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P R E F A C E

The Gustaf Werner Institute (GUI) annual report for the year 1976 pre-
sents in a condensed form the scientific activities in the disciplines
High Energy Physics and Physical Biology at Uppsala University.

HIGH ENERGY PHYSICS

The activities in High Energy Physics fall into three domaines:
Research with the local accelerator, participation in collaborations at
international centers and work on the rebuilding of the Uppsala synchro-
cyclotron.

The experimental program at the synchrocyclotron has been less extensi-

ve compared to previous years. This is due to the fact that the other

two activities mentioned above have occupied a large fraction of the

scientific and technical personnel. Also several malfunctions of the ac-

celerator has reduced the available time for experiments. Priorities

have been given to continued studies of pion production in two body nu-

clear reactions in order to make it possible to add to our understand-

ing of these processes before the shut down of the accelerator.

During 1976 groups at GWI have participated in several international
collaborations, predominantly at CERN. Analyses have been made of a
previous experiment on coherent and incoherent production of baryon re-
sonances. An experiment on pion-helium interactions with the purpose to
search for nucleon resonances in helium has proceeded and data have
been taken. GWI is now also involved in one of the first experiments
with the SPS accelerator. This concerns elastic scattering of hadrons
in the Coulomb interference region. A substantial part of the instrumen-
tation of these experiments has been built and tested by the technical
staff of the Institute.

ff

Subject to certain conditions the improvement program of the synchro-

cyclotron has now been approved by the Government. As a consequence

work on the reconstruction of the accelerator has continued at a gradu-

ally increasing level of activity. A Board responsible for the project

has been elected and has agreed on a plan for the rebuilding of the syn-

chrocyclotron. Plans for new laboratory and office space and of a com-

puter installation for the enlarged institute have also been worked out.
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PHYSICAL BIOLOGY

The system of research education is, in the main, an extrapolation of
the basic educational pattern, i.e. most students still get their de-
gree from the Physical, Chemical or Biological department where they
took their basic courses in the corresponding discipline. "Physical
biology" is a scholastic term introduced as a counterweight. It covers
scientific and educational activities in which physics or physical che-
mistry are particularly involved in biological problems.

From these points of view the scientific program is evolving. The stu-

dents of physical biology should, as other biologists, have a thour-

ough insight into the varied manifestations of living processes, in

systems of molecules and cells in vitro as well as in plants and ani-

mals. They should also be confronted with typical life-forms and be gi-

ven examples on quantitative evaluation of morphological, functional

and ecological parameters by various chemical, physical or biological

techniques. This integrated approach permits the student to attain a

relatively high level of general sophistication and, in the same time,

flexibility of choice.

A major subject of research is control of growth and differentiation,

as reflected in the kinetics of biochemical reactions or in the beha-

viour of healthy or malignant cells at various levels of organization.

As the experimental methods are often related to the physical sciences,

several projects are dependent on heavy instrumentation, in particular

the particle accelerators at the Gustaf Werner Institute and the Tandem

Accelerator Laboratory. Although originally developed for basic research,

several procedures that permit affection or analysis of living systems

with radiation or radioactive substances have lead to practical appli-

cations, e.g. proton therapy for malignant tumours, narrow beam irra-

diation of intracranial structures for "surgical" purposes, chemical

analysis of biological specimens by atomic or nuclear spectroscopy, and

various physiological investigations based on the use of radionuclides.

Some major human problems are in these ways tackled, in radioprotection,

clinical medicine, cultivation and human nutrition.

Uppsala in January 1977

Börje Larsson Helge Tyrén



OBITUARY

Rune Torpare, one of our technical assistants, died

on August 1st 1976. He was born November 9th 1919.

He came to the Gustaf Werner Institute on January

7th 1957 and joined the technical staff responsible

for the operation of the synchrocyl otron. He re-

mained in that position throughout his time at the

Institute. Rune Torpare became very familiar with

the entire technical installation he was responsible

for, and his technical experience, his responsibility

and his readyness to be of help was much appreciated

by those who benefited by his assistance. Rune was

a very generous and friendly person and we all regret

that he is no longer with us.
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H I G H E N E R G Y P H Y S I C S

The researu5: <".ontributions, which co-

ver work done at the Institute and

at CERN, have been grouped under the

following headings:

Studies of interactions betweer, 185

MeV protons and atomic nuclei pp 7 - 1 8

The GWI research act ivi t ies at CERN . . . pp 19 - 28

Accelerator physics pp 29 - 39

Support for the work reported here

has been granted by the Swedish

Atomic Research Council.
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ENERGY VARIATION OF THE (p,r) REACTION IN Ca

B. Höistad, T. Johansson and 0. Jonsson

A comprehensive experimental material from studies of the (P,T) reac-

tion on several nuclei is now available at 185 MeV. From these data it

has been possible to deduce some general trends and characteristics of

the (P.TT) reaction1^. One could therefore expect that the theoretical

understanding of the reaction also can be formulated in some basic sta-

tements. However, it has been surprisingly difficult to interprete the

data in terms of a prevailing reaction mechanism. It is still not es-

tablished if the (p,~) reaction is a single step process, in which the

proton first emits a pion and is then captured to the target nucleus;

or if it is a multistep process where several nucleons are involved. It

is of course necessary tc know the reaction mechanism before any nu-

clear structure information can be extracted.

Experimental results obtained at different proton energies can be very

selective among possible reaction processes, since each reaction mode

has its specific energy dependence. We have therefore extended the pre-

vious measurements on B at different energies ' to inc'ude also Ca

for which large variations occur in the angular distributions. The ener-

gy variation is performed in the interval 185-173 MeV by varying the

magnetic field of the synchrocyclotron. Another 10 MeV decrease in the

proton energy is obtained by absorption technique. The result from the

measurements is presented in Fig. 1 together with data at 154 MeV from

Orsay '. The angular distribution at 185 MeV is an improvement of ear-

lier data ' with the purpose to verify if a second minimum shows up.

It is especially interesting that two minima now are established in

the angular distribution, because this suggests that the variations

should be associated with the nuclear structure of Ca rather than

with the production mechanism itself (see page 11). The distributions

at 163 and 173 MeV differ from the 185 MeV data by a shift in the mi-

nimum towards smaller q-values and by an increase of the ratio bet-

ween the cross section values at the first minimum and the second maxi-

mum. The integrated cross section in the angular interval 15° - 130°

is, however, approximately constant (£ 300 nb), indicating that the pion

absorption is not very energy dependent in the interval 45 to 25 MeV.

The changes in the angular distributions with energy is not predicted

WääWreSHBMMX1«



by the single nucleon model, but can in this case be due to effects of

the energy dependeru •• in the pion rescattering. The small relative chan-

ge in proton energy i1. not expected to have a drastic effect on the pro-

ton distortion.

• 185 MeV
173 MeV
163 MeV

i 154 MeV

600 700

qcmMeV/c

Figure 1. Angular distributions for the (p,ir )reaction in Ca

obtained at different proton energies. The solid lines

are guides for the eye.

References

1. B. Höistad, Review of the (p,r) reaction, Proc. of the Topical Meet-

ing on Intermediate Energy Physics, Zouz, 1976.

2. S. Dahlgren et al., The GWI Annual Report 1975, p. 23

3. Y. Le Bornec et al., Phys. Lett. 61J5 (1975) 47

4. S. Dahlgren et al., Nud. Phys. A227 (1974) 245
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THE ( p , O REACTION AS A PROBE OF A COMPONENTS IN NUCLEI

B. Höistad, T. Johansson and 0. Jonsson

It has been suggested that the (P,TT~) reaction should be sensitive to
possible L++ components in the nuclear wave function. The reason for
this is that the presence of a double charged baryon in the nucleus
allows the negative pion production to proceed in one step, i.e. the
incident proton emitts a n" and is then captured to the target nucleus
as a A + + ( S A M ) . In this reaction mode the angular distribution of the
•n' has a characteristic behaviour, since it depends mainly on the squa-
re of the A + + wave function in the momentum space. The (p,*) reaction
involves a large momentum transfer to the residual nucleus and covers
a region where the momentum distribution of the A + + is expected to con-
tain minima. Consequently one anticipates the cross section for v~ pro-
duced via A + + to be very angular dependent. If instead the v~ are pre-
ferably produced in a multistep process the angular distribution is

9 2^more likely to be isotropic. Previous measurement on K from Be ' and
13 3)C ; in fact show very little variations in the angular distributions.

However, a specific choise of target nucleus can bring out the typical

features of the A reaction mechanism. Mg is considered ' to be very
+ 27

favourable, since in this case the 5/2 ground state of Si is produ-
++ 26ced by coupling the A to the DMg nucleus from an £=4 orbit. The high

ji-state implies large momentum components in the wavefunction and thus

an enhancement of the cross section compared to capture to low ř-states.
This is important, because then the relative contribution from the back-
ground reactions involving proton or pion charge exchange is small.

As a check of the strength of the direct production mode, and of the in-
fluence from the pior, optical potential used in the calculations, it is
neccessary to have data for the reaction Mg(p,ir+) Mg. In this ca-
se the pion emission is followed by capture of a neutron to the target
nucleus (SNM).

We have measured the angular distribution of both ir+ and ir~ production
26 27 27

from Mg leading to the ground states of Mg and Si. The prelimina-
ry results are presented in Fig. 1, together with the predicted angular
distributions calculated ' in the SNM and SAM. The differences between
the theoretical and experimental distributions are striking. The data
can neither support the direct production mode for *+ nor ir" with the

9



assumptions made in ref. 1. The isotropic distribution for * follows
q 73

the same pattern as for Be and C, while the structureless cistribu-
tion for ti is unusual and has only been seen to some extent in ~~si

before.

10

i o 2 -

c
blcj

10

lo'
1

^ { 26Mg(p,u-|27Si

HT i * H i t i

f f
f *

50 100 150
elab

Figure 1. Angular distributions for (p,ir) reactions in ZöMg

and theoretical predictions calculated in the SNM

for IT and the SAM for n~ production.

References

1. L.S. Kisslinger and G.A. Miller, Nucl. Phys. A254 (1975) 493.
2. S. Dahlgren et al., Nucl. Phys. A204 (1973) 53.

3. S. Dahlgren et al., Phys. Lett. 47B (1973) 439.
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PION PRODUCTION FROM HEAVY NUCLEI

B. Hb'istad, T. Johansson and 0. Jonsson

The main problem in the interpretation of (p.-tr) data is the understand-

ing of the reaction mechanism. In spite of a large amount of experimen-

tal data one has not suceeded to find a theoretical model which gives

a consistent agreement with data for all riclei, although certain prog-

ress has been achieved in a few cases.

The (p,tr) data from nuclei which involves capture to the 2s - Id shell

contain a more or less pronounced minimum in the angular distribution.

An important step towards a better understanding of the reaction is

therefore to investigate if the minimum is a due to the reaction me-

chanism or if it should be associated with the nuclear structure. Data
41for capture to the lf7/2 shell in Ca (see page 7 ) indicate that the

variations in the angular distribution can arise from the momentum dis-
tribution of the captured nucleon, since two minima occur. Moreover,
these minima coincide with those of the calculated momentum distribu-
tion of the Ify/o neutron for a specific choice of parameters in the
Woods-Saxon potential which is used to generate the neutron wave func-
tion.

In order to find further evidence for a possible correlation between

the momentum distribution and the experimental angular distributions

we have extended the measurements to include Zr and Pb for which

the calculated form factors show several minima in the momentum range

covered by the experiment. Unfortunately the heavier nuclei will cause

larger pion rescattering effects which can suppress oscillations in the

angular distributions. Preliminary data from current measurements of

the 90Zr(p,n+)91Zrg $ and the 2 0 8Pb(p 5/)
Z 0 9Pb g s reactions give ra-

ther isotropic angular distributions. However, due to the very small

cross sections of only a few nb/sr it is impossible, with the present

beam intensity, to obtain sufficient counting statistics to discern

small variations in the angular distributions.
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ELASTIC AND INELASTIC SCATTERING OF 185 MeV PROTONS FROM °^

A. Ingemarsson, O. Jonsson and G>. Ti bel 1

Analyses have been performed for the experimental results for the elas-
tic and inelastic scattering of 185 MeV protons from Y, reported in
Annual Report 1976. The optical model calculations for the elastic scat-
tering resulted in two different optical potentials. The first one, de-
noted by I, has about the same radius for the real and imaginary cent-
ral potential while the second one has a much larger radius for the real
central potential than for the imaginary one. As can be seen in Fig. 1
the second one gives a better fit to the differential cross section as
well as to the polarization.

20 30 50 60

íí!

II

Figure 1. Angular distribution for the differential cross sect-
tion and the polarization in the elastic scattering
from Y and optical model fits.
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Calculations for tte inelastic scattering from the 9/2 state at 0.909
MeV nave been analyzed in DWBA and DWIA. Since neither the DWBA code
nor the DWIA code v. applicable to scattering from nude' with non-zero
spin the calculation; were performed with the assumptions tnat the dif-
ferential cross section is the same as the one calculated rrom a spin-
zero nucleus and that one multipolarity of angular momer.tjir, transfer
(L = 5) is dominant. Fig. 2 shows that the DWIA-calculation reproduces
the experimental results rather well. The DWBA-calculation [Fig. 3) gi-
ves also reasonable agreement, in spite of the fact that tnis transition
is considered to oe due to a pure single-particle transition from a
2 p,, ? orbital to a 1 9q./o orbital.

8 9Y(p,p')8 9Y

Q = - 0.908 MeV

DWIA IL--5)
pot 1
pot U

Figure 2. Angular
disť""2^tion for the
differential cross
section •'"or the 0.909
MeV peak in yY. The
curves are DWIA-cal-
culaletions with the
two different opti-
cal potentials.

10 '

....

10 ;ra 30

1

1

«0 60 60

S 9 V < P . P ' ) 8 V '
Q = -0.908 MeV _j

OWBA (L-5)

pot I 6 5 (9/21 »0.133

pot II 6 5 (9/2) • 0.130 _

Figure 3. Angular
dis z: ibution for the
differential cross
section for the 0.909
MeV peak in 8 9Y. The
curves are DWBA-cal-
culations with the
two different opti-
cal potentials.
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POLARIZATION IN THE ELASTIC AND INELASTIC SCATTERING OF 185 MeV

PROTONS FROM 12C

A. Ingemarsson, A. Hallgren and 0. Jonsson

Analyses have been performed of the results for the polarization in the

elastic scattering and in the excitation of the O level at 7.65 MeV

and the 2 + level at 4.43 MeV in C reported in Annual Report 1975 to-

gether with earlier data for the differential cross section and the po-

larization. The results have been published in GWI-PH 4/76.

Fig. 1 shows the results from the optical model calculations. It was
found very difficult to reproduce the very low polarization value at
65°. Thus pot. Ill and IV which reproduce this low minimum was obtained
by decreasing the error in the polarization by a factor of ten at the
largest scattering angle. Furthermore pot. II and IV differ from pot.I
and TII by the fact that they have been obtained by decreasing the er-
ror in the reaction cross section by a factor of ten. The parameters in
the four potentials differ substantially but it is interesting to note
that they give very similar fits to the small angle scattering.

Fig. 2 shows the results from the OWBA-calculation for the 2 + and 3"

level using potential II. The calculations give a very strong support

for the use of the full Thomas form for the deformed spin-orbit inter-

action. It is interesting to note that this conclusion is based not on-

ly on an improved agreement with the experimental results for the polari-

zation but also on a substantially better fit to the experimental data

for the differential cross section.

In the DWIA-calculations the radial wave functions were generated from

a Woods-Saxon potential. The potential depth was adjusted to give the

correct separation energy for each particle (hole). Unbound states were

arbitrarily treated as slightly bound. This method which is rather often

used does not give ortogonality between the states (n,s,,j) and (n+l,n,j).

Even if this error probably only affects the calculations for the 0 le-

vel at 7.65 MeV we have decided to repeat the calculations with ortho-

gonal wavefunctions for different main quantum numbers.

14
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DWBA-CALCULATIONS FOR QUADRUPOLE TRANSITIONS IN 28Si AND 32S INDUCED BY

185 MeV PROTONS

A. Ingemarsson

Angular distr ibut ions for the d i f fe rent ia l cross section and the po la r i -

zation of 185 MeV protons populating the 2+ levels at 1.78 and 2.23 MeV

in Si and S, respectively, have been calculated in the distorted wave

Born approximation(DWBA) in order to see whether such calculations can

reproduce the very sharp minimum observed at a very high momentum trans-

fer ( q C M * 700 MeV/c) by Sundberg et a l . ' * The optical potentials used

were derived from the elast ic scattering data at 155 MeV. The calculated

angular distr ibut ions are shown in F ig .1 . The sol id curves have been ob-

tained with the optical potentials from ref.2 and the dashed curves with

potentials derived in this work.

