency in stage-7
oocytes over that in the controls. A re-investigation of the induction
of non-disjunction in stage 14-oocytes, using this method, seemed therefore
indicated.

Four-day old females of the genetic constitution C(2L)RM, j63;
C(2R)RM, px were exposed to 400 R and mated to C(2L)RM, bpr; C(2R)RM, vg
males. To record stage-dependent sensitivity differences, egg samples
were collected from 9.00 a.m. until 5.00 p.m., and from 5.00 p.m. until
9.00 a.m., over a period of 72 hours in total; in this context only the
data for the first two broods, sampled during 24 hours after exposure to

irradiation, are presented (see table).

Pooled data of 7 replicate experiments

B Hours after No. Disomic eggs Nullosomic eggs
rood . P
irradiation progeny No. 4 No. A
A 0-8 682 6 0.88 11 1.6
B 8 =24 2,734 26 0.95 24 0.88
Controls 12,142 50 0.41 42 0.35
Stage-7 oocytes 7,393 70 0.94 33 0.44
(500 R)
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Considering first the data for disomics, it may be noted

that their frequency does not significantly differ between broods A
and B, and hence the data of these two sampling periods were pooled. The
frequency of 0.93% thus obtained, is significantly higher (at the 0.01Z
level, Kastenbaum and Bowman, Mutation Research 9: 527, 1970) than in the
controls, and does not at all differ significantly from that found after
exposing stageé-7 oocytes to 500 R. The present data thus confirm earlier
findings that there is no difference in radiosensitivity with regard to
the induction of non-disjunction between stage-14 and stage—~7 ococyte stages.
Moreover, they are in line with the findings of Day and Grell for X-chromo-
some non-disjunction in stage-14 and slightly earlier oocyte stages, but
different from those recorded by Kiriazis and Abrahamson, and Traut.

With regard to nullosomics, it can be seen that these appear
to be induced at higher frequency in brood A, than in brood B, though the
difference is not significant. The frequency obtained in brood A is
gsignificantly higher (P €0.01) than in the controls, and that induced by
500 R in stage-7 oocytes. A similar result has been recorded by Traut,
and the different findings for disomics and nullosomics clearly originate
from the fact that chromosome breakage phenomena contribute to the

induction of nullosomics, but not to that of disomics.
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Project No.: B 2
Participant(s): B. Leigh

Title: Effect of dose rate or autosome non-disjunction

Recently, Traut (Mutation Research 12: 321-327, 1971)

has claimed that when Drosophila melanogaster oocytes are irradiated the

amount of induced non-disjunction is dependent on the way in which the
radiation is given. Namely, a dose of 1,800 R given at 850 R/min. produced
the same amount of non-disjunction of the sex chromosomes when the dose
was given all at once and also when it was given in two fractions
separated by a 1-, 3-, or 5-hour interval. However, a much lower frequency
of non-disjunction was induced when the same dose was given chronically

at a rate of 10 R/min. Several experiments have now been carried out to
investigate whether there is also a dose rate effect on the induction of
non-disjunction of isochromosomes. Two dose rates are being used, 2,600 R/min.
and 10 R/min. The exposure levels which have been selected are 1,000 R and
1,500 R. The first eight experiments have not provided evidence of a dose
rate effect for the induction of non-disjunction of compound autosomes,

when immature oocytes are irradiated.
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Project No.: B3

Participant(s): A. Schalet

Title: Quantitative and qualitative characterization of
radiation-induced breakpoints in the proximal
heterochromatin and adjacent euchromatic regions

of the X-chromosome

Three of the elementary questions which can be raised with
respect to the distribution of radiation induced chromosomal- breaks in
Drosophila are 1) What is the significance of the distribution of breaks
in euchromatic segments?, 2) Are breaks distributed within heterochromatic
segments at random?, 3) What is the apportionment of breaks between eu-
and heterochromatic segments?, i.e., is there a difference in the relative
effective breakage (breakage and rejoining) between eu- and heterochromatic
segments? The analysis of X chromosome breakpoints provides the best
approach to these questions. It is fairly clear that the distribution of
breaks in euchromatic segments correlates well with measurements of DNA
content along the length of the polytene chromosome. Answers to the
remaining questions are less satisfactory. Work dome under this project was
intended to help to clarify the situation. The work of Rudkin (1969) and
Gall et al. (1971) indicate that heterochromatic segments do not replicate
during polytenization. As a consequence of this fact and our own cyto-
genetic analysis of the proximal heterochromatic-euchromatic segment of the
X (Schalet and Lefevre, submitted for publication), it can be seen that
previous calculations of the proportion of total chromosome breaks assigned
to the heterochromatic segment must have been overestimated to some extent.
The degree of overestimation is uncertain but, until it can be worked out,
the relative effective breakage of euchromatin vs. heterochromatin remains
uncertain., Experiments designed to determine the relationship between
breakage and the size of the heterochromatic segment present in the X
chromosome have produced results which appeared to rule out a simple
quantitative relationship. Thus Muller (1944), confirmed by Wagoner (1968),
reported that equal frequencies of X-ray-induced X-autosome translocations
were recovered from two ¥-chromosomes which differed in their mitétic lengths
by a factor of two because of a seven~fold difference in the amount of X-
chromosome heterochromatin. Muller (1944) also reported equal frequencies of
X-ray-induced deficiencies at the tip of the X for two chromosomes in which
the amount of heterochromatin, just proximal to the marker used to detect
deficiencies, differed by a factor of four. No daga were reported for
Muller's experiments, but the data for Wagoner's translocation experiments

are conclusive.
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Since experiments of the second type mentioned in the
previous paragraph provide a direct estimate of breakage in X chromosome
heterochromatic segments of different sizes, we have repeated this type of
experiment. Preliminary results are in disagreement with Muller's
observation. The experiments were designed to select for deficiencies
with a breakpoint between two specific markers which delimited a hetero-
chromatic segment. The loss of either marker, but not both, was compared
in two chromosomes which differed by a factor of about four in the size
of the heterochromatic segment between the markers. Following the
irradiation of adult males with 3,000 R and sampling of mature and near
mature sperm, the relative frequency of loss for the left marker, ac+,
was 3:1 and for the right marker, su(f)+, was 6:1. The difference between
the two chromosomes for the loss of each marker was statistically
significant, and the ratio for the combined losses was approximately
proportional to the relative sizes of the heterochromatic segments in
each chromosome. These data are considered preliminary because the
detailed genetic analysis of the heterochromatic and euchromatic breakpoints
was limited due to the fact that the majority of the flies carrying the
su(f)” chromosome failed to breed and there was an unusually high control
value for the ac+ losses in one of the chromosomes. The latter event
probably represents a high incidence of X-Y exchanges rather than an
inherently high spontaneous mutability in the stock. If these results are
reproducible it would mean that breakage in the X chromosome heterochromatic
segment is indeed proportional to the size of the segment. Furthermore,
we would infer that the apparent lack of proportionality in the X autosome
translocation experiments of Muller and Wagoner might well lie in the
uncertainty of the relative breakability of euchromatic segment vs.
heterochromatic segments or secondary factors which influence the recovery

of interchromosomal rearrangements.
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Project No.: BS5

Participant(s): Dr. K. Sankaranarayanan

Title: How valid are the genome mutation rate estimates in
the mouse? A reconstruction experiment with

Drosophila.

An attempt is being made to examine the efficiency of the
inbreeding technique used by mouse workers to screen for the presence
of autosomal recessive lethals. Two approaches are employed, namely,
computer simulation and model experimentation with Drosophila. The basic
principle is that (i) when there is brother sister mating between two
heterozygotes carrying an autosomal recessive lethal, survival will be
reduced by 25% over that in controls (ii) when there is mating between a
father (which is heterozygous for the lethal) and daughter (50% of which
are expected to carry the lethal) survival will be reduced by 12}% over
that in controls. To be more precise, the survival values will have a
distribution around mean survivals mentioned above and the question asked
is how precisely one can assign a given survival to a distribution
belonging to crosses of types a) controls - none of the parents carry the
lethal, b), both parents carry the same lethal, c), father carries the
lethal but the daughter may (50%) or may not (50%) carry the lethal.

The computer simulation shows that (i) when samples of 100
implants are repeatedly drawn from an imaginary population and distributions
of survival plotted when the control mean survival is 927 (the level
actually observed in mouse studies) and when the expected mean survival
in the "lethal" group is 69% (75% of 92%), these distributions do not
overlap; if instead the expected mean survival in the lethal group is
80.5Z (87.5Z of 92Z) and the control survival as before, the distributions
overlap slightly such that the efficienty of identifying a lethal cross is
still relatively high and is not inconsistent with what Luning has claimed
(60~75Z efficiency of detection) with somewhat smaller sample sizes.

The Drosophila experiments, the material for which was
derived from a radiation study (lethals and non-lethals for the second
chromosome) show that the mean survival is 71.5% in the controls, 55.3%
in the situation where the expected mortality is 257 over the controls, and
64.3%7 in that where the expected mortality is 1247 over the controls. The
"lethal" distributions show a considerable overlap with that of the control;

it appears that the overlap is indeed expected under the above conditions

-208~



where the mean survivals are lower than in the mouse. This means that
the Drosophila approach may not be quite comparable to that obtained
in the mouse. These results, still not extensive, suggest that at face

value, Luning's technique is probably adequate. The experiments are
continuing.
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Project No.: B 6.1
Participant(s): Dr. J.W.I.M. Simons, Drs. M.C.E. van Diggelen,
Ir. A.A, van Zeeland

Title: Mutation in Diploid Somatic Cells in Vitro

A system for the selection of 8-azaguanine resistant
mutants from diploid human cell strains has been developed. The se-
lection of mutant cells appeared largely influenced by a phenomenon,
known as metabolic cooperation, which turns mutant cells into phenoty-
pically wild-type cells, when they are in contact with wild-type cells.
As a consequence of metabolic cooperation, mutant cells can only be
selected at a low cell density.

At first mutants were selected from inocula of 104 cells
per 100 mm Petridish, which were stimulated to grow by the addition of
3,5 % 105 mutant feeder cells. This gave rise to a great variation in
mutant frequencies. The selection system became reproducible by the use
of a richer medium which made the feeder cells superfluous and by the
use of selected sera, which do not interfere with the effect of 8-azagua-
nine (see DeMars and Held, Human Genetik 16, 87-110, 1972).For the exact
determination of the mutation frequency a number of technical problems
still remain to be solved. Thus, for example, the expression time of
the mutations and the correction for metabolic cooperation and cloning
efficiency should be known.

The influence of 8-azaguanine concentration on mutant fre-
quency and residual enzyme activities of mutants has been subjected to
extensive study. It was observed that almost all mutants selected at the
low concentration of 1 mg/ml 8-azaguanine exhibit residual enzyme acti-
vity, while this is not so for mutants selected at the high concentration
of 5 mg/ml 8~azaguanine; among these practically no enzyme activity was
found. In view of these qualitative differences between mutants selected
at the .two different concentration, the prediction was made that likewise
different mutant frequencies were to be expected. It is of interest to
note that this is not the case. These data are therefore not in agree-
ment with the notion that 8-azaguanine acts only as a selective agent.

Further research is aimed at _elucidating this important question.
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Project No.: B 6.2
Participant(s): Dr. J.W.I.M, Simons, Drs. M.C.E. van Diggelen,
Ir. A.A. van Zeeland

Title: Analysis of 8-azaguanine Resistant Mutants

A large number of mutants, selected at 1.2 and 5 mg 8-aza-
guanine per ml, were isolated.

The mutants were tested for HGPRT-activity in lysed cells
and intact cells and for their growth in HAT-medium. Most of the 29
mutants obtained from 1.2 mg 8-azaguanine per ml showed residual en-
zyme activities. The degree of residual enzyme activity correlates
with capacity of growth in HAT-medium. Mutants with about 4 percent re-
sidual enzyme activity are already capable of growth in HAT, which
means that removal of pre-existing mutants is not possible when selection
is carried out at 1.2 mg 8-azaguanine per ml, Since only 4 of the 25 mu-
tant selected at 5 mg per ml show growth in HAT,removal of pre-existing
mutants should be possible under this condition of selection.

On the whole, residual enzyme activities determined in lysed
cells correlate well with the residual enzyme activities determined in
intact cells. However, a few exceptions occur in which a high enzyme ac-
tivity in lysed cells goes together with a low enzyme activity in intact
cells. This suggests the existence of mutations affecting the system
concerned with the untake of hypoxanthine, which would imply another
type of 8-azaguanine resistance.

Most of the mutants were able to grow at a higher con-
centration of 8-azaguanine (15 mg/ml). As expected, the mutants without
enzyme activity grew better at this concentration than the mutants with

residual enzyme activity.
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Project No.: B 6.3
Participant(s): P. van Buul
Title: Correlation between Radiation-Induced Chromosal

Damage in Somatic- and Germinal Tissues

In order to obtain dose-response curves of radiation-
induced stable chromosome aberrations in germinal and somatic tissues,
seven groups of 10 mice have been irradiated with 0 - 100 - 200 - 300 -
400 - 500 and 600 R respectively. Chromosomal preparations of bone
marrow and testis were made three months later. The scoring of the
chromosomal sberrations is in progress.

In another experiment the "somatic-germinal" correlation
of chromosomal aberrations is followed with time. Six time intervals
have already been selected; 60 — 100 - 150 - 200 - 250 and 300 days.
For each time interval 5 mice were given an exposure of 400 R. Sixty
days after irradiation the frequency of visible translocations in the
testis was about one quarter of the frequency of translocations in the
bone marrow (i.e. 5.4% versus 19.87%). The evaluation of this experiment
shall be further continued in 1973.

In cooperation with Dr. M. Lyon of Harwell and the TNO
Primate Centre in Rijswijk, a preliminary experiment has been initiated
to obtain dose-response curves from bone marrow, peripheral blood and
testis in rhesus monkeys (Macaca mulatta). The radiation doses were
100, 200 and 300 rad.
To obtain more information on the possible heterogeneity
of the spermatogonial stemcell nonulation of the mouse, a dose
fractionation experiment was started in collaboration with Dr. A. Leonard
of Mol. Fractionated doses were 300 + 300, 500 + 100 and 100 + 500 R
with a 24 hr interval. Single doses were 100, 400 and 600 R. This experiment

is still in progress.
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Project No.: B 6.4

Participant(s): Dr. A.D. Tates

Title: An Investigation into the Induction of Genetic
Radiation Damage in Male Germ Cells of Man and

Monkeys

For the evaluation of the genetic risks from ionizing ra-
diation in man, information on the genetic radiosensitivity of human

male germ cells is essential., Obviously, such information cannot be

obtained from in vivo studies with free living persons. To circumvent this

difficulty the possibility was explored to culture testis cells in vitro.

The material for the in vitro studies consisted of 38 biopsies from men

attending fertility clinics and of whole testes from a transexual and

a patient with prostate cancer. The available material was very hetero-

geneous with respect to germ cell differentiation and 6 biopsies had no

germ cells at all.All material was cultured at 31-33o C in a gas atmosphere
of 957 air and 5% €0,. Most cells were grown in Ham's F10 medium supple-
mented with 15% newborn calfserum. The medium permitted good growth of
testis fibroblasts and on several occasions it activated the mobility

of spermatozoa for a period of six days. Testis material was treated in

the following ways:

1) as small fragments (1 mm3 or larger) at the bottom of Petri dishes
with variable amounts of medium;

2) as fragments of similar size floating on small pieces of lenspaper;

3) as cell suspensions embedded in a coagulum of human fibrinogen and
thrombin that was covered by liquid medium;

4) finally the contents of short lengths of seminiferous tubules were
transferred to cover slips and then embedded in a coagulum of chicken
embryo extract and cock serum. The coverslips were kept in Petri
dishes with a thin layer of liquid F10 medium.

The merits of the above culture regimens have been tested

by cytological analysis of the dividing germ cells (modification of

Evans, airdrying technique). Testis fragments that were kept in culture

for longer periods of time (up to 5 weeks) have also been examined

histologically. As a result of the heterogeneity and scarcity of suitable

testis material it was impossible to make quantitative comparisons be-
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tween results obtained under the above culture conditions. Generally
speaking the number of dividing spermatocytes decreased with in-
creasing culture times and after the 8th day in culture these cells
were completely absent.

Histological analysis of cultured testis fragments showdd
that practically all pre-meiotic cells degenerate when reaching the
late-pachytene stage. Such a "pachytene block" during in vitro
differentiation of germ cells has also been described by other in-
vestigators. Evidently, under the present culture conditions, it is
impossible to detect chromosome aberrations in dividing spermatocytes
derived from irradiated spermatogonia and spermatocytes which were
younger than late pachytene at the time of exposure. As a follow up
of the above experiments it seemed worthwhile to estimate the genetic
radiosensitivity of human spermatocytes which had passed the late-
pachytene stage at the time of onset of the in vitro cultures. The
most suitable cells for this purpose are spermatocytes during diakinesis-
metaphase I. In vivo experiments with Macaca mulatta (Arsen'eva and
Bochkov, 1963) and mice (Oakberg and diMinno, 1960; Chandley, 1972) have
shown that such cells are very sensitive to aberration induction. Before
using human material, we recently performed an in vitro experiment with
a healthy testis of the monkey Macaca mulatta. Half of the testis was
divided into fragments of | - 3 mm in diameter,which were then trans-
ferred to Petri dishes with FI10 medium. The other half of the testis
was mechanically transformed into a thick cell suspension in the same
medium, Fifty percent of the fragments and the suspension was irradiated
with 100 R and the rest of the material served as a control. Fragments
and suspensions were fixed at intervals of 1, 3, 7, 10 and 22 hrs after
irradiation. A preliminary analysis of the material has not yet yielded
positive indications for the presence of chromosome aberrations

in irradiated spermatocytes.
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Project No.: B7

Participant(s): Dr, J.W.I.M, Simons
Title: Induction of Cell-Transformation in Vitro by
X-rays

A. Test on induction of loss of contact inhibition in

clones of diploid human skin fibroblasts after

irradiation.

For this purpose cells were irradiated with 800 R and seeded
at a density of 25,000 or 50,000 per Petridish. Under these conditions 5
to 25 clones are obtained per Petridish and metabolic cooperation, which
could possibly interfere with cell-transformation is largely prevented.
Only a minority of these clones become large enough to evaluate their
morphology, as many of the clones show phenomena of cellular aging. The
morphology of the fixed clones is evaluated in three categories: normal,
transformed and partly transformed, the last category referring to some
loss of contact inhibition throughout the clone. About 400 clones were
classified from both control and irradiated cells. Following irradiation,
one transformed clone and an increase in the number of partly transformed
clones was found. However, upon isolation, 13 partly transformed clomes
failed to give rise to continuous lines. Thus induction of cell trans-

formation has not yet been observed with certainty.

B. Test for the induction of continuous growth by irradiation

of stationary senescent cells.

Irradiation of stationary senescent cells provides a selection
system for transformed cells as the induction of continuous growth will
lead to growth of stationary cultures. Moreover this system permits the
detection of cell transformation when a long lag period is involved in
the process of cell transformation. To this end 50 Petridishes per con-
trol and irradiated group (300 R) with 4 x 105 senescent cells each
were initiated. The experiment is still in progress and so far no cell

transformation has been observed.
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Laboratory for Physiological Chemistry
Contract No. 102-72- | BIAN
Dr. A.J. van der Tb

Cell transformation by oncogenic DNA viruses.

General description of the research activities:

Oncogenic DNA viruses are able to induce tumors in certain animals and transform

cells in vitro. Available evidence suggests that only part of the viral genome, perhaps
not more than two genes, are involved in oncogenic transformation. Knowledge of the
mechanism of action of these genes, and of the way they persist in transformed cells,
is of importance for an understanding of the processof (virus-induced) carcinogenesis.
To obtain information on the functional and structural properties of the viral genes,

that are involved in transformation, the following research projects have been carried

out.

1. Transforming activity of adenovirus DNA

A new assay for determining infectivity and transforming activity of purified adenovirus

DNA has been developed. This technique is now being used to transform cells with frag-

ments of viral DNA in an attempt to isolate those parts of the genome that are involved

in transformation.

Parcllel to this work, experiments have been carried out on the effect ot UV irradiation

on the oncogenic potential of adenoviruses (non~-oncogenic adenoviruses seem to acquire 1

oncogenic potential upon UV irradiation).

2. Replication of adenovirus DNA

To investigate the functional properties of adenovirus DNA's in infected cells, a study

of the mechanism of virus DNA replication in permissive cells was also undertaken.

3. Repair of radiation damage

In order to obtain a better understanding of the mechanism of radiation repair in mammal -
ian cells, a study of the UV sensitivity of the biological activity of SV49 DNA (both

single~ and double-stranded) was started, using normal human cells and Xeroderma cells.

4. 5SV4p-specific RNA

An investigation of the properties of the SV40-specific messenger RNA in productively
infected cells has been completed. The messenger RNA species have been characterized .
with respect of their base sequence and the presence of poly Adenylic acid.
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Results of Project No. B 8

Participants: Dr. A.J. van der Eb
Drs. P.J. Abrahams
Dr. F.L. Graham
Dr. S$.0. Warnaar

Title: Cell transformation by oncogenic DNA viruses.

Description of the results:

1. Transforming activity ot adenovirus DNA

A new method has been developed to demonstrate infectivity of puritied adenovirus 5
DNA. Using this technique, it has also been possible to transform rodent cells with pure
viral DNA with a relatively high efficiency. Experiments are now in progress to detect
biological activity {e.g. (oncogenic) transformation, induction ot tumor antigens) of
DNA fragments. In this way it might be possible to isolate those parts of the viral ge-
nome which are responsible for transtormation. Preliminary experiments suggest that it

is indeed possible to transform cells with DNA fragments, obtained by mechanical shear.
These transformed cells are being compared with the types ot cells obtained upon trans-
formation with UV irradiated adenovirus 5. (Transformation ot rat cells with UV irra-
diated aodeno 1 yields at least two types ot transtormed cells, one of which is trans-
plantable. Adeno 5 and adeno 1 are both non-oncogenic; see also the previous Eura-
tom report.) The possibility that acquisition of oncogenic potential by UV irradiation

is due to inactivation ot a viral gene will be investigated.

2. Replication of adenovirus DNA

To obtain a better understanding of the interactions of the viral DNA with the host
cell, the mechanism of replication of adenovirus 5 DNA in productively infected KB
cells was studied. The results have indicated that the replicative intermediates consist
of linear, Y-shaped molecules, containing single~stranded DNA at the branching point
and often on one of the replicated arms. No evidence hos been found for circular
intermediates. (The other oncogenic DNA virues, SV40 and polyoma, contain circular

DNA molecules, both within the virion and in the infected cells.)

3. Repair of irradiated viral DNA in mammalian cells

It was suggested from earlier work in this l[aboratory that the infectivity of single-
stranded polyoma virus DNA is much more sensitive towards UV irradiation than that
of the double-stranded DNA. This result suggested that a process, similar to excision
repair, is operating in mouse cells. To obtain more information about the radiation

repair processes in mammalian cells, a similar study has been started, using single-

-219-



and double-stranded 5V40 DNA ond normal human cells as well as radiation sensi-
tive Xeroderma cells as host cells. Since SV4g is able to grow in human cells, but
does not produce plaques, it was necessary to develop a method for determining in-
fectivity ot SV40 DNA in human cells. Using this technique, the kinetics of UV
inactivation ot 5V40 DNA's are now being determined.

4. Virus-specific RNA's in SV4p-infected cells

Two homogeneous virus-specitic RNA's are found in SV4g-infected BSC-1 cells: (1) a
195 RNA, early in the infection and (2) 195 and 16S RNA, late in the infection. In
order to establish the relationship between these species, the various RNA's have been
studied with respect ot their base composition and base sequence. The results indicated
that the early and late 195 RNA's are similar in base composition, and that the 195
and 165 late RNA's have a different base composition and base sequence. This suggests
that the 195 and 165 RNA's may contain together the entire genetic information ot
the viral DNA. In addition, the 195 and 16S RNA's have been shown to contain poly
A sequences, like other mRNA's.

Publications:

R.A. Weinberg, 5.0. Warnaar and E. Winocour

Isolation and characterization of simian virus 40 ribonucleic acid.
J. Virol. 10, 193 (1972).

A.J. van der Eb

Intermediates in type 5 Adenovirus DNA replication.
Virology, vol. 50, december 1972.

F.L. Graham and A.J. van der Eb

A new technique for the assay of infectivity of human Adenovirus 5 DNA.
Virology 1973.

In preparation:
F.L. Graham and A.J. van der Eb

Transformation of rodent cells with Adenovirus 5 DNA.

$.0. Warnaar and A.W. de Mol

The characterization of two SV40 specific RNA molecules from infected
BSC-1 cells.
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Contractor: The University College of Swansea
Contract No.: 119-72-1 BIOE
Head of research team(s): Dr. James M. Parry

General subject of Contract: Studies of the genetic,

molecular and adaptive properties of UVS loci in yeast.

The processes which result in cell lethality and the
mechanisms of repair of both physical and chemical damage have
been studied extensively in bacteria and viruses. This work has
provided us with some understanding of the pathways of cellular
repair in simple procaryotic organisms.

In order to facilitate the understanding of such processes
in eucaryotic organisms investigations are taking place into the
action of radiations and chemical mutagens utilizing the yeast

Saccharomyces cerevisiae. This yeast provides us with a simple

unicellular eucaryotic organism, well characterised genetically,
with a chromosomal organisation of its genetic material.

In general terms, the principal projects undertaken during
1972 were:

The isolation and characterisation of mutants sensitive to
radiations, heat treatment and chemical mutagens.

Studies upon the genetic effects of radiation and chemical
mutagens with special emphasis upon the induction of mutations
and mitotic recombination.

Studies upon the behaviour of nucleic acids and proteins after
radiation treatment.

Analyses of the processes which modify radiation damage and in
particular liquid holding recovery after UV irradiation.
Studies upon the mechanisms of the regulation of radiation

.repair, particularly by the use of temperature sensitive mutants.

. Quantitative and qualitative analysis of the effects of

radiation treatment upon nucleic acids and proteins.
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Results of Projegt No. : 1
Head of Project and scientific staff: Dr. James M. Parry

Title of Project: The genetic control of liquid
holding recovery and UV light induced "repair

resistance" in yeast.

Description of results:

After UV exposure of a yeast culture, liquid holding in non-
nutrient solution results in an increase in cell viability
compared with a culture plated immediately. After post-UV liquid
holding treatment both haploid and diploid yeast cultures show
an increase in resistance to a second UV dose range. For example,
a control culture and a culture exposed to a UV dose of 4000
ergs/inm2 followed by liquid holding treatment required doses of
700 ergs/mm? and 2000 ergs/mm2 to produce a 90% reduction in cell
viability.

The sensitivity to a second UV dose range has been determined
in a range of UV sensitive mutants of yeast which show both
positive and negative responses to liquid holding treatment.

