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I Overview

Research in the Department of Life Sciences at PSI is
focused on two topics:

• Cancer: Causes, diagnosis and therapy
• Neurodegenerative diseases: Pathophysiology, bio-

chemistry, diagnosis

Cancer research is performed at all the relevant biological
levels: molecular, biochemical, cellular and macroscopic.
The ultimate goals are the understanding of the
mechanisms of action of ionizing radiation and the solu-
tion of problems in clinical radiology and radiation pro-
tection.

This research effort has two main components:

Macro tumor therapy: The precise local treatment of so-
lid tumors with protons ("conformal radiotherapy") and the
highly selective endoarterial application of radionuclide
particles.

Micro tumor therapy: The treatment of micromctastascs
or micro tumor infiltrates with injectable, tumor-seeking
substances (radionuclide therapy, neutron capture
therapy).

Combinations of the various procedures are indicated in
cases where the location and extension of a primary tumor
is relatively well known and where a risk of metastasis or
infiltrative growth is present. In such cases an overall
oncological concept, combining macro- and microtu-
mortherapy, must be implemented. Such comprehensive
concepts are based on knowledge of the properties of tu-
mor cells and tumor cell aggregates of the individual
patient.

Besides preclinical research, the Department of Life
Sciences deals with basic scientific research needed to un-
derstand tumor biology and the effects of radiation, in par-
ticular questions of growth control in cells and tumors.
Mammalian and human cell cultures are used for genetic
and molecular biological experiments. The results of these
basic studies will be incorporated into concepts for tumor
treatment.

The second focus of our research - neurodegenerative
diseases - addresses a subject of increasing social impor-
tance, due to the steadily increasing age median of the
population. Impairment and lower performance of the
central nervous system often lead to greatly reduced life
quality, in particular in the later stages of life. Prevention,
cure, or at least palliation of these diseases are considered
a central subject of modem medicine. Precise knowledge
of cerebral metabolism in relation to brain structure is
required to provide a basis for further progress.

Positron Emission Tomography (PET), using special
types of radiotracers, is an instrument to analyze in vivo

regional brain biochemistry on a quantitative basis. The
main contributions of PET-studies are the elucidation of
the regional or global biochemical mechanisms of a
disease (pathophysiology) and direct in vivo data
collection, related to specific regional tissue binding and
effective dose of new Pharmaceuticals in humans
(parmacology). Hospital related clinical research is not a
goal of this activity.

However, some diagnostic procedures established with
PET can be transferred to the widely available SPET
technique.

All PET and SPET studies must be based on a highly
competent radiopharmaceutical research effort at PSI.
Work in this field is oriented towards the development of
new PET/SPET tracers for neurotransmission in brain
(mainly) and other applications. It consists of work on
highly sophisticated synthesis and the relevant biological
and pharmacological studies.

The research activities in the Department of Life
Sciences are strongly dependent on the institute's major
facilities: In the near future, the spallation neutron source
(SINQ) will be commissioned. Furthermore, in about 6
years from now, the SLS project might offer entirely new
possibilities, making synchrotron radiation available at
PSI. In view of these developments, we are actually explo-
ring a third focus for our research:

• Structural research in biology and medicine

Knowledge of life processes is largely based on knowledge
about structure at all levels. This fact has been realized
early and gave raise to many methods in prevention,
diagnosis and therapy of disease. Structural information is
also fundamental for a variety of biotechnological proces-
ses.

Of major importance for the elucidation of biological
structures are scattering methods with neutrons and pho-
tons. It is obviously very attractive to develop our research
into these fields, where large user communities offer many
possibilities for collaborative research.

In the following chapters of this Newsletter, the scien-
tific program carried out in 1993 is summarized. We have
given more space this year to the Institute for Medical
Radiobiology where many new research directions have
been initiated.

In the past year, the evolution of our department was
dominated by the decisions to 1) give up the routine pro-
duction of radioisotopes and 2) to halt the Pi-Meson The-
rapy program. This liberated considerable resources and -
in parallel with a further strengthening of the most promis-
ing future research orientations - allowed us to make the
necessary contributions to the overall staff reduction
scheme of PSI. I am grateful to all who have contributed



to this complicated and finally very successful operation.
Obviously some of us had to accept very disturbing drastic
changes in their professional life. Their cooperation must
be highly recognized!

In summary, I would see the past year as a critical period,
where we have solved a few problems and have come clo-
ser to an equilibrium within F2 and with the institute. We
still have some work before us to further develop a long
term strategy, develop our own quality filters and streng-
ten our links to outside partners. Clearly, a decision on
SLS is of utmost importance in order to finalize our ideas.

Last but not least, I would like to thank the F2 staff for
their contributions and their cooperation. Without bene-
fitting from the unusual amount of teamwork and tole-
rance, heading the Department of Life Sciences would be
much less than a privilege.

W.Hirt

Department Head



II Radiation Medicine

1. Introduction

H. BLAITMANN, G. MUNKEL

1.1 Pion Therapy

Major changes in the program of the division of radiation
medicine have characterized the past year. Due to diffi-
culties with the complex cryogenic system of the Piotron
and the consequences it would have had to the patient
program for the current and the following year, the
decision has been taken to discontinue the program and to
concentrate the resources on the proton therapy program.

In the last 12 years more than 500 patients, the same
number as in Los Alamos, USA and Vancouver, Canada
together, have been treated with pions for deep seated
tumors, the first conformal radiotherapy realized with the
spot scan technique. The pion therapy project at PSI and
oflier heavy charged particle therapy programs have
contributed to important developments in radiotherapy in
general. The initial phase was characterized by an
intensive collaboration of many different physics and ra-
diobiology groups in describing the radiation field for this
novel application technique. Single beams of the Piotron
have been analyzed in detail by groups from Karlsruhe,
Homburg, Wuppertal and for optical parameters, micro-
dosimetric and dosimetric characterization, calibration of
the spot dose was performed by a group from Lausanne.

Several groups in Zurich, Bern, Lucerne, Karlsruhe,
Frankfurt and Los Alamos have studied the radiobiological
efficiency of the beam under conditions close to those
later used for radiotherapy. These experiments included
cell survival, radiation induced mutation, but also response
of normal tissues such as skin and intestine, and tumors to
pion irradiation.

The determination of the relative biological effective-
ness (RBE) of the pions showed pronounced variations
with dose and biological test system. For therapeutic ap-
plication a factor of two was adopted which included the
RBE but also took into account the difference in effective-
ness of the treatment due to the different overall treatment
time for pions compared to photons.

The specific geometry of the Piotron, with its 60 beams
focused onto the axis, and the spot scanning treatment
technique necessitated several developments which have
been taken over by other projects. The precise positioning
in an individual mold has been taken over with only slight
modification by the hospital based proton therapy facility
at Loma Linda, USA and will be transferred to the neutron
facility in Louvain la Neuve. Several hospitals have asked
for information on our fixation technique to foam an indi-
vidual patient support.

Gradually the true-three dimensional treatment planning
on the basis of serial CT slice information is also being
adopted in precision photon therapy.

The conclusion is that in a large fraction of the treat-
ments, possibly with the exception of the sarcomas, the
success of radiation therapy at PSI is a result of dose dis-
tribution rather than of the biological advantage of pions.
This has lead to the development of the new project of
conformation therapy which will begin next year.

1.2 OPTIS

Proton radiotherapy of ocular melanoma continues to treat
patients on a regular basis with very good results. More
than 1500 patients have been treated at PSI, the second
highest number of patients worldwide.

1.3 Proton radiotherapy project

The time schedule of the gantry for the treatment of deep
seated tumors with protons has experienced only minor
delays. The mechanical assembly will be finished soon
and first treatments may be possible before the end of next
year, preceded by many dosimetric measurements in vari-
ous phantoms and by the treatment of animals, mainly
dogs, with spontaneous tumors. This will enable the dem-
onstration of the practicability of !he entire chain of ac-
tivities ranging from diagnosis using CT scanning,
fixation, position verification, in vivo dosimelry to follow
up on live individuals.

1.4 Proton radiosurgery

As a result of the shutdown of the Piotron a beam line for
proton radiosurgery is being studied in that area. A very
narrow beam (a few mm in diameter) would be directed
onto the patient for functional radiosurgery in the brain.
The patient would be exposed on a special chair, with his
head fixed in a stereotactic frame, and high energy protons
would traverse the head from many different directions
depositing a large dose in the overlapping area. As the
treatment will be done in a single ses ion, it can be easily
performed by neurosurgeons from ary institution. It world
be a typical installation of a user lab. On the other hand
the facility would also fit ideally into one of the major
programs of the life science department, the neurological
disease program. The decision on the realization of this
project is expected for summer 1994.



2. Indications for Proton Therapy

G. MUNKEL, A. LOMAX, S. SCHEIB, E . PEDRONI,

H. BLATTMANN

2.1 Introduction

Of todays diagnosed malignancies, only 45 % can be cured
by the available treatment modalities such as surgery
(22%), radiation therapy (12%), combination of both (6%),
and chemotherapy (5%). In the next century one out of
three children is likely to suffer from a cancer during his
lifetime, and 1 million cancer casualties in Europe per
year require developments and optimisations of the local
treatment techniques. Though systemic biological and
molecular treatments will be implemented in the future,
the local methods will be of importance nevertheless.
About 1/3 of cancer deaths are due to local or loco
regional failure. The "critical" cell mass has to be
sterilised first in most of the cases and systemic agents
have their biggest effectiveness in small cell
"agglomerations". Radiation therapy has the potential for
continuing developments which focus mainly on the con-
formation of high dose to the target volume. The physical
characteristics of protons - Bragg peak and charge - are
strong arguments for their medical use. The advantageous
dose distribution in tissue has been proven in more than
12000 patients world-wide, however the indications were
up to now limited due to the available techniques. Unsatis-
factory local control rates for many tumors and high
complication rates when using tumoricidal radiation doses
in sensitive anatomical sites raise medical difficulties as
well as social and economical problems. Protons in gen-
eral, and the proton spot scanning technique of the PSI
gantry especially, are expected to improve the cost-benefit
relationship of radiation therapy.

2.2 Approach to indications for proton ra-
diotherapy

When designing the oncological concept for a patients
treatment, different features are taken into account. His-
tology and grading play an important role and characterise
mainly the biological behaviour of the tumor. Molecular
and immunological indicators become more and more im-
portant when predicting the effects of different treatment
regimes. The anatomical site can be a limitation for
principally beneficial techniques such as radical surgery or
irradiation. Chemotherapeutic agents, even if they are ef-
ficient in selected cases, also affect healthy organs and
cannot be administered ad libitum. Non-response to drugs
can develop during treatment courses, so even palliative
effects of chemotherapy may be lost The decision for the
use of protons in radiation oncology should be made for
tumors which cannot be treated otherwise, which have low
cure rates or high treatment complication rates or both.

Most of the patients treated with proton beams since 1954
suffered from tumors in the brain, brainstem, in the region
of the myelon , in the prostate, in the choroida of the eye
[1], and in or close to other critical structures which
tolerate only a limited, non tumoricidal radiation dose.
Protons have shown local control in many of these cases
where conventional radiation was judged to be not
feasible. Also benign diseases such as arterio-venous
malformations have been successfully treated by protons
for about 35 years. Head and neck malignancies, in the
vicinity of the eyes, inner ear, brainstem etc. are another
example for proton treatment indications. Principally any
well defined lesion could benefit from these beams, as the
sharp dose fall off allows a precise tailoring of the
therapeutical dose to the tumor.

Historically small lesions are the main indications for
proton therapy, the treatment results of e.g. the brainstem
chordomas are convincing, where no other conventional
radiation technique could offer a comparable procedure.
But also large tumors will benefit substantially from the
routine use of protons. The larger the treatment volume,
the higher the integral dose to the affected anatomical
area. Experience from the use of pions at PSI [3] shows
that sarcomas of several litres could be treated with locally
curative doses without severe sequelae. As the proton
conformation can be even tighter, large volumes should be
of special interest, not only for palliative treatments. Even
extensive lymph node involvement, metastases or primary,
could be treated this way while providing more sparing of
vessels, the myelon, kidneys and the membranes of the
aero-digestive tract.

Irregularity of the tumor shape is another problem in
radiation therapy. Modern linear accelerators with multi
leaf collimators and state of the art 3-d treatment planning
programs are now available for photon conformation
therapy, but the inherent physical advantage of the
charged particle gives an additional benefit in sparing
normal tissues and in dose escalation regimes. The head
and neck area might be of major importance here if the
problems of tissue inhomogeneity due to the mixture of
air, bone and soft tissue can be solved.

Isolated metastases could be another indication for
proton irradiation, if this palliative treatment can be
expected to be efficient for a longer survival. For instance
the surgical removal of solitary metastases could be
discussed then, as one would save costs of the
hospitalization and reduce the risk resulting from
intervention.

Pediatric malignancies [2] are a challenge for every
radiotherapy method. The growing organism is more than
anything else sensitive to radiation, and as we are able
today to achieve long term survival in many cases,
sequelae of any therapy get special importance. No matter
how high the required doses are, the irradiated volume has
to be symmetrical in the skeleton (in order to avoid
asymmetrical growth), and as tight to the target as
possible, but also, in many cases, rather large compared to
the size of the child's organs and whole body. The steep



dose fall off of protons docs not only reduce the late
effects but also the early reactions which might be
tolerated much less by a child than by an adult patient. If
the aggressiveness of the tumor requires high local
radiation doses, maybe combined with chemotherapy
programs, this aspect becomes even more important.

Tumors which involve only a part of an organ may
require only a partial organ treatment, according to the
local invasiveness and biological behaviour.
Circumscribed bladder cancer can serve as a model. The
irradiation of only the affected part of the hollow organ
circumference, including the safety margin, reduces
substantially the early and late reactions. In combination
with a controlled bladder filling during the treatment, one
could escalate the dose while saving the repair capacity of
the non irradiated bladder wall. The rectum and sigma
circumference, stressed by pelvic irradiation for e.g.
prostate or gynecological cancer, can be spared by using
protons based on careful treatment planning. Lymph node
involvement has been mentioned before and tumors in the
upper abdomen also require a good conformation of the
target dose in order to keep the reaction of the mucous
membranes of the gastro intestinal system as low as
possible. Sparing of the kidneys is of importance due to
their low tolerance to radiation. If a symmetric therapy is
required, the cortex of the kidneys has to be saved as far as
possible from the therapeutic dose in order to avoid the
reduction or failure of the fi I national function.

One of the important experiences of the PSI pion
project is the compatibility of high dose conformation in
depth with surgery after radiation. Some large soft tissue
sarcomas were resectable after 33 pion Gy (66 Gy
photons), and we did not see specific complications due to
the combined treatments [3]. Sparing the skin and
reducing the dose to the subcutaneous structures favours
surgery and healing capacity after irradiation, and
conformal high dose in depth makes radiotherapy less
stressful after preceding surgery. Protons are the beam
quality of choice for combination treatments. No matter
what prior or following therapy is used, the less one
affects normal tissues by radiation, the better the tolerance
against any other treatment modality.

Local failure may require further irradiation after
radiotherapy with a full "locally curative" dose. The
limitation is the dose to the normal tissues around the first
target volume, which usually includes the tumor itself, the
safety margin and the regional lymph nodes. This results
in a rather large volume receiving a high dose. A second
radiation approach is normally impossible exept with low,
palliative doses. The reduced plateau dose of the protons
combined with the flexibility of the gantry may allow in
some special situations the administration of a second ef-
fective dose.

Boost therapy is one of the most widely discussed ideas
for proton therapy. Of course, the dose distribution enables
us to add substantially to the basic, large volume
irradiation (e.g. pelvis box technique), and the experiences
with such procedures are positive concerning local control
and late effects. In a first step, boost treatments will
certainly be performed, even with the new beam delivery

systems. But in the longer range the possibility of an
inhomogeneous dose application will tead to primarily
large and small volume irradiation with protons

2.3 Conclusion

The decision for or against the use of protons in radiation
oncology depends on the following criteria: Every patient
has the right to get the best available treatment, which
means the optimal and correct placement of the therapeu-
tical dose, a high probability of local tumor control and
minimal side effects. The cost - benefit relation has differ-
ent aspects. A successful radiation treatment reduces addi-
tional medical costs, raises the quality of life and survival
[4] and leads to very important experience and knowledge
about the general improvement of the second most effec-
tive therapy against cancer. The PSI proton therapy facil-
ity will give an important contribution to these experi-
ences, which influence conventional techniques as well as
new particle therapy installations. With the world's first
dynamic, 3-d conformal spot scan technique, we will make
the best use of the physical advantage of protons. The
indications for such an innovative therapy have to be justi-
fied and chosen by prior comparative treatment planning
with state of the art photon and proton planning programs.
These experiences will influence radiation therapy in gen-
eral in the future.

References

[1] E. EGGER, L. ZOGRAFOS, ET AL: "Proton Beam
Irradiation of Choroidal Melanomas at the PSI:
Technique and Results".
In: W.E. Alberti and R.H. Sagermann,
Radiotherapy of Intraocular and Orbital Tumors,
Springer Verlag (1993)

[2] G. GADEMANN, M. WANNENMACHER: "Charged
particle therapy to pediatric tumors of the
retroperitonal region: A possible indication".
Int J. Rad. One. Biol. Phys. 22, 375 - 381 (1992)

[3] R. GREINER, G. MUNKEL, H. BLATTMANN, ET AL:

"Conformal Radiotherapy for Unresectable
Retroperitoneal Soft Tissue Sarcoma".
Int. J. Rad. One. Biol. Phys. 22, 333 - 341 (1991)

[4] H.D. SUIT, M. GOITEIN, ET AL: "Increased efficacy
of radiation therapy by use of proton beam".
Strahleniherapie Onkologie 166,40 - 44 (1990)



3. OPTIS

E. EGGER, T. B0HR1NGER, G. MUNKEL, H. BLATTMANN,

L. ZOGRAFOS*

*H6pital Ophtalmique, Lausanne

3.1 Introduction

The treatment of intraocular tumors with the 72 MeV pro-
ton beam of injector I has continued during 1993. 211 pa-
tients have been irradiated. The total number of patients
treated since 1984 is now 1574.

A pilot study has been initiated with the Dipartimento
di Costruzioni Meccaniche e Nucleari of the Universita
degli Studi di Pisa. We have begun some work on detectors
which allow the 3 D visualisation of proton tracks [1]. An-
other experiment was realized with alanine probes, which
is a material that can be used for absolute dosimetry using
the ESR technique. Alanine actually seems to be an ideal
candidate for intercomparison measurements between dif-
ferent centres, since it is easy to handle and once it has
been irradiated, the dose information cannot be erased
anymore. It looks also very promising for testing the 3 D
dose distribution in the 200 MeV proton therapy project.
This collaboration will continue next year. Experiments
are already planned during the OPTIS beam time of Janu-
ary.

Other experiments and irradiations have been realised
in collaboration with other groups and/or other persons of
our division. They are described elsewhere.

3.2 Therapy Planning

We have shown that about 20 % of local tumor control
failures are due to the inaccuracy of the eyelid model im-
plemented in the treatment planning program EYE [2].
The Clatterbridge group have developed a new eyelid
model which is much more accurate than the old one [3].
Thanks to the good contact between our two groups, we
have obtained the source code of this model and have
implemented it into the PSI version of the treatment
program EYE. Figures 1 and 2 illustrate the difference
between the 2 models. Fig. 1 is a treatment plan realized
with the old eyelid model were a recurrence in the back
part of the tumor was detected six month after treatment.
We replanned the same patient using the new eyelid model
(fig. 2). It is obvious that local tumor control had to fail in
this case.

Some other problems with the treatment planning pro-
gram EYE have been described in [2], i. e. the fact that the
eye is assumed to be a sphere and that only tumors of the
posterior chamber can be planned. We propose to develop
a new treatment planning program based on CT-, US- or
MRI - scans of the eye. However, taking into account that
the rate of local tumor control failure after 5 years is less
than 3 % it seems not justified from an economical point of
view to spend a lot of time and money to develop a new
treatment planning system which will enhance the costs of
the treatment for an improvement which is just theoretical.

Fig.l: Tumor planned with the old eyelid model.

Fig.2: Same case planned with the new eyelid
model. It is obvious that the back part of the
tumor is not irradiated.

3.3 Age related macula degeneration

In the last annual report we mentioned that two patients
suffering from age related macula degeneration and two
patients with a choroidal melanoma associated with an age
related macula degeneration were treated with the OPTIS
beam. These patients were followed regularly during the
whole year, but no new patient has been treated in 1993.
The reason is that the treatment of a non malignant lesion
by means of irradiation may be a subject of controversy.
However, encouraged by the results of the two cases treated
in 1992, we decided to start a pilot study in 1994 offering



to all eye clinics in Switzerland to participate and send us
their patients.

3.4 Patient data base

The problems with the current patient data base have been
described extensively in the last annual report. Presently
the design of the new data base has been finalised. The
coding is going on well and we hope to have transferred all
the data from the old into the new one by the end of
March 1994. We took this occasion also to unify the treat-
ment of all patient data. This will lead to a lot of simplifi-
cations and to a data management which is much more
logical. The experience WP have made in the analysis of
the data for statistical purposes guided the way we
designed the new data base. The extraction as well as the
input of data will be much easier than it was up to now.
We will now have a very powerful system for the manage-
ment of our patient data. The flow of information collected
is shown in figure 3.

3.5 Conclusion
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1994 will be the tenth year of proton beam irradiation of
ocular tumors at PSI. Just one group in the world has a
longer experience than we have, the Boston group. We
have now the necessary material and very powerful tools
for a very detailed analysis of our results. New projects like
age related macula degeneration, animal patient irradia-
tion, lens epithelium study and development of the
deuteron beam have been started or will be started soon.
Though the group is small, we hope to be as efficient in the
future as we could be during the first nine years.
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4. The comparison of spot scanning
proton radiotherapy with con-
ventional photon therapies

A. LOMAX, S. SCHEIB, G . MUNKEL, H. BLATTMANN

4.1 Introduction

As part of the proton therapy project at the Paul Scherrer
Institute (PSI), a comparative assessment of radiation ther-
apy techniques is being undertaken by comparing the re-
sults produced by treatment planning systems developed
for treatments using both photons and protons. The goal of
this work is to be able to present in an easily understood
but convincing format the improved dose distributions to
both target and normal tissue that will result from the spot
scanning method of proton radiotherapy. Ultimately, the
aim is to identify clinical indications where a definitive
difference can be shown between the efficacy of proton
and photon therapy plans, through the use of both qualita-
tive and quantitative analysis of the predicted dose distri-
butions. In addition, we aim to compare the distributions
provided by the spot scanning approach of PSI with those
of the more conventional proton delivery system of pas-
sive scattering and to provide a user friendly system that
can in future be used to determine the efficacy of proton
therapy for individual patients.

4.2 Methods

For the planning of photon radiation treatments, a version
of the VOXELPLAN system, developed by the Deutsches
Krebs-Forschungs-Zentrum (DKFZ) in Heidelberg [1], is
being used. At present, we are also implementing software
provided by the Royal Marsden Hospital in London that
uses the VOXELPLAN system as a shell within which it is
possible to generate dose distributions calculated for pas-
sive scattering proton therapy systems [2]. The system
used for planning proton treatments using spot scanning
has been developed in house at PSI [3]. This calculates the
predicted doses using a pencil beam model of proton dose
deposition and can utilise the full three-dimensionality of
the available patient CT data by using both coplanar and
non-coplanar beam angles. Data is transferred between the
different planning systems and a separate comparison
module by the use of common, system independent file
formats, described in a previous report [4].

A module for die dual display and analysis of dose dis-
tributions from different plans has been developed using
Precision Visual's PVWAVE data visualisation package.
This consists of a library of data analysis and display rou-
tines that can be combined, using PVWAVE's built in
command language, to provide a flexible and powerful
two and three dimensional visualisation tool. The main
advantages of PVWAVE are that it has highly optimised
array manipulation capabilities, allowing for fast process-
ing of two and three dimensional data sets, and that com-
mand language files can be easily transferred between
VMS or UNIX machines with little or no modification.
The combination of common file formats and the

PVWAVE shell provide a very 'open' system which can be
easily distributed over different hardware platforms in the
future.

The comparative analysis software provides, firstly, a
tool for presenting two separate dose distributions on the
same display for direct visual comparison. Transaxial,
sagittal and coronal slices of the CT and dose data sets can
be interactively selected and displayed, with the position
of the orthogonal cuts being defined using crosshair type
cursors controlled by the mouse. The dose distribution can
be represented by either overlaying the dose on the CT
data using colour wash and/or by the use of isodose con-
tours. Full interactive control of the CT window, dose
banding and display levels are all provided by the use of
widget type control boxes. Both target and anatomy VOIs
can be optionally displayed and two modes of 'dose at a
point1 querying of the data sets is provided.

More quantitative analysis of the plans is provided by
the Dose-Volume Histogram (DVH) facility. In this, either
cumulative or differential DVHs for both plans can be
produced for any single VOI. DVHs can be calculated for
either the whole volume or for the 3d surface of the se-
lected VOI. The dose-surface histogram option allows for
more accurate analysis of the irradiated portion of critical
organs that can be considered hollow. In addition, DVHs
for combinations of VOIs can be generated by allowing
the user to add or subtract VOIs from the currently defined
volume or surface. This facility can be useful when VOIs
overlap or when a particular volume of interest is made up
of a number of separate VOIs (e.g. right and left kidneys).
In addition, if a particular region of the DVH is of interest,
then this can be magnified by plotting a selected region of
the dose (X) axis. Optionally, the outline of the volume
corresponding to the currently displayed DVH can be
highlighted in the display windows to allow the user to be
able to correlate the DVH with the displayed dose distri-
bution in that volume. Included as part of the DVH facility
is the calculation and display of statistics for the selected
volume and dose range. At present these include the mean,
and single point maximum and minimum dose as well as
the total volume and volume within the selected dose
range for the current combination of VOIs.

4.3 Results

The approach and software described here is presently
being used to compare and analyse photon and proton
plans. Figure 1 shows the dose distributions from photon
and proton plans of an example case displayed using the
comparative analysis module. The target was a large
(volume of about 500 ccm), irregularly shaped volume in
the lower abdomen that abutted directly against the rec-
tum, part of the large bowel and the bladder. In practice,
this case was treated with photons using a PA field and
two lateral fields with 45 degree wedges. For the compari-
son, the calculated dose distribution was improved by us-
ing a four field box arrangement that was rotated by 30
degrees (from the right lateral to the AP direction) in older
to spare as much of the rectum as possible. Homogeneity
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Fig. 2: Example dose-volume histograms for the tumour volume and three critical (normal) structures.

of dose across the treatment volume was improved by the
use of 15 degree wedges on the rotated PA and AP fields.
Individually tailored irregular fields were used for all
beam directions. The proton plan consisted of three beams,
with the same angles as for the rotated PA, AP and left
lateral beams of the photon plan. In figure 1, the photon
dose distribution is shown on the right, with the corre-
sponding proton distribution being displayed on the left for
each slice plane (transaxial, frontal and sagittal). Colours
represent the dose level, relative to the maximum dose and
represent equally spaced intervals between 0 and 100%.
Areas coded in red correspond to doses greater than or
equal to about 85%. This figure shows the much more
conformed dose distributions that can be achieved using
protons. This is most clearly demonstrated in the transaxial
slices. That the dose can be fully conformed in three di-
mensions is shown in the representative frontal and sagittal
slices. These distributions can be directly compared to the
very much 'looser' distributions resulting from the photon
dose calculations.

Fig.l: see Appendix 1.

Figure 2a shows the target volume cumulative DVH with
the x axis magnified to display only that portion of the
graph corresponding to doses of 80% of maximum or
more. The use of x axis magnification of the DVH here
clearly shows the improved dose distribution to the target
that can be achieved using protons. In this case, no part of
the target will receive less than 90% of the maximum.
This can be directly compared to the photon plan in which
8% of the total volume receives a dose of less than 90% of
maximum. The mean doses to the target are 97% for the
proton plan and 93% for the photon plan.

Figures 2b and 2c show DVHs for the wall of the rec-
tum and the wall of part of the large bowel. Both DVHs
were calculated using the surface option for the DVH cal-
culations. Due to its proximity to the target volume, both
plans predict a significant dose to the rectum with all the
rectal wall being irradiated to about 30% or more of the
maximum dose. However, the high dose volume is sub-
stantially reduced in the proton plan with the volume re-
ceiving 80% or more reducing from just over 50% of total
wall volume for the photon plan to 38% for the proton
plan. For the wall of the large bowel, there is a general re-



duction of dose for the proton plan, with the volume of
large bowel wall that would be irradiated to 50% of
maximum dose being reduced from over 62 ccm in the
photon plan to 40 ccm in the proton plan, a reduction of
over 35%. The final DVH, figure 2d, shows the integral
dose to the whole pelvic region of the patient. As the tar-
get volume was almost entirely within this region, the dose
within the target volume has been removed from the cal-
culations using the combined VOI facility. Thus, the DVH
shown in figure 2d indicates the dose that all normal tissue
within the pelvic region will receive. A significant
reduction in the volume that would be irradiated to all
levels, but particularly to lower doses (less than 60%), is
clearly demonstrated.

4.4 Discussion

A dedicated module for the comparison and analysis of
such plans has been developed using a software tool which
is easily transferable between different hardware plat-
forms. Such a system is now being used to assess the ad-
vantages of proton therapy using the spot scanning method
over conventional radiotherapy techniques. The analysis
module has been designed to be easy to use and fully in-
teractive, facilitating detailed visual and quantitative
analysis of plans. Although restricted at present to compar-
ing just two plans, loading new dose data sets can be done
relatively quickly and in practice the module can be used
to analyse a number of different photon or proton plans.
Due to the 'open' nature of the software and the file for-
mats used for data transfer, it is hoped that in the future,
data from different planning systems can be used. This
then raises the possibility of interested clinical centres us-
ing the software to determine the usefulness of proton
therapy on individual cases.
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5.1 Introduction

5.1.1 General Considerations

Cancer is a common disease in pet animals. Many canine
and feline tumors behave biologically very similarly to the
corresponding human tumors. Spontaneous tumors in dogs
and cats are appropriate and valid model tumor systems
for the testing of therapeutic agents and studying cancer
biology. [1,2] Several characteristics make spontaneous
tumors particularly attractive for the study of new
radiation therapy modalities: In contrast to experimentally
induced animal tumors, spontaneously occuring neoplasm
display the same relationship between tumor and
tumorbed, vascularization and surrounding healthy tissue
as is encountered in human cancer. Therefore, spontaneous
pet animal tumors resemble much more closely the
situation found in human radiotherapy than any
experimentally designed test system to study normal tissue
reaction or tumor response. An additional advantage of
spontaneous animal tumors is the shorter lifespan of pet
animals, such tumors progress at a more rapid rate than the
same tumors in people and therefore results are available
within a shorter period of time. For the detennination of
radiation induced late effects, this system is also more
economical, as the animals are taken care of by their
owners. Radiation therapy in pel animal patients clearly
fulfills a dual purpose: Naturally a prime goal is to cure
the animal of its tumor with the best available technique,
but at the same time important information valuable for
the development and establishment of a new treatment
modality can be gained.

5.1.2 Dynamic Conformation Therapy

An important precondition for testing dynamic proton
therapy is that patient and tumor sizes treated are
compatible to those in humans. The same precision in
positioning and dose gradient to normal critical structures
is required both in veterinary and human medicine. The
tumors will be treated with daily fractionated irradiation as
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for humans, but wilh less fractions. The reduced number
of fractions is due to the fact thai anesthesia is a necessity
when treating animals. This is not considered a
disadvantage, on the contrary, the larger dose per fraction
applied will serve as an early warning system for enhanced
late effects. Follow-up of animal patients can be done at
least as closely as for humans, with possibly even more
frequent tests involving radiation exposure such as CT or
radiographs. An autopsy, often a problem with human
patients, is more readily available for animal patients.
Therefore a more detailed study of dose distribution,
tumor response and normal tissue reaction will be
possible.

The treatment of dogs wilh protons on the gantry will
enable the testing of the entire chain of activities from the
diagnosis to the dose delivery: treatment planning based
on CT information, immobilization techniques and
positioning verification will all be performed in the same
manner as is planned for human patients. Dose escalation
programs will be performed in order to find the optimal
dose for uncomplicated tumor control. Imaging techniques
such as CT, PET, SPECT, MRI and MRS can be evaluated
to determine tumor and normal tissue reaction dose and
dose distribution.

The full benefit of conformal irradiation by photons or
protons can only be achieved if the dose to the target
volume can be increased. The fact that the surrounding
normal tissue is only partially irradiated with the full
target dose should permit the delivery of an increased dose
to the target volume. So far, only limited data is available
on dependence of tolerance dose from dose distribution. If,
due to the lack of this knowledge, the target doses are not
increased, the tumor control probability will not be
increased either. Because of limited statistics, il may also
be difficult to detect a reduction of normal tissue damage
if the complication probability is already low.

5.2 Patient selection

Nasal tumors, head/neck tumors and large, deep seated
soft tissue sarcomas are considered an indication for this
treatment. These animals undergo a thorough clinical
investigation to exclude animals which might not tolerate
the course of therapy due to serious disease or evidence of
limited organ function, particularly of kidney, liver, and
heart. Patients with regional or distant metastases will be
excluded from the study. The diagnostic investigation will
include a complete blood count, urinalysis, serum
chemistries and regional and thoracic radiographs. For
participation in the study a written consent including the
agreement to a necropsy at the time of death will be
required from the pel owner.

5.3 Follow-up

Animals will be followed up for two years following
treatment. Animal patients will be examined the first,
second, third and fourth week after treatment to assess the
acute normal tissue reaction. The animals will then be
reexamined 2, 3, 6, and 12 months after treatment and
every 6 months thereafter. The irradiated tissues will be

evaluated for tumor response and normal tissue reactions.
The acute and late reactions will be scored according to
the acute and late radiation morbidity scoring criteria of
the radiation therapy oncology group (RTOG) [3]. Body
weight will be recorded regularly and general health status
of the treated patients will be evaluated. The patient will
be examined for the presence of regional disease and
pulmonary metastases. CT and radiography of the treated
area will be performed at regular intervals. In selected
patients other imaging modalities will also be considered.
In case of death of the animal a necropsy will be
performed. The irradiated area will be examined
histologically for the presence and condition of neoplastic
tissue and the reaction of normal tissue. The animal's
regional lymph nodes, lung and macroscopically
suspicious organ changes will be evaluated for the
presence of metastatic disease.

5.4 Pilot phase treatments with electrons
and 70 MeV protons

In a pilot phase superficial tumors are treated with protons
of the OPTIS beam line and with electrons of the 31 MeV
Betatron of the IMR at Zurich. Currently, the limited field
size and penetration of the proton beam and the lack of CT
based treatment planning only allows the treatment of
superfical and rather small tumors. This initial phase
however, is very important to test the practicability of
ucatmg pet animal patients at PSI and to build up a
veterinary patient referral basis. First results concerning
acute and late normal tissue reactions to dose and dose
distribution are now being collected. (This project is
supported by the cancer league of the Canton Zurich).

Up to now 12 animals have been treated, 7 animals
with protons and 5 animals with electrons.

5.5 Beam characteristics and dosimetry

5.5.1 Electrons

As the dose rate of the BBC 31 MeV betatron of IMR for
photons is very low, only electrons will be used. Newly
built inserts were incorporated in the existing treatment
cones in order to achieve a comparable size-relationship
between feline/canine and human tumors. Circular
treatment fields of 2.5, 3.5, 4.5, 6.5, and 8.5 cm diameter
at the 50% dose level are now available, as well as
rectangular fields measuring 8 xl2 cm and 12.5 x 15.5 cm.
Electron energies ranging from 8 to 30 MeV can be
selected. The dose rate achieved ranges from 0.3 - 0.5
Gy/min for 8 MeV to 5 Gy/min at 30 MeV and is as close
as we can get to a clinical situation. As an example the
dose profile across the field of the 2.5 cm diameter
collimator and the resulting depth dose distribution for 20
MeV electrons are shown (Fig. 1). The tumors treated are
predominantly superficial tumors irradiated with single
ports. For a cat with a pituitary adenoma a three field
irradiation was performed on a holder with two rotation
axes crossing in the center of the treatment field.
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Fig.l: Dose profile in water for 20 MeV electrons with
a 25 cm collimator.
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Fig.2: Depth dose in water for 20 MeV electrons with
a 25 cm collimator.