As seen in the figure the calculations reproduce the sharp minimum in

only one case out of four. The fact that the minimum was reproduced in

one case i s , however, encouraging and the analysis indicates that i t

should be possible to reproduce the angular distr ibut ions for these

excitations by DWBA-calculations. The sens i t i v i t y to the optical po-

tent ia l makes, however, further calculations meaningless unt i l much more

accurate e last ic scattering data are available.

References

1. 0. Sundberg, A. Hallgren and 0. Jonsson, GWI Annual Report 1975,

p.17

2. A. Wi l l i s et a l . , Nucl.Phys. Aljl£, (1968) 417
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Figure 1. DWBA-calculations for the excitation of the 2+ levels

at 1.78 MeV in 28Si and 2.23 MeV in 3 2S.
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THE GWI RESEARCH ACTIVITIES AT CERN

The research based on the CERN accelerators has been:

1. Preparation of an experiment on elastic scattering in the Coulomb

interference region using hadrons between 50 and 150 GeV.

2. Data taking fcr an experiment on 5 GeV pion-helium interactions

with the main purpose to search for nucleon resonances in helium.

3. Analysis of an experiment on coherent and incoherent production

of baryon resonances in interactions between 18.6 GeV protons and

He, C, A l , Ag and U nuclei.

The f i r s t of these projects is a Soviet-French-Swedish collaboration.
The preparation of the experimental equipment has been made in the home
laboratories during the f i r s t part of the year and the experiment has
been installed in the H3 beam at the SPS during the autumn. The GWI
contributes with a system of multiwire proportional counters comprising
together 2400 wires and with sc int i l la t ion detectors. In November and
December 100 GeV particles were available in the H3 beam line which
made i t possible to test the detection system.

The data taking for the 5 GeV pion-helium experiment at the PS, which

is a French-Polish-Swedish collaboration, was done in the period March-

August. GWI contributed to this experiment with the spectrometer for

the scattered pions and with the position-sensitive hodoscopes for the

incident pions. A large part of the analysis is presently being carried

out in Uppsala with participation of Polish physicists.

The analysis of the baryon-resonance production experiment is now

finished. The results on coherent and incoherent production from the

nuclear targets C, A1, Ag and U have been published. The results on

single and double pion production in proton-helium interactions are

analysed and the f inal publications are being edited.
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PRODUCTION OF BARYON RESONANCES IN PROTON-NUCLEUS INTERACTIONS AT

18.6 GeV

T. Ekelöf, P. Grafström, E. Hagberg, S. Jonsson and S. Kul lander

in col laboration with groups at CERN and University College, London.

The exc i ta t ion spectrum of the nucleon, which exhibi ts considerable

structure in the mass region up to 2 GeV, has been subject to thorough

investigat ions in both pion and proton interact ions with hydrogen t a r -

gets. Nuclear targets have scarcely been used in such investigations

because of the greater complexity in the in terpre ta t ion of the reac-

t ions . However, some of the properties of these excited states can be

extracted only from the i r production in reactions with nuclear targets .

In order to invest igate th is topic some spec i f ic reactions have been

subject to study by our group during the past 3 years. These are:

(1)

(2)

(3)

(4)

(5)

where A is one of the nuclei C, A l , Ag and U. The data taking phase of

the experiment was f in ished in May 1974 and the analysis was completed

in 1976. The analysis of reactions (1) - (4) has been performed in

London, Warsaw and at CERN, whereas reaction (5) has been analysed in

Uppsala and at CERN. The experimental set-up i s shown in F i g . l .

In reactions (1) - (4) the He-recoils were momentum analysed and iden-

t i f i e d by means of a spectrometer consist ing of s c i n t i l l a t o r s and cy-

l i nd r i ca l spark chambers developed especial ly for t h i s purpose. The

fast hadrons were momentum analysed by a large aperture magnet, sur-

rounded by spark chambers and Cerenkov-counters. For reactions (1) -

(4) a gas target was used, whereas fo r reaction (5) so l id targets were

used.

In reactions (1) and (4) a l l the reaction products were measured and
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accordingly the kinematical constraints of energy and momentum conser-
vation can be used. In reactions (2) and (3) one particle is not detec-
ted, but its identity can be determined from the missing mass, so there
is one constraint. Finally, for reaction (5) there are no constraints
because the missing system could be any combination of nuclear fragments.

SCINTILLATOR CERENKOV
ARRAY B . " B ~ COUNTER

1 ARRAY

TARGET V4 - V

— B, ß2

BEAM I

5 MWPOs S MWPC S

USEFUL
PART

OF
MAGNET

3m BLOCK I

BLOCK 2

Figure 1. Schematic view of the experimental arrangements.

For reaction (5) altogether 125 000 events with C, A l , Ag and U targets
were recorded. The incoherent part of these data have been used to ex-
tract information on the interaction between the produced pir+ir" system
and the nucleons in the target nuclei. The results of this analysis
were published in 1975.

In 1976 an angular analysis of th i same data was carried out. The t r i g -
ger for the reaction (5) was such that coherently and incoherently pro-
duced pir+ir~ events were recorded with about the same s ta t is t ics . In the
analysis the coherent and incoherent event samples were separated by a
cut in the momentum transfer ind the distributions in mass and angles
of the two samples were evaluated separately and compared.

An important feature of coherent production is that the isospin-one
exchange, I x = 1, is strongly suppressed with respect to isospin-zero
exchange, I x * 0. 'On the other hand, in incoherent production, l ike
in the case of production from a hydrogen target, both exchanges are per-
mitted. I f therefore the incoherent sample contains a component of
I = 3/2 states, then these states w i l l not be present in the coherent
sample. A difference in the mass and angular spectra between the two
samples could therefore be explained by this fact.
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In Fig. 2 is shown the distribution in the cosine of the polar angle of
the pir sub-system in the pr - rest system. The polar axis has been cho-
sen along the direction of the recoiling target part icle. The upper dis-
tr ibution is for the coherent event sample, the lower for the incoherent.
The coherent spectrum has a significant minimum around zero whereas the

incoherent one seems almost f l a t . The p?r n~ massê  l i e between 1.6 and
2 0

1.8 GeV/c . In Fig. 3 are shown the spherical harmonic moments < Y. >,
for L-values from 0 to 6, as a function of the pir IT mass from 1.4 to

2
1.85 GeV/c . The difference between the two samples is particularly

2
strong around 1.7 GeV/c where a l l coherent moments are different from
zero, whereas most incoherent moments are compatible with zero. Also

in other respects the two samples show different features and a possible

reason for these differences is the isospin selection provided i,y the

coherent production mechanism.

A complete account of this analysis has been submitted to Nuclear
Physics.^ As to reactions (2) and (3) a total of about 8000 events
have been obtained and the results of the data analysis are now being
compared with published results from isospin analysis of single pion
production on proton targets. The stat ist ics of reaction (4) is inferior
to that of reaction (5) (2500 events compared to 8500). I t i s , however,
hoped that a comparison between data obtained with proton targets and
with the results described above, would shed some more l ight on the
nature of the baryon resonances and on the mechanism for their produc-
t ion. The results of these experiments wi l l be published within a few
months.
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A SEARCH FOR N* RESONANCES IN HELIUM

S. Dahlgren, T. Ekelöf, P. Grafström, E. Hagberg, A. Hallgren,

S. Jonsson and S. Kul lander in collaboration with University groups

in Clermont-Ferrand, Lyon and Warsaw

The aim of this experiment is to verify the existence of excited nu-

cleon states in the helium nucleus. These states are predicted to have

wave functions with larger momentum components than the nucleons and

by measuring the momentum distribution of the recoiling A=3 nucleus it

might be possible to separate pre-existing nucleon states from those

produced on a nucleon.

The main interest is devoted to reactions of the type

4He

4He — > r

3H + N*

3He+ N*

The experimental setup (see e.g. GWI annual report 1975) is such that

also inclusive reactions of the following types were recorded:

4He

P

d
3H
3He
4He

anything

Fig. 1 shows the recoil detector that identifies the recoil particles
and measures their four-momenta.

4-week cycles of beam time were allocated to the experiment. Before the
last run the cylindrical thin wall mylar target was replaced by a tar-
get with titanium walls. This made it possible to raise the pressure
from 15 to 150 Atm with a corresponding increase in the data taking
rate. In total about 10 events were collected with a recoil and a for-
ward scattered particle in the trigger and about 10 events with a re-
coil trigger only. For part of the last cycle gaseous hydrogen was used
as a target with which a total of 10 events were recorded.

24



COUPC AA

1
PM J - . _ _ ^ ! _

r i -1 i =L i i i - -1 p- n sc2
— l — — M ^ - r • - — - - \sc,

PM

ro
Ol

Figuře 1. Diagrammatic view of the recoil spectrometer. W-j, W2, W 4 (W3) are vertical (horizontal) wire pro-
portional chambers. SCI and SC2 are semiconductor detectors. SI and S2 are NE 102 scintillators.
To the right is shown a cross section of the spectrometer perpendicular to the beam axis.



is

s

The main DST-program was developed at CERN during the spring in a col-

laboration between members from all the laboratories. The purpose with

the program is to calculate the four-vectors from the collected data

on the "raw" magnetic tapes. The DST-program consists of two parts, one

that treats the recoil particle and one that treats the fast forward

going pion. The former part is written by the French groups whereas the

latter part is written in collaboration between the groups from Warsaw

and Uppsala. After the end of the experiment it was decided that the

exclusive N* channel should be analysed in Uppsala. During the autumn

preparatory work for this has started and has consisted of a conversion

of the CERN DST-program to the Uppsala IBM computer; improvements of

the energy calculation for the recoil and improvements of the routine

which calculates the momentum of the pion. Acceptance and kinematics

programs have also been written. The first results are now available

from the calibration runs on hydrogen, i.e. the reaction TI +p ->TT +X.

The results are in a fairly good agreement with other experiments '.

Figure 2 shows the missing mass distributions at 5 GeV for three t in-

tervals. Preliminary results for the N* channels are expected in early

spring 1977.

* 0.01* t<=0.0i

* 0.04St<0.08
* 0.08st<0 2

Figure 2

MISSING MASS (GeV)
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ELASTIC SCATTERING IN THE COULOMB INTERFERENCE REGION AT SPS

T. Ekelöf, P. Grafström, E. Hagberg and S. Kullander in collaboration

with groups in Clermont-Ferrand, Leningrad and Lyon

The electromagnetic force between charged particles is very weak com-

pared to the nuclear force. Provided that the distance between the par-

t ic les is suf f ic ient ly large, however, the long-range character of the

electromagnetic interaction makes i t comparable in magnitude with the

nuclear force. In terms of coll isions between two particles this is

equivalent to a reaction at a very small scattering angle. Thus in the

small angle region of hadron elast ic scattering there w i l l be in ter fe-

rence effects between the nuclear and the Coulomb forces. Since the

Coulomb scattering amplitude is well-known i t is from such measure-

ments possible to extract information about the unknown nuclear ampli-

tude and in part icular the phase of the amplitude. I t should be noticed

that not only the magnitude of the phase can be determined but also the

sign.

An overall view of the experimental set up is shown in Fig. 1 - for

details see ref. 1. I t consists essentially of two parts:

1. Assemblies of multiwtre proportional chambers (MWPC) along the beam

line (total ly 3500 wires with 1 mm pitch). These serve to measure the

direction of the incident beam particles and the direction of the scat-

tered particles before and after the magnetic bending.

2. A hydrogen ionization chamber, constructed oy the Leningrad group,
to measure the energy and angle of the recoiling target part ic le. The
total charge collected on the electrodes is proportional to the kinetic
energy of the part ic le, whereas the rise time at the anode gives infor-
mation about the scattering angle.

The Uppsala group is responsible for the part of the forward spectrome-
ter measuring the momentum of the scattered par t ic les. A tota l of 12
MWPC:s with 192 wires each and 1 mm pitch are used. Half of this equip-
ment has been used in a recently finished PS-experiment. The other half
has been bu i l t during the year. The chambers have been constructed in
collaboration with CERN and the associated electronic equipment has
been built in Uppsala2*. Because of th« expected high data-taking rate
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a new read-out system has been constructed. By using a 255 16-bits word
semiconductor memory as intermediate buffer, and making a hardware co-
ding of a l l wire information, the read-out time for the computer has
decreased by, on the average, a factor of 10 (150 us for a typical
event). This new system is described elsewhere in this report.

The GWI group is also responsible for some of the sc in t i l la tor counters
with associated mechanics. These have been constructed and tested in
Uppsala and are now installed in the beam l ine.

On the software side the Uppsala group has developed a l l programs for
data acquisition and on-line monitoring of the MWPC equipment of the
whole experiment.

EXPERIMENT WA9

W6 W5

•ai
W3 W2

•m-
M2 Ml S2 1 5!

The recoil spec tiometer

W1-W6 MWPCs 1mm pilch

S!-S< Trigger scintillatore

M1.M2 Two CERN Standort 2m bending magnets ; , „

Figure 1. Layout of the Coulomb interference experiment.
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ACCELERATOR PHYSICS

S. Dahlgren, B. Lundström and P.-U. Renberg

Subject to certain conditions the Atomic Research Council has decided

to al locate funds for rebui lding the synchrocyclotron at GWI.

On February 26th 1976 the Government proposed (Prop 1975/76:117) to

al locate supplementary funds of an approximately equal amount. The pro-

posi t ion was approved by the Parliament in Apr i l 1976. In addition to

th is Uppsala University decided on November 18th 1975 to contribute

substant ia l ly to the pro ject .

Following the recommendations in Prop 1975/76:117 a Board responsible

for the project has been elected by Uppsala University and the Atomic

Research Council. The members of the Board are l i s t ed on page 5 . The

Board has had four meetings during the autumn and i t s f i r s t task has

been to present to the Government a plan for the reconstruction of the

accelerator wi th in the l im i t s of the avai lable funds. Such a plan has

been agreed upon and was delivered to the Government on October 28th

1976. I t recommends that the project shal l be supervised by GWI and

performed in a col laborat ion between GWI, CERN and Instrument AB Scan-

d i t r on i x , Uppsala.

Complementary studies of various components of the proposed sectorfocus-

sing synchrocyclotron (SFSC) have continued, in par t i cu la r on those

items where addit ional information is important f o r the design of the

accelerator and fo r estimating costs The work described under the

above heading has been performed in o ! . br .a t ion with accelerator

physicists at CERN and Scanditronix.
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MAGNETIC FIELD CONFIGURATION

The original magnetic field was designed for a 10 '.'• bandwidth of the

RF system. From later studies of the RF system it has been shown, how-

ever, that a reduction of the bandwidth to 6.5 % is necessary in order

to achieve the required accelerating voltages.

The change of bandwidth requires a modification of the originally de-
signed field configuration in the radial interval 0-1 in. It must be
possible to vary the "field profiles" within the shaded regions in Figs
1 and 2 in order to realize the multi-particle, wide-energy range ope-
ration. Such small corrections are easily performed by the use of cir-
cular trim coils placed on the valley floor where the coils can pass
through the gap between the sector and the pole-piece forming the val-
ley floor. By this arrangement the coils will not interfere with the
RF-system. Calculations show that 5 pairs of circular trim coils with
4000 At in each coil will give the required correction of the original
field. A check of these calculations will be performed with a set of
test coils manufactured for the model magnet.

1.40

8s,or. ( T e s l°>

2 = 270 MeV C
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Figure 1. Start and stop fields for isochronous acceleration
of various particles at high magnet excitations. The
diagram to the right shows the relative bandwidth as
a function of the start field.
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Figure 2. Start and stop fields for isochronous acceleration

of various particles at low magnet excitations.

Another variable field correction will be done outside r = 1.1 m in or-

der to obtain the correct gradient of the average field at various ex-

citations. Due to saturation effects in the pole, the derivative dB/dr

increases with decreasing magnet excitation and this influences the

betatron frequencies of the particles so that the axial stability is

lost already at medium excitations. The required gradient correction

of _< 10 Gauss/cm can be obtained by the use of harmonic coils in the

valleys,each having 8000 At. This has been verified by tests in the

model magnet.