Mutants e2 (rad 10) and e32 (xad 21) show increases in cell
viabilities after post~UV liquid holding treatment and also show
increases resistance to a second UV exposure range. In contrast,
the mutants e7 (xad 15), e43 (uvs-5), e5 (rad 3) and e9 (zad 2)
all show reductions in cell viabilities after post-UV liquid
holding treatment. None of these four mutant.cultures showed any
increased resistance to a second UV dose range.

Mutants e7, e43, e5 and e9 were crossed to a wild type
culture (RAD). The RAD culture was adenine~requiring, showed
positive liquid holding and "repair resistance" to a second UV
dose range. The resulting diploid cultures were sporulated and
tetrad analysis performed. The phenotypes, UV resistance and
sensitivity, positive and negative liquid holding, presence and
absence of "repair resistance" and adenine independence and
requirement show single gene Mendelian segregation in all the spore
tetrads analysed. The phenotypes UV resistance, positive liquid
holding and "repair resistance" segregated together. The
genetical and physiological analysis performed indicates that
positive liquid holding and "repair resistance'" result from the

action of a single gene in each of the mutant cultures.
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Mutants e7, e43, e5 and e9 have been shown to be mutant at four
separate genes, all of which are involved in the production of

the phenotypes! positive liquid holding and '"repair resistance™.
P P P 1%
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Results of Project No. : 2

Head of Project and scientific staff: Drs. James M. Parry
Elizabeth M. Parry & R. Waters

Title of Project: Genetic and physiological analysis

of mutants of the genes rad 1 and rad 3 of yeast.

Description of results

Two groups of non-complementing mutants of yeast, sensitive
to UV light and comprising 10 and 11 individual isolates
respectively have been intensively studied.

Complementation tests and genetic analysis of all pairwise
combinations of mutants indicate that the two groups represent
alleles of two individual genes, whose products are involved in
the repair of UV induced cell damage.

The UV sensitivities were determined for each mutant as
haploid, homoallelic (2 copies of the same allele) and
heterocallelic (2 different alleles of the same gene) diploid
cultures, together with the effects of post-UV modifying treat-—
ments such as photoreactivation and liquid holding in non-nutrient
solution.

In rad 3 cultures, the order of UV sensitivity of haploid
and homoallelic diploid cultures was identical, whereas in rad
1 the order of UV sensitivity shows a number of significant
differences. There was no evidence in any of the heterocallelic
diploids of complementation producing UV resistance. In each
diploid the most resistant allele was dominant to the most
sensitive allele.

Considerable variation was found in the post UV liquid holding
response of the haploid mutants of both groups. Three character-
istic phenotypes were detectable:

a. liquid holding results in an increase in viability,

b. liquid holding has no effect on viability,

c. liquid holding results in a decrease in viability.

The most sensitive mutant cultures show a decrease and the
most resistant an increase in viability after liquid holding
treatment. In contrast, diploid cultures show only two phenotypes,
the most resistant an increase and the most sensitive no change
in viability. In heteroallelic diploid cultures the most
resistant alleles confer the property of positive liquid holding

in the presence of all the sensitive alleles.
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Crosses were made between the most sensitive and the most
resistant alleles of both rad 1 and rad 3. The resistant zad 1
x resistant rad 3 cultures were more sensitive than the
sensitive rad 1 x sensitive rad 3 cultures. The results indicate
that the more resistant alleles produce a partially functioning
gene product, which results in a reduction in the efficiency of
the wild type RAD product. In contrast, the sensitive alleles
produced a non-functioning gene product which allowed the
maximum expression of the RAD gene product.

The cross~sensitivity of the rad 3 product to gamma
irradiation, heat treatment at 52°, nitrous acid and the
alkylating agents ethylmethane sulphonate and methylmethane
sulphonate was determined. The mutants were more sensitive to
only nitrous acid and in both haploid and diploid cultures they
showed the same order of sensitivity to both UV and nitrous acid.

Studies have been initiated into the UV induction of
mutation from auxotrophy to prototrophy, fungicide sensitivity
to resistance and respiratory sufficiency to dependence in
haploid and diploid cultures of rad 1 and rad 3. The initial
results indicate a wide variation in the mutation rates of all
three markers. The rad 3 cultures all show an increased frequency
of prototrophs and resistant cells per unit dose and a lower
frequency per viable cell than the RAD culture. The rad 1
cultures show a more variable response, some cultures showing
higher and others lower mutation frequency per dose and per
survivor. Genetic analysis of the rad 1 mutants indicates that
the property of UV sensitivity segregates with the property of

increased or decreased mutation frequency.
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Results of Projegt No. : 3

Head of Project and scientific staff: Drs. James M, Parry

and Elizabeth M. Parry

Title of Project: The effects of UV irradiation and
liquid holding post-treatments upon mitotic

recombination in yeast.

Description of results

The exposure of diploid cultures of yeast to both ionising
radiations and UV light results in the induction of mitotic
recombination both between (intergenic) and within (intragenic)
genes. Liquid holding treatment in non-nutrient solution after
UV exposure results in increases in cell viability and intragenic
recombination together with decreases in intergenic recombination
and mutation from auxotrophy to prototrophy.

Post=UV liquid holding treatment also results in an increase
in the resistance of the treated culture to a second UV exposure
range but not to ionising radiation. This property has been
called "repair resistance".

Investigations were made into the effects of a second UV
exposure range upon the induction of mitotic recombination. The
results shown in Table 1 demonstrate that the frequency of
mitotic intragenic recombination is higher per unit of UV exposure

during the second UV dose range.

Table 1 The effect of modifying treatment upon the UV-induced

frequency of adenine independent recombinants in a heteroallelic

culture of yeast. (The results indicate the yields of recombinants

produced after UV exposures of 2000 ergs/mm? and at a cell survival
of 10%)

Increase in adenine recombinants

Treatment per 103 survivors
2000 ergs/mm2 10% survival
Control 105 110
7 days liquid bholding 105 110
1320 ergs/mm2 + liquid holding 235 320
2640 ergs/mm? + liquid holding 300 550

Reconstruction experiments have demonstrated that the increased

yvield of intragenic recombinants produced during the second UV
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exposure range does not result from the differential sensitivity
of the recombinant and non-recombinant cells. 1In contrast, the
second UV exposure range produced no increase in the frequency
of mitotic intergenic recombinants.

The variation in the induction of the two recombinational
events during the second UV exposure range has led us to the
postulation that they result from the differential activity of

two different and separable repair pathwyas in yeast.
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Results of Project No.: 4
Head of Prcject and scientific staff: Dr. James M. Parry

Title of Project: Negative liquid holding in yeast.

Description of results:

Negative liquid holding, i.e. the reduction in cell viability
produced by liquid holding in non-nutrient solutions after UV
exposure is shown by respiratory sufficient cultures of some yeast
cultures mutant at the genes rad 1, 2 and 3. These mutants have
been shown to be defective in the excision-repair of UV induced
pyrimidine dimers. Respiratory dependent cultures show no change
in cell viability in non-nutrient solution but do show a reduction
when cultures are incubated in glucose solution.

Quantitative studies have been made into the effects upon
negative liquid holding of variation in the metabolic condition
of the treated cultures and also the frequency of UV induced
pyrimidine dimers. Cultures of rad 2 and rad 3 grown for varying
periods on solid medium before UV exposure show a wide range of
sensitivities. The cultures reach a maximum resistance to UV
exposure after five days' growth. In these cultures, irrespective
of their UV sensitivity, liquid holding treatment produces the
same dose modification factor for the reduction in cell viability.
Similar results were obtained when the frequency of UV induced
pyrimidine dimers was reduced by exposure to photoreactivating
light before liquid holding treatment.

The data suggest that negative liquid holding in excision=-
deficient mutants of yeast results from a reduction in the
activity of an enzyme system involved in the repair of non-

photoreactivable UV-induced lesions.
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Results of Project No. : 5
Head of Project and scientific staff: Dr. James M. Parry

Title of Project: Liquid holding recovery in UV

sensitive diploid cultures of yeast.

Description of results:

Homozygous diploid, UV sensitive cultures were constructed
from the haploid mutants e9 (rad 2) and e5 (rad 3). These mutants
show a reduction in cell viability when exposed to post=-UV liquid
holding treatment. In contrast, the diploid cultures show no
change in cell viability after liquid holding treatment. The
results suggest that in the rad 2 and rad 3 diploid cultures
either repair activity is identical before and after liquid
holding treatment or the same total repair occurs as a result of
the operation of different combinations of enzyme systems.

In order to investigate these two possibilities, diploid
cultures of rad 2 and rad 3 were constructed in which the frequency
of mitotic intergenic recombination and mutation was scorable
before and after post-UV liquid holding treatment. It was shown
that the frequencies of both intergenic recombinants and mutations
to prototrophy were reduced by a period of post-UV liquid holding
even though viability remains constant. Reconstruction experiments
were performed with non-recombinant and recombinant cells which
demonstrate that the observed changes in recombination frequency
do not result from the differential sensitivity of the two cell
types.

The results indicate that changes occur in the relationship
between the repair enzymes of rad 2 and rad 3 diploids of yeast
during liquid holding treatment and that these changes are
expressed as changes in the yields of recombinant and mutant cells

but not in the total yield of viable cells.
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Results of Project No. : 6

Head of Project and Scientific staff: Drs. Elizabeth M.

Parry and James M. Parry

Title of Project: Temperature sensitive repair of UV

light and ionising radiation damage in yeast.

Description of results:

A major problem in the furthering of our understanding of
cellular repair in yeast relates to our lack of control over the
cellular processes which occur after the induction of nucleic acid
damage.

We have undertaken the isolation of mutant cultures which
have the secondary restriction of temperature sensitivity upon
cellular repair, i.e. the induction by mutagen treatment of a
lesion in a gene coding for a repair enzyme which results in a
functional enzyme under permissive conditions (280), but leads to
a defective enzyme under restrictive conditions (37°).

Approximately 200 mutants showing the required phenotype were
isolated and have been assigned the prefix ts-rad. The mutants
were isolated on the basis of their sensitivity to UV light but a
number were cross-sensitive to gamma irradiation and alkylating
agents.

Each mutant was mated to a wild type culture of opposite
mating type and tetrads analysed from the resulting diploid. This
genetic analysis indicated that each ts-—rad phenotype behaved as a
single Mendelian gene. Complementation tests were performed
between the individual ts-rad mutants and the previously
characterised rad loci. The results have demonstrated that a
number of the ts-rad mutants have been isolated at the three rad
loci 1, 3 and 16.

The effects of the ts—-rad phenotype upon macromolecular
synthesis has been determined after UV and gamma irradiation.
These experiments have enabled us to elucidate the effects of a
number of the ts-rad mutations upon nucleic acid and protein
synthesis under permissive and restrictive conditions.

The time of action after radiation treatment of a number of
the genes defective at 37° has been determined by the use of

temperature switch experiments.

~230-



One of the mutants isolated, ts-rad 503 also shows a
temperature sensitive phenotype with regard to spontaneous
mutation. When grown at 289, cultures of this mutant produce
prototrophic mutations at six auxotrophic loci. In contrast,
when grown at 37° no back mutation is detectable. At least 90%
of the prototrophic mutants produced at 28° result from mutation

at suppressor loci.
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Results of Projegt No. : 7

Head of Project and scientific staff: Drs. Elizabeth M.

Parry and James M. Parry

Title of Project: The regulation of the repair of UV

light and gamma ray damage in yeast.

Description of results:

A diploid culture of yeast has been isolated which lacks the
characteristic resistant shoulder of the survival curve shown by
yeast cultures after low doses of UV light and gamma irradiation.
After sporulation of this culture the UV sensitivity of the
resulting haploid cultures was determined in detail at a wide
range of UV exposures. The haploid cultures show the segregation
of a new phenotype, i.e. a U-shaped survival curve with a period
of extreme sensitivity at low doses followed by a period where
cell viability increases with increased UV exposure. An example
of this type of survival curve compared to that of a wild type

culture is shown in Figure 1.
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The U=-shaped phenotype is recessive and segregates as a
single Mendelian gene. The position of the U-shaped portion of
the survival curve is variable in different isolates and appears
to depend upon the genetic background of the treated culture.

In homozygous diploid cultures the U-shaped portion of the curve
is detectable at higher UV exposures.

The U-shaped phenotype has been studied by the use of a

number of treatments:

a. variation in UV dose rate,

b. treatment with photoreactivating light,

c. plating on medium containing caffeine.

The results demonstrate that the position of the U-shaped
portion of the survival curve is independent of the dose rate
and depends upon the total UV exposure. After photoreactivating
light treatment, viability is increased at high UV exposures but
the U-shaped phenotype is still observed at low doses. Treatment
with caffeine results in the elimination of the rise in viability
with dose produced during the U-shaped portion of the survival
curve.

The results suggest that the U-shaped phenotype represents
a defective regulator gene which is dose-dependent and may be
involved in the operation of the excision-repair enzyme system

which has been shown to operate after UV exposure in yeast.
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Results of Project No. : 8

Head of Project and scientific staff: Dr. James M. Parry,
Mr. W. E, Evans

Title of Project: The cross-sensitivity to radiations,
chemical mutagens and heat treatment of a number of

mutant cultures of yeast.

Description of results:

Mutants of yeast, isolated on the basis of their sensitivity
to ionising radiations, prefixed rad 50, 51, 52 and 53 were tested
for their sensitivity to heat treatment (at 52°), chemical mutagens
and UV light. All the primarily X-ray sensitive mutants tested
were also cross-sensitive to heat treatment and alkylating agents
whereas UV sensitive mutants of rad 1, rad 2 and rad 3 show wild
type (RAD) sensitivity to heat treatment.

A number of mutants were isolated on the basis of their
sensitivity to heat treatment and were shown to be cross-sensitive
to ionising radiations and alkylating agents. Genetic analysis
indicates that in a number of the heat sensitive mutants, the heat
sensitive phenotype is dominant in heterozygous diploid cultures
and interferes with the process of sporulation in such cultures.

A third group of mutants were isolated, which show UV
sensitivity at high UV exposures, even after photoreactivating
light treatment. These mutants are presumed to represent cultures
defective in the repair of UV light damage other than pyrimidine
dimers. Mutants of this phenotype also show cross-sensitivity to
ionising radiations, heat treatment at 52° and alkylating agents.

All the various types of mutants have been tested for liquid
holding recovery after the different inactivating agents. The
results indicate a considerable variation in the effects of liquid
holding, both increases and decreases in viability were detectable.

The results indicate that the damage produced by ionising
radiation, heat treatment, alkylating agents and a fraction of
the UV light damage are repairable by a single repair pathway in

yeast.
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Results of Project No. : 9
Head of Project and scientific staff: Dr. C. E. Deutch

Title of Project: The effects of radiation exposure
upon the synthesis of macromolecules in Saccharomyces

cerevisiae.

Description of results:

The amounts of DNA, RNA, and protein per cell are being
measured during balanced, exponential growth of yeast. Experimental
procedures have been established for the accurate extraction and
assay of these macromolecules. The rate of division is being
varied by the use of media of varying richness. Preliminary results
indicate that, in a rich medium permitting a relatively high
growth rate, the amounts of RNA and protein are increased two to
three times above the levels observed in stationary-phase cells.
However, the DNA content is only slightly greater than the
stationary-phase level. This type of data will be used to develop
models for the regulation of macromolecular synthesis in this
simple eucaryote. Since the enzymes for DNA synthesis appear to
be synthesized cyclically before each s period, a comparison of
the radiation-sensitivity of the cells grown in the various media
and an analysis of the effect of radiation treatment on subsequent
growth should then provide a basis for assessing the role of these

enzymes in repair processes.
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Results of Project No. : 10

Head of Project and scientific staff: Dr. James M. Parry,

Roger S. Briggs, Peter J. Davies.

Title of Project: The screening of environmental

chemicals for possible mutagenic activity.

Description of results:

Unlike radiations, whose mutagenic activity has been studied
for over forty years, only a relatively small fraction of the
chemicals present in our environment have received similar study.
In order to evaluate the hazards involved in the use of possibly
mutagenic chemicals a number of different test systems must be
utilized to provide the necesary information.

The yeast Saccharomyces cerevisiae, provides us with a

convenient eucaryotic organism for the detection of genetic
activity. The organism is easily and quickly cultured and a range
of gene effec{s may be detected. These effects include, mutation
at both chromosomal and cytoplasmic loci, meiotic and mitotic
recombination both between (intergenic) and within (intragenic)
genes and changes in chromosome number. Work is in progress

into the development of a range of yeast cultures capable of
detecting such effects after mutagen exposure.

Mitotic intragenic recombination (gene conversion) has been
used as a non-specific genetic event in the screening of a number
of environmental chemicals such as herbicides, insecticides and
some pharmaceutical products. This work has indicated that the
herbicides mecoprop, dinoseb and paraquat, and the insecticides

lindane and formathion show genetic activity in the yeast system.
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Publications In Press
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Istituto di Genetica dell‘Universita,Milan, Italy

Istituto di Genetica dell‘Universita, Pisa, Italy
Contract N. 1141-72-1 BIOI
Prof. G.E.Magni and Prof. N.Loprieno
MOLECULAR NATURE OF POINT MUTATIONS INDUCED BY X-RADIATIONS

Summary- The objective of the proposed research was to obtain
experimental data on a large scale in eucaryotic organisms on
the distribution of the molecular types of mutations induced by
x-radiations, to investigate the variations of mutagenesis spec
trum in relation to the dose and to the nuclear stage. The rese
arch was carried out on two different organisms (Sacch.cerevi-

siae and Schiz., pombe)showing each one peculiar and usefull pro

perties in their life cycle,

In Sacch.cerevisiae it was previously shown that X-radiation can

induce both base substitutions and insertion/deletion mutations.
The main activity during the last year was concerned with a pos-
sible change of x-radiations molecular specificity with the dose,
Evidence was obtained that the frequency of temperature sensiti-
ve lethals (theoretically supposed to be due to base substitu-
tion) is increasing with the dose from 20 to 120 Krad. On the
contrary the frequency of nonsense mutations (certainly due to
base substitution remain constant within the same range of doses.
Further investigation are required to interpret such discrepancy.
Withe Schiz.pombe during the first period of researches inactiva
tion curves for wild type (G1and G2cells) and for three different
repair-deficient strains have been obtained. A rather large num-
ber of forward mutations in two adenine loci has been obtained
at different X-ray doses in the wild type (G1 cells) and in a re
pair deficient strain (G2 cells). A preliminary investigation of
the molecular nature of about 200 forward mutants at the above

loci was carried out.
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Project N, 1

Prof.G.E.Magni,Prof.G,.P, Sironi,Dr.S,.Sora

Molecular nature of point mutations induced by X-radiations in

sacch., cerevisiae

Progress report

In the previous annual report it was mentioned that some preli
minary data showed a possible change of specificity of x-radia-
tions with the dose.During the year dealing with this report our
major aim was to explore deeply this presumed change of specificity.

a) Conditioned lethals

We first tried to expand the preliminary evidence on the fre-
quency of conditioned lethals(c.l.).Conditioned lethals are mu-
tants able to grow at permissive temperature(in our experiments
24°C)and unable to grow at non-permissive temperature(34°C).Wha-
tever is the mutated gene it is generally believed that its pro-
duct is normally esynthesized but its structure is changes. It
is therefore generally accepted that this kind of mutants are due
to base substitutions leading to a change of one aminoacid in the
polypeptide chain, On the other hand conventional auxotrophs can
be due to either to base substitutions, leading to missense or
nonsense mutants, or to frameshifts, Considering therefore that :
Conditioned lethals = missense
Auxtotrophs = missense + nonsense + frameshift
The ration c.l./auxotrophs must indicate the relative efficien-
cy of a given treatment in inducing missenses.

During the last year two independent complete dose response cur
ves were obtained for induced conditioned lethals an auxotrophs.
Our preliminary observation semms to be fully confirmed. The
relative frequency of conditioned lethals increases with the do
se from about 6% at 20 Xrad to 25% at 160 Krad. Accepting the

above theoretical consideration one should state that mutagenic
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specificity of X-radiations changes with the .dose.

b) Nonsense mutants

Before indulging in speculations on the possible causes of
the observed "change of specificity" it was considered mandato
ry to perform a more severe test. No doubt is today possible on
the fact that nonsense mutants can arise only from a base sub-
stitution. It was therefore tought that the estimate of the re-
lative frequencies of nonsense mutants and auxotrophs should
give more reliable informations on the possible change of spe-
cificity. All the auxotrophs of the previous experiments were
tested for the presence of nonsenses. No systematic variation
of NS frequency is observed over a wide range of doses from 20
Krad to 160 krad. The interpretation of the discrepancy between
the two experiments is not easy. In molecular terms the second
experiment (induction of NS) is obviously more reliable and
therefore we are inclined to accept the idea that X-radiations
do not show any significaht change of molecular specificity
with the dose.

The effect observed in the first experiment can be accordingly
interpreted as follows. Deletions of entire triplets can ope-
rationally behave as base substitutions and consequently as
conditioned lethals.
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Project N. 2

Prof. N.Loprieno and Dr. A.Abbondandolo, Dr. S.Baroncelli, Dr.
M.Simili, Dr., R.Barale

Molecular nature of point mutations induced by X-radiations
ingSchiz.pombe.

Progress report

The survival curves of G1 and G, cells of the wild type stra-

in of S.pombe after X-ray treatients present a different kine
tic, namely G2 cells are more sensitive to the inactivation,
a result different from that produced by treatment with UV 1i
ght; the preliminary experiments on the induction of forward-
mutations at two adenine dependent loci have shown a higher

sensitivity from the G, cells at least at the doses already

analyzed which corresp;nd at a survival level of 20-30%. 187
purple mutants (ade6 and ade7 ) have been isolated from G1
X-ray treated cells: for two X-ray doses there is an increase
with the dose in the percentage of the mosaic mutant colonies.
This finding does indicate the production of alterations in
one single strand of DNA, according to the data obtained with
other mutagens (Abbondandolo & Bonatti, 1970; Abbondandolo &
Simi, 1971). No substancial differences between two different
treatments by X-ray have been noticed about the molecular na-
ture of mutant isolated: in both the treatment an average of
about 45% of mutants have resulted from base-pair substitu-
tions. Experiments done with repair-deficient strains speci-
fic for UV inactivation or for both UV and X~-rays have shown
that a.production of reverse-mutation in the ade7-152 strain
of S.pombe is relatively increased in these particular strains,
although the curve of the ratio K/Ko is lower in one of the-

se strains (uvs10-198) compared with the wild type (gggi),

due to the large fraction of spontaneous reversion occurring
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in this particular strain (Loprieno, 1973); some 300 purple
mutants (mutation at the ade6 or ade7 loci) have been already
isolated from three different treatment of X-rays and genetic

and physiological analyses are in progress at the present.

N. Loprieno has presented a communication with the title 'On
the possible involvement of repair on the process of mutations
in S.pombe" (Radiation Research, 51, 497-98, 1972) at the
Symposium "Fundamental Aspects of Mutagenesis and Repair in
Eucaryotes'" held during the 20th Annual Meeting of the U.S.
Radiation Research Society (Portland, Oregon, U.S.A., May l4-
18, 1972).
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Contratant de la Commission : Université Libre de Bruxelles
N® du contrat : 099-72-1 BIAB
Chef des groupes de recherche : Jean BRACHET.

Théme général du contrat : Effets des radiations sur la
stabilité de l'information
génétique.

The present report summarizes the work done in 5 different (but
closely linked) laboratories which are studying the effects of radia-
tions on biological systems which vary in complexity from nucleic
acids and bacteriophages to rabbits.

The main results are the following :

I. Nucleic acids.

ESR observations have been performed on mixed aggregates of
tryptamine or histamine and derivatives of DNA or proflavine after Y
irradiation. Theresults indicate the occurence between these compo-
nents of spin transfers depending on their stacking interactions and
their electron affinities.

II + III. Micro-organisms and bacteriophages.

Work on X phage and its DNA has allowed an analysis of the
protection by a flavin against ¥ irradiation and has shown that there
must be common pathways between UV reactivation and UV mutagenesis.

A dimer of bacteriophage Mu can insert, at any point between
the bacterial chromosome and an infecting \phage : it can bhus link
together two completely unrelated DNA sequences.

In order to induce the development of a Aprophage with or
without immunity, a positive regulatory produced by the N gene is
needed.

The mutagenic effects of tritinted water on bacteria have
been studied, as well as the effects of gal-transducing viral par-
ticles on human galactosemic cells.

IV. Cells and embryos

It has been shown that single strand breaks in DNA after UV
irradiation are repaired by the insertion of 40 nucleotidesj this kiad
of irradiation increases the number of DNA exchanges between sister
chromatids, a phenomenon which seems closely related to UV radiosensi-
tivity and probably repair synthesis of DNA.

Synkaryons between 2 strains of chinese hamster fibroblasts
have been studied : no marked difference in X-rays and UV radiosensi-
tivity between the somatic hybrids and the parental cells has been
observed so far. After UV, repair is more inhibited by cafein in the
hybrids than in the parental cells.

In amphibian eggs, the most sensitive steps to X~-irradiation
is probably the activity or the synthesis of thymidinekinase.

X-rays inhibit DNA and RNA synthesis, but increase protein
synthesis in glioma cells. They produce a strong increase in length
of the cytoplasmic processesj this increase is inhibited by colchicin,
but not by cycloheximide.
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V. Immunological studies with irradiated rabbits.
A large number of experiments have led to the following tenta-
tive conclusions : antibodies are synthesized by host radioresistamt
cells, There is probably an information transfer between memory cells

and antibody producing cells.
Toluant cells seem to be able to synthesize inhibitors for the
expression of new clones of the same immunological specificity.
Progress has been made in attempts to isolate the mRNA for
anti~TMV antibodies.
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Project Nr I.
PRIMARY EFFECTS OF RADIATION ON NUCLEIC ACIDS
A. Bertinchamps, S. Gregoli, M. Olast and M. De Vré.

We have shown in previous work on the ){radiolysis of DNA and DNA
nucleotides complexes that the radiation damage, as observed by ESR,

is redistributed in such a way that the final radical population is
very different from the initial one. The redistribution proceeds via
the stacking of the basis towards the molecules of highest electron
affinity. This stacking interaction, far from belonging specifically
to the nucleotides is very frequent between numerous molecules in the
living state and in the course of certain pharmacological interactions.
We have therefore studied if the phenomenon of spin migration which we
observed previously in the complexes between nucleotides would also
occur in other stacking complexes with alternance between molecules of
different electron affinity. We observed by ESR the behavior of mixed
aggregates of tryptamine or histamine and derivatives of DNA or profla-
vine after )(irradiation. Tryptamine and histamine are better donors

and proflavine is a better acceptor than the various DNA derivatives.