5.5.2 Protons

Until the 200 MeV proton beam in the gantry is available,
the proton irradiations are performed in the OPTIS beam
line. The maximum field size is limited in depth by the
range of the protons of 3 cm and by the diameter of the
beam pipe of 3 cm.
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Fig.3: A canine patient is examined before general
anesthesia
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Fig.4: A cat with a squamous cell carcinoma of the
nasal planum
a) before proton therapy
b) 10 days after therapy
c) 2 months after therapy

6. Status of the development of the
200 MeV proton facility

E. PEDRONI

6.1 Introduction

The conceptual design of the proton facility for cancer
therapy with a compact isocentric gantry was presented in
Annex II of the annual report of 1991 [1]. The general
features were shown in figures 1 and 3 (the layout has
maintained its full validity). The first phase of the real-
isation of the project was concluded in 1992, when the
installation of the NA3 beam line dedicated to proton
therapy was completed. The beam line was put into opera-
tion in May 1992 and during the beam period of summer
1992 we could perform experiments, which showed the
practical feasibility of the spot scanning technique (Annex
II of 1992 [2]). We then started in the fall of 1992 with the
second phase of the realisation of the project, the installa-
tion of the compact gantry. Most of the work of the year
1993 has been dedicated to this task, for which significant
achievements can be reported. The whole proton facility is
also almost close to completion. We expect to start with
the commissioning of the gantry at the beginning of 1994.
First patient treatments on the gantry using the spot-scan-
ning technique are planned for the end of 1994 - beginning
of 1995.

6.2 The installation of the PSI compact
gantry

The only proton gantries existing in the world are the three
gantries of Loma Linda (CA, USA), which all span a di-
ameter of about 12 m. This large diameter is necessary in
order to be able to apply the dose using the traditional
application technique by passive scattering of the proton
beam.

At PSI we follow a different concept By combining di-
rectly the spot scanning technique (a new development of
PSI) in the gantry beam optics and by mounting the patient
table eccentrically on the gantry, we were able to design a
compact gantry with only 4 m diameter. This is the small-
est gantry designed so far and PSI will be in 1994 the sec-
ond place in the world using protons for therapy on a pro-
ton gantry.

The installation of the gantry has been undertaken by
technical division B8 of PSI, under the supervision of a
PSI planner-engineer taking care of the organisation and
scheduling of this work. All the mechanical components of
the gantry were designed and delivered by Schar Engineer-
ing AG, the company in charge of the mechanical engi-
neering of the gantry. The beam line to be mounted on the
gantry has been designed at PSI and fabricated by external
companies. The beam optics were modified in 1991 as a
result of a review on the first preliminary design per-
formed by an expert in the field (Prof. H. Enge) [3]. The
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whole facility including the gantry is being realised under
the leadership of the medical division at PS I.

We started in December 1992 with the gantry founda-
tion, which has been placed in a 75 cm deep pit excavated
in the floor of the NA-hall. The pit is necessary in order to
be able to install the rotating structure of the gantry, with a
radius of 2 m, at the level of the NA3 beam line, which is
only at 1.5 m above the floor (the nominal height of all
beam lines at PSI). The bearings with the rolls for the ro-
tating structure were mounted in the pit in spring of 1993.
In late spring the support of the gantry was delivered by
the company Bertrams (in Muttenz). The whole support
consists of two large wheels connected by an all-welded
box-frame. Fig. 1 shows the installation with a crane of
this box-frame in the pit. The counterweight of the mag-
nets of the beam line is included in the box-frame as part
of the supporting structure. All together, the beam line, the
support with counterweight, the patient table and the X-ray
devices contribute to a total weight of the gantry of 120
tons. This structure has been designed to be very rigid and
very precise. The alignment of the elements of the beam
line is supposed to remain unchanged during gantry rota-
tion (± 185°) within ± 0.2 mm. A moving platform has
been installed in the front region of the gantry. With the
platform in the UP position it will be possible to bring the
patient transporter system close to the gantry and to couple
the patient couch on the table of the gantry. After remov-
ing the empty transporter the platform will be moved in
the DOWN position to allow for the rotation of the gantry
during treatment.

The magnetic elements of the beam line were delivered
in May 1992. Three bending magnets (two 35° and one
90°) were delivered by the company Bruker (Germany)
and the seven quadruples were purchased from the
company Danfysik (Denmark). The bending magnets have
been all machined in two solid pieces by extrusion on a
computer controlled milling machine. The 90° bending
magnet has been designed to produce a parallel sweep of
the beam over a range of ± 10 cm by choosing a proper
shape for the entrance and exit faces of the poles. The total
weight of this magnet is 24 tons. All beam line elements
have been carefully magnetically and geometrically
mapped. This work was performed by the magnet group
and by the survey-engineering group of PSI and confirmed
that the components fulfil all the required specifications.
Figure 2 shows as an example two different field maps of
the exit side of the 90° bending magnet. The field map at 2
Tesla shows large saturation effects. At this high field
level the shape of the field is not homogeneous anymore.
The poor beam optical conditions at this high field level
are not expected to be problematic, since we will use the
magnet at 2 Tesla only for proton radiography data taking,
where the quality of the beam does not matter too much.
The saturation limit for the utilisation of the magnet for
therapy was chosen at 1.8 Tesla. The value of the
saturation limit is a parameter of crucial importance, since
it determines the scaling factor for the size of the whole
gantry system. Figure 2 demonstrates that the size of the
magnets for the gantry were properly optimised.

Particular attention was paid to the high multipole
components of the quadrupoles. For two such elements the
poles have been deliberately shifted, so as to provide
automatically all the sextupole components needed to
correct higher order aberrations in the optics of the beam
line. At the time of writing the magnets are all mounted on
the gantry support, and the electrical connections and the
piping for the magnet cooling have been installed.

Fig.l: Photograph of the mounting of the main
support of the isocentric gantry in the treatment
room in spring 1992.

The complex task of the gantry cabling was undertaken
with great care by the group of electricians of PSI. A
particularly difficult problem to be solved was presented
by the cable drum. The cables have to roll when the gantry
rotates on a cylinder with a radius large enough to prevent
damage to the cables. This conflicts with the available
space. The behaviour of the cables was studied by the
electricians on a mock drum, and the decision to roll the
cables on a double layer was taken as a result of these
tests. In October the power supplies for the beam elements
were delivered and installed. The electrical testing of the
components of the beam line is now underway.
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Two magnetic field maps (measured by the
magnetic group of PSI) of the 90° bending
magnet of the gantry for two different coil
excitations. For the discussion see text.
(Courtesy ofD. George)

Fig.3: Picture of the proton therapy gantry in
December 1993.

The patient table has been delivered and mounted on the
front wheel of the gantry in November 1993. Figure 3
shows the gantry, seen from the front side, as it was in
December 1993. The gantry table will provide three
translations (with 50 cm motion in the vertical, 50 cm in
the lateral and 80 cm in the longitudinal direction along
the gantry axis) and will permit the automatic coupling of
the patient couch to the gantry table. Using a special sup-
port (Top-Kot support) it will be possible to provide for
head treatments an additional rotation of the couch by
120 °. In this way the medical doctors will be in the posi-
tion to choose the direction of incidence of the beam on
the patient's skull from almost any direction. The position-
ing precision of the table is expected to be better than
0.1 mm. The isocenter precision is expected to be inside a
sphere of 1 mm radius.

We will follow the same philosophy developed for
pion treatments, i.e. by preparing the patients for treatment
outside of the treatment room (in the preparation room of
the medical pavilion). The positioning of the patient in his
individual couch (lying inside an individual mould made
out of foam) will be tested in the positioning room of the
medical pavilion. After completion of the patient-position-
ing procedure, the patient will be moved into the treatment
room using a carriage system similar to the one used in the
past for pion therapy. Two such patient-transporters and
the two Top-Rot support units used for head treatments
have been fabricated and will be delivered before the end
of 1993.

On the gantry we will mount devices for taking X-ray
images of the patient at the isocenter with an angle of 90°
with respect to the beam. We will make use of the X-ray
unit, which was installed in the simulator for pion therapy.
The units (X-ray tube and film) will be mounted on re-
tractable supports. The same supports will also carry two
additional boxes, which can be rotated into the beam and
which will permit one to place additional instrumentation
in the beam in front of and behind the patient. The boxes
will be eventually used for taking proton radiographies of
the patients directly on the gantry. All components can be
retracted under computer control in order to avoid limita-
tions in the choice of the beam incidence on the patient
due to possible collisions with these components. The
mechanical design of this part of the gantry is completed
and the elements are now being fabricated.

The implementation of the separate computer system
dedicated to the control of all motors of the gantry has
been started. The system software is being developed by
PSI engineers. This system can work either in "local
mode" (using a wireless manual control box) or in "remote
mode" (working as a slave of the master computer used to
control the dynamic steering of the beam). Each motor
will be checked twice using an incremental and an abso-
lute position encoder. An extended anticollision system is
also being designed to protect completely the patient
against collisions with the different mechanical compo-
nents of the gantry. This work is being performed under
the supervision of the concerned official authorities
(SUVA).
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6.3 Medical pavilion 6.4 Conclusions

We have started the preparation work necessary for the
installation of a dedicated computer tomograph (CT) (a
second hand GE-9000) in the positioning room of the
medical pavilion. The original table of the CT will be
replaced by a new one. This is in order to allow for the
direct coupling of the patient couch on the CT-table using
the same clamping mechanism as for the gantry. Figure 4
shows the layout of the CT in the positioning room of the
pavilion. This new table, designed by SchaY Engineering,
will be mounted vertically in order to allow for the
coupling of the patient transporter underneath the CT-
table. The couch will then be fixed on the support of the
CT-table and released from the patient-transporter using a
system of levers (the same procedure as for the gantry).
The same CT-table-support will be used for both body and
head couches. For this reason the couch support is
designed to allow the rotation of the couch in the
horizontal plane by 180°. This installation will provide an
automatically reproducible positioning of the couch during
all phases of the treatment. The same CT unit will be used
for treatment planning, for the positioning of the patients
before irradiation (position control with topographic
images/scout view) and for dosimetry. It is hoped that the
positioning outside of the treatment room will save beam
time in the treatment room and so increase the patient
throughput of the facility.

CT room

patient transfcra
y
tter

tw table

- ^ CT-gantry

Fig.4: Layout of the CT unit in the positioning room of
the medical pavilion. The picture shows how the
transfer of the patient couch (with immobilised
patient) is performed from the patient
transporter onto the CT table.

A sliding door, with a 40 cm thick polyethylene shielding
block, similar to the one used for pion therapy, was in-
stalled in November outside of the NA-Hall. As a conse-
quence of this, the building-connection between medical
pavilion and NA-Hall can be completed very soon. After
this event we will start with the electrical cabling between
treatment room and medical pavilion. The electronic in-
strumentation dedicated to the control of the devices used
for the dynamic treatment was installed in the electronics
room and in the control room of the medical pavilion in
summer 1993.

The installation of the basic equipment for the proton ther-
apy facility, gantry and infrastructure, is very close to
being completed. We will enter soon into the phase of the
commissioning of the gantry. 1994 will be therefore a very
exciting and crucial year for the success of the proton
therapy project of PSI.
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7. Proton Radiography

U. SCHNEIDER, E. PEDRONI, A. TOUROVSKY

7.1 Motivation

Since radiotherapy with protons is a high precision treat-
ment, quality control is even more important than for con-
ventional treatments with photons or electrons. For this
purpose we are developing, parallel to the therapy pro-
gram, a proton radiography system, which can be used as a
quality assurance tool for proton therapy.

One of the problems with ensuring a precise proton
treatment is the positioning of the patient with respect to
the beam. Only if the patient is correctly positioned for
each irradiation is the dose delivered each time identical to
the predefined target region. Radiographic images of the
region to be treated inside the patient body can be taken
directly with the proton beam exactly under the same
geometrical conditions as during prolon-beam-eye-view-
projection. The verification of the patient position can be
performed directly on the gantry with the proton beam
immediately before the treatment and just after it.

Basic calibration measurements, needed to transform
the CT data derived photon attenuation (measured in
Hounsfield units) into proton stopping power, can be per-
formed with a proton radiographic system. This transfor-
mation is subject to errors because it is done with tissue
equivalent substitutes instead of real tissue. In addition the
basic CT data have statistical and positional fluctuations.
It is essential that the CT data are as accurate as possible,
since they arc the fundamental input to the proton treat-
ment planning package. Proton radiography allows for
measurements with biological samples or with patients, in
order to get improved calibrations, and, perhaps,
calibrations specific to each patient.

As a third point calibrated radiographic images
indicate proton range variations in the body, which are due
to the combined effects of inhomogeneity interfaces paral-
lel to the beam direction and to the proton path uncer-
tainties due to multiple scattering. Since these uncer-
tainties are not predicted by the treatment planning
software, it is of interest to have a direct knowledge about
their magnitude. These measurements can be used to
indicate critical situations and so are the basis for the
determination of the safety margins around the target
volume.

Moreover it is possible to use proton radiography or
proton tomography for pure diagnostic purposes. Proton
tomography could be used as the input for the treatment
planning instead of conventional x-ray CTs. This would
avoid inherent calibration errors.

7.2 Characterisation of the proton images

Characterisation of the proton images (spatial- and
density resolution, dose to the patient) was discussed in the
last Annex [7]. In the following we will just mention the
results.

The density resolution of proton radiographs is much
better than for x-ray exposures. A range verification can
therefore be done with very low dose to the patient.

The spatial resolution is the major problem in proton
radiography. With the coincidence technique 1 mm resolu-
tion can be achieved, which is good enough for quality
control purposes.

The dose advantage compared to x-ray radiographs
with both the same density and spatial resolution is around
10 to 20.

Figure 1 shows a proton radiography produced with the
experimental set-up described in a previous Annex [7].

Proton radiography of the head of an Alderson
phantom.

7.3 Positioning Verification

For the determination of the positioning precision we took
a full set of x-ray CT-sIices from the head of an Alderson
phantom, calibraied it and digitally reconstructed from this
3-dimensional data set a radiograph (DRR). Under the
same geometrical conditions we exposed proton
radiographs and matched the results of these two different
data sets.

Figure 2 shows a DRR with five selected parts of the
image. Each of these parts was matched (through
translation) to the corresponding proton radiograph. The
plots show the correlation between the two images for
each of the five image parts, calculated for every
translation as a function of the relative pixel address.

Fig.2: see Appendix 2.

We see as a result that we can match the two images with
a precision of better than 2 mm.

7.4 Range Verification

The proton radiographs can be looked at not only in a
qualitative way for positioning verification but also as
quantitative images. Quantitative information one can
derive from the proton radiography images is the range of
the protons in each pixel. This measured range can be
compared to the calculated range coming from the
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treatment planning program or from a Monte-Carlo
simulation of the range calculation, which are both based
on the CT-images and their calibration. A comparison of
measurement and simulation is an indirect way of
optimising the calibration procedure of the CT-slices.

2.0

500 1000 1500 2000 2500 3000
Scaled Hounsfield Units

Fig,3 a: Calibration curve for the transformation of
Hounsfield units into proton stopping power
measured and calculated with tissue equivalent
substitutes.

Figure 3a shows a calibration curve derived from
measurements of tissue equivalent CT samples and
calculations. The 3-d CT-information of a sheep's head
was used to simulate a proton radiography using Monte
Carlo code described elsewhere [8]. The difference in
range between simulation and measurement is also given
in figure 3b. In addition the differences are shown in
colours on a gray scale image of the sheep's head (figure
4) where the red colour indicates range errors bigger than
10 mm, blue colour errors between 5 mm and 10 mm and
finally the yellow colour represents errors between 3 mm
and 5 mm.

With the knowledge of the spatial dependence of the
range error we calculated empirically a new calibration
curve shown in figure 5a and 5b and show the results in
figure 6.

After the optimisation there are no longer range errors
bigger than 10 mm and the errors between 3 mm and
5 mm decrease from over 30 % of the voxels to less than
5%.

Summarising we can say that the precision of proton
therapy treatments can be verified and improved by range
measurements with proton radiography.

7.5 Range uncertainties check

As described in the first section proton radiographic
images contain additional information about the range
variations which are based on fundamental physics and
which are not included in the treatment planning program.

A proton radiograph of the region of the patient body
to be treated indicates situations where the range
variations are large. In this case, another treatment plan
could be calculated or a safety margin around the target

volume could be applied on the basis of the radiographic
measurement.

Figure 7 shows a situation for range variations at the
interface between bone and muscle. The three plots show
the spectra of the proton ranges in the characterised
regions of the proton image of the head of the Alderson
phantom. At the interface where the protons see a mixture
of bone and muscle, the spectra are broadened and
consequently the precision of the dose application in
therapy is decreased in this region. Figure 8 shows in
colours the range uncertainty on a reconstructed DRR. Red
colour indicates range variations bigger than IS mm, blue
colour between 10 mm and 15 mm and finally yellow
colour between 5 mm and 10 mm.

0.0 0.3 ... 0.5 cm 0.5 ... 1.0 cm > 1.5 cm

Deviation of measur-.-nent and calculation

Fig.3b: The histogram shows the number of voxels of
figure 4 which correspond to a given deviation
between proton measurement and simulation.

Fig.4: see Appendix 3 above.

Fig.6: see Appendix 3 below.

500 1000 1500 2000 2500
Scaled Hounsfield Units

3000

Fig5a: Empirically optimised calibration curve with
proton radiography.
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Image of the Alderson head zoom

Mixture of bone and muscle
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Integral density [mm]
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250

ig.7: Range variations in different tissues measured
by proton radiography in the head of an
Alderson phantom. The plots show the spectra of
the ranges. The width of the spectra give the
range uncertainties.

0.0 0.3 ... 0.5 cm 0.S ... 1.0 cm ) 1.5 cm

Deviation of measurement and calculation

igJb: The histogram shows the number of voxels of
figure 6 which correspond to a given deviation
between proton measurement and simulation.

Fig.8: see Appendix 2.

7.6 Conclusions

Proton radiography can be used as a tool for quality
control in proton therapy:

1. Positioning verification of the patient.

2. Measurement of the calibration curve (from CT
Hounsfield units to proton stopping power).

3. In vivo check of the range of the protons.

4. Registration of range uncertainties.

For the future we will develop a fast radiographic system
which can be used with patients.
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8. Monte Carlo Codes for Proton
Radiography and Treatment
Planning (Status Report)

A. TOUROVSKY*,E. PEDRONI, U. SCHNEIDER

*ITEP, Moscow, RUSSIA

8.1 Motivation

A wide variety of existing particle transport packages,
although well-developed and reliable, historically tend to
match the needs of high-energy physics, but not those of
radiotherapy. Thus, for instance, the description of the
geometry and properties of complex inhomogeneous
structures is rather intricate and is carried out in terms of
such physical parameters as might be known to a physicist,
but not to a physician. The generality of these packages is
in a way their weakness as well, since it doesn't allow one
to introduce a number of simplifications affordable for
proton radiography and radiotherapy. As a result, even for
an experienced user, the input of the data requires a
substantial effort, and particle tracking, dealing with all
phenomena, is usually too time consuming. Clearly, both
of these features are not applicable on a routine treatment
basis.

On the other hand, it is not possible to take fully into
account the effects of the inhomogeneities in a treatment
planning system based on a simple analytical model, for
example, that of a pencil beam. Such a system developed
at PSI [1] proved to be very fast and quite reliable (at least
for homogeneous media), but it was felt necessary to
check its results also for heterogeneous targets, where the
integration of densities along the beam axis implied in the
model might be in error.

All these considerations led to the development of
specialised Monte Carlo codes for proton radiography and
treatment planning. Since these codes are to be
incorporated ultimately into a full scale proton treatment
planning system, the main requirements were as follows:

a) to provide an accuracy sufficient for therapeutic needs
(i.e. ideally 1-3% within a patient 3D CT's resolution);

b) to keep the basic physical concepts of the Monte Carlo
and pencil beam models as close as possible to ease the
iniercomparison of the results;

c) to standardize the 1/ O operations and to provide port-
ability of the data files;

d) to reduce the time of Monte Carlo simulations to the
level affordable on a routine basis (i.e. at most 1-2
hours for full plans with maximum precision and 10-20
minutes for rough estimates).

Just to understand the complexity of the task: assuming
that a middle size 3D target contains 106 voxels and the
desired accuracy is 1% per voxel, it is necessary to have at
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least 1010 dose absorption events per simulation merely to
get a zero order estimate of the real needs.

The work is still in progress, but some of the prelimi-
nary results presented below could be of interest. The full
and detailed description of the codes as well as further
comparison of the results both with experimental data and
pencil beam model will be subjects for future publications.

8.2 Monte Carlo reconstructions of proton
radiography

Proton radiography experiments carried out at PSI [2,3]
provide an excellent opportunity to check the Monte Carlo
transport code against experimental proton beam data for
strictly inhomogeneous media. What is even more attrac-
tive is that such a comparison is in turn linked to the
problem of CT data recalibration from Hounsfield units to
water equivalent stopping powers, which proved to be a
very important and rather complex task [3].

The specific features of radiography, i.e. high energy
(214 MeV) protons penetrating through the whole CT data
set, coincidence technique, registration of particles with
quite good spatial resolution (down to I mm), allow one:

a) to treat the experimental data as that of the primary
proton flux without reduction and with secondaries
completely disregarded, i.e. to use continuous-slowing-
down approximation (CSDA) in simulations

b) to check energy spectra and ranges of the beam parti-
cles on a voxel per voxel basis for tissue equivalent
materials (Alderson phantom) and biological samples
(sheep's head)

c) to check widths of the beam on entrance and exit of the
CT, in order to study the overall effect of the multiple
Coulomb scattering (MCS).

In parallel, the validity of some simplifying assumptions
concerning initial phase space, range straggling, MCS,
optimal step sizes, etc., can be investigated.

The results obtained from Monte Carlo simulations in
comparison with the experimental data are presented in
Fig. 1 and 3. The overall agreement with the experiment
can be regarded as quite satisfactory both on the micro
(voxel) and macro (whole CT) level even with the
simplifications mentioned above. Some discrepancies
could be due to uncertainties in the initial phase space,
which was not known with sufficient precision. The
conclusions one can derive from the comparison of the
results of Monte Carlo simulations with the experimental
data are described in more detail in [3].

The total time for the simulation of 2 million proton
histories in the spot scanning mode of the experiment
(~ 900 spots) for 3D CT's containing ~2 millions voxels
was ~ 45 minutes on a VAX 4000 station in a multi-user
mode (including ~ 1 minute for reading input data in a
standard file format [4] and - 8 minutes for writing in
block mode the resulting radiography files of - 40 Mb). In
an optimised version which is now near completion the

total time can be reduced by two, thus reaching the 25-30
minutes level, which is not overly burdensome,
considering the huge amount of data involved in these
simulations.

Fig.l: see Appendix 4.

Fig.3: see Appendix 4.

8.3 Monte Carlo simulation of a pencil
beam in a water phantom

Comparison with the experimental radiography data
doesn't give yet all the answers concerning treatment
planning. Since radiography protons do not stop in a tar-
get, the performance of a beam close to the Bragg peak
and in fall-off regions can't be analysed with the radio-
graphic data. Moreover, opposite to radiography, the pri-
mary flux reduction due to nuclear interactions, as well as
contributions of the secondaries are of great importance in
the dose delivery to a patient [5,6].

Due to these differences and to the fact that
radiography might be implemented as an independent task,
it was felt expedient to develop a separate Monte Carlo
code for proton radiotherapy. The current version allows
one to take into account both the flux reduction and the
contributions of the secondaries (but not their products) in
a simplified manner somewhat similar, though not
identical, to [6]. The comparison of Monte Carlo results
with the experimental data for a 177.25 MeV pencil beam
in water (see below) shows the agreement to be within
~ 2% in the depth-dose curve. The discrepancies for the
beam widths are somewhat more pronounced, but still
within experimental errors. Similar results were obtained
for experimental beams with different energies. The total
time for the simulation of 1 million proton histories in this
not fully optimised version was ~ 16-18 minutes, but we
hope to reduce it to less than 10 minutes, which would
then be applicable to the verification of the treatment
plans using the analytical pencil beam model in cases of
complex inhomogeneities.

8.4 Monte Carlo reconstruction of dose
distributions in a biological sample

To get both qualitative and quantitative ideas of the effects
of complex inhomogeneilics in the dose delivery to real
biological structures, one should consider Fig. 3 in the
Appendix, which shows the results obtained from Monte
Carlo simulation of a uniform irradiation of the sheep's
head sample from one direction (let's call it X -axis). The
broad uniform beam with the cross section equal to that of
the CT slice was simulated in a spot scanning fashion with
1045 pencil beams of 177 MeV incident along X and
having 6 mm spacings in Y and Z. The uniformity of the
flux on the entrance obtained in such a way was quite
good. Both the dimensions and the resolution of the 3D
dose grid were those of the original CT, i.e.

21



166 x 73 x 128 cubic voxels of 1.7 x 2.0 x 2.0 mm., which
provides the possibility to consider both dose and CT
cubes to be consistent in a 3D space. With ~ 4000 dose
absorption events simulated per voxel the precision of the
absorbed dose anywhere in the cube was roughly within
1.6%.

Oepth_Dose Curve (177.25 MeV, WoteO

„ 0.8

f a .
Monte Cotlo

+ Experimental Doto Points

10 15
Depth [cm]

Fig.2: Comparison of the depth-dose curve from Monte
Carlo simulation of a pencil beam (177.25 MeV)
in a water phantom with the experimental data.

Though the quality of the picture is far from ideal, one
might easily see quite substantial perturbations of the high
isodose lines (red, dark blue, green, magenta lines corre-
spond to 100,90,80 and 70 % of the relative dose) mainly
in the regions of high density gradients perpendicular to
the beam, i.e. in the areas of an interface with thin inho-
mogeneities or along the sharp edges of the thick ones
parallel to the beam. The overall influence of thick inho-
mogeneities is not so pronounced. These results were ex-
pected [see, for example, 7], but as far as we know not yet
investigated with real biological samples. Here they are
given as a clear message for the full scale estimates of
complex heterogeneities in the treatment planning.

8.5 Outlook

The stage of the development of specialised Monte Carlo
codes briefly described in this report encourage us to hope
to have all necessary tools for the precise treatment of pa-
tients with any kind of malignant tumors on the compact
gantry system of PSI. Monte Carlo simulations should then
be quite helpful both in the CT data recalibrations to pro-
ton stopping powers (in combination with proton radiogra-
phy providing possibilities for precise patient positioning
and even for individual calibrations) and in the correct,
full treatment of complicated cases with high inhomoge-
neities (along with differential-pencil-beam calculations
providing the desired accuracy and safety of proton radio-
therapy). We do think that only such a fully integrated
system, with all the components mentioned above, fits the
needs of present day therapy with protons.
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the Development of Conformai Radiotherapy Planned at PSI".
PTCOG XrX-Meeling, Cambridge Mass. USA, Oct. 31 - Nov. 2, 1993,
Panel member Radiobiology
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Oncological Need".
Bousiein-Kolloquium, 26.-27.03.93

E. PEDRONI: "Gantry concepts".
Intern. Workshop on Proton Therapy, Bonn, 15-17.11.1993
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Ill Radiopharmacv

1. Introduction

P.A. SCHUBIGER

In its conceptual paper the Bioscience Department defined
the two main goals of its current research as cancer:
causes, detection, therapy and neurodegenerative diseases:
pathophysiology, biochemistry, diagnosis. This is for us
very satisfying as these goals correspond with those of the
Radiopharmacy Division. Our two main pursuits in the last
few years have been research and development of PET and
SPET radiopharmaceuticals for neurodegenerative
diseases and the systemic therapy of cancer by selective
targeting with radioimmunoconjugates. In both areas
distinct progress can be reported, in spite of a difficult
restructuring of the Radiopharmacy Division during this
year.

As a consequence of a decision by the Board of
Directors the Division's SPET routine production activities
had to be terminated in order to reduce the personnel and
budget. The product technology has been sold and
transferred to industry (chapter 5). In a concerted action by
the Institute, new positions and early retirements have
been arranged for the 22 people released. Due to the
concentration of the Divisions resources the potential for
research and development has been strengthened.

In the field of PET/SPET-tracers for brain (see
chapter 2) the routine synthesis of PET-tracers for the
medical PET programme has been established (see chapter
2.5). It requires daily support by the research staff. This
implies daily routine of quality control by the technical
staff, trouble shooting by the chemists, help in case of
absences and time consuming training of new members in
PET chemistry and of the routine staff in case of new
products as well as administrative work in writing
technical manuals (a demand of the health authorities). In
the research area progress can be reported on the synthesis
of "C, i«F and '23i.cornpounds. For the «lC-Brofaromine
(MAO-A-inhibitor) unexpected difficulties had to be
overcome. Due to a low specific activity of our " C
produced with Injector II the given one-pot-synthesis
resulted in an inseparable product mixture. However, a
newly developed method with a specifically protected
group brought a successful result. The radiosynthesis of
t'C-Ketamine - an NMDA-receptor ligand - has been
started.

In principal we have the possibility to produce 18F-
DOPA either no carrier added or carrier added depending
on the production method of 18F. Therefore it is possible
to elucidate the effects of >«F-DOPA of high and low
specific activity on in vivo behaviour. Our studies suggest
interesting differences. Collaborative efforts will be taken
to verify our results with those obtained at the Brain Imag-
ing Center of the University of California, Irvine Campus.
Since !8F produced by expensive H2I8O is used in high

amounts for 18F-Glucose distributed to other centres
(Geneva, Berne, Zurich) too, an alternatiave production
method has been studied. Lagunas-Solar proposed 23Na
(p,x) I8F for a high yield production. Our studies showed
that this method is indeed capable of producing high
amounts of 1 8 F .

For SPET-studies a selective MAO-B-inhibitor has
been synthesized with J23T, in vitro and in vivo
pharmacological studies proved high selective binding of
the compound in the rat brain. 52Fe has been supplied for
more than a year to the medical PET programme. Now a
52Fe/52mMn generator has been developed for two reasons:
First to evaluate the behaviour of 52mMn in the context of
52Fe investigations and second as a perfusion tracer for
heart studies. The registration documents are prepared,
thus we expect to start human studies early next year.

On March 26/27 a BOtistein Colloquium was organized
in order to review the state of the PSI PET radiopharma-
ccutical programme by international experts. They
concluded that our activities are competitive on an
international level but should be strengthened in two areas:
radiopharmacology and SPET-tracers.

In our second research field - radioimmunoconjugates
for systemic nuclide therapy - some very interesting pro-
gress can be reported (chapters 3 and 4). The production
and isolation of1 i J Ag from irradiated natural palladium is
now done routinely so that investigations on the chemistry
of silver complexation can well be performed on a macro-
scopic and a microscopic level. During the last year we
focused our synthetic efforts on derivatized hexadentate
macrocyclic thioethers which are known from literature to
have the highest stability constants known up to now. One
of these macrocyclic thioethers (20 S6OH) has been shown
to form complexes with Ag+ in buffer systems as well as
in organic solutions. The composition of the complexes as
well as their stabilities in biological media are under
investigation.

In the annual report 1992 we described the synthesis of
a very stable Re (V) complex with the pentadentate ligand
bhci. Now we succeeded in derivatization of this complex
with a carboxylic linker for the labelling of proteins. We
started also a very new and different approach. The con-
cept consists of a direct labelling of proteins with a low
valent metal centre such as Re(I) without the utility of a
bifunctional ligand. The third interesting therapy nuclide
67Cu can now be produced reguarly for use in radio-
immunoconjugates.

We found previously that Mab ch CE7 is internalized
into neuroblastoma cells by endocytosis, delivered to
lysosomal vesicles and degraded. Uptake and subsequent
cellular degradation have important consequences for the
tumour targeting characteristics of a Mab. For therapeutic
applications of radionuclide-labelled internalizing Mabs
two aspects are of particular importance. During the
intemalization process the antigen is removed from the
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cell surface together with the Mab. This could lead to a
depletion of cell surface binding sites making repeated
administrations of the Mab less effective. We have
therefore investigated some aspects of ch CE7 antigen
turnover in neuroblastoma cells. Once immunocomplexes
have been delivered to endo- and lysosomal vesicles, the
Mab is degraded by proteases. This may eventually lead to
a release of radioactivity in the form of low molecular
weight metabolites from the tumour cells. We are charac-
terizing such metabolites arising from 67Cu-ch CE7.

Our recent efforts with the nuclide 67Cu linked to the
anti-colon carcinoma antibody MAb35 have been
described in previous reports and have now been brought
to the clinical level with first patients being administered
diagnostic doses in late September of 1993 under our
collaboration with the University Hospital of Lausanne.
Our studies have been extended to an evaluation of 67Cu-
SEN7, directed against small cell lung cancer (SCLC).
SCLC is a very appropriate target for RIT.

Our interests have now broadened however, to include
studies on the development of novel vehicle constructs so
as to hopefully improve the biodistribution of radio-
immunoconjugates (RICs) and also to the testing of
metabolizable linkers for insertion between vehicle and
nuclide chelator so as to improve the processing of RICs
following internalisation by components of the reticulo-
endolhelial system, for example.

On October 15, a Postcongress Meeting (to the
European Nuclear Medicine Congress) was organized on
"Nuclides for Therapy - New Horizons", which was
attended by specialists from all over the world and
received high praise.

Our Radioimmunotherapy studies are supported by the
Schweizerische Krebsliga and Nationalfonds. We have
also received financial support from industry (CIBA,
Mallinckrodt) and the nuclear medicine department of the
Universities of Zurich and Berne for other activities. All
our research programmes are carried out in close collabo-
ration with specialized institution in Switzerland and
abroad:

- Pharmacology Department Uni Zurich (Prof. Lichten-
steiger)

- Pharmacy Department ETH Zurich (Prof. Folkers)

- Inorganic Chemistry Lab. ETH Zurich (Dr. Hegelsch-
wiler)

- Technical University Munich (Prof. Hermann,
Prof. Baumgartner)

- Inorganic Chem. Inst., Uni Tubingen (Prof. U. Abram)

- Inorganic Chemistry Division, Uni Basel (Prof. Kaden)

- SRK Laboratories Bern (Dr. Amstutz)

- ISREC Lausanne (Prof. Mach, PD Dr. Buchegger)

- Medical Biochemistry Division, Uni Geneva (Prof.
Offord)

- Oncology Department, Uni Zurich (PD Dr. Stahel)

- Nuclear Medicine Departments in
Zurich (Prof, von Schulthess, Dr. Westera)
Basel (Prof. Macke)
Bern (Prof. ROsler)
Aarau (Prof. Locher)
Lausanne (PD Dr. Bischof-Delaloye)
Geneva (PD Dr. Slosman, Prof. Lerch)
Stuttgart (PD Dr. Bihl)
Innsbruck (Prof. Riccabona)
Frankfurt (PD Dr. Baum)

On a European level we actively take part in the COST B3
programme (development of radiotracers), also as co-
chairman and coordinator of the brain activities.

In relation to training and education, five doctoral
thesis are currently in preparation in collaboration with
ETH Zurich, TH Munich, Uni Zurich and Uni Basel. An
introduction in radiopharmacy is given to all medical
students at the University of Zurich within a "Praktikum in
Radio-Onkologie und Nuklearmedizin" thereby fulfilling a
commitment as Privatdozent.

2. Radioligands for PET and SPET
studies

2.1 Production of [11C]-LabelIed Radio-
pharmaceuticals

S.M. AMETAMEY, A. URECH, H.-F. BEER

2.1.1 Synthesis of nC-Brofaromine

Previously we reported a one-pot radiosynthesis of n C -
brofaromine starting with the corresponding desmethyl
precursor. Our approach was based on a direct O-nC-
methylation of the phenolic moiety without prior
protection of the secondary amino group of the piperidine
ring (scheme 1, path a).
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Scheme 1: Synthesis of 1 lC-brofaromine 4

However, recent specific activity measurements indicate
that the carrier amount of' 1(X>2 produced from one of our
target stations (injector cyclotron II) has considerably in-
creased resulting in a low specific activity < 100 Ci/mmol
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of our " C radiopharmaceuticals. With this target system,
the one-pot synthesis of nC-brofaromine has resulted in
the formation of a mixture of radioactive compounds
which, in our hands, were not separable by reverse phase
HPLC. Optimisation of reaction parameters for obtaining
UC brofaromine proved difficult hence we sought to pro-
tect the piperidino-nitrogen with t-butoxycarbonyl (BOC)-
group.