A third field correction must be introduced at small radii (r = 10-15
cm) in order to reduce the first harmonic component of the field in
this radial interval. A system for imposing a magnetic first harmonic
correction of known amplitude and azimuthal position has been tested
in the model magnet. It consists of three pairs of harmonic coils pla-
ced at a constant radius from the magnet centre with one coil in each
valley. By proper excitations of these coils it has been possible to
reduce the first harmonic field component to < 1 Gauss.
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THE RADIO-FREQUENCY SYSTEM

The results from the studies of the central region have led to a rede-
sign of the RF-system in order to increase the accelerating voltage.
The power consumption for a broadband system is roughly proportional
to the relative bandwidth, the electrode capacitance and the square
of the electrode voltage. To increase the electrode voltage at a given
power one must reduce the bandwidth and/or the Dee capacitance. The
reduction of the bandwidth is mainly a question of changing the magne-
tic field configuration. A lower Dee capacitance has been obtained by
a cut-back of the Dee-electrode. The original 90° angle is kept out to
r = 0.5 m where a reduction starts and at full radius the Dee-angle is
% 66°. This makes it possible to increase the Dee voltage by some 10"
with respect to the full 90°-Dee alternative. A slight reduction in
effective energy gain per turn at large radii will occur but this is
more than compensated for by the higher energy gain during the initial
phase of the acceleration where the higher Dee voltage is needed. The
reducedDeé angle is also advantageous as it leaves more space for the
extraction elements.

Fig. 1 shows the general layout of the machine. Model measurements in-
dicate that it is possible to attain a 17 kV Dee voltage over a rela-
tive bandwidth of 6.5% if the duty cycle is kept less than 30*. The to-
tal power consumption would then be 300 kW (time average); 100 kWin
each tube, 50 kW in each resonator.

For further improvements of the performance of the RF-system the follo-
wing alternatives have been discussed:

I

1. Anode power supplies with output voltage modulation using a thyris-

tor regulator or a resonating circuit. This makes it possible to re-

duce the anode losses and hence raising the duty-cycle without in-

creasing the power consumption, it is not possible, however, to in-

crease the Dee voltages unless the power supply voltage is increa-

sed.

2. A synchronous tuning of the Dee resonators by the use of ferrite
variators. This tuning method has been used in synchrotrons and in
the beam stretching system of the Leningrad synchrocyclotron. The
power consumption of the RF-system would be reduced drastically,
but the method would require additional high current supplies for
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the saturation of the ferrite. The cost of such a system is not yet

possible to estimate.

Figure 1. General layout of the machine.
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STUDIES OF THE CENTRAL REGION

From a study performed by Stig Holm, Scanditronix, i t has been shown
possible to use a central region without any moving parts for accelera-
tion of protons on the fundamental frequency and deuterons and ct-partic-
les on the harmonic number h = 2. This is achieved by using an ion source
with two exit s l i t s . For geometrical reasons high electrode (Dee) vol-
tages are required at the beginning of the acceleration process, and
this also favours the capture eff iciency. As a low Dee voltage gives a
weak electr ical focussing, a high magnetic f i e ld bump is required to
get adequate vert ical focussing of the particles during the f i r s t few
turns. However, this would create phase shifts which reduce the capture
efficiency.

The studies of the central region have also included an investigation
of the beam quality after crossing the v = 1 resonance near r = 12 cm.
High accelerating voltages and small f i r s t harmonic f i e l d components
in the actual radial interval minimize the radial blow-up of the beam.
Calculations show that the radial betatron amplitudes can be kept wi th-
in 1.7 mm with a f i r s t harmonic f ie ld component < 1 Gauss and a Dee
voltage of 15 kV.
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EXTRACTION SYSTEM

The extraction efficiency (n) for accelerators with high intensity beams
has to be very high in order to keep the machine activation within to-
lerable limits. According to the formula

n = 1 - ÄR"

the main problem is to produce a turn separation AR which is much lar-
ger than the thickness, d, of a septum separating the internal beam from
the deflected beam. The regenerative extraction principle is the most
suitable in this case. This method is based on field disturbances caused
by a negative gradient followed by a positive gradient which brings the
center of curvature to move in a fixed direction towards a deflector.
The positions and strengths of the so called peeler and regenerators
as well as the deflector channels have been determined from theoretical
studies performed by Stig Lindbäck, Scanditronix. The calculations are
based on field data measured in the model magnet at four magnet excita-
tions corresponding to extracted proton beams of 200, 185, 165 and 135
MeV.

A suggested beam extraction system is shown in Fig. 1. Fixed field gra-
dients of 300 G/cm and -300 G/cm for the regenerator (R) and the pee-
ler (P), respectively, seem to be optimal. The electromagnetic channel,
EMC, has a septum thickness d = 3 mm and introduces a field reduction
of 2-3 kG over this distance. To increase the extraction efficiency an
electrostatic predeflector, ESC, with a thin septum of d = 0.5 mm is
placed just before the peeler. Depending on the value of the turn sepa-
ration AR it might be possible to obtain an efficiency of

n = 0.93 - 0.97

As the fringe f ie ld is horisontally defocussing one has to instal l fo-

cussing elements, FC, to avoid a strong beam divergence.

The theoretical studies have also shown that the radial qua1 '.y of the

internal beam is extremely important for the extraction efficiency and

energy spread in the extracted beam. Extraction of 135 MeV protons re-

quires a radial amplitude less than 4 ram while 200 MeV protons can be

extracted with an amplitude of 15 mm.
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Figure 1. Layout of the beam extraction system.
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Part of the extraction elements can be designed and tested in the model
magnet. The tests of the simplest element, the peeler, is already done
and the result is shown in Fig. 2. A model of the more complicated re-
generator-focussing channel combination is under construction. The re-
maining elements wi l l be designed in fu l l scale and the main tests have
to be performed in the large magnet.
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- -1000
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-3000

Figure 2. Field gradient produced by the peeler.

37



EXTERNAL BEAMS AND VACUUM SYSTEM

The studies of the extraction system have shown that very good beam
qualities can be obtained for the external beams. For the vertical mo-
tion an emittance of approximately 20 mm • mrad can be realized without
slits. The horizontal motion has been studied for field strengths of 3
kG and 2 kG in the electromagnetic channel. A strong dispersion in the
external beam is achieved in both cases: 55 keV/mm and 15 keV/rnm, re-
spectively. The eigen-emittance is of the order of 6 - 12 mm • mrad in
both cases and the total emittances are 60 - 70 mm • mrad for a maximum
radial amplitude of 6 mm. The dispersive property of the extracted beam
implies that if one choses a slit of 1 mm an energy resolution of about
50 keV FWHM can be obtained. The horizontal eimttancec are in this way
also automatically reduced to 10 mm • nrad for 3 kG and 2 mm • n^ad for
the 2 kG case. By introducing such a narrow slit only r fraction of the
total beam is used. The amount of transmitted particles depenas on the
distribution of radial amplitudes. This distribution is not '<riúwn, but
estimates show that a transmission of 5 - 15 '.: can be expected.

To use the full beam (e.g. 10 ;ÍA protons) it has been suggested to use
a thin absorber, 1.2 - 1.8 MeV, with a 1 - 2 mm slit. The attenuated
part of the beam will be separated from the transmitted beam with the
aid of a bending magnet and can be used for continous isotope produc-
tion.

In the new experimental area of about 500 m the following beam facili-
ties will be available:

1. Beams with an energy resolution of 0.03 % FWHM for physical and bio-
logical experiments. Radiation protection sets an upper limit of
1 ejiA for the intensities.

2. A high intensity beam for an on-line device for isotope separation.
3. A secondary neutron beam produced in the forward direction via the

reaction D(p,n)2p. The beam intensity will be 107 - 108 n/s with
an energy spread of about 6 MeV FWHM.

4. A polarized proton beam with 10 p7s produced in elastic scattering
12of protons from C. The energy spread of this beam will be about

0.8 MeV FWHM.

A detailed planning of the beam layouts and calculations of beam ele-
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ments have started. A beam transport program developed at CERN (B. He-

din, Computer program Beamop, MSC-71-6) has been converted for the IBM

computer in Uppsala and is used for the calculations.

Two alternatives^"standard" vacuum version and a high vacuum version
have been discussed in the design of the vacuum system for the SFSC.
The same tank geometry will be used in both cases and the tank materi-
al will be stainless steel.

The standard vacuum alternative is based on a tank pressure of 10
Torr, which admits acceleration of light ions up to oxygen without sub-
stantial beam losses due to gas collisions. This pressure can be ob-
tained with two oil diffusion pumps, each with a pumping capacity of
10.000 ;/s after the baffle. The gas outlet from the internal ion sour-
ce is in this case assumed to be 1 cm /min. It will be sufficient to
use conventional 0-rings like polyurethane or viton for the connection
betwoen the tank and the pole pieces.

In the high vacuum case a tank pressure of <_ 10 Torr will make it
possible to accelerate ions heavier than oxygen. In this case the gas
load has to be reduced considerably. The most efficient reduction is
obtained by placing the ion source outside the machine. Metal seals
must be used instead of rubber 0-rings and the iron material inside
the tank has to be nickel-plated in order to reduce the out-gassing to
a minimum.
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P H Y S I C A L B I O L O G Y

The present profile of research in physical biology has its origin in
problems encountered in biological experiments and pretherapeutic stu-
dies with protons accelerated in the synchrocyclotron. This is one
reason why radiobiology and nuclear medicine are two major research
themes at the institute. Another, theoretically more important, is
that radiation studies have great bearing on general biology.

Blotting out the demarcation lines between the classical disciplines

physics, chemistry and biology is a prerequisite for most projects pre-

sented here. In fact, the experimental research reported is a joint

endeavour of specialists in various branches of science and medicine

and of students with varying basic education. The inspiring collabora-

tion and exchange of ideas with scientists in U.S.A., U.S.S.R. and

with our colleagues at the Facility of Medicine, are also acknowledged.

An annual report is not a type of document that permits the organized
presentation of a scientific complex of problems. It is rather an
attempt to present some research activities in the form of a snap-
shot, made in hope to catch one moment of action in a scene that
continuously changes as fast as new experimental data are being
gathered and digested.

To facilitate the reading, the contributions presented have been

grouped under the following headings:

Cell biology and molecular radiobiology PP 41 - 55
Oncology and medical radiobiology op 56 - 72
Nuclear methods in biology and medicine PP 73 - 90
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CELL BIOLOGY AND MOLECULAR RADIOBIOLOGY

Support for the work reported under this
heading has mainly been granted by the
Swedish Atomic Research Council and the
Swedish Natural Research Council.
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ISOLATION OF NUCLEIC ACIDS BY THE USE OF IMMOBILIZED PROTEASES

Herman Amnéus and Volker Kasche

Quantitative isolation of nucleic acids implies several known diffi-
culties. Both DNA and total RNA can be isolated by chemical methods
that employ repeated deproteinization and delipidization. In these
cases gram quantities of tissue must be used and conformal changes in
nucleic acid structures are generated. The methods do not permit quan-
titative isolation of nucleic acids from small amounts of tissue such
as biopsies or small organ structures.

Small amounts of nucleic acids could however be isolated by more or

less specific adsorbents, such as hydroxylapatite, but especially DNA

is often contaminated with hi stone-like basic proteins.

Nucleic acids can be almost quantitatively determined by chemical

methods developed by Schneider, Ogur-Rosen and Schnndt-Tannhauser.

In these cases the nucleic acids are destroyed.

Studies where it is essential to isolate nucleic acids quantitatively
from small amounts of tissue, roust be complemented with specific
purification and isolation techniques. Two examples from our program
are given here.

(i) Proteins are being studied as indicators of induced genetic hete-
rogeneity (H. Amnéus). Detected mutations at the gene product level,
might be correlated to damage at the gene level. In the organ studied,
pancreas, only a few organ-specific gene products are synthetized more
or less continuously and are present at high levels. This might indi-
cate a high production of gene specific mRNA, which can be used to
isolate corresponding DNA by hybridization. In this case, gene speci-
fic DNA, corresponding mRNA and the gene product can be isolated from
mosaic structure of tissue for comparative studies on induced specific
locus mutations.

(ii) The presently increasing amount of H in the biosphere might lead

to an increased number of gene mutations due to incorporation in DNA.

Risk evaluations might be performed when biological half-lives of H

in DNA are determined for different tissues and organs. However, such
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a study demands a specific isolation technique of small ONA quantities.
Two techniques have been developed and tested on different tissues. For
both techniques, the yield of nucleic acids and their quality (purity
and molecular weight) as a function of parameters characterizing the
procedure of isolation (homogenization and sonification, pH, and
ionic strength) have been determined and optimized. The biological
half-life of H-DNA in Muz musoulus has been determined in brain,
liver, small intestine, spleen, pancreas, kidney and muscle (tissue
weight used < 100 mg wet weight). Preliminary results indicate diffe-
rent rates of incorporation of H in different tissues as well as
turnover of radioactivity incorporated in DNA.

The tissue is disintegrated by sonification and then treated with
immobilized pronase, a mixture of protein-digesting enzymes. The
pronase is then removed by filtration and the samples are shaken with
suspended hydroxylapatite. After filtration and washing, the nucleic
acids are desorbed by stepwise elution. This technique permits daily
processing of about 40 samples.

Nucleic acids can be isolated by the use of immobilized histones. A
variant of this technique, using other immobilized basic proteins,
is now under development. A Chromatographie adsorbent consisting of
immobilized trypsin has been tested. This adsorbent was found to bind
nucleic acids quantitatively at certain conditions. The main advan-
tage with this adsorbent is its mutual ability to digest general
protein and hence also proteins associated to nucleic acids. The
nucleic acids can be fractionated by gradient elution (both pH and
ionic strength) (Fig. la). The possibility to induce DNA-RNA hybrids
has been investigated. Sonification of pancreatic tissue at high
temperatures (> 80°) followed by fractionation of nucleic acids
yielded different elution patterns as compared to conventionally
treated tissue (Fig. lb). Properties of DNA isolated by trypsin-
Sepharose are given in Table I. The obtained amounts of DNA are
higher than values reported in the literature. The applicability of

the developed isolation technique is now tested on small quantities
of liver and spleen tissue (< 1 mg).
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TABLE I

Organ DNA
A26O / A23O

RNA*

je wet
weight

DNA**
mg/g tis-
sue wet
weight

DNA***
Mw distri-
bution,
Dal tons

DNA/RNA

Pancreas

Liver

2.

2.

2

2

23

17

.4

.3

6.

5.

0

1

> 2.

> 2.

106

1O6
3

3

.9

.4

Orcinoitest Diphenylaminetest it it )ť Molecular sieving

n n
GRfi::WT CL'JTIOfi

decreasinr] pH;

Figure 1. a) Fractionation of nucleic acids by the use of

trypsin-Sepharose.

b) Fractionation of nucleic acid hybrides by the

use of trypsin-Sepharose.
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PROGRAM FOR SCREENING OF MUTANT GENE PRODUCTS BY PREPARATIVE

FRACTIONATION

Herman Amnéus, Detlef Gabel and Volker Kasche

A technique combining column chromatography and disc isoelectric
focussing has been found to be very effective in separating specific
gene products from pancreatic tissue. Structural and functional
mutants of chymotrypsinogens of isogenic murine strains and their
crossings have been fractionated permitting an analysis of corre-
sponding genes and their loci''. The method, however, does not so
far permit efficient screening of numerous pancreata or numerous
parts of a single pancreas. This would be a prerequisite when effects
and consequences of environmental affection of genes at specific loci
are to be biochemically characterized at the somatogenetic level.

Automatization of the separation technique is now underway. The
affinity Chromatographie adsorbent, soybean trypsin inhibitor immo-
bilized to Sepharose, interacts biospecifically with chymotrypsins
and trypsins, which permits selective isolation of such molecules
from the complex mixture of proteins found in pancreatic homogenates.
The adsorbent, when packed in nylon net bags can bind the proteases
in a pancreatic homogenate quantitatively at pH 8, and then, after
removal of non-adsorbed protein, be applicated onto a focussing gel
plate close to the anode. During the focussing process, the pH is
lowered at the anode region and also in the biospecific adsorbent.
This results in a desorption of the proteases, and so they can move
to their isoelectric points.

The results indicate that stacks of gel strips containing the bio-

specific adsorbent at one end of the gel can be used for screening

purposes. The principles may be outlined as follows:

a) Biospecific adsorption of proteases in pancreatic homogenates

using strips with the following properties:

(i) Biospecific adsorbent stacked in photo-polymerized acryl-
amide at one end of the strip.