The results indicate the occurence after Xirradiation of a spin trans-
fer from histamine towards the four nucleotides of DNA as well as from
tryptamine towards the four nucleosides and proflavine. They complete
and confirm the mechanism proposed previously. They indicate that
both the stacking and the difference in electron affinity are instru-
mental for the transfer. Furthermore, there is evidence that the
degree of stacking between amino acids and pyrimidine bases as well as
the relative difference in electron affinity play a crucial role in
determining the intensity of the transfer in their stacked molecular
aggregates. The estimation of the contribution of each of these two
factors is not feasible because of their mutually coordinated effect
on the transfer process; with a view to achieving a more profound in-
sight into the interplay of stacking and electron affinity we have
studied their effect on the extend of molecular interactions in
aqueous solutions of pyrimidine nucleosides and 5~halo~nucleosides
with a good electron donor molecule : serotonin (5-hydroxytryptamine)

by NMR spectroscopye.
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The results show that the interaction ability of nucleosides is
enhanced when the electron deficient character of the base rings is
increased by introducing a 5-halogen atom or by ring protonation in
the case of cytidine, i.e., the electron affinity differences of

base rings in a series of pyrimidine nutleosides play an important
role in determining their relative interaction abilities with a

given donor.

Finally, we have initiated the study by ESR of the )(rudiolysis of

the constituents of nucleic acids in frozen aqueous solution.

Compared to the material which we used before (polycristalline powders)
the frozen solutions must allow us to tackle the problem of the rela-
tive amount of direct and indirect effects. Moreover they permit, by
a progressive warming of the sample, to follow the kinetlics of a large
number of radicals reactions. Preliminary results indicate that the
products of the radiolysis of water do not, in these experimental
conditions, play any role in the sequence of radicals reactions occur-
ing at the level of the solutemolecules.

Publications

Free radical distribution in gamma-irradiated DNA
S. GREGOLI and A. BERTINCHAMPS
Int. J. Radiation Biol., 1972, Vol. 21 n°® 1, 65-73

Computer analysis and reconstruction of E.S.R. spectra of
gamma-irradiated DNA

S+ GREGOLI and A. BERTINCHAMPS

Int. J. Radiation Biol., 1972, Vol. 21, n® 1, 75-85

Energy transfer in gamma-irradiated DNA as studied by

Electron Spin Resonance

Thesis by S. GREGOLI

June 1972.

An NMR study of the relative interaction abilities of different
Pyrimidine Nucleosides with Serotonin

R. Mathur-DE VRE and A. BERTINCHAMPS.

Submitted for publication to Biochemica Biophysica Acta.

Electron transfer in ){irradiatod complexes between aromatic
amino acids and DNA derivatives

M. OLAST and A. BERTINCHAMPS.

Submitted for publication to Biochemica Biophysica Acta.

Communication

Gamma irradiation of complexes between amino acids and DNA
derivatives

M. OLAST and A. BERTINCHAMPS.

Proceedings of the 9th Annual meeting of the European Society
for Radiation Biology. p. 123, 26-28.9.1972.
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Résultats du projet n° II

Chef du projet et collaborateurs scientifiques :

M. Errera, M. Brunfaut, P, Caillet~Fauquet, M, Defais,
J. Leys-Mercenier, G. Michel-Maenhaut, A, Miller-
Faurés, J. Rommelaere, B. Srivastava, M. Susskﬂnd,

N. Vanderloo-Henry, M.F. Van Horen-Bourguignon

Titre du projet : Mécanismes de la réparation du
DNA chez les microorganismes (E.coli - A) et

les cellules de mammiféres

I. Microorganisms

a) - The uvrA and polA genes of E.coli as well as the red function of
phage A play a significant role on the survival of X irradiated phage.
Alcalirg@sucrose gradient analysis suggests that mutations in polA and red
delay the repair of single strand breaks and gaps (B. Srivastava).

- Proflavine protects phage A or its DNA against direct as well as
indirect effects of f rays (irradiation at -190°C and D°C) probably by
decreasing the formation of anionic radicals in DNA bases and by scavenging
hydrated electrons (appearing in the solvant). This could be achieved
either by dye intercalated between DNA bases or bound ionically to DNA and
by dye in solution. Identification by electron microscopy of possible
breakage of the DNA at specific sites is in progress, as well as the
possible repair pathways of the remaining damage (G. Michel-Maenhaut),

b) UV reactivation of phage A in @ polA mutant of E,coli remains
effective if assayed at UV doses to E.coli sufficiently low (P. Caillet-
Fauguet and M. Defais).

c) Induced reactivation of phage A irradiated by UV can be obtained by
irradiating E.coli by 8 rays instead of UV ; induction is dependent on the
recA function. Attempts to inhibit induced reactivation (by x rays and
by UV) by chloramphenicol are in progress. The study of individual
infective centers indicates that UV reactivation leads to an increase in
the number of bacteria susceptible to support multiplication of UV
irradiated phage (M. Defais and P, Caillet-Fauquet).

d) Low temperature (25°C) kirnetics of A DNA attachment to the
bacterial membrane and its dependency on gene N suggest that the N product
probably stabilies the DNA-membrane complex after its formation., This
study may be valuable in approaching the mechanism of coordination of
various repair systems (M.F. Van Horen-Bourguignon, N. VanderiLoo-Henry,

J. Leys-Mercenier),

e) The polA mutation in E,coli does not prevent the appearance of WV
induced clear plaque mutants in phage A ; these experiments and those
mentionned in b) support the hypothesis that UV reactivation and LWV
mutagenesis have some common pathways (P. Caillet-Fauguet and M. Defais).

II. Mammalian cells

a) A chinese hamster radiosensitive mutant (v79/79) and several
Xeroderma pigmentosum lines are under study with the aim of finding out
if there is a correlation between radiosensitivity and the freguency of
sister chromatid exchanges - such exchanges could indicate the existence of
of a recombination type of repair (see d (M. Brunfaut, u, Susakind).
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b) Unscheduled DNA synthesis and repair replication after UV irradiation
have been studied in normal chinese hamster cells and in cells in which
thymine has been substituted with BUDR. There is a good quantitative
correlation between both repair mechanisms and the cytochemical and bio-
chemical results show that each single strand breek is repaired by the
insertion of 30-40 bases in the damaged strand (J, Rommelaere,A.Miller—Faurés)

c) Search for a radicinduced repair mechanism : does the survival of an
irradiated virus increase if plated on irradiated cells ? Technical problems
and shortage of time have sofar hindered the progress of this line of research

d) - Synkarions between 2 deficient mutants of chinese hamster cells
have been cloned and their chromosomes studied :a few chromosomes are lost
in the first few months and the chromosome number has remained ® 38 (instead
of 46) for almost two years (M.Brunfaut, M. Susskind, J. Rommelaere)

- Such synkarions have a UV radiosensitivity similar to either of the
parent strains, but repair after small doses is inhibited by cafeine to a
greater extent in synkarions suggesting that tetraploid cells are more
sensitive to some kind ®f damage (dominant lethals ?) than diploid cells but
which is more efficiently repaired in the tetraploid cells in absence of
cafeine (J. Rommelaere)

— DNA exchanges between sister chromatids of diploid cells and
between chromosomes of tetraploid cells have been detected by radioautographic
and biochemical methods., These exchanges increase after low doses of UV
irradiation., Their possible relationship tou DNA repair is under study
(J. Rommelaere, M. Susskind, M. Brunfaut).

A general review on "the stability and evolution of DNA in the light of
molecular radiocbiology"” has just been written (J. Rommelaere, M, Radman,
M. Errera)

Publications

P. CAILLET-FAUQUET and M. DEFAIS, UV reactivation of phage A in a polA
mutant of E.coli, Mutation Res., 15, 353-355 (1972)
Comm. Lunteren Lectures Mol. Genetics, sept. 1972

G. MAENHAUT-MICHEL, Radioprotection of proflavine against direct and
indirect effects on DNA, Comm., 9th Ann, Meeting Eur, Soc, Rad. Biol.,
Rome, sept. 1972

B. SRIVASTAVA, Repair in phage A irradiated to K—rays, Comm, Lunteren
Lectures Mol, Genetics, sept. 1972
J. AOMMELAERE and M. ERRERA, The effect of cafeine on the survival of UV-

irradiated dipleoid and tetraploid chinese-hamster cells, Int. J. Rad.
Biol., 22, 285-291 (1972)

N. HENRY-VAN DER 100, J. MERCENIER-LEYS, M.F. BOURGUIGNON-VAN HOREN and

M. ERRERA, Association du DNA phagigque avec la membrane bactérienne lors

de 1l'infection d'une bactérie sensible par A, Arch.Int.Physiol,Biochem,,

80, 603 (1972)

J. ROMMELAERE, M. SUSSKIND and M. ERRERA, Chromosome and chromatid exchanges
in chinese hamster cells, Chromosoma (in press)

J. ROMMELAERE and M. ERRERA, Synthesis and repair replication in chinese
hamster cells, Arch, Intern., Physiol, Bioch. (in press)

M. RADMAN, J. ROMMELAERE and M. ERRERA, Stability and evolution of DNA from
the point of view of molecular radiobiology, in "Physicochemical properties
of DNA", ed, .by J. Duchesne, Acad, Press (in preparation

M. ERRERA, Biologie moléculaire et médecine, Bruxelles-Médical, 52e année,
ne2, 81-87 (1972}
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RAésultats du projet n°III

Chef du projet et collaborateurs scientifiques : R. THOMAS
and collaborators (see report)
Titre du projet : The establishment and stability of the state

of provirus : genetic factors and effects of physical agents

1. Mechanism of provirus integration

(mammalian cells : S. Mousset, in collaboration with F. Cuzin, Institut
Pasteur de Paris ; bacterial cells : A, Toussaint, M. Faelen, M.
Couturier and F. Van Vliet)

a) (in collaboration with several other laboratories : Rijswijk, MIT,
Cold Spring Harbor, San Diego)

Bacteriophage Mu inserts in any DNA seguence, but through a defined

site (attachment site) of its own genome - apparently the ends of the

vegetative chromosome (papers from the different laboratories sent jointly

to Virology).

b) A dimer of bacteriophage Mu can insert, through one of its
attachment sites anywhere in the bacterial chromosome, through its other
attachment site, anywhere in a coinfecting bacteriophage A ; this results
in insertion of the latter in any permutation, sandwiched between two Mu

(Toussaint and Faelen, Naturs, in press). This provides in principle a way

to connect any two DNA sequences, even if they are completely unrelated.

c) Attempts to demonstrate a mutagenic or transforming effect of phage
Mu in mammalian cells have failed so far, but will be repeated with more
efficient techniques, Human galactosemic fibroblasts have been transformed

with Sv40, in connection with the research described in & 4.

2. Induction of development of prophage with or without immunity
(R. Thomas, GC. Dambly, J. De Lafonteyne)

a) Even in the absence of immunity, most of the prophage genes remain

silent unless one provides a positive regulator protein - the product of
gene N, Even in the presence of immunity, the late genes can be switched
by another positive regulator - the @ product (Couturier, Dambly and

Thomas, Molec, Gen. Genetics, 1972, in press).

b) C. Dambly has shown in collaboration with Dr. Stevens (Rijswiik)
that"paradoxical” differences in the behaviours of the related phages A
and 21, are due to the presence of a strong rightwards promoter in the

latter.
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c) A method for describing,and treating complex regulatory circuits
in boolean terms has been developped by R, Thomas (manuscript sent to
J. Theor. Biol,)

3. Mutagenic effect of 3H—H,,D in bacteria (N. wantens)

N, Wantens observes a very significant increase of the frequence of
Streptomycin-resistant mutations in E.coli K12 after incubation in a medium

containing 3.0 (300 pc/m1).

2

4, Effect of gal-transducing viral particles on human galactosemic cells

(A. Résibois and J. De Lafonteyne)

It is well known that at least ore other laboratory has not been able
to repeat Merril's experiments and that himself has some difficulties
in repeating them. However, the results of Résibois and De Lafonteyne
are rather encouraging in the sense that, in precisely defined conditions,
they have found repeatedly a significant improvement of the survival of
the galactosemic cells in the presence of galactose, after treatment with
Apgal. Now that the proper conditions seem to have been found it should
be possible to analyze the phenomenon at the enzymatic level and check

whether, in some cells at least, the provirus has been integrated.
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Publications

~ SZPIRER, J. Le contr8@ile du développement des bactériophages tempérés
IV. Action spécifique du produit N au niveau d'une barriére de
transcription. Molec. Gen, Genetics, 113, 297-304 (1972)

- GHYSEN, A, and PIRONIO, M. Relationship between the N function of bacterio-~
phage A and host ANA polymerase. J. Mol. Biol., 65, 259-272 (1972)

- BOLLEN, A,., PETRE, J. and GROSJEAN, H, Direct biochemical approach to the
structural heterogeneity of 30S ribosomes from E.coli. FEBS Letters, 24
327-330 (1972)

— CASTELLAZZI, M., BRACHET, P, and EISEN, H. Isolation and characterization
of deletions in bacteriophage A residing as prophage in E.coli K12,
Molec. Gen. Genetics, 117, 211-218 (1972)

- PETRE, J., BOLLEN, A,, NOKIN, P, and GROSJEAN, H. The binding of E.cpli
ribosomes to matrix bound messenger RNA. Biochimie, 54, 823-827 (197%5

— COUTURIER, M,, DAMBLY, C. and THOMAS, R. Control of development in
temperate bacteriophages V. Seguential activation of viral functions
Molec. Gen. Genetics

— TOUSSAINT, A, and FAELEN, M. Mu dimers promote random integration of
A—gal phages in the chromosome of E,coli., Nature

- LECOCQ, J.P, Aspects génétigues et biochimigues de la régulation de la
transcription chez la bactérie E.coli et ses phages. Biochimie

- DE WILDE, M. Caractérisation d'une mutation de résistance & la
Spectinomycine, Arch. Intern, Physiol. Bioch,

- LECOCQ, J.P. and DAMBLY, C. Effets d'une mutation affectant la sous-unité
f de la RNA polymérase de la bactérie E.coli sur le comportement du
phage A. Arch. Intern, Physiol. Bioch,

Submitted

- THOMAS, R,
Boolean formalization of genetic control circuits (sent to J.Theor.Biol.)

— FAELEN, M. and TOUSSAINT, A.
Isolation of conditional defective mutants and characterization of the
prophage map of phage Mu-1 (sent to Virology)

- BOLLEN, A., FAELEN, M., LECOCQ, J.P., HERZOG, A., ZENGEL, J.,
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Résyltats du projet n° I

Chef du projet et collaborateurs scientifiques:
J. Brachet. Collaborators : H. Alexandre,

V. Heilporn, A. Lievens, S. Limbosch,

F. Zampetti,

Titre du projet :
1. - Radiosensitivity of the early stages of
embryogenesis.
2, = Morphological modifications of rat glial
tumor cells after X~-irradiation.
- Radiosensitivity of a synkaryon obtained by
fusion.,

1. a. Study of the highly radiosensitive metabolic pathway leading to
the incorporation of “H uridine into DNA in amphibian eggs (H. Alexandre),

We have previously demonstrated, by both autgradiography and
biochemical methods, the high radiosensitivity of “H uridine incorporation
into DNA during cleavage of amphibian eggs. Since this process involves
the reduction of ribose to d-ribose, we have first tried to isolate
ribonucleotide reductase from the eggs. Unfortunately, the reproduci-
bility was not satisfactory and we had to use a more indirect approach.

In order to establish the exact site of action of the ionizing
radiations, we have used deoxyuridine (dU) as the precursor for DNA
synthesis, This allows a study of the radiosensitivity of the dUMP into
dTMP methylation a step which is catalyzed by thymidylate synthetase.

Autoradiographs have clearly shown that the incorporation of dU
is amall as compared to that of thymidine into DNA at the mo§ula-young
blastula stages of Pleurodeles. It is as radiosensitive as “H-uridine
utilization for DNA synthesis, being already inhibited after SOOR.
We may therefore conclude that irradiation acts at these stages mainly,
if not exclusively, on the activity or synthesis of thymidylate synthetase.

b. In vitro culture of preimplantation mouse embryos (H. Alexandre).
This is a pre-requisite for the analysis of radiosensitivity
at early stages of mammalian development.

We are trying to obtain optimal conditions for the culture of
mouse ova according to the method of Whittingham (Physiological Laboratery,
Cambridge, U.KJ, where we stayed during one week .

Random=bred albino, Balb/c+ and AKR mice have been used. Virgin
females of 8-10 weeks 0ld were mated and ova or embryos at different
developmental stages could be obtained, at various times after mating,
by perfusion of the oviducts with a small volume of medium. We are
mainly interested in obtaining 2 cell stages in order to study the
radiosensitivity of this early stage of development.

The yield of embryos was increased considerably (up to 40 ova mouse)
by prior treatment with gonadotrophins (intraperitoneal injection of
10 i.u. of pregnant mare's serum (PMS) gonadotrophin, and human chorionic
gonadotrophin (HCG) 2 days later).

Cytochemical examinations have been performed at regular intervals
during the period of time between the first injection and 15 hrs after
the second. Injection of PMS induced maturation and ovulation of
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several oocytes. Injection of HCG induced a greater number of oocytes
to continue meiosis (from the dictyste stage to metaphase II) during
the first 6 hrs, Ovulation usually followed.

We are now able to obtain a successful in vitro development from
the 2 cell stage to blastocyst in a chemically defined medium based
(modified Krebs-Ringer, supplemented with lactate, pyruvate, Zlucose,
crystalline bovine serum albumin and antibiotics).

The importance of using distilled water of the highest purity
should be emphasized : with bidistilled water, we obtain 357 of
development only, whereas with tridistilled water (Difco), we have
obtained 100% blastocysts, starting from L cell stages. Mistakes
in the interpretation of the results, in irradiation experiments,
could easily be made if the culture conditions are not very precisely
standardized,

2, a. Morphological modifications of rat glial tumor cells after X-irra-
diation. (V. Heilporn, A. Lievens, S. Limbosch, F. Zampetti).

It has been recently observed that Xeirradiation of in vitro culti-
vated mouse neuroblastoma cells induces morphological differentiation,
as evidenced by the formation of axons (Prasad, 1971). In order to
find out whether similar phenomena can be obtained when other nervous tumor
cells are treated in the same way, the effects of X-irradiation on rat
glial cells have been observed by optical and electron microscopy.
Nucleic acid and protein synthesis has also been studied in control and
irradiated cells by radioautography. Glial tumor cells were derived
from chemically induced rat brain tumor (Benda, 1971). Since plating
efficiency of gljal cells is very low, a different method was used for
the establishmentof survival curves : cell viability, after X-irradiation
was measured by counting the cells in definite areas of a small culture
cell chamber, every 24 hours, for several days. Irradiation conditions
were : 50kV, 25mA, filtration with 1 mm aluminium : the dose rate
was 300 R/min, The cells were irradiated without cover protection,
at room t° after removing the culture medium. High doses of X-rays
(from 900R to 2000R) provoke a general cell death; the most interesting
observations have been obtained after a 300R and 600R irradiation. During
the three days following 300R irradiation, cell division is delayed as
shown by both the presence of a lag phase ip the growth curve and a
diminution in the % of cells incorporating thymidine. While DNA and
RNA syntheses decrease after irradiation, protein synthesis is stimulated.
The striking cytological effects of X-rays are an edargement of the cells,
an increase in the number of giant multinucleated cells and especially
a morphological modification shown by the elongation of cytoplasmic processes.
The % of cells with extrusions longer than L0 um changes from 5% in
the control population to more than 50% in the irradiated one. Cyclo-
heximide, at a dose (1 ug/ml) which strongly inhibits protein synthesis,
does not prevent the elongation of cytoplasmic processes in Y-irradiated
cells, The cytoplasmic extrusions probably result from the assembly of
microtubules, since colchicine prevents it., Moreover, ultrastructural
examination of these elongated processes shows a significant enrichment
in microtubules and microfibrils, as compared to the controls.
Cytochalasine B (5ug/ml), a poison of the contractile microfilament
machinery, induces like X-rays, the formation of abnormally elongated
cytoplasmic processes, But these processes are cytologically and ultrae-
structurally different from those induced by X-rays : they are enlarged,
undulating, with local branching and fuzziness., These cells do not
show any increase in the microtubules and microfilaments over the
controls. The morphological modifications observed after X-irradiation
are stable, since the proportion of cells with long processes increases
during four weeks at least. Our results on the effects of X-rays on
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glial tumor cells are similar to those previously found in irradiated
neuroblastoma cells. The mechanism by which X-rays induce differentia-
tion in neuroblastoma and glial tumor cells still remains to be
elucidated.

b, Radiosensitivity of a synkaryon obtained by fusion (V. Heilporn,
A, Lievens, S. Limbosch, F. Zampetti).

The X-ray sensitivity of synkaryon 18 has been studied. This
synkaryon results from the fusion of two mutants of Chines:z Hamster
fibroblasts : A23 (deficient in thymidine kinase) and WG 3H (deficient
in hypoxanthine-guanosine phosphoribosyl transferase), The survival
of the synkaryon and his parental cells has been established by two methods:
determination of cell viability during the week following irradiation
and determination of cell ability to proliferate and form a
macroscopice colony (Puck, 1956). In the days following irradiation,
no difference in X-ray sensitivity has been observed between the
synkaryon and the parental cells., Preliminary results obtained by
Puck's method show a greater sensitivity of the synkaryon (DO=190R)
as compared to the A23 strain (DO=220R) and the WG3H strain (DO=290R).

Publications,

V. Heilporn, A. Lievens, S. Limbosch. F. Zampetti-Bosseler and G, Steinert.
Morphological modifications of rat glial tumor cells after X-irradiation.
Radiation Pesearch, in press.

2 Communications have been presented by V. Heilporn, A. Lievens, S.Limbosch,
F, Zampetti at the :

1. Joint meeting of belgian Society of Radiobiologists and Netherlands
Radiobiological Society" Rijswijk, May 1972

2. Table ronde sur les cultures cellulaires. Strasbourg (France) November 1972.
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Résultats du projet n° V
Chef du projet et collaborateurs scientifiques ¢

R. Jeener, M. Wikler, G. Urbain-Vansanten, J.Urbain,
C. De Yos-Cloetens, A. Van Acker, D. De Sutter,

A. Vienne, C. Biéva, N. Tasiaux, N. Laurent,

C. Bruyns, R.lLeuwenkroon, H. Balluet,

Titre du projet : Immunochemical and immunogenetic
investigations on the nature and activity of the
antibody secreting cells observed in the irradiated
animal after transplantation of lymphocytes from an
immunized or non immunized donor animal.

Description des résultats

- The diversity of immunoglobulins that an animal can synthesize
during its lifetime corresponds to the presence of an enormous libra-
ry of clones. Each clone seems to be precommitted to the synthesis
of one molecular species of immunoglobulins.

The product of a given clone can be characterized by its isoelectric
spectrum, its affinity for the corresponding antigen and by its pat-
tern of idiotypic specificities. Irradiated recipient rabbits graf-
ted with allogeneic lymphoid cells from hyperimmune donors of diffe-
rent genotype have been used to investigate the relationship between
memory cells and antibody producing cells.

The antibodies synthesized in the irradiated recipients have a res-
tricted heterogeneity. They possess allotypic specificities of the
recipient. Therefore antibodies seem to be synthesized by host
radioresistant cells.

However some characteristics of the donor antibody are present on the
recipient antibodies. They exhibit a high relative affinity and they
react with antiidiotypic sera directed against the individual anti-
genic specificities of the donor antibody. These results are compa=-
tible with an hypothesis involving an information transfer between
memory cells and antibo&y producing cells.

Alternatively the results may be explained by an idiotypic modulation
of the repertoire of antibodies synthesized by an animal. (J. Urbain,
G. Urbain-Vansanten, A. Van Acker, C. De Vos-Cloetens, N. Tasiaux).

- Irradiated mice (650R) have their immunocompetent system impaired.
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As time goes on, there is a restauration of the immunologic potential,
This restauration can be inhibited if irradiated mice are grafted
with syngeneic cells obtained from a tolerant donor. The tolerant
cells seem to be able to synthesize inhibitors of the expression of
new clones of the same specificity. (C. De Vos-Cloetens,N. Laurent).

-~ Irradiated rabbits are injected with spleen cells and lymph nodes
from rabbits hyperimmunized with streptococcal vaccine.

Oligoclonal anticarbohydrate antibodies produced by the recipients
are compared to the donor by isoelectricfocusing and by their
relative affinities. They appear to be synthesized by the same cel-
lular clones, which moreover possess the same relationship of domi-
nant antibody components. Antibody with new characteristics may
appear later during the immune response in the host rabbit. (C.

Bruyns, M. Wikler).

- In order to investigate more directly the questions raised by the
experiments described above, the isolation of messenger RNA for anti-
TMV antibodies has been performed. These messengers have been isola-
ted from polysomes of lymph nodes, taken in rabbit hyperimmunized
against ™V, (H, Balluet).
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Immunology, 1972, 1, 3, 292.
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CONTRAT EURATOM-INRA N2 097-72-1 BIOF

Chef des Groupes de Recherche :

Dr. Marc A. DALEBROUX, Fonctionnaire Scientifique aux
Communautés Européennss.

Ihéme général du contrat :

Etude des effets génétiques, aux échelons population et

cellulaire, des rayonnements ionisants :

I. Effets des radiations ionisantes sur un caractdre

de fitness important chez Habrobracon juglandig.

I1I. Réactions génétiques csllulaires aux rayonnements

ionisants chez Nicotiana tabacum.

PROJET Ne I

EFFETS DES RADIATIONS IONISANTES SUR UN CARACTERE DE FJITNESS
IMPORTANT (PONTE) CHEZ HABROBRACON JUGLANDIS

Chef du projst : Dr. Marc A. DALEBROUX.

Les cinq expériences a 2000 r sont terminées et ont donné les

principaux résultats ci-aprés :

(1) Pour les pontes moysnnes journalidres aussi bisn qus totales,
la réponse aux génotypes t (témoins), h (hétérozygotes pour les
factsurs mutés) et r (homozygotes pour les facteurs mutés st hété-
rozygotes pour ces facteurs, dans la proportion 1 : 1) est de

typs polynomial quadratique dans trois des sxpérisnces. Aucuns

réponss ne fut décelées dans les deux autrss.
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(2) Les tests Chi-carrés d'homogénéité des variances intrafa-
willes intragénotypss ont 6t faits. Sur dix tests (pontes
moysnnes st pontes totales paoléss), deux ssulement chez lss
familles témoins sont sous le seuil de signification, alors
que tous devraient 1'8trs, Chez les familles h, dont tous les
membres d'une mBwe famille sont identiques, sept tests sur dix
sont sous le seuil de signification ; ceci sst assez conforms
A l'espérance. Chez lea familles r, on compte quatrs tests

sous le seuil de signification,

Il apparalt donc que les familles témoins font prsuve d'uns
instabilité considérable. Leur haut degré de consanguinité
en est peut-8tre la cause, Voici, depuis le début de la rs-
cherche, les variances intrafamilles calculées chez les témoins :

Nombre de générations F Variances intrafamilles témoins
ds full-sibbing sur moyennss sur totaux
7 0.7344 0.87 35 350
14 0.9398 1.64 57 095
26 0.9953 4,43 107 271
39 0.9997 1.38 48 800
53 1,0000 1.68 88 595
60 1,0000 3.29 144 479
75 1,0000 3,20 139 957
83 1.0000 9,70 328 818

Le rapport est de 1 A 10, ce qui ssmble bsaucoup pour des variancss
qui devraisnt 8tre relativement semblables. L'hypothdse d'insta-
bilité de la xéponse témoin en fonction de la consanguinité ssra

vérifiée dans les années 3 venir,
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PROJET N2 II

REACTIONS GENETIQUES CELLULAIRES AUX RAYONNEMENTS CHEZ
NICOTIANA TAB

Chef du projet : Dr. Hubert DULIEU, Chargé de Rechsrchs au C.N.R.S.