The radiosynthesis of 1!C-brofaromine utilising the
BOC-group was achieved as outlined in scheme 1 (path b).
Preparative HPLC separation of the reaction mixture was
achieved by solvent switching from MeCN/0.1 % H3PO4
to MeCN using a RP C-18 Bondclone column. The BOC-
protecting group was removed by adding CF3COOH to N-
tert-butyloxycarbonylbrofaromine 3 obtained above. After
separation by extraction with methylene chloride,
evaporation to dryness and purification of 4 was
accomplished by using a C-18 reverse phase column as
above with MeCN/0.1 % H3PO4 as eluent. Analytical
HPLC showed a single peak with the same retention time
as authentic brofaromine.

2.1.2 Radiosynthesis of "C-ketamine

Ketamine is a compound which is structurally similar to
phencyclidine (PCP). It binds to PCP receptors and is a
well known anesthetic agent that has been in clinical use
for the past 20 years. Present knowledge on ketamine sup-
ports the hypothesis that ketamine plays a role in the inhi-
bition of sensory information in the human brain by inhib-
iting the N-methyl-D-aspartate (NMDA) receptor operated
ion channel (Oye et al., J. Pharmacol. Exp. Ther. 260 (3),
1993).

Our approach to the synthesis of u C-ketamine was
based on the first published report from Shiue and
coworkers who outlined a strategy for the U C labelling of
racemic and (-) ketamine. In the present study, UCH3I was
trapped at room temperature in a reaction vessel (0.5 mL)
containing DMF (300 uL), DMSO(lOOpL) and 2mg
(0.0089 mmol) of norketamine 5 (scheme 2). The reaction
mixture was heated to 110°C for 8min using a quartz
lamp. Purification of nC-ketamine 6 was accomplished by
using a Phenomenex C-18 Spherisorb column with metha-
nol/0.02M ammonium formiate (4:1) as mobile phase. The
retention time of ' iC-ketamine was 11 min. Work is in
progress to optimise reaction conditions.

o
Nil,

"CH,I

"C'H,

M l

Scheme 2: Synthesis ofllC-ketamine 6

2.2 [18F]Fluorine Chemistry

G.N. REDDY, M. HAEBERLI, H.-F. BEER

2.2.1 [18F]fluoride chemistry

No-carrier-added [NCA] 6-[18F]fluoro-L-dopa [6-FDOPA]
is a reality and is available routinely at our Institute. The
pharmacokinetics of NCA form is seemingly different and
brings out a perturbing aspect of mass effect of the tracer.
Now 6-FDOPA is produced in three different specific
activities and with three different methodologies: 1) the
classical carrier-added fluorine method, 2) the NCA
method and 3) the NCA fluoride to fluorine method. The
specific activities of the tracer so produced is low, high
and intermediate respectively. The in-vivo behaviour also
seems to vary. Besides our observation, Haaparanta et al
report a different behaviour of their intermediate specific
activity tracer (private communication) in rat brain in their
micro dialysis studies. In future, efforts will be taken to
verify this anomaly in the pharmacokinetic behaviour.
Collaborative efforts to verify our results with those
obtained at the Brain Imaging Center at the University of
California, Irvine campus, are being taken. Alternatively,
in the coming months when carrier-added 6-FDOPA
becomes available for routine investigations, a set of
experiments would be carried out in the same monkey to
verify the effect of mass of the tracer.

2.2.2 [l*F]fluorine gas chemistry

A protocol was developed to produce carrier added
[i8F]fluorine gas with a reproducible specific activity. The
different possible modes of production were studied and
excitation functions and cross section values for each
nuclear process were computed with the computer
program called Code Alice. Our observations agree well
with those at the UBC/TRIUMF PET Center in
Vancouver, Canada.

Two modes of production of [18F]F are possible from
Neon: a) 20Ne (p, p2n) i8Ne -> 18F and/or b) 2"Ne (p, 2pn)
18F. The excitation functions reach maxima at the proton
range of 45-55 MeV for i»Ne and 35-45 MeV for l»F
production (Figure 1). However, the total cross section
values are similar for the proton range of 25 to 40 MeV
used at our Institute. The instantaneous production rates of
18F for the two reactions are given in figure 2.
Experimentally extracted total value for a two-step
bombardment protocol is 3-4 mCi/|iAh for the proton
range 39-33 MeV. This value represents 30-45 % extrac-
tion of theoretical activity from the target.

Interestingly, we observe that considerable amount of
activity is extracted when pure neon gas alone is bom-
barded with protons. If 20Ne(p, 2pn) l*F is the only proc-
ess at action, then, no or little activity would be observed
for the pure neon bombardment. A rapidly decaying influx
of gaseous activity suggests that in addition to the above
process, 2Ofie (p, p2n) 18Ne -> 18F nuclear process may
also be taking place. The decay pattern of the parent and
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daughter nuclides suggests that the latter process also
contributes to the total activity. However, conclusive
experiments to prove this phenomenon is not possible at
our Institute because of highly regimented infra structure
of the target station. Nonetheless, we will collaborate with
Dr. T. Ruth of TRIUMF, Canada to understand this
process.

In addition, this year we have been able to implement
the tin-precursor approach to 6-FDOPA, recently
published by the UCLA group. Thus, carrier-added 6-
FDOPA can now be obtained from die mercury and the
tin precursors, however, the yields remain to be optimized
in the next report period.

O2N

N

Aldrich 32,483-3

"XX
H2N
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Tctrakistriphcnylphosphinc-Palladium (o)

n-Bu3Sn

Fig.l: Synthetic plan for N-(2-Aminoethyl)-5-tributyl-
stannyl-2-pyridinecarboxamide.

2.23 A selective MAO-B inhibitor labelled with
i«F as potential PET tracer for cerebral
MAO-B imaging

H.-F. BEER, G.N. REDDY, N. REMY, W. KHU.KR

Because of our experience with the 123I labelled MAO-B
inhibitor Ro 43-0463 we decided to label that compound
with 18F. This shall enable our medical PET program to
investigate the MAO-B activity with respect to its implica-
tion in neuro-degenerative disorders. The compounds of
the type N-(2-aminoethyl)-5-halogeno-2-pyridinecarbox-
amide are known to be potent and selective MAO-B
inhibitors. It is therefore of interest to expand our activities
from SPET (1231) to PET (18F).

It is planed to introduce the fluorine electrophilically
via the tributylstannyl leaving group in 5 position.
Unfortunately Hoffmann-La Roche was not able to
provide us with sufficient material for the stannylation
reaction. We designed therefore the synthesis of N-(2-
aminoethyl)-S-tributylstannyl-2-pyridinecarboxamide (Fig
1.) and started with the total synthesis of that precursor.
While writing this report the first two steps of the
synthesis were already completed.

2.3 Ro 43-0463, a selective MAO-B inhibi-
tor as potential SPECT tracer for cere-
bral MAO-B imaging

H.-F. BEER, L.D. FREY, I. ROSSETTI, N. REMY, A. MAIER,

P. HASLER

MAO-B is an enzyme, which is abundant in many organs
in the human body incl. brain, pancreas, lungs, bowels and
thrombocytes. In the brain its main role is to oxidativly
deaminate several neurotransmitters. As has been demon-
strated by others, selective MAO-B inhibitors are benefi-
cial in the treatment of neuro-degenerative disorders e.g.
Parkinsonism and Alzheimer's disease. Therefore the work
on the 123I labelled MAO-B inhibitor has been pushed
forward as indicated in the last PSI Life Sciences annual
report.

The labelling is performed with the established halogen
exchange reaction of the bromo-precursor (Ro 18-4950)
using CUSO4 and ascorbic acid. The reaction's conditions
were optimised further, varying time (30-110 min), precur-
sor concentration (1-3.5 mg) and temperature (125-
180°C). Best conditions were found with 2.0 mg of precur-
sor heated at 170°C for 75 minutes. Purification and qual-
ity controls were reported earlier.

Biodistribution studies were carried out on female
Wistar rats (n=15). 200 uCi of Ro 43-0463 were injected
in a tail vein. 10, 25, 40, 60, 180 and 900 minutes p.i.
3 rats were sacrificed and dissected. After 60' p.i. a major
part of radioactivity was found in the liver (4.1 % ID/g),
kidneys (2.0% ID/g), lung (1.7% ID/g) and bladder
(3.4 % ID/g). The brain/blood ratio as a measure of the
capability of the compound to penetrate the blood/brain
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barrier, varied between 1 and 1.2 within the first 60'. The
maximum was found 25' p.i. with 1.2 (Fig. 2).

These data are much better than those published by
Macworther et al. Nucl. Med. Biol. 18 (1991) (maximum
ratio brain/blood 0.53 at 60' p.i.). This improvement can
be explained with our labelling procedure which allows a
nca production resulting in a higher specific activity of
around 60 MBq/jig.

Additionally in vitro autoradiography on rat brain
slices with the I25j labelled compound was carried out. A
high specific binding of Ro 43-0463 could be proved after
displacement with cold Ro 18-4950. (Fig. 3). The
biodistribution data from the rat are the basic information
for estimated radiation burden in man. The dose
calculation was performed with a computer program
according to the MIRD-concept, which calculates and
summarizes the radiation burden with the help of S-factors
from each source organ to each target organ. The results
show that the radiation burden in man is very low
(between 4 and 16 nGy/MBq per organ). The reasons are
twofold. First, we used 123I as radiotracer, which has a
short half-life of about 13 hours and a favourable radiation
characteristics. The other reason is the very rapid
elimination of the compound out of the body.

bnun/blood

-1.5

Fig.2: Percent of injected dose of [™l] Ro 43-0463
per gramm of tissue, mean value of three rats,
the s.d. is ranging between 12 and 47 %.

Fig.3: In vitro autoradiography of rat brain slices with
[1251] labelled Ro 43-0463 demonstrating high
specific binding. Above: Binding ofRO43-0463,
below: No binding after displacement with cold
RO018-4930.

These results are very promising for the future use of Ro
43-0463 as a tracer to measure MAO-B distribution in
vivo with SPECT. Registration of the compound for
human application is on its way.

2.4 Labelling of a precursor of DNA, bro-
modeoxyuridine with 76Br and 77Br

J.E. RYSER, K. ZlMMERMANN, R. WEINREICH, P. BLAUEN-
STEIN

The system for the production of I23I has been modified
for the production of radiobromine. 76Br (15.9 h) and 77Br
(57 h) are obtained from the decay of 76Kr (14.6 h) and
77Kr (1.2 h), which are produced simultaneously by the
proton irradiation of a NaBr target (according to the for-
mula 7 'Br (p,4n) 7«Kr and 7$>Br (p, 3n) 77Kr). 7«Br and
77Br can be obtained separately by taking advantage of the
different half-lives of the two krypton isotopes, which will
be recovered by condensation in a cold trap (-196° C). For
the production of 77Br, the target will be dissolved imme-
diately after the end of bombardment and 77Br will be
recovered from the cold trap after 4 hours. While for the
production of 76Br the target will be dissolved 4 h after the
EOB and 76Br will be recovered from the trap 20 h later.
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Different methods have been tested for the radiolabelling
of bromodeoxyuridine and the products analysed by TLC
and HPLC. The first trials have been performed with low
specific activity WBr as the radionuclide. The best results
have been obtained with Iodogen as the oxydative agent.

Bromodeoxyuridine is an analogue of thymidine, the
nucleoside which is used most often as the precursor to
label newly formed DNA and to measure cell
proliferation. Our aims are to measure cell proliferation in
vivo by PET, with 76Br-BrdU as the tracer and to study the
destructive effect of Auger electrons on DNA, using 77Br-
BrdU, a tracer with therapeutic potential.

2.5 Routine production of PET-radiophar-
maceuticals

J. JEGGE, R. ERNE, A. ISENSCHMID, CH. OESCHGER,

S. BURATT1, M. KARLSCH, F. SPORRI, R. PELLIKKA,

I. EBERLE*

*USZ Zurich
For the medical PET-programme a "basic load" of radio-
pharmaceuticals has been produced. Between 1.1.1993 and
26.11.1993 (47 weeks) the following impressive number
and varily of ready to inject products have been delivered:

41 batches 18F-DOPA
138 batches i«FDG (for several patients/batch)
42 batches ' 'C-Raclopride
33 batches nC-Methionine

6 generators 82Sr/82Rb (useful 6 weeks each)
32 batches 52Fe-citrate

on line facility for I5rj2 (H2O, CO2) since October
6 batches ' iC-Iomazenil
2 batches nC-Flumazenil

One has to mention that with the nC-products many diffi-
culties arose from the aging irradiation station. So many
times two or more time consuming attempts for one deliv-
ery were necessary.

3. Target Chemistry and Chelators

3.1 Silver Chemistry

R. ALBERTO, W. NEF, M. IFTIMIA

3.1.1 Ag-111 production

The production and isolation of Ag-111 from irradiated
natural palladium is now done routinely so that investiga-
tions on the chemistry of silver complexation chemistry
can well be performed on a macroscopic and a
microscopic level. The amounts of radioactive Ag-111
processed is only limited by the amount of irradiated
palladium and the period of irradiation. Under standard
conditions (200 mg of Pd) we are able to produce 60 mCi

(2.2GBq) of Ag-111 in a single experiment The specific
activity of 3mCi/ug (11 IMBq/ug) we usually get decreases
of cause with time of irradiation due to the concomittant
production of inactive Ag-109 but does not include Ag
impurities already present in the commercial available
palladium. The Ag content in the palladium has been
determined with neutron activation analysis and is in the
range of 7.5 ug per 100 mg of Pd. Therefore the real
specific activity is in the range of 1.5 mCi/ug (55MBq/ug)
and decreases with irradiation time (0.7mCi/ug after five
half life time of Ag-111). In view of an application of Ag-
111 for radioimmunotherapy (RIT) the specific activity
can be compared to that achieved by neutron activation of
Re-185 in high flux reactors (Missouri High Flux
Reactor/Oak Ridge) for example. Labelling of proteins
with Re-186 with a specific activity of 5 mCi
(185MBq)/ug as reported by Fritzberg et al. resulted in
good tumor response in some patients. Proceeding from
the reproducible results we have got with natural
palladium we plan now to apply the same conditions to
isotope enriched Pd-110. Since the chemico-physical
process of the separation of Ag-111 remains identical no
additional problems are expected. Because no inactive Ag-
109 is produced on irradiating Pd-110 with thermal
neutrons the specific activity is expected to be roughly
50 times higher than with natural palladium. This means
the highest specific activity for any isotope up to now
considered for application in RIT. However since Pd-110
is rather expensive it will be necessary to build a recycling
apparatus for Pd-110.

3.1.2 Synthesis of multidentate chelators for Ag+

As reported in chapter 3.1.2 in the annual report 1992 the
open chained thioether ligands have proven to be
definitely not stable enough for chelating Ag+ in
biological media. During the last year we therefore
focused our synthetic efforts on derivatized hexadentate
macrocyclic thioethers which are known from literature to
have the highest stability constants known up to now.
Stability constants have only been determined for special
ligands and no general tendencies (i.e. number of ligand
atoms, ring size etc.) are known.

The synthesis of the 18-membered ligand
18S6(COOH>2 has been accomplished and the compound
been characterized. However we were not able to separate
the two meso-forms and the two possible enantiomeric
pairs from each other. In addition complexation studies
revealed that the electron withdrawing effect of the two
carboxylic groups to the sulfurs in oc-position weakens the
ability of the latter ones to complexate strongly Ag+.
Based on these observations we decided to look for a
general synthetic strategy which would allow the synthesis
of rings with different numbers of atoms and functional
groups situated not in a-position to the sulfur atoms. In
addition the functional group should be reactive enough to
allow the derivatization with a variety of possible linkers.
Figure 4 shows the synthesis of the ring fragments of
choice.
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These fragments will allow the synthesis of a broad but
systematic number of derivatized macrocyclic thioethers
with varying numbers of ligand atoms. Several fragments
have been prepared, purified and fully characterized. The
synthesis of the rings follows the principle of a high dilu-
tion 1+1 addition. The two molecules with ring sizes of 19
and 20 atoms respectively have been prepared in yields
better than 50 % and fully characterized (Figure 5).

These ligands can finally be derivatized with a second
function enabling the linkage to various functional group
of the protein. It seems that the hydroxy group is less reac-
tive compared to a "normal" hydroxy group. Following a
paper recently published we synthesized a linker based on
the maleinimid system which originally was used to bind
hormones on sufhydrile groups of proteins. To test the
derivatization we used an easy prepared 10S3(OH)
macrocycle which we intend to use for rhenium. The
bifunctional ligand presented in Figure 6 was prepared in
good yield and was fully characterized.

Preliminary experiments for the complexation of Ag+
with 20S6(OH) have been performed. In buffer systems as
well as in organic solvents complexes are formed. The
composition of the complexes as well as their stabilities in
biological media is under investigation.
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Fig.4: Synthetic strategy for the different ring
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Fig.6: Model of a prepared bifunctional ligand.

3.2 Rhenium Chemistry

R. ALBERTO, A. EGLI, R. CAHN, J. MUELLER

3.2.1 Re-186 with high specific activity

As reported in the annual report 1992 we are trying to pro-
duce Re-186 with very high specific activity by applying
the long known "Szilard-Chalmers" process. The
organometallic compound Cp*ReC>3 has been irradiated
with thermal neutrons and the resulting products been
separated and characterized. The main products were
found to be ReC>2 and [ReO4]". Both are easily separated
from the large amount of target material. The optimal
separation process was found to be column chroma-
tography on silica gel with various organic solvents as
eluents. The highest specific activity was found in ReO2
which seems to be a "pure" Szilard-Chalmers product
while [ReO,*]'. is also formed by radiolytic decomposition
of the target material thus having a significantly lower
specific activity. However for both products we found a 4
to 10 times higher specific activity than could be achieved
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by neutron irradiation up to saturation (time point where
the same amount of Re-186 is formed by neutron capture
than decays). The irradiation period was as short as some
hours where the saturation point would be achieved after
roughly five half life times (450h for Re-186). These
investigations have been the main topic of the thesis of
R.C. and is almost finished. We are continuing the
experiments with other organometallic compounds and
better separation methodes as the main content of a second
thesis.

3.2.2 Preparation of a Re(V)-complex for the
labelling of proteins

In the anual report 1992 we reported about the synthesis of
a very stable Re(V) complex with the pentadentate ligand
bhci. Bhci is a ligand with six potential ligand atoms but
only five were used for the complexation. Under this con-
sideration the ligand bhci was derivatized at the third
amine function as indicated in figure 7 with glutaric
anhydrid to yield a bifunctional ligand with a carboxylic
group as linker.

NH,,

Fig. 7: Bifunctional ligand used for labelling with
Re(V).

The ligand reacts with Re(V) educts in the same way as
underivatized bhci and yields quantitatively the corre-
sponding complex as indicated in figure 8.

The reaction was performed with large amounts of
inactive material with the purpose of conventional
characterization, with macroscopic amounts of rhenium
tracered with Re-186 as well as with small amounts of Re-
186. In all cases the yield is better than 90 % and the
product can easily be purified by a small silica gel colomn.
The stability of the purified complex was tested at room
temperature and at 37°C in phosphate buffer and in serum.

In none of the two media any decomposition could be
observed at room temperature and only in serum at 37°C
less than 5 % perrhenate could be detected after 90 h. We
conclude therefore that the complex is stable enough for
application in the labelling of proteins. Experiments for
the activation of the carboxylic group as well as labelling
experiments are in progress.

OH

Fig.8: Re(V)-bhci-glu

3.2.3 Synthesis of Re(I)-complexes for the direct
labelling of proteins

For the purpose of labelling proteins with Re-186 we
started a different approach from what is usually done in
this field of research. The advantage of applying Re(I)-
complexes instead of Re(V) has been described in die
annual report 1992. We were looking for a metal complex
which is expected to be water soluble, stable but neverthe-
less substitution reactive. The concept consists in a direct
labelling of proteins with a low valent metall center such
as Re(I) without the utility of a bifunctional ligand. We
have chosen [ReBr3(CO)3]2~ which is expected to fulfil
the above mentionned conditions. The complex is known
since a long time but its chemistry has never been
investigated. We found a quantitative synthesis to this
important starting material and were able to yield crystals
for a X-ray structure analysis which is shown in figure 9.

The complex [ReBr3(CO)3p- is soluble in water and
does not decompose over days as was checked by TLC
and by IR-spectroscopy. The substitution reaction with
different kind of ligands is under investigation. It reacts
fast with a wide variety of ligands such as EDTA, IDA,
Cfflt, macrocyclic tridentate ligand like 9S3 etc. to stable
complexes of the general formulation [LRe(CO)3]. Some
of these compounds are already fully characterized
including the X-ray structure. Preliminary experiments
indicate that stable complexation takes also place with
amide groups of small peptides which would be important
for the direct labelling of antibodies.

Basic chemistry in this respect is done in a current
thesis and the results offer an important contribution to the
fundamental understanding of aquatic chemistry of
organometallic complexes. Titration of an aqueous
solution of [ReBr3(CO)3p- forms the unknow Re(I)-cluster
which structure is presented in figure 10.
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Fig.9: ORTEP of the complex molecule
[ReBr3(CO)3p-

Fig.10: ORTEP of [Re3(\i 2-OH)3(\Ji 3OH)(CO)9J:

3.3 Preparation of Radionuclides

P. BLAUENSTEIN, P.A. SCHUBIGER, R. PEIUKKA,
K. ZfMMERMANN, R. SCHWARZBACH

3.3.1 Iron-52 and
(S2Fe/S2mMn Generator)

R. PELLIKKA

Manganese-52m

While 52Fe has already been supplied for more than a year
to the PET medical group, the iron/manganese generator
has been developed during 1993. The work presented here
is based on preliminary studies performed earlier by
Weinreich et al.

If this generator will be used on a routine basis some
further improvements are needed. For the envisaged goal
of first clinical testing the present design of the generator
is acceptable. The 52Fe/52mMn generator was investigated
about ten years ago, however it was never used routinely.
One of the reasons may have been the impractical elution
with 4M hydrochloric acid, followed by the necessary
treatment of the eluate to make it physiologically accept-
able. Based on the last years experience, we have been
able to find an optimal solution: the generator is as before
in the tartrate form and it can easily be eluted with 5 %
glucose solution. Thus the eluate is immediatly applicable.
The breakthrough of 52Fe is only about 0.02 % and the
main activity ( > 75%) are eluted within the first five ml of
eluate.

The generator will be used for two purposes, namely to
evaluate the behaviour of 52mMn in the context of 52Fe
investigations with PET and as a perfusion tracer for heart
studies. End of October the first test with a monkey was
performed successfully. The documents which have to be
sent to the BAG are in preparation now, thus we expect
the starting of human studies early next year.

3.3.2 Separation of *7Cu from Proton Irradiated
Zink

K. ZlMMERMANN, R. SCHWARZBACH, I. ROHNER

Copper-67 is one of the nuclides recently introduced in our
laboratory which is expected to be very useful for radio-
immunotherapy for two reasons, namely better physical
properties (shorter half life and reduced 7 emission com-
pared to 131I) and good chemical properties (stable binding
to antibodies and a simple labelling process). However the
prodution of this nuclide is rather difficult, and a subopti-
mal quality of 67Cu is strongly impairing the labelling
yield. The irradiation of natural Zn (68Zn (p,2p) 67Cu) has
been described in the last year's report. To separate Cu
from Zn present in a ratio of about 1 : 1 million in good
yield has been found to be rather difficult, and therefore
several separation techniques have been tested carefully:
liquid-liquid extraction, electrolysis and ion exchange
chromatography. The last separation method is the easiest

33



one concerning the construction and building of an
apparatus in a lead box. Chclex 100 was found to be most
efficient to seperate all radionuclides and Zn from Cu
except 67Ga. This radionuclide has to be eliminated in
advance by passing the acid solution through a cation
exchange resin (Dowex 50Wx8). The obtained solution
has to be neutralised carefully (pH=3.5) for loading onto
the Chelex column, because a too high pH value would
lead to a precipitation of zinc hydroxide, while a too low
value would lead to Cu losses. Rinsing should be done
with 1 mM HCI (pH=3.00) until most of the Zn is eluted,
which can be followed by measuring 65Zn. Then a short
rinsing with 40 ml 0.05 M HCI elutes an additional
amount of Zn without losing measurable amounts of 67Cu.
Finally 67Cu is eluted as a narrow peak using 2M HCI.

3.3.3 Fluorine-18 Produced by Proton
Irradiation of Metallic Sodium

R. SCHWARZBACH

18F is produced in large scale for application in PET,
mostly by the 18O (p,n) 18F reaction. Looking for an alter-
native to this method, a reaction presented by Lagunas-
Solar Int. J. Appl. Rad. Isot. 43 (1992), which also yields
ISF has been examined: 23Na (p,x) >8F (see Fig. 11).

We expected a much higher yield by producing 18F
from Na instead of 18O-water due to the higher beam
current. We wanted to know to which extent the more
complicated process of separating igF from Na would
reduce the yield due to the decay of 18F. Our experience
with the Rb metal target for the 82Sr production, brought
about a fast development and testing of the Na target.

target system

target mate-
rial

chemical
form
obtained

beam current
[HA]

yield

[GBq/nAh]

[mCi/^iAh]

gas

N e + 1 % F 2

F2

<30

0.37

10

liquid

H2O,
> 95% l g 0

P

10-25

1.8-2

50-55

solid

Na (metal)

F

90-100

2.9 - 3.7

80-100

Fig.ll: Overview of the target systems for ^p produc-
tion and yields determined in our laboratory.

3.3.3.1 Target Construction and Chemistry

The sodium metal target consists of 6.5 g Na (Merck p.A,
p=0.970 g/cm3) enclosed in a stainless steel cylinder of 20
mm diameter and 30 mm length. The Rb target holder had
to be adapted only slightly to use it with die Na targets.
After the irradiation the target is mechanically opened and
die Na dissolved in 75 ml methanol. After 10 - 15 min 75
ml water are added for hydrolysis of die methylate.
Na+(22Na and 24Na) is eliminated with a cation exchange
resin (AG 50W x 8) in H+ form (OH" neutralised simulta-
neously). 18F is trapped on a anion exchange resin (AG 1 x
8) in CO32' form. B0U1 resins are rinsed with 150 ml
water. Then the anion exchange resin only is rinsed again
with 5 ml water and 18F is eluted using three times 0.3 ml
K2CO3 solution (20 mg/ml). For testing the 18F solution is
used for a FDG labelling.

3.3.3.2 Results of the irradiation

The irradiation of Na with protons (Ep = 63 -> 39.5 MeV)
yields in addition to the wanted 18F the Na isotopes 22Na
and 24Na (Fig. 12). Moreover the target capsule (stainless
steel) is acdvated and several radionuclides could be
detected (Fig. 13). These nuclides are not dissolved during
the dissolving of Na. Due to the excellent heat
conductivity of Na the target can be irradiated with a
proton beam current of about 100 uA.

nuclide
18F

T1/2 activity [MBq/uAh]

110 min
2.6 a

15.0 h

3030
0.67

2.0

Fig.12: Radionuclides found in the solution of the target.
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Fig.13: Radionuclides found in the container.



3.3.3.3 Conclusion

18F was successfully produced in the expected high yield
by irradiating metallic Na with protons. The quality of 18F
after the separation from other radionuclides was analysed
by radioanalytical methods (measuring the energy of the
decay and the half life) and tested with a synthesis of 18F -
fluoro-deoxyglucose.

This method is a means to produce high amounts of
18F in the form of fluoride.

4. Nuclide Therapy

4.1 Radioimmunoscintigraphy of neuro-
blastoma with 123I-/131I-ch CE7: First
clinical results

I. NOVAK-HOFER, A. JASCHKO, H. ROSLER*, A. HALDE-

MANN*, H. B lHL\ U. DORR+

*Abteilung Nuklearmedizin, Inselspital, Bern
+Abteilung Nuklearmedizin, Katharinenhospiial, Stuttgart

Since the beginning of 1993 we are collaborating with the
Nuclear Medicine Departments at the Inselspital Berne
(Prof. H. Rosier) and the Katharinenhospital Stuttgart
(Dr. H. Bihl), providing them with 123I-labelled (Beme)
and 131Mabelled (Stuttgart) ch CE7 preparations. So far
6 neuroblastoma patients underwent radioimmunoscinti-
graphy with diagnostic doses of '23I-ch CE7 (4 patients) or
!3lI-chCE7 (2 patients). No side effects were observed
and in tumour-free patients who were being restaged
(Beme) no unspecific organ accumulations were seen. In
patients with disseminated bone marrow disease (Stuttgart,
Berne) bone marrow lesions were imaged rapidly and
ch CE7 uptake was high with low background in other
tissues. These results point to a possible application in the
therapy of bone marrow metastasis.

4.2 Turn-over of Mab ch CE7 binding sites
at the surface of neuroblastoma cells

I. NOVAK-HOFER, A. JASCHKO, H.P. AMSTUTZ*

*Zentrallabor Schweizerisches Rotes Kreuz, Bern

The cell surface antigen for Mab ch CE7 an internalising
antibody is a glycoprotein with MW 190000. We found
that Tunicamycin treatment, which inhibits N-linked
glycosylation of proteins, abolishes Mab ch CE7 binding
(Fig. 14,1), indicating that the Mab binds to a
carbohydrate epitope. As immunocomplexes are removed
from the cell surface during the intemalization process,

binding sites have to return to the surface either by new
synthesis or by recycling. In order to find out more about
the turnover of the antigen we investigated the effect of
the protein synthesis inhibitor cycloheximide on Mab
ch CE7 cell surface binding (Fig. 14,2).

We found that inhibition of protein synthesis reduces
the expression of cell surface binding sites with a
relatively slow time course, after 24 h about 30 % of the
initial binding sites being left. The effect of Brefeldin A, a
drug which inhibits the export of newly synthetized
glycoproteins from the Golgi apparatus to the cell surface,
was also investigated (Fig. 14, 3). Brefeldin A leads to a
slow reduction in binding sites with about 40 % of sites
left after 24 h. These results indicate that the rate of new
synthesis of the antigen is relatively slow. In contrast, we
have found previously that the rate of intemalization of the
Mab ch CE7-antigen complex is more rapid, with about
40 % of the cell surface bound immunocomplexes being
removed within 2 h into an intracellular pool. It appears
therefore that the antigen is recycled back to the cell
surface rather than being degraded together with the Mab
and being rapidly resynthesized, and it may be a protein
which is constitutively endocytosed and recycled. Cell
surface expression of the antigen is also decreased by the
weak base amine chloroquine (Fig. 14,4). Similar effects
of chloroquine have been observed in case of several
receptors which recycle even in the absence of ligand,
such as low density lipoprotein receptor. Such receptors
can be trapped by amines in endo- or lysosomal vesicles,
which results eventually in depletion of cell surface
receptors. In view of this effect, pharmacological blocking
of lysosomal degradation of radioiodine labelled
internalizing Mabs by drugs such as chloroquine in order
to improve radioimmunodiagnoslic and -therapeutic
results may be counteracted by a loss of cell surface
binding sites. In clinical applications antibody induced cell
surface binding can be of concern for the efficacy of the
treatment. Here we show that pretreatment of
neuroblastoma cells with high doses of Mab ch CE7 does
not lead to downregulation of subsequent binding (Fig.
14, S), which indicates that the antigen is not degraded
together with the Mab. Repeated administrations of Mab
ch CE7 which may be necessary in case of therapy are
therefore possible without loss of cell surface binding
sites.
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Addition Cell surface binding
% of controls

1 Tunicamycin, (1 Hg/ml), 48 h

2 Cycloheximide, (25 jig/ml), 1 h
4h
8h

24 h

BrefeldinA, (5ng/ml),

4 Chloroquine, (50tiM),

MabchCE7, (20ng/ml),

l h
6h

24 h

l h
6h

24 h

l h
2h
4h

24 h

14 ± 10

134 ±22
86 ± 10
62 ± 1
32 + 3

118 ± 12
80 ± 2
45 ± 5

92 ± 7
83 ± 16
48 ± 10

93 ± 7
96 ± 3
90 ± 8
99 ± 2

Fig.14: Regulation of Mab ch CE7 cell surface binding
sites in human neuroblastoma cells.

Confluent SKN-AS cells (3.5 x 106 cellslPetri
dish) were changed to fresh medium and
were kept without (controls) or with the
addition of drugs. After the indicated times cells
layers were washed twice with PBS and cell
surface binding sites were measured by a 2 h
incubation with ™l-ch CE7 at 0°C. In case of
Mob treatment (5), Mab was removed with an
acidic buffer wash prior to measuring cell
surface binding sites. Results are means ± S.D.
of two independent experiments and are
expressed as percent of controls.

4.3 Cellular degradation of 67Cu-chCE7

I. NOVAK-HOFER, A. JASCHKO, H.P. AMSTUTZ*

*Z«ntrallabor Schweizerisches Rotes Kreuz, Bern

We have continued our studies with 67Cu, a beta-particle
emitting nuclide with promising characteristics for use in
radioimmunotherapy (see Radioimmunotherapy section).
We have been labelling Mab ch CE7 with PSI-produced
67Cu since April 1993 using the CPTA ligand and the pro-
tocol developed by Smith-Jones (Bioconjugate Chem. 2,
413-421, 1991). Labelling yields ranged between 2 0 -
60 %, specific activities of 67Cu-ch CE7 were between

0.3 - 0.8 |JCi/jig and in most cases the immunoreactivity
of the preparations was better than 60 %.

Comparing cellular stability of «7Cu-ch CE7 and 125I-
ch CE7 after binding and internalization in neuroblastoma
cells we found significant differences between the two
preparations. In contrast to I25i-Ch CE7 loaded cells where

soluble degradation products are rapidly released from
cells, in 67Cu-ch CE7 loaded cells radioactivity remains
cell-associated for a longer time with no release of low
molecular weight degradation products (Fig. 15A).

Degradation of b7Cu-chCE7 in SKN-AScells

TCA soluble activity in media

1 2 time at 37"C, h

40

30

o

TCA soluble activity in pulse-labeled cells
67Cu-Mab

+chloroqume

1 2 4 5
time, h 37°C

Fig.15: Accumulation of low molecular weight (TCA
soluble) activity in media (A) or cells (B) during
incubation of SKN-AS cells which were pulse
labelled with ™I-chCE7 or 6?Cu-chCE7.

Fig. 15B illustrates that this effect is largely due to
intracellular accumulation of low molecular weight
(trichloroacelic acid soluble) activity. In the presence of
chloroquine, an inhibitor of lysosomal function, the
appearance of low molecular weight activity is inhibited
(Fig. 15B, triangles), indicating that «7Cu-ch CE7 is
degraded within endo- or lysosomal vesicles. We have
started to identify the terminal degradation product of
«7Cu-ch CE7.

When cell lysates from 67Cu-chCE7 loaded cells
which were kept for 24 h at 37°C were analyzed by SDS-
PAGE (Fig. 16), the main degradation product was found
to migrate to a position below the dye front, indicating a
low molecular weight metabolite. A standard consisting of
the 67Cu-CPTA complex migrates to the same position,
however at the present it is not known if the metabolite
consists of the 67Cu-CPTA coirplex as such or of the
complex with some amino acid residues attached.
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CU-CPTA COMPLEX, STANDARD

CELL LYSATE: AFTER 20H AT 37 C
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156.

Fig.16: Separation of lysates from 67Cu-chCE7-loaded
cells by SDS-PAGE: Densitometrk traces of an
autoradiogram.

The conclusion so far is that 67Cu-ch CE7 is degraded to
the 67Cu-CPTA complex or to a short peptide attached to
the complex and that this compound is retained within
cells, leading to accumulation of radioactivity over time.
In view of a possible application of 67Cu-chCE7 in
therapy of disseminated neuroblastoma, accumulation of
radioactivity in tumour cells is an advantage. However, the
same mechanism may lead to unwanted retention of 67Cu-
CPTA in liver and kidney, where Mab catabolism takes
place. We are investigating the mechanism responsible for
the accumulation of 67Cu-CPTA. In parallel we plan to
test other macrocyclic copper chelators, as well as the use
of metabolizable linkers between Mab and chelators (see
radioimmunotherapy section) in order to minimize radia-
tion dose to liver and kidney.