(ii) Polyacrylamide with carrier ampholytes at the other end.

(The main part of the strip.)
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The strips are now being developed and tested. Calculations show that

the technique will permit simultaneous screening of 400 different

samples from a single mouse pancreas. The figure being determined by

the present detection limit for the proteases. The method will be app-

lied to a study of the occurrence of natural and induced somatogenetic

mosaic structure in the pancreas and their biochemical characterization.
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PROTEINS AS INDICATORS OF INDUCED GENETIC HETEROGENEITY

Herman Amnéus

To study heterogeneity of given genes, proteases have been characte-
rized. The gene products, two chymotrypsinogens and three trypsinogens
of the mouse pancreas have been isolated and separated by affinity
chromatography and isoelectric focussing. A naturally occurring micro-
heterogeneity within both chymotrypsinogen loci has been shown. In
isogenic strains of Mus mueaulus (NZB and A/Sn), allelomorphisir, exis-
ted at both loci. At one locus, the alIsomorphism did only affect
the structure. At the other locus, both structure and function were
affected. The differences have been further characterized quantita-
tively by studying enzyme kinetics, by determination of molar absorp-
tion coefficients, by specific cleavage of the gene products followed
by fractionation and amino acid analysis of the fragments (cf. previous
Annual report). These results and the techniques developed have been
presented at the Tenth International Congress of Biochemistry, 1976
and in three publications .

The natural heterogeneity within the gene products is probably not
constant during life. This variation due to both reversible changes
(regulatory changes, modulation of gene expression) and irreversible
changes (ageing processes, spontaneous or accelerated by environ-
mental factors) can make the evaluation of induced damage uncertain.
This variation must be carefully investigated in order to get a proper
estimate of further affection by environmental factors.(This is to be
discussed in a Doctoral Thesis, H. Amnéus, in preparation).

Genes may also be affected by chemical mutagens or ionizing radiation.
This may, in addition to natural variation, lead to a varying increase
of the heterogeneity at particular loci. Considering a mature tissue,
the induced heterogeneity may vary from cell to cell, as expressed
through varying gene function. The aim of the project is to develop
a method for quantitative characterization of in vivo induced somato-
genetic damage and its consequences in terms of altered structure
and function of the gene product.

The applicability of the technique so far developed for the murine
system is summarized in Table I (left column}. Cooperation with
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cliniscists has started in order to test the applicability of the

technique on human material (Table I - right column).

The experimental work is now mainly concentrated on two problems:

(i) Development of a screening system that permits rapid analysis of
natural and induced somatogenetic heterogeneity of the pancreas
in terms of biochemical parameters of the gene products (See
above project - Program for screening of mutant gene product by
preparative fractionation).

(i i) Investigation of the rate of projection of gene damage to the gene
product level, and possibilities to isolate DNA of the specific
genes and corresponding mRNA in material from the mosaic structure
of the pancreas (See above project - Isolation of Nucleic acids
by the use of immobilized proteases).

(i) and (ii) represent steps in the foreseen development of a system
that permits coordinated analysis of a gene, its transcriptional
message and its product.

TABLE I

Murine system

Isolation and characterization

of proteases

t

Detection of naturally occurring
structural and functional mutants
within single genes

l

Reversible or irreversible varia-

tion in natural heterogeneity

(Endo- and exogeneous factors)
l

Screening system for the gene

products. This system must be
capable to resolve induced
mutants (Under investigation)

Isolation of a gene, its mRNA and
product (Under investigation).

Human system

Technique for the isolation

and characterization of

proteases

Mapping of human populations

with respect to physiologically

significant mutations

Diagnosis of pancreatic exo-

crine insufficiency, chronic

pancreatitis and carcinoma,
?+somatogenetic ageing, Ca -

disturbances.
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The possibility to detect specific locus mutations after irradiation
of the mouse pancreas has been studied. Using the developed technique,
the number of gene product molecules stored in each cell and the
number of gene product-producing cells are sufficient to detect some
mutations present in pancreas after affection. Preliminary results
indicate higher heterogeneity in the gene product of repeated Se-
methionine treated mice (200 yCi/animal) than of normal untreated
mice (Fig. 1).

CT-I

A CT-II

A
irrad i

A Ä
INCREASING pH (qrad'ent

Figure 1. A single dose of 200 yCi Se-Met was injected in
mice monthly during three months.Four months after the
first injection, 10 pCi H-leucine was injected in
the treated animals and a control group of untreated
animals. The figure shows isoelectrical focussing
patterns of proteases previously isolated according
to function. CT = chymotrypsin.

References

1. H. Amnéus, D. Gabel and V. Kasche, J. Chrom. 120 (1976) 391.
2. H. Amněus, Biochem. Genet. J4. H 9 7 6 ) 953.
3. V. Kasche, H. Amněus, D. Gabel and L. Näslund. To be published.

49



I
THE KINETICS OF REPAIR OF RADIATION-INDUCED DAMAGE IN CELLS

Karl J. Johanson, Tord Johnsson, Synnöve Sundell-Bergman and
Olle östling

It is well-known that cells in culture are able to repair damage of
DNA such as single-strand breaks. Neurons, tnymocytes and hepatocytes
in vivo have also been shown to have the capacity of DNA repair, as
shown by studies of DNA breaks by density-gradient centrifugation.

More detailed knowledge of the kinetics of the repair of radiation-

induced damage at the cellular and molecular levels would be valuable

for possible improvement of the fractionation schedule in radiotherapy.

To this end we have used a recently developed method based on the esti-

mation of the rate of DNA strand separation in an alkaline solution.

The method introduced by Ahnström ' and further developed by Rydberg '

is more sensitive and more simple than the ultracentrifugation method.

Kith this method we have found that crypt ana villous cells of the
small intestine of the mouse are able to repair DNA breaks which have
been introduced by Co gamma radiation '. There was only minor diffe-
rences in the number of breaks introduced in DNA in crypt and villous
cells and in the kinetics of the repair of the DNA Dreaks. Some diffe-
rences in the kinetics of the repair in neurons, thymocytes and hepa-
tocytes could,however, be seen. In order to get more comparable results
we have started a study of the radiation-induced DNA-breaks and their
repair in cerebrum and cerebellum of young rats, and this study will
also include several other tissues.

$ •

More information, about synergistic effects between radiation and chemi-
cals affecting the repair of DNA is also needed. We are therefore
studying the effects of some DNA repair inhibitors in vivo. Our pri-
mary interest is to find out if there appear any differences between
different tissues which can be of importance in radiotherapy combined
with treatment with drugs. Our hypothesis is that inhibitors are meta-
bolized or otherwise eliminated from various tissues at tissue specific
rates.

Radionuclides incorporated into DNA such as H or I have also been

found to introduce DNA-breaks at their decays. Decay of I (incorpo-

ví;
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rated into DNA) seems to introduce more serious damage to DNA than H-
125decay as indicated by our observation that the I-induced DMA breaks

are only partly repaired.

The unwinding of DNA in alkaline solution is supposed to start at
breaks in DNA. These breaks can be radiation-induced but even nicks
found at the replication forks in normal replicating cells are recorded
as "breaks". This means that if the unwinding is started at short inter-
val after introducing H-thymidine into the cells, most of the labelled
DNA will be unwinded and found in the single-stranded fraction of DNA.
So we have studied the rate of DNA replication in crypt cells or mouse

by the same method as we studied the repair of DNA breaks5)

We found that hydroxyurea stops the chain elongation or termination
of replicons. Co gamma radiation on the other hand had no effects on
the chain elongation of DNA or the termination of replicons. This work
has been extended using Chinese hamster cells in vitro and the
results seem to be similar to the crypt cells experiments. Similar
results have been reported in the latest years, using other methods.
It seems thus possible that gamma radiation effects some process of
importance for the initiation of new replicons.
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THEORETICAL MODELS FOR TESTS OF MECHANISMS CONTROLLING GROWTH AND

DIFFERENTIATION

Jörgen Carlsson

For quantitative description of mass or volumetric growth of tumours
and normal tissues equations of the Gompertz or logistic type have
usually been used. After adaption to experimental data, these equations
are of value but analysis of causal relationships require detailed mo-
dels based on simulation techniques.

Two simulation techniques have been developed, one which deals with

the time pattern (TP) and one which also includes the spatial pattern

(SP) of growth. The methods have been described in the previous annual

report.

During the past year, age distributions, percentages of labelled mito-
ses, and other growth parameters (Fig. 1) have been calculated using
the TP method and assuming the cell-cycle behaviour to be in accord
with Fig. 2.
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Figure 1. Relative growth
defined as the quotient
between the doubling time
during the time delta-t
and the ideal volume time
if there were infinite
number of proliferative
cells. In the upper part
delta-t is one hour while
it is ten hours in the
lower part.

Age distributions of
cells in the cell
cycle when 10 percent
(upper part) and 50
percent (lower part)
variations in the
length of the phases
have been assumed.

Simulated labelled mi-
toses curves (filled
circles) and labelling
indices (unfilled circ-
les) after simulation
of a 30 min long pulse
of 3H-TdR. In the upper
curves the variations
in the lengths of the
phases are 10 percent
while they are 50 per-
cent in the lower cur-
ves.
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Figure 2. Schematic illustration of

the simulation method when the con-

ventional cell-cycle is considered.

The model has been adapted to experimental data from human glioma cells
in mono! ayercul ture (Fig. 3) using the Simplex optimization technique '
(Fig. 4). The adaption was reasonably good during the exponential growth
phase while larger deviations were seen in the plateau phase.

A new cell cycle model presented by Smith and Martin ' will also be

tested. In this model the proliferation control is reflected as a

changing probability for entrance into the S and G2 phases.

Experimental cell kinetics has through the last decade reached a high
level of sophistication and permits description of proliferating sys-
tems in great detail. The results of our present work will facilitate
the interpretation of the accumulating large amount of quantitative
information.
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Figure 3. Cell kinetical data for
glioma cells cultured as mono-
layers. The growth curve together
with the labelling indices after
48 hours of incubation with 3H-TdR
are shown in the upper part. In
the lower part the percentage
labelled mitoses after pulse-
labelling with 3H-TdR and the
percentage labelled cells after
continuous incubation in H-TdR
is shown.

Figure 4. Search pattern when the
Simplex routine minimizes the dif-
ference between theoretical and
experimental data by adjustment
of the parameters in the theore-
tical model.
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STUDIES OF RADIATION-INDUCED CHANGES IN CELL NUCLEI OF THE RAT BRAIN

Humberto Cerda and Kerstin Rosander

There is much evidence that indicates severe damage in the cell nuc-

lei after irradiation. In mitotic cells, the DNA synthesis has been

subject to much attention especially concerning structural changes in

the DNA molecule itself. It has been found that single strand breaks

are repaired shortly after irradiation '. This also seems to be valid

for non-dividing cells, like those of the adult central nervous system',2)

Apart from the DNA synthesis, the most important process in the nuclei
is the RNA synthesis occurring in the nucleoli and in the nucleoplasm.
Relatively few data exist concerning the radiosensitivity of this pro-
cess. In cells from the rat brain the total RNA synthesis has been

3-4)found to decrease shortly after irradiation '. Some attempts have
been made to study the different RNA synthesis processes in vivo after

irradiation '. It has been suggested that at least mRNA is radiosen-

sitive, either due to decreased priming ability of the DNA or due to

"direct" damage '.

At present, we are studying radiation-induced changes in the cell
nuclei of the rat brain according to the following lines:

1. The amount of single strand breaks and their repair after Co-y

irradiation of rats at different ages.

2. The RNA synthesis processes after irradiation of rats at different

ages.
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ONCOLOGY AND MEDICAL RADIOBIOIOGY
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CELL KINETICAL STUDIES OF THREE-DIMENSIONAL GLIOMA CELL COLONIES

Jörgen Carlsson, Mohammed Hadji-Karim, Sverker Nilsson and
Carl-Göran Stålnacke

Three-dimensional cell colonies of the human glioma cells 118 MG, cul-
tured in suspension or agarose show a tissue-1ike-morphology ' (Fig. 1
and 2). The aim of the investigation is to gain better insight into
mechanisms responsible for the irregular growth pattern often seen in
malignant tumours. The investigations will also give a basis for de-
tailed studies of proliferation disturbancies of hypoxic and metaboli-
cally depressed cells.

Figure 1. A 2 -_m section of a Riethacrylate embedded colony

stained with hematoxylin and eosin.

The fine structure of the colonies during exponential growth has been
investigated '. The mean volumetric fraction of the extra-cellular
space increased from about 20 percent at the periphery to nearly 40 per-
cent in the central region. The quotient between nuclei and cytoplasm
showed a slight decrease with depth. Membrane rufflings occurred both
at the periphery and in the centre of the colonies but were larger and
more frequent in the periphery {Fig. 2). The fraction of mitochondria
and vacuoles in the cytoplasm, showed rather large local variations.
However, the mean amount of mitochondria decreased somewhat towards
the centre and the amount of vacuoles containing highly electron-
absorbing material (probably lysosomes) increased in the most central
regions.
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Figure 2. Transmission electron microscope pictures of glioma colonies

cultured in agarose. Note the cellular organisation with ruffle

'narked with r) and vacuole-rich cells in the periphery.

The mitotic activity (MI) and the fraction of cells which incorporated
tritiated thymidine (LI) decreased nearly exponentially with the depth
in the colonies, the shape and inclination of the proliferation gra-
dient oeing independent of the colony diameter. The MI and LI indices
reached naif maximum activity at about 80 ym corresponding to about
five cell diameters (Fig. 3). The gradient was very constant from cul-
ture to culture, a fact that explained why the volume doubling times
were rather similar for colonies of different sizes.

Experiments are being performed to measure viability and proliferation
as a function of the oxygen tension. The colonies are cultured in small
chambers in which varying amounts of N2, 0 2 and air can be mixed (Fig.
4b). Otner factors such as osmolality, pH and medium depletion, which
probably influence the growth pattern in malignant tumours, are to be
tested in the same experimental set up. To allow detailed correlation
between oxygen tension, pH, proliferation and viability microelectrode
techniques under development will be utilized.
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Figure 3. The mitotic indices at different depths for small colo-

nies (350-550 urn) are shown by filled circles and the

adapted curve with a solid line. The values for larger

colonies (550-750 urn) are indicated with unfilled circ-

les and the adaptef (curve with a dashed line.

Figure 4a. Irradiation apparatus
( Cs, 25 Ci) designed for irra-
diations of cell cultures with
dose rates in the range 1-50
rad-min" .

Figure 4b. Experimental set up for
measurements of oxygen tension
with a macroelectrode in both the
gas and liquid phase in cell
cultures.
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We foresee that the three-dimensional colonies can be used for model
studies of the effects of electron affinic radiation-sensitizers on
centrally situated, probably radiation resistant, hypoxic cells '. A
comparison between colony growth and cloning of single cells after irra-
diation will be made as soon as the cloning technique for human cells
has been standardized (see below).
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MODIFICATION OF EFFECTS OF RADIATION ON CULTIVATED HUMAN CELLS

Sverker Nilsson, Jörgen Carlsson, Börje Larsson and Jan Pontén

Several parameters are presently considered by a technique permitting
detailed studies of human dipioid cells and tumour cells in vitro:
fractionated irradiation for introduction of partial synchronism and
variations in nutritive factors, oxygen tension and temperature. As a
model system we have chosen human glia and glioma cells, both cell
types being studied from many aspects in collaboration with the Wallen-
berg laboratory. In our department, growth inhibition, dependence of
nutritive factors, and cell cycle kinetics are considered in particular.

Conventional cloning cannot be employed on human diploid cells because
such cells have a low cloning efficiency and, when densely seeded they
migrate so efficiently that they become more or less isotropically
distributed. We have tried to increase the cloning efficiency, for
example by means of raising the serum concentration in the medium to
30 %, but with negative results. Instead, our newly developed method
using structured substrata is now employed. The cells are trapped on
cell-positive palladium "islands" in a nontoxic, cell-negative agarose
"sea". The size of the palladium islands and the distance between them
can be varied arbitrarily, giving different possible average cell-den-
sities and cell to cell distances. This technique yields the opportu-
nity to observe individual cells and clones with retained identity at
any time. We are now studying the possibilities to measure individual
cell survival parameters as a function of time, variations in the cell
cycle between different colonies and, most important, reproductive cell
death.