Monsisur DULIEU a isolé, au Laboratoire de Mutagen2se de 1'I.N.R.A.
3 Di jon, deux loci impliqués dans la différentiation des chloro-
plastes. A chacun de ces loci, il a obtenu un géne mutant, de

sorte qus l'on se trouvs en présence du systdme génétique suivant :

+

a_ et al au locus 1

et a au locus 2

a 2

N+

Les deux loci sont indépendants en ce qui concerns les fréquences
des associations gamétiques, mais ils montrent, dans leurs effets
conjoints, une forts interaction globale, Les actions géniques
saront quantifiées pour chacun des dsux loci séparément et pour

les deux loci sn m8me temps.

Monsisur DALEBROUX a terminé le travail théorique nécessaire A
ces quantifications. Ce travail, trop long pour 8tre développé
dans un rapport succin¢t, sera sxposé en détail dans le rapport

annusl 1972,

Dans ls courant de 1973, desux publications seront consacrées 2

ce projet,
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Associato della Commissione: Universitd di Pavia - Gruppo
Euratom - Istituto di Biologia Generale ~ Facoltd di Medicina.

N* del contratto: 112-72-1 BIOI

Capo del gruppo di ricerca: Prof, Marco Fraccaro

Tema generale del contratto: Studi sulla natura, dinamica e
modalita di segregazione dei riarrangiamenti cromosomici indotti dalle
radiazioni, con l'impiego di tecniche di identificazione cromosomica ad

elevato potere diagnostico,

Descrizione generale dei lavori compiuti

Il lavoro si & concentrato su tre linee principali.

a) Identificazione precisa dei cromosomi implicati in riarrangiamenti
strutturali in popolazioni di cellule tumorali umane primarie, non trat-
tate, come modello di anomalie cromosomiche '"spontanee' originate in
vivo.

b) Permanenza e destino di specifici segmenti cromosomici identificabi-
li per la loro attivitd funzionale (eterocromatina costitutiva) in linee sta
bilizzate in vitro da lungo terrpo.

c) Ricerca di eventuale sensibilitd preferenziale alle radiazioni lungo i

singoli cromosomi umani.
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Descrizione dei risultati

a) Sono state analizzate metafasi da effusioni ascitiche da carcinomi del
1'ovaio con le tecniche delle bande Q(fluorescenza) e G{Giemsa). Sono gta
ti identificati in ciascuna cellula i cromosomi normmali presenti come tali,
mentre numerosi cromosomi che sarebbero stati identificati come nor-
mali con le tecniche convenzionali sono risultati in realta il prodotto di
riarrangiamenti strutturali. Tra i cromosomi riarrangiati & stato possi
bile identificare in molti casi la catena di eventi che li hanno prodotti,
rivelando che questi sono delezioni, inversioni e traslocazioni. Certi
cromosomi sembrano essere preferenzialmente eliminati (ad esempio i
N. 3, 7 ed il cromosoma X), mentre altri lo sono solo apparentemente.
Un esempio di quest'ultimo fenomeno riguarda il braccio lungo del cromo
soma N, 1 che & risultato implicato in almeno sei differenti riarrangia-
menti per traslocazioni che si ripetono in varie cellule entro lo stesso
tumore. Nei tumori fino ad ora studiati vi & una relativa costanza del rap
porto cromosomi "nuovi''/cromosomi normali entro ciascuna cellula e
questo indipendentemente dal numero cromosomico della cellula: questo
risultato indica che non sono permesse tutte le combinazioni possibili tra

cromosomi normali ed anormali,

Lavori pubblicati

1} Fraccaro M. : Fluorescenza differenziale dei cromosomi, Rassegna

Clinico-Scientifica, 48, 76, 1972.

2) Fraccaro M. : Fluorescence analysis of somatic chromosomes. Arch,

Genetik. 45, 100, 1972.

3) Tiepolo L., Zara C., Zuffardi O., FraccaroM.,: Isochromosome and

malignant growth, Lancet, I, 1398, 1972.

4) Tiepolo L,, Zuffardi O.: Identification of normal and abnormal chrom-

osomes in tumour cells. Cytogenetics (in press).

b) I cromosomi della linea cellulare stabilizzata CHEF=-125 (origine: em-

brioni di hamster cinese, Cricetulus griseus, mantenuta in vitro per piu

di 10 anni) sono stati studiati con le tecniche delle bande Q(fluorescenza),
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G(Giemsa) e C(eterocromatina centromerica). Questa linea & psetudodi-
ploide con 22 cromosomi ma vi sono consistentemente due cariotipi con
ugual numero cromosomico che differiscono perd per un singolo crono-
soma. I cromosomi 1, 2, 5, 8 e 9 sono presenti come omologhi normali
ed i cromosomi 4, 7 e 1l in singola copia, per un totale di 13 cromoso-
mi normali su 22 in totale, Tra i cromosomi '"'nuovi', cinque non sono i-
dentificabili ma altri due cromosomi dimostrano sezioni di etero¢roma=-
tina costitutiva del tipo che si trova solo nei cromosomi del sesso delle
cellule normali di hamster cinese. Di particolare interesse sono le se-
guenti osservazioni: 1) la relativamente elevata proporzione di cromoso-
mi normali rinasti tali dopo un cosl lungo periodo di permanenza in vitro.
Questo fenomeno pud essere correlato con il mantenimento dello stato
pseudodiploide, postulando che persistendo una certa proporzione di cro=-
mosomi normali vi & un. migliore controllo della segregazione alla mito-
si e minore probabilitd di perdita o guadagno di cromosomi, 2) La ridi-
stribuzione della cromatina caratteristica dei cromosomi del sessp in un
cromosoma rmarcatore che pud essere interpretato come il prodotto di una
traslocazione tra un braccio lungo di un cromosoma X ed il braccio lungo
di un cromosoma Y. Alternativamente questo cromosoma pud essere un
cromosoma X ma in questo caso dobbiamo postulare che vi & stato un cam
biamento nello stato funzionale di un intero braccio cromosomico.

Lavori pubblicati

1) Lo Curto F., Scappaticci Susi, Fraccaro M.: Chromosome identifica~
tion in a Chinese hamster pseudodiploid cell line (CHEF-125). Cytoge-~
netics, 11, 305, 1972,

c) Ricerche preliminari su colture di sangue umano irradiate con raggi X
durante la fase S e durante la fase G2 hanno rivelato che le rotture sono

localizzate preferenzialmente nelle zone scarsamente fluorescenti,
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KURZZEITWIRKUNGEN (AKUTES STRAHLENSYNDROM UND SEINE BEHANDLUNG)

SHORT-TERM EFFECTS (ACUTE IRRADIATION SYNDROME AND ITS TREATMENT)

EFFETS A COURT TERME (SYNDROME AIGU D'IRRADIATION ET DE SON TRAITEMENT)
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Weitere Forschungsarbeiten zu diesem Thema werden auch in fol-
genden Jahresberichten beschrieben:

Further research work on these subjects will also be described
in the following annual reports:

D'autres travaux sur ce théme de recherche sont &galement décrits
dans les rapports annuels suivants:

099-BIAB  UILB Bruxelles (Brachet)
095-BIOB  CEN Mol (Maisin)
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Vertragspartner der Kommission :

Assoziationsvertrag
zwischen |
der Europdischen Atomgemeinschaft
und

der Association Claude-Bernard

dem Istituto di Ricerche Farmacologiche "Mario Negri'

dem Land Baden-Wirttemberg ?

der Organisatie voor Toegepast Natuurwetenschappeli jk '
Onderzoék voor Gezondheid (TNO) und

der 1l'Université Libre de Bruxelles

Nr, des Vertrags: 088 - 72 -1 BIAC

Leiter der Forschungsgruppen @

- Claude-Bernard Association, Institut de Cancérologie
et Immunogénétique, Villejuif @
Prof. Dr. G. Mathé

- Istituto di Ricerche Farmacologiche "Mario Negri", Milano :
Prof., Dr. S. Garattini

- Universitat Ulm, Abteilung fiir Klinische Physiologie, Ulm ¢
Prof. Dr. T.M. Fliedner

- Radiobiological Institute TNO, Rijswijk @
Prof. Dr. D.W, van Bekium

- Institut Jules Bordet, Bruxelles @
Prof, Dr. H. Tagnon

Allgemeines Thema des Vertrags @

Consequences of Radiation Exposure : Prevention and Treatment
of Pathological Effects

Allgemeine Darstellung der durchgefiihrten Arbeiten @

contract No. 088 = 72 = 1 BIA C in 1972 is concerned with the“

continuation of previous work - outlined in the Euratom Report

1971 (EUR 4830 d-f-i-n-e) = in 3 areas :

1, Evaluation of damage of lonizing radiation to various organs
but mainly to the hematopoietic tissue.

2. Design and perfection of treatment of bone marrow failure

The collaborative research program of the present association

as seen after whole body irradiation.

3. Selected studies on the physiology and pathophysiology of
cell systems relevant to the understanding of radiobiological
processes.

In the area of evaluation of damage of ionizing radiation, the

research group in Ulm performed a detailed analysis in rats on
the comparative effectiveness of tritiated thymidine and water

-271-



in relation to x-irradiation. In these studies, the changes in
several organsystems such as hemopoletic tissue and ovaries have
been used as endpoints.

The major emphasis of the work of the cooperative project of this
contract was on the design and perfection of treatment of bone

marrow failure.

In man, the research group in VilleJuif studied various aspects
of treatment of primary or secondary bone marrow failure by bone
marrow transfusion in easeptic environments, by leukocyte and
platelet transfusion. In this context, the attempt to treat and
prevent "secondary disease" was of paramount importance.

The research group in Ulm continued the cooperative study at the
European level within the Gnotobiotic Project Group, supported in
part by this contract. The goal of this study is to establish the
value of bacterlial decontamination and the maintenance of a gno-
toblotic state in suitable isolation system for the treatment of
hemopoietic failure as also seen after radiation exposure.

The studies in monkeys particularly of the research group in
Rijswijk concentrated on the attempts to mitigate secondary di-
sease after bone marrow transplantation using stem cells from
phenotypically identical, non-related donors. Successful attempts
were made to identify a cellular entity apparently endowed with
stem cell potentialities.

The research group in Ulm used dogs to investigate the possibility
of the treatment of the gestrointestinal and bone marrow syndrome
by means of stem cells separated from the circulating blood and
stored at ultralow temperatures. The work is in part based on
progress made in the tissue~typing between donor and recipient.

All groups carried out relevant research in rodents which concen-
trates largely on the effect of antibiotic decontamination and its
effect on the survival after x-irradiation and allogeneic bone
marrow transplantation. It could be shown both in Ulm and in Rijs-
wijk that bacterial decontamination results in a significant de-
crease in mortality from secondary disease.

The pathophysiological basis of evaluation and treatment of ra~
diation effects has been studied in all leboratories using dif-
ferent models. Important contributions come from leukemia cell
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research because of the general significance of cell kinetie
date in such deviated systems for the understanding of all sy-i
stem functions also after radiation injury. Important work has
been directed to the characterization and regulation of stem
cells and their interrelationship, using various stem cell |
tests (CFU, ACU ete.). The pharmacological properties of varioﬁs
cytotoxic agents have been investigated and contribute greatly
to the understanding of cell function in relation to drug metas
bolism. \

The cooperative work of the partners of this contract is promot=-
ed and catalysed by the fact that they form the core membership
of both the European Late Effects Project Group (EULEP) and thq
European Organization for Research on Treatment of Cancer (EORTC)
with its Research Clubs (i.e. Stem Cell Club) and Project Groups
(1.E. Gnotobiotic Group).
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Contractant de la Commission: Association Claude-Bernard,
Institut de Cancérologie et d'Immunogénétique, Hpital
Paul Brousse, I4 & I6, Av. P.V Couturier, 94.800~

N° du contrat: 088-72-1 BIAC

ILLEJUIF

Chef du groupe de recherche: Professeur G. MATHE.

Théme général du contrat: Traitement des états pathologi-
ques secondaires 3 l'irradiation.

4
+—

Description générale succincte des travaux ré&alisiés.

Nous avons poursuivi 1l'&tude thérapeutique des &tatsl patholo-
giques secondaires 3 l'irradiation qui sont de deux ordres: les
aplasies de la moelle osseuse et les leucémies.

Dans le cas des aplasies, nos travaux ont porté sur 1'hos-
pitalisation aseptigue, dont nous ré&alisons le dé&veloppement "opé-
rationnel” (construction d'un service en gradient microbiologique),
les transfusions de globules blancs, et nous avons montré l'effica-
cité des cellules provenant des donneurs LMC et l'inocuité, pour
ces derniers, des leucophoréses. Nous avons enfin travaillé expé-
rimentalement et cliniquement sur la greffe de moelle osseuse,
montrant que les quelques greffes obtenues aprés conditionnément
par ALG ne sont pas compliquées de maladie secondaire mais ne sont
que transitoires en raison d'un chimérisme lymphocytaire digsociég,
progressant dans le contr8le de la GVH chez les radiochiméres, gra-
ce 3 la découverte des chalones lymphocytaires et gréce & l?emploi
de 1'antig2ne d'histocompatibilité soluble. |

Dans le cas des leucémies, la chimiothérapie s'é&tant avérée
incapable de "tuer la derniére cellule" puisqu'elle obéit i la
cinétigque de premier ordre, nous avons introduit la notion d'im—
munothérapie active qui pourra peut-&tre s'étendre a l'immuﬁopré-
vention des leucémies.

Nous avons poursuivi nos expériences de recherche "oﬁéra-
tionnelle" en prenant comme mod&le la leucémie spontanée lynphoide
de la lignée AkR; nous avons poursuivi nes essais cliniques ‘et
publié les résultats obtenus par 1l'immunothérapie sur plus de I00
cas de leucémie aigue lympholde. Nous avons enfin porté& nos .efforts
de développement de cette méthode dans deux directions: celle de
1'immunostimulation spécifique en tentant de modifier les cellules
et les antigénes tumoraux, et celle de l'immunostimulation non spé-
cifique en mettant au point un screening des adjuvants de 1'immunité.
Ce screening est actuellement le seul qui existe au monde, et il
est devenu parfaitement opérationnel.
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Résultats du projet N° 1

Chef du projet et collaborateurs scientifiques:
Professeur G. MATHE.

Titre du projet: Traitement des &tats pathologiques
secondaires 3 l'irradiation.

Description des ré&sultats.

L'irradiation entraine deux sortes d'états pathologi-
ques: l'aplasie de la moelle osseuse, complication constante
d'une irradiation aigue et massive, et la leucémie, complication
rare mais pouvant survenir aussi bien aprés une irradiation
aigue qu'aprés une irradiation chronique.

Nous décrirons successivement les travaux que notre
éguipe a consacrés 3 ces deux sujets, particuliérement gréce 3
ce contrat.

I. Aplasies de la moelle osseuse

Deux types de traitements sont a considérer, le traitement
symptomatique et la greffe de moelle osseuse.

1.1 Traitement symptomatique

1.11 Hospitalisation en environnement aseptique
G. MATHE.
G. MATHE a travaillé 3 l'avant-projet puis au projet de

la construction d'un service "en gradient microbiologique"”
comportant un étage conventionnel, un &tage microbiologiquement
contr8lé, et un étage aseptique construit sur le modéle de 1l'u-
nité aseptique isolée dont 1'ICIG dispose depuis 10 ans, et
dont il a été& le premier institut dans le monde & disposer. Ce
développement opérationnel de l'hospitalisation aseptique pa-
rait plus important que le développement technique de systémes
limités 3 d'exceptionnels malades.

1.12 Transfusion de globules blancs

L. SCHWARZENBERG, G. MATHE, P. POUILLART, R. WEINER,
J. LACOUR, J. GENIN, M. SCHNEIDER, F. DE VASSAL,

M. HAYAT, J.L. AMIEL, J.R. SCHLUMBERGER, C. JASMIN,
et C. ROSENFELD. Chemotherapy with hydroxyurea leu-
copheresis and splenectomy in the treatment of CML
at the problastic phase. Brit. Med. J., 1973,

(sous presse).

Les transfusions, aux patients atteints d'aplasies compli-
quées de septicémie, de globules blancs, de donneurs atteints
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de leucémie myé&loide chronique (LMC) sont pratiquées dans le
monde entier, et chacun sait qu'elles sont beaucoup plué effi-
caces que les transfusions de granulocytes prélevés chez les
donneurs normaux grice au séparateur IBM. La question éfait
posée de savoir si les leucophéréses chez les sujets traités
obligatoirement par l'hydroxyurée ne réalisaient pas un.trai-
tement de la LMC moins efficace quant 3@ la survie que le clas-
sique myleran.

L'équipe de 1'ICIG a montré gu'il n'en est rien. Il sem-
ble méme qu'il soit un traitement moins dangereux.

1.2 Greffe de moelle osseuse

1.21 Etudes expérimentales

1.211 R8le de l'agent conditionnant le receveur d'une
greffe de cellules h&matopoiétiques et lympholdes
en tant que facteur favorisant l'insuffisance
immunitaire induite par la réaction du greffon
contre 1'héte.

M. Gutierrez-Romero et G. Math& (Transplantation,
1972, 13,1.

M. Gutierrez-Romero et G. Mathé& ont &tudié expéri-
mentalement l'influence qu'exerce le procédé& de conditionne-
ment du receveur selon qu'il s'agit d'une irradiation totale,
de cyclophosphamide ou de SAL, et selon la dose, dans l1l'insuf-
fisance immunitaire induite par une réaction du greffon contre
1'h8te. Ils ont montré qu'elle est essentielle: les fortes
doses d'irradiation ou de cyclophosphamide rendent 1'inspffi-
sance immunitaire induite par la réaction du greffon contre
1'h8te maximale et irréversible. Au contraire, le SAL ne‘l'af—
fecte que trés peu.

1.212 Essai de contr8le de la GVH par les "chalones"
lymphocytaires.
Nouvelles données sur le mécanisme et le contndle
du syndrome secondaire.
II Contrd8le de la GVH par des inhibiteurs lympho-
cytaires (chalone?) et par les antigénes d'histo-
compatibilité.
G. Mathé, E. Garcia-Giralt, N. Kiger, I. Filorentin,
0. Halle-Pannenko et M.C. Martyré. (Exp. Hematolo-
gy 1972, 22, 53).

Inhibition de la réaction du greffon contre 1'h8te
(GVH) par incubation in vitro des lymphocytes gdu
donneur avec les chalones spléniques et thymiqpes.
N. Kiger, I. Florentin, E. Garcia-Giralt, G. Mathé.
(Exp. Hematology, I972, sous presse).
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Deux nouveaux moyens de contr8le du syndrome secon-
daire compliquant la transplantation de moelle osseu-
se: chalones lymphocytaires et antigénes solubles de
transplantation.

G. Mathé&, N. Kiger, I. Florentin, E. Garcia-Giralt,

M-C. Martyré&, O. Halle-Pannenko. Transplantation

Proc., 1973, sous presse.

Des expériences ont é&té menées avec deux types de
chalones lympholdes, l'une extraite du thymus et d&ja mention-
née, l'autre de la rate. On a tenté de prévenir la réaction du
greffon contre 1'hSte (GVH) par ces deux extraits.

Deux modéles de GVH ont &té& utilisés: la forme
ailgue, qui est induite par l'injection veineuse d'au moins
10’
des lignées parentales 3 des hybrides F1 irradi&es sublétale-
ment 3 la DL 50/30; et une forme chronique, que l'on a é&tablie

cellules lympholdes, ganglionnaires ou spléniques, d'une

pour servir de modé&le préclinique aussi proche des conditions
humaines que possible: les animaux sont irradié&s a dose létale
et regoivent IO7 cellules de moelle osseuse et 105 cellules
sanguines du donneur. La restauration 3 30 jours est excellente,
et la mortalité par maladie secondaire est de I00% ou presque;
elle s'étale du 302me au I0O&me jour.

Dans ces systémes, on a mesuré l'intensité de la
GVH par différents critéres, 3 savoir: a) la mortalité des re-
ceveurs, laquelle est liée 3 la prolifération des cellules du
donneur, qui agressent les tissus de 1'h&te; b) la splénomegalie,
c) et l'augmentation des ganglions, ces deux derniers phénomé-
nes é&tant dlis 4 la prolifération mixte des cellules de 1l'hSte
et des cellules du donneur.

Les deux chalones thymique et splénique se sont
réveélées efficaces dans la prévention de la GVH lorsque l'on
a traité: a) le donneur de cellules lymphoides, b) le receveur
de la greffe, c) les cellules lympholdes, par incubation in
vitro a&ec la chalone avant la greffe (1 h & 37°, 3 raison de

7 cellules nuclées et

120 gammas de chalone thymique pour 10
par ml de milieu). Ce dernier traitement semble le plus inté-
ressant au point de vue de ses &ventuelles applications clini-
ques.

On a &galement vérifié que ce traitement in vitro

n'affecte pas la capacité de prolifération des cellules souches

de la moelle osseuse ou de la rate: elle ne diminue pas leur
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possibilité de former des colonies dans la rate (CFU).

1,213 Essai de contrSle de la GVH par l'antigéne d'higto-
compatibilité& soluble.
Nouvelles données sur le mécanisme et le contréle du
syndrome secondaire.
II Contrdle de la GVH par des inhibiteurs lymphdcy-
taires (chalone’) et par les antigénes 4d‘' histocqmpa-
tibilité H-2
G. Mathé, E. Garcia-Glralt, N. Kiger, I. Florentiin,
O. Halle-Pannenko, M-C. Martyré. (Exp. Hematolo;y
1972, 22, 53).

Nouvelles données sur la prévention de la GVH:I) Gref-
fe aprés conditionnement avec ALG suivie de chiméris-
me lymphocytaire, 2) Utilisation de chalones 1 ho-
cytaires, 3) Utilisation d'antigénes d'histocompati-
bilité solubles.

G. Mathé&, N. Kiger, I. Florentin, E. Garcia-Giralt,
M-C. Martyré&, O. Halle-Pannenko. (Transplant. Proc.
1972, sous presse).

La maladie secondaire a &té induite par la greffe de
la moelle osseuse parentale 3 des receveurs Fl irradiés létale-
ment. La mortalité dfie 3 la maladie secondaire a pu &tre rédui-~
te et retardée par l'administration d'extraits comportant des
antig@nes H-2 solubles obtenus i partir des cellules de foieé
d'animaux de la lignée des receveurs: soit administration aux
donneurs de faibles doses, soit administration aux receveurs
eux-mémes de fortes doses.

1,22 Essais cliniques

1,221 Transplantation de moelle osseuse chez des patients
aplasiques, aprés conditionnement par la globuline
anti-lymphocyte (GAL). Absence de maladie secondai-
re. Chimérisme hématopoilétique dissocié.

L. Schwarzenberg, G. Mathé&, J.L. Amiel, M. Schneider,
D. Belpomme, J. Choay, P. Trolard, C. Jasmin,

C. Rosenfeld, M. Hayat, F. De Vassal et M. Steresico.
(Exp. Hematol., I972, 22, I09)

Transplantation de moelle osseuse aprés condition-
nement par la globuline anti-lymphocytes. Chiméris-
me hématopoliétique dissocié.

G. Mathé, L. Schwarzenberg, J.L. Amiel, M. Schneider,
D. Belpomme, C. Jasmin, C. Rosenfeld, M. Hayat,

F. De Vassal et M. Steresco. (Transplant. Proc.,
1972, sous presse)

39 patients porteurs d'aplasie médullaire ont été
soumis a une transplantation de moelle osseuse aprés condition-

nement par la globuline anti-lymphocytes. Cette transplantation
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a &t& suivie, dans I2 cas, d'une restauration hématologique, et
dans dix cas, il a &té possible de prouver la prise de la greffe.
Aucune maladie secondaire n'a compliqué ces transplantations, et
1'explication en réside peut-étre dans un chimérisme hématopoié&-
tique dissocié&. Chez un malade, on a pu montrer que les immuno-
globulines, donc les B-lymphocytes, appartenaient au type du
donneur, alors que les T lymphocytes appartenaient au type du
receveur. Ceci explique peut &tre le caract@re transitoire de
telles greffes, dont la plus longue ne s'est prolongée que
pendant 20 mois. Cependant, la durée cumulative de survie de
patients porteurs de telles greffes transitoires est significa-
tivement plus longue que celle des patients chez lesquels la
transplantation n'a pu &tre suivie de greffe.
1,222 Greffe de moelle osseuse aprés conditionnement par
la combinaison de G.A.L. et de cyclophosphamide.
G. Mathé&, L. Schwarzenberg, J.L. Amiel, M. Schneider,

D. Belpomme, C. Jasmin, C. Rosenfeld, M. Hayat,
F. de Vassal et M. Steresco. (en préparation)

Une transplantation de moelle osseuse aprés condi-
tionnement par la combinaison de globuline anti-lymphocyte et
de cyclophosphamide a &té tentée chez deux sortes de malades,
a) des patients aplasiques chez lesquels une premi&re trans-
plantation, aprés conditionnement par la GAL seule, avait &choué;
b) des patients leucémiques.

12 malades ont donc subi le conditionnement suivant:
injection intra-veineuse du "buffy-coat" du donneur, suivie,
le lendemain, et pendant 4 jours, de l'administration de cyclo-
phosphamide (45 mg par kilo et par jour pendant 4 jours), et
de l'administration conjointe de globuline anti-lymphocyte pen-
dant 7 3 I0 jours, selon la tolérance: 3 patients aplasiques,
chez lesquels une premié&re transplantation par la globuline
anti-lymphocyte seule avait é&choué, ne présentérent aucun si-
gne de restauration; sur 7 patients porteurs de leucémie aigue
myélolde, 3 furent greffés, et 1l'un d'eux présenta une maladie
secondaire suraigue mortelle; sur 2 patients porteurs de leucé-
mie aigue lymphoide, I fut greffé et présenta une maladie se-

condaire suraigue mortelle.
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2 Traitement des leucémies

2.1 Etudes expérimentales

2,11 Application de 1l'immunothérapie au traltement[des
leucémies expérimentales.