4.4 First clinical studies with 67Cu-MAb35
against colon carcinoma

A. SMITH, A. BISCHOF-DELALOYE*, F. BUCHEGGER*.

C. D E PASQUALE

* Dept of Nuclear Medicine, University Hospital,
Lausanne

Almost 70 % of all energy dissipated by the nuclide 1311 -
the nuclide most commonly used in clinical RIT studies •
is in the form of 7 radiation which contributes little to
tumour dose, but which has been estimated to contribute
between 30-50 % of the dose limiting toxicity to the bone
marrow. The replacement of 131I with therapeutic nuclides
possessing lower y components is a priority for us and the
nuclide 67Cu is the first which we have been able to thor-
oughly evaluate, in conjunction with the anti-colon carci-
noma monoclonal antibody MAb3S. Encouraged by the
positive results of in vivo studies in a nude mouse system
described in last years report and elsewhere, we have
moved successfully to our goal of a clinical evaluation of
the distribution of 67Cu-MAb35. The first patient was
injected in late September, with two more being studied by
mid-October. Although more patients must be evaluated
before definitive conclusions can be drawn, the results to
date indicate tumour uptake of around the same level as
the co-injected 125Mabelled form of the antibody
(Fig. 17). Very positive is the lower level of the copper
labelled MAb35 circulating in the blood compared with
the iodine labelled form, resulting in an improved tumour:
blood ratio. As circulating activity in the blood is
principally responsible for the dose-limiting toxicity to
the bone marrow, a higher tumour blood ratio is expected
to translate into an improved therapeutic index.

• 67Cu •/ilD/g-1000

El 1251 ttlDlg'1000

Fig.17: First clinical distribution data relating to 67Cu
and mi-labelled MAb35.
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4.5 Pre-dinical evaluation of *7Cu-SEN7
directed against SCLC

A. SMITH, C. D E PASQUALE, R.A. STAHEL*

'Department of Oncology, University Hospital, Zurich

SCLC is considered to be one of the most suitable targets
for RIT and during 1993 we have commenced the
characterisation of RICs constructed using 67Cu as the
therapeutic moiety and Mabs directed against SCLC-asso-
ciated antigens, in particular Mabs SEN7 and SWA20. In
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Fig. 18: In vivo distribution of intact SEN7 (a) and
F(ab')2 fragment (b) at 4 days and 1 day post-
injection respectively. Expressed as %IDIg.

contrast to the in vivo distribution pattern, in a nude mouse
model system, which had been observed with 67Cu-
MAb35, the radiocopper labelled SEN7 did not show
improved uptake in human SCLC xenografts when com-
pared with its 131I-labelled counterpart in co-injection
experiments. An example of in vivo distribution at day 4
post-injection is shown in Fig. 18a. As with the
fragmented form of MAb35, SEN7 F(ab')2 showed very
high kidney accumulation when labelled with 67Cu (Fig.
18b), an observation confirmed by other groups working
with different metal nuclides. This effect, which may
preclude the application of metal-labelled Mab fragments
in clinical studies, has become the focus of much attention
and our own direction has changed to address this problem
(see 4.6 and 4.7).

The internalising Mab SWA20 displayed an interesting
effect which may relate to the inability of metal/chelate
complexes to exit from intracellular compartments (see
Biosystems). The antibody was originally discarded after
failing to show selective accumulation in target xenografts
after labelling with *3*I. However, following labelling
with 67Cu tumour accumulation was observed (Fig. 19).
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Fig.19: Tumour accumulation of Mab SWA20 following
labelling with either Mil or &7Cu. Expressed as
% IDIg.

4.6 Chemical synthesis of vehicles for RIT

A. SMITH, C. D E PASQUALE, R.E. OFFORD*

* Department of Medical
Medical Centre, Geneva

Biochemistry, University

Absolute tumour accumulation and tumounnormal tissue
ratios achieved using monoclonal antibodies in RIT
studies have proved disappointing. An improvement in
these two parameters would offer a higher therapeutic
index with accompanying benefits in the clinical situation.
The construction of novel vehicles with altered avidity for
tumour, altered selectivity of binding, or altered
distribution and clearance patterns, can theoretically be
achieved by chemical means.

In conjunction with the Dept. of Medical Biochemistry,
Geneva, a first heterotrimer has been constructed consist-
ing of an F(ab')2 fragment of Mab SEN7 and an Fab frag-
ment of Mab SWA11, both directed against SCLC
(Fig. 20). Lysine formed the basis of the linker molecule,
with a maleimide group substituted onto the e NH2 and an
aromatic aldehyde onto the a NH2 group. The maleimide
group was used to attach to the exposed -SH group of the
Fab fragment (1) whereas the aldehyde group was used to
attach via a hydrazone bond to carbohydrazide which had
been "site-specifically" attached to the terminal COOH
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group of the F(ab'>2 fragment (2). The product (3) will be
tested for biological activity in vitro and in vivo.

Fig.20: F(ab')3 heterotrimer constructed from the
F(ab')2 fragment of SEN" <. >d the Fab of
SWA11. Conjugation was a.nieved using a
heterobifunction lysine group.

In principal, avidity might be raised by virtue of trivalency
and a potential benefit of the heterotrimer approach would
be an improved selectivity of targetting. The logic behind
this is based on the fact that all Mabs described to date
display some form of tissue cross-reactivity. The fusion of
two Mab fragments displaying different patterns of cross-
reactivity, for example a divalent F(ab')2 fragment A with
a monovalent Fab fragment B, would result in a construct
trivalent only for the target tumour whilst remaining diva-
lent or monovalent in their respective cross-reactivities. It
is now planned to generate chemically stabilised homo-
and heterodimers, and tetrameric constructs for thorough
bioevaluation.

4.7 Metabolizable linkers for RIC construc-
tion

A. SMITH, C. DE PASQUALE, R.M. JONES*, R.E. OFFORD*,

K.ROSE

* Department of Medical Biochemistry, University
Medical Centre, Geneva

The introduction of a metabolizable link between carrier
vehicle and chelator offers the possibility of favourably
influencing the pattern of distribution of radionuclides
administered for RIT. A second collaboration with the
Dept, of Medical Biochemistry in Geneva, aimed at the
evaluation of a series of such linkers, has been initiated.
The adopted model system employs MAb35 labelled with
the nuclide 67Ga, which has been shown to demonstrate
high liver accumulation in the clinical situation, using the
chelator desferioxamine (DF) attached to periodate oxi-
dized sugars on the Mab. From the basic form:

1) NH2-O-CH2-CO-DF

five linker groups of varying lability have been introduced
as follows:

2) NH2-O-CH2-CO-O-CH2-CO-DF

3)NH2-0-CH2-CO-NH-CH2-CH2-O-CO-CH2-CH2-CO-DF

4)NH2-O-CH2-CO-NH-CH2-CH2-S-S-CH2-CH2-CO-DF

5) NH2-O-CH2-CO-O-CH2-O -CO-DF

6)NH2-0-CH2-CO-NH-CH2-CH2-0-CO-0-CO-DF

Initial in vivo distribution studies on conjugates 1-5, per-
formed in tumour xenograft-bearing nude mice, have
established large differences in the stability of the various
RICs. Linker 6 could not be evaluated in vivo as it was
found to be completely unstable with almost no protein-
associated activity present after overnight incubation at
4°C. Among those tested, linkers 3, 4 & 5 showed blood
levels at 4 days post-injection between 10 and 40 fold
lower than the stable RIC 1. Most promising is 2, which
has been shown to have intermediate stability in blood
with only three-fold lower levels than for RIC 1. These
preliminary studies will now help in the modification of
the design of 2 so as to move closer towards the desired
distribution characteristics.

5. Technology transfers

K. ZlMMERMANN, R. PELLIKKA, K. JAKOB, T. NEIGER,
S. KOS, P.H. HASLER

The year 1993 was the year of the termination of our
commercial routine production of several radiopharmaceu-
ticals.

Several contacts were made with different firms for the
technology-transfer of materials and know-how. Most of
the products were sold to MAP Medical Technologies Inc.
in Espoo (Finland), which is a firm established from a
Finish federal nuclear institute. Some other products went
to Mallinckrodt Peiten (Netherlands):

• Our 127Xe facilities for the distribution of I27Xe in
single use vials went to Finland, where they were built
up and started by our crew. MAP is now also the only
company in Europe, which is capable of delivering
127Xe. 127Xe is very important for lung ventilation
scintigraphy.

• The ^Sr/^Rb facilities went to MAP in Finland too.
This apparatus is needed to produce the stron-
tium/rubidium generator. 82Rb is used in PET nuclear
medicine too for heart examinations. It can be used in
absence of a cyclotron facility or when the cyclotron
facility is repaired.
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123I and 131I capsules were not offered by many radio-
pharmaceutical firm but the capsule form is very impor-
tant to minimise the radiation burden of the personnel
in nuclear medicine departments. The facilities went to
MAP.

A whole system (including production box) for different
123I radiopharmaceuticals, namely 123I solution, 123I for
labelling I23I hippuric acid and 123I MIBG went to
MAP in Finland.

A ready to use apparatus with a remote controlled
handling for the production of 123I by the p,5n reaction
will also be sent to MAP, Finland in the next weeks.
For the I23I production by the p,2n - reaction via 124Xe
the target know-how and 124Xe gas will be delivered.

The production and delivery of 123I-Iomazenil has been
bought by Mallinckrodt. Concerning 13IMIBG it was
not possible to build up a new labelling plant up to the
end of 1993 by Mallinckrodt, so this product will be
produced up to the end of 1994 by the radiopharmacy
division. It is note worthy that l3lI-MIBG has been
registered by the EC based on a file prepared by the
radiopharmacy division.
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IV Magnetic Resonance Imaging

1. Introduction

L. TlEFENAUER

In the project "MR contrast agents", new diagnostic tools
for tumor localization are investigated. Suitable materials
are evaluated by chemical and biochemical experiments
before in vivo investigations are carried out The ultimate
goal of these experiments is to achieve a specific accumu-
lation of the contrast agent in tumor tissues which subse-
quently can be visualized by MRI. This interdisciplinary
project requires a deep understanding of physiological
factors affecting the in vivo accumulation process on one
hand and a sophisticated procedure for signal detection
and image processing on the other hand. As an important
spin-off of the acquired know-how in MRI technology a
collaboration with the department of radiation medicine
has been established aimed at a three dimensional repre-
sentation of radiation dose in phantoms.

2. Tissue specific contrast agents

The tissue specific contrast agent developed consists essen-
tially of a magnetite nanoparticle coated with an artificial
polymer to which a tumor specific antibody is covalently
coupled. Due to its exceptionally high specific relaxivity, a
very low concentration of the contrast agent is needed for
visualisation by MRI. In addition, in a series of in vitro
tests, a high chemical stability and a preserved binding
capacity of the coupled antibody hate been confirmed.
However, from the beginning it was recognized that the
scavenging of particles by the immune system is the major
problem. Therefore, our work focuses on modification of
the surface of the nanoparticles by suitable reagents in or-
der to achieve a prolonged circulation time in blood
thereby increasing the chance for an accumulation in tu-
mor tissue.

From research on liposomes used as drug carriers, two
types of compounds have been identified to prolong the
circulation time: polyethyleneglycol and sialic acid lipids.
Although the surface of polymer coated magnetite particles
is not comparable to the compact surface of liposome bi-
layers, the presence of such molecules may give rise to the
expected effect. The targeting efficiency required for nano-
particles used in tumor localization is less than that for
drug delivery systems.

The first in vivo experiments have been very disappoin-
ting. Nanoparticles coated by various polypeptides have
been almost completely eliminated from circulation within
less than 5 minutes by the liver and the spleen regardless
of their composition. The addition of negatively or positi-
vely charged chemical groups failed to make any differ-
ence. This is in contradiction to the findings of other re-
search groups working with polysaccharide particles. It has

been concluded that the polypeptide coat which offers a
platform for covalent attachment of modifying molecules
must be protected.

Polyethyleneglycol has been coupled covalently to the
coating polymer (polyglutaminic acid/polylysine) in va-
rious quantities. Thereby, a decrease of spleen uptake has
been observed, but the uptake by the liver was still very
high. It is assumed that serum proteins which bind non-
specifically to the coated particles may be responsible for
recognition by phagocyting cells. Actually, two major
bands have been identified in SDS gel electrophoresis: Al-
bumin and the complement factor C4 (identified by immu-
noanalytical methods). Further surface modifications will
be tested for their ability to prevent the binding of these
proteins.

The membrane protein glycophorin contains sialic acid
moieties and presumably plays an important role in die
elimination process of aged ery throcytes by the liver. Puri-
fied glycophorin has been coupled covalently to coated
nanoparticles, so far with little yield. This small glycopro-
tein offers only two reaction centers for coupling, in con-
trast to antibody molecules which have about 80. The cou-
pling method is being improved in order to achieve an
acceptable coupling yield. The benefit of glycophorin to
slow down the elimination rate will be investigated.

3. Image Segmentation

G. KOHNE, R. ANDRES

3.1 Introduction
In order to visualize the contrast agent we have chosen an
image segmentation method. The images are segmented
according to the effect of the contrast agent on typical MR
parameters. This influence is based on the superparamag-
netic property of the magnetite nanoparticles, which shor-
tens the relaxation times (in particular the spin-spin relax-
ation time T2) of the protons up to a distance of about
200 nm.

3.2 Experiments

Previous phantom studies have shown that the image seg-
mentation method is a very good tool to separate and iden-
tify regions with slighdy different concentrations of mag-
netite nanoparticles [1].

In a further experiment, the same type of phantoms
surrounding the head of a volunteer have been used. It was
shown that die image segmentation was still possible de-
spite die wider range of die involved parameter values [2].

In an even more realistic experiment, die brain of a
narcotized rat was imaged before and after die application
of die contrast agent. The work for segmentation of die
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image was done at PSI via the Ethernet using the software
provided by its developer (Prof. Homak et al., Center for
Imaging Science, Rochester Institute of Technology,
Rochester NY). The segmentation and therefore the visu-
alization of the contrast agent depot was successfull. One
of the remaining principle problems is the fact, that other
regions outside the brain (e.g. some muscles) have the
same range of Tj and T2 values as the clearly visible
contrast agent. These are therefore also highlighted,
mimicking additional accumulations of contrast agent.

compensated by a constant sensitivity over the whole range
of the LET values of protons.

4.4 Conclusion
Due to the toxicity and the low sensitivity of the (Bis-)
Acrylamide-infused gels, another chemical dosimeter sys-
tem, exhibiting a weak dependence on the LET should be
studied.

3.3 Conclusion
The image segmentation method has to be optimized
(including the proton density as the third parameter beside
the two relaxation times Tj and T2, as used until now) in
order to fulfill the condition of an unequivocal visualiza-
tion of a contrast agent in a real animal model. In this way
a tumor enriched with contrast agent might be visualized.

4. Dosimetry using MRI

I. CORDT*. P. DORIA*. G. KOHNE, C. NlEVERGELT*
* Institute for Medical Radiobiology (IMR) of the Univer-
sity of Zurich and the Paul Scherrer Institute (PSI)
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4.1 Introduction
The goal of the work is to develop a dosimeter system
which allows to generate a three dimensional image of the
dose distribution of proton irradiated phantoms.

4.2 Fricke-infused gel dosimeter
The Fricke-infused gel dosimeter system has been reported
earlier [1], [2].

In order to compare the measured dose distribution
with the calculated one, a software package was developed
which allows the representation of measured dose distribu-
tions with isodose curves. This comparison showed rela-
tively poor agreement, especially at the end of the proton
beam range. Two reasons may be responsible for that:
Firstly, the not negligible diffusion of the Fe3+ ions and
secondly, the lower sensitivity of the Fricke dosimeter sys-
tem in the high LET (linear energy transfer) region of the
proton Bragg peak.

4.3 (Bis-)Acrylamide-infused gel dosimeter
A dosimeter system which shows no time dependent blur-
ring of the dose distribution is provided by the radiation
induced polymerization of acrylamide and N.N'-methyl-
ene-bis-acrylamide - comonomers in agarose [3].

The preliminary results of our studies confirm the spa-
tial stability of the dose distribution of a X-ray irradiation
field. However, the sensitivity is much lower than the
Fricke-infused gel dosimeter. This disadvantage might be
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5. Teaching Activities and Publica-
tions

5.1 Teaching Activities and Lectures

L. TlEFENAUER: "Sensors based on nanostructuied surfaces". Lecture,
University of Bern, 21.1. 1993

L. X. TlEFENAUER: "Biochemie und Nanolschnik". IMR-Kollcquiurn,
University of Zurich, 1.3.1993

LJC. TlEFENAUER: "Sensoren basierend auf nanostrulcturierlen
Oberflachen".
Invited lecture, Ann. Meet. SVS, PSI Zurich, 7.6.1993

G. KOHNE: "Kemenergie". Nachdiplomstudium Energie, SS 1993,
Ingenieurschule beider Basel (HTL), Muttenz

5.2 Publications

5.2.1 Reviewed Papers

L.X. TlEFENAUER, G. KOHNE, R.Y. ANDRES: "Magnetite nanoparticles: In
vitro characterization of a potential tumor specific contrast agent for
magnetic resonance imaging". Bioconjugale Chem. 4,347-3S2 (1993)

5.2.2 Proceedings and Abstracts

L. TlEFENAUER. G. KUHNE. R.Y. ANDRES: "Tumor-specific MR] contrast
agents: Magnetite nanoparticles conjugated to an antibody directed against
carcinoembryonic antigen (CEA)".
1 llh Ann. Meeting SMRI, San Francisco, Abstract 233 (1993)

L. TlEFENAUER, T. HlNTSRMANN: Oriented immobilization of antibody
molecules to magnetite particles used as a target specific contrast agent in
MRT.
FEBS Meet Stockholm, Abstract C25-307 (1993)

M. RUTXN, N. BECKMANN, A. SAUTER, L. TlEFENAUER: "Asseismenl of
brain perfusion in the rat using snapshot NMR and an intravascular
contrast agent".
12th Ann. Meet. SMRM, New York, Abstract 1136 (1993)

5.2.3 Other Communications

F. KRffiO: "Magnetit markierte Granulozyten als potentielles
entzundungsspezifisches Kontrastmittel fur Magnelnvionanz-Imaging"
Dissertation an der Eidg. Technischen Hochschule (ETH) Zttrich, Nr.
10151,1993.
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V Radiation Hygiene

1. Overview

R. ANDRES

The Division of Radiation Hygiene has two tasks: Firstly,
it acts as a national know-how center in the major areas of
radiation protection and, secondly, it is responsible for the
radiological saiety of people, environment and
installations at and around PSI. The resources available to
reach these goals fall into three categories:

• personnel, instrumentation and procedural guide-
lines for work with inherent radiological risk,

• a research and development program to ensure
compliance with internationally accepted scien-
tific standards,

• a school for radioprotection, for the instruction of
PSI personnel on ionizing radiation and the trans-
fer of the respective know how to other Swiss ra-
diation specialists.

The major achievements in the division of radiation hy-
giene will be outlined in the following sections. However
some important developments will be commented here.

A major task accomplished is the further integration of
the division in collaborative efforts, both PSI-related and
external: In 1993 the PSI calibration facility became a
official federal "Priifstelle" for radiation measurement in-
struments. This involves a significant responsibility neces-
sitating a sophisticated quality control system. Additio-
nally, the division established close scientific contacts
with the laboratory for radiochemistry (radon chamber)
and the laboratory for environmental research and system
analysis (atmospheric dispersion modelling).

The collaboration with the EC research program in ra-
dioprotection is still hampered by the absence of any for-
mal agreement on a collaboration between EC and
Switzerland. Despite this, a few projects could be started
with financial advances from PSI, borrowed against future
pavements by EC. A new office for research coordination
with EC in the field of radioprotection was established and
integrated into the division of radiation hygiene at PSI.
The three partners jointly managing this activity are the
Natl. Emergency Operations Center, the Federal Office for
Education and Science and PSI.

Members of the division had a chance to go abroad
(Japan, USA) for extended sabbatical leaves. This, and
many international visitors and guest scientists have in-
creased the number of international connections of the di-
vision, providing an important part of the base needed to
achieve a high degree of professionalism and efficiency in
our work.

Acknowledgment:

Part of the work of the division, as described in the fol-
lowing sections has been financed by the Swiss Federal
Nuclear Safety Inspectorate (HSK). This support is great-
ly appreciated.
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2. Dosimetry

C. WERNLI, M. BOSCHUNG, K. GMOR, M. STRATMANN-
MERK, CH. SCHULER, A. FIECHTNER

2.1 International Workshop on Individual
Monitoring

C. WERNLI , CH. SCHULER

An international workshop entitled Individual Monitoring
of Ionizing Radiation: The Impact of Recent ICRP and
ICRU Publications was held at PSI from May 5-7, 1993.
The workshop was jointly organised by the Commission of
the European Communities (DG XI and XII), the Euro-
pean Radiation Dosimetry Group (EURADOS), the US
Department of Energy, and the Radiation Metrology Sec-
tion of PSI. A total of 48 papers were presented and 123
scientists from 25 countries attended the meeting.

2.2 Accreditation of the Calibration Labo-
ratory

K. GMUR

In view of the enaction of the new radiation protection
regulation (STRAVO), the Swiss Federal Office of Metro-
logy accredited the calibration laboratory as a "Priifstelle
fur Strahlenschutzmessgera'te". The calibration of radiation
measuring instruments used in radiation protection, which
has been carried out routinely for many years, has become
a clearly defined legal activity in metrology. An agree-
ment on the organisation of the calibration activities in
Switzerland, a clarification of procedures, terms, and qua-
lity assurance used in metrology, and an exchange of ex-
perience are some of the consequences of this act.

2.3 Estimation of Radiation Dose to Oral
Mucosa by Radioactive Elements in
Dental Porcelains

A. FIECHTNER, M. BOSCHUNG

2.3.1 Introduction

Artificial dentures are often made from porcelain because
of their outward appearance, strong load capacity and fluo-
rescent characteristics. In order to have a blue/white hue
under ultraviolet irradiation, some uranium salts were
added as fluorophores. Several investigations concerning
uranium content and radiation exposure to oral mucous
membranes from such dental prostheses were done in the
past [1]. Sometimes the uranium concentrations in the
porcelain did exceed the limits [2]. Today the fluorescence
of dental prostheses can be achieved by using organic
compounds. Those porcelains have only small impurities
of natural radioactive elements. Concern about the
biological effects of ionising radiation in the low dose

range however has increased in the past few years. The
goal of the present work therefore was to measure the ac-
tivity concentration in newly developed dental prostheses
and to calculate and assess resulting doses.

2.3.2 Measurements

Three different raw material were considered in this work.
Radioactive impurities originate solely from natural decay
products in the initial mineral. In a first step those raw
materials were analysed by "y-spectroscopy. The samples
were analysed with a pure germanium detector in a well
defined sample geometry of 1 litre. Natural 238U and its
decay products as well as natural 232Th and its decay prod-
ucts were found to be in equilibrium. These findings are
not surprising for naturally grown activity and is due to the
primarily used natural minerals. The concentrations of the
23gU-decay chain varied form 6 mBq/g to 4 Bq/g and
those of the 232Th-decay chain nuclides from 6 mBq/g to
0.7 Bq/g. Only in one sample a detectable 40K activity was
found. The activity concentration of natural teeth, which
was measured in comparison, were below the detection
limit.

Although it was intended to determine the a-activity,
no suitable method was found to break up the raw material
in order to separate the different a-emitters. However, it
was deemed necessary to determine the amount of radio-
activity to be dissolved by the saliva and thus to contribute
possibly to an internal dose. For this purpose two samples
of raw material were immersed in a specially prepared sa-
liva simulation bath for 14 days at 37 °C. The eluate was
then processed according to the fibre glass method [3] and
cc-counted. No detectable activity was detected in the
simulated saliva eluate.

2.3.3 Calculation

Based on the results of the y-measurements, different dose
calculations were performed. Firstly, dose to the dental
technician working near and with the raw porcelain mate-
rial was calculated. The occupational exposure at 1 m dis-
tance from the pretreated zirconium products reaches val-
ues up to 0.21 mSv/a. Secondly absorbed dose to oral mu-
cosa from the dental prosthesis due to a and (3 radiation
was assessed. To this end the computer code VARSKTN
M0D2 [4] was used. This program allows the calculation
of skin or depth dose due to skin contamination with a P
source. In the worst case, where the radioactive part of the
prosthesis is in direct contact with the skin, a dose of up to
0.7 mSv/a for one porcelain tooth was calculated. Under
real conditions, e.g. when additional non radioactive layers
are between the radioactive parts and the skin, calculated
doses however never exceed 0.05 mSv/a. For the assess-
ment of absorbed dose from the a-emitter realistic irradia-
tion conditions are much more critical. The corresponding
doses range from 400 mSv/a for the highly improbable
worst case to a almost negligible value for the realistic
situation.
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2.3.4 Conclusion

Besides a very small amount of natural activity no other
radioactive contributions were found in the newly deve-
loped denture, based on zirconium ceramics. The
calculated exposure to dental technicians and skin dose to
the oral mucosa compared to the corresponding legal
regulation shows that in no case dose limits would be
exceeded. Moreover, in most cases even the natural
background level of radiation exposure will never be
reached by the radiation exposure from dental porcelain
prostheses.
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2.4 Cosmic Rays in Radiation Protection

K. GMOR

The average annual dose from cosmic rays in Switzerland
is 0.34 mSv which makes this natural radiation component
the least important one. Nevertheless, in two projects cos-
mic radiation is currently investigated: a co-operation
within a EURADOS working group on aircrew exposure,
and an investigation on the performance of radiation
measuring instruments.

2.4.1 Aircrew Exposure

The European Radiation Dosimetry Group (EURADOS) in
cooperation with the Commission of the European Com-
munities, Directorate-General XI and XII (CEC, DG XI
and DG XII) set up a new working group which is con-
cerned with cosmic radiation exposure of aircrews, and the
scientific and technical problems associated with radiation
protection dosimetry in aircrafts. Two meetings were held

this year, in Luxembourg and at CERN. Main tasks are the
assessment and evaluation of previous work, monitoring
methods, standard fields and reference instruments, uncer-
tainties and errors. Our contribution was the participation
in an intercomparison experiment conducted at CERN [1],
using a mixed high energy radiation environment similar
to the cosmic radiation at flight altitudes.

In a separate experiment, the response of our new neu-
tron dosimeter to high-energy neutrons was tested. Detec-
tors which are based on the solid state track technique
were exposed to nearly monoenergetic neutrons of 35 and
55 MeV energy at PSI, and to a broad spectrum with ener-
gies up to 600 MeV at Los Alamos National Laboratory
(LANL). Results of the measurements will be presented in
the course of 1994.

2.4.2 Response of Dose-Rate Meters to Cosmic
Radiation

Another project related to cosmic radiation was the inve-
stigation on measuring-differences of radiation dose-rate
meters used for environmental monitoring. Based on data
in the literature and from experiments, corrections were
developed so that the results of different instruments agree
well, as it is shown in figure 1.
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Fig.l: Comparison of the response of radiation protec-
tion dose-rate meters before and after correc-
tion of the readings. The measurements were ta-
ken on the Lake Lucerne. Corrections were app-
lied for terrestrial contribution, inherent activity
and over-response to cosmic radiation.
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2.5 Non - Ionising Radiation (NIR)

M. STRATMANN-MERK, C. WERNLI

Possible health effects of non-ionising radiation are of
great concern to the public. Besides protection needs for
UV irradiations and laser applications, another relevant
problem in this field is the exposure to extremely low-fre-
quency (ELF) magnetic fields.

In 1992 the Swiss Society for Radiobiology and Medi-
cal Physics formed a working group on non-ionizing radia-
tion. One of the first activities of this group was a general
survey of ongoing activities in the field of NIR in Switzer-
land. 38 institutions reported on projects related to NIR.
The results of this study are published in a
SGSMP/SSRPM report.

In 1993 a project was started to investigate the exposu-
re to 50-Hz magnetic fields of the Swiss population. Par-
ticipants of this study are required to wear a magnetic field
dosimeter for 24 hours. Most of the participants are se-
lected from different companies and working places in dif-
ferent parts of the country. Non-occupational exposures
are also studied including measurements over the week-
end. The dosimeter measures the magnetic ELF field
every 10 s and stores all data. A report on this project is
planned for mid 1994.

2.6 The quality assurance program of the
PSI radon reference laboratory

CH.SCHULER

In order to maintain the high quality standard of a national
radon reference laboratory, the calibration quality of the
reference instruments of the PSI radon chamber has to be
assured by repeated participation at intercalibration exerci-
ses. One type of such exercises demands the sending of
radon samplers to the organizing laboratory where these
samplers are filled with radon and sent back for measure-
ment to the participating laboratory. An alternative, first
conducted in 1990 by the U.S. National Institute of Stan-
dards and Technology, is based on a radon gas transfer
standard. This standard, which is sent to the participating
laboratories, consists of a radon sample in a spherical glass
ampoule. These ampoules are calibrated by the organizing
laboratory by measuring the photon emission rate of the
radon decay products in equilibrium with the gas by means
of a NaI(Tl) well counter. The laboratory to be tested can
then measure the activity of the radon decay products with
a solid state detector or transfer the ampoule content to a
radon gas reference measurement instrument.

A similar intercalibration exercise using transfer stan-
dards was initiated 1992 by EUROMET. This European
Collaboration in Measurement Standards was established
in 1987 to promote co-ordination of metrological research
and development, as well as improved efficiency in metro-
logical services within the countries of the EU and the
EFTA. The U.K. National Physical Laboratory conducted
this exercise, which was concluded after a meeting of the

participants at NPL in 1993. Beside national radon refe-
rence laboratories from Austria, Italy, Greece, France,
USA, Germany, Ireland, Belgium, and Sweden, the PSI
Metrology Section was also invited to participate.

The results of this exercise reflect the outstanding de-
mands imposed on the participants. There was agreement
between the participants and NPL that the results were not
yet fully satisfying, in that the activity values of the majo-
rity of the laboratories which measured the activity by so-
lid state detectors revealed a nearly systematic deviation
from the NPL reference value. This was interpreted to be
mainly due to inconsistent data bases Tor the calibration of
the detectors. Only two laboratories, one of them the PSI,
determined the activity by transfering the radon gas and
subsequent alpha-measurement. The mean results of both
these laboratories agreed to approximately 15%, and the
PSI result showed a deviation from the NPL reference va-
lue of 9%.

The valuable experiences gained by participating at
this demanding EUROMET intercalibration exercise will
help the PSI radiation metrology section to hold the high
standard of the accuracy of its radon reference instru-
ments. Participation in a similar intercomparison exercise
is intended for 1994.

2.7 Internal Dosimetry

C. WERNLI , M. BOSCHUNG

2.7.1 Concept for Internal Dosimetry in Switzer-
land

Concepts for internal dosimetry are currently being
developed in several countries. A draft report has also
been completed by a Swiss working group. This concept
has been presented at the International Workshop on
Intakes of Radionuclides at Bath, UK. A contribution to
international harmonization of internal dosimetry
procedures was prepared for a training course coorganised
by EURADOS Working Group 6.

2.7.2 Scientific Evaluation of an accidental Pu-
Inhalation Case

Ten years after an accidental Pu-inhalation, extensive
measurements of the deposition in the lungs, the lymph
nodes, the liver, and the skeleton have been performed by
two independent laboratories. Preliminary results suggest
high deposition fractions in lymph nodes. The final evalu-
ation will also include the results from chest counts and
excretion analysis performed over ten years as well as ex-
tremely low activity measurements on blood samples.
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2.8 Angular Dependence of Neutron Do-
simeters

C.WERNLI

In cooperation with J. McDonald and J. Tanner from Paci-
fic Northwest Laboratory (PNL) Richland, USA, the angu-
lar dependence of calibration quantities for neutrons in dif-
ferent phantoms have been studied. The aim of this work
is to propose requirement criteria for angular dependence
for approval of individual neutron dosimeters to the Inter-
national Standardization Organization (ISO) and to natio-
nal authorities. Figure 1 shows the angular dependence of
different quantities for bare 252Cf.
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Fig.l: Angular dependence of different reference
quantities for Cf-252-neutrons. H^IO) is cal-
culated in the ICRU slab.

3. Radioanalytics
J. ElKENBERG, S. BAJO, A. FlECHTNER, J. HlTZ,
M. RUETH1,1. ZUMSTEG

3.1 Introduction

Apart from necessary routine work, which is essentially
the measurement of emitted and incorporated radioactivity
as well as immission surveillance in the vicinity of PSI,
the radioanalytical group of the metrology section
developed and improved radiochemical separation tech-
niques for determination of radionuclides at very low lev-
els. To optimize the quality of analytical data, two addi-
tional mulitisample counters equipped for a/p-discrimi-
nation (a gas flow proportional and a liquid scintillation
detector) were intergrated into the analytical instrumenta-
tion. In various intercomparison studies on y- and a-spec-
trometry [1,2, laboratory code number 55] good results
were obtained. Different applied radiochemical research
studies in cooperation with the Community of European
Countries (CEC), the Centre National de la Recherches
Scientifique (CNRS-Strasbourg) and the ETH-Ziirich were
carried out or initiated.

3.2 Development of radiochemical separa-
tion techniques

3.2.1 A rapid method for determination of gross
alpha activity in urine

For monitoring potentially incorporated radioactivity by
personnel employed at various nuclear facilites in Switzer-
land, about 600 urine samples are routinely analysed for
gross alpha activity. The method used so far required se-
veral radiochemical separation procedures to minimize
self absorption effects of a-particles (and to a lesser ex-
tend P-particles) when measured with commercial gas
flow proportional or solid state detectors (Fig.l).
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Fig.l: Gas flow proportional counting:
Efficiency reduction due to self absorption of
a- (24lAm, 234UI238U) and ^-particles (134Cs,
234Thl234mPa) as a function of the sample
weight.
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A new, rapid and significantly more efficient technique
has been developed, based on liquid scintillation counting
(LSC). The method is briefly described as follows: (:) oxi-
dation of the organic substances in a 250 ml urine sample
with nitric acid, (ii) co-precipitation of the actinides with
calcium phosphate, (iii) wet ashing and (iv) dissolution in
0.1 Mol/L hydrochloric acid and subsequent mixing with a
liquid scintillation fluid. By this procedure, the actinides
in the final solution can be concentrated by about 2 orders
of magnitude. Gross alpha determination is performed
with a Canberra Packard liquid scintillation counter equip-
ped for a/P-discrimination. This discrimination between
a- and p-particles is based on pulse decay time analysis of
different characteristic light pulse shapes induced by the
interaction of the radioactive particles in the liquid
scintillator. By combining the chemical procedures with
LSC, effects resulting from quenching were minimized
and the a/p-misclassification was reduced (in 0.1 Mol/L
hydrochloric acid) at an optimum discriminator setting to
less than 2% (Fig.2). This allowed the detection limit to be
decreased to 2 mBq/250 ml urine with less than 5 hours
counting time. With the new method highly precise re-
sults are obtained due to (i) complete chemical recoveries
of all actinides at almost 100% detection efficiency and
(ii) elimination of interfering p-emitters generally present
in urine such as 3H, 40K (and 137Cs) by about three orders
of magnitude [3].
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Fig.2: Spill- over curves (percentual misclassification)
of p- and a-particles as a function of
discriminator setting using scintillation cocktail
solutions in HN03 and HCl medium.

ter nuclide 90Y (which is initially in radioactive equili-
brium with ^Sr), is separated from soil and grass samples
by liquid-liquid extracion with tributyl phosphate (TBT).
To check on sensitivity, reproducibility and chemical re-
coveries, various parameters such as carrier content or
acidity of the solution were studied using 88Y as a tracer.
High extraction yields were obtained at optimum concen-
tration of nitric acid (about 11 molar), whereas quantities
of added carrier of some 10 mg only slightly affected the
distribution ratio of Y between aqueous and organic (TBT)
phase. From TBT, Y is back-extracted and finally precipi-
tated as oxalate. Determination of the p-activity of 90Y is
performed with either LSC (Cerencov counting) or gas
flow ionisation counters.