The main difficulties associated with the new method are due to the
facts that counting of unstained living cells on the "islands" is diffi-
cult, even with a phasecontrast-microscope (by repeated scoring at short
time-intervals the present reproducibility is estimated to be 90-95 %)
and that the cells sometimes are able to leave one island to embark on
another island. The latter phenomenon represents a serious problem
during the first two days but will later lead to less than 1 % statis-
tical uncertainty.
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The long-term purpose is exploiting, when possible, the small diffe-
rence between tumour eradicating dose and the tolerance dose in radia-
tion therapy. Physically, the therapeutic ratio is mainly dependent
on the time factor (fractionation, dose rate) and on the quality (li-
near energy transfer) of the radiation. The ways in which the relative
effects on cancer cells could be kept favourably large by variation
of biological and chemical parameters are being subject to close con-
sideration.

100pm
"I" H U H

Figure 2. Glioma U-118 MG cells
grown for 21 days on 250 um pal-
ladium islands. The initial
cell-density was 100 cells cm" .
Compare with middle right dish
of Fig. 1.

Figure 1. Glioma cells incubated for 21
days on 50 mm untreated petri dishes.
Note the low cloning efficiency.

Figure 3. Glia U-622 CG cells grown for 7 days on 500 ym

palladium islands.
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DNA SYNTHESIS AS A MEASURE OF CELLULAR EFFECTS OF RADIOTHERAPY

Herman Amnéus, Börje Larsson and Lillemor Levan

In experimental radiotherapy, the effects of varying treatment para-
meters (or introduction of new modalities) are to be evaluated. To
this end, dose-effect relationships D(E) are required for the consi-
dered treatment protocols. From such relationships, the specific
effect of a certain modifying principle can also be evaluated in terms
of a modification factor, MF, that may vary with the level of effect, E:

DS
MF(E) = /

where D<- and D., are the absorbed doses required for induction of E
when irradiation is performed according to the standard (S) and modi-
fied (M) protocols, respectively.

MF may often be sufficiently independent of the effect level and the
system studied to permit certain generalizations. Thus deep hypoxia,
for example, as compared to normal oxygenation, generally decreases
the efficiency (for sparsely ionizing radiation) in most biological
systems studied in such a way, that the general statement "MF is 1/2
å 1/3 for deep hypoxia" is practically permitted. (This would corres-
pond to an oxygen enhanae-me-At ratio, OER, of 2-3.) For research pur-
poses, however, strict quantification is necessary, in terms of indi-
ces relevant for the clinical situation to be considered. We have
chosen total DNA and incorporation of DNA precursors in specimens
typical for biopsy assay.

As a model, regenerating liver in the hepatectomized and irradiated
rats was chosen. Irradiation was performed with roentgen rays from a
linear accelerator at 400-1600 rad, 8 hours after removal of two third
of the liver. Twenty hours later, analysis of DNA and tritiated thymi-
dine was made in specimens weighing c. 10 mg, secured 1 hour after
intraperitoneal injection of tritiated thymidine (250 uCi). After
ultrasonic treatment, Sepharose-fixed pronase, a mixture of protein-
digesting enzymes, was added to the samples. After incubation, the
pronase-Sepharose was removed and washed by filtrations. Suspended
DNA-grade hydroxylapatite was then added to the sample for final
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isolation of DNA ad modum Amnéus and Kasche (see this report). The fi-

nally eluted DNA was subjected to absorbancy measurements and liquid

scintillation counting.

The results show that the chosen indices can be used conveniently for
construction of dose-effect relationships, under conditions typical
for radiotherapeutic experiments, from data gained by analysis of
tissue specimens, the size of one mm or less.

The technique, which is subject to further improvement with particular
regard to sensitivity and conveniency, is now being applied to the
experimental study of effect-modifying factors (cf. Arfors et coll.,
this report). Its potential value in clinical investigations is also
considered.

t

Along with our increasing interest in various types of effect modifi-
cation in connection with particle radiotherapy ', the primary aim is
to study various parameters of particular importance in the further
development of proton radiotherapy '. This evaluation represents a
major undertaking during the reconstruction of the cyclotron. Most
important among these parameters are those that define the pulsed
distribution of dose in irradiated tissues. The problem will be stu-
died by the technique here outlined within an international program
of collaboration.
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EFFECTS Of RADIATION ON HYPOXIC INTESTINE

Karl E. Arfors, Jan Ola Forsberg, Börje Larsson, David Lewis,
Bengt Rosengren and Svante ödman

The adequate presence of molecular oxygen during irradiation enhances
the effect of X rays, Y rays and high-energy electrons or protons, by
a factor of 2 or 3, compared with the effects seen after irradiation
in poor oxygenation conditions. In radiotherapy, this oxygen enhance-
ment ratio (OER) is assumed to be generally effective in all healthy
tissues, whereas in poorly oxygenated tumour cells the partial radio-
protection through hypoxia is beleived to be efficient to an extent
that the probability of tumour sterilisation may be affected critically.
It has been suggested that the relative concentration of oxygen in
healthy and tumour tissues could be changed,to improve the relative
probability of curing the disease and of reducing clinical complica-
tions caused by radiation damage of healthy tissues. We have tried
various means of changing the oxygen concentrations in tissues to be
irradiated by chemical removal of oxygen ' or by obstruction of the
blood flow '. He are now investigating, in experiments on rats and
pigs, the possibility of attaining radioprotection through temporary
local hypoxia in intestinal segments by obstructing the blood flow
at the level of the arterioles by intra-arterial injection of cross-
linked starch microspheres, 40 _m in diameter, that are degraded by
the amylase activity of the serum. With a proper choice of the degree
of cross linking and of particle concentration, a hypoxic period of
about 10-20 min duration, followed by rapid normalisation, can be
achieved. The effect of roentgen radiation on the temporarily hypoxic
intestine can thus be studied. An experiment on pigs is here described.

Female pigs of native breed (15-20 kg) were used. Laparatomy was car-

ried out and the base of the superior mesenteric artery was freed and

catheterised. A loop of the small intestine was made available for in-

spection and measurement, through a second incision through the right

flank. Oxygen tension was measured with a modified Clark platinum elec-

trode put in direct contact with the mucous membrane.

Treatment, aimed at removal of oxygen from the intestinal segment under

study, was carried out by injection of microspheres suspended in

Ringer's solution. Alternatively, for comparison, the blood flow in the

superior mesenteric artery was obstructed using a mechanical clamp.
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Results that are, qualitatively, representative for both pig and rat
experiments are shown in Fig. 1. Curves a and b represent the records
of the oxygen pressure, during the experiments. Qualitatively, the
curves are similar, showing a rapid decrease in the oxygen pressure to
low values that persist for a period of 4-7 min. At the end of this
phase of hypoxia a sudden peristaltic activity was apparent, initiating
the phase of restoration in which the oxygen pressure rapidly returned
to normal within 2-4 min (this phenomenon is also reflected in the
diagram). The greater number of particles was more efficient in redu-
cing the oxygen pressure in the intestinal mucous membrane to near
zero. With the exception that restoration took place more rapidly,

Figure 1. Transient reduc-
tion in oxygen pressure on
the jejunal mucous membrane
after injection of 6x106 (a)
or 30xl06 (b) starch par-
ticles in the superior me-
senteric artery of pigs.
For comparison, the record
seen after temporary mecha-
nical 'clamping' of the
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clamping led to similar behaviour of the recorded curves. When the oxy-
gen pressure dropped below about 6 mm Hg the intestinal segment became
clearly pale. The measured and visually observed changes were well cor-
related in time and quite reproducible.

The results show that the intra-arterial injection of degradable starch
microspheres, as described, can be used to bring about radioprotection
due to temporary intestinal hypoxia. By proper choice of the amount and
concentration of particles in the injected suspension, the period of
hypoxia can be programmed so as to enable experimental radiotherapy to
be carried out in hypoxic conditions, seemingly without risk of damage
caused by ischaemia.

The technique suggested is now subject to detailed experimental inves-

tigation in combination with roentgen irradiation. Preliminary semi-

sr
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quantitative, histological evaluation indicates that temporary anoxia
induced by local mechanical obstruction of the capillary blood flow
induces radioprotection to an extent corresponding to M F

u ] c e r a t j o n ~0-5
(see Amnéus et coll., this report). This result is in line with the
results of a detailed investigation of the protective effect of par-
ticle-induced hypoxia on the foot of the rat (see Forsberg, this re-
port).

Selective protection of the part of the intestine supplied through
the superior mesenteric artery is now employed in the evaluation of
effects of various modifying principles in combination with hypoxia.
Applications to clinical radiotherapy are also considered.
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EVALUATION OF THE RADIOPROTECTIVE EFFECT OF HYPOXIA INDUCED BY STARCH
3EADS

Jan Ola Forsberg

In this study the skin on the.foot of the rat is being used for evalua-
tion of the radioprotective effect of hypoxia induced by starch beads
(see reference 1 and previous communication). Scoring was based on a
scale of grading that included the characteristic indices for skin
damage, including erythema, dry and wet desquamation and ulceration.

Irradiation was made with roentgen rays from a linear electron accele-

rator at the radiotherapy clinic at the University hospital. During

irradiation with doses varying in the intervals 3500-6000 rad or 1500-

3000 rad, i.e. without or with starch bead protection, respectively,

the rear feet were immersed in a water bath at 27° C, during nitrogen

bubbling, one foot being treated and one being spared as control.

?,• Before treatment, both legs were catheterized in the retrograde direc-
tion through and artery collateral with the femora" artery used for
administration, so as to permit injection of 0.25 ml saline (in "non-
protected" feet) or 20 mg starch beads, 40 pm in diameter, in 0.25 ml
saline (in "protected" feet). The effective blocking of the circula-
tion due to the starch beads was always indicated by ischaemic pale-
ness, lasting 10-20 minutes.

k
Ik

II:

Depending on the dose given, well-known time patterns of skin reactions

were observed. Preliminary estimation gives an oxygen enhancement

ratio (OER) of c. 2 (i.e. MF ~ 0.5). The material ~s now subject to

statistical analysis.
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EARLY EFFECTS OF LOW DOSES OF IONIZING RADIATION ON THE DEVELOPING

RAT CEREBELLUM

Humberto Cerda

The rat cerebellum is a structure mostly formed postnatally. Five types
of neurons are known: Purkinje and Golgi cells which are produced be-
fore birth,and basket, stellate and granule cells which are produced
in the proliferative layer of the cerebellar cortex after birth and
before day 22. After that period this layer disappears.

A dose of 200 rad is necessary to totally destroy this layer in infant

rats, but the damage seems completely repaired after a few days '.

V
Si

We undertook this study in order to

1. establish a dose-effect relationship for doses in the range 5-100

rad as determined by pyknosis and mitosis indexes.

2. determine the lowest dose which would produce a complete stop of

mitotic activity some time after irradiation and the length of such

effect. This is important to know when considering dose fractiona-

tion.

3. try to find some information about differential radiosensitivity

at low dose levels.

The experiments were performed on 10 days old rats, using Co gamma
radiation, at 10 rad/min to the whole body. All animals were killed
4 hours after irradiation and the cerebellum prepared for microscopy
studies. Countings were made on 2 vm thick sagittal sections from the
vermis stained with Hematoxylin.

Preliminary results indicate that a significant increase of pyknotic
cells is caused in the proliferative layer of the cerebeliar cortex
after a dose of 5 rad to the whole body. The number of pyknotic cells
increases linearly with dose in the range 5-100 rad (Fig. 1). This
would indicate the absence of a shoulder in the survival curve for this
proliferating population, in opposition to what is found in cell cul-
tures.

At 5-10 rad dose level most pyknotic cells are seen in the prolifera-
tive part of the cortex. The cells of the pre-migratory zone of the
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layer become more sensitive to radiation as dose is increased (Fig. 2).

At a dose level of 100 rad all cells of the proliferative layer inclu-

ding the pre-migratory zone seem to be equally affected by the radia-

tion.
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Figure I. Number of pyknotic cells per unit length (100 wn) of the pro-

liferative layer of cerebellum 4 hours after irradiation. Each point

represents the mean value of measurements in lobes III and VIII from

two animals (Lobe numeration according to Larseli ').

Figure 2. Number of mitosis per unit length (100 um) of the prolifera-

tive layer 4 hours after irradiation. Each point represents the mean

value of countings made on lobes II and VIII from two animals.

Figure 3. Percentage of pyknotic cells which are found in the pre-

migratory part of the proliferative layer of the cerebellar cortex.
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Plate I. Cerebellar cortex, lobe I, 4 hours after irradiation. Doses
are indicated. Hematoxylin.
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The mitotic activity is decreased after doses in the range studied, the
number of mitotis counted per unit length of cortex being 60 % lower
than in controls (Fig. 3). Extrapolation of the experimental curve
would indicate that a complete stop of mitotic activity is obtained
4 hours after a dose of 140-150 rad to the whole body.

Plate I snows part of the cortex of lobe I from irradiated and control
animals. Pyknotic cells are seen as black dots often with empty space
around the nucleus. After 100 rad, pyknotic cells are spread all over
the cortex.

At present, we conduct experiments using autoradiographic technique
and activity measurements in order to clarify the fate of prolifera-
ting cells after the radiation insult. We are also trying to quantify
the extension of DNA repair after irradiation of this population.

Conclusions

1. A significant effect can be observed in the cerebellar cortex of
the developing rat cerebellum after a dose of 5 rad.

2. Radiosensitivity of pre-migrative cells increases with dose being
equal to that of pure proliferating cells after 100 rad.

3. Mitotic activity can be disturbed with very low doses 5-10 rad.
A complete stop of the mitotic activity might be obtained 4 hours
after irradiation after a dose of about 140-150 rad.
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NUCLEAR METHODS IN BIOLOGY AND MEDICINE
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PRODUCTION OF RADIONUCLIDES FOR BIOMEDICAL USE

Hans Lundqvist, Petter Malmborg and Carl-Göran Stålnacke

The biomedical interest in accelerator-produced ("neutron deficient")

radionuclides has grown very strong during the last ten years. The

main reasons for this could be summed up as follows:

a) Among the isotopes of the biogenic macro-elements carbon, nitrogen,
19and oxygen, only the neutron-deficient ones (except 0, T

1/2
27 s)

emit radiation that could, in practice, be detected outside the body.

Í

b) For biomedical purposes the halogens are also important in that they
18 "~ —frequently permit adequate labelling. F, 77Br and 1 2 3 I , all cyclotron-

produced, are from a nuclear-medical point of view preferable to the

commonly available I and I. They give a lower radiation dose to

the patient and high external detection efficiency.

c) The possibility to work on the neutron-deficient side of the nuclear
chart, also very far from the stability line, allows a wider choice.
5 2Fe, 6 7Ga, 1 ] 1In, 2 0 1Tl, and 2 0 3Pb are just a *ew examples of accele-
rator-produced radionuclides of biomedical interest that are preferable
to reactor-produced.

d) Labelled subs ances for physiological studies often have to be used
in very small quantities. A great advantage, therefore, is the fact
that it is mostly very easy to produce carrier-free activities by means
of ion seams. Frequently, carrier-free preparations with high specific
activity can be obtained.

e) Small accelerators suitable for nuclide production are now available

at many places. An increased use of cyclotrons located in hospitals is

becoming evident.

High energy accelerators (proton energy > 50 MeV) have specific advan-
tages in nuclide production. The high energy often permits the choice
of production reactions, for example spallation, which give high yield
and low contamination. Spallation reactions at high energy are often
advantageous. One aim of the present work is therefore to look into
which nuclear reaction should be used at a cyclotron of our size. Para-
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TABLE 1

Cyclotron-produced radionuclides for bioroedical use: Production, separa-
tion from target and biomedical application.

Desired Target
product

11

Proton Primary Separation
energy product from target
MeV

C02

N2
4

20

70

12

13NN H20

1500 KC103

H2
150 H20

2 8Mg + + P.NaCl

5 2Fe + + +Mn 3

7 7Br' NaBr

i nin + + +Cd

123,-
Nal
Nal

1 2 5 I - Nal
127 Xe Nal

70

45

70

100

50

50

45

90
68
40
20

201 T 1 +

203 Pb"" Tl 28

11

11

C0o

11
CO-,

C02

1 500

H 2
1 50

28,Mg

52

77Kr

111

1 2 2Xe
1 2 3Xe
125

127
Xe

Xe

28 201Tl
203 Pb

By boiling HoO-
target or B2Ü3-
target (dissol-
ved in dilute
H2SO4). 1 1 C 0 2
is liberated and
collected in a
N2(l)-trap.