Immunothérapie de la leucémie spontanée des s¢uris
AkR.

G. Math&, 0. Halle-Pannenko et C. Bourut. Eurbp.
J. Clin. Biol. Res., 1972, 17, 997.

G. Mathé et O. Halle-Pannenko ont abordé la l$ucé-
mie spontanée AKR dés qu'ils ont pu montrer, avec J.F. Doré,

que les souris AkR ne présentent pas de tolérance immunitaire
3 l1'égard des antig@nes tumoraux de cette leucé&mie que 1l'on
sait induite par le virus de Gross. Dans une expérience qui
vient d'étre terminée, ils ont soumis 3 un protocole 4'immu-
nothérapie identique 3 celui qui est le plus efficace sur
leurs autres modéles (combinaisons de cellules allogé&niques
portant les mémes antigé@nes tumoraux et BCG), des souris AkR
dgées de 6 mois (période 3 laquelle 40% seulement présentient
une leucémie dé&celable). D'autres groupes sont soumis, au
cours de la méme expérience, soitdune chimiothérapie selon
un protocole de Skipper,‘soitéune combinaison séquentiellp

de chimiothérapie et d'immunothérapie active (IA). Les ré%ul-
tats de 1l'expérience montrent un effet significatif de l'IA,
qui guérit 30% de l'ensemble des animaux, tandis que la chi-
miothérapie n'agit pas significativement. Plus important enco-
re, ils laissent voir qu'une chimiothérapie intensive pré?la-
ble 3 1l'immunothérapie active dé&té&riore l'effet de cette der-
niére.

2,12 Développement des moyens de l'immunothérapie a¢t1-
ve spécifique.

Immunothérapie de la leucémie spontanée des souris
AKR.

G. Mathé&, O. Halle-Pannenko et C. Bourut. Europ. J.
Clin. Biol. Res., 1972, I7, 997.

L'activité in vivo des extraits solubles & partir
d'une leucémie RC I9. Effet de la méthode d'extirac-
tion. M.C Martyré, O. Halle-Pannenko et R. Weiner.
in Investigation and stimulation of immunity in
cancer patients. &d. G. Mathé et R. Weiner, I wvol.,
Paris, Edelberg, I973, CNRS, Springer Verlag.

Nouvelles observations sur les différences in wvitro
entre les leucocytes du sang humain normal et leucé-
mique, avant, pandant et aprés leur é&tablissement
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en tant que lignées cellulaires, in XIV Internatio-
nal Congress of Hematology, I vol., Sao Paulo, I972,
International Congress of Hematology, ed.

C. Rosenfeld, A.M. Venuat, M. Paintrand, et

C. Choquet.

Influence du traitement par la neuraminidase de
cellules leucémiques de souris, sur leur antigéni-
cité, in vivo.

M. Barat, L. Mouillot, M.C. Lambault, M. Ilbery et
R. Motta, (en préparation).

Essai d'immunothérapie d'une leucémie murine trans-
plantable utilisant des cellules traitées par des
enzymes.

J.F. Doré, M.J. Hadjiyannakis, A. Coudert, C. Guibout,
L. Marholev et K. Imai. Lancet, sous presse.

Les premiéres expériences avaient montré la nécessité,
dans l'emploi de l'immunomanipulation pour la thérapeutique, de
la combinaison de 1'immunothérapie spécifique, stimulation par
les antigénes tumoraux ou les matériaux les portant, et de
1'immunothérapie non spécifique, stimulation par les adjuvants
de 1'immunité. Les efforts des équipes de 1'I.C.I.G. portent
sur le développement de ces deux types d'immunostimulation.

L'immunostimulation spécifique est, jusqu'ici réali-
sée par l'injection ID et SC de cellules tumorales allogéniques
irradiées in vitro.

Une des directions de recherche réside dans la ten-
tative de rendre ces cellules plus antigéniques ou plus immu-
nogéniques en intervenant sur leur glycocalix.

G. Mathé et 0. Halle-Pannenko ont traité les cellu-
les par la neuraminidase dans leur expérience concernant la leu-
cémie spontanée AkR. Leur résultat est décevant: ils ont enre-
gistré un effet d'immunothérapie lég@rement inférieur 3 celui
exercé par les cellules tumorales irradiées et non traitées
par cette enzyme.

C. Rosenfeld et A.M Venuat &tudient les cellules
des lignées permanentes obtenues & partir du sang des patients
leucémiques: l'objet est de rechercher si, une fois la lignée
établie, les cellules qu'elle produit, et qui peuvent &tre pro-
duitesen masse, sont encore leucémiques, en tous cas sont por-
teuses des antig@nes tumoraux et partant, peuvent &tre utili-
sées pour l'immunothérapie active des patients. Les premiéres

observations sont encourageantes mais non affirmatives.
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Aussi est-on encore condamnés 3 employer, pour
1'immunothérapie active, des cellules prélevées chez les pa-
tients qui en portent un nombre suffisant dans le sang du
moment d'une phase perceptible (initiale ou rechute) de !leur
maladie et de les conserver aux tré@s basses températures. Un
effort a ét& entrepris par R. Weiner, R. Oldham,

L. Schwarzenberg et 0. Pradet-Balade, pour élever le rendement
de la conservation de l'antigénicité& des cellules conservées.

Celles-ci sont prélevées chez le patient soit a
l'aide du séparateur in vivo 3 débit continu IBM, soit phar
sédimentation en présence de substances macromoléculaires
comme le dextran; les cellules leucémiques sont ensuite
conservées dans du diméthyl sulfoxide 3 I0%, aprés une des-
cente frigorique régulidre de I°C/minute jusqu'a -30° (appa-
reil de Begg-Bowles), puis conservées 3 -196° (azote liqﬁide):
des ampoules de 108 cellules sont ainsi conservées, prétes a
1'emploi irmédiatement, apré&s des congélations rapides a 40°C.

Barat et coll. ont étudié cing leucémies induites
par le 7-12 diméthyl-benz-(a)-anthracéne chez des souris hy-
brides F1 (C57Bl1/6/DBA/2). On a choisi ces leucémies, car des
expériences antérieures avaient permis de démontrer, pour les
cing, qu'une préinjection de cellules leucémiques tuées ne
permet pas aux animaux Fl de réagir davantage contre une deu-
xiéme inoculation de la m@&me leucémie. Ces cing leucémies
possédent donc la propriété d'avoir des antigénes leucémigques
spécifiques (car il est possible d'obtenir des antisera cyto-
toxiques spécifiques contre chaque leucémie chez d'autres ani-
maux que les Fl), mais de ne pas susciter de réaction immuni-
taire efficace, in vivo, chez 1'hdte syngénique. Dans cetite
situation, il a paru intéressant aux auteurs d'étudier 1l'ac-
tion de la neuraminidase, qui est connue pour rendre les anti-
génes tumoraux plus immunogénes pour 1'héte.

Des groupes de souris F1l ont &té& traités par des
injections uniques ou répétées de cellules leucémiques, trai-
tées ou non par la neuraminidase, puis irradiées. Dix jours
plus tard, une injection de cellules viables de la mé&me léu-
cémie, en quantité variable, a permis de juger de 1l'influénce
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du traitement par la neuraminidase dans le cas de chaque leucé-
mie. Seule, une des leucémies a montré& une plus grande immu-
nogénicité aprés traitement des cellules par la neuraminidase.
Dans un deuxiéme cas, la neuraminidase semble avoir accéléré
le développement de la leucémie (facilitation?). Dans les trois
autres, aucun effet n'a &té& observé. Ces observations montrent
que l'effet du traitement par la neuraminidase dépend des pro-
priétés particuliéres de chaque leucémie, et qu'un résultat
obtenu dans un systéme expérimental ne peut &tre extrapolé dans
un autre.

L'augmentation d'immunogénicité est reproductible
mais de faible intensité. Ce peu d'efficacité du traitement
par la neuraminidase est peut &tre 3 mettre sur le compte de
la faible antigénicité potentielle des leucémies étudiées. On
peut rappeler ici que la plupart des ré&sultats publiés sur
l'effet du traitement par la neuraminidase concernent des tu-
meurs ou des leucémies ayant perdu leur spécificité d'hdte,
mails cependant génétiquement différentes de 1l'animal porteur.

Le traitement de cellules tumorales par des enzy-
mes peut augmenter leur pouvoir immunogéne (neuraminidase) ou
le nombre de leurs déterminants antigéniques (papalne),
(Coudert et coll, C.R. Acad. Sci., I972, 274, 2833). Cependant,
Doré et coll ont conduit un essai d'immunothérapie d'une leucé-
mie murine transplantable (leucémie E (AkR)), induite chez des
souris C57B1l/6 par le virus de Gross, basée sur l'injection de
cellules traitées par la neuraminidase ou la papalne et qui
abolit l'effet attendu de 1'immunothérapie active gpécifique.

Des souris C57B1/6, randomisées en guatre groupes,
ont regu au jour 0 une injection intrapéritoné&ale de IO3 cellu-
les leucémiques isogéniques E (AkR). Les souris du premier
groupe n'ont pas regu de traitement. Les souris du second grou-
pe ont regu, aux jours 1, 5, 9, I3 et I7, 5 injections sous-
cutanées de 5 x IO6 cellules E (AkR) irradiées. Les souris des
troisiéme et quatriéme groupes ont regu, aux mémes jours, cing
injections s.c du mé&me nombre de cellules E (AkR) irradiées,
traitées soit par la neuraminidase du vibrio choléra (2 unités
pour 5xIO6 cellules, 20 minutes 3 37°C), soit par la papalne
(0,1 mg/ml d'extrait brut de Papaya pour IO7 cellules, I0 mi-
nutes 3 25°C). L'effet modéré de l'immunothérapie active
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spécifique est aboli lorsque les cellules utilisées ont été
traitées par la neuraminidase ou la papalne, bien que les
cellules lymphoIdes des souris ainsi traitées soient capables
"in vitro" de tuer les cellules E (AkR) plus activement qpe
les cellules lympholdes des souris des deux premiers groubes.
En outre, des anticorps humoraux ont &t& mis en évidence aans
le sérum des animaux du troisiéme et quatriéme groupe.

Ces résultats, qui ne contredisent pas nécessajre-
ment les résultats obtenus par d'autres auteurs pour d'autres
tumeurs, illustrent la nécessité d'une expérimentation anima-
le avant d'utiliser un traitement enzymatique des cellules
utilisées pour l'immunothérapie des leucémies humaines.

2.13 Développement des moyens de l'immunothérapie adtive

non spécifigque: pharmacologie des adjuvants sygtémi-
ques de l'immunité.

A été essentiellement utilisée jusqu'ici, en infmu~
nothérapie clinique, l'application de BCG sur des scarifida-
tions. Les efforts portent, dans ce domaine de 1'immunomani-
pulation non spécifique, 3 tenter de trouver des adjuvants
systémiques de l'immunité) dont l'application puisse &tre plus
quantifiable et plus confortable pour les patients.

2.131 Préparation et caractérisation de nouveaux adjujants.

L'activité adjuvante et le pouvoir d'induire une
hypersensibilité spécifique du BCG.
I.J. Hiu et J.L. Amiel (Experientia, I972, 28, 953)

Le résidu bacillaire délipidé du BCG, obtenu par
extraction exhaustive du bacille, successivement avec de 1’eau
distillée puis avec des solvants organiques neutres, est trai-
té par l'anhydride acétique dans la pyridine anhydre. Le BEG
ainsi traité perd, 3 poids &gal, par rapport au bacille vivant,
une partie de son pouvoir d'induire une hypersensibilité retar-
dée spécifique, mais il accroit son pouvoir de stimulation non
spécifique des réactions immunitaires.

Adjuvanticité et teneur en acides animés.
I.J. Hiu, (non publié).

Le "pelage" de la paroi du BCG par traitement adi-
de suivi d'extraction avec des solvants organiques neutres,
permet 1l'isolement de trois fractions chimiquement bien défi-
nies appelées successivement "fraction A, B, et C". Les frac-
tions A et B sont des macromolécules peptidoglycolipidiques
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contenant les acides animé&s caractéristiques des cires D de
souches humaines de Mycobacterium tuberculosis. La fraction

B se distingue de la fraction A par sa faible teneur en aci-
des animés. La fraction A ést active comme adjuvant de 1'immu-
nité&, alors que la fraction B ne posséde pas d'activité adju-~
vante. L'absence de l'activité adjuvante de la fraction B
apparait comme l1iée 3 sa faible teneur en acides animés for-
mant la partie peptidique de la molécule.

Site responsable de l'activité adjuvante des cires
D, peptidoglycolipides isolés de M. tuberculosis.
I.J. Hiu (non publiég).

L'étude comparative des dérivés des cires D que
Hiu a préparés, permet la localisation de groupements respon-
sables de l'activité adjuvante des cires D.

Le déblocage par action ménagée de la potasse, des
groupements hydroxylés de la fraction mucopolysaccharidigue
des cires D de souches humaines de Mycobacterium tuberculosis,
permet d'obtenir un nouveau dérivé de faible activité adju-
vante.

Adjuvant hydrosoluble isolé du BCG.
I.J. Hiu (Nature New Biology, I972, 238, 241)

Le traitement par l'hydrogéne dans 1'é&thanol conte-
nant de l'acide acétique, du résidu bacillaire délipidé& du
BCG, permet la libération d'une fraction 3 activité adjuvante
appelée MAAF. Les analyses physicochimiques du MAAF montrent
qu'il s'agit d'une fraction contenant principalement de l‘'ara-
binose et du galactose dans un rapport molaire approximatif
de 1 & 2.

Le MAAF s'est ré&vélé actif comme adjuvant des réac-
tions immunitaires & médiation cellulaire (hypersensibilité
retardée chez le Cobaye) et humorale (formation d'anticorps
anti-globules rouges de mouton chez la Souris).

2,132"Screening"expérimental

Un "screening" expérimental pour les adjuvants
systémiques de l'immunité applicable a 1'immuno-
thérapie des cancers.

C. Mathé, M. Kamel, M. Dezfulian, O. Halle-Pannenko,
et C. Bourut.

in Investigation and stimulation of immunity in
cancer patients, &l. G. Math& et R. Weiner, I vol.,
Paris, Edelberg I973, CNRS, Springer Verlag.
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BCG dans l'immunothérapie des cancers. I) Essais
expérimentaux et cliniques de son emploi sur le
traitement de la maladie résiduelle laissée par

la chimiothérapie dans la leucémie lympholde aigue.
G. Mathé, R. Weiner, P. Pouillart, L. Schwarzenberg,
C. Jasmin, M. Schneider, M. Hayat, F. de Vassal et
C. Rosenfeld, J.N.C.I., I973, sous presse. ‘

BCG dans 1l'immunothérapie des cancers. II) Résultats
obtenus avec diverses préparations de BCG dang le
"screening" des adjuvants systémiques de l'immunité
appliqués 3 1'immunoprévention ou 1l'immunothérapie
des cancers.

G. Mathé, 0. Halle-Pannenko et C. Bourut. J.N.C.I.,
I973, sous presse.

G. Mathé a établi une batterie de tests pour sou-
mettre au "screening" les agents susceptibles de se comporter
comme adjuvants systémiques de l'immunité actifs dans 1'immu-

noprévention et 1'immunothérapie des cancers.

La liste des tests est donnée au tableau 1 et la
liste des substances qui leur ont &té& soumis dans les deux précé-
dentes années est mentionnée au tableau 2.

Ce travail a montré que des agents considérés, en
raison d'expériences antérieures, comme des adjuvants de 1'im-
munité, sont réellement, dans certaines conditions, des immu-
nostimulants, mais qu'ils peuvent &tre, dans d'autres conditions,
des immunodépresseurs, et cela non seulement dans le test de
Jerne (T & B dépendants), mais dans celui de la GVH (T-dégendant).
Il a &té observé que, tandis que leur effet est, soit nul soit
favorable en ce qui concerne 1'immunoprévention de la leucgmie
L 1210, il peut &tre nul, favorable ou défavorable (par efffet
de facilitation immunitaire) dans le cas des deux tumeurs soli-
des, la tumeur de Lewis et la tumeur ICIG Cil‘

Ce travail a é&té prolongé dans deux directions,
respectivement pratique et théorique.

La premiére concerne la comparaison, & l'aide de
cette batterie de tests, de dix préparations de BCG, le BCG
frais de 1l'Institut Pasteur (I.P.) s'étant révélé le plus ef-
ficace des dix agents testés plus haut. On a donc comparé,
dans une seconde &tude, l'effet de cette préparation fraiche
de BCG de 1'IP & neuf autres préparations de BCG, toutes lyo-
philisées mais provenant de différentes sources. La premidre
s'est révélée, de trés loin, la plus efficace.

-287-



La seconde direction de cette &tude expérimentale
des adjuvants, consiste 3 les soumettre 3 une série de tests
capables de révéler leurs actions respectives sur 1l'immunité
4 médiation cellulaire et sur 1l'immunité& a médiation humorale.

Ce travail coopérateur est en cours.
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TABLEAU I

Tests et méthodes utilisés pour le screening

1 Techniques Jour O Injection de l'adjuvant Résultats
! Avant® Aprxés®
ITEST DES PLAQUES IO9 GLOBULES ROUGES JOURS -I4, ou -5, ou JOURS 0, ou + 1 PFC
!D"HEMOLYSE (JERNE) DE MOUTON, I.P. - 2,5 ou + 2, ou+ 3 au jour + 4
1
! IO7 CELLULES MED?L-
LAIRES et 2,5.I0 _
: CELLULES GANGLION-  JOUR — I4 (BCG) _ DECES
1 G.V.H. ggéRggugi;Bl/G CHEZ JOUR - 2,5 (autres)
! F1 (DBA/2 x C57B1/6)
1
1 L 1210 103 CELLULES LEUCE- JOUR -~ I4 (BCG) - DECES
' MIQUES, I.V. JOUR - 2,5 (autres)
! TUMEUR DE LEWIS 2.I06 CELLULES TU- JOUR - I4 (BCG) _ DECES
\ MORALES, S.C. JOUR - 2,5 (autres)
1 ICIG Ci1 2.I06 CELLULES TU- JOUR - I4 (BCG) - DECES
MORALES, S.C. JOUR - 2,5 (autres)

1'administration de 1l'antigéne (test de Jerne),

1'inoculation de la tumeur

le transfert des lympHocytes (GVH) ou
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TABLEAU 2

CANDIDATS-ADJUVANTS SYSTEMIQUES DE L'IMMUNITE SOUMIS A LA PREMIERE PARTIE DU "SCREENING"

AGENTS SOURCE COMPOSITION DOSES PAR SOURIS
BCG INSTITUT PASTEUR SUSPENSION DE BACTERIES VIVANTES 1 mg
MER ICIG BCG SANS FRACTION LIPIDIQUE EXTRAIT 1 mg
(Méthode de Weiss) PAR LE METHANOL & L'ACETONE
HIU I ICIG COMPOSANT DE LA MEMBRANE DU BCG 1 mg
(INSOLUBLE)
HIU II ICIG COMPOSANT DE LA MEMBRANE DU BCG 0,5 mg
(SOLUBLE)
C. PARVUM INSTITUT PASTEUR SUSPENSION DE BACTERIES MORTES 400
C. GRANULOSUM A INSTITUT PASTEUR BACILLES TUES 400
C. GRANULOSUM B INSTITUT PASTEUR MEMBRANES TRAITEES PAR LE FORMOL A 100
FROID
C. GRANULOSUM C INSTITUT PASTEUR MEMBRANES PREPAREES PAR ACTION 100
MECANIQUE
POLY I - POLY C CHOAY ACIDE POLYINOSINIQUE 300
ACIDE POLYCYTIDYLIQUE
POLY A - POLY U CHOAY ACIDE POLYADENOSINIQUE 150

ACIDE POLYURIDINILIQUE

+ Déterminées par des études préliminaires.
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2,2 Etudes cliniques

2,21 Résultats actuariels des essais d'immunothéraﬁie
active.

Essals d'immunothérapie dans la leucémie aigue
lymphoide. Influence de divers facteurs sur les
résultats. Etude de I00 malades.

G. Mathé&, P. Pouillart, L. Schwarzenberg, M. Hayat,
J.L. Amiel, M. Schneider, R. Weiner, C. Jasmin,

F. de Vassal et A. Cattan.

a) J.N.C.I., I972, sous presse. ;

b) Presse Med., 1972, sous presse, N

Les essals cliniques de traitement de la leucémzé
aigue lympholde (LAL) par immunothérapie active ont &té pour-
suivis, et un bilan a pu &tre fait des ré&sultats qui portent
aujourd'hui sur plus de I00 malades.

Rappelons qu'il s'agit de l'essai d'éradication de
la maladie résiduelle minimale laissée par une chimioradiothé-

rapie cytorédﬁctrice complémentaire 3 la chimiothérapie induc-
trice de la rémission.

L'étude du premier essai qui avait, pour la pre-
miére fois, démontré l'action de l'immunothérapie active chez
1'Homme se poursuit, et ses résultats sont inchangés: 7 patients
sur les 20 soumis 3 1'immunothérapie active sont encore en pre-~
miére rémission, donc n'ont pas présenté de rechute, entre 4 et
7 ans aprés la fin de la chimiothérapie.

Signalons gque Powles et Hamilton-Fairley viennent
de confirmer, dans un essai portant sur la leucémie aigue myé-
loide et au cours duquel ils ont appliqué 1'immunothérapie ac-
tive selon la méme modalité, l'efficacité& de ce moyen thérapeu-~
tique.

L'étude globale de la centaine de malades traités
pour LAL confirme que la courbe actuarielle des durées de pre-
mig&re rémission, aprés une descente, se casse vers le 32éme
mois, pour prendre l'allure d'un plateau, gui peut &tre consi-
déré comme la traduction statistique de 1'"espérance de guéri-
son": ce plateau concerne 30% de patients de tous &ges et 37%
des moins de I5 ans. Les courbes des survies présentent ce
plateau pour 43% des malades de tous 8ges et 62% des moins de
I5 ans.
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Plus intéressantes encore, deux &tudes gqui ré&vélent
1'intervention de deux facteurs dans ce pronostic 1ié 3 l'effet
de 1'immunothérapie active: le type cytologique et la modalité
de la chimiothérapie préimmunothérapique.

Sur les 4 variétés de LAL que nous avons individua-
lis&es et dont nous avons parlé plus haut, seuls présentent
les courbes de premidre rémission avec plateau, le type micro-
lymphoblastique (le plateau concerne 51% des patients de tous
8ges et 62% des moins de I5 ans) et le type prolymphocytaire
(57% et 46%). Le type macrolymphoblastique s'est révélé immu-
nothérapie insensible, mais chimiothérapie sensible, puisque
sl la courbe de la durée de premiére rémission ne présente pas
de plateau, celle de la durée de survie en pré&sente un., Le ty-
pe prolymphoblastique n'en présente pour aucune des courbes.

Le second facteur qui semble intervenir dans l'effi-
cacité de 1'immunothérapie active est la modalité de la chimio-
thérapie préimmunothérapique. La courbe des durées de premiére
rémission prend 1l'allure d'un plateau pour tous les protocoles
dans lesquels nous avons appliqué une chimiothérapie pré&immu-
nothérapique longue et d'intensité& modérée; elle tombe au
contraire réguliérement 3 0 dans le cas d'un protocole dont la
chimiothérapie préimmunothérapique fut courte et intensive.

Des essais cliniques 4'IAC sont actuellement a 1'é-
tude pour le traitement des sarcomes du type conjonctif.

2,22 Développement
2,221 "Screening" clinique des adjuvants de l'immunité

R. Weiner, E. Garcia-Giralt, M. Schneider et
C. Jasmin (en préparation).

Ce screening consiste a &tudier les ré&ponses immu-
nitaires non spécifiques de malades soumis & un traitement par
un adjuvant immunitaire systémique. Les &preuves sont faites
avant et aprés traitement chez le m&me malade. Elles sont aussi
faites chez des témoins recevant un placebo.

Les tests utilis&s sont mentionné&s sur le tableau 3.

Le levo-tétramisole est actuellement soumis & cette
&étude.
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- TABLEAU 3 -~

Tests utilisés chez l'Homme pour le "screening" des adjuvants

systémiques de l'immunité

TYPE DE LYM~!
PHOCYTES IM-!
PLIQUES {

TYPE DE REPONSE ETUDIEE

PRIMAIRE

SECONDAIRE

Réponse d'hypersensi-
IN VIVO bilité cutanée retar-
dée: Au dinitrofluo-
robenzéne, au chloru-

Réponse d'hypersensi-
bilité cutanée retar-
dée 3 la tuberculine,
la candidine et l'an-

Transformation des
lymphocytes en présen
IN VITRO ce de pokeweed (x)

T re de picryl. tigéne ourlien.
LYMPHOCYTES i Transformation des ! Transformation des
"IN VITRO lymphocytes en présen! lymphocytes en présen-
! ce de phytohémagglu- ! ce de tuberculine pu-
! tinine (x). ! rifiée PPD.
! Culture mixte lympho-!
! cytaire. !
! { Electrophorése des pro-
! ! téines sériques. Dosa-
! ! ge des immunoglobuli-
B ! { nes IgA, IgG et IgM.
LYMPHOCYTES ! ! Dosage du facteur rhu-
! ! matolde.
! !
H !
T + B 1IN VIVO ! Numération sanguine
LYMPHOCYTES ! ! des lymphocytes
!
!
]
|
1

(x) Il s'agit de la réponse des lymphocytes a un mitogé&ne et non

3 un antigéne. La classification en réponse primaire est donc
ici artificielle.
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Associato della Commissione :

ISTITUTO DI RICERCHE FARMACOLOGICHE 'MARIO NEGRI"

N® del contratto : 088-72-1 BIAC
Capo dei gruppi di ricerca : Prof. S. GARATTINI.
Tema generale del contratto :

Consequences of radiation exposure, prevention
and treatment of pathological effects.

In 1972 our research efforts have been devoted to the follow-

ing main aspects:

(a) drug interactions in immunosuppressive treament,

(b) comparative activity and metabolism of 6-mercaptopurine
and azathioprine;

(c) characterization of dimethyltriazno imidazole-carboxamide
(D.I.C.) as an immunodepressant;

(d) antilymphocytic serum on corticosterone levels;

(e) development of an experimental procedure for in vitro
evaluation of cytotoxic drugs active through metabolites.

The first series of research on the possible effects of
associating to various immunosuppressants, treatment with other
drugs frequently employed in the clinic has been completed

as regards the invetigations with phenobarbital, a representative
agent for this important class of drugs. It has been found

that concomitant or antecedent treatment with such a compound
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can markedly modify in both directions (increase and decrease)

the in vivo activity of a number of cytotoxics. It has also

been established that the type of treatment (acute or prolonged)
with phenobarbital or with the cytotoxic can influence, to a

great extent, the in vivo activity of the cytotoxics, As regards
point (b), the investigations have been completed showing that

in rodents 6-mercaptopurine is more immunosuppressive than aza-
thioprine by parenteral injections while the reverse is true

for oral treatments. Studies aimed at elucidating this differential
activity have permitted to advance a possible role for the imidazole
moiety released in vivo from azathioprine in giving the observed
results.