3.3 Research projects and other activities

3.3.1 Laboratory investigation on 3H (T) migra-
tion in soils and groundwater

After deposition of a HT-plume potentially released from
a planned fusion reactor, tritium is converted (via bioacti-
vity) on soil surfaces into HTO and hence follows the pro-
cesses of water movement in the geosphere and reemission
into the atmosphere. A CEC project was recently initiated
investigating the 3H-reemission from soil surfaces in labo-
ratory and small scale field experiments as well as the
translocation of organically bound tritium into the storage
organs of plants. At PSI the CEC project is complemented
by an additional laboratory study on tritium infiltration
and percolation in the unsaturated soil zone by simulating
a groundwater environment in a plexiglas container par-
tially filled with sediment material. The groundwater table
and flow is regulated by continuously pumping water
through the container and the ratio of unsaturated to the
saturated zone can be varied using three water extraction
valves mounted at different vertical niveaus. (Radio)tracer
injection is performed by a dripping system (simulated
rainfall) leading to equal levels of moisture over the entire
surface. The major goal of the project is the investigation
of the effect of rainfall on the vertical movement of HTO
in the unsaturated zone, including mathematical
modelling. Preliminary experiments using the fluorescent
dye Uranine yielded reproducible tracer breakthrough
curves and complete recoveries in the extraced water
(Fig.3).

3.2.2 Separation
materials

from environmental

The Swiss programme for radioactivity monitoring around
nuclear facilities involves regular sampling of environ-
mental material for subsequent laboratory determination of
natural radioactivity and anthropogenic radiosubstances.
For radioanalysis of pure P-emitting ^Sr, a new technique
based on the method of Meier and Scholl [4] was imple-
mented. Basically, with this method the short lived daugh-
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Fig.3: Tracer breakthrough (concentration over total injected mass, CIM0) and recovery curves (in percent) of the
dye Uranine in two laboratory small scale migration tests conducted under identical flow conditions.

3.3.2 Determination of the spontaneous fission
constant of 232Th

For dating of U-minerals with spontaneous fission derived
noble gas isotopes of Xe and Kr, the product of the 238U
spontaneous fission constant Xs( and the yield 'Ysf of a
specific Xe or Kr isotope has to be known exactly [5]. Re-
cent investigations using geologically unaffected pure U-
oxides (mainly pitchblendes) and U-bearing accessory
phases (zircons, monazites) yielded different values of
5.710"18/y [6] and 7.210"18/y [7], respectively. Since the
latter phases often exhibit Th/U rations of ten and more,
potential contribution of spontaneous fission noble gases
from 232Th could not be ruled out. We therefore selected
(by means of y-spectrometry) large, geologically unaltered
monazite crystalls with Th/U ratios between 30 and 1000.
Preliminary mass spectrometric investigations at the ETH-
Ziirich revealed, however, that the value of 232A.rf"'Yrf is at
least two and probably three orders of magnitude below
that of 238U. Significant contribution of Xe from 232Th$f

in the accessory minerals to explain the differences of the
proposed spontaneous fission constants is hence excluded.
To find out whether either the pitchblendes systematically
lost parts of their noble gases or the accessory minerals
contained excess Xe from earlier geological stages, further
studies will concentrate on (i) a direct determination of
Xrf'Ysf using radioactive fission products ("Tc, I31I,
132Te) and (ii) the Xej,-Xes stepwise heating techniques as
proposed by Shukolyukov et al. [8].

3.3.3 Investigation of particle infiltration and
water exchange processes

The input of antropogenic pollutants into the terrestrical
geosphere causes an increasing interest in ecological stu-
dies in the field of (radio)cnemistry and biology. In coope-
ration with the CNRS-Strasbourg a PhD-thesis has been
started to study soil/water interaction phenomena and ex-
change rates between river water and groundwater in the
upper Rhine valley. There, depending on the local meteo-
rological conditions, the groundwater (which is partially
used as a source for drinking water) is occasionally
infiltrated by river waters contaminated by heavy metals
and high salt contents from regions of potassium mining.
In the project under consideration, chemical and
mineralogical analytical techniques will be used to
characterize the water and sedimentary components. In
addition, radiogenic isotopes (3H, 7Be, 232Th- and ^ ' U
decay series) and stable isotope systems (Rb-Sr, Pb-Pb)
will be applied to study small scale (metres) particle
movement as well as the extent of the contamination in
wider areas.

3.3.4 Determination of radioactive impurities in
131I solutions

For the in-house produced I 3 II solutions new Pharmaco-
poeia quality standards now require a 99.9% contribution
of 131I to the total activity. At PSI this nuciide is produced
by neutron activation of TeO2 and subsequent isolation
from the target material by destination. With the program
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0RIGEN2 (mainly used for activity inventories in a re-
actor) the potential contribution of nuclides other than 131I
were calculated initially. As the calculations resulted in
comparable activities of 123mTe and 127mTe/127Te, but
negligible activities of other nuclides, 131I was separated
(via evaporation) from Te under acid conditions. Besides
minimal quantities of 131I in the Te fraction, no other nu-
clides could be detected. Since a few days after irradiation
the activity of the Te isotopes listed above was found to be
10"8 of 131I activity, a 99.9% purity of the 131I solution is
guaranteed even several weeks after production [9].

3.3.5 Propagation and deposition of a 1 2 3 Xe/ 1 2 3 I -
plume

In the proton accelerator at PSI short lived 123I
(t1 /2= 13.1 h) is routinely produced for pharmacological
applications in nuclear medicine. The radiotracer
production is briefly described as follows: proton
irradiation of Nal targets resulting in the nuclear reaction
127I(p,5n)123Xe(ec,P)123I, collection of 123Xe (tI /2 = 2.1 h)
in a cool trap and elution of iodine a few hours after the
termination of the irradiation. In May 1992, an
insignificant incident caused a short term release of a
123Xe/123I plume into the atmosphere with subsequent
deposition of "y-emitting I23I in the vicinity of the
accelerator. The maximum deposited activity was found to
be less than 100 Bq/m2. Although the resulting doses were
negligible compared to those resulting from natural
radiation, about 50 grass samples were taken and analysed
for y-activity in order to compare the measurements with
the predictions of a Gaussian based atmospheric transport
model. While simple Gaussian Circulations with planar
topography could not describe the deposition in the rather
complex terrain adequately, a more complex model was
developed which accounts for the local topography. With
the improved model a result consistent with the analytical
data was obtained [10].

References

[1] S. BALESTRA, J. GASTAUD, J.J. LOPEZ, P. PARSI,

D. VAS: "Report on the intercomparison run
IAEA-134. Radionuclides in cockle flesh."
IAEA/AL/062 (1993)

[2] S. BALESTRA, J. GASTAUD, J.J. LOPEZ, P. PARSI,

D. VAS: "Report on the intercomparison run
IAEA-135. Radionuclides in Irish sea sediment."
IAEA/AL/063 (1993)

[31 J. ElKENBERG, M. ROTHI, I. ZUMSTEG: "Eine
Schnellmethode zur Bestimmung von a-Totalak-
tivitaten mit LSC-Messtechnik und integrierter
a/P-Diskriminierung."
PSI TM-23-93-08 (1993)

[4] D. MEIER, W SCHOLL: "^Sr-Bestimmung in

BOden und pflanzlichem Material."
Landwirtsch. Forsch. 35,269 (1982)

[5] J. ElKENBERG, V. KOPPEL: "Application of the U-
Xe and U-Kr systems for dating U-minerals: A
key for interpreting discordant U-Pb ages."
Chem. Geol. (in press)

[6] J. ElKENBERG, P. SIGNER, R. WlELER: "U-Xe, U-
Kr and U-Pb systematics for dating uranium
minerals and investigation of the production of
nucleogenic neon and argon."
Geochim. Cosmochim. Acta 57,1053 (1993)

[7] E.H. HEBEDA, R. RAGETTLI, P. SIGNER, R.

WIELER: "The product of decay constant and frac-
tional Xe yield of 2 3 8U spontaneous fission."
Earth Planet. Sci. Lett, (in press)

[8] Yu.A. SHUKOLYUKOV, T. KKSTEN, E.K.

JESSBERGER: "The Xe-Xe spectrum technique, a
new dating method."
Earth Planet. Sci. Lett. 24,271 (1974)

[9] S. BAJO, J. ElKENBERG, E. LEHMANN:
"Determination of radioactive impurities in 13^1
solutions."
PSI TM-23-93-04 (1993)

[10] J. ElKENBERG, A. LEUPIN, F. CARTER:
"Ausbreitung und Deposition einer 123Xe/123I
Wolke nach einem geringfiigigen StOrereignis
wShrend der Isotopenproduktion: eine
kombinierte Feld- und Modellstudie".
In: Umweltradioaktivitat, RadioOkologie,
Strahlenwirkungen (M. Winter, A. Wicke, eds.)
Fachverband fiir Strahlenschutz, FS-93-67-T, 791
(1993)

54



4. Radiation Protection

4.1 Introduction

A.JANETT

The research and development activities of the Radiation
Protection Section is very limited because of the large vo-
lume of routine work for guaranteeing a safe operation of
all nuclear installations at PSI according to the relevant
official regulations and the ALARA (as low as reasonably
achievable) principle. Our R&D work therefore is mainly
concentrated on the operational needs of the various
domains of PSI.

In 1993, calculations of the propagation of mixed
(neutron/gamma) radiation fields through shieldings in the
neigbourhood of high energy proton beam stops and the
development of a user-friendly software package for our
planned centralized (emergency) environmental surveil-
lance system had highest priority. Both fields of occupati-
ons are reported more extensively in the following secti-
ons. The latter is important in view of the early
completion of GENORA, a protected emergency control
shelter.

Our work was also influenced by the decommissioning
of the reactor DIORIT (investigation of techniques for the
decontamination of metal surfaces and liquids to minimize
the amount of radioactive waste) and the progress of the
Spallation Neutron Source Project (decisions for the future
monitoring systems as well as assessments of the related
dosimetry problems [1]). In collaboration with CERN we
investigated the potentiality of our alanine dosemeter for
the estimation of radiation damage in superconducting
accelerator components. To maintain our radiation re-
search knowledge on an up-to-date level we participated
in several working groups of national and international
professional associations.
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4.2 Radiation Research

J. ARKUSZEWSKl

4.2.1 Ionization Energy Losses in Small Samples

The standard way to calculate the ionization energy loss of
charged particles traversing a layer of material is to samp-
le its energy loss from the probability distribution given by
the theories of Landau or Vavilov. In general those theo-
ries are valid for relatively thick layers where the expected
fluctuations in probability distribution are small. Moreover
they are both based on a classical Rutherford scattering

formula. For small samples encountered in microdosime-
tric applications, this approach might not be satisfactory.

Talman has generalized the Landau*Vavilov approach
by replacing Rutherford energy loss with a more general
one calculated from atomic energy levels and has
successfully applied his theory to the ionization argon
detector of 2.1 GeV protons. It is expected that this theory
can also be used to fill the gap between the Landau-
Vavilov theory and a costly single scattering approach for
protons and electrons traversing single cells and cell
nuclei. Therefore an attempt is being made to establish the
range of validity for various energy loss distributions as a
function of the incident energy and the sample size.

The preliminary results have been reported in [2]. The
work is still in progress.

4.2.2 Numerical Model of Tissue Cell Geometry

The geometry of a cell system consisting of 4 to 100 cells
is generated as a cluster of Voronoi domains based on a
random set of centers. The center of each domain is then
shifted to the midpoint of all domain vertices and the
process is repeated until a fairly regular, yet random geo-
metry of adjacent polyhedra is found. This can be conside-
red a good representation of a cell cluster. The results are
written in a form of the MCNP geometry input and can be
immediately used for electron transport calculation and
visualized with the graphic code SABRINA (see Fig. 1).

Fig.l: Computer model of a cell cluster

4.2.3 Photoneutron Production in the Monte
Carlo Code MCNP

The Monte Carlo particle transport code MCNP solves
coupled electron, photon and neutron transport problems.
The only unimplemented link of the coupled chain of
different particle events remains the photoreaction (y, xn).
Recently a practical shielding problem for the electron
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therapeutical accelerator made it necessary to compute the
contribution of photoneutrons to the total dose equivalent.

The problem has been solved in two steps: first the
photoneutron production rate has been computed with the
electron-photon mode of MCNP from precalculated pho-
ton cross sections together with the photon dose compo-
nent. Second, the neutron energy distribution due to (7, n)
and (7, In) reactions has been sampled from the truncated
evaporation spectra, and finally the neutron dose contri-
bution was calculated with a neutron mode of MCNP.
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4.3 Environmental Surveillance System
(ESS)

R. ANDRES

4.3.2 Accessibility of the PSIANETZ data

V. HERRNBERGER

The program described above continuously revises the
latest ANETZ measurements and prepares a summary of
the last 48 hrs. This processed data set can easily be
accessed and interpreted by the PSI emergency response
organisation (NFO).

4.3.3 Atmospheric dispersion model selection and
implementation

V. HERRNBERGER, P. DORIA

The results of the four phase evaluation and selection
scheme for atmospheric dispersion models applicable to
airborne radioactivity in complex terrain [2] led to the
choice of the hybrid model HYBR_1 from the 10 best ref-
erenced candidates [3]. It shows a good overall perform-
ance with respect to the applied visual and statistical crite-
ria as well as for its sofMiardware performance. It is based
on a combination of a Lagrangian particle (statistical
simulation) as well as on a Eulerian grid (deterministic)
approach for the description of the advection/dispersion
process. For easy use, a prototype of a menu driven user
interface was developed containing data for topography
and wind field in 60 x SO km2 around a typical nuclear
installation site for UNIX/VMS-shells.

The development of an environmental surveillance system
for our nuclear installations allows one in the future to link
measurements of emissions, the meteorology (e.g. from
ANETZ-stations) and immissions (e.g. from
environmental samples and fixed dose rate meters such as
NADAM and MADUK) to dose calculations. In this way
the environmental impact from normal and accidental
releases of pollutants such as radioactivity can be analysed,
verified and forcasted.

4.3.1 Automatic surveillance of the PSI ANETZ
meteo station

V. HERRNBERGER

PSI is responsible for the correct operation of the ANETZ-
station (ASTA) [1] and is obliged to immediately inform
the repair service of the Swiss Meteorological Institute
(SMA) in case of faults. These ANETZ measurements
represent a major data base for the ESS. To remove the
burden of manual daily data checks, a program system was
developed to automatically check the measurements of
wind direction, wind speed, vertical temperature
difference, rain and 7-radiation by plausibility criteria of 3
different levels of priority. Depending on the priority level
(e.g., the highest level indicates failure of sensors or an
accidental increase of 7-radiation) the system automatically
activates an electronic bell and/or sends an electronic mail
indicating the type of failure to the system's user.
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5. Radioecology

5.1 Introduction

T. RlESEN

Radioecology may be defined as research "regarding the
relation between the ecosphere and radioactivity" with the
final goal to obtain reliable data for dose calculations. To
comprehend and predict the behaviour of radionuclides in
the environment, it is necessary to have detailed knowl-
edge about their chemistry and the dynamics of ecological
processes. The projects at PSI concentrate on research on
the nature of radionuclide transfer in the environment.

The main activities in 1993 were focused on two subjects:

"Foliar absorption" and
"Resuspension"

In 1993, the group was increased by a PhD student and a
new group leader. Consequently, some new projects were
initiated.

The work on two projects of the current CEC action on
"Radiation Protection Research" continued in collabora-
tion with the Savannah River Ecology Laboratory of the
University of Georgia, USA. A third CEC-project was in-
itiated in the framework of a thesis under the academic
guidance of Prof. N. Amrhein from the Swiss Federal In-
stitute of Technology, Institute of Plant Sciences, Zurich.

The following sections give an overview of the new
projects and report results from studies initiated earlier.

A cknowledgment:

The projects under section 5.3,5.4 and 5.5 are partially
funded by the Commission of the European Communi-
ties.

5.2 Foliar absorption of 134Cs and 85Sr by
grape vine plants and their distribution
in different plant parts

P. KOPP

H.J. ZEHNDER, Swiss Federal Research Station for Fruit-
Growing, Viticulture and Horticulture, CH-8820 Wadens-
wil,

J.J. OERTLI, Institute for Plant Science, Swiss Federal
Institute of Technology, CH-8315 Lindau,

U. FELLER, Institute for Plant Physiology, University of
Berne, CH-3013 Bern.

5.2.1 Introduction

Several series of experiments (from 1989 - 1992) were car-
ried out to determine the leaf uptake and the subsequent
distribution of cesium and strontium in the different parts
of the vine plant. Cesium is a group 1A element like potas-
sium and strontium belongs to the alkaline earth elements,
group 2A, the same group as calcium. Both these elements
play a very important part in plant physiology.

The experiments were carried out in a greenhouse with
the two isotopes strontium-85 and cesium-134. These two
isotopes were used because of their short half-lives for
safety reasons. The greenhouse floor was sealed with a
thick plastic sheet and the two front walls were covered
with fine plastic netting to allow an air exchange with the
atmosphere. A rain proof ventilation hole was fitted into
the plexiglas roof. These fittings prevented the loss of ra-
dioactivity on one hand and on the other hand guaranteed
natural conditions, such as temperature and atmospheric
humidity, as closely as possible.

5.2.2 Method

For these experiments, 2-3 year old vine plants, variety
Riesling x Sylvaner (Miiller-Thurgau), were used. The
plants were pruned on two canes to 5 buds each. Later, all
shoots except one were removed. The first two fully de-
veloped leaves of 50-80 cm2 (one on each cane) were con-
taminated on the upper surfaces using a micropipette. Lea-
ves below those contaminated had previously been re-
moved. The contamination, 100 \xi, was applied as tiny
droplets of carrier free solutions of the chlorides of cesium
and strontium respectively. The droplets dried in 2 to 3
hours. Every year new plants (2 - 3 years old) were em-
ployed for our experiments. The contaminating solutions
were freshly prepared every year and their activities were
determined at the beginning of the corresponding in-
vestigations.

Plants were moved from the greenhouse at intervals
and the different plant parts were removed and analysed
for activity. The contaminated leaves were thoroughly
washed with 1 Mol/L hydrochloric acid. The samples of
washed and contaminated leaves, uncontaminated leaves,
stems, bark, wood, and berries were cut into small pieces
and dried. They were put into 50 ml polyethylene wide
mouth bottles and the activities of Cs and Sr were
determined. Aliquots of well mixed soil samples were also
dried and put into the same containers. The activities of
the washing liquids were measured as solutions in 50 ml
plastic bottles.

5.2.3 Results

For strontium, two experimental series were investigated
hi 1989 and 1990. In 1989, between 60 and 83% of the
originally applied activity was recovered in washing water
and contaminated leaves. There was no change of activity
with time. In 1990 more activity could be washed off the
plants decreasing from 92% to 63% with increasing time.
In 1989 more activity was found in the contaminated
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leaves, increasing from 7% - 29%, in 1990 the increase
was only between 3% and 8%. In both years the activity
transported to other plant parts was negligible, less than
1%. This behaviour was also found earlier in strawberries
[1. 2J.

The Cesium series showed increased recovery effects.
In 1989 we had "lost" 30% of the activity but in 1991 and
1992 the recoveries were around 100%. This is probably
due to improved measuring and handling techniques.

Much more cesium was taken up by the leaves and
transported to the other parts of the plants than was the
case with strontium. In 1989 we had only 1 plant for each
experimental point In the plant parts above soil between
67% and 77% of the activity could be accounted for, and
between 40% and 47% were transported to other plant
parts. The parts above soil contained most of the activity.
While the activity of the grape berries increased with time
until they reached maturity, the stems displayed decreased
activity and the soil radioactivity stayed the same.

In 1991 between 35% and 50% of the originally
applied activity was taken up by the vine plant. Figure 1
shows the situation in 1992. It shows quite clearly the
decrease of the activity of washing water with time and
simultaneously an equal amount of activity being
transported into the plant, increasing from 22% to 50%
during the time of measurements (131 days).

Figure 2 shows the distribution of the cesium activities
per gram of dried samples.
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Fig.l: 137Cs uptake in grape vine plants
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Fig.2: Specific activity of l37Cs in different parts of
the vine grape plant.

The activity of the plant above ground decreased steadily
with time. The specific activities of the grapes, stems and
roots increased until day 73 and after that they decreased.
The specific activity of the soil was too small to show up in
the figure. No tendency for an increase or decrease of the
activity could be observed in either 1989 or 1991.

In 1992, however, the activity of washing water decrea-
sed with time and at the same time the activity transported
into the plant increased. Before day 73 the activity of the
plant above ground decreased, and that of the grapes in-
creased, the activity of the stems remained constant and
that of the roots increased. The specific activity of the soil
does not show up in the figure. After this date the specific
activities of the grapes as well as the specific activities of
the stems decreased, and the specific activities of the roots
show a slight decrease, the specific activity of the soil
again is too low to be marked in figure 2.
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5.3 Foliar uptake of 134Cs and 85Sr into po-
tato leaves: a mechanistic and quantita-
tive approach

J. EGLI

Investigations of foliar uptake, subsequent transport and
storage of l34Cs and 85Sr started this summer. Transport
studies will be conducted on whole plants, at cellular and
subcellular level. The influence of various factors such as
temperature, wet / dry deposition, physiological condition
of the plant, etc. will be investigated. Competition studies
between cesium and potassium as well as strontium and
calcium will be performed. The goals of this work are:
- to improve the understanding of the physiological
transport processes,

- to suggest measures on a possible reduction of the uptake
of cesium and strontium and

- to forecast possible consequences of potato consumption
to the population in case of a nuclear incident, and to
predict the influence of possible precautionary measures.

5.4 Soil loading onto plants and the foliar
absorption of resuspended radio-nucli-
des

T. G. HINTON
Y. IVANOV, Ukrainian Institute of Agricultural Radiology;
Ukraine
N. ARKHIPOV, Pripyat Research and Industrial Associa-
tion, Chernobyl, Ukraine

The goal of this project is to determine if the foliar absorp-
tion of resuspended radionucljdes is a relevant contributor
to man's dose. We are testing the hypothesis that the foliar
absorption of radionuclides attached to resuspended soil
particles is not significant, and therefore, does not need to
be considered as a relevant pathway to human contamina-
tion in radionuclide transport models.

We were interested in designing a field experiment
that would isolate the single pathway of plant
contamination due to the foliar absorption of resuspended
contamination. It was necessary to separate (1)
endogenous contamination of the plant due to root uptake
and (2) superficial contamination on the leaves at the time
of sampling. To accomplish this, 60 cabbage and Kohlrabi
seedlings were grown in uncontaminated soil within a
clean greenhouse in Kiev. The seedlings and
uncontaminated soil were placed in 3 1 plastic bags and
taken to two contaminated sites, Chistogalovka and
Vladimirovka. Chistogalovka is within the 10 km zone of
Chernobyl and is dominated by fallout from fuel particles,
while Vladimirovka is an evacuated town outside the
30 km zone and is contaminated with the more soluble
condensation-type fallout. The plastic bags were gathered
at the top and loosely closed around the stems of the seed-
lings. Each bag, containing the seedling in clean soil, was
then buried in the contaminated soil so that the top of the
plastic and the seedling was above the contaminated soil

surface. The plastic isolated the roots of the seedlings in
the clean soil and thus prevented root uptake of
contaminants. The tops of the plants, however, were
exposed to resuspension from wind and raindrop splash.
The plants were watered with an uncontaminated source
through a small hole at the gathering of the plastic top.
The plants were placed in the field during the first field
campaign of 31 May to 6 June 1993, and remained in the
contaminated fields until the second campaign (2-11 July
1993). The leaves of each plant were then clipped, taken
to the laboratory of Dr. Arkhipov, and thoroughly cleaned.
Leaf surfaces were cleaned using a technique novel to the
field of radioecology. Liquid plastic was applied to the
surfaces, dried, and then pealed off. All surficial contami-
nants became embedded in the plastic and were removed
when the plastic was pealed off. The thoroughness of this
cleaning technique has been confirmed by scanning elec-
tron microscopy. Because root uptake was prevented, and
all surfaces of the. plants were thoroughly cleaned, any ra-
dionuclides that are now detected in the plants are assu-
med to have been absorbed through the leaf, and to have
originated from radionuclides attached to soil particles and
resuspended onto the leaf during the month-long field
trial. Thus we hope to have an estimate of the foliar
absorption of radionuclides from resuspended soil
particles. During the field experiment, control plants
remained in the Kiev greenhouse. Additionally, some
seedlings were transplanted directly into the contaminated
soil of Chistogalovka and Vladimirovka so that root
uptake of radionuclides could be compared.

Applying, drying, and pealing the plastic from the lea-
ves required five workers (2 from Switzerland and 3 from
the Ukraine) nine days to complete. The cleaned leaves
have been returned to Switzerland and are now being ana-
lyzed for radionuclide content

5.5 A comparison of techniques used to es-
timate soil loadings on vegetation

T.G. HINTON, P. KOPP, L. TOBLER,
S. IBRAHIM, Colorado State University, Fort Collins, CO,
USA
I. BUBRYAK, Institute of Cell Biology and Genetic Engi-
neering, Kiev, Ukraine
A. SYOMOV, Laboratory of Ecological Genetics Moscow,
Russia

We compared five common techniques used to estimate
soil mass loadings onto vegetation (g soil / kg dried plant)
and found significant differences in their estimates (p <
0.001; Table 1). Soil loadings (mean ±SE), from split
samples collected in a pasture near Chernobyl, were esti-
mated using Pu via alpha spectroscopy (1.0 ±0.2), Ti
analysis via ICP (3.6 ± 0.6), neutron activation analysis
for Sc (8.1 + 1.6), and a simple washing meihod (34.1
+ 5.6). Ashing the filtrate from the washing method
showed that the large values obtained were due to
contamination by organic matter. Ashing the filters
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reduced the mass loading estimates to 3.6 + 0.8 g soil / kg
dried plant.

Pu

Sc

Ti

Wash

Ash

Pu

1.000

0.000

0.006

0.000

0.009

Sc

1.000

0.140

0.001

0.099

Ti

1.000

0.000

1.000

Washed

1.000

0.000

Ashed
Filtrat

1.000

Table 1: Probability values generated from Bonferroni
tests. Data compare differences among five
techniques used to estimate soil mass loadings
onto pasture grass. Values < 0.05 were used to
reject the hypothesis that mean estimates gener-
ated from any two techniques were the same;
significant probability values are highlighted in
bold lettering, (n = 4).

Soil cores taken at the time of plant sampling were frozen
and the upper 0.5 cm of soil removed for analysis. Soil
samples were separated by particle size using a mechani-
cal vibrator and sieves of 2.00, 0.500, 0.250, 0.125, and
0.056 mm in diameter. Subsequent analysis of the radio-
nuclide concentrations in the soil revealed a strong depen-
dence upon particle size. Table 2 shows that for all iso-
topes examined, including the stable tracers Ti and Sc,
concentrations were greatest at the smallest soil particle
sizes. This particle size dependency of concentration af-
fects the estimation of soil mass loading onto plants. A
factor of 10 difference in mass loading estimates is pos-
sible for the same samples, depending on what size soil
fraction is used in the soil mass loading calculation.

Element

Ti(ng/g)

Sc (ng/g)

238pu (Bq/kg)

239pu (Bq/kg)

134cs(kBq/kg)

137cs (kBq/kg)

241 Am (kBq/kg)

106flu (kBq/kg)

<0.056

2220±37

3.2 ±0.1

547 ±227

1152 ±477

32.8 ±5.0

517±81

19±4

28±5

Soil Particle Size (mm)

0.056-0.125 0.125-0.250

884±18

1.4 ±0.3

134±84

266 ±158

13.4 ±3.3

188 ±40

4 ± 2

8 ± 3

367±90

0.6 ±0.2

23±4

45±11

3.2 ±0.5

52±7

0.3 ±0.1

0.5 ±0.2

>0.250

135±10

0.4 ±0.2

20±7

34±12

(*)

C>

(*)

n

C) not calculated

Table 2: Concentration of elements by soil particle size
(mean ± SE).

It is also important to determine if the soil tracers used
(Sc, Ti, and Pu) were distributed in the soil similarly to the
radionuclides of interest Table 3 presents Pearson corre-
lation coefficients for all of the radionuclides examined
and the stable tracers Sc and Ti. If 137Cs were the radio-
nuclide of interest Table 3 shows that the distribution of
239Pu in the soil correlated more closely to that of 137Cs
(r2 = 0.92) than did Ti (r2 = 0.58) or Sc (fi = 0.67). Increa-
sed bias and decreased precision occur as the soil particle
distribution of the tracer and contaminant deviate.

Differences in mass loading estimates due to the tech-
nique chosen (a factor of 10), or due to differences in ele-
mental concentration as a result of the soil particle size
used in the calculation (also a factor of 10), were greater
than the natural variability observed in the field (2.5).

24iAm

134cs

137CS
238Pu

239pu

1O6RU

Sc

Tl

241Am

1.00

0.56

0.56

0.61

0.61

0.71

0.30

0.21

1 3 4 C s

1.00

1.00

0.90

0.92

0.77

0.67

0.58

137c,

1.00

0.90

0.92

0.77

0.67

0.58

2 3 8 P u

1.00

0.98

0.82

0.65

0.55

239p u

1.00

0.82

0.68

0.62

1O6RU

1.00

0.50

0.42

Sc Tl

1.00

0.95 1.00

Table 3: Pearson correlation coefficients are presented
for the distribution of elements by soil particle
sizes. When comparing any two elements, the
closer the value to 1.0 the stronger the correla-
tion. Correlations of the contaminant of interest
(137Cs) with three commonly used soil tracers
(Pu, Sc, Ti) are shown in bold.

5.6 Mycorrhiza

T. RlESEN

I. BRUNNER, Swiss Federal Institute for Forest, Snow and
Landscape Research

The mutualistic symbiosis between a fungus and fine plant
roots is called mycorrhiza. While the plant supplies my-
corrhiza with energy, the fungus improves the water and
nutrient uptake of the plant Ectomycorrhiza which wrap
whole rootlets, but do not invade root cells, act as a ba-
rriere between soil solution and roc and vice versa for
material exchange.
The goal of this project is:
-to investigate the part ectomycorrhiza play as a link

between soil solution and root far the radionuclide
transfer,

- to determine the fate of 134Cs and 85Sr in the
mycorrhiza and plant respectively (absorption,
translocation, accumulation).
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For our studies we will use a pouch test system with the
two symbionts spruce: (Picea abies) and the fungus Hebe-
loma crustuliniforme.

5.7 CHECOSYS

T. RIESEN

A sensitivity analysis (T. Hinlon), a verification of the
environmental transport model CHECOSYS within the
VAMP-project of the IAEA (Validation of Environmental
Model Predictions; T. Hinton) and a report validating the
Swiss Chernobyl data for their use in CHECOSYS were
completed this year. International contacts were maintai-
ned by participating in the BIOMOVS II study
(BlOspheric MOdel Validation Study - phase II).

6. School for Radiation Protection

R. P. STORM AND H.-J. PFEIFFER

In 1993, major changes of the learning objectives and
teaching activities were introduced, in order to comply
with the ICRP 60 publication, the coming new Swiss
Radiation Protection Ordinance and to adapt to the
internationally accepted Si-units. Furthermore, the
practical work of most courses was revised in order to
study more thoroughly the nuclides our students are
working with.
Over 3000 students attended our courses in 1993. The
mean duration of the classes was 2 days, ranging from four
to 550 lessons. Traditionally, our students are future
radiation safety experts, members of the emergency
intervention organisations, members of the medical and
paramedical professions, researchers and laboratory
assistants as well as nuclear power station workers. In
1993 the number of university students, post docs and
academics as well as staff members from the nuclear power
industry has increased compared to previous years.

The program for courses in 1994 is available free of charge
from "Sekretariat der Schule fiir Strahlenschutz, CH-5232
Villigen PSI".

7. Teaching Activities and Publica-
tions

7.1 Teaching Activities and Lectures

R. ANDRES: "Upgrading the proton accelerator at Paul Scherrer Iiutitut:
technical and regulations aspects"
Nad. Radiation Protection Board, UK, IS. November 1993

R. P. STORM: "Biologische Wirkung ionisierender Strahlung"
Vorlcsungsicihc 'Sozial- und PrSvemivmcdizin r an der ETH, Zurich ,
26.5.1993.

HERRNBERGER, V. R. D.: "Atmospheric Dispersion of Radioactivity;
Modelling Approaches for Complex Terrain and Companion to Tracer
Experiments."
National Laboratory for High Energy Physics, 1-1 Oho, Tjulcuba-ihi,
Ibaraki 305, on the 9th of April 1993.
Research Center for Nuclear Science and Technology, University of Tokyo,
Tokyo, on the 20th of April 1993.
Japanese Atomic Energy Research Institute, Tokai-mura, Ibaraki-ken, on the
26th of April 1993.
Cyclotron and Radioisotope Center, Tohoku University, Aoba, Anmaki,
Sendai 980, on the 28th of April 1993.
Department of Nuclear Engineering, Kyoto University, Yoshida-Honmachi,
Sakyo-fcu, Kyoto 606, on the 14th of May 1993.

C. WERNU, M. BdSCHUNG, T. L.AUFFENBURGER, R. MINI, E. STOLL, J.-F.
VALLEY, W. ZELLER: "Concept for Internal Dosimetry and Approval of
Internal Dosimetry Services in Switzerland"
Workshop on Intakes of Radionuclides, 13 -17 September 1993, Bath,
UK.

CH. SCHULER: "Das Radon-Problem in der Schweiz"
Invited lecture. Mineralogisch-petrographisches Institut der Universilai
Basel. Basel. 17.2.1993.

C. WERNU: "The PS1/SKH Dosimetry Project in the Ukraine"
Seminar held at PNL, Richland, USA. October 29,1993.

7.2 Publications

7.2.1 Proceedings and Abstracts

J. ARKUSZEWSH: "Energy Loss Straggling in Small Samples"
Seminar on Advanced Monte Carlo Programs for Radiation Transport, 27-
29 April 1993, Saclay, France.

J. ARKUSZBWSKI. J.F. CRAWFORD, R. JAUSSI, B. LARSSON, J. STEPANEK. S.

TEICHMANN, R. WeiNRElCH, O. PETTERSSON (U. of Uppsala): "An
Accelerator-based Neutron Capture Microradiography Facility for Studies
of 10B, M N and I 7O in Biospecimens"
International Symposium on Hadron Therapy, 18-21 October 1993,
Como, Italy.

T.G. HINTON, P . KOPP, S. IBRAHIM, I. BUBRYAK, A . SYOMOV, L . TOBLER:

"Contaminated toil on Chernobyl Vegetation"
Proceedings of the 26th Topical Meeting of the Health Physics Society.
Coeur dAlene, Idaho, USA. Jan. 24-28,1993. pp 407-421.