Biomedical application
(Collaborators)

Synthesis of organic
compounds, e.g. ̂ C -
methionine for nutritio-
nal studies (B.Larsson)
ilC-thymidine for DNA-
biosynthesis (B.Larsson
and Inst.Zoophysiol.,
Lund). I'C-glucose for
metabolic studies (in
progress).

Nitrogen fixation (in
progress).
Oxygen metabolism00 is evolved

heating the
target with
MnO~.

Mg precipitated Magnesium metabolism
as hydroxide. (in progress)

Water metabolism (in
progress)

Fe Ion exchange

Analogous to
iodine below

In Ion exchange

Target dissolved
in H2SO4 (10%) +
+ Zn, evolved H2
carriers xenon to
pre-evacuated
bottle. Xenon
decays into io-
dine.

Ion exchange,
|"'Pb decays into
* U IT1. Repeated
separation yields
^U1T1 and ̂ p t ) .

Labelling of red cells
(in progress)

Synthesis of halogenated
precursors of protein
and nucleic acids (in
progress)
Protein-labelling (in
progress).Particle la-
belling (in progress)

Labelling of DNA-precur-
sors (Inst. Zoophysiol.,
Lund), ami no acids poly-
peptides, proteins (in
progress), clinical stu-
dies of the thyroid gland
(Univ.Hosp. in Lund),
gastrin metabolism (Univ.
Hosp. Uppsala), parathy-
roid gland with toluidine
blue (KS, Stockholm).
Labelling of starch beads
(see Arfors et al., last
report).
201

Tl for heart function
studies (Univ.Hosp. in
Lund). ^O'Pb for various
labelling purposes (in
progress) and studies in
environmental hygiene
(Prague, Zagreb).
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meters of interest are yield, contamination, chemical form of activity

in the target and other target characteristics. The subsequent labelling

procedure should also determine the choice of production technique. The

short-lived nuclides often demand special fast and simple chemical rou-

tines. The low current in the present machine {< 1.5 yA protons in the

internal beam) has limited the practical applications but has also been

a stimulating factor in this work. The production program of 1976 is

outlined in Table 1.

The work has mainly been concerned with the routinary production of
]1 C0, 15 00, H ?

1 50, 2 8Mg + +, 1 2 3 I " and 2 0 3Pb + + for development of
synthetic procedures (see below) and for different biological and medi-
cal applications. Methods, not discussed in the text, are briefly de-
scribed in Table 1 '. Some new production systems have also been stu-
died and established. The main items are given below.

1. Gas target system for production of n C , 13N, and 1 90.

A gas target system (Fig. 1) has been constructred and used at the
tandem Van de Graaff accelerator in Uppsala. This accelerator is able

of producing some of the shortlived radionuclides like C, "N, 0,
19and 0 in amounts that make them clinically interesting. This gives

possibilities to continue the work with these nuclides during the re-
construction of the Gustaf Werner synchrocyclotron. The target is of
flexiDle design and allows production of

for purposes out-lined in Table 1.

11 C0o
13NN, 1500 and 1900

Figure 1. Gas target system
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2. Cross-section measurements of Br(p,xn) Kr

123 _
In previous work the production of I by an indirect method
123 123 123 -( I(p,5n) Xe -» I ) has been studied. A similar technique has

been tried to produce Br, also a useful halogen for labelling pur-

poses. In order to optimize this production, with respect to yield
77 Land radiochemical purity, the cross-section for the reaction Br(p,xn) Kr

has been studied in the energy range 15-70 MeV '. The results show that
radiochemically nearly pure Br could be produced by irradiating a
thick target with 45 MeV protons. The practical reaction threshold was

found to be 30 MeV. Since 45-68 MeV has been found to be the ideal pro-
123 -

duction energy range for I both nuclides could thus be produced

simultaneously in the external beam that will become available after

the reconstruction of the synchrocyclotron.

3. Production of
4.J.

pp • J.

Several target materials have been tested for the production of Mg .

Cross-section measurements at various proton energies have been made

for Si, P, S, Cl, K, and Ar. Ar and P were found to give the highest

cross-section values closely followed by Cl '. Since Ar is impossible

and P difficult to work with in the internal beam, because of space and

heating problems, NaCl was chosen for routine production. Pressed

pellets of NaCl (0 = 13 mm) were cut to give a 10-13 mm long target to
28 ++be irradiated by 150 MeV protons. The separation of Mg from the

irradiated targets was made as follows:

a) The target was dissolved in 6 ml 3 M NaOH.
b) 2 x 1 ml 0.01 M FeCl3 was added.

c) After centrifugation the precipitate was dissolved in a few drops
of concentrated HC1.

d) 6 ml 3 M NaOH was added.
e) Moments c), d) and c) were repeated.

f) The solution was put on an ion exchanger (Dower 1 x 8, 200-400 mesh)

eluated with concentrated HC1 in order to remove Fe .
28 ++

g) The concentrated HCl-fraction containing Mg was boiled to dryness.
28 ++h) Mg was dissolved in saline and sterile filtered.

This procedure gave a good and simple separation of Mg + + (better than

95 % separation efficiency) from contaminating radionuclides, especially

Be which normally is difficult to separate from Mg.
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4. Separation of carrier-free lead from thallium

Working procedures for separating carrier-free lead from thallium
have been used routinarily mainly for production of Pb for environ-
mental hygiene studies made in Czecho-Slovakia and Yugo-Slavia. We-
have tried to simplify these methods and to increase the separation
yield.

a) Tl,03 seems to be the most common target material in the literature
due to the high melting point and it will be chosen after the rebuil-
ding of the cyclotron. Targets containing 200-500 mg T12O3 were irra-
diated at 28-33 MeV and dissolved in 5 ml 6 M HC1 saturated with NaCl.
The solutions were cooled in an ice-bath. 0.5 ml cone. HC1 was added
4-5 times. Due to the increasing concentration of HC1 NaCl was precipi~
tated. 99 % of the lead and less than 1 % of the Thallium were found

in the NaCl. The NaCl could be dissolved in water and the procedure

repeated until a satisfactory separation was achieved or it could be

dissolved in 1.5 ml HC1 and put on an ion-exchanger (Dowex 1 x 8 ,

100-400 mesh).

b) In the present internal beam we have mainly used metallic thallium

for production due to the high density and easy target preparation.

Unfortunately it does not seem to be possible to oxidize.thallium to

Tl in a simple way without changing the oxidation state of the lead.

The method described in a) could then not be used since a poor co-pre-

cipitation of lead with NaCl is achieved. Another method for this sepa-

ration was then established.

í

c) Targets of 200-400 mg Tl were irradiated with 28-33 MeV protons. The
targets were dissolved in hot 1 M HNQ,, 1.5 ml for every mM of Tl. The
solution was then diluted to 0.1 M in NO3 and put on C.2 ml ion-exchanger
(Dowex 50 W, 200-400 mesh). The target solution (20-40 ml) was eluted
in 5 min., then the ion-exchanger was washed with 0.2 M HNO3 (20-30 ml^,
water (5-10 ml). All lead was stuck on the ion-exchanger while most of
the thallium was eluted. The lead was then eluted in 1-2 ml 2 M HC1
and this fraction put on another ion-exchanger (Dowex 1, 1 ml, 200-400
mesh). The remaining thallium was then separated from the lead.
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5. 81mKr-generator

81r 81m„The radionuclide generator system ulRb -• Kr has been known for some
years but only recently attracted practical interest. The mother nuc-
lide Rb has a half-life of 4.7 h and is in equilibrium with the
daughter 8 1 mKr which decays with a 13 s half-life emitting 190 keV

Olm

photons (65 % of decays), suitable for scintigraphy. Kr can be
c-luted from the generator either in solution for infusion or in gas

film

phase for inhalation. An increasing interest in the use of Kr is
now evident for studies on lung ventilation and perfusion, regional
myocardial perfusion, estimation of regional perfusion of the extremi-
ties and scintigraphic imaging of various organs and anatomical regions.

81Work has been started on the production of Rb and generator system
81 81

development. RbCl is used as target material and Sr + Rb produced
81by proton irradiation. After decay of Sr (T1 .^ = 29 m) the target is

dissolved in water and put on the generator cation exchange column. So
far Dowex 50 W has been used and elution behaviour studied for liquid
eluent (water) and gas eluent (air). The results are promising and
indicate that our reconstructed cyclotron could be used at advantage
for the Kr-generator production. At higher cost, isotopically en-
riched Kr can be used at the tandem accelerator for Rb-production
via the (d.n)-reaction. This possibility will be further investigated.

References

1. H. Lundqvist and P. Malmborg, GWI Annual Report 1975.

2. Suparb Na Chiengmai, H. Lundqvist and P. Malmborg, Internal

Report GWI-R 11/76.
3. H. Lundqvist and P. Malmborg, Internal Report GWI-R 5/76.

79



LABELLING AND SYNTHESIS WITH SHORT-LIVED RADIONUCLIDES

Hans Lundcv:st and Bengt Långström

In many cases the separated product from irradiated target may be used

directly in biomedical experiments (see Lundqvist et al_ previous re-

port). However, in most cases, labelling of more or less conplicated

useful substances has to be achieved.

I
w

Many of tre neutron-deficient cyclotron-produced rádi onuci ides offer
unique possibilities for metabolic studies by external detection tech-
niques. C and N can be used to label important biological precur-
sors such as amino acids, nucleotides and sugars, without changing the

18 77biological specificity of these molecules. The halogens ' F, Br and
123

I) coulá se used for labelling biologically active analogues or for
labelling larger molecules such as steroids, polypeptides or enzymes.

This project represents a systematic study of labelling techniques
with particular regard to chemical purity and the necessity to opti-
mize the various procedures in terms of yield and speed. Recent deve-
lopments ars here summarized:

å
t

I

it-
I

1. Synthesis of CH-,1, an agent for labelling by methylation. We are
establishi>-c a production line for routinary synthesis of tr^Ito be
used in connection with the gas target system at the Tandem accelera-
tor (see asove). The reaction used is N(p,a) C and CC2 is formed

by hot atom reactions in the target, N9 with a few percent of oxygen.
17The target cas is recirculating and the C0o is continuously trapped

17

in aluminiuF hydride and reduced to CHQOH. The trap is then trans-
ported to tne laboratory of physical biology where the further chemis-
try is carried out in close connection with the biological experiments
(see below). The aim is to produce CH,I at activity levels of 700 mCi
to be used primarily for synthesis of l'CH,-thynridine and 'CH-j-methio-
nine (see below). This work is made in collaboration with the depart-
ment of Organic Chemistry, University of Uppsala.

2. Labelling of nucleotides. External detection of DNA precursors for
studies of cell proliferation has been suggested but lack of suitable

nuclides has prevented a wider use. CH,-thymidine could now be ob-
11tained by methylation with CHjI (see above) according to the method
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already described '. Alternatively BrlldR and IUdR, analogues to
thymidine, are produced. The most efficient method to produce 123 IUdR

123 -
yielding a carrier-free labelling was to let I in ethanol stand for
a couple of hours with Cl, which then was flushed away with N„. 2"-de-
oxyuridine was added and the solution was warmed for at least 4 hours.
The solution was purified by liquid chromatography. The same method
has also been used for the preparation of BrUdR. The details of the
mechanism for this labelling procedure are not known but are now more
thoroughly studied.

!1

3. Changes in biological activity and enzymic parameters of labelled

enzymes. Labelling of proteins and polypeptides containing thyrosine

with iodine is very common although it is difficult to appreciate to

what extent changes in the biological behaviour of the labelled mole-

cule are taking place. Often one has to be content with a coarse test

like the clotting of blood containing labelled fibrinogen, effects on

target organs of halogenated hormones or studies of the gross behaviour

of the labelled molecules.

"rf,
>- ->'

•ix
With a view towards these difficulties, we are developing a test sys-
tem to study the merits of different labelling procedures such as the
ICl-method, the chloramine-T method, the electrolytical method, the
radical scavenger method or enzymatic methods. The effect of carrier-
free preparations is particularly important. Other interesting factors
are the effect of using bromine as labelling agent or the effect of
protecting the active site of the molecule during the labelling proce-
dure.

As a model enzyme we are using a-chymotrypsin (a-CH). Native a-CH or

a-CH in complex with the soy bean trypsin inhibitor (STI) were labelled
125 -with I at different amounts of iodine carrier. After gel filtration

to remove free iodine, the complex was separated on a column of immo-
bilized trypsin (TRY-sepharose). STI was stuck in the column while free
a-CH was eluted . The percentage of incorporation of radioactivity was
calculated giving the average degree of iodination of a-CH.

The a-CH was then separated on immobilized STI (STI-sepharose) with a

linear pH-gradient (5.8/2.5). In each fraction pH, absorbency, radio-

acitivity and enzymic parameters (K^ and K c a t) were determined.
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So far only results from labelling with the ICl-method have been obtai-

ned. The STI-sepharose seems to separate molecules with different iodi-

nation (the lower the pH, the higher the degree of iodination). The re-

sults from the determination of the enzymic parameters are still not

fully evaluated. The absorbency of the iodinated molecules is changed

and the amount of protein in each fraction is therefore difficult to

determine exactly. IC, seems to be highly affected even for a low degree

of iodination of the native enzyme while when the complex was labelled

only a small effect was noticed. Kcat was in both cases less affected.

The enzyme studies were performed in collaboration with H. Amnéus and

D. Gabel.
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OXYGEN METABOLISM

Carl-Göran Stål nacke

Radioactive oxygen gas ( 00) has been administrated to rats to inves-
tigate the possibility of measuring the local oxygen metabolism in situ
by external detection techniques. The space and time distributions of
radioactive oxygen and water containing 0 were studied.

The experiments included the administration of labelled molecular oxy-
gen by means of inhalation after tracheotomia or externally labelled
oxyhemoglobin (Hb 0) by injection in the catheterized Carotis artheria.
Since the metabolic product water is recycling, labelled water was also
administrated to measure the water dynamics. Blood labelled with CO
was also used to study the blood content in different organs.

The radioactivity in the blood, plasma and separated red blood cells

has been studied as a function of time after rapid administration of

the labelled compounds (1500, Hb15O, H 2
1 50 and ] 1C0). After decapita-

tion the radioactivity of the different organs was measured in Nal(Tl)-

detectors of well type.

The described technique has been applied in experiments on thermally
injured animals. Thermal injuries cause physical stress and hypermeta-
bolism with increased oxygen demand, but the mechanism for this is not
known (in collaboration with the burns centre, University Hospital,
Uppsala).

With the present technique that employs only 00 (T-j/2 = 2.03 m) it
is not possible directly to correlate the organ activity and the local
oxygen utilization. A possible way to eliminate this drawback is now

19being tested using the more short-lived oxygen isotope 0 (T1/2 27 s).

Due to the short half-life recycling radioactive water is eliminated.
15 19Continuous production and detection of 0 and 0 will, in the near

future, be possible at the Tandem van de Graaff accelerator.
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NUCLEIC ACID METABOLISM

LiTlemor Levan and Hans Lundqvist

In order to find the most suitable nucleotide for external detection

of proliferating systems, animal experiments have been carried out '.

To partly hepatectomized rats 14CH3-thymidine,
 77BrUdR (see previous

report) and 125IUdR were injected subcutaneously 24 hours after opera-

tion. The rats were allowed to incorporate the precursors for 0.5, 1,

2, 4, 12, and 48 hours before they were killed. Blood liver, kidney,

spleen, pancreas, thymus, and intestinal mucosa were analyzed for ra-

dioacitivity. Total uptakes in different organs and DNA were measured

and calculated.

iS,'

14
The highest radioactivity uptake in DNA was that from C, three times

that of 77Br and 10 times that of I. More than 50 % of the organ

activity was due to activity incorporated into DNA 2-4 hours after in-

jection in the case of C and 20-40 hours in the case of I. The

incorporation of Br into DNA never reached the 50 % level probably

because of poor secretion of Br" by the kidneys.

Both 11CH3-thymidine and
 123IUdR seem to be possible precursors to be

used for external detection of proliferating systems. Since CH3~thy-
midine is incorporated to higher extent and the metabolic products are

123
rapidly excreted it seems to be preferable to IUdR in most cases.
It is noteworthy that from a radioprotection point of view, C incor-

porated into DNA should cause less double strand damage than I, the
125decay of which in many respects resembles that of I.
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THE ROLE OF THE KIDNEYS AND THE SMALL INTESTINE IN THE DEGRADATION OF

GASTRIN

Hans Lundqvist

Human synthetic gastrin was labelled by the chloramine-T-method with
I" and administered to anestetized Sprague-Dawley rats. The fate of

the labelled hormone was recorded by a gamma camera and the organ dis-
ip-3 123 -

tribution of I-gastrin was compared to that of I only. Intact
rats were studied as well as rats subjected to bilateral nephrectomy
or/and resection of the small intestine immediately prior to the admi-
nistration of the radioactive substances.