A recently developed radiomimetic, D.I.C.,has been investigated

and characterized for its immunosuppressive activity in mice. The
compound was found to possess very potent activity in interfering
with primary and secondary immune responses involving circulating or
cell-bound antibodies.

As regards point (d), further investigations on the mechanisms
underlying ALS-induced corticosterone levels have been performed
showing the specificity of the effect, and that ALS can modify
the liver metabolic capacity towards steroids.

The development of a method for the in vitro recognition and
assessment of cytotoxic drugs active only through metabolites
has been completed and initial results are presented in one of
the publications attached hereafter.

Included is also a list of other publications prepared during

1972 in this Institute and supported by EURATOM Contract No.
088-72-1 BIAC.
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Drug Interactions in Immunosuppressive Treatment

Federico Spreafico, Annunciata Vecchi, Alessandro Anaclerio,
Alberto Mantovani

Two examples of such interactions have been considered,

namely (i) the association between immunosuppressants and
drugs widely used in the clinic such as derivatives of
barbituric acid (specifically phenobarbital), and (ii) the
association between two immunosuppressants. As regards

point (i), it has been found that phenobarbitd ,by itself
devoid of any activity on the immune response at the doses

and schedules employed, can profoundly alter the effect of

a number of subsequently or concomitantly administered cyto-
toxic agents. In fact, short or more prolonged pretreatments
with phenobarbital lead to an increase of various degres in
the in vivo activity of subsequently injected doses of 6-mer-
captopurine, bis-chloroethylnitrosourea, methylimidazolcarboxa-
mide and proearbazine. The same treatments lead to a marked
reduction in the activity of single doses of cyclophosphamide
and hydrocortisone whereas other agents such as methotrexate
hydroxyurea, triethylenmelamine, daunomycin, ALS,etc. are
unmodified. When instead of single doses of immunosuppressants,
more prolonged courses of the drug are given in conjunction
with chronic phenobarbital treatment, modifications of opposite
type in the immunosuppressive activity can be observed. For
instance, the activity of single doses of cyclophosphamide is
reduced by short or more sustained courses of phenobarbital
whereas greater immunosuppressive activity is obtained when
repeated injections of the radiomimetic are employed. The most
probable mechanisms underlying these observations are proposed
to lie in the "inducing" capacity of phenobarbital on liver
microsomal enzymes as indicated also by investigations of the
circulating levels of immunosuppressants in these conditions.
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A series of parallel investjgations have been devoted to
study the modifications in antileukemic adivity of the

same compounds; antitumor activity was found to parallel

the modification already described for immunosuppressive po-
tency.

As regards point (ii),experiments performed have revealed

that not in every case the association of two immunosuppressants
leads to increased in vivo activity, for instance, when the
administration of methotrexate is preceeded by the injection of
L-asparaginase, both cytostatic agents frequently employed

in the clinic for thir remarkable characteristics, a reduction
in immunosuppressive activity is observed. No reduction,
neither synergism, is found when asparaginase fdlows methotrexate
injections. A series of other compounds are currently being
investigated in order to check whether antagonisms or synergism
follow other types of combined therapy.
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Comparative Activity and Pharmacokinetics of
6-Mercaptopurine and Azathioprine

Federico Spreafico, Maria Grazia Donelli, Adriana Bossi,
Annunciata Vecchi, Silvio Garattini

The comparison of the immunosuppressive activities and pharma-
cokinetic characteristics of 6-mercaptopurine and azathio-
prine has been completed. A copy of a paper regarding this
work is enclosed. In summary, the investigations performed
have shown that contrarywise to a commonly held opinion,
azathioprine (the drug most widely used in current human
immunosuppressive treatment) is not in every condition a
stronger immunosuppressant agent than the parent compound
6-mercaptopurine. In fact, the latter is markedly more active
(2-3 times) in rodents when injected by parenteral routes

of administration whereas azathioprine is more active when
given orally. The dose-response curves for both agents

appear to best fit an hyperbolic with shoulder type of curves,
i.e. the curves tend to straighten with increasing doses.

In order to elucidate the possible reason r such differential
in vivo activity, studies were undertaken of the levels, in
blood and spleen, of 6-mercaptoprine after injection of either
compound. It was found that a very rapid splitting (more than
70% in 1 min) of azathioprine to yield 6-mercaptopurine

occurs in vivo and that essentially similar 6-mercaptopurine
concentrations were found after administration of equimolar
doses of both compounds. The possible role of the imidazole
moiety released from the in vivo splitting of azathioprine

was then considered; results obtained are consistent with

the hypothesis that such a moiety plays a role in the reduced
in vivo activity of azathioprine. The possible implications of
the described findings are discussed in the paper attached.
(Attached paper no. 1).
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Characterization of the Immunosuppressive Activity of Di-

methyltriazeno Fidazol-carboxamide

Federico Spreafico, Alessandro Anaclerio, Alberto Mantovani,
Annunciata Vecchi

A recently developed compound, dimethyltriazeno imidazol-
carboxamide (NSC 45388) shown to posses powerful antitumor
activity in some systems, has been characterized for its
immunosuppressive activity, also in the frame of other ex-
perimental research lines of interest for this Institute

(vide point 3 of our research proposal 1972-1975).

This compound was found to have very marked immunosuppressive
activity in rodents in terms of reduction of humoral as well

as cell-mediated responses after primary or secondary stimula-
tion. The compound is immunosuppressive when injected before,
concomitantly with or after antigen administration; in

terms of Jerne's plaque inhibition two peaks (4 days before

and 2 days after immure challenge, respectively) for the
immunosuppressive activity were observed, however the highest
activity was seen when the compound was given before stimulation.
The state of immune depression appears to be quite long-lasting
since even relatively low doses of the drug injected as a
single dose 10 days before antigen still give significant
degrees of reduction in the PFC response in mice. The dose-
response curve appears to best fit an exponential, i.e. the
same type of that given by alkylating agents, thus sustaining
ideas currently held about the drug's biochemical mechanisms
of action. Still in progress are investigations on the

possible comparative myelotoxic activity of the compound as
well as its inhibitory activity on the_in vitro responsiveness
to PHA and antigenic stimulation of human lymphocytes, an
experimental set up which should also allow to determine
whether the compound acts as such or only after metabolic trans-
formation in the body.
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Antilymphocytic Serum and Adrenal Hormones

Viviana Marc, Federico Spreafico

Antilymphocytic serum (ALS) is known to be an immunosuppressant
of remarkable characteristics and is already wikly employed

in the clinic, however still relatively little is known of
many of its pharmacological aspects regarding its use. In
most of the cases this agent is employed in conjunction with
other immunosuppressive agents, notably corticosteroids.

It has been found that when ALS prepared in rabbits is injected
in rats or mice, a prompt and marked increase in ciculating
corticosterone levels can be observed, reaching levels

2-3 times higher than those found in control animals (i.e. in-
jected with saline or normal rabbit serum /NRS/).

Such high levels are of relatively prompt appearance following
single or repeated injections and are maintained for a
relatively long period of time, since abnormal levels

are still found 5 days after a course of 4 injections of ALS.
That this effect should -be considered specific for ALS and

not simply a stress response, seems indicated by the fact

that no changes in body or adrenal Weights were recorded,

that NRS did not cause modifications of corticosterone

levels of degrees and durations comparable to those given by
ALS, that purified specific antilymphocytic antibodies
obtained through a method described by one of us (F.S.) were
fully capable of raising corticosterone levels, and, lastly,
that ALS absorbed in vitro with lymphocytes was devoid of

any activity in this respect. In an effort to pinpoint the
possible mechanisms underlying such ALS effect, it was found
that dexamethasone pretreatment, a drug known to specifically
block ACTH release, was capable of totally preventing the
ALS-induced corticosterone increase thus pointing that the
mechanism responsible for such an effect may not solely nor
mainly involve the adrenals but possibly the hypothalamus-
hypophysis axis. The liver metabolic capacity of ALS~treated
animals has also been investigated studying the activity in
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vitro of liver microsomal preparations. It was found that
liver microsomes from ALS-treated animals were capable

of metabolizing steroids in significantly greater amounts

than preparation obtained from saline or NRS-treated controls.
These findings may be of some relevance in elucidating the
complex mechanisms underlying the immunosuppressive and anti-
inflammatory properties of ALS, at the same time they

indicate that the activity of the liver microsomes, a system
responsible for the metabolism of many endogenous and exogenous
substrates, after ALS treatments even of short duration may

be abnormal: an observation that may be of some importance

in planning rationalized treatments with ALS in combination
with other immunosuppressants.
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Evaluation in Vitro of Cytotoxic Compounds Active through
Metabolites

Ersilia Dolfini, Alfredo Martini, Maria Grazia Donelli,
Luciano Morasca, Silvio Garattini

The work designed to set up a method allowing the evaluation under
in vitro conditions of the cytotoxic activity of drugs active
through metabolites, already partially presented in a previous
report, has been completed. For a full presentation and dis-
cussion of the data please refer to the attached paper no.2

In brief, the method was designed to obviate the limitations
presented by normal in vitro tests in the case of cytotoxic
compounds which do not act per se but only after bodily
transformation, a representative model substance being cyclo-
phosphamide that needs to be actively processed by the liver
microsomal system before exerting its activity. In the pro-

cedure described, therefore, in vitro cultured cells are in-
cubated with the drug and liver microsomal preparations to-
gether with necessary cofactors,(i.e.with the system manly responsble
for the metabolism of foreign compounds in the intact organism).
This method seems to be of some general interest not only

for better characterizing agents of potential interests as
cytotoxic both in immunosuppressive and antitumor treatments,

but it may be also be of value for giving further insight

into their mechanisms of action.
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Papers Submitted for Publication in 1972

1. Chemotherapeutic 'Fingerprints' of Two Experimental
Tumors in Vitro.
L. Morasca, G. Balconi, F. De Nadai, E. Dolfini
Europ. J. Cancer , 8:429-435, 1972.

2. A Spectrophotometric Method for the Estimation of the
Carcinostatic Agent 6-Chrysenamine (E.O.R.T.C. 116)
in Biological Fluids and Tissues.

G. Franchi, A. Forgione, S. Filippeschi, J. Csetényi,
S. Garattini.
Submitted to Europ. J. Cancer, 1972.

3, Specific Problems in Cancer Chemotherapy: Drug Inter-
actions.

S. Garattini, M.G. Donelli, F. Spreafico

Proc. 5th Internat. Congress on Pharmacology,

San Francisco, 1972.

4, Distribution of 6-Mercaptopurine in Tumor-bearing
Animals.
M.G. Donelli, T. Colombo, A. Forgione, S. Garattini.
Submitted to Biochem. Pharmacol., 1972.

5. Chemotherapy of a Spontaneous Mammary Carcinoma in Mice.
Relation betwem in Vitro - in Vivo Activity, and Blood and
Tumor Concentrations of Several Antitumoral Drugs.

G. Balconi, A. Bossi, M.G. Donelli, S. Filippeschi, G. Franchi,
L. Morasca, S. Garattini.
Submitted to Cancer Chemoth. Rep., 1972.
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Vertragspartner der Kommission ¢
Land Baden-Wiirttemberg, vertreten durch die Universitdt Ulm

Nr, des Vertrags ¢ 088~72-1 BIAC

Lelter der Forschungsgruppe : Prof. Dr. Theodor M. Fliedner

Allgemeines Thema des Vertrags @

Effects of ionlzing radiation on mammalian organisms
and their treatment

Allgemeine Darstelliung der durchgefiihrten Arbeiten ¢

The project work of the research group in Ulm concentrated in
1972 on the study of the pathogenesis of radiation injury caused
by incorporation of radionuclids such as tritium in the form of
tritiated thymidine and tritiated water as compared to external
irradiation. The models used were prenatal administration of tri-
tiated compounds or x-irradiation with postnatal measurement of
effects. The goal was to establish the quality factor for tritium
as compared to x-ray exposure. Another area of work delt with the
development and improvements of methods to treat mammals efter
supralethal whole body irradiation. The model used is the beagle
exposed to 1200 r x-irradiation. The gastrointestinal phase of
the radiation syndrome is overcome by systematic treatment with
electrolyte solutions and antibiotie therapy. Hemopoietic re-
generation is achieved by post-irrasdiation transfusion of hemo-
poletic stem cells that are collected among mononuclear leuko-
cytes from the peripheral blood by means of an extracorporeal
shunt and an IBM blood cell separator. Basic studies deal with
the quantitative and qualitative characterization of such blood
stem cells and thelr regulation, with possibilities to preserve
them at ultralow temperatures and with demonstration of their
proliferative and differentiation potential by means of the soft-
agar colony technique. Both, the radiobiological as well as the
therapeutic studies depend largely on the advances made in the
field of basic research, The relevant research to-day concerns
itself with the functional characterization of hemopoietic stem
cell pools. Thus, the Ulm group concentrated on the investiga-
tion of the interrelationship between the uncommitted stem cell
pool and the pools of cells that are committed to differentiate
into certain cell lineages upon specific stimuli such as erythro-
poietin.
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Ergebnisse des Projektes Nr. 1

Leiter des Projekts und wissenschaftliche Mitarbeiter @

W. Schreml with W. Calvo, T.M, Fliedner, R.J., Haas
E.,B. Harriss and M. SpolJjar

Titel des Projekts @

Investigations on the early and late toxicity of tritium in

the mammal, with particular respect to its relative biological
effectiveness and its mode of action In comparison with external
or internal radiation of other qualitiles

Darstellung der Ergebnisse :

Two lines of interest were primarily followed in the 1972 studies
of the radiotoxic effect of tritium :
1. Relative radiotoxic effectiveness of tritiated thymidine

and tritiated water.
2. Dosimetry of incorporated tritium activity.
For the relative radiotoxic effectiveness of 3H-Tth and HTO in
the system of continuous in utero exposure of developing rats
from day 9 to term, an effectiveness factor of 10 was found for
various parameters, most clearly for the number of oocytes in
newborn rats. As seen in Table 1, a ten times higher amount of
tritium activity had to be inJected to achieve a comparable re-
duction of oocyte number in the offspring. To interpret this
large difference in effectiveness, the distribution and biochemi-
cal characteristies of the incorporated activity had to be stu-
died. Figure 1 shows the relative distribution of radiocactivity
in homogenates of whole animals exposed to 3H-TdR and HTO. HTO
1s almost exclusively found in a volatile form. Of the activity
in 3H-TdR animals, approximately 70 % is in a volatile form,
while the remaining activity is primarily incorporated into DNA.
Calculating the dose delivered by the volatile, homogeneously
distributed activity for those groups in which a 50 % reduction
of oocyte number occured, 15.5 rads/day are calculated for the
HIO group and 0.98 rads/day for the 3H-TdR group. The adﬁitional
dose delivered to the oocyte nuclel by DNA~bound activity in the
3H-TdR group was calculated from the specific activity of DNA.
This dose amounted to 0.64 rads/day. The dose calculations were
made on ovaries of newborn animals. It is clear that the dose
calculation on the level of the oocyte nucleus does not explain
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the difference in a radiotoxic effects between the two tritium
labelled molecules on a distributional basis., Further studies
are under way to explain the difference in radiotoxic effective-

ness.
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Fig. 1

Relative distribution of Sgdioactivity in homogenates of
whole animals exposed to “H-TdR and HTO. The upper part
indicates the results of lyophilisation. In the lower
part, the homogenates are stepwise extracted and the
individual fractions subjected to lyophilisation.
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Fig. 2

Reduction of total ococyte number in % of normal by dif-
ferent doses of 3H-TdR and HTO, infused into pregnant
rats from day 9 to day 22 of pregnancy. The oocyte number
was determined in the newborn animals.
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Ergebnisse des Projekts Nr. 2

Leiter des Projekts und wissenschaftliche Mitarbeiter :

W. Calvo with T ,M. Fliedner, J. Forteza-Vila, R.J. Haas and
E.B. Harriss

Titel des Projekts :

Investigations on the pathogenesis of }H-thymidine toxicity in
mammals following single, repeated or continuous doses and the
mechanisms of regeneration

Darstellung der Ergebnisse :

The morphological changes produced in different organs of adult
rats by a continuous infusion of 3H-thymidine were studied.
Four-month-old female Wistar rats were injected with a dose of
864 uCi / day using a Harvard pump. From each animal fragments
of spleen, ovary, kidney, intestine, tibia, liver and lymph
nodes were prepared for morphological and autoradiographic
studies.

The presence of a marrow aplasia in some of the animals has al-
ready been mentioned (Annual Report 1971, EUR 4830, Vol. II). As
a continuation of these studies we centred our interest in the
fine structure of the marrow stroma.

The walls of the sinusoids (sinus recti and sinus contorti)
showed discontinuities and different degrees of damage within
3 days of beginning the experiment. The cytoplasm of the endo-
thelial cells appeared vacuolized and their mitochondria swol-
len. Erythrocytes and platelets accumulated in the parenchyma
and initiated the formation of thrombi. The walls of the central
sinus and these of arterioles (nutrient vessels) did not show
changes up to the end of the experiment (18 days of continuous
infusion). The nerves of the marrow had minor morphological
changes, consisting of accumulation of glycogen granules in
nerve-endings and in non-myelinated axons. The nerve trunks
showed also an increase in the number of connective tissue
fibers (fibrosis) between the 12"0 and the 18 day of in-
fusion.

The blood forming cells had signes of degeneration such as
karyorrhexis, pyknosls and vacuolization of cytoplasm and
nuclei,. There were also cells showing asynchrony in the dife-

ferentation of cytoplasm and nucleus.

The evaluation of the effects of continuous infusion of }H-thy-
midine in other organs is being carried out at the present.
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Ergebnisse des Projekts Nr. 3

Leiter des Projekts und wissenschaftliche Mitarbeiter :
B. Kubanek with O, Bock, E. Bock, E.B. Harriss and W. Heit
Titel des Projekts :

Comparative investigations on the damage and repair of hemo-
poietic cells by 3H-thymidine or radiomimetic substances, with
particular reference to the uncommitted and committed stem
cells

Darstellung der Ergebnisse :

jH-thymidine, radiomimetic and cell-cycle specific substances
are widely used to analyse the kinetics of the hemopoietic stem
cell pools., Comparative investigations of the in vivo effects
of individual substances are, however, meagre and also partly

contraditory.

Since Hydroxyurea (HU) and tritiated thymidine (BH-TdR) seem to
be the only useful agents for killing cells in S~phase, we in-
vestigated their influence on the different hemopoietic stem
cell compartments. Single lethal doses of HU or 3H-TdR gave a
similar initial reduction for the pluripotent stem cells
measured by the spleen colony assay (CFU) and also for the
committed myelold stem cell compartment measured by the agar
colony forming assay (ACU). However, marked differences were
observed when the effect of these agents was investigated on
the erythroid committed stem cells (ERC) measured by the re-
sponse to a standard dose of EP, 3H-TdR giving a much higher
reduction than Hydroxyurea. These differences seem to be due

to the fact that in the case of the CFU and ACU measurement
samples are taken from the animal at a certain time after the
administration of HU or 3'I-I-TdR and are then tested in lethally
irradiated recipient mice or on soft agar plates. Whereas in
the case of ERC the response to erythropoletin is measured in
the animals which had received the damaging agents. Differences
in repair mechanisms, recruitment due to the relatively long
half life of EP and further damage due to reutilization of
jH-TdR may influence the erythropoletic response in this assay
where the endpoint is measured some days after the administration

of the agents. Therefore, all three stem cell compartments were
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investigated up to 5 days after the administration of a single
dose of 0.8 mCi 3H-‘TdB or 1000 mg/kg HU. Not only an initial
difference in the reduction of the ERC compartment was found
but also marked differences in the recovery of the three stem
cell compartments, as can be seen in Fig. 1. From these results
i1t can be concluded that repopulation of the committed compart-
ments has priority over the restoration of the pluripotent com-
partment. The marked differences found between both agents are
probably at present best explained by a prolonged cell death
owing to reutilization of 3H-labelled DNA breakdown products
from initially heavily labelled cells, Further experiments are
planned to elucidate the above mentioned hypothesis.

% | EVIROD KIFONE T W ER
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Fig. 1

The influence of 1000 mg/kg Hydroxyurea © - - - O
or 0.8 mC1 JH-TdR o——0 on the hemopoietic stem

cells in the mouse
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Ergebnisse des Projekts Nr. U

Leiter des Projekts und wissenschaftliche Mitarbeiter :

T.M. Fliedner with Ch. Bruch, W. Calvo, E.B, Harriss, E. Herbst,
E. Hiigl, P. Kovées, H.P. Schnappauf

Titel des Projekts

Investigations on the possibilities of isolating hemopoietic
stem cells from the peripheral blood in dogs (autologous)

Darstellung der Ergebnisse :

In 1972, it has been the purpose of the project studies to de=-
monstrate the feasibility to remove a sufficient number of leu~
kocytes from the circulating blood of dogs (beagles), to re-
populate a radlation induced relationship between the number
of mononuclear leukocytes transfused and the degree of hemo-
poletic recovery and to study the conditions for preservation
of these cells at ultralow temperatures. Preliminary data

have been published in the 1971 Annual EURATOM Report ( EUR
4830 g-f-i-n-e ). In a control group of 11 dogs, there was no
repopulation of any bone marrow sites within 10 days when

1200 r were given as whole body irradiation and the animals
kept alive during this time by antibiotic and parenteral fluid
therapy. 5 animals received fresh, autologous leukocytes ob-
tained by means of a continuous flow centrifuge from the blood.
The cell dose was 3.2 x 109, 7.9 x 109 and in 3 cases 7.5 x 109
mononuclear cells. 5 dogs received in 4 cases 7.5 x 109 and in
one case 6.0 x 109 mononuclear cells preserved in DMSO at
ultralow temperatures before transfusion. In all instances, the
bone marrow showed a marked degree of hemopoietic restauration
in the histological bone marrow sections at 10 days. This re-
generation commenced (as shown by repeated bone marrow aspir-
ations) at about 5 days, when mononuclear cells were seen in
bone marrow and blood that obviously were progenitors of hemo-
poletic elements. Among these cells a marked fraction showed
DNA synthesis as shown by 3H-thymidine labelling. There were

no obvious differences between the effectiveness of fresh and
frozen and thawed leukocytes in bone marrow and blood re-
generation, when a similar number of mononuclear cells were
transfused. In 9 dogs, 1200 r whole body x-irradiation were
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given after having collected blood leukocytes during several
centrifugation procedures and that were kept frozen until use.
This approach yielded a number of mononuclear cells that was
between 10.5 x 109 and 39.54 x 109. When this number of cells
were given, a more accelerated bone marrow restauration was

seen 10 days after irradiation suggesting a linear cell dose-
effect-relationship. At the high cell dose level, the marrow
appeared already completely restored. There was an earlier
onset of blood leukocyte reappearance when the "high" leukocyte
numbers were transfused. = The presence of blood leukocytes in
unirradiated dogs endowed with the capability to form granulo-
cytic colonies in soft agar and hence considered to represent
granulocytically committed stem cells was confirmed. Such "agar-
colony-units" (ACU) reappeared in the blood stream after whole
body irradiation and autologous leukocyte transfusion at about
6 days. These findings indicate the feasibility to set up a
"blood-stem-cell-transplantation-model " and will allow the
quantitative and qualitative characterization of blood stem cells
and their regulation.
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Ergebnisse des Projektes Nr. 5

Leiter des ProJekts und wissenschaftliche Mitarbeiter ¢

H.D., Flad with Ch. Bruch, W. Calvo, T.M, Fliedner,
E.B. Harriss, E., Herbst, R. Huget, K. von Loringhoven,
H. Meyer, H.P, Schneppauf

Titel des Projekts :

Investigations on the possibility of allogeneic blood
stem cell transplantation as a model for the therapy
of the acute radiation syndrome

Darstellung der Ergebnisse @

The program deals with the question whether a sufficient number
of stem cells can be collected from the peripheral blood of dogs
to repopulate the bone marrow of lethally irradiated recipient
animals.Since it is known that a graft-versus-host reaction may
prevent an allogenelc stem cell engraftment, the degree of histo-~
compatibility between donor and reciplent has to be defined in
order to work out the cell number necessary for a "take" of the
stem cells., Accordingly, the cell number transfused should be
large enough to regularly repopulate the marrow of the lethally
recipient animal and small enough to obviate or at least mitigate
the risk of graft-versus-host reactions ("secondary disease").
Briefly, the experimental design is as follows : leukocytes are
collected from the peripheral blood of beagle dogs by means of
a IBM cell separator. The cells are frozen at one degree per
minute using 10% DMSO as a eryoprotective agent and stored in
liquid nitrogen. Dogs undergo the cell separation procedure
3 - 5 times, Reciplent littermate dogs are lethally irradiated with
1200 R and transfused with varying amounts (7 - 30 x 109) frozen
and thawed mononuclear cells. Repopulation of the marrow is
followed at intervals by aspiration of bone marrow and histo-
logically after sacrifizing the animal at day 10 after irradia-
tion and transfusion.
The results obtained in this program may be summarized as follows:
1. Stem cell transfusions. 2/3 dogs injected with 7 - 8 x 10°
mononuclear cells showed signs of regeneration of the marrow
within 7 - 14 days after irradiation. %4/4 dogs receiving

13 - 17 x 109 mononuclear cells showed marrow regeneration
within 6 - 10 days after irradiation. 2 dogs injected with
17 x 109 and 34 x 109 cells respectively developed regeneration
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of the marrow within 10 days. Whether there is a correlation
between match or mismatch of donor-recipient combinations
and cell number inducing marrow regeneration, remains to be
established.

2. Histocompatibility testing. Anti DL-A antibodies were raised
in dogs by planned immunization with skin grafts. The anti-
sera were tested in the microcytotoxicity test for specificity.
Antisera against DL-3, DL-4, DL5 and two non-DL-A antibodies
were obtained. 3 of these sera were found to be operationally
monospecific in a workshop held in Rotterdam/The Netherlands
in November 1972.

3. Mixed lymphocyte cultures (MLC). The technique of the MLC is

at present adapted to dog lymphocytes.

4, Separation of stem cells from immunocompetent cells. The
technique of cell separation by means of discontinuous
albumin density gradient centrifugation has been adapted to
dog peripheral leukoeytes. Preliminary experiments suggest
that a ten-fold concentration of agar-colony-forming units
can be obtained with this technique.