T.G. HINTON: "Variation among model predictions within an IAEA
validation exercise"
Proceedings of the Topical Meeting on Environmental Transport and
Dosimetry. American Nuclear Society. Charleston, SC, USA, Sept 1-
3.1993. pp 138-142.
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HERRNBESGER, V. R. D. and DORIA, P.: "Assessment and Verification of
Different Types of Dispersion Models in Complex Terrain".
Proceedings of the 20th Nato/CCMS ITM on Air Pollution Modelling and its
Application, 29 November - 3 December, 1993, Valencia, Spain

A. JANETT, R ATCHISON AND G.S. BAUER: "The Spallation Neutron
Source and Related Dosimetry Problems"
Paper presented at the Eighth ASTM-EURATOM Symposium on Reactor
Dosimetry in Vail, Colorado, September 2,1993

J.-F. VALLEY, C. WERNU: "Personnel Dosimelry for External Irradiation
in Switzerland - Concepts and Methodology."
Workshop Individual Monitoring of Ionizing Radiation: The Impact of
Recent ICRP and ICRU Publications. PSI Villigen, Switzerland, May 5-7,
1993

T.O. MARSHALL, C. WERNU: "Performance Requierements of Personal
Dosemeters: Can these be met by Present or Future Designs?"
Workshop Individual Monitoring of Ionizing Radiation: The Impact of
Recent ICRP and ICRU Publications. PSI Villigen, Switzerland, May 5-7,
1993

7.2.2 Reviewed Papers

7.2.3 Books and Review Articles

HJ. ZEUNDBR, P. KOPP, J J. OERTU and U. FELLER: "Uptake and Transport
of Radioactive Cesium aid Strontium into Strawberries after Leaf
Contamination.",
Gartenbauwissenschaft, 58,209,1993

C. WERNU, M. MERK (Ediloren): "Ergebnisse der Umfragc fiber
Tatigkeiten auf dem Gebiet der nichtionisierenden Strahlung (NIR)"
Bericht Nr. 13 der Schweizerischen Gesellschaft fjir Strahlenbiologie und
Medizinische Physik

M. BoscHUNG, C. WERNU: "Ergebnisse von Radioaklivitalsmessungen in
der Ukraine von 1991 und 1992."
PSI-Bericht Nr. 93-08 (1993)

7.2.4 Other Communications

A. Fiechtner: "Bestimmung der Slrahlenbelastung durch radioaktive Stoffe
in Dentalkeramiken"
Diplomarbeit, Fachhochschule Isny und PSI, Ofctober 1993

J. EKENBERG, V. KoPPEL: "Application of the U-Xe and U-Kr systems for
dating U-minerals: A key for interpreting discordant U-Pb ages."
Chem. Geol. (in press)

J. EJXENBERG, P. SIGNER, R. WELER: "U-Xe, U-Kr and U-Pb systematics
for dating uranium minerals and investigation of the production of
nucleogenic neon and argon."
Geochim. Cosmochim. Acu, 57. 1053 (1993)

J. EKENBERG, A. LEUPIN, F. CARTIER: "Ausbreitung und Deposition einer
123Xe/123I Wolke nach einem geringfugigen Stfirereignis wShrend der
Isotopenproduktion: eine kombinierte Feld- und Modellstudie".
In: Umweltradioakuviiat, RadioSkologie, Strahlenwirkungen (M. Winter,
A. Wicke, eds.) Fachverband fur Strahlenschutz, FS-93-67-T, 791 (1993)

D. AZTMI-GARAKANI, CH. SCHULJER, C. WERNU: "Intercalibration of radon

chambers"
Proceedings of the Second Workshop on Radon Monitoring in
Radioprolection, Environmental and/or Earth Sciences, Nov 25 - Dec 6,
Trieste, Italy. London: World Scientific Publishing; 1993:143-147.

D. AZftn-GARAKANl, M. BosCHUNC, C. WERNU: "Comparative
Behaviour of different Personal Neutron Dosimetry systems".
Nucl. Trades Radial. Meas., 21(2), 301-304 (1993)

S. BAJO, L. TOBLER, A. WYTTENBACH: "General method for the liquid-
liquid extraaion of molybdenum and its application to neutron aaivation
analysis"
Fresenius J. Anal. Chem.. 347, 344 (1993)

B. HESS, J. RAISIN, A. ZIMMERMANN, F. HORBER, S. BAJO, A.

WyTrENBACH, PH. JAEGER: "Tubulointersiilial Nephropathy Persisting 20
Months After Discontinuation of Chronic Intake of Germanium Lactate
Citrate"
Am. J. Kidney Diseases, 21(5), 548 (1993)

A. WYTTENBACH, S. BAJO, P. SCHLEPPI, J. BUCHER, L. TOBLER: "Some

properties of the ash from spruce needles"
Commun. Soil Sci. Plant Anal. 24 (13&14), 1557 (1993)
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VI Positron Emission Tomography (PET) Program

1. Overview

The following authors have contributed to the text below:

K. L. LEENDERS, P. MAGUIRE, J. MlSSIMER, A. ANTONINI,

I. GONTHER, M. PSYLLA, P. VONTOBEL, F. VOLLEN-

WEIDER, N. KHAN, U. ROELCKE, G. THUT

The PET scientific topics revolve around neuro-oncology
and age-related neurodegenerative brain diseases. There-
fore, the PSI PET research in 1993 was related as in pre-
vious years mainly to the study of the brain (Tab. 1).
Various projects were completed (one neuropharmaco-
logy, two epileptic, one narcoleptic and one psychiatric
project) and some others were started (Parkinson's disease
implantation project, multiple sclerosis project, NAGRA
nuclear waste depository project). Several important pro-
jects continued (brain tumor project, Huntington's disease
project, Segawa project, neuropsychology project,
experimental pharmacology project, Parkinson's disease
pharmacology project). The network of project partners
was intensified and expanded.

Tracer availability, image analysis techniques, kinetic
models and plasma metabolite determination were indis-
pensable parts of the PET program and enabled the pro-
jects to be carried out. An outline of the background of
PET tracer methods has been given in the Newsletter of
1992. In summary, the radiotracers suitable to be measu-
red in man by the PET tomograph allow us to measure ce-
rebral energy metabolism (glucose or oxygen utilisation),
blood-brain transport characteristics, specific receptor
binding or precursor conversion by enzymatic actions
(particularly related to neurotransmitters). These options
provide the opportunity to investigate pathophysiology
and pharmacology in man in vivo.

The PSI PET-Program international project-partners in
1993 were:

Universities abroad:
University of Munich, Germany.
Technical University of Munich, Germany.
University of Innsbruck, Austria.
University of Milan, Italy.
University of Madrid, Spain.
University of Pamplona, Spain.
University of London, UK.
Karolinska Institute, Stockholm, Sweden.
University of Oslo, Norway.
University of Denver, Colorado, USA.

Universities in Switzerland:
Technical University of Zurich (Institute of Pharmacol-
ogy)-
Institute of Biophysics and Medical Informatics of the
University and Technical University of Zflrich (MRI and
MRS scans).

University of Basel.
Institute of Physiology, University of Fribourg.
University of Zurich: Institute of medical genetics, Uni-
versity Hospital, Psychiatric Hospital "Burghfllzli".

Hospitals in Switzerland:
University and Cantonal Hospitals of Zurich, Basel, Bern,
St. Gallen, Aarau, Char. Also "Ziircher HOhenklinik
Wald" and "Stadtarztlichei Dienst Zurich".

Concerning the University Hospital Zurich collaboration
exists between the PSI PET-Program and a) the Depart-
ment of Neurology (epilepsy, neuropsychology, Parkin-
son's disease outpatient clinic, Rhesus monkey neuro-
physiology), b) Department of Neuroradiology, c) De-
partment of Neurosurgery, d) Central Biology Laboratory
(Rhesus monkey housing), e) Department of Nuclear
Medicine.

Concerning the University Hospital Basel collaboration
exists between the PSI PET-Program and a) the Depart-
ment of Neurology, b) Department of Neurosurgery, c)
Department of Oncology, d) Department of Neuroradiol-
ogy.

Industrial partners:
Ciba-Geigy AG, Basel, Switzerland.
Schering AG, Berlin, Germany.
CTI/Siemens, Knoxville, USA.
NAGRA, Switzerland, Japan, Australia.

Topics

1.
a)

b)

2.
a)
b)
c)

e)

0

3.
a)
b)

Neuropharmacology
C-O-methyltransferase
inhibitor
Blood-Brain-Barrier (Lasix)

Brain Pathophysiology
Temporal Lobe Epilepsy
Narcolepsy
Model-Psychosis Schizophrenia
Neuropsychology (activation)
Movement Disorders

Parkinson's disease
Huntington's disease

Tumors

Clinical diagnosis (occasional)
Cardiology
Neurology
(Temporal Lobe Epilepsy,
Dementia, Brain Tumors)

Tracer used

18F-fluorodopa
82Rb

t8F-FDG
"C-racloprkJe
18F-FDG
H J 1 5 O P
1BF-FDG
"C-racloprtde
^Fe
iaF-fluorodopa
1lC-methiontne

18F-FDG
«Fe

18F-FDG

18F-FDG
11C-meWonine

Table 1: Topics and associated radiotracers studied with
PET at the PSI in 1993.
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A list of performed PET scans indicating the various
tracers is given in Table 2. The production of 15O labelled
water is performed by the PET-Program itself in direct
collaboration with the PSI cyclotron group. The PSI will
stop the Strontium / Rubidium generator production by the
end of 1993. The research projects depending on this
tracer will then come to an end.

During 1993 patients with brain tumors were investi-
gated 123 times and patients with various degenerative
brain diseases 118 times. Epileptic patients were investi-
gated 43 times and healthy volunteers 27 times. Rhesus
monkey scans were performed 29 times. Per patient vari-
ous tracer combinations were applied, depending on the
project, thus bringing the total number of performed scans
to close to 500.

It needs to be stressed that the patients who come to
the PSI-PET-Program are for the vast majority patients
allotted to research oriented projects. They are only occa-
sionally investigated for clinical purposes: diagnostic sup-
port or therapeutic follow-up studies. Therefore, selected
patient groups are looked for in collaboration with a wide
network of external clinical partners. These need not refer
large groups of subjects. As a result of this situation our
patients come from all over Switzerland and abroad,
mainly Germany, Austria, UK, Spain and Italy.

ported by the Swiss National Research foundation will be
finished, to start her training in neurology at the Univer-
sity Hospital Zurich.

1988

Organic
PET-Tracer
18F-FDG 16

raclopride

methionine
18F-FDOPA
11C-fluma-
(loma)zenil
15O-Water (only
technical tests)

Others

Total 16

1989 1990

99 160

9 75

-

-

-

-

108 235

1991

189

78

10

-

-

-

-

277

1992

169

34

32

19

-

-

-

254

1993

184

43

34

42

10

-

3

316

In 1993 the team of PSI PET-Program collaborators con-
sisted of:

K. L. Leenders, neurologist, head
G. Wehrle, secretary
0. Stadelmann, computer engineer
P. Maguire, physicist, system manager, tracer modelling,
image analysis
J. Missimer, physicist, image analysis, quality control
P. Vontobel, mathematician, kinetic modelling
1. Giinther, biochemist
M. Psylla, pharmacist
C. Keller, radiographer
P. Bohac, radiographer
A. Antonini, neurologist
U. Roelcke, neurologist
N. Khan, physician
G. Thut, biologist
V. Furrer, animal technician
T. Anderes-Kocher, nurse, patient transport

One new collaborator joined the PSI PET-Program at the
end of 1993: Mr. M. Habelt, in the function of radiogra-
pher.

As a continuous medical research assistant,
Dr. F. Vollenweider (Psychiatric University Hospital,
Zurich) was associated with the PET-Program: Important
contributions have been made again by Dr. H. Reist,
physicist (PSI Medical Radiobiology Department). One
student in biology from the University of Freiburg / Breis-
gau (Mrs. P. Prechtel) spent as "Praktikant" a period of
3 months at the PET-Program.

Dr. Khan will leave the PET-Program according to
plan at the end of 1993, when her research project sup-

1988

Anorganic
PET-Tracer

Iron [52Fe]

Rubidium [82Rb]
(Generator)

Total

1989

9

2

11

1990

7

31

38

1991

2

47

49

1992

39

25

64

1993

90

86

176

Table 2: Number of performed PET-Scans at the PSI-
PET-Program.

In 1993 a new course was started at the PSI: a two-day
PET-tracer pharmacokinetic course. In this course theo-
retical introductions are followed by computer exercises
and examples. The course is unique for Switzerland and
attracts much interest from Switzerland, Germany and
Austria. The course has been set up in collaboration with
colleagues from the University of Tubingen (Prof.
Dr. Dr. Muller-Schauenburg) and Hannover (Prof. Meyer,
Dr. Burchert and Dr. van den Hoff).

In the summer of 1993, Dr. A. Antonini had his doctorate
thesis, approved at the University of Zurich (Faculty of
Medicine). Mrs. M. Psylla and Mr. G. Thut continued
their doctorate thesis in collaboration with the University
of Zurich and the Technical University of Zurich.
Dr. K. Leenders has been reading as "Privatdozent" at the
University of Zurich. The University of Zurich has
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awarded him a personal professorship taking effect from
autumn 1993.

Two Swiss National Research Grants came to an end in
1993, while three are still running. In 1993 the PSI PET-
Program received 2 further Swiss National Research
Grants (in collaboration with on the one hand Bern and on
the other with St. Gallen) and 1 Cancer Foundation Grant
("Beider Basel") in collaboration with the University
Basel. One grant request was submitted to the Swiss Na-
tional Research Foundation. Project related research grants
were received from the industrial partners Ciba Geigy,
Basel, Schering, Berlin, and NAGRA, Switzerland.

Highlights of 1993:

A number of methodological developments were
achieved. Statistical image analysis programs were devel-
oped to compare groups of glucose metabolism measure-
ments with each other on a pixel per pixel basis. This al-
lowed us to compare a group of Parkinsonian patients with
healthy controls. Of importance was the finding of gen-
eralised frontal lobe hypometabolism in patients with
Parkinson's disease. Now it will be possible to investigate
which particular cortical regions are involved in the
pathophysiology of this condition.

An interesting new physical experiment concerned the
radionuclide migration experiment in the context of the
Grimsel project (NAGRA). A feasibility study investigat-
ing the distribution of 68Ge activity carried by a resin
through the fissures of rock could be concluded. This PET
work is part of a larger complex of investigations which
are projected to take place at the PSI over the next few
years.

An important step forward has been the validation of
the plasma radiolabeled metabolites determination system.
The measurement of the 18F-fluorodopa metabolites has
now come to perfection. The background activity is less
than 0.1 counts/second. The minimal detected activity per
peak is 0.3 Bq. The high sensitivity and accuracy of this
system has allowed us to extensively study the effect of
pharmacological intervention on the dopa metabolism in
the periphery (blood plasma) and its effect on the brain. In
connection with this, the kinetic model to calculate
dopamine formation in the striatum of the brain has be-
come possible. Currently, the improved method is applied
to patients.

A further important technological achievement has
been the completion of the I5O labelled water production
system in the C-laboratory next to the scanning suite. The
system is arranged such that from the PET laboratory the
target radiation and transportation of the )5O oxygen gas
can be regulated. The application of boluses of radiola-
belled water has been validated and preliminary tests us-
ing a Rhesus monkey were performed. Equally, the per-
mission to perform labelled water perfusion studies in hu-
man beings was obtained. These developments now allow*
us to perform the activation studies within the context of
the PSI-PET Program. The general principle is that re-
gional activation of brain due to physiological stimuli

(motor, vision, cognition etc.) is reflected by changes in
capillary perfusion. Using 15O labelled water and PET al-
lows to compare the cerebral perfusion between the rest-
ing condition and the activation state. This methodological
setup allows to investigate the neurophysiological organi-
sation of the brain in health and neurodegenerative dis-
eases. In the PSI PET-Program, this will mainly relate to
neuropsychological disturbances (focal brain lesions) and
patients with Parkinson's disease. However, when the
method has become completely operational, it is con-
ceived that the patient categories are expanded.

The overall aims of the PET-Program at the PSI are
related to pathophysiological and pharmacological ques-
tions in the context of brain diseases and oncology. All the
questions asked in these conditions are translated in a)
terms of dopaminergic neurotransmitter system and cere-
bral energy metabolism for the brain degenerative diseases
and b) in terms of blood brain barrier disturbances or tu-
mor cell metabolism for the oncology projects. A sum-
mary of the findings is given below in the separate sec-
tions.
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2. PET-Program research projects

2.1 Medical Physics and Image analysis

2.1.1 Instrumentation Cross calibration of scan-
ner and blood counter

In order to permit the reliable quantitative evaluation of
PET images necessary for the modelling of glucose usage,
rCMRglu, or cerebral blood flow, rCBF, the calibration
and stability of the scanner and the blood counter, which
is used to measure the input function, must be assured.
With a new method relying only on the counts measured
by the scanner and blood counter, the relative stability of
the two devices within one percent over a period of three
years could be established. Regular phantom measure-
ments in the scanner and measurement with a calibrated
source in the blood counter assured the stability of each
device separately. Absolute calibration factors, which are
inverses of the efficiencies, were determined by measuring
the sample from the phantom in a precisely calibrated Ge-
detector. The method will be applied in the future with a
68Ge source incorporated in resin to assure a known and
constant distribution for calibration of the scanner. In
conjunction with this work the phantom and sources for
calibration of the scanner were refilled with appropriate
activity*.

2.1.2 RPT-2

In the context of the collaboration between the PSI PET-
Program and the Department of Nuclear Medicine, Uni-
versity Hospital of Geneva (principal investigator Prof.
Dr. D. Townsend), contributions were made towards the
development of the new prototype PET scanner, RPT-2.
This project was supported by the Swiss Federation
("KWF") and the industrial partner CTI, Knoxville / USA
and Siemens, Switzerland. The scanner represents a
development toward a lower cost, practical PET
instrument with a 3D acquisition mode, attaining a
resolution of 6 mm in the axial and transaxial directions
and with a ISO mm field of view. These characteristics are
comparable with commercially available scanners, but are
achieved with less than half the number of detectors and
associated front-end electronics. Improvements are still to
be made in order to compensate for the effects of scatter
and in the case of dynamic acquisition for redistribution
during acquisition at different angular positions. Planning
for the installation of the scanner at PSI is underway; the
scanner should arrive in Switzerland in the first half of
1994.

* Technical report: "PET Scanner and Blood Count Cali-
bration Factors: Paul Maguire and John Missimer, April
1993, TM-28-1993-01

2.1.3 Oxygen-I5 facility

To permit the activation studies, the effect of motor or
sensory tasks in the brain, measurements of regional
cerebral blood flow, rCBF, are performed. The measure-
ments require that the subject be injected with 15O. The
facility for transporting this gas from the target area to the
scanner and converting it to water is nearing completion.
Many operation and optimization tests have been per-
formed and preliminary studies with monkeys have been
made. Approval by the HSK is expected by the end of the
year. In preparation for the first rCBF studies, an on-line
blood withdrawal and measurement system based on the
MAGEN coincidence detector was developed.

2.1.4 Image Analysis Statistical Parametic
Mapping

Localizing differences in the brain between controls and
patients or between conditions in activation studies ne-
cessitates a method for evaluating the statistical signifi-
cance of differences in images. Evaluation requires a stan-
dard reference system; a standard system, devised by Ta-
lairach, is based on the AC-PC plane which is fixed by
anatomical structures in the middle of the brain. Friston et
al. devised a method of performing the stereotactic nor-
malization of PET brain studies based on the Talairach
atlas with a computer program requiring no user interven-
tion. Additional programs to evaluate the statistics of the
studies involving regions of cerebral blood flow were
developed by the same group as well, but their relevance
to studies of glucose usage performed at PSI was unclear.
Instead of applying the analysis of covariance used by
Friston, the programs developed for our rCMRglu studies
employ the more intuitive analysis of variance using two-
way classification with interaction to distinguish local
differences due to a change in condition from global dif-
ferences or noise. Initial results indicate that the method
can isolate local regions of significant change; a compari-
son with the method of analysis of covariance is forthcom-
ing. The programs developed by Friston will also be used
to analyse the rCBF studies due to be performed with the
new 15O facility.

2.1.5 Cooperation in Physics and Computing
between Department of Radiation Medicine
and PET Program

A possible application of PET to the Proton Therapy Pro-
gram could be the detection of biological activity in can-
cerous tumors. Such an application would require that the
image acquisition and analysis as well as patient data
banks be compatible. A series of discussions were organ-
ized between February and March to discuss the associ-
ated problems. A joint proposal to address the problems is
being formulated.
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2.1.6 Grimsel Radionuclide Migration Experi-
ment: PET Studies

In the assessment of radioactive waste repositories the
transport models describing the migration of radioactive
nuclides in the geosphere must be tested. An aspect of the
testing, which is the subject of a forthcoming contract be-
tween NAGRA and PSI, proposes the extraction of a large
granite sample from an underground test site at the Grim-
sel Felsenlabor and its subsequent macroscopic and micro-
scopic study. The rock fissures which are responsible for
the transport might be studied using PET. Preliminary
studies with a granite phantom using the RPT-2 scanner in
Pittsburgh indicate that PET is capable of yielding good
images of 68Ge activity carried by a resin of the type
which could be injected into the fissures; a quantitative
evaluation is underway and will be completed by the end
of 1991. In collaboration with the Institute of Radiobiol-
ogy (J. Stepanek) we have begun a monte-carlo simulation
of the scatter and attenuation characteristics of Grimsel
rock. Assuming successful completion of the feasibility
study, the excavated test site sample will be examined in
the next two years*.

2.1.7 PET Scanner system management

There were 27 faults on the PET scanner during the year,
resulting in the loss of 0 studies. During the year only
3 blocks were changed, this is about half the number ex-
pected and is most probably due to the new design of the
blocks which have been installed as replacements. There
were problems arranging repairs for the on-line-blood unit
and upgrade of the system software and hardware must be
undertaken sometime in 1994.

2.1.8 Xfltool

The software tool fitoo!2 which was written for SUN-
VIEW has been ported to XI1, this allows the comfortable
use of the tool in the OPENWINDOWS environment, al-
lowing communication directly with the filemanager. The
modelling has been extended to cover 18F-FDOPA and the
tool is regularly being used for analysis of the new data.
The new software will work together with ROI analysis
software also being developed for XI1-Openwindows.

* Proposal to NAGRA: R.P. Maguire, J.H. Missimer, K.L.
Leenders, 18.10.1993

2.1.9 Modelling of Iomazenif

Studies have been undertaken to examine the kinetics of
the benzodiazepine receptor antagonist Iomazenil. The
tracer is commonly used in SPET, although steady state
methods for determination of changes in receptor density
must be used. PET offers the accuracy and time resolution
to enable examination of the tracer uptake kinetics. The
compound ''C-Iomazenil was prepared and volunteer
studies performed for PET and for SPET. Using a two
compartment model, as described by Koeppe the parame-
ters Kl and DV were estimated, two parameters previ-
ously estimated for the PET tracer ' 'C-Flumazenil. It was
shown thai Kl was similar for both tracers, but that the
volume of distribution is much higher for Iomazenil.
These results can be used to optimise the protocol for
SPET studies.

2.1.10 Stockholm Atlas

Following successful collaboration with University of
Diisseldorf and the Kantonsspital St. Gallen, it has been
decided to compare the Greitz Atlas, used for anatomical
localisation at these centres with the methodologies em-
ployed at PSI. Software has been written to allow a two
way data exchange between the centres allowing two pro-
jects to be undertaken.

2.1.11 Talairach SPECT evaluation

As an extension of the SPECT analysis system developed
at PSI in 1990-1991, a statistical analysis package of soft-
ware has been developed which can read each of the indi-
vidual 864 voxel values from a SPECT scan, allowing
means and standard deviations of spatially normalised data
to be calculated. This will allow evaluation of a series of
HMPAO studies involving groups of subjects suffering
from Alzheimer's disease to be examined for correlation of
symptoms with blood flow change.

2.2 Cerebral dopamine neurotransmitter
system

The signal transduction from one nerve cell (neuron) to
another is generally called neurotransmission. Many neu-
rotransmitter systems exist in the brain and the dopamine
neurotransmitter is just one of them. These systems are
structured in a complex way and strictly organised. Brain
diseases often express themselves in disturbances of the
precise neurotransmitter organisation thereby providing
means to investigate disease processes and specific sites
for drugs to act.

Further extensive background of neurotransmission
and Parkinson's disease has been given in the 1992 issue
of the Newsletter. Here we report briefly what has been
achieved using the presynaptic tracer 18F-fluorodopa and
the postsynaptic tracer "C-raclopride.
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2.2.1 18F-fIuorodopa metabolism

The tracer 6-18F-fluoro-L-dopa (6-FD) is used as an ana-
logue of L-DOPA to assess the functional integrity of the
central dopaminergic system in vivo with positron emis-
sion tomography (PET).

Like exogenously administered L-DOPA, 6-FD is ex-
tensively metabolised in the periphery and in the brain by
three major enzymes: catechol-O-methyltransferase
(COMT), aromatic amino acid decarboxylase (AAAD)
and monoamine oxidase (MAO).

FD is actively transported across the blood-brain-bar-
rier (BBB) in competition with large neutral amino acids.
Its subsequent accumulation in the striatal tissue depends
upon uptake into the dopaminergic neurons, decarboxyla-
tion by AAAD to fluorodopamine (FDA) and storage in
neuronal vesicles.

We are studying 6-FD brain metabolism in healthy
control subjects and patients with Parkinson's disease and
other extrapyramidal disorders. In order to better under-
stand the pharmacokinetics of the tracer 6-FD, we have
investigated the effect of different COMT and AAAD in-
hibitions on FD bioavailability and brain uptake in a
healthy Rhesus monkey.

FD brain transport and metabolism can be analysed
using several methods. The striato-occipital ratio and the
tissue slope-intercept plot methods rely on PET regions of
interest data alone, whereas the plasma slope-intercept
plot or a kinetic compartment model need the time course
of arterial FD activity and its metabolites.

These different analysis methods have been applied in
this study.

The two main 18F labelled substances in the plasma
18F-FDOPA and 3-O-methyl-18F-FDOPA (OMFD) were
measured by a HPLC on-line gamma detector system at a
few time points only (e.g. 5, 10,... 75,90 min). This time
activity data were then fitted to obtain a smooth FD input
function.

We used the sum of two decaying exponentials to de-
scribe the time activity curve of the 18F-FD fraction in
plasma, with half-lives Tl and T2. The formation of OM-
FD from 18F-FD and its elimination in the periphery was
then modelled by a simple one compartment model, char-
acterised by two rate constants kO and k_l.
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+ [18F-]3OMFD
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Fig.l: Measured and fitted plasma time activity curves
for 1SF-FDOPA and OMFD.

The relative rate of conversion of 18F-FDOPA to 18F-fluo-
rodopamine (FDA) k3D can be estimated using a kinetic
compartment model which describes the transport and me-
tabolism of FDOPA in brain.

We used the model depicted schematically in figure 2
to describe the methylation of FDOPA in periphery (kO,
k_l), the exchange of FDOPA and OMFD between plasma
and brain tissue (klD, k2D & klM, k2M), the decarboxy-
lation of FDOPA in tissue (k3D) and the loss of FDOPA
metabolites in tissue (k7D).

Plasma Tissue

Fig.2: Compartment Model for FDOPA.
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After fitting die plasma activities measured in the arterial
plasma, the remaining 4 transfer rate constants klD, k2D,
k3D, k7D together with the regional blood volume frac-
tion were estimated by a nonlinear least squares algorithm
to fit the measured PET data for selected regions of inter-
est in the brain.

A comparison of the net clearance of FDOPA
calculated by KD=klD*k3D/(k2D+k3D) from the kinetic
model with the plasma clearance of FDOPA in the steady
state K, derived from the slope of a plasma (FDOPA)
slope-intercept plot is shown below.
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Fig.3: Comparison of kinetic KD with specific uptake
rate constant from FDOPA plasma tissue slope-
intercept plot.

- Human studies
Three healthy volunteer subjects, 16 clinically asymmetric
patients with idiopathic PD and 2 patients with multiple
system atrophy (MSA) were investigated. Data analysis
was performed using the Patlak graphical analysis method
with cerebellar activity as input function. Tracer influx
constants (Ki) in controls and MSA patients were calcu-
lated for mean right and left putamen and caudate nucleus
in healthy controls. In PD patients Ki rate constants were
calculated separately for the putarnen and caudate nucleus
contralateral and ipsilateral to the more affected body
side.

Controls: mean

SD

MSA: mean

SD

" ' / , '- "'*}??,

V '' / 'V-f'

PD: mean

SD

putamen

1.01e-2

±2.0e-3

3.84e-3

±2.4e-3

';- , ' -

putamen

m.a.

5.26±e-3

±2.1e-3

caudate

1.09e-2

±9.0e-4

2.81e-3

±9.2e-4

putamen

l.a.

6.90±e-3

±2.0e-3

caudate

m.a.

8.07e-3

±I.9e-3

caudate

La.

8.91e-3

±2.5e-3

Legend: m.a.= more affected
l.a.= less affected

Values are Ki

PD patients revealed significantly reduced Ki values in
putamen with only a slight decrease in caudate nucleus.
The reduction was also more severe on the side contralat-
eral to the more affected body side. On the contrary, MSA
patients showed a severe decrease of Ki values in both
putamen and caudate nucleus.

- Rhesus monkey studies
Seventeen PET-scans using different combinations of the
COMT inhibitors CGP 28014, OR-611 and Ro 40-7592
(10-30 mg/kg administered orally or i.v. before PET scan-
ning) were performed in a healthy Rhesus monkey. The
peripheral AAAD inhibitor carbidopa (S mg/kg) was also
injected i.v. 60 minutes before FD application. The aim of
this study was to investigate the influence of COMT and
AAAD inhibition on peripheral 6-FD metabolism and its
consequences for the uptake and distribution of the tracer
and its metabolite 3OMFD in the brain.

Five deproteineized plasma samples, collected over a
period of 2 hours, were analysed by reversed phase HPLC.
FD and metabolites derived radioactivity was detected on-
line with a sensitive Y coincidence detector.

All COMT inhibitors improved 6-FD bioavailability
and reduced the formation of the main metabolite 3OMFD
in the periphery. However, premedication with the COMT
inhibitor Ro 40-7592 in combination with carbidopa was
revealed to be the most effective.
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Comparison of 3OMFD formation with CGP,
Ro and OR in combination with Carbidopa

Carbidopa

OR30mg/kg

CGP 30 mg/kg

Ro 10 mg/kg

m Ro 30 mg/kg

time(min)

Comparison of bioavailability of 6-FD with CGP,
Ro and OR in combination with carbidopa

Ro 30 mg/kg

Ro 10 mg/kg
OR 10 mg/kg

150

Striatum/occipital ratios at 2 hours were higher after
pretreatment with COMT inhibitors.

o

i
00

Specific striatal uptake obtained by subtracting occipital
from striatal activity was significantly increased 2 hours
after FD administration.
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The Patlak graphical analysis method was also applied to
calculate specific FD-FDA conversion rates in each studie.
Analysis was done using striatum - background activity
and fitted FD plasma activity as the input function. The
results indicate that pretreatment with Carbidopa or Car-
bidopa combined with COMT inhibitors does not affect
tracer influx constants. This suggests that the absolute
increase of striatal activity measured after COMT inhibi-
tion is secondary to increased FD levels (as well as to re-
duced 30MFD formation) and not to changes of the striatal
AAAD enzymatic activity.
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2.2.2 "C-raclopride

Striatal dopamine D2 receptors in Dopa-Responsive-
Dystonia and Parkinson's disease.

The patients suffering from Dopa-Responsive-Dystonia
(DRD) are known to respond dramatically and over many
years to levodopa therapy. The clinically effective dose of
this drug is often low and the long-term therapeutical
complications as seen in Parkinson's disease (PD) are not
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encountered in DRD. The question therefore is in which
aspects the two dopamine deficiency conditions DRD and
PD differ at the level of the nigrostriatal dopaminergic
neurotransmitter system. Since most patients with DRD
are young, hardly any post-mortem data is available.

DRD patients show normal or only slightly decreased
presynaptic striatal FDOPA uptake, whereas patients with
parkinsonism-dystonia and young-onset parkinsonism
have significant decreases similar to those seen in PD.

The post-synaptic part of the striatal dopaminergic
neurotransmitter system in DRD has not been investigated
before. We have used ''C-raclopride as a PET tracer to
investigate cerebral D2 dopamine receptors in 7 patients
with DRD. The aim was to determine whether the
increased binding of ^C-racloyride seen in PD patients is
absent in DRD. The results will have important
implications for interpreting the pathophysiological dif-
ferences within the dopamine deficiency syndromes.

The DRD patients were compared with the appropriate
age group of our healthy volunteer subjects (n=32) who
were described in a previous publication from our group.

Mean putamen uptake index for all 7 DRD patients
was 3.3010.67 (SD). The control values of the age-
matched group were 2.97±0.54 (SD). For the caudate nu-
cleus the values were 2.88±0.54 (SD) and 2.60iO.60 (SD)
respectively. The differences were statistically not sig-
nificant. Putamen uptake indices were on average 7 to
16% higher compared to caudate nucleus in controls. In
the DRD patients this percentage was 14%.

Thus, in DRD no difference in striatal dopamine D2
receptor density compared to age-matched controls is
found. This is in line with the normal presynaptic nerve
terminal pool as indicated by PET FDOPA studies.

There is a significant decrease with age of specific
"C-raclopride binding in human striatum. This requires
comparison of patients with the appropriate control group.
The reduction of striatal dopamine D2 receptor binding
sites with age may be associated either with a loss of
intrinsic striatal (projection) neurons or, alternatively, with
a decrease of receptor expression in the cell membranes.
The latter could possibly be due to impairment of cellular
regulatory systems of the striatal projection neurones. In
Parkinson's disease, the post-synaptic dopaminergic re-
ceptor response contrasts with that in normal ageing and
DRD.

Specific reduction in total number of functional syn-
apses within an age balanced neurotransmitter system,
may result in pathological post-synaptic receptor compen-
sation (increase) if the projection and interneurons are not
affected by disease as in PD. In healthy ageing and in
DRD apparently no imbalance of pre- and post-synaptic
transmitter components occurs. In Multi-System-Atrophy
receptor density is decreased because of outright loss of
cellular components.

The implication of our studies is that endogenous
dopamine reduction by itself is not enough to result in
increased' ^-raclopride binding.

2.3 Brain glucose metabolism and striatal
dopamine receptor density in subjects
genetically at risk for Huntingdon's dis-
ease (HD)

Decreased glucose metabolism has been reported in sub-
jects genetically at risk for Huntington's disease. Regional
cerebral metabolism mainly reflects local synaptic density.
Study of membrane receptors might provide further infor-
mation about the state of interneurons and projections
affected in subjects at risk for HD.

We studied 5 HD gene carriers, 10 subjects with posi-
tive familiarity but negative for the HD gene and
4 patients with clinically manifest HD using the tracers
18F-FDG and nC-raclopride (dopamine D2 antagonist).
Glucose regional metabolic rates normalised to global and
indices for specific nC-raclopride uptake were calculated
for caudate and putamen. Data were compared with a
population of 30 healthy subjects.

In the affected patients raclopride indices and glucose
metabolism were severely reduced in putamen and cau-
date. Four of the five gene carrier subjects showed a de-
crease of caudate and to a lesser degree, a decrease of pu-
tamen glucose utilization as well as of raclopride indices.
At risk subjects without the HD gene (n=10) had normal
raclopride and glucose metabolism values.

Controls
n=30

no gene
n=10

gene
AVG
n=5

HDpts
n=4

AVG
SD

AVG
SD

carrier

SD

AVG
SD

nC-raclooride
Put. Cau.

2.99
0.55

3.04
0.31

2.17

0.50

1.29
0.42

2.65
0.58

2.75
0.25

2.15

0.39

1.34
0.44

18F-FDG
Put. Cau.

1.40
0.11

1.35
0.06

1.23

0.07

0.%
0.12

1.34
0.12

1.31
0.08

1.16

0.08

0.89
0.14

Legend: Put = Putamen; Cau = Caudate

Glucose metabolism and dopamine D2 receptor density is
normal in subjects at risk but without the HD gene, but
impaired in most HD gene carriers. Dopamine receptor
density seems to be at least as sensitive identifying pre-
clinical patients.

2.4 Model-Psychoses as a preamble to
schizophrenia research

Despite considerable progress in schizophrenia research
using PET, the relationship between metabolic alterations
and higher mental activity, particularly in psychopa-
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thological conditions, is not well understood. The various
metabolic findings seen in schizophrenic patients gave rise
to the fundamental question: to what extent do cerebral
metabolic alterations reflect disturbed mental activity and
in particular psychotic phenomena?

The analysis of hallucinogen-induced altered mental
states (model psychoses) using PET allows directly to in-
terface human psycho(patho)logy with basic science and
to investigate chemical hypotheses associated with
schizophrenic disorders. Model psychoses have a meth-
odological advantage over clinical studies, in that the
same subject under investigation can be tested under vari-
ous conditions, providing the possibility of intraindividual
control, and thereby minimizing the variability of the data.