That the labelled product retained its biological activity has been

checked in an in vitro system. In intact rats, radioactivity is fastly
123accumulating in the kidneys after injection of I-gastrin and in the

123 -stomach after injection of I . After 5-10 minutes, activity appears
123in the stomach also in the animals given I-gastrin. This activity

123 -

should stem from I , that has been split off during gastrin degra-

dation.

In nephrectomized animals as well as in animals subjected to resection
123 -of the small intestine I is accumulating immediately in the sto-

123mach. When I-gastrin has been injected there is a clearly discernible
delay in the appearance of radioactivity in the stomach as compared to

the intact rats. This delay is interpreted as a sign of a retarded gas-

trin degradation.

When both kidneys and the small intestine have been excised, the gas-
12"3trie accumulation of activity originally administered as I-gastrin

is heavily retarded.

The only organs that seem to be involved in the elimination and degra-
dation of gastrin are kidneys and small intestine. When one of these
organs is eliminated, a retardation in the degradation of gastrin will
follow. If both organs are removed the degradation of gastrin proceeds
very slowly.

The work is made in collaboration with the department of Surgery, Uni-

versity Hospital, Uppsala.
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APPLICATIONS IN NUCLEAR MEDICINE

Hans Lundqvist and Petter Malmborg

Some of the techniques developed have found applications within a pro-
gram planned and performed in collaboration with clinical departments.
An outline of these activities is here presented.

123 -

1. Thyroid gland studies. I was during the spring routinarily de-

livered to the Nuclear Medicine Department, Lund, for thyroid gland
123 -studies. 100-200 yCi I was given to the patient and the studies

performed with a gamma camera. Comparing studies of mTc and I"
were also performed in order to compare the different uptake mecha-
nisms of the two radionuclides.

tx

2. Kidney clearance. Renal function in patients with transplanted kid-
neys has been studied at trie Huddinge University Hospital, Huddinge

123with the aid of I-labelled hippura.i. Up to now 16 patients have

been investigated. Successive gamma camera pictures are taken for 25
minutes after administration of 0.5-1 mCi of labelled hippuran. The
pictures show a high and selective uptake of hippuran in the trans-
plants. Picture quality is very good, showing high resolution which
allows dynamic studies of uptake and release in selected parts as well
as the whole transplant.

3. Parathyroid morphology. When injected the dye stuff toluidine blue
has been shown to stain the parathyroid glands more intensively than
surrounding tissue. In collaboration with Radiumhemmet, KS, Stockholm

123the labelling of toluidine blue with I has been undertaken, aiming
at reduced patient doses and optimum external detection possibilities
in preoperative localization of these glands. So far nine patients
have been investigated with a new gamma camera permitting higher reso-
lution. Three of them have subsequently been subjected to surgery for
parathyroid tumour disease. Parathyroid adenoma were found in the place
suggested by the scintigraphic investigation. One major problem at
present is the localization of small parathyroid adenomas (less than
0.5 g). With the intent to increase resolution certain changes have
recently been made in the computer equipment that processes informatit.:
from the gamma camera. Continued studies seem to be indicated.
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1234. I-fibrinogen for clinical studies. Fibrinogen was labelled withj23~i
I for scintigraphic investigations in a series of patients at

Radiumhemmet, KS, Stockholm. So far these investigations show promising
results but the necessary quantitative evaluation of the taped sequen-
ces of the gamma camera pictures is still underway.

5. Uptake and metabolism of magnesium. Magnesium is example of an ele-
ment of importance in mammalian and clinical physiology. The aim of
this study is to elucidate the variation of uptake of magnesium in man
during normal conditions as well as in cases of calcium disorder. The
uptake and metabolism of Mg + + has therefore been studied in one normal
and two suspected abnormal groups, one suffering from hyperparathyroi-
dism and the other from renal calculi.

I"
i.

po t .

Until now 50 single investigations have been made, Mg being admi-
nistrated intravenously (2 uCi) and the uptake in the muscle of the
lower arm measured after 24 hours. One week later Mg + + was again
given (5 pCi) in a standard meal and the uptake measured. The two up-
take measurements give the uptake ratio of Mg + + by the small intestine.
Measuring the activity level in the blood at the same time as repeated
arm measurements give the rate by which Mg + + in incorporated into the
muscle.

It is still early to interpret the clinical results since repeated
investigations have to be made on the same patients.

Collaborators in this work are the departments of Radiation Physics
and Medicine at the University Hospital, Uppsala.
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ELEMENTAL ANALYSIS OF BIOLOGICAL SPECIMENS BY A PROTON SEMI-MICROBEAM

Ulf Lindh

Great effort has been made to develop instrumental methods allowing
detection of many trace elements simultaneously. Much attention has
also been paid to the problem of lowering the detection limits of the
various elements of interest. One method of great potential in these
sences is based on analysis of proton-induced X-rays, the so called
PIXE-method developed by Johansson et al K This method has also been
applied in a microprobe mode, although few miuroprobe applications
have been published hitherto.

A semi-microbeam arrangement was presented in the previous annual re-

port '. This device produces a beam spot, the typical dimensions of

which are 20 ym * 20 pm with a beam current of c. 5 nA. The detection

of the proton-induced X-rays from the irradiated target is accomplished

by an energy dispersive Si(Li)-semiconductor detector. The resolution

of the system is, at present, c. 200 eV at 5.9 keV. The system has been

described in detail '.

Having successfully analysed small aggregates of red blood cells ' with
respect to their content of iron, copper, zinc, and manganese, the
method was applied to monolayers of cultured human glioma cells. These
were trapped onto a 7 um thin film of an imide polymer (Kapton), highly
resistant to mechanical strain and high temperature. Analyses performed
by step-wise movement of the target gave a topographical picture of the
elemental distribution over the colony, a small part of which is shown
in Fig. 1.

This is an example of a situation where the target is considerably

thinner than is the range of the protons in the material (£ 1 mg/cm ).

In such analyses there are no gross contributions to the background

from continuous Bremsstrahlung. The major contributions originate in

the matrix itself, i.e. characteristic X-rays from the atoms consti-

tuting the sample and from the backing material.

In the case of thick samples, decrease in X-ray production cross sec-
tion due to si owing-down of the protons in the sample and X-ray absorp-
tion have to be accounted for.
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Figure 1. Elemental distribution over a small part of a glioma

cell colony. The squares in the picture represent

areas analysed, 25 ym * 25 pm. The elemental content

can be compared between consecutive squares.

Thick samples must also be treated differently depending on whether

they are electrically conducting or insulators. Irradiation of an in-

sulator with protons in vacuum causes charge effects. In the discharge,

electrons are accelerated and produce Bremsstrahlung of several keV,

which reduces the sensitivity '. The surface is often assumed to be

flat in the calculations of the X-ray yield from thick targets. This

is not valid in many situations, and it is therefore necessary to take

into account the roughness of the surface.

A comparison of the two major cases, i.e. the trace analysis of thin

and thick targets, can be summed up in the following discussion.
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If the X-rays originate in the surface, the number of pulses, z, in a
peak from a certain element, Z, in a thin sample is given by

I = n N oook n (47t)"1 e T

where n = the total number of protons hitting the target, N = the num-
? 2

ber of Z-atoms per c m , o = the ionization cross section in cm , u =

tne fluorescence yield, k = the relative transition probability, fl =

the solid angle subtended by the detector, e = the efficiency of the

detector, and T = the transmission of the X-rays from the sample to

the detector. If, however, the X-rays emanate from atoms distributedin the sample, the following expression is validid '

I = n C
1 El -1

(4n)"' e T, /' o(E) T ?(O (-dE/dx) ' dE
E

Ii
V'

si.t

fei

where C = the concentration of Z-atoms per cm , T1 = the transmission

of X-rays from the front face of the sample to the detector, T~ = the

transmission within the sample = exp (vm5)> vm = the mass absorption
n Ml IM

coefficient in cm/g, c = the distance the X-rays have to pass in the
o

sample in g/cm , -dE/dx = the stopping power of the sample in Metf/cm,

E =•• the initial proton energy in MeV, and E-, = the final proton energy.

The first application of the proton semi-microbeam to the thick target
situation has been an attempt to trace small amounts of lead in bone
tissue. The specimen was doped with a solution of lead nitrate of known
concentration. The bone was sliced (c. 2 mm thick) and placed in the
semi-microbeam device, probing the sample for lead in various locations.
A concentration of lead of about 100 ppm was easy to detect using a
beam spot of 20 ym * 20 ym and a beam current of c. 1 nA. The time of
analysis in each point was c. 13 minutes.

The present program of application is aiming at measurements of lead
accumulated in human bone emanating from environmental pollution.
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I N S T R U M E N T A T I O N F O R E X P E R I M E N T S

THE SYNCHROCYCLOTRON

I

0. Byström, H. Harrysson, B. Holmgren, B. Lundström and R. Peterson

During the first six months of the year the accelerator was in normal
operation (24 hours a day, 5 days a week). A severe failure in the ro-
tating condenser in June required a summer stop somewhat longer than nor-
mally. Seven of the 28 rotor blade discs had to be replaced by new ones.
After this repair the machine was in operation for only one month when
a second breakdown of the rotating condenser occurred. This time some
of the rotor blade discs and many of the Mycalex insulating discs bet-
ween the rotor blade discs were destroyed. Those were replaced by alumi-
nium discs of similar geometry briefly used in the early 50's, but ab-
andoned because of a parasitic mode in the condenser. This problem was
now avoided by placing the remaining Mycalex discs in the middle of the
rotor. This repair required about one month. Since then the machine has
been in operation 7 days a week with only short stops for service. 1110
hours have been used for service and development. The useful machine ti-
me has been 2960 hours, and has been shared as follows:

Biological experiments

Isotope production
High energy physics experiment

3.4

21.6

75.0

The isotope production has been performed for the following universiti-
es and institutes:

GWI group . 75.5 %

Inst. of Physics, University of Uppsala 5.8 %

Dep. of Radiation Physics, University of Lund 5.8 %
Isotope Dep., Radiumhemmet, Karolinska
Sjukhuset, Stockholm 5.1 %
Huddinge University Hospital, Huddinge 3.2 %
Chemical Institute, University of Oslo 1.7 %
Inst, for Medical Research, Zagreb 1.7 %
Inst. of Hygiene and Epidemiology, Praha 0.6 %
University Hospital, Uppsala 0.6 %
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ACCELERATOR IMPROVEMENTS AND DEVELOPMENTS

To allow measurements of beam intensities at different radii without
switching the machine off the target probe has been equipped with a re-
mote control device. The method used was to stop the beam with a thick
copper block and measure the current collected on the block.. This met-
hod gives accurate results at low energies, but at higher energies the
edge scattering of the protons gives too low results. There is, in fact,
no accurate way to perform absolute measurement of the internal beam
current in a synchrocyclotron. The effect of the scattering is clearly
demonstrated in Fig. 1, where the block is inclined by - 2° with res-
pect to the beam. Fig. 2 shows an attempt to correct for those effects
and indicates that the beam losses in the machine are considerable.
This makes previously published figures for the extraction efficiency
quite uncertain since the internal beam was measured only at small radii.
The earlier figures for the extraction efficiency, 1 - 2 %, may even be
an order of magnitude too small.
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A new triggering system for the ion source pulses has been developed
and installed. The system (Fig. 3) contains a phase locked loop which
locks the frequency of a voltage controlled oscillator (VCO) to the Dee
frequency. Since the VCO frequency is an almost linear function of the
VCO input voltage one can trigger the ion source at a certain Dee fre-
quency just by using a voltage comparator and a variable threshold le-
vel. The old system employed a narrow band filter and a variable delay,
which gave triggering at different frequencies for each row of blades
in the rotating condenser because of inequalities between the rows.
The new system gives an increased beam current and a better stability
than before.
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The long time current stability of the high energy spectrometer magnet
has been improved to 50 ppm/day by using a PID-network in the feedback
loop and a temperature-compensated zener reference.

A new constant-current source has been built for the hall plate measu-
rement of the magnetic field in the low energy spectrometer. The curr-
ent drift is 5 ppm/°C at 100 mA.

In the beginning of the year a failure in the cooling system of the
sweeping magnet in the radiobiological beam line led to overheating of
the coils. New coils moulded in epoxy resin have been installed and a
more reliable electronic system has been built. In the new system the
sweep frequency for X and Y directions can be varied in 90 steps betwe-
en 12 and 120 Hz. There is also a possibility to set two X and Y coordi-
nates to map out part of the swept area.
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ELECTRONICS WORKSHOP

T. Adén, H. Berglund, K. Gustavsson and H.-O. Moberg

A COUNTING SYSTEM WITH SINGLE CHANNEL ANALYSERS

The system will be used in physical biology experiments and consists
of a control module and a number of single chennel analysers (SCA).
Each SCA-module includes amplifier, single channel analyser, sealer,
memory and readout logic (see Fig. 1). The amplifier has two gain ran-
ges which are selected with a switch, gain 1-11 and gain 10-110. Within
these limits the gain is set by a 10-turn potentiometer. The amplifier
is also a shaper. The SCA has three
modes of operation. The first mode,
marked AE, implies that the window
is not changed when the lower thre-
shold is varied. The window is set
by a 10-turn potentiometer. In the
second mode the SCA acts as a dis-
cr.minator. In the third mode the
upper threshold is independent of
the lower, which means that the win-
dow is changed if one of the lower
or upper levels are changed. The
sealer as well as the memory has 8
digits capacity. The contents of
the memory is transferred to a con-
trol module, which will be suppli-
ed with a timer, a display where
the content of every channel can
be shown, a dead-time ratemeter
and readout logic for a printer.
Six single channel analysers will
be built and put into a special NIM-
crate together with the control mo-
dule.

Figure 1.
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A READ-OUT SYSTEM FOR MULTIWIRE PROPORTIONAL CHAMBERS

In the last year the development of a new read-out system for multiwi-

re proportional chambers (MWPC) began. The principles have already been

described in detail in GWI Annual Report 1975 and will only be briefly

mentioned here.

On each wire on the MWPC there is an amplifier, a pulse shaper and a de-
lay-shift register (see Fig. 1). The amplifier has a voltage gain of
400 and is able to produce TTL-pulses for the shaper down to a wire cur-
rent of 2.5 yA with an input load of 470 a which is normally used. The
amplifier has a small dead-time and time-slewing much because of the
fast operational amplifier and a small input time-constant. The dead-
time for the amplifier is typically 80 ns and the time-slewing is 15 ns
from threshold to +20 dß above. The TTL-pulse from the amplifier is sha-
ped to a length of 100 ns in a ntonostable. The data from the monostable
is clocked into a shift register with a frequency between 12 and 20 MHz.
The shift register used has 8 memory cells and the data are transferred
from one cell to another at eyery low-to-high transition of the clock.
The event trigger with the right timing stops the clock when the data
from the monostable is in the last memory cell (see Fig. 2). The advan-
tage of using shift registers instead of monostables is that when long
delays of the wire signal are required these can easily be obtained
without affecting the dead-time. In other systems using monostables for

Figure 1. Amplifier and delay-shift register for one
HWPC-wire.
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the delay one gets a dead-time equal to the delay-time. With our sys-

tem the delay can be changed from 400 to 750 ns by changing the clock

frequency.

One disadvantage with this system is that the fast clock for the shift
registers is not synchronized with the event trigger which means that
one gets a certain jitter in the data output from the shift registers.
One way to reduce this jitter is to stop the clock at every high-to-
low transition. This means that the shift register will never shift data
when the clock is stopped since it shifts at the low-to-high transition.
When the clock has been stopped data is transferred from the delay-shift
registers in parallel form to shift registers, arranged in 16-lines, and
read out in serial form. With this arrangement parallel data from seve-
ral MWPC.-s can be converted and read out on a serial 16-bit data bus.
The read-out sequence is controlled by one single clock and no address
bus is needed. All electronics up to the shift registers for the read
out is included for each wire on a printed circuit (pc) board. The pc
boards are plugged onto a mother-board for connection to the MWPC (see
Fig.3 ). Two different mother-boards have been made; one for the 100 wi-
re chamber and one for the 200 wire chamber, both with 1 mm wire pitch.
On the mother-boards there are drivers and receivers mounted for inter-
facing data with a twisted pair data bus. Each mother-board is suppli-
ed with +5V, 16A and -5V, 4A.