In conclusion, the basic techniques have been developed for
a model of allogeneic stem cell transfusions. The next step
will be the definition of histocompatibility systems (DL-A,
and MLC-loci) in this species and their role for a stem cell
therapy. Concomitantly, cell separation procedures will be
employed with the aim of concentrating stem cells and elimin-
ating graft-versus-~host active, immunocompetent cells. The
concept of this model is restricted to its relevance to a
stem cell therapy in clinical conditions in man.
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Ergebnisse des ProJjektes Nr. 6

Leiter des Projekts und wissenschaftliche Mitarbeiter :

M. Dietrich (clinical) and H. Heit (experimental) with
T.M. Fliedner, G. Hochapfel, R, Hohage, D. Krieger,
H. Meyer, H. Rasche, E, Vanek

Titel des Projekts :

Investigations on the possibility of bacterial decontamination
in human beings and experimental animels

Darstellung der Ergebnisse { experimental ) :

As has been shown before it 1s possible to render conventional
mice bacterialfree by means of poorly absorbable antibiotics
(Neomycin, Bacitracin, Pyopen) (report about the research ac-
tivities 1971). J.M. Jones, R, Wilson et al. reported a prolon-
ged mean survivel time in allogeneic and xenogeneic bone marrow
chimeras, although a graft-versus-host reaction was found to be
present histologically in all chimeras under investigation,: -In
our studies it has been the purpose to investigate, whether ob-
servations on mortality from secondary disease similar to those
of J.M. Jones et al. can be made if instead of germfree animals
as bone marrow recipients "decontaminated" mice are used. All

studies were performed with C_., Bl mice as bone marrow donors

and CBA mice as lethally irra?iZated recipients. This combination
guarantees a high mortality from secondary disease as 057 Bl and
CBA mice differ in all genetic specifities of H=2 locus except
at H5' 50 CBA mice, 8~10 weeks old, were given antibioties in
their drinking water at a concentration of 4 g/l1. As a fungi~
staticum 1 g Pimaricin was added. Sterile food and water was
offered ad libidum. From day 3 of antibiotic treatment all bac~
teriological swabs from feces and bedding material were negative.
A secondary contamination of the animals was prevented by main-
taining them in a laminar flow banch on sterile containers. Two
weeks after the onset of antibiotic treatment all animals (de~
contaminated and conventionsl controls) received 800 rad whole
body irradiation. Twenty-four hours later 1 x 107 bone merrow
cells from female ten weeks old C 57 Bl mice were injected in-
travenously. All transplanted animals were proved to be bone
marrow chimeras by Hb-electrophoresis. Complete chimerism was
found to be established from week 7 onwards, first signs were

noticed between week 4 and 5,
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Fig. 1 shows the different, pattern of survival times of decontami~
nated and conventional chimeras as well as of irradiated conven-
tional and decontaminated mice which did not receive a bone merrow
transplantation, All CBA mice lrradiated but not transplanted
died within the first 3 weeks after irradiation. There was little
difference in the survival of decontaminated and conventional
mice., No irradiated and transplanted conventional CBA mouse died
in the first 3 weeks after transplantation and irradiation. In
the 4th week 40%, in the Tth week 80%, and in the 9th week after
transplantation, 100% of the animals died of secondary disease.
This is the typical pattern of secondary mortality in radiation
chimeras of this host~donor combination, Contrary to this fine
dings no decontaminated chimeras died in the 5 week, At the end
of the 9th week, when all conventional chimeras were already
dead, 80% of the decontaminated survived. At the end of the ob-
servation period on day 120, 50% of the decontaminated chimeras
were still alive, Clinical signs and symptomes of secondary di-
sease were found to be present in all conventional animals,
whereas they were rare or absent in the decontaminated animal
group. Results of autopsy showed as a time-dependent the typical
manifestations of secondary disease in conventional and decon-
taminated chimeras. Although the results reported here have to

be regarded as preliminary. They suggest the importance of the
contribution of the microflora to the cours of secondary disease.
Further experiments will be desligned to show which group of bac~
teria is responsible for the increased lethality in secondary

disease.
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Darstellung der Ergebnisse (clinical) :

During 1972, the possibilities and limitations were studied to
decontaminate patients with leukemia by means of antiblotics.
This study is a randomlized trial executed by the Gnotobiotic
Project Group with Dr. Dietrich (Ulm) as president and

Dr. v.d. Waaj (Rijswijk) as secretary. 3 groups of patients
that are highly susceptible to infection are studied :

A Patients within an isolation system treated with non-re-
sorbable antiblotics for suppression of the bodies micro-
blal flora.

B Patients within an isolation system, treated with sterile
techniques and meals without antibiotics.

C Patients treated in a conventional way in open wards.

In Ulm in 1972, 5 patients of group A, 6 of group B and 8
patients in group C were studied intensely. The major question
was the fate of the microbial flora and the effect of the re-
maining bacteria on the organism. Thus, microbial studies were
performed on cultures from blood and from external and internal
surfaces. Since the randomized trial has not yet been completed,
no final conclusions are possible, But from the preliminary
impression it appears that isclation has a beneficial effect.
Thus, in patients of group A and B, no lung-infections were

seen while some patients of group C shown pneumonias with gram-
negative bacteria leading to death. In patients of group C, a
very interesting observation was made with respect to the
appearance of new bacteria not present prior to hospital ad-
mission, It showed that the patients in isolation do not acquire
as many new bacteria as those in the open ward - the thesis that
needed testing and confirmation. These studies are being con-
tinued until a total of some 150 patients are being evaluated.
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Fig. 1

Survival of decontaminated CBA mice after whole
body irradiation and transplantation with allo-
geneic bone marrow
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Ergebnisse des Projekts Nr, 7

Leiter des Projekts und wissenschaftliche Mitarbeiter :

G. Lucarelli (Pesaro) and B. Kubanek {Ulm) with E. Bock,
0. Bock, E.B. Harriss, W. Heit, B, Kubanek, A. Porcellini

Titel des Projekts :

Investigations on the functional relationship between the hemo-~
poletic stem cell pools as a basis for the understanding of
hemopoletic regeneration following radiation damage

Darstellung der Ergebnisse :

In 1972, the experimental studies concentrated on the attempt

to clarity to some extent the differences observed earlier in
the kinetics and regulation of stem cell proliferation and dif-
ferentation in newborn and adult rats. This comparison is ex-
pected to contribute to the question of the functional relation-
ship between the hematopoietic stem cell pools.

In adults rats, starvation results in a reduction of erythro-
poietin levels, and a dissappearance of erythroid precursors.
However, if neonatal rats were fasted for 3 days they still

showed some erythroid precursors.

This could indicate a partial independence of neonatal erythroid
committed stem cells on erythropoietin or 1t could be that the
cells found after 3 days starvation in the neonatal as in the
adult rats.

Erythropoietin 1s present during red cell production, but pre-
dominantly exerts 1ts action at the level of the differentiated
erythroid cells by controlling the rate of cell maturation
probably through the control of the rate of hemoglobin synthesis.
To collect more information on the effect of erythropoietin on
red cell production in the normal and starved newborn rat, 2
agents known to affect the rate of cell proliferation and
maturation were used, Hydroxyurea (S-phase active), colchicine
(mitotically active). It was the purpose of the study to ob-
serve 1f exogenous erythropoietin affected erythroid prolifer-

ation or erythroid maturation.
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The results (preliminary) indicate that erythropoiesis diseon-
tinues as expected within 24 hours when Hydroxyurea is given daily
from 7 - 10 days after birth to normal rats and to rats simul-
taneously fasted for T2 hours. When colchicine was given to 10
day old rats, one group of which were normal controls, another
group had been starved from 7th - 10th day of life and a further
group starved but treated with 2 units of erythropoietin daily
during the time of starvation, several interesting phenomena were
observed. It can be deduced from the findings observed that nor-
mal erythroid cells are blocked in mitosis by colchicine, follow-
ing a curve that reaches a peak at 4 hours. The erythroid cells
from the starved rats remained unaffected by the colchicine for
10 hours and than starved to accumulate after the 10th hour,
peaking at the 16th - 18th hour. When erythropoietin is given

to such animals the erythroid population enters mitosis, at a
lower rate than normal. The number of mitosis starts to increase
at the 2nd or 4th hour reaching the peak at the 12th hour. The
data are interpreted to mean that this dose of erythropoietin
restores partially the rate of erythroid proliferation in the
starved animals and induces then a curve of mitotic accumilation
similar to the normal. Further studies will use this methodo-
logical approach to study functional relationship between hemo~
poietic stem cell pools.
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Contractant van de Commissie : Organisatie voor Toegepast

Natuurwetenschappelijk Onderzoek voor Gezondheid (TNO)
Nummer van het contract : 088 - 72 - | BIA C

Hoofd van het (de) researchteam(s) :

Prof .D.W.van Bekkum
Algemeen onderwerp van net contract :

Consequences of radiation

exposure, prevention and treatment of pathological effects.

Histocompatibility typing in monkeys has been continued in order to
provide suitably typed and matched donors and recipients for bone marrow
grafting. Notwithstanding the large numbers of monkeys typed, the yield of
phenotypically identical pairs has been low, as are the numhers of availakle
identical siblings. Therefore it has been decided to continue sibling
experiments with dogs where tissue typing has now reached the stage that
satisfactory solution of genotypically identical siblings is feasible. In
that species large numbers of littermates can be obtained relatively fast.

Attempts at morphological identification of stem cells in concentrates
from human and monkey bone marrow has continued and light microscopic methods
have been under development, aimed at more accurate quantitative examination
of stem cells in cell suspensions. For this work and for the evaluation of
the various hemopoietic cell preparations employed for grafting, the in vitro
culture method for stem cells is being extensively employed. Further work
on standardization of media and culture conditions was carried out.

In the mitigation of secondary disease (S.D.), emphasis has shifted from
the acute S.D. - which can be largely prevented by the use of purified stem
cells or ALS pretreatment of the recipient- to the delayed type of S.D. The
main approach has been to explore the influence of infection and the role of

the immunological reactivity of the chimeras.
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Resultaten van het project No. 1

Hoofd van het team en wetenschappelijke medewerkers s
D.W.van Bekkum and K.A.Dicke/I.Betel
Titel van het project @

Bone Marrow Transplantation

A limited number of monkeys Las been grafted with purified stem cells
from phenotypically identical non-related donors. The results suggest that
the use of such donors causes additional mitigation of the S.D.

In monkey and human bone marrow stem cell concentrates, a morphological
entity has been found, which resembles the mouse hemopoietic stem cell in
many aspects. This cell has been tentatively described as the hemopoietic
stem cell of primates.

The experiments on preservation of mouse, monkey and human stem cells
at low temperatures have been completed. Full Preservation Qf stem cell
viability is being achieved hy employing a stepwise dilution procedure
following thawing. This method is now routinely used and is being introduced
into clinical transplantations.

The delayed S.D. which develops in allogeneic mouse chimeras and which
results in nearly 100% lethality within 3 months, can be largely prevented
by modifying the microflora of the recipients. Hardly any mortality occurs
in GF animals, as well as in selectively decontaminated mice and in mice
with a so-called colony resistant microflora. Moreover, these animals may
be conventionalized after 2 months of isolation, without adverse effects.
Similar experiments have been initiated with decontaminated monkeys

grafted with allogeneic stem cell concentrates.
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Prof, H.J. TAGNON,
Contract n® 088-72-1 BIAC
Dr. P. STRYCKMANS

CELL PROLIFERATION OF LEUKEMIC CELLS,

1. - Factors determining cell proliferation : chemotherapy.

There are several studies presently suggesting that cancer
chemotherapy, directly or indirectly, may, in certain conditions,
trigger cell proliferation. In human acute leukemia, chemotherapy
is apparently able to recruit non-proliferating leukemic blasts,
into the cell cycle. A better knowledge of this phenomenon may
have practical implications for the treatment of leukemia.

Cytosine arabinoside, vincristine and daunomycin were studied
so far. These agents were given to leukemic patients or patients

with a generalized tumor, at the usual therapeutic dose.

2, - The process of DNA repair in normal, leukemic preleukemic
and lymphomatous individuals,

The recent findings in xeroderma pigmentosum, a human
hereditary disease characterized clinically by a high frequency
of skin cancer and biochemically by the deficiency of an enzyme
necessary in the process of DNA repair, has emphasized the impor-

tance of the study of DNA repair processes in relation to cancer.

The capacity for repair of DNA after irradiation with
ultraviolet light (50 ergs / mm2 delivered in 10 seconds) was
studied on cell suspensions, 0.5 mm thick, in tissue culture
medium, in the presence of hydroxyurea, after subsequent incubation
in the presence of tritiated thymidine.

The uptake of 3H thymidine by the irradiated lymphocytes
or leukemic cells was estimated on autoradiographies of blood
smears,
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Results of Project n° 1,
P. STRYCKMANS, L. DEBUSSCHER, J. MANASTER, G. DELALIEUX,

FACTORS DETERMINING LEUKEMIC CELL PROLIFERATION :
CHEMOTHERAPY,

Several parameters of cell proliferation were studied simulta-
neously and repeatedly before, during and after the administration of
chemotherapic agents,

a) The in vitro 3HTdR labeling index,

b) The 3HTdR labeling index of cells labeled in vivo (by one
injection of 3HTdR i.v.) just before the administration of
the chemotherapic agent.

c) The mitotic index,

d) The uptake by cell nuclei of tritiated actinomycin D.

e) The 3HTdR uptake per nuclei,

f) The duration of DNA synthesis by means of a double labeling
technique,

g) The distribution of 3HTdR flash labeled cells by microdensi-

tometry between 2n and 4n nuclear DNA content,

Cytosine arabinoside (100 mg/m2 BSA) once or repeatedly.

So far, 6 patients have been studied with cytosine arabinoside :
4 had acute myeloblastic leukemia (AML) and 2 were in a leukemic

transformation of a lymphosarcoma (LLS).

One patient only, with AML, showed a significant increase of
(a), (c) and (d). The other parameters are still under study, The

increase was seen in the bone marrow cells but not in the blood,

In the other patients (a) decreased and so did (d),
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In one of these patients (LLS), the above mentioned parameters
could be studied simultaneously on blastic cells in 4 different locations
{marrow, blood, lymph node and pleural effusion). Significant depression

of (a) was observed in all the samples,

The effect of VCR was studied on :

- normal myeloid and erythroid cells (from the bone marrow of
a generalized cancer patient ;

(a) and (c¢) increased within 24 hours.

- Leukemic lymphoblasts (from the blood of a patient with acute
lymphoblastic leukemia) ;

no increase of (a) and (d) was observed.

Its effect was studied on the blastic cells from the bone marrow
of 4 patients with AML.

In one patient, a significant increase of (a) and (c) was observed,

These preliminary results suggest that in some cases the flux
of normal myeloid cells and leukemic cells entering DNA synthesis
may be increased as a consequence of the administration of chemo-
therapic agents. Complementary studies are going on to rule out the
possibility that the observations made do not simply reflect the blockage

of cell in DNA synthesis,
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Results of project n® 2,
P. STRYCKMANS, G. DELALIEUX and J. MANASTER,

THE PROCESS OF DNA REPAIR IN NORMAL, LEUKEMIC AND
LYMPHOMATOUS INDIVIDUALS,

The uptake of 3H thymidine by the irradiated lymphocytes or

leukemic cells was estimated on autoradiographies of blood smears,

The lymphocytes of 18 normal individuals showed over their

nucleus between 200 and 450 silver grains /100 lymphocytes,

The lymphocytes of 4 normal infants showed labelings into the

limits for normal adults.

The lymphocytes of patients with high risk for acute leukemia
(2 with mongolism - 1 with Fanconi anemia) showed also normal

values,

The lymphocytes of 4 patients in complete remission of acute

lymphoblastic leukemia showed normal values,

The lymphocytes of 1 patient with Hodgkin's disease had normal

values.

The lymphoblasts of 3 patients with acute lymphoblastic leukemia

showed significantly decreased values (all were below 200).

There is no indication so far for a decreased capacity to repair
DNA in the lymphocytes of leukemic patients. Leukemic lymphoblasts,
generally considered as belonging to the lymphoid cell line, seem to

show a decreased capacity to repair., This study is still in progress,
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P, STRYCKMANS, G. DELALIEUX, J, MANASTER and
M. SOCQUET.

The potentiality of out-of-cycle acute leukemic cells to
synthesize DNA,

Blood 36 : 697, 1970,

J. MANASTER, J, FRUHLING, P. STRYCKMANS,
Kinetics of lymphocytes in chronic lymphocytic leukemia,
I. Equilibrium between blood and a readily accessible pool.
Blood (in press) (March 1973).
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Vertragspartner der Kommission:

Gesellschaft fiir Strahlen- und Umweltforschung,
Institut fiir Himatologie

Nr., des Vertrags: 089-72-1 BIAD

Leiter der Forschungsgruppe:

Priv.-Doz. Dr. Stefan Thierfelder

Allgemeines Thema des Vertrags:
Strahlenbiologische Hidmatologie und Immunologie. (Proj. 1-5).

(Proj. 7-12 iiber Nuklearmedizinische Hidmatologie sind unter
Kapitel V "Forschungstétigkeit Anwendungen Medizin'" aufge-
filhrt. Am SchluB dieses Teils des Berichtes befindet sich
eine Aufstellung der Publikationen.)

The immunological department of the institute concentrated
on questions concerning the treatment of the consequences of radia-
tion exposure. It isolated a fraction active against T-cells from
heterologous antibrain serum, which suppressed acute secondary
disease (project nr. 5) and produced T-cell deprived mice simulating
the nude strain (proj.nr.3). Furthermore it documented the low
degree of chimaerism in mice conditioned with cyélophosphamide
(proj.nr.2) and developed a non-lethal conditioning treatment of

partial body irradiation and ALS (proj.nr.k).

In radiation hematology the long term studies on the
morphological congequences of a treatment with radiophosphorus were
continued (proj.nr.1). The basic studies of a new in vitro method
for determining DNA synthesis rates of individual, morphologically
classifiable human cells have been completed and applied to various

forms of human anemia (proj.nr.10).
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Ergebnisse des Projekts Nr. .}

Leiter des Projekts und wissenschaftliche Mitarbeiter :
prof.Dr.R.Burkhardt udn Dr.E.Beil

Titel des Projekts :
Bone marrow histology in patients treated with radiation,
isotopes and radiomimetic agents.

1. A previous study on the bone marrow changes in polycythemia vera has
been continued. The first results were published in 1969 (see 1887/111/
71-D No.2). 12 patients of this group were investigated once more last
year. 32 patients entered in the program. The number of the patients
treated repeatedly with radiophosphorus during a period of more than
ten years and controlled by biopsy with special histological methods
more than three times is now 9. One of the whole group developed lym-
phocytic leucemia, 3 patients developed granulocytic leucemia and 13
patients myelofibrosis, The study is to be continued. Another statis-
tical evaluation of the results will be accomplished within the next
years.

2, Qualitative and quantitative studies of the role of the megakaryo-
cytes of the bone marrow in polycythemia vera during treatment with
radiophosphorus have been concluded with the following results:
Excessive proliferation of the megakaryocytes is to be found. Compared
with an increase due to stimulated regemration, the pycnotic and ne-
crotic changes of these cells are much more prominent in polycythemia.
In the cases without treatment the absolute numbers of megakaryocytes
increase in the course of time. This is true especially for active and
inactive forms in close position to the marrow sinusoids. Treatment
with 32P blocks these changes for as long as 3 to 28 years, when ap-
plied in regular intervals. Chemotherapy with Busulfan or TEM has a
similar effedt. However, this also causes a considerable rise in the
number of pycnotic and necrotic cells. There is no significant increase
of fibrotic marrow changes in the group which has been treatd with 32P
in dontrast to the group treated with chemotherapy. These results may
contribute to understanding the antithrombotic effect of the therapy

with 32? and the pathogenesis of marrow fibrosis in polycythemia.
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3. In leucemia of different types investigations of the histological
changes of the bone marrow during therapeutical remission, relapse

and final collapse have been started. Until now 20 patients entered
in this study. In 8 of the cases it was possible to control the
changes by repeated biopsies until death. The study is to be continued.

4, The instant and the late effects of a well defined dosage of nuclear
energy on a distinct osseous region are to be investigated quanti-
tatively in a human population with adequate bioptic and histologic
mehtods. In 11 women suffering from genital malignoma, treated with
radiation from a Ra226 source, a histobiopsy of the iliac crest was
taken before the procedure after a dosage of looo R and after 3000 R.
The effective dosage in the area of the biopsy has been calculated.
In another group of lo women the late effects of the radiation will
be sutdied at an interval of 6 months from the end of the therapy

in the same way. The main aim of this sutdy is to collect information
on the following subjects.: Changes of the bone marrow capillaries,
the reticular tissue and the type of regeneration of the marrow cells
after the therapeutic marrow depletion. The study will be finished
within three months,
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Ergebnisse des Projekts Nr. .2,

Leiter des Projekts und wissenschaftliche Mitarbeiter :
S.Thierfelder, v.Arnim, P,Baumann
Titel des Projekts :

Degree of chimaerism following different types of con-
ditioning treatment

Various criteria have been used to prove engraftment in conditioned
recipients of bone marrow. Cytogenetic differences between host and
donor are particularly useful because the number of dividing donor
and host cells can be quantitated more precisely than serologic
differences. The present investigations concern the degree of chima-
erism obtained after 200 and 300 mg/kg of Cyclophosphamide or 40 mg
of Myleran applied to syngeneic (CBA; CBA-T66) or semiallogeneic
(C57B1/6 x CBA) Fy mice 6 or 24 hrs before transplantation. Fig. 1
shows that less than lo % of the donor metaphases were found 11, 21
and 56 days after syngeneic transplantation, while the more actively
dividing donor cells in the semiallogeneic donor-recipient combina-
tion with homologous disease remain around 1o %.

The low degree of chimaerism following 300 mg/kg of Cyclophosphamide
in syngeneic and in combinations with florid gvh tend to reconcile
Santos success to induce homologous disease after cyclophosphamide
with Van Bekkums difficulties to induce chimaerism in primates.

Cyclophosphamide is known to have a lower stem cell toxicity compared
to irradiation. It is therefore less appropriate for the induction

of stable chimaerism in non-aplastic bone marrow recipients., The
effect of ALS and irradiation as well as their combination with
Cyclophosphamide and Busulfan is under investigation.

The high degree of almost loo % syngeneic chimaerism after Busulfan
shoul be expected from results obtained by Floersheim and others
with other techniques.
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Fig. 1: Donor metaphases in syngeneic and semiallogeneic (parent-
to-F1 hybrids with homologous disease) recipients condi-

tioned with 300 mg/kg Cyclophosphamide and transfused with
5 x 107 spleen cells.

% 100 pa

& o
DONOR - M
CELLS ; cea
CBA * (40mg Bu} m
CBA
~—— (40 mg Bu M
+200mg Cy)
50
4 "
A
° 10 20

DAYS AFTER TRANSPLANTATION

Fig. 2: Donor metaphases in syngeneic recipients conditioned with

40 mg Busulfan alone or with 40 mg Busulfan and 200 mg
Cyclophosphamide,
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Ergebnisse des Projekis Nr. 3.

Leiter des Projekts und wissenschaftliche Mitarbeiter :
Priv.Doz.Dr.S.Thierfelder, Dr.Rodt, Dr.Thiel

Titel des Pgojek?a ¢! Irradiation and other immunosuppressive
procedures in mice in order to obtain a state simulating the
complete lack of cellular immunity of thymusless mice

The nude mouse is the rare in-vivo model for the study of tolerance
of histoincompatible skin grafts. In addition it provides us with
hemopoietic stem cells (almost) completely lacking T-cells. It should
therefore be an ideal marrow donor for incompatible recipients pro-
vided acute as well as chronic secondary disease is initiated by T-
cells of the donor. This assumption was tested and found to be valid:
spleen cells of nude mice derived from a nude stock backcrossed to
Balb/c H-%d was transferred into lethally irradiated CBA-J H-2d.
While spleen cells of heterozygous Balb/nu parental donors caused
fatal acute secondary disease, the majority of recipients of homo-
zZygols nu/nu spleen cells survived.

A handicap in this system is the lack of information on the exact
degree of histoincompatibility when one uses nu/nu mice, because the
histocompatibility antigens of nu/nu mice are less well defined, in
our mice for example only 75 -% Balb/c, We therefore tried to obtain
T-cell deprived mice fromawell defined strain.

CBA mice irradiated with 900R and reconstituted with bone marrow

from CBA donors rejected skin grafts of C57B1/6 donors H-2b within

25 days. The 50 % survival of these H-2 incompatible skin grafts

was prolonged to 36 days when the recipient CBA mice were thymecto-
mized before marrow transplantation. It was however clear that mu-
rine bone marrow reconstituted lethally irradiated ang thymectomized
recipients with sufficient T-cells to reject strongly H2 incompatible
skin grafts, We therefore incubated bone marrow with heterologous
anti-T-cell serum (rabbit-anti-mouse-brain serum, thoroughly absorbed
with murine liver and plasmocytoma) and injected it into syngeneic
thymectomized recipients., These animals tolerated C57B1/6 skingrafts

-346-



beyond the observation period of 3 months. They lost weight gradually
while the non-thymectomized controls (recipients of syngeneic marrow
incubated with anti-T-cell serum) gained weight and 50 % of them
rejected C57B1/6 skin grafts within 36 days.

Thymectomized recipients of syngeneic bone marrow treated with
heterologous anti-T cell serum therefore appear to lack cellular
immunity to a degree comparable to the nude mouse and will now
be used to study the T-cell dependence of chronic secondary dis-
ease,
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Ergebnisse des Projekts Nr. .4.

Leiter des Projekts und wissenschaftliche Mitarbeiter :
S.Thierfelder, H.Kolb, W.Mempel

Titel des Projekts :
Partial body irradiation and immunosuppression with ALS

The preparation of a bone marrow recipient to accept the foreign
hemopoietic graft, i.e. conditioning treatment, usually consists of
eéither irradiation or immunosuppression with cydophosphamide or anti-
lymphocytic serum (ALS). Unfortunately, irradiation or cydophosphamide
have to be employed at doses which can cause life-threatening compli-~
cations, Only ALS is comparatively harmless provided it is free of
antibodies cross-reacting with antigens on kidneys or platelets. ALS
on the other hand lacks stem cell toxicity in vivo necessary to make
syngeneic or allogeneic recipients with intact haemopoiesis accept
foreign bone marrow, Since the induction of chimaerism in order to
produce specific tolerance of organ transplants would usually dedl
with individuals having a normal haemopoiesis we developed a murine
model for conditioning treatment consisting of a 6 days' course of
0.25 ml/day of ALS and a partial body irradiation of 900 R applied

to the lower half of the body including the spleen thereafter. This
combined treatment is not lethal even without the transplantation

of marrow, It induces a stable chimaerism of syngeneic and allogeneic
H2-compatib1e (CSH—to-CBA, CBA-to-C3H) cells, 70-90 % donor meta-
phases were found in the irradiated parts of the spleen and femur
while only about 15 % of the metaphases of the recipients' shielded
parts were of donor type. There was no allogeneic chimaerism when ALS
was omitted from the parial. body treatment.

Allogeneic H2—incompatib1e haemopoietic grafts persistéd during the
observation period of 50-1loo days provided the donor differed from
the recipient by 1 haplotype only.