2.4.1 Ketamine and psilocybin model psychoses

To explore the relationship between cerebral metabolic
changes and psycho(patho)logical alterations, we have in-
vestigated the effect of psychotomimetic doses of keta-
mine (racemic mixture) and psilocybin on cerebral energy
metabolism using PET and the radioligand 18F-fluorode-
oxyglucose in a group of selected healthy volunteers
(n=15). Each subject had received in monthly intervals an
MRI scan, a baseline PET scan (without any drug), and a
second and third PET scan under psilocybin (15-20 mg
p.o.) or ketamine (0.03.0.04 mg/kg/min i.v.). In addition,
blood samples were taken to determine metabolites and
the respective drug levels. Psycho(patho)logical states and
alterations have been measured before and after each PET
scan (APZ, IPP, EWL and ANDP rating scales).

At subanesthetic dose ketamine preferentially blocks
gluiamatergic NMDA-receptor mediated neurotransmis-
sion (glutamate hypothesis of schizophrenia), while psilo-
cybin increases serotonergic activity (serotonin hypothesis
of schizophrenia). Based on a cortical-subcortical model
of sensory information processing and on pharmacological
mechanisms of psychedelic drug action, we had hypothe-
sized that a common feature of acute psychedelic / psy-
chotic slates induced by ketamine and psilocybin is a sen-
sory overload of the frontal cortex resulting in a hyperme-
tabolic pattern (hyperfrontality).

The present results indicate that ketamine and psilo-
cybin increase absolute (20-30%, p<0.01) and relative (2-
14%, p<0.02) metabolic rates of glucose bilaterally in the
frontal cortex. Ketamine increased the fronto-to-occipital
metabolic gradient (13-16%, p<0.02) and inverted the
midfrontal-to-ventral-striatal metabolic gradient in both
cerebral hemispheres, psilocybin (11%, p<0.02) only in
the right hemisphere. Correlational analysis of
significantly altered metabolic gradients and psy-
chopathological measurements (AMDP subscales) re-
vealed, first, that the schizophrenic (schizo) and hallucina-
tory (hall-des) syndromes are associated preferentially
with metabolic alterations of the right cerebral hemi-
sphere, and second, that the same brain regions can be
involved in different psychopathological syndromes. The
right hemispheric fronto-striatal gradient was the only
gradient which correlated positively with the
schizophrenic syndrome (schizo) under both ketamine and

psilocybin condition. This important finding underscores
the key role of the frontostriatal pathway of the limbic
loop in the pathogenesis of psychotic disorders. The
change of the fronto-occipital gradient of the right
hemisphere correlates with the schizophrenic syndrome
(including hallucinations) under psilocybin, but only with
the hallucinatory syndrome under ketamine.

These findings illustrate that the relationship between
metabolic alterations and mental processes cannot be de-
scribed as a simple one-to-one correlation, but rather that
clusters of brain regions are involved in different mental
operations. Moreover, the ketamine- and psilocybin-in-
duced metabolic hyperfrontality corroborates the PET-
findings as seen in acute and drug-naive schizophrenics,
but stands in contrast to the observed hypofrontality in
chronic schizophrenics.

2.4.2 S- and R- ketamine model psychosis (colla-
boration with Prof. I. Oye, University of
Oslo)

In order to explore further the putative role of NMDA re-
ceptor mediated neurotransmission in the pathogenesis of
psychotic symptoms we have investigated the effect of R-
and S-ketamine on cerebral energy metabolism separately
in a group of healthy volunteers (n =10). There is evidence
that psychotic symptoms induced by subanesthetic doses
of ketamine are due to blocking of the glutamatergic
NMDA receptor associated ion channel (PCP-binding
site). Since S-ketamine has about 3 to 4 times higher affin-
ity to the PCP-binding site than R-ketamine, which ex-
actly parallels the clinical potency of S- and R-ketamine
to induce psychotic symptoms, and the fact that S-keta-
mine has about a 7 times smaller affinity to the sigma re-
ceptor than R-ketamine, should allow us at subanesthetic
conditions to seperate the effects mediated by NMDA
receptors from those mediated by sigma receptors. The
psychopathological and PET data acquisition will be fin-
ished by the end of 1993, the data analysis is in progress.
A GC-MS and HPLC method to analyse ketamine and
psilocybin blood levels and metabolites has been devel-
oped in collaboration with Prof. D. Vonderschmitt (Inst.
Clin. Chem. University Hospital of Zurich) and PD Dr.
R. Brenneisen (Pharm. Inst. University of Berne).

2.5 Epilepsy and Narcolepsy

2.5.1 Narcolepsy

Striatal Dopamine D2 Receptors in Patients with Nar-
colepsy Measured with PET and nC-Raclopride.

The narcoleptic syndrome is a chronic sleep disorder of
unknown aetiology which is characterised by excessive
daytime sleepiness and episodic paresis associated with
sudden changes in emotional arousal (catapiexy). Other
common symptoms include paresis with sleep onset or
sleep offset (sleep paralysis), pre-sleep dream timing, dis-
turbed nocturnal sleep and automatic behaviour. There is

72



often neurophysiological evidence for abnormal REM
sleep timing and structure. In Caucasians there is a 98%
disease association with the HLA DR2 DQ1.

The involvement of the dopaminergic system in the
narcoleptic syndrome has been suggested by two post-
mortem investigations. One study found an increase in
dopamine D2 receptor binding in both the caudate and the
putamen but normal Dl receptor binding. Another study
demonstrated an increase in both Dl and D2 receptor
binding in the caudate and lateral globus pallidus. Pub-
lished in vivo studies on striatal dopamine receptor bind-
ing in narcolepsy are not available. Results of striatal
dopamine receptor binding using PET presented in two
communications, in abstract form, are discordant. We
investigated in vivo striatal dopamine receptor binding in
17 narcoleptic patients using nC-raclopride and PET.

Although the overall mean uC-raclopride uptake val-
ues in all the patients (n=17) were slightly higher (6% for
putamen and 6% for caudate nucleus) than in the controls
(n=32), this difference in nC-raclopride binding was not
significant.

It has been shown previously that with increasing age
there is a significant decline in '^-raclopride binding in
the putamen and caudate nucleus.! 1-C-raclopride uptake in
the putamen and caudate nucleus of the younger group of
patients (n=6, mean age=25, SD=6), was not significantly
different (putamen p=0.7, caudate nucleus p=.25, Mann-
Whitney U test) from that in the age matched controls
(n=l7, mean age=25, SD=3). In contrast, a significant in-
crease of 20% was found in the putamen nC-raclopride
uptake (p=0.005, Mann-Whitney U test) of the older pa-
tient group (n=ll, mean age=52, SD=6) when compared
to age matched controls (n=l5, mean age=52, SD=ll)
"C-raclopride binding in the caudate nucleus of the older
patients was 12% higher than control values (p=0.1,
Mann-Whitney U test).

To assess the clinical severity a narcolepsy score was
calculated by adding the excessive somnolence percentage
score ESS% and the cataplexy percentage score CPS%. A
positive correlation (Spearman Rank correlation r=0.75,
p=0.01) was present only for the ESS% score and the n C -
raclopride uptake in the putamen.

We cannot provide as yet an explanation for the in-
crease in dopamine D2 receptor binding in the older nar-
coleptic patients. The pathological response of involved
receptor systems may only become evident when the
brain, by the normal ageing process, has lost other
(unknown) compensatory mechanisms. If this speculation
is true it would indicate that the dopaminergic neuro-
transmitter system belongs to the regulatory mechanisms
involved in the pathophysiology of narcolepsy, but is not
primarily involved in its pathogenesis.

2.5.2 Epilepsy

Cerebral metabolic changes (18F-FDG and PET) during
selective anterior choroidal amytal test (WADA).

Intracarotid amytal application into the anterior choroi-
dal artery for determination of hemispheric dominance,
was introduced by WADA to identify patients at risk of

memory impairments following temporal lobe surgery.
Unilateral injection of sodium amobarbital, a central ner-
vous system depressant, results in unilateral hemispheric
anaesthesia. To improve sensitivity, application into the
anterior choroidal artery (ACA) was developed, allowing
selective inactivation of the mesiobasal temporal lobe
structures.

Cerebral metabolic changes occurring after administra-
tion of amytal in the ACA during the WADA test were
analysed in 4 patients with medically intractable temporal
lobe epilepsy (TLE) who were candidates for amygdalo-
hippocampectomy (AHE), using 18F fluordeoxyglucose
(18F-FDG) and positron emission tomography (PET). 18F-
FDG was injected immediately after administration of
amytal into the anterior choroidal artery (ACA). Positron
emission tomography (PET) followed 60 minutes later.
Cerebral glucose utilisation was estimated in p.
mol/lOOml/min, and compared to the baseline PET per-
formed prior to the WADA test.

A global decrease of cerebral glucose uptake occurred
in all 4 patients after selective amytal application. Some
regions were particularly affected by amytal application,
but the metabolic changes were not highly selective nor
restricted to the ipsilateral temporal mesial structures as
were expected after administering amytal into the ACA.

A decrease in glucose uptake was consistently found in
the ipsilateral insular and temporal (temporal lateral, polar
and mesial) cortices. The glucose uptake in the contralat-
eral insular and temporal cortices, especially the temporo-
lateral region was also decreased after amytal application.
In two patients the frontolateral cortex was also affected.

The caudate nucleus, putamen and thalamic nuclei
showed decreased glucose uptake on the injected side in
3 patients, while the caudate nucleus of the contralateral
side increased in its glucose utilisation in one patient. A
decrease in cerebeliar glucose uptake contralateral to the
side of amytal injection was observed in 2 patients, a bi-
lateral decrease in a third and a bilateral increase in the
fourth patient was observed.

An increase in glucose uptake was consistently seen in
the occipital cortex both ipsilateral and contralateral to the
side of injection. This phenomenon could be explained by
the continuous visual stimulation occurring during the
WADA test.

Selective unilateral amytal test did not result in selec-
tive glucose hypometabolism of ipsilateral temporomesial
structures. Widespread ipsilateral and partial contralateral
temporolateral and insular cortices were also affected
suggesting that the metabolic changes that occurred after
amytal were a result of direct drug effect at the site of
drug delivery resulting in ipsilateral decrease in glucose
uptake in the temporal mesial regions and probably also in
the vicinity of these brain regions. The more distant ipsi-
lateral and contralateral decreases in glucose must be the
result of a functional deafferentiation taking piace through
the interhemispheric or cerecrocerebellar connections. The
results also suggest close functional relationship between
the temporal structures of both brain sides.
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2.6 Brain tumors

2.6.1 Iron uptake in human brain tumors

Iron and transferrin play an important role in cell growth,
differentiation and regeneration. The cellular uptake of
iron is mediated by the transferrin receptor which under-
goes endocytosis as ligand-receptor complex. Mitogen-
stimulated lymphocytes, neoplastic and regenerating cells
show an increase of transferrin receptor expression, which
precedes the onset of DNA synthesis. Moreover, in
experimental tumor therapy, transferrin receptors can be
targetted by monoclonal antibodies resulting in cell death.
In brain tumors, the number of transferrin receptor posi-
tive tumor cells (immunhistochemistry) correlates with the
histological grade and with the growth fraction.

The aim of this study (15gliomas, 6 meningiomas)
was to assess whether a specific uptake of iron in brain tu-
mors can be measured with PET and whether specific
tracer uptake correlates with the histological grade. In the
plasma, iron is transported by the 80 kD protein transfer-
rin. After injection of the tracer 52Fe-citrate, plasma ra-
dioactivity is found in the 80 kD protein fraction indicat-
ing that transferrin is labelled with 52Fe. Quantitation of
activity in tumors and normal brain was done by multiple
time graphical plotting giving distribution volume (VD)
and net tracer uptake (kj), and linear and non-linear least
square fitting procedures which result in an estimate of
tracer influx and efflux across the blood-brain barrier (Kl,
k2) as well as specific tracer binding to the transferrin re-
ceptor (k3). Tracer uptake was slow in normal brain (kj =
2.19±0.7 e-5/min) and increased in astrocytomas
(4.51±3.36) and in glioblastomas (13.01±4.49). Highest
values were found in meningiomas (no blood-brain bar-
rier, kj = 32.1±16.4 e-5/min). In gliomas, values for kj and
Kl were significantly correlated (Spearman Rank,
p<0.001). In 2/15 glioblastomas and in 1/6 meningiomas,
k3 could be derived. These data suggests that the uptake
of 52Fe-transferrin in brain tumors can mainly be used to
estimate macromolecule permeability of the blood brain
barrier.

2.6.2 The influence of the blood-brain barrier on
tracer uptake in brain tumors

In most brain tumors the net accumulation of amino acids
is increased, whereas tumor deoxyglucose accumulation
has been found to be decreased or increased compared to
normal brain tissue. In order to understand metabolic al-
terations of tumors which lead to an abnormal tracer up-
take, tracer transport across the blood brain barrier (BBB)
has to be differentiated from specific tracer metabolism
within the tumor tissue itself. In the present study we set
out to investigate the influence of the BBB on tracer up-
take characteristics. We compared distribution volume and
specific tracer uptake in low and high grade gliomas
(normal or altered BBB, n=14) and in meningiomas (no
BBB, n=6) for 82Rubidium (RUB), nC-methionine
(MET) and 18F-fluorodeoxyglucose (FDG). RUB behaves

like potassium, which enters the brain only when the BBB
is disrupted. Tracer distribution volume and specific up-
take were derived from the Gjedde-Patlak multiple time
graphical plotting. The distribution volume is in the brain
mainly determined by tracer passing the BBB into the
brain and back into the cerebral capillaries by active
transport or passive diffusion. Specific tracer uptake gives
the rate of tracer irreversibly trapped within the tissue.
The next figure shows that RUB and MET slopes in men-
ingiomas (tumors without BBB) are higher compared to
astrocytomas and glioblastomas.

multiple time graphical plotting:
tumor slope [1/min]
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Over the whole spectrum of tumors, the slope of RUB and
MET was significantly correlated (rxO.OOl, Pearson).
Since RUB is a tracer which reflects the integrity of the
BBB, the data suggest that MET uptake into tumors is
governed by alterations of transport across the BBB. Thus,
MET is no tracer for the assessment of tumor amino acid
metabolism. In contrast, no correlation between the BBB
and the slope values for FDG was found. Moreover, FDG
slopes were on average highest in the most malignant tu-
mors (glioblastomas). It is concluded, that with FDG,
changes of tumor glucose metabolism can be measured.
This is particularly important in the differentiation of ra-
diation induced tumor necrosis and tumor recurrence. In
both conditions, alterations of the BBB exist, but only in
tumor recurrence where metabolically active cells are pre-
sent.

2.6.3 Characterization of methionine transport
alterations in human brain tumors

Cell differentiation and growth is regulated by growth fac-
tors as well as by oncogenes. In vitro experiments have
shown that oncogenes regulate amino acid transport sys-
tems, the latter therefore playing an important role in ma-
lignant transformation. In vivo, a high accumulation of
amino acids can be demonstrated in the majority of human
brain tumors using PET and radiolabelled amino acids. In-
creased net uptake of amino acids has been attributed to
an increase of active amino acid uaiisport at the blood-
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brain barrier (BBB). We set out to further characterize the
uptake of nC-methionine (MET) by comparing this tracer
with 82Rubidium (RUB) which behaves like potassium,
which enters the brain by passive influx when the BBB is
disrupted. 30 patients (11 astrocytomas, 11 glioblastomas,
8 meningiomas) were studied. Normalized uptake values
(NU) were derived from tumor and contralateral brain re-
gions of interest from the second half of the dynamic
scans after ROI radioactivity has reached a stable level.
NU values give a measure of tracer uptake relative to
administered tracer activity and body weight (Bq/ml tissue
per Bq/g body weight]. The next figure shows that NU
values of MET are correlated with NU values of RUB
over the whole spectrum of tumors.

Correlation
NU RUB (x) - NU MET (y)

y=1.49+0.62x(G)
y = 1.58+0.54x (G+M) O

A Glioma(G)
O Meningioma (M)

8 10

NU values for both tracers showed an overlap between
low and high grade gliomas, and high grade gliomas and
meningiomas, the latter yielding highest NU values due to
the absence of the BBB. The next figure demonstrates that
the ratio of NU MET:RUB is a function of the NU RUB.
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With increasing NU RUB values the ratio of both tracers
in tumors approached the value 1.0.

With this plot, a clear separation of low grade from
high grade gliomas was possible, where low grade gliomas
showed NU MET:RUB ratios above 2.0. These results
suggest that passive influx of ' 'C-methionine across the
BBB accounts for a remarkable amount of net tracer up-
take particularly in high grade gliomas and meningiomas.
In low grade gliomas, changes of active MET transport
may be relatively dominant. It remains to be assessed
whether these parameters are of clinical value in the fol-
low up of patients in order to indicate individual glioma
de-differentiation.

2.7 PET and neuropsychology of motor
learning

The aim of the current research program on PET and neu-
ropsychology is to bring further insight in neuroanatomi-
cal correlates of motor skill acquisition and motor engram
transfer between both hemispheres. Regional cerebral
blood flow during motor performance is planned to be as-
sessed via 15oxygen labelled radiowater. In order to vali-
date the neuropsychologicai motor stimulation technique
and to provide further data on the issue of functional, cal-
losal interactions between corresponding proximal as well
as distal motor areas of both hemispheres, the following
study was performed:

While some authors applying anatomical techniques
found no link between homotopic hand areas in monkey
motor cortex (1) and others described some motor areas
with distal muscle representation within regions of high
callosal interconnectivity (2), all have reported significant
interconnections between motor areas with proximal
muscle control. Studies concerning functional correlates of
the possible proximal-distal gradient in callosal motor area
connectivity are rare and controversial as well (3,4).
In our study, we applied a novel, upper extremity motor
task which makes functional demands upon premotor cor-
tical areas in the course of motor learning and motor exe-
cution (5,6). Interhemispheric interactions through the
corpus callosum were inferred from the transfer of unilat-
erally learned motor engrams to the contralateral side.

Participants were 26 male subjects with right hand
dominance assessed by a laterality questionnaire.

Subjects had to draw unfamiliar figures within two
horizontal lines on a blank sheet of paper either with the
right or the left upper extremity, either at proximal or dis-
tal joints (4 motor conditions) as quickly and correctly as
possible. To prevent movements at the fingers and wrist in
the proximal condition, subjects had to enclose the pen
with the whole fist, making movements with the shoulder
and elbow without placing the lower arm on the desk. To
prevent movements at the shoulder and elbow in the distal
condition, subjects were requested to place the lower arm
on the desk and to fix it with the contralateral hand.
Movements had to be performed only with finger and
wrist involvement.Within one experimental block, the
figure had to be first traced (Tracing). Thereafter subjects
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were requested to reproduce the same figure the same way
they traced it (Learning). Transfer was tested immediately
after learning by reproducing the same figure with the
analogous muscle group of the contralateral, untrained
upper extremity either in identical orientation or in a
vertically mirrored mode (Transfer). Tracing consisted of
six trials, learning and transfer of 30 trials each. The
4 motor conditions and the 2 transfer modes totalled in
8 experimental blocks.

There were eight different figures, one for each experi-
mental block, all consisting of the same three elements,
i.e. matched for linear extent and complexity. The sizes
varied between 2 cm for distal and 20 cm for proximal
movements.

To suppress mental imagery, the figures to be drawn
were presented during all trials.

To eliminate order effects, the sequences of experi-
mental blocks were counterbalanced across subjects as
was figure presentation sequence within a block.

Changes in x- and y-coordinates over time were as-
sessed via a digitizing tablet. The (ablet was connected to
a microcomputer, which allowed computation and storage
of movement size and movement time.

For each learning and transfer condition, means over
3 trials for movement time and size were first computed,
compiling the 30 trials to 10 data points. From this data,
percent time-gain, percent change in size and percent
change in accuracy during transfer with learning as the
reference was calculated for each motor and transfer con-
dition separately. Accuracy was defined as the absolute
difference from the required size. Since callosal transfer
was expected to occur primarily at the beginning of
movement engram acquisition, only the first 3 data points
were included in further analysis. The percentage time
variables were then submitted to repeated measures
ANOVAs for identical- and mirror transfer conditions
separately, with trial (1 to 3), side (left or right) and joint
(proximal or distal) as within-subject factors. Percental
change in size and accuracy were included as varying co-
variates to account for effects of alteration in size and
accuracy on time-gain.

identical reproduction

mirror reproduction
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In the previous figure percentage of time-gain in drawing
during the first three transfer as compared to the first three
learning trials (means of three replications over first nine
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trials) in left distal (ledi), left proximal (leprox), right dis-
tal (ridi) and right proximal (riprox) effectors are illus-
trated. Data for identical (left plot) and vertically mirrored
transfer (right plot) are presented separately.

In the transfer condition with vertically mirrored repro-
duction, a time-gain in left proximal and a time-loss in
right distal movements is present (see figure) with the
time-gain being higher on the left side (side: p<.05) and
with the time-gain being higher during movements at
proximal joints (joint: p<.05). There were no significant
effects, nor interactions in the transfer condition with
identical reproduction.

Thus, in the transfer condition with mirrored reproduc-
tion, which is expected to be subserved more by homo-
topic than heterotopic callosal fibers, left arm movements
benefited from the previously acquired, right-sided
proximal motor engram, whereas right ringer performance
worsened when previous engram acquisition took place at
left fingers.

The present results are best explained by the following
two postulates: i) homotopic callosal connections between
distal motor areas, which are inhibitory in nature and be-
tween proximal motor areas which are facilitatory would
account for the bigger time-gain during transfer of proxi-
mal compared to distal motor engrams. ii)a left hemi-
sphere dominance in the performance of distal as well as
proximal movements, as put forward by others (7), may
explain the left sided transfer-advantage. These postulates
together would also account for worsening of right distal
and improvement of left proximal performance after
learning with analogous muscle groups on the contralat-
eral side: That is, since the left hemisphere is dominant for
the motor task execution and already at a high perform-
ance level, facilitating transfer effects have less influence
than inhibitory effects, leading to reduced right distal but
stable right proximal performance. On the other hand, the
right hemisphere, being at a low performance level, is
more strongly influenced by facilitation than inhibition,
resulting in increased left proximal but unchanged left dis-
tal performance.

These results reconcile the equivocal findings concern-
ing (a) the similarity between motor areas of proximal and
distal muscle representations regarding their structural
callosal connectivity (2) and (b) the differences between
the two motor areas regarding their functional interhemi-
spheric transfer time (4). Although being interconnected,
homotopic distal motor areas seem to inhibit each other,
whereas enhanced performance between homotopic
proximal motor areas is observed.
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3. Teaching Activities and Publica-
tions

E.W. RADO, U. ROELOCE, S. AMETAMEY, K.L. LEENDERS: "Transport and
metabolism in human brain tumors measured using PET, C-methionine
and Rubidium". American Academy of Neurology, New York, 26.4.-
1.5.1993.

3.1 Teaching Activities and Lectures

On March 9th, a workshop on mullimodality matching has been organised
at the PSI by the PET-Program. Apart from the external speakers, seminars
have been given by P. Maguire and J. Missimer from the PET-Program.

On three occasions in 1993, a two-day PET-Pharmacokinetic Course has
been organised and given by staff of the PET-Program: June 4-5th, July 3-
4th and December 17-18th. Lectures have been given by P. Maguire,
O. Stadelmann, P. Vontobel, J. Missimer and K. Leenders.

U. ROELCKE: "PET-Tracerkinetik bei Himtumoren". Invited lecture. Inst.
fur Medizinische Radiobiologie, Univ. Zurich, 18.1.1993.

K.L. LEENDERS: "Seminar Department of Neurology". Invited lecture.
Universitatsspilal Groningen, The Netherlands, 27.1.1993.

U. ROELCKE: "Positronen-Emissions-Tomographie". Invited lecture. Kin-
derspital, Universitat Basel, 17.2.1993.

K.L. LEENDERS: "PETund Schizophrenic".
Seminar Kolloquium PET/MRI. University of Zarich, 17.2.1993.

R.P. MAGUIRE: "Nicht-Proportionales Talairach Matching".

Invited lecture. Workshop on Multimodality Matching, PSI, 9.3.1993.

A. ANTONINI, A. WEINDL, K.L. LEENDERS: "Brain glucose metabolism and
striatal dopamine receptor density in subjects genetically at risk for
Huntington's disease (HD) measured with positron emission tomography
(PET)".
American Academy of Neurology, New York, 26.4.-1.5.1993.

I. GONTHER: "Der Einfluss von Catechol-O-Methyltransferase-Inhibitoren
auf den Dopamin-Metabolismus". Biochemisch-Zellbiologisches
Kolloquium. Paul Scherrer Institute, Villigen, 29.4.1993.

H.G. WESER, N. KHAN, M. BJEUAC, K.L. LEENDERS: "Korreliert das

"hypersynchrone" mediobasal-temporale Anfallsmuster mit Hypometabo-
lismus (X8F-FDG-PET) im ipsilateralen Thalamus?".
SchweizerischeGesellschaft ftlrklinischeNeurophysiologie, Merligen, 6 -
8.5.1993.

K.L. LEENDERS. "Organisation der Motorik im Gehim: Bezug zum PET-
Programm".
Seminar Paul Scherrer Institute, Villigen, 11.5.1993.

K.L. LEENDERS: "Positronen-Emissions-Tomographie im Zentralner-
vensystem". Invited lecture. Seminar Fortbildungsprogramm Kantonsspi-
tal Baden, 13.5.1993.

K.L. LEENDERS: "52Fe-PET-Scan-Untersuchungen bei Morbus Parkinson".
Invited lecture. Wissenschaftliche Jahrestagung der Osterreichischen
Parkinson-Gesellschaft. Innsbruck, Osterreich, 14.-15.5.1993.

J. MISSIMER: "Abbildungen von statistischen Paramelem".

Invited lecture. Workshop on Multimodality Matching, PSI, 9.3.1993.

K.L. LEENDERS: "PET im Zentralnervcnsysiem: Epilepsic, neurodcgenera-
tive und extrapyramidale Erkrankungen". Invited lecture. Konscnsus-
Konferenz PET. University Hospital Zurich, 10.3.1993.

U. ROELCKE, K.I LEENDERS: "Wert der PET bei Gliomen".
Invited lecture. Basler Tage der Medizinischen Radiologie, Basel, II.-
13.3.1993.

K.L. LEENDERS-. "Klinische Anwendung der PET bei Himtumoren".
Invited lecture. Basler Tage der Medizinischen Radiologie, Basel, 11.-
13.3.1993.

K.L. LEENDERS: "The PSI PET-Program: pathophysiology and
pharmacology".
VII Bottstein Colloquium. 26.3.1993.

K.L. LEENDERS: "PET and functional testing".
Invited lecture. 1st European workshop on epilepsy surgery. Copenhagen,
Denmark, 1.4.1993.

K.L. LEENDERS: "PET studies in ncurodegeneration". Invited lecture.
Symposium on neuroprotection in neurodegenerau'on. WUrzburg,
Germany, 21.-24.4.1993.

D.PARKES, A. WETNDL, K. MEIER-EWERT, M. DAHLTTZ, AANTONINI,

N. KHAN, H.F. BEER, K.L. LEENDERS: "Striatal dopamine D2 receptors in
patients with narcolepsy measured with positron emission tomography
(PET) and ' !C-raclopride".
American Academy of Neurology. New York, 26.4.-1.5.1993.

U. ROELCKE: "PET - Grundlagen und klinische Anwcndungsmoglich-
keiten".
Kantonsspital Basel, Onkolunch, 10.5.1993.

U. ROEIJCKE, E.W. RADO, S. AMETAMEY, K.L. LEENDERS:

"Differenzierung von Transport und Metabolismus in Himtumoren mil
Posilronen-Emissions-Tomographie, uC-Melhionin und 82Rubidium".
Schweizer Gesellschaft filr Medizinische Radiologie, Fribourg, 14.-
15.5.1993.

A. ANTONTNI, U. ROELCXE, W. ScHMlD, ET AL: "Glukose-Vecbnuch und
Dopamin-D2-Rezeptordichte im Stiiatum bei Personcn mit Risiko fur
Chorea Hunlington gemessen mit PET'.
Schweizer Gesellschaft fur Medizinische Radiologie, Fribourg, 14.-
15.5.1993.

K.L. LEENDERS, A. ANTONINI, U. ROEIXXE, ET AL: "Eisen-Transferrin-
Aufnahme ins Gehim gemessen mittcls PET und 52Fc-Zilrai".
Schweizer Gesellschaft fiir Medizinische Radiologie, Fribourg, 14.-
15.5.1993.

K.L. LEENDERS, A-ANTONTNI, U. ROEIXKE, R.PELLKKA, H.REIST,
M. PSYLLA, I. GONTHER: "Blood-to-brain iron transport in monkeys and
man measured using 5 Fe-citrate and positron emission tomography".
Brain PET 1993, Akita, Japan, 29.5.1993.

K.L. LEENDERS: "Glutamaterge Neurotransmission im Gehim".
Seminar Paul Scherrer Institute, Villigen, 8.6.1993.

K.L. LEENDERS: Seminar in "Post-Graduate Kurs in Experimenteller
Mcdizin und Biologic".
Invited lecture. University of Zurich, 10.6.1993.
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K.L. LEENDERS: "Frilheikennung der Parkinson'schen Krankheit.
Möglichkeiten und Nutzen".
Invited lecture. Schweizerische Parkinsonvereinigung. Mitgliederver-
sammlung 12.6.1993

F.X. VOLLBNWEIDER, A. ANTONINI. K.L. LEENDERS, J. ANGST: "Evidence
for a cortical-subcortical dysbalance in the ketamine model of schizo-
phrenia using PET'.
9th World Congress of Psychiatry, Rio de Janeiro, Brazil. 6.-12.6.1993.

F.X. VOLLENWEIDER. K.L. LEENDERS, J. ANGST: "Psychopathology and
brain energy metabolism in the keumine model of schizophrenia using
PET and FDG". 18th AGNP-Symposium on the glutamate hypothesis of
schizophrenia, Nürnberg, 6.-8.10.1993.

K.L. LEENDERS: "Dopamin-Rezeptoren im Gehirn, gemessen mittels
SPECTundPET".
PET-SPECT-MRI-Kolloquium. University of Zürich, 23.6.1993

K.L. LEENDERS: "In vivo Dopamin-Metabolismus: Möglichkeiten des
PET'.
University of Zürich. PET-SPECT-MRI-Kolloquium, 7.7.1993

K.L. LEENDERS: "PET-Technik und ihre Anwendungen". Kolloquium
Kemspintomographie und lokale Kemresonanzspektroskopie".
University and Technical University of Zürich, 13.7.1993.

U. ROELCKE: "PET bei Gliomen - Biochemische Grundlagen und klinische
Anwendungen".
Workshop Klinische Neuroradiologie: Anaplastische Astrozytomc und
Glioblastome. Kantonsspital, Basel, 4.9.1993.

K.L. LEENDERS: "Psychopathologie und kortikale Aktivitätsmuster im PET
(FDG) bei Ketamin und Psilocybin induzierten Modell-Psychosen".
Invited lecture. Deutsch-Österreichischer Neurologenkongrcss. Wien, 16.-
18.9.1993.

F.X. VOLLENWEIDER, A. ANTONINI, C. SCHARFETTER, J. ANGST, K.L.
LEENDERS: "Hyperfrontality and psychopalhology in the acute ketamine
and psilocybin model of schizophrenia using PET and FDG".
Deutsch-Österreichischer Neurologenkongress. Gemeinsame Arbeit-
stagung der Deutschen Gesell, für Neurologie (LXVI. JahresUgung) und
der der Sekt. Neurologie der Gesell. Österreichischer Nervenärzte und
Psychiater, Wien. 16.-18.9.1993.

K.L. LEENDERS: "PET-Umersuchungen bei Parkinson-Patienten:
Zerebraler Energiemelabolismus, striatale dopaminerge Aktivität und
Eisenmetabolismus".
Invited lecture. Fortbildungssymposium. University of Frankfurt,
Germany, 25.9.1993.

U. ROELCKE, E.W. RADÜ, S. AMETAMEY, K.L. LEENDERS:
"Differenzierung von Transport und Metabolismus in Hirntumoren mit
Positronen-Emissions-Tomographie,]'C-Methionin und 8ZRubidium.
28. Jahrestagung der Deutschen Gesellschaft für Neuroradiologie, D-
Freiburg, 3O.9.-2.1O.1993.

K.L. LEENDERS: "Energiekonsum des Gehirnes: Schlüssel zur Funktion
des Gehirnes?"
Invited lecture. Studiengruppe Energieperspeküven. Baden, Switzerland,
7.10.1993

K.L. LEENDERS: "Welchen Beitrag leisten die bildgebenden Verfahren
(MRI, SPECT, PET) für die Diagnose des M. Parkinson?"
Invited lecture. Symposium Morbus Parkinson. AKH, Wien, Österreich.
16.10.1993.

J. MlSSMER: "An Introduction to PET'.

Seminar Carnegie-Mellon University, Pittsburgh, Pa., 22.10.1993.

K.L. LEENDERS: "Mental dysfunction in patients with Parkinson's disease:
PET investigations".
Invited lecture. European Congress on Mental Dysfunction in Parkinson's
Disease, Amsterdam. 20.-23.10.1993.

U. ROELCKE, E.W. RADO, S. AMETAMEY, K.L. LEENDERS:
"Differenzierung von Transport und Metabolismus in Himtumoren mit
Posilronen-Emissions-Tomographie, "C-Methionin und 82Rubidium.
1S2. Tagung der Schweizerischen Neurologischen Gesellschaft, Basel,
12.-13.11.1993.

K.L. LEENDERS: "Himaktivierung: Regionale Anderungen der cerebralen
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VII Medical Radiobiology

1. Introduction/Overview

B. LARSSON

Today, about two out of three cancer patients receive at
least some radiation. Mega-voltage electron accelerators
are now used routinely to irradiate tumours, with energetic
photon or electron beams, at various sites in the body.
Other kinds of particles with various radiobiological mer-
its are now tested clinically: neutrons, pions, protons and
other light ions. Apart from the heavier ions, experimen-
tally useful beams of all these particles are (or could be)
generated at one or other of the accelerators at PSI. Prepa-
rations are well underway for conformal irradiation of
deep-seated tumours, with protons of ca 200 MeV.
Monoenergetic X-rays in the 30 - 100 keV range, and keV
neutrons are also under study, with respect to their poten-
tial usefulness in photon activation therapy (PAT) and
neutron capture therapy (NCT), respectively. At the same
time a set of promising new accelerator-produced radionu-
clides finds increasing use in experiments aiming at sys-
temic treatment for metastatic disease (vide infra).

The research program in radiotherapy thus indicated is
a truly interdisciplinary activity that engages several divi-
sions of the Department of Life Sciences at PSI. The ra-
diobiological parts of this program, the field of responsi-
bility of the IMR, is most easily summarized by reference
to the headings appearing in the following file of reports
that have been submitted by the individual task groups at
the IMR. Although the scientific inquiry is highly
differentiated, ranging from a molecular-biological to an
applied oncological approach, the tasks have been chosen
to permit development of a set of mutually supplementary
biological, chemical, physical and mathematical subtech-
nologies that are required for understanding and efficient
exploitation of the 'new'radiations in clinical radiooncol-
ogy:
• cloning of cDNAs encoding cell cycle checkpoint con-

trol proteins that would allow modulation of cellular
radiosensitivity (VII.2).

• development of malignant tumour models in Droso-
phila for use in molecular-genetical studies of radio-
sensitivity modulation (VII.3).

• testing of radiosensitivity modulation in mammalian
epithelial and endothelial cell systems (VII.4,5).

• theoretical analysis of single particle track parameters
to facilitate interpretation of experimental results and
evaluation of 'new radiations' or 'new rad'onuclides'
proposed for local or systemic radiotherapy (VII.6).

• instrumental analysis of chromosomal aberrations
(new).

• reconstruction of single particle tracks through single
cells exposed in a track detector sandwich (VII.7,8).

• assays for cell death, impaired cell growth and other
radiation effects, in individual patients, through
fluorescence-assisted cell sorting and radiation sensi-
tivity tests based on studies of isolated cell clones
(VII.9,10).

• receptor-mediated uptake and intracellular distribution
of cell- and DNA-seeking bioconjugates (VII. 11).

• exploitation of the mouse embryo as a model for the
study of growth, metastasis and receptor-mediated tar-
getting of DNA-seeking drugs (VII.12,13).

• production of DNA-seeking ligands labelled or loaded
with radioisotopes of halogens (bromine, iodine and
astatine) or stable boron-10 (for experiments exploiting
neutron capture techniques) for studies of the effects of
Auger electrons and alpha particles emitted from
atoms associated with chromosomal DNA
(VII. 14,15,16,17).

• irradiation techniques for topographic analysis of halo-
gens or boron in cells and tissues with slow neutrons
and synchrotron X-rays (VII. 19).

• dosimetry for radiobiological experiments, preclinical
radiotherapeutic tests and radioprotection (VII. 18,20).

The set of emerging subtechnologies thus described will
soon be able to serve the four projects that constitute the
scientific program of IMR, as it was finally established in
1992/93: (1) molecular and cellular radiobiology; (2)
predictive assays for individual patients; (3) experimental
tumour therapy; and (4) radiobiology for radioprotection.

To the greatest extent possible, the biological material
and measuring parameters are to be chosen with a view
towards the effectiveness and economy of the whole pro-
gram. In addition, we have the ambition to supplement, or
serve scientific or clinical interests of partners belonging
to other PSI programs or to national or international col-
laborations or conceited actions. In this context, the
PSI/TMR activities are very much focussed on approaches
aiming at combinations of conform radiotherapy for local
tumour growth ("macrotumour therapy", e.g. with protons)
and regional or systemic "microtumour therapy" (with
PAT, NCT or cell-seeking radionuclides). Important clini-
cal applications are foreseen for three key-concepts in the
basic or preclinical projects out-lined above:

• modulation of radiosensitivity in radiotherapy for mac-
roscopic and microscopic tumours

• receptor-mediated cellular uptake of bioconjugates
loaded with DNA-seeking ligands; and

• cellular effects of single particle traversals , nuclear
disintegrations or Auger events.
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It is evident that a larger body of competence and techni-
cal resources at PSI is an important prerequisite for the
IMR effort, be it in the context of accelerator, particle or
computer physics or in radiooncology, pharmaceutics,
PET, or radiometry. We wish to thank all our friends
representing these activities for their contribution and
generous advice.

2. Molecular biology of radiation-
induced cell cycle arrest

J. HAIN, C. ELLENRIEDER, R. MUELLER, R. JAUSSI

Our attempts to clone cDNAs which encode cell cycle
checkpoint control proteins (for review, cf.[l]) by cross-
hybridization with genes from the fission yeast Schizosac-
charomyces pombe (for review, cf. [2]) proved extremely
difficult, as we were only able to obtain one weak signal
on a 4kb long mRNA on a Northern blot with RNAs from
human muscle and brain, but not from several other or-
gans. We are now optimizing the screening conditions in
order to be able to clone a cDNA encoding the first human
cell cycle checkpoint regulatory protein. If these experi-
ments are successful, we should be able to modulate
cellular radiosensitivity in experiments in cell cultures.

In the meantime, we have detected a special form of a
cell cycle control protein kinase in hamster cells (cf.
Mueller et al. PSI Life Sciences Newsletter 1992, Annex
II, p.92-93). The protein is larger than the usual CDK2-
like proteins and does not bind to a specific regulatory
factor called pl35MC [3]. We have now cloned from a
hamster CHO Kl cell line several cDNAs which are likely
to belong to the mRNA family of CDK-like protein
kinases. One of the clones represents a full-length cDNA
which, according to its nucleotide sequence, is clearly
homologous to the human CDK2 S-phase kinase. In order
to assess the size of the encoded protein we are expressing
the cDNA in E. coli bacteria. We use the pGEMEX vector
system (from Promega, Fig. 1) which allows one to obtain
large quantities of proteins in specific bacteria that harbor
a regulated T7 RNA polymerase gene [4]. If this gene is
induced, the T7 RNA polymerase produces transcripts
from the 17 promoter in the pGEMEX vector as the
absolutely dominating RNA in the host cell. This situation
leads to very rapid production of the target protein whose
cDNA is cloned downstream of the T7 promoter and kills
the cell by virtually 'filling' it with the desired product
which can reach as much as 30% of the total cellular
protein. Once the protein is produced we will determine its
molecular mass and we will purify it and use it for
functional studies.

We are currently cloning and sequencing several fur-
ther cDNAs that are of interest in the above mentioned
contexts and plan to start functional tests, e.g. about radio-
sensitivity of cells with altered expression of the respec-
tive genes, as soon as we have enough sequence informa-
tion to allow us to establish the necessary genetic con-
structs.

T7 promoter
Translation start signals

Open reading frame
encoding target protein

Fig.l: pGEMEX DNA expression vector

The thesis of Mr. Jens Hain is completed. The work
includes 1 published study with a negative result about
adaptive response in human lymphocytes [5] plus 2 pub-
lished studies and 1 submitted paper on the properties of
cell cycle control protein complexes in irradiated hamster
V79 cells [3,6,7]. Dr. Hain is now preparing for a future
collaboration with Dr. Per Sunnerhagen's group from
Goteborg, Sweden and us by cloning still another set of
cell cycle checkpoint cDNAs which are homologous to
genes from the budding yeast Saccharomyces cerevisiae.

In summary, we are trying as part of an international
collaboration (A.M. Carr, Brighton; P. Sunnerhagen,
Go'teborg; J. Hain, Munich) to collect a series of cDNAs
encoding cell cycle regulatory proteins which should pro-
vide the necessary tools to influence cellular radiosensitiv-
ity and which, on the long run, should improve radiother-
apy by allowing therapists to apply lower doses to specifi-
cally sensitized tumor tissue.
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3. Drosophila radiooncology: Studies
on malignant neuroblastoma and
somatic recombination

P.M. SCHWEIZER, R. SCHEIDEGGER, T.O. WEBER,

I. CORDT-RlEHLE

3.1 Genetic background and radiosen-
sitivity

The phenomenon of intrinsic radioresistance of tumor
cells greatly influences the success of radiotherapy (1).
Two types of malignant neuroblastoma in the fruitfly Dro-
sophila melanogaster have been chosen as a model sys-
tem, each of the larval tumors caused by the loss of func-
tion in either of the two tumor-suppressor genes le-
thal(2)giant larvae l(2)gl and lethal(3)malignant brain
tumor l(3)mbt. Both types show identical phenotypes in
situ and both are built up by the same two types of prolif-
erating cells i.e. ganglion-mother cells and optical neuro-
blasts (2). The effect of the mutations on neoplastic be-
haviour and radiosensitivity of the cells constituting the
tumor tissue has been investigated.

The results of the experiments with neuroblastoma cul-
tivated in vivo show that the two genetically different
neoplasms can be distinguished following their growth
performances: two groups of growth behaviour can be de-
tected in the case of l(2)gl. One leads to an increase of
host weight up to 80%, whereas the other only shows
minimal additional weight caused by growth of the im-
planted tissue, nevertheless killing the host fly earlier. In
contrast, the l(3)mbt tissue shows a wide range of growth
performance. Flow-cytometric investigations of cell sus-
pensions stained with DNA- and membrane-specific dyes
unmask the ganglion-mother cells as being the malignant
fraction in the case of 1(2)gl; the neuroblasts form the vol-
ume of the tumor, having a radiosensitive phase 48 hours
after implantation (50 Gy, 200 kVp X-rays). Irradiation of
l(3)mbt tissue does not lead to growth delay of any kind or
to redistribution of cell types within the growing tumor
tissue.

In malignant neuroblastoma of identical histotype in
Drosophila melanogaster the intrinsic radiosensitivity and
malignancy depend on the mutant tumor-suppressor gene
that caused the neoplasm. This finding supports the ra-
tionale that a molecular genetic profile established for
human cancer from biopsy samples could provide
predictive information as to the response of the neoplasm
to radiotherapy (3).

3.2 A model for the induction of recombi-
nation mediated carcinogenesis

Carcinogenesis has been found to be a multistep process
(4). Even in what appears as a genetically determined he-
reditary cancer, secondary steps are necessary for the
pathological condition to become phenotypically ex-
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pressed (5) . In retinoblastoma and Wtlms' tumor the in-
herited mutant condition has to become homozygous or
hemizygous in particular cell-lineages. Gene mutation,
aneuploidy, mitotic recombination and, possibly, gene
conversion are mechanisms leading to phenotypic expres-
sion (6). Ionizing radiation, known for its potential to in-
duce respective effects may actually impart its carcino-
genicity via these pathways, given an appropriate constitu-
tional predisposition.

We are using the inherited heterozygous l(2)gl/+ con-
dition at the neuroblastoma tumour suppressor gene locus
in Drosophila as a model to study radiation induced loss
of heterozygosity-mediated neoplams. Embryos heterozy-
gous for a mutant and the wildtype allele of 1(2)gi neuro-
blastoma locus are exposed to radiation. Loss of heterozy-
gosity at the I(2)gl locus within neural cell lineages early
in development eventually exhibit the neuroblastoma
phenotype or part of its pleitropic expressions. To screen
for neoplastic clones we use in vivo culture conditions
which are selective for proliferative growth of the neo-
plasm over non-transfomed cells. In a first series of ex-
periments (Table I) we obtained significant increases of
larvae exhibiting components of the pleiotropic l(2)g!
phenotype such as pupariation delay and melanotic nod-
ules. We have not yet recovered transplantable neuroblas-
toma, most likely because the 7 hours post oviposition
irradiation time chosen was probably a bit too late with re-
spect to the First transcriptional activity of the l(2)gl+ (2).
In ongoing experiments we have shifted the irradiation
time that should induce loss of heterozygosity toward even
earlier embryonic stages in order to forestall completely
the earliest transcription activity of the l(2)gl+ suppressor
gene. We are now confident of recovering the complete
l(2)gl phenotype and to be able to proceed with
quantitative dose response analysis.

Genotype

l(2)gl/+
K2)ql/+

No

1090
1955

Gy

0
5

1(2)91
pheno-
type

puparia-
tion
delayed

0
41

mela-
notic
nodules

0
9

transplantable
neuro-blas-
toma

0
0

Table I: Induced l(2)gl neuroblastoma phenotype follow-
ing putative induced loss of heterozygosity at
the 1(2)gl tumor suppressor gene locus in early
embryogenesis.

3.3 Study on the interaction of mobile
ONA elements and ionizing radiation
and its impact upon somatic recombi-
nation

In spite of repair, a double strand break of the DNA may
become the cause for a transformed cell clone, because the
repair mechanism runs via intermediate structures in
which homologous chromosomes are involved (7). In pre-
disposed individuals with heterozygous constitution of a
tumor suppressor gene, the recombinative resolution of the
intermediate may result in the loss of heterozygosity and
thereby in a tumor initiation. Ionizing radiation as well as
mobile DNA elements may, via double strand break and
via loss of heterozygosity, have a carcinogenic effect. We
are investigating the possible interactions of these exo-
and endogenous media of recombination in Drosophila.
The preliminary results with somatic cells show both sub-
and supraadditive effects, depending on the radiation dose.
In the germline however, only synergistic effects are
known (8). For the soma we therefore postulate a radiation
dose-dependent mobilization of enhanced repair capacity.
With the construction of repair-deficient, P element carry-
ing Drosophila mutants we shall hopefully be able to an-
swer this question.
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4. Possible synergisms between
ozone exposition and irradiation
of lung cells in vitro

G. MINDEK, CH. HEMMERLE

4.1 Introduction

Ozone (O3) is a major photochemical air pollutant that
causes deleterious health effects on inhalation [1], altered
lung function, hyperresponsiveness and a lung inflamma-
tory response in man (s. review [2]). Exposure of ex-
perimental animals to ozone followed by infection of the
animals with bacteria has indicated that defense mecha-
nisms against microorganisms are impaired by the pollut-
ant (s. review [3]). In vitro exposure of human lympho-
cytes to ozone suppresses IgG and IL-2 production and
induces increased IL-6 production [4]. High concentra-
tions (5 ppm during S min exposition) of O3 acts as a
carcinogen and 1 ppm as a co-carcinogen with low doses
(0.4Gy) of X-rays [5] and UV-light [6]. Furthermore O3 is
a high risk factor in agriculture and forestry today be-
cause of the reduced productivity of up to 25% or of the
reduced growth of wood by increasing ozone burden [7].

Therefore it is understandable that authorities of
industrial countries have published limits of the O3
immission [1, 8]. In Switzerland it is regulated by the
"Luftreinhaltever-ordnung 1985" [9]. But the requested
limit would not be reached as desired by 1995 [10]. In
fact, the Swiss people must live with considerably high
levels of ozone concentrations during the next time.

Our interest is concentrated on the cytogenetic conse-
quences of ozone exposure of low concentrations during
longer exposition-time, as in a smog situation. We have
investigated in a complex in vitro experiment chro-
mosomal changes (breaks and sister chromatid exchanges
[SCEs]) and possible alterations in the cell cycle in com-
bination with X-irradiation in Chinese hamster lung fibro-
blasts. In this paper we will present the cell cycle studies.

4.2 Materials and methods

Monolayer cultures of the Chinese hamster V79 embry-
onic lung fibroblast cell-line was used. 125cm3 glass roll
bottles were seeded with 7X106 cells in 12 ml medium 48
hrs before gassing with high (1.5-1.8 ppm) or low (0.8-
1.05 ppm) concentrations of ozone (Ozone Photometer
Model 8? 10, Monitor Labs) during 1-6,5 hours. Control
gas was used as indoor air during the same time.

Cells were gassed either during rotation [ l . j at 3rpm
or in a vertical position in humified milieu. Cell-roll
bottles were irradiated with 0.5 Gy or 1.0 Gy X-rays at a
dose rate of 1 Gy/min before O3 treatment. To select
different cell cycle phases continuous bromodeoxyuridine
(BrdU) treatment (15 ug/mi) was used afterwards. After
hypotonic treatment with KC1 and fixation in the 5th, 24th
or 48th hour after the beginning of gas treatment
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metaphase spreads and staining were performed using a
standard protocol.

4.3 Results and discussion

A treatment of 6.5 h duration seems to be none physi-
ological. All cells will be stopped in the first cycle. From
our preliminary results we can conclude that the increas-
ing ozone or air treatment time causes a cell cylce stop at
24h with low concentrations. This stop was eliminated in
the 48th hour. Irradiation before the gassing does act in-
fluence the lapse of the cycle in earlier fixation times after
the begin of gas treatment. But 1.0 Gy and 1.6-1.8 ppm
ozone causes a surprisingly high level of > 2nd division
cells in the 44-48 h collection time.

The estimation of effective ozone concentration in the
exposed cells seems to be doubtful. We have measured the
O3 concentration in the exit region of the bottles. We have
estimated a high ozone loss during the treatment, the
rotation itself causes a high loss of ozone level. It must be
assumed that the cell-roll situation produces a high uncer-
tainity in the ozone concentration level in the thin medium
film over cells contrary to the vertical condition. This
should be considered in future experiments.
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5. Radiosensitivity alterations in the
crypt cells of preirradiated mice

K.R. RAO

There is considerable experimental evidence (Horsey and
Vatistas, 1963; Brueckner and Noster, 1976; Hamilton,
1979; Reynaud and Travis, 1984; Yonezawa et al., 1990)
indicating that an initial irradiation of intestine can lead to
an enhanced radioresistance of the tissue. Such radiosensi-
tivity changes due to preirradiation could have a clinical
relevance, particularly in the case of fractionated irradia-
tion. During the radiotherapy of abdominal tumours, part
of the gastrointestinal tract will inevitably receive some
stray radiation dose.

Radiation-induced radiosensitivity alterations in the
crypt cells of mice were analysed after giving the animals
one priming whole body X-ray dose in the range 4 - 9 Gy.
Four days after this "conditioning" irradiation, the radia-
tion response of intestine was analysed with a microcolony
survival assay. The isoresponse dose for 20 surviving
crypt cells per jejunal circumference in an untreated
control group was 12.7 Gy. Pretreatment with 4 - 8 Gy
increased the isoresponse dose to 13.2 Gy, while 9 Gy
conditioning dose did not alter the sensitivity to a second
irradiation. The increased isoresponse doses noted for the
pretreated animals were not significantly different from
the control value at any dose level used, but together they
indicate a tendency towards a decreased radiosensitivity.
A brief review of the relevant literature presented shows
that the acquired radioresistance in crypt cells is a com-
plex phenomenon which is influenced by the specific ex-
perimental conditions in each case. Depending on the cir-
cumstances, preirradiation may enhance or reduce the ra-
diosensitivity of mouse intestine. Such discrepancies make
it difficult to explain the basic mechanisms involved in the
induction of radioresistance.
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6. Calculation of Radiation Spectra
of Radionuclides for Therapy and
Diagnostics

B. LARSSON, J. STEPANEK, R. WEINREICH

A variety of radionuclides is used in the fields of diagnos-
tic and therapeutic nuclear medicine. Many of these ra-
dionuclides decay by electron capture or by internal con-
version, respectively. These decay modes are followed by
emission of low-energy Auger and Coster-Kronig elec-
trons, resulting from filling of electron vacancy. The ex-
treme radiotoxicity of Auger electron emitters is well es-
tablished [1] and results in a highly localized energy
deposition in the immediate vicinity of the decay site [2].
For direct damage of DNA by attached radionuclides
mainly the very low-energy N- and O-shell Auger elec-
trons are responsible, since they deposit their energy over
just a few tens of nanometers, or less. Consequently, we
have tried to provide detailed Auger spectra for therapeu-
tically interesting radionuclides.

6.1 Method

Recently, a similar paper has been based on Monte Carlo
calculations which generally simulates the decay of those
nuclides using random selection of processes [3]. For more
complicated spectra or if one intends to calculate spectra
of a large variety of radionuclides, this method is very
costly and computer time-consuming. Thus, calculations
in this work have been performed using the recently
developed code IMRDEC [4]. It combines advanced
features of other codes, such as:
• All types of the decay processes and the resulting ra-

diations are considered,
• The data needed to describe the complete decay

scheme are obtained directly from the ENSDF
(Evaluated Nuclear Structure Data File) library [5].
This library is permanently maintained at Brookhaven
National Laboratory and consists of the newest data
available in the literature. Its use results in the simplest
possible input specification,

• Testing of data in ENSDF library on energy conserva-
tion of decaying atom,

• Theoretical treatment of electron capture and positron
emission,

• Theoretical treatment of the internal conversion proc-
ess. The internal conversion factors for all atomic sub-
shells, E0 to E6 and Ml to M6 multipolarities and a
large range of the conversion photon energies are taken
from the INCOCO library (BSternal Conversion Co-
efficients) generated using at IMR modified computer
program CONVER of U. Raff and H.C. Pauli [6].

• The internal pair formation is considered,
• Calculation of the continuous P±-spectra is based on

the method used in the code RADLST [7],
• Internal Bremsstrahlung as a result of electron capture

and P* emission is included,
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• a-decay and nuclear recoil is considered,
• Two decay processes lead to the generation of the

atomic subshell vacancies. An immediate filling of
these vacancies leads to radiation cascades which are
calculated deterministically. The transition probabili-
ties as well as atomic data are taken from the Evalu-
ated Atomic Data Library (EADL) from Lawrence
Livermore National Laboratory $ ] .

6.2 Radial Dosis Distribution of Radionu-
clides

Using the code IMRDEC, the radiation spectra of the fol-
lowing 75 radionuclides were presently determined:
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The calculated spectra were then used as source definition
in the subsequent calculation of the radial dose distribu-
tion in the Monte Carlo code GEANT. To enable the cal-
culations in 1 nm range for photons and electrons, the pho-
ton and electron cross sections from the EPDL Evaluated
Photon Data Library and EEDL Evaluated Electron Data
Library from Lawrence Livermore National Laboratory
[10,11] was used and photon/electron tracking in GEANT
modified [12].

Based on calculated radial dose distributions, the ratios
of the average dose in four spherical regions important for
the selection of the radionuclides useful for therapy of (1)
few-cell tumors, (2) mm-sized tumors, (3) mm- to cm-
sized tumors, and (4) macro-tumors (for diagnostics and
therapy in combination), were determined.

In the next step modelling calculations are to be car-
ried out for the simulation of the following radioactivity
distributions:
• Direct attachment to DNA,
• Distribution inside of the cell plasma,
• Distribution on the cell surface, and
• Homogeneous distribution in the whole tissue.
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The results of these simulations are to be applied on
dosimetry of treatment of tumors and metastases of differ-
ent size.
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7. Track reconstruction to investigate
cell damage by single particles

S. TUOR+, H.W. REIST, P. DORIA

+ Swiss Federal Institute of Technology Zurich

7.1 Introduction

The goal of the experiment investigating cell damage by
single particles is to detect proton tracks through single
cells and relate the deposited energy inside the cell nu-
cleus to selected biological endpoint arrivals. This de-
mands a precise reconstruction of the particle track
through the cell nucleus.

An illustration is located in Appendix 5.

The following three steps are effected in the image
analysis:
• Determination of the shape and position of the bio-

logical object (Single cell or early embryo).
• Identification of the particle track.
• Superposition of the reconstructed object and traced

track in order to calculate the energy absorbed.

7.2 Method

Laser scanning microscopy provides confocal sections
through a living cell in real time. From the various focal
planes a 3D-presentation of the cell can be reconstructed.
Confocal laser scanning microscope (CLSM) images are
stored in TIFF-format on DOS-PC and transferred by Eth-
ernet to a SUN-Workstation where all image analysis is
carried out by AVS-Networks. The Application Visualisa-
tion System (AVS™) is a data visualisation environment.
The fundamental computation unit in AVS is the
"module". Modules are either C, C++ or FORTRAN func-
tions that process input and generate output. To create an
application, a group of modules is graphically connected
into a network. For our networks we use standard modules
and modules that were programmed at the "Fachgruppe
fur Bildwissenschaft" at the Federal Institute of Technol-
ogy in Zurich (Prof. O.Kiibler, Prof. G.Gerig). We have
also designed our own modules for special tasks, (e.g.
Hough-Transforms, Haughgen module)

7.3 Determination of form and position of
a biological object

The raw data we are working with, is a set of 20 to 40 im-
ages recorded on a CLSM. The data can be processed in
two different ways (see illustration -Circle detection):

1. If the observed objects have a spherical shape, a super-
position of all the images can be used to determine the
radius of the spheres and their position in the xy-plane,
which provides enough information to calculate the
pathlength of the protons in the different cells. Initially
a Canny-filter is used to detect the edges of the objects
and then a modified version of the Hough transform is
applied for primitive extraction (Fig.l). In order to re-
duce the time and space requirements of the Hough
transform, a Genetic Algorithm is used to find the
maxima in the parameter space (Fig.2).

2. If the observed cells do not have a spherical shape then
all the different layers have to be processed separately.
When the primitives have been identified in every
plane, another Hough transform can be used to find the
three dimensional objects.

Fig.l: Binary image of a 4-cell embryo following
Canny-filter processing.

Fig.2: Superposition of Fig.l and the calculated cir-
cles.



We are also experimenting with a three dimensional
Hough transform, which would eliminate the intermediate
step of 2D-primitive extraction, (see illustration - Track
reconstruction).

7.4 Identification of the particle tracks

The target assembly consists of a thin mylar foil carrying
the cells and underneath a thin mylar foil with the particle
track detector. The tracks are detected in a photo emulsion
which is deposited on the mylar foil. Following processing
die particle tracks are investigated with the CLSM. The
relative position of the detector foil to that with the cells is
established by three markers, apertures of previously
measured diameters, on both foils. In the projection two
corresponding markers overlap, so that the geometry can
be determined by adjusting the focus on the CLSM only.
To investigate the accuracy of the method, the foil with
the cells is replaced by a second track detector, which al-
lows one to correlate corresponding tracks.

In an AVS-network the raw images are binarized, and
by applying logical operations noise is reduced and
artefacts are eliminated to make the analysis of the tracks
easier.

7.5 Superposition of the reconstructed
object and the tracks

After the identification of the cell geometry and the rela-
tive position of the particle tracks, the path of the particle
through the biological object can be calculated. This al-
lows the assessment of the radiation energy deposited in
each cell (see illustration -E absorbed).

Fig.3: Section of the parameter-space for a given
value ofr. The peaks indicate a high probability
of a circle being centred at the respective (x,y)
coordinate.

8. Study of low dose radiation dam-
age by reconstructing single
tracks through single cells

H.W. REIST, P. DOR1A, E. HEIMGARTNER, D. KNESPL,
M. KOHLER, B. LARSSON, CH. MARKOV1TS*. C. MICHEL,

J. STEPANEK, S. TEICHMANN, ST. TUOR+

* Paul Scherrer Institute, F2, CH-5232 Villigen PSI
+ Federal Institute of Technology, IMS, CH-8000 Zurich

8.1 Abstract

Induction of cancer, or prenatal and hereditary effects are
the main concerns at low radiation doses, with low dose
corresponding to one or a few particle tracks (electrons,
protons or a-particles) through the cell nucleus.

The aim of the project is to develop and to evaluate a
new method, which allows us to relate selected biological
cndpoints to the physical parameters of low-dose and low-
dose rate irradiation of cells. The idea of the experiment is
described in more detail in the PSI Life Sciences Newslet-
ter 1992 [1].

In order to investigate single particle damage to cells,
the following prerequisites were realized: (i) A vertical
beam line which allows the exposure of the cells horizon-
tally to protons or a-particles up to >106 particles per sec-
ond, (ii) A temperature controlled irradiation chamber
which provides the cells an environment of 5% CO2 and
95% air at 37°C. (iii) A cell chamber which allows one to
correlate the particle traced in the detector with its passage
through the cell nucleus and which makes it possible to
avoid ambiguities in the analysis of the biological effects
as the cells proliferate and form colonies after the irradia-
tion.

The experimental results are interpreted in terms of re-
lations between the frequency of biological endpoint arri-
vals and the track structure parameters, using micro-
dosimetric statistical calculation [2,3].

8.2 Experimental Method

The basic idea was proposed by B. Larsson et al. [4]. A 16
urn thick sandwich consisting of a thin mylar foil with the
particle track detector and a thin mylar foil carrying the
cells, is exposed to a vertical low intensity beam of pro-
tons or a-particles.

To detect the particles a 3 to 5 urn thick photoemulsion
is evenly put on a 5 um thick mylar foil by an adapted
spinner technique. The cells are seeded on palladium is-
lands which are deposited on a 3 um thick agarose layer
which is evenly put on a second S um thick mylar foil.
Hereby the suspension is diluted to a very low cell
concentration so that only one cell will attach and grow on
each palladium island. The palladium islands are ap-
proximately 10 atom layers thick, 1 mm apart from each
other and arranged in a regular pattern in the form of a
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matrix. The diameter of the islands may be chosen
according to the experimental needs. A diameter of 40 to
60 um allows a better correlation of the positions of the
particle tracks in the detector with those in the cell nuclei
and reduces a possible movement of the cells during the
irradiation. Larger diameters like 300 um enable the
growth of cell colonies of different sizes.

More than 1000 cells may be investigated simultane-
ously. Cells sedimented on a 8 mm broad rim outside the
area of the cells exposed to the beam, serve as reference
cells for comparison. Both mylar foils are streched over
rings which make up a cell chamber. The chamber tem-
perature is maintained at 37° C, and the cells are provided
with a nutrient solution and CO2. {Fig.l)

Three markers put on the rim of both foils define refer-
ence systems and give a mean to control and to adjust the
overlay or to correct the displacement. The markers have a
well known circular aperture, 500 um in diameter. The
center points are determined by fitting circles into the ap-
ertures. The apertures of two corresponding markers over-
lap in the projection, so that the positions can be measured
by adjusting the focus on the confocal laser scanning mi-
croscope only. The subtraction of the image with the
lower marker (on the detector foil) frcm that with the up-
per one (on the foil with the cells) gives the image with
the relative positions of two corresponding markers and
herewith, together with the other pairs of markers, the
relative position of the cell foil to the detector foil is de-
termined. (Fig.2).

The positions of the cells are measured before and af-
ter the irradiation to ascertain that the cells did not move
during the irradiation.

8.3 Irradiation Chamber

As a nuclear emulsion is used to track the particles, all the
handling has to be performed in the dark once the detector
ring has been mounted to the cell chamber ring. The cell
chamber is transported from the nearby laboratory to the
irradiation station in a light tight and thermally insulated
transport chamber and docked on a lock at the irradiation
chamber.

The irradiation chamber is directly mounted on the end
flange of the beam pipe, but is thermally insulated. It is
equipped with a handling system to move the cell chamber
with the particle track detector through the lock and to
bring it accurately into the irradiation position. The cham-
ber temperature is maintained at 37° C and the cells are
provided with a gas mixture of 5% CO2 and 95% air dur-
ing the irradiation. (Fig.3).

Palladium Island with Cell
V 78 call, HuTueo call

Bio Foil (permeable lor gases) (5% CO2, 75% N2. 20% O2)

Agarose (3um)

Cells on palladium
Foto Emulsion (5iim) Mylar Foil (Sum) islands

Fig.]: Target assembly consisting of the particle
detector and the cell chamber with the cells on
palladium islands.

Fig.2: Overlay of two markers giving the relative
position of the centers of the apertures.
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Fig.3: Irradiation chamber with the transport chamber
in front, the handling arm on the back and the
particle counter on the top.

8.4 Beam Line

A proton (or a-particle) beam of 1-2 uA is extracted from
the injector I cyclotron at the Paul Scherrer Institute. The
particle energy can be set from = 10 MeV up to 72 MeV.
After the beam has passed a gold foil scatterer it is
transfered to a well shielded beam dump where it is
stopped. The beam is focused to a small spot size of = 3-4
mm and carefully centered on a 5 um or 10 pim thick gold
foil. The size and the position of the spot are controlled by
crosshairs on a thin quartz plate. The bright spot on the
quartz plate is observed by a video camera. The particles
scattered in the gold foil into a solid angle of = 4xlO"5 sr at
a scattering angle of 15° are selected by the apertures of
collimators, then accepted and formed in a transferable
beam by a quadrupol tripplet. A 90°-magnet bends the
beam upwards to the target. A circular beam spot of 3 cm
in diameter at the exposed cells is accomplished by
adjusting the setting of the quadrupol tripplet and by an
edge angle of -17° at the entrance of the bending magnet.
(Fig.4).

The transfer beam line is equipped with three (x,y)-
profile monitors to control the beam. They enable deter-
mination of the beam position and measurement of the
beam size by moving 1 mm thick scintillator fingers
through the beam under position control by computer. The
last profile monitor is mounted just in front of the cell
chamber in order to have a good control of the beam at the
experimental target. The anode currents are amplified and
converted into voltage signals which are fed into a com-
puter for analysis and display (Fig.5).

Fig.4: View to the beam line with the bending magnet
and the target setup.

The beam intensity on the target is determined by the in-
tensity of the extracted beam, by the elastic scattering
cross sections of the particles used, the thickness of the
gold foil and by the apertures and the distances of the col-
limators from the scattering foil. The cross sections for
elastic scattering of protons of 15 MeV up to 50 MeV on
gold were calculated using optical model data from [5].
(Fig.6).

The beam intensity on the target is measured by a 1
mm thick scintillator counter just after it passed the cells
and was found to agree well with that calculated.
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Fig.6: Differential elastic scattering cross sections of
protons of15 to 50 MeV on gold.
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Fig.5: Envelope of the particle beam from the scatter foil to the cell chamber. The beam is defined by apertures
and the distances of the collimators from the scattering foil. The quadrupol lenses focus the beam, and
together with the edge angle at the entrance of the bending magnet form a circular spot of 3 cm in
diameter at the target.

8.5 Feasibility Calculations

After a particle has passed the detector it may still be
scattered before it crosses a cell nucleus. These scatters
can disturb the correlation accuracy of the tracks in the
detector with those through the cells. Due to the limits
imposed by these scatters, calculations were performed
using the code GEANT 3.1 with added improved data
libraries for electron and photon cross sections (EPDL and
EEDL) and atomic data libraries (EADL) from Lawrence
Livermore National Laboratory. These data libraries are
important prerequisites to calculate the scattering and
ionisation processes, and to trace the produced delta-
electrons and photons down to an energy of <10 eV.

The calculations established the feasibility to locate
proton tracks through cell nuclei within an accuracy of
0.15 um to 0.65 pm for protons of 45 to 10 MeV [6].
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9. Tumour cell growth

N.E.A. CROMPTON, R. JAUSSI, B. LARSSON

9.1 Checkpoint Malfunction and Genome
Lability

About a third of the population in Europe is likely to suffer
from cancer during his or her lifetime. We are interested in
studying the growth of the cancer cell. We would like to
understand why the growth of cancer cells is abnormal
and how radiation can be used to prevent this growth.
Cells check for damage, at certain time points during cell
growth referred to as checkpoints, only replicating DNA or
dividing if everything is found to be normal. We have
shown that many cell lines we work with in culture have
lost one of the checkpoint controls (1). We have also dem-
onstrated that these checkpoint controls are active cellular
processes which require the activities of various proteins
and in particular protein kinases (2). Radiation can be used
to cure cancer but it can also cause cancer. Radiation can
change cells from their normal state to a cancerous state;
they are then referred to as transformed cells. We have
demonstrated that the chromosome number is not stable in
these transformed cells. Instead the number can increase or
decrease by loss or gain of a few chromosomes, a state
referred to as aneuploidy; or by complete chromosome sets,
a state referred to as polyploidy (3). Nevertheless, these
cells demonstrate no change in radiosensitivity and their
checkpoint controls appeared to be functioning normally
(4).

9.2 Leucocytes Radiosensitivity Assay

We have continued the predictive assay studies described
in the previous annual report. We have also begun studies
of human blood in preparation for the cell sorter which
should arrive next year. The cell sorter will enable us to
study tumor tissues from patients. A biopsy of the patients
tumor is taken. This is converted into a mass of single cells
which is then sorted for further analysis using the cell
sorter. A great deal of information about the tumor cells
can be won in this manner: information about the sensitiv-
ity of the tumor to radiation, about its growth properties
and sensitivity to other therapeutic agents, and much
more. The major advantage this technique will bring is the
patient-specific nature of the information, which will per-
mit the development of patient-specific therapies. Fur-
thermore, when a patient is presented for therapy, the way
a patient responds to radiation is not normally known in
advance. We are developing a rapid and simple assay
based on the radiosensitivity of the patients different white
blood cell types to determine this prior to therapy. With
our current equipment we can see these cells, see fig. 1.
With the cell sorter we can then isolate them and study
their wide ranging sensitivities.

a
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8 ' ' ' ~ 58 ' ' ' 10fl' iio 288 2*0
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CELL SIZE

Fig.l: Four of the various white blood celt types which
can be readily recognized and isolated using
modern flow cytometric methods. Rl = Granu-
locytes (Neutrophils), R2 = Monocytes, R3 =
Lymphocytes, R4 = Activated TLymphocytes.
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10. Palladium islands: An improved
and fast technique for testing ra-
diosensitivity of biopsy-derived
tumor cells

W. BURKARD, M. FASI, B. LARSSON, F . SUTTER

10.1 Abstract

Radiosensilivity testing of biopsy-derived tumor cells by
the colony forming assay is a time consuming procedure.
The described Palladium islands method facilitates the de-
termination of cell type specific survival curves, even out
of a mixed cell population.

10.2 Intention and goals

In order to establish tests of high clinical relevance for the
detection of biological factors influencing the outcome of
therapy, two types of investigations are performed in our
laboratory. They are based either on the direct analysis of
cells obtained from biopsies or on short-term cultures of
tumor-derived cells under conditions which are as close as
possible to the situation in the patient [1-4].

This presentation illustrates the main methodological
problems which we encountered while doing this kind of
investigation and shows some possibilities to resolve them
by using the Palladium islands technique.

10.3 Results

In collaboration with the Department of Radiation Sci-
ences of the University of Uppsala we developed a method
by which cells can be confined to restricted areas, as de-
scribed in figure 2. These cytophilic areas consist in thin
layered spots of 300 um diameter, evaporated on a thin
layer of agarose. Cells are unable to adhere to the agarose
and therefore grow selectively on the Palladium islands.

The Palladium islands technique can also be used to
select different cells out of a mixed population, as it arises
in primary cultures. The procedure is described by figure
3.

Using the Palladium islands technique it is also possi-
ble to observe the behavior of treated vs. non-treated sin-
gle cells in different stages of proliferation and differentia-
tion (see figure 4).

The plating efficiency on a Palladium coated surface is
reduced compared to that obtained under normal condi-
tions (see figure 1). Nevertheless the