Figure 2. Time diagram for a delay-shift register.

97

•-Si's»,



For the N experiment at PS and the Coulomb interference experiment at
SPC, CERN have been built 5 mother-boards for 100 wire chambers and
13 mother-boards for 200 wire chambers. This means electronics for to-
tally 2976 wires, around 7000 integrated circuits, and 55000 discrete
components. The equipment has been used during the N experiment spring
and summer 1976 with satisfactory result, described elsewhere in this
report.

In the SPS experiment high demands were put on high data aquisition ra-
tes. In this case it would have been a disadvantage to use a 16-line
serial read out from the MWPC, because every 16-bit data word takes one
CAMAC cycle ( 2 - 3 us) to read for the computer. In the e/periment there
are 12 MWPC planes with 200 wires each. The computer reads 144 16-bit
words in 432 ps. For a typical event rather few wires are hit, i.e. on-
ly a few bits in the data words are set. Using this fact was construc-
ted a Read Out Logic (see Fig. 4) which shifted data words from the
MWPC, converted every bit set to its proper address and stored it in a

Figure 3. Assembly containing a 20 x 20 cm chamber unit

connected to two mother-boards.
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r
255 x 12 bits memory. In the first memory cell is placed the number
of hits in the chambers produced by the event. The whole sequence ta-
kes 50 to 120 ys depending on how many addresses that must be produ-
ced. The whole sequence is done completely independent of the compu-
ter and can be stopped at any time by using the reset input. The memo-
ry is read by the computer through a CAMAC register PU 072. A normal
event produces around 15 hits in the chambers and takes around 75 ps
to read compared to 432 ps for a system without the conversion logic.
Besides this normal mode of operation the module can be operated in a
test mode where a test pulse and an address are produced to test the
electronics on one of the 12 MWPC planes. The response from the mother-
boards is stored as addresses in the memory and can be compared by the
computer with the wires that were tested. The electronics is built in
an four-width NIM-module and contains besides the conversion logic
and memory fast ECL-logic for synchronizing the trigger with the fast
clock for the shift registers. The number of shifted data words can be
set with a switch inside the module. The electronics is mainly built
with low power Schottky TTL, except the memory where we use ordinary
Schottky TTL due to demands on fast access time.

Figure 4. MWPC Read Out Logic.
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S E M I N A R S A N D C O U R S E S

HIGH ENERGY PHYSICS

01-08 T. Ekelöf:

A Coulomb interference experiment at the SPS (at the Spåtind

Conference, Norway)

01-08 A. Hallgren:

Shift-registers in a MWPC-readout system.( at the Spåtind

Conference, Norway)

01-08 S. Jonsson:

A study of proton-nucleus interactions at 18 GeV (at the Spå-

t ind Conference, Norway)

01-08 S. Kullander:

Recoil techniques (at the Spåtind Conference, Norway)

01-16 T. Ekelöf:

Coulomb interference measurements at very high energies

01-20 G. Fäldt, University of Stockholm:

Baryon resonances in nuclei

03-07 B. Lundström

The Uppsala 185 MeV synchrocyclotron ( in Russian at Gatchina,

Leningrad)

03-12 G. T i b e l l :

Studies of 7T-and ^-induced reactions at CERN-SC

04-05 B. Höistad:

Review on (p,it) reactions (at the Topical Meeting on Inter-

mediate Energy Physics, Zuoz)

04-22 B. Höistad:

Pion production and absorption on nuclei (at the Tandem

Accelerator Laboratory, Uppsala)

05-24 P.U. Renberg:

Report from the accelerator conference in Milano

06-02 P.U. Renberg:

Status of the accelerator improvement program

06-13 H.Tyrén:

The Uppsala synchrocyclotron conversion project (at Symposium

on Nuclear Physics, Uppsala)

09-06 I . Z ie l i nsk i , university of Warsaw:

Survey of the ac t i v i t y 1ti high energy physics in Warsaw
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09-08 I . Ziel inski , University of Warsaw:

Nuclear Fragmentation - I . Analogy of nuclear and nucleon
fragmantation. - I I . New phenomena

09-14 L. Mattson, CERN:
Gauge-invariant treatment of Coulomb interference at high

energies
09-28 T. Ekelöf:

Low energy recoil measurements in high energy physics (at
International School of Elementary Particle Physics, Basko
Polje, Jugoslavia)

10-07 G. Fäldt, University of Stockholm:
Theory of coherent production on nuclei

11-01 Barbara Badelek, University of Warsaw:

New results of the study of deuteron-proton scattering at

3.3 GeV/c incident deuteron momentum
11-08 H. Tyrén:

Introduction to High Energy Physics (at Institute of Physics,
Uppsala)

11-19 H. Tyrén:

The GWI synchrocyclotron conversion project (at Swedish Phy-
sical Society, Uppsala)

12-08 T. Berggren, Lund University:

DWIA analysis of quasi-free proton-proton scattering in
at 460 and 600 MeV

40Ca

Courses

V

t
I
i

S. Dahlgren and P.-U. Renberg:
Experimental methods in high energy physics, 5 weeks
B. Höistad:
Scattering theory and direct nuclear reactions, 8 weeks

PHYSICAL BIOLOGY

02-04 B. Tribukait, Stockholm:

Analysis of cell generation using flow fluorometry

02-11 R. Bergman, Studsvik:

To what extent should effects on cells and molecules due to

interaction with slow charged particles be attributed to
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03-25

03-26

03-31

04-21

04-28

05-11

05-21

05-26

05-26

09-08

10-10
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A. Nilsson, Stockholm:
Radiation-induced carcinogenesis. Risk-estimation based upon
biological experiments
S. Ostarman-Golkar, Stockholm:
Genetical risk from chemicals in the environment. Is the

philosophy of radiation protection applicable?
L. Révész, Stockholm:
Specific radiation sensibilization of hypoxic cel ls. Theory

and cl in ic
V. Kasche, Bremen, GFR:

The biological ha l f - l i fe of tr i t ium
B. Larsson:
Effect modification in radiotherapy. An experimental approach

(at the radiotherapy c l in ic , Lund)

D. Gabel:
The adhesion of cells to agarose-protein surfaces
L.G. Lundin:
Genetical regulation of some glucosidases in Mus Muscul us

H. Amnéus:

Pancreas proteases - A genetical model system for radiobio-
logical studies?
H. Amnéus:
Gene products for the detection of radiation-induced damage

(at the Institute of Genetics and Plant Breeding, Uppsala)

A. Fridberger:
Sea-urchin embryo, a classical system for studies of d i f fe-
rentiation

R. Walstam, Stockholm:
Physical and biological aspects on treatment of uterine
tumours
$•. (arisson

A computerized method for analysis of cel l-kinetical data (at
the 24th Annual Meeting of the European Tissue Culture Society,
Aarhus, Danmark)
B. Larsson:

Report froBi-.a symposium on nitrogen organized by the Royal

Academy of Science

B. Larsson:



I

I
to-

I

Modification of radiation effects (at the department of bio-

chemistry, University of Bremen, GFR)

10-20 B. Strandberg:
Biologically important macromolecules. Relation between
structure and function

10-27 V. Kasehe, Bremen, GFR:
New methods for isolation and fractiönation of DNA

11-17 L.G. Lundin:

Genetic mapping of Mus museu!us
11-19 B. Larsson:

The role of physics in a starving world (at Swedish Physical

Society, Uppsala)
11-24 H. Amnéus, řUCerda and B. Larsson:

Cytofluorometry
12-01 L.D. Skarsgard,Vancouver, Canada:

Radiobiological studies at TRIUMF
12-08 H. Schwegler, Bremen, GFR:

What can a biophysicist learn from Thorns catastrophe theory?
12-15 M. Sohtell:

Electrical measurements on single cells

Courses

Radiation biology. Course for second-year students of biology,

10 weeks
Propaedeutic course for research students in physical biology,
20 weeks
Research training in physical biology for doctoral students,
all-session
Tracer techniques in biological research, 5 weeks
Applied mathematics for biologists, 5 weeks

«yr
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P U B L I C A T I O N S

HIGH ENERGY PHYSIC

I":

1. P. Bruton, J . Davies, T. Ekelöf, S. Fischer, G. Fäldt, P. Graf-

ström, E. Hagberg, T. Johansson, S. Jonsson, S. Kullander,

J. Nassaiski and A.L. Read:

Incoherent production of pit ir~ -systems in proton-nucleus c o l l i -

sions at 18.6 GeV. Phys.Lett. 59B (1975) 490

2. B. Fagerström, J. Kalině, 0. Sundberg and G. T i b e l l :

The 6 > 7 Li(p,d) Reaction at 185 MeV. Physica Scripta 23(1976)101

3. A. Ingemarsson, A, Hallgren and 0. Jonsson:

Polarization in the Inelastic Scattering of 185 MeV protons from 27A1

Physica Sc-ipta 23(1976)208

4. B. Höistad:

Review on (p,r) reactions. Proc. of the Topical Meeting or. Inter-

mediate Energy Physics, Zuoz, 1976

5. H- Tyrén:

High Energy Physics. Acta Universitatis Upsaliensis, Uppsala Uni-

versity 500 years 8(1976)101

6. J. Källne, 0. Sundberg and I . Brissaud:

Inelastic proton scattering at 185 MeV from 3" and 5" states of

^Ca. Accepted for publication in Nuclear Physics

I

Internal reports

GWI-PH 1/76 S. Dahlgren, K.Gustafsson, B. Holmgren, S. Kull ander

and H.O. Moberg:

Multiwire proportional chamber development at the

Gustaf Werner I n s t i t u t e , Uppsala
11 2/76 J . Källne, 0. Sundberg and I . Brissaud:

Inelastic proton scattering at 185 MeV from 3" and 5"

states in 40Ca
11 3/76 A. Ingemarsson:

DWBA-calculations for quadrupole transit ions in Si

and 3 2 S induced by 185 MeV protons

4/76 A. Ingemarsson, A. Hallgren and 0. Jonsson:

Elastic and inelastic scattering of 185 MeV protons

from 1 2C
5/76 T. Ekelöf:
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Low energy recoil measurements in high energy physics
(also as a CERN yellow report)

6/76 P.-U. Renberg:
Production of secondary beams of intermediate ener-
gies

7/76 P. Bruton, T. Ekelöf, S.M. Fischer, P. Grafstrbm,
E. Hagberg, D.C. Imrie, S. Jonsson, S. Kullander and
J. Nassalski:
A comparative studie of the dissociation of protons
into low mass pn+tr~ -systems in coherent and incohe-
rent proton-nucleus coll isions at 18.6 GeV/c. Sub-
mitted to Nuclear Physics

8/76 B. Lundström and P.-U. Renberg:
Magnetic f ie ld parameters for the improved GWI-
acce lera tor

Ifc
w

PHYSICAL BIOLOGY

1. H. Amnéus:
On the detection of functional and structural enzyme mutants by
coordinated a f f in i t y chromatography and isoelectric focussing.
Biochem. Genet. ]4(1976)953

2. V. Kasche, H. Amnéus, D. Gabel and L. Näslund:
Rapid zymogen activation and isolation of serine proteases from
an individual mouse pancreas by a f f i n i t y chromatography. Genetical
heterogeneity of chymotrypsins of Mus musaulus. Accepted for
publication in Biochem. Biophys. Acta

3. H. Amnéus, O. Gabel and V. Kasche:
Resolution in a f f in i t y chromatography. The effect of the hetero-
geneity of immobilized soybean trypsin inhibi tor on the separa-
t ion of pancreatic proteases.
J. Chrom. 120(1976)391

4. H. Amnéus and L. Näslund:

Improved fractiönation of functional protease mutants by the use

of d i r ig ib le gradient elution (In Swedish). Lambda-Nytt J3(1976)l

5. V. Kasche:

The kinetics of trypsinogen activation studied by analytical a f f in -

i t y chromatography. Arch. Biochem. Biophys. 173(1976)269
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6. K.J. Johanson and B. Rydberg:
The effect of Co-gamma radiation and hydroxyurea on the in vivo
chain growth of DNA in crypt cells of mcuse small intestine
Accepted for publication in Int . J. Radiat. Biol .

7. H. Lundqvist, K.J. Johanson and G. Jonsson:
3 125

Improved separation of He and I spectra in l iquid sc in t i l l a -
tion counting by doping with thallium and lead.
Int. J. appl. Radiat. Isotopes 27(1976)233

8. J. Carlsson and U. Brunk:
Fine structure of three-dimensional colonies of human glioma cells
in agarose culture. Acta pathol. In press

9. J. Carlsson and M. Malmqvist:
Effects of bacterial agarase on agarose gel in cell culture. Sub-
mitted for publication in In Vitro.
S. Graffman and B. Larsson:
High-energy protons for radiotherapy - A review of act iv i t ies at
the 185 MeV synchrocyclotron in Uppsala. Atomkernenergie Bd 27
(1976)148
K.E. Arfors, J.O. Forsberg, B. Larsson, D.H. Lewis, B. Rosengran
and S. ödman:
Temporary intestinal hypoxia induced by degradable microspheres.
Nature 262(1976)500
B. Långström and H. '.undqvist:
The preparation of C-methyl iodide and i ts use in the synthesis
of C-methyl-L-methionine. Int . J. appl. Radiat. Isotopes 2^(1976)
357
J. Carlsson, H. Lundqvist and J. Pontěn:
The measurement of spatial precursor distribution in cell culture.
In Vitro. In press
S. Mattsson, R.B.R. Persson, H. Lundqvist and P. Malmborg:

10.

11,

12.

13.

14.
High purity 1 2 3 I generated from 1 2 7I(p,5n)1 2 3Xe for clinical .use.
I n t . J. appl. Radiat. Isotopes 27_(1976)319

15. B. Sundqvist, L. Gönzci, I.Koersner, R. Bergman and U. Lindh:
A nuclear method f o r determination of nitrogen depth distribution
in single seeds. Int. J . appl. Radiat. Isotopes 27(1976)273

16. D. Brune, U. Lindh and H. Lundqvist:
Measurements of oxygen, nitrogen and carbon for in vivo photon
activation analysis. Accepted for publication in Analytica Chimica
Acta
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17. R. Bergman:
Effects of neutron scattering and absorption of short range par-
ticles in cells and manomolecules. Acta Universitatis Upsaliensis.
Abstracts of Uppsala Dissertations from the Faculty of Science
369, 1976

18. B. Larsson:
Physical Biology in Faculty of Science at Uppsala University,
Earth and Life Sciences. Uppsale University 500 years 10. Acta
Universitatis Upsaliensis, ppl25. Uppsala 1976.

Internal reports

CWI-R 1/76 R. Bergman and S. Sturelid:

Yield of chromosomal aberrations and recoil particle
range in Chinese hamster fibroblasts exposed to 500

keV neutrons.
'•' 2/76 R. Bergman and S. Sturelid:

RBE of intermediate energy neutrons and Co-60 gamma
rays on chromosomal aberrations in protracted in vi t ro

exposure of Chinese hamster f ibrdblasts.
" 3/76 R. Bergman:

Atomic collisions and primary ionization in neutron

exposed water, protein and DNA.
" 4/76 R. Bergman:

Interpretation of slow proton induced molecular
inactivation.

5/76 H. Lundqvist and P. Malmborg:
Proton-induced reactions for production of carrier-
free 28Mg.

6/76 H. Amnéus and K. Uisk:

Disruption of di sul phi de bonds of mouse chymotrypsin
and separation of chains.

7/76 H. Amnéus:

Radiation-induced heterogeneity of chymotrypsin of.
Mus muBculus. On the characterization of structurally
and functionally in vi t ro modified enzyme forms.

" 8/76 J . Carlsson, K.J. Johanson and J-0 Säfwenberg:
Blood clearance of H-thymidine and H-uridine in
growing rats.
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9/76 J . Carlsson, H. Lundqvist and J. Pontén:
The measurement of spatial precursor distribution in

cell culture.
10/76 H. Lundqvist and P. Malmborg:

Labelling of macromolecular carbohydrates by means of

"hot atom" reactions.
11/76 Suparb Na Chiengmai, H. Lundqvist and P. Malmborg:

Production of krypton isotopes by (p.xn)reactions on
bromine.

12/76 J. Carlsson and U. Brunk:
The fine structure of three-dimensional colonies of
human glioma cells in agarose culture.

13/76 J. Carlsson:

A proliferative gradient in three-dimensional colonies
of cultured human glioma cel ls.
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