Thus ALS combined with partial body irradiation represents a non-
lethal conditioning treatment which induced syngeneic, allogeneic
H2 compatible, and semiallogeneic H2 incompatible chimaerism in the

mouse,
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Ergebnisse des Projekts Nr. ,5.

Leiter des Projekts und wissenschaftliche Mitarbeiter :
H.Rodt, S.Thierfelder, M.Eulitz
Titel des Projekts :

Suppression of acute secondary disease with T-cell specific
antisera

In the course of our experiments on enhancement and allogeneic in-
hibition in T-cell deprived mice (Proj.No.3), the original topic of
this investigation was put aside in favour of a more detailed study
on the consequences of T-cell deprivation with heterologous T-cell
specific antisera. It was found that such antisera completely sup-

pressed acute secondary disease (ac.sec.dis.)

Ac.sec.dis, -‘measured in the murine parent-to-F1 model - has been
reported to be effectively suppressed by either donor treatment
with ALS or the gradient centrifugation and fractionation of spleen
marrow of the donor. The first approach risks untowards effects of
the injection of heterologous sera contaminated with unwanted anti-
bodies while the latter looses stem cells, which can become critical
in the primate., Our approach consists in a 20 minutes' incubation
of 5 or S50 x lo6 parental spleen cells with rabbit-anti-mouse Q-
serum and subsequent injection into lethally irradiated H-2 incom-
patible F1 hybrids. 90 % of the recipients survived the observa-
tion period of loo days as complete chimaeras without symptoms of
wasting. All the controls treated with rabbit-anti-mouse JgG were
dead 20 days after transplantation.

The ;nti-T-cell serum was produced by injecting rabbits with mouse
brain, subsequent absorption with liver and plasmocytoma and recon-
centration of the IgG fraction. The purified fraction, reacted against
cells of spleen and thymus at a cytotoxic and complement-fixing
titer of about 1 : 16. It was negative with spleen cells of athymic
nude mice. In contrast to Golub who found that absorbed anti-brain
sera crossreacted with an aﬁtigen on colony-forming stem cells,

which would of course disqualify them as a means to suppress secon-
dary disease, our antisera appeared to spare stem cells in the spleen
colony-forming test.
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It should be pointed out that anti-brain serum, which so easily
eliminates acute secondary disease, only delayed chronic secon-
dary disease. This tends to support van Bekkum's hypothesis that
chronic secondary disease differs qualitatively and not only quan-
tiatively from ac.sec.dis. and is the result of undefined pre-
cursor cells. Our model seems useful to test this hypothesis in
more detail. It may also help in secondary disease of recipients
of weaker incompatibilities (L-A identical individuals)
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Associazione CNEN-Euratom

Contratto No. 108-72-1 BIOI

G. DORIA

IMMUNOGENETICS

The immune system protects the individual from invasion and
pathogenic action of microrganisms. Efficiency of the immunologic
surveillance relies on integrity of the populations of immunologically
competent cells that partecipate in the processes of antigen recogni-
tion and antibody production. Several immune responses require the
cooperation between thymus-derived (T) and bone marrow-derived
(B) lymphocytes, which results in antibody production by B cells. The
protective ability of the immune system ultimately depends on the good
fit of antibodies for antigens. Indeed, neutralization of viruses or
toxins is affected by antibody avidity, a function of affinity, which de-
termines the stability of the antigen-antibody complexes.

The increase of antibody avidity in the serum with time after
immunization and with lowering the antigen dose has been attributed to
selective pressure exerted by antigen concentration at the level of an-
tigen-sensitive cells. According to the maturation theory, the precur-
sors of cells producing antibodies with low affinity need higher concen
tration of antigen to be triggered to antibody formation than the precur-
sors of cells producing high affinity antibodies. As antigen concentra-
tion decreases with time after immunization, the precursors of cells
producing higher affinity antibodies are selectively stimulated, a chan-
ge in the lymphoid cell population that is delayed by relatively large
doses of antigen, This view is supported by the finding that the precur-
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sors of antibody-forming cells possess membrane-bound receptors
with a wide range of affinities and that the receptors of each precur-
sor cell have the same affinity as the antibody secreted upon the com-
bination of antigen with the receptors.

The effect of the helper function of T cells may be selective
activation of B cells with low affinity receptors by a mechanism of an-
tigen concentration. Alternatively, T cells may release mitotic factors
that amplify the B cell population with no selection for affinity. Final-
ly, T cells may preferentially stimulate B cells with high affinity re-
ceptors by some entangled mechanism.

The protective value of antibody avidity becomes mostly apparent
whenever the immune system is altered, as a consequence of exposure
to radiations or of abnormal recovery by transplantation of allogenic
hemopoietic cells, Knowledge of how antibody avidity is determined at
the cellular level is relevant to the understanding of immune functions
not only in normal individuals but also in radiation chimeras for which
donor cell manipulations can be attempted ¢o improve survival of the ir-
radiated host,

A technique has been devised whereby antibody avidity can be
assessed at the level of single immunocytes under several experimental
conditions. Mice were immunized with TNP-HRBC (trinitrophenyl-horse
red blood cells), a hapten-carrier conjugate. The immune response of
spleen cells to TNP was assayed by the Jerne technique with TNP cou-
pled to SRBC, a non-crossreactive carrier, and expressed as number
of direct PFC, If spleen cells were plated with TNP-SRBC and TNP-
-BSA (trinitrophenyl-bovine serum albumin), PFC were inhibited, The
amounts of inhibitor added were referred to mg of TNP-lysyl residues
estimated from spectrophotometric measurements of the TNP-BSA so-
lution. The percent inhibition of PFC increased as a sigmoid function
of the log amounts of inhibitor added. From probit analysis of the data
and antilog transformations the ED50 (median effective dose of inhibitor
that suppresses 50% of the PFC) and its 95% confidence limits were cal-
culated., The reciprocal of EDSO (mg” 1) was taken as an estimate of avi-

dity: the higher the antibody avidity, the lower the ED__ and the higher

50
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its reciprocal,

In each experiment mice were injected i, v, with 4x108, 4x106,
or 4)(104L TNP-HRBC and groups of animals were sacrificed daily for
one week after each antigen dose. The spleens of each group were in-
dividually tested for the number of PFC anti-TNP and, after they were
pooled, for the antibody avidity at the level of single PFC, The number
of PFC per spleen rapidly increased from the background level to a
peak value on day 4 after immunization and declined thereafter. These
changes in PFC number were paralleled by a rise and fall, up to 60
fold, of antibody avidity. Avidity displayed a similar pattern of varia-
tion, regardless of changes in antigen dose by a factor of 104. Further-
more, both the number of PFC per spleen and antibody avidity decreased
with lowering the antigen dose.

Similar results were obtained in vitro, where mouse spleen cells
could be stimulated with TNP-HRBC to produce PFC anti-TNP inhibita-
ble by TNP-BSA.

The increase of avidity with antigen dose and its rise and fall
with time seem at variance with the theory of maturation in affinity of
the antibody response. The following tentative explanation is proposed.
Cell selection is influenced by antigen dose and also by the presence of
secreted antibodies. The antibody competes with the cells for antigen and
thus provides a selective drive in favor of high-affinity cells wich can
capture free antigen in low concentration and be stimulated to divide and
synthesize antibodies, The rate of increase of the PFC number was found
positively related to the antigen dose, suggesting that higher doses were
a more intense stimulus for antibody production, Thus, the higher the an-
tigen dose the faster the rate of increase of antibodies exerting a selec-
tive drive in favor of the higher-affinity cells. This would explain the
increase of avidity observed when the antigen dose was varied by a fac-

tor of 104. During the first 4 days after each antigen dose avidity was
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found to increase because the antibody concentration was increasing so
that less antigen was remaining available for cell stimulation. From
day 4 on, the concentration of antigen dropped to a very low level at
which statistical factors might play an important role in determining

the outcome. That is, whether a particular cell is stimulated depends
not only on its affinity for antigen but also on its chance of coming in
contact with one or more antigenic determinants. Since at the onset of
the immune response antibody affinities in the serum seem to be normal-
ly distributed, one can assume that also the affinity of antigen-sensitive
cells follows the same distribution, Thus, if there are far more cells

of average affinity present than of very high affinity, when the antigen
concentration is extremely low one antigenic determinant is more likely,
on a purely chance basis, to hit a cell of average affinity than of very
high affinity, Such statistical considerations could explain the fall of
avidity observed after day 4. This provisional interpretation can be sub-

mitted to experimental trial,
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Contractant de la Commission :
UNIVERSITE LIBRE DE BRUXELLES

N° du contrat : 093-72-1 BIOB
Chef du groupe de recherche :
Jacques E. DUMONT

Théme général du contrat : Définition de 1a
méthodologie pour 1'é&tude des effets des radia-
tions sur les tissus humains (sang, etc.) et
application de cette méthodologie.

Le but général du projet est 1'étude de mécanismes physiologi-

ques et biochimiques dont 1'altération détermine des effets

d court et & long termes des radiations et de définir les mé-

thodologies permettant d'étudier ces mécanismes. Les domaines

investigués sont la réqgulation de 1'érythropoiétine, le leuco-
cyte et sa capacité de phagocytose et 1'établissement d'un
modéle de 1'irradiation des cellules folliculaires thyroTdien-
nes aprés ingestion de divers radioisotopes de 1'iode.

A) Erythropoiétine
irradiation affecte le métabolisme de 1'é&rythropo¥étine.

Pour étudier cet effet, le métabolisme de 1'érythropoTétine

a été exploré. 1I1 a &té démontré que :

- le rein a un réle majeur dans le catabolisme de 1'homme ;

- T'explication de la courbe de disparition d@ deux composantes
de 1'érythropoiétine plasmatique n'implique pas 1'hypothése
de deux érythropoiétines différentes ;

- la dépression de la réponse érythropoTétique chez 1'animal a
jeln est due & une absence de réponse a@ 1'érythropoiétine.

B) Phagocytose et destruction des bactéries par le leucocyte

L'irradiation entraine une leukopénie et une réduction qualita-

tive de 1'activité bactéricide et de phagocytose du leucocyte.

Nos résultats suggérent que la 3',5'-AMP cyclique n'est pas le

médiateur intracellulaire des conséquences métaboliques de Ta

phagocytose. Les leucocytes d'un patient atteint de granulo-
matose chronique ont été étudiés comme modéles de leucocytes

de patients irradiés. I1 a été démontré que certains agents

oxydants (tel le bleu de méthyléne) corrigent 1'insuffisance

de la capacité bactéricide du leucocyte.

C) Modéle du métabolisme de 1'iode dans 1a thyroTde

Ce programme a été poursuivi en dehors du cadre du contrat en

1972.
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Résultats du projet n° .!..

Chef du projet et collaborateurs scientifiques:
J.P. NAETS M. WITTEK

Titre du projet :

Effet de 1'irradiation sur le métabolisme de
1'érythropoTétine.

Deux effets de 1'irradiation sur 1'hématopoTése sont connus

la dépression générale de 1'hé&matopoTése et Te ralentissement
du métabolisme de 1'érythropoiétine (Proc. Soc. Exper. Biol.
Med., 100, 40, 1959). Notre &tude porte sur ce second aspect.
Notre hypothése est que des rayons X agissent sur le rein qui
serait le principal site de catabolisme de 1'hormone.

A) Métabolisme de 1'érythropoiétine

Nous avons poursuivi les &tudes sur le rble du rein dans le
catabolisme de 1'érythropoTétine. De nombreuses expériences
réalisées en 1972 confirment que le rein est indispensable au
catabolisme de 1'hormone. Un T/2 allongé (10h30) est en effet
trouvé chez 1'animal anéphrique, alors qu'un T/2 semblable &
celui des témoins normaux (2h) est observé chez 1'animal a
uretéres ligaturés. Ces résultats ont &té obtenus aussi bien
avec le plasma de rat hypoxique (ayant un taux é&levé d'érythro-
poTétine), qu'avec de 1'érythropoTétine d'origine ovine (Ar-
mour). La courbe de décroissance observée chez les néphrecto-
misés suit une double exponentielile que 1'on peut décomposer
en une composante rapide (T/2 = 30'), et une composante lente
(T/2 = 10h30). Nous avions au départ é&mis 1'hypothése que cet
aspect particulier de la courbe correspondait & la présence de
deux formes d'érythropo7étine : 1'une rapidement métabolisée,
méme en 1'absence de rein, 1'autre, plus lentement métabolisée
chez 1'animal anéphrique. Cette hypothése a dii &tre abandon-
née & la suite des résultats suivants : au lieu d'injecter aux
rats néphrectomisés du plasma de rat prélevé immédiatement
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aprés 1'arrét du stimulus hypoxique, nous avons utilisé du plas-
ma prélevé 2h aprés la stimulation hypoxique, théoriquement
débarrassé de 1a "composante rapide", si notre hypothé&se &tait
exacte. Nous aurions en ce cas dd observer un T/2 correspon-
dant uniquement & la composante lente. En fait, nous avons re-
trouvé une courbe 3@ deux exponentielles, voisine de celle obte-
nue avec le p]asgieprélevé & la sortie du caisson. Nous suppo-
sons donc que la¥partie de 1a courbe correspond d& 1a réparti-
tion de 1'érythropoiétine dans un espace plus grand que le
compartiment plasmatique.

B) Effets du jelne sur la réponse & 1'érythropoTétine

Au cours du jeline, le métabolisme chez le rat tombe de 30% et
T'on considére qu'en réponse a ces besoins réduits en oxygéne,
Ta production de 1'érythropoiétine diminue. Dans la littéra-
ture, on admet que la réponse d& 1'érythropoiétine exogéne est
normale chez 1'animal & jeln, or il s'agit en fait de travaux
concernant des rats carencés en protéines, non a jeln. Nous
avons é&tudié la sensibilité & 1'érythropoTétine du rat a jeln,
normal et polyglobulique. Nos résultats montrent une nette

réduction de 1a réponse a 1'érythropoTétine chez les animaux

& jeln. Cette réduction se marque aussi bien sur 1'incorpora-
tion du Fe59 dans les hématies, que sur la réticulocytose.
C'est ainsi que 1'injection de 2 unités d'Eine IV éléve 1'in-
corporation de Fe59 d 24,98% chez le rat polycythémique nourri
normalement, mais n'est que de 4,42% chez le rat polycythémi-
que & jeln.

En conclusion, il semble bien que Ta dépression de Ta réponse
érythropoTétique observée au cours du jedne soit essentielle-
ment liée & 1'absence de réponse & 1'érythropoTétine plutét
qu'a une production diminuée de 1'hormone, contrairement i ce
qui était généralement admis.

Publication

NAETS, J.P. et WITTEK, M. : The kidney and utilization of ery-
thropoietin.
Separatum Experientia, 27,1468,1971
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Résultats du projet n® .?!.

Chef du projet et collaborateurs scientifiques:
E. SCHELL-FREDERICK, J. VAN SANDE, J.E. DUMONT

Titre du projet :
Leucocyte et Phagocytose.

L'efficacité physiologique des leucocytes polymorphonucléaires
dans 1a défense de 1'organisme est fonction de la concentra-
tion et de 1'activité de ces cellules dans le sang. L'irradia-
tion entraine une leukopénie bien connue, mais aussi une réduc-
tion importante qualitative de 1'activité phagocytaire et bac-
téricide du leucocyte (Nature, 210, 158, 1966 ; J. Reticulo-
endoth. Soc., 5, 538, 1968 et 7, 743, 1970). Dans ce travail,
nous &tudions le mécanisme de ces deux activités pour appli-
quer cette connaissance 3 1'irradié. Deux aspects ont été en-
visagés : une affection génétique, la granulomatose chronique
(CGD), qui pourrait étre considérée comme un modéle de la 1é-
sion d'irradiation, et le rdole de 1a 3',5'-AMP cyclique.

A) Le modéle de la granulomatose chronique (CGD)

Cette affection gé&nétique portant sur la fonction du leucocyte
est caractérisée cliniquement par des affections pyogéniques
récurrentes conduisant & une mort précoce. Les Teucocytes pha-
gocytent normalement les bactéries mais ne les détruisent pas;
ils ne présentent pas les concomitantes métaboliques de la
phagocytose (stimulation de la voie des pentoses phosphates,

de la formation d'H202 et de 1'iodation). La mortalité &levée
dans les infections postirradiations indique dans ce cas aussi
une activité bactéricide réduite.

Méthodes : Des leucocytes de volontaires normaux, de patients
présentant des infections aigu&s, d'un patient présentant une
granulomatose chronique (1iée au chromosome X) et de porteurs
hétérozygotes ont été préparés et étudiés comme décrit précé-
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demment (Euratom Research Report, 1971, II, 636). L'irradia-
tion a &té mesurée d'aprés Pincus et Klebanoff (New Engl. J.
Med., 284, 744, 1971), le pouvoir bactéricide d'aprés Mandell
et Hook (Am. J. Med., 47, 473, 1969).

Résultats : Bien que le défaut enzymatique de la ¢GD n'ait pas
&té complétement défini, i1 apparait clairement que 1'altéra-
tion métabolique fondamentale de ces leucocytes est leur inca-
pacité a former 1'H202 nécessaire d 1'inactivation bactérienne.
Si H202 est introduit dans le leucocyte affecté, la stimulation
par la phagocytose de la voie des pentoses phosphates, de 1‘o0-
xydation du formiate et de T1'iodation réapparaissent. Nous
avons essayé de corriger le défaut par 1'administration d'a-
gents oxydants. La mesure de 1'iodation au cours de la phago-
cytose est un test biochimique du pouvoir bactéricide de
]'H202 leucocytaire. Dans les leucocyte CGD, des particules
de latex produisent une stimulation faible (X2) de 1'iodation
{X10 & 20 chez les normaux). Le bleu de méthyléne (5 & 100uM)
dans ces conditions multiplie 1'effet du latex (X5 & 10). La
vit K3 est moins efficace. Des résultats préliminaires suggé-
rent que ces composés ont un effet identique sur le pouvoir
bactéricide per se des leucocytes. Des essais in vivo sont
envisagés. Ces résultats seront rapportés au 7&me Congrés de
la Société Européenne d'Investigation Clinique (Pays-Bas,
avril 1973).

B) Role de 1a 3',5'-AMP cyclique dans la phagocytose

Les expériences rapportées en 1971 ont été confirmées et &ten-
dues. La stimulation fugace de la formation de 3',5'~AMP cy-

clique dans le leucocyte n'explique qu'une des concomitantes
métaboliques de cette phagocytose, la glycogénolyse accrue

mais non les autres(activation de la voie des pentoses phospha-
tes, de 1'oxydation du formate, de la respiration, de 1'ioda-
tion, etc.).Le rdle d'autres médiateurs intracellulaires
(3',5'-GMP cyclique, catt, etc.) devra étre envisagé.
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LANGZEITWIRKUNGEN UND TOXIKOLOGIE DER RADIOAKTIVEN ELEMENTE

LONG-TERM EFFECTS AND TOXICOLOGY OF RADIOACTIVE ELEMENTS

EFFETS A LONG TERME ET TOXICOLOGIE DES ELEMENTS RADIOACTIFS
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Weitere Forschungsarbeiten zu diesem Thema werden auch in fol-
genden Jahresberichten beschrieben:

Further research vork on these subjects will also be described
in the following annual reports:

D'autres travaux sur ce théme de recherche sont également décrits
dans les rapports annuels suivants:

096-BIOB  Univ. Louvain (Goffeau)
Biology Group Ispra
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Contractant de la Commission :
CENTRE D'ETUDE DE L'ENERGIE NUCLEAIRE - MOL.

N° du contrat : 095-72-1BIOB
Chef des groupes de recherche : Jean R. MAISIN

Théme général du contrat : PROGRAMME DE RECHERCHES AYANT POUR
OBJET LES EFFETS A COURT ET A LONG TERME DES RAYONNEMENTS.

LES EFFETS A COURT TERME

Dans ce cadre nous avons groupé deux recherches :

la premiére : sur les indicateurs biochimiques des lésions des radiations
et notamment sur le métabolisme de la déoxycytidine, du NAD, de 1l'acide
sialic et de la sérotomnine ;

la deuxi&me : sur les mécanismes de réparation du DNA mitochondrial.

LES EFFETS A LONG TERME

Nous décrivons sous cette rubrique nos résultats :

1) Sur 1l'influence des radioprotecteurs sur le raccourcissement de la vie,
sur 1'incidence des leucémies et des cancers et les effets non néopla-

siques des radiations ;

2) Sur les effets des radiations sur la biochimie du cerveau (contenu en
DNA, protéines, acide sialic, B-glucuronidase, acide phosphatase,

cathepsine, sérotonine, histamine, etc...).

LES EFFETS GENETIQUES

Nous résumons sous cette rubrique les résultats de 3 projets de recherches.

1) Les remaniements chromosomiques produits par les rayons-X dans les cel-

lules reproductrices des souris miles.

2) Les remaniements chromosomiques produits par une irradiation des cellu-

les reproductrices femelles.

3) Les anomalies chromosomiques produites par les irradiations au moyen

des techniques de fluorescence et de "banding pattern”.
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Résultats du projet n® 1
Chef du projet et collaborateurs scientifiques :
G. GERBER, J. DEROO et J.P. DECOCK

Titre du projet : BIOCHEMICAL INDICATORS OF RADIATION DAMAGE

The investigations dealing with the metabolism of deoxycytidim after
irradiation were completed. Its metabolism was followed in the intact
mouse and rat as well as in isolated perfused rat liver, rat intestine
and mouse liver. A technique to perfuse mouse liver was developed to
this end. Although deoxycytidine is rapidly degraded in mouse as in man,
this loss balances about that incurred by the rat due to excretion in
urine. Consequently, metabolism of DNA differs not much between these
species,

The experiments dealing with metabolism of NAD were also completed in
this year by following metabolism of nicotinamide in intact animals and
isolated perfused liver. The changes after irradiation are explained on
the basis of increased NAD catabolism not compensated for by resynthesis.
Content and excretion of free and bound sialic acid was studied after
whole body irradiation . Excretion of sialic acid displays a dose depen-
dent increase on the first day. Other experiments dealt with metabolism
of pseudouridine after irradiation for which a new technique of deter-
mination in urine was developed. Haptoglobin levels in blood were also
followed after irradiation. This serum protein increases as early as

5 hours after lethal exposure and continues to increase during the post-—
irradiation period. Other studies on biochemical indicators of radiation
damage were started on urine of irradiated monkeys in cooperation with
the Institute of Rijswijk.

Serotonin is thought to play an important role in the radiation syndrome.
Using isolated perfused organs (liver and intestine) we followed synthe-
sis of serotonin from 5-OH-tryptophan and its subsequent catabolism in
intestine during the early phase of the G.I. syndrome (after 2 kR) and
in liver prior death from the bone marrow syndrome (8 days after 1000 R)
at normal and elevated substrate levels. Catabolism of serotonin was
found increased, and its synthesis from 5-OH-tryptophan also exceeded

that of non irradiated controls under both experimental conditions.
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Excretion of the catabolite 5 OH indolacetate was followed in male and
female rats and mice. In agreement with published data in rats, this
excretion was found increased early after exposure although less so than
had been described by others.

Studies on neonatal irradiation and ageing.
This investigation was undertaken in order to learn whether :
a. The marked retardation in growth after neonatal irradiation in the

mid-lethal range (400 R) is related to an altered uptake of substrate
(e.g. an amino isobutyrate (AIB)) by organs and/or to changes in
brain biochemistry (content on DNA, proteins, sialic acid, B-glucuro~
nidase, acid phosphatase, cathepsine, serotonin, histamin, gamma

aminobutyrate, catecholamines).

b. To which extent these parameters depend on age, strain and sex of the
animals. The most important observations obtained so far are : uptake
of AIB by liver increases, that by muscle and brain decreases with
age. Neonatal irradiation depresses uptake of AIB by brain. Serotonin,
cathepsin and acid phosphatase increase, 8-glucuronidase decreases
with age. The activity of B8-glucuronidase depends markedly also on
the strain of animals. Neonatal irradiation depresses among others
permanently the DNA content of the brain i.e. the number of cells.

On the other hand, local irradiation (2 kR) of adult brain increased
DNA, serotonine and sialic acid but also affectegptake of AIB by

muscle.
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G.B. GERBER, A. DECLEVE, J.R. MAISIN, A.LEONARD and Gh. MATTELIN
Fate of DNA labeled bone marrow cells from different mouse strains
injected into syngeneic irradiated recipients.
Experientia : 28, 149-151, 1972.
G.B. GERBER and J. DEROO
Metabolism of hydroxytryptophan in isolated perfused rat liver.
Z. Klin. Chemie Klin. Biochem. 10, 177, 1972.
G.B. GERBER, B. ZICHA, J. DEROO, J.P. DE COCK and E. GEYER
Metabolism of deoxycytidin in isolated perfused organs.
Biophysik 8, 333-342, 1972.

G.B. GERBER, J. DEROO, J.P. DE COCK
Metabolism of deoxycytidine in different organs of mice and rats.
Arch. Internat. Physiol. Biochem. 80, 353-365, 1972.

G.B. GERBER, J. DEROO,

Metabolism of NAD after whole body irradiation IV Incorporation of
nicotinanide by isolated perfused liver and by intact rats.
Int. J. Rad. Biol. 22, 351-360, 1972.

A. DECLEVE, G.B. GERBER, A. LEONARD, M. LAMBIET-COLLIER, A. SASSEN,J.R.MAISIN

Regeneration pattern of thymus, spleen and bone marrow in X-irradia-
ted AKR mice with or without syngeneic bone marrow transplantation.
Rad. Research : 51, 318-331, 1972.

G.B. GERBER

Biochemical indicators of radiation damage. A perspective and a
review.
J. Belge de Radiol. (in press).

G.B. GERBER

Biochemical and molecular-biological endpoints in late effect
studies.
Essler 2nd Symposium, Rome, Sept. 29, 1972. (in press).
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Résultats du projetn® 2
Chef du projet et collaborateurs scientifiques :
L. BAUGNET-MAHIEU, A. SHIMA; R. GOUTIER et C. BAES

Titre du projet : MECANISMES DE REPARATION DU DNA MITOCHONDRIAL

Nous avons décrit, dans le rapport précédent, nos premiers résultats
sur l'étude de la réparation du DNA mitochondrial dans des suspensions de
mitochondries irradiées in vitro. Deux phénoménes ont &té mis en &vidence;
ils accompagnent lesprocessus de réparation tels qu'on les a décrits dans

les cellules isolées.

-

A, Une dégradation du DNA : en prémarquant 3 l'aide de 3H—TTP le DNA d'une

suspension de mitochondries, on constate que l'irradiation de celle-ci
produit une perte accélérée de radiocactivité, fonction de la dose d'ir-
radiation (Fig.1). En présence d'EDTA, inhibiteur des nucléases, la dé-
gradation ne s'cbserve plus, tant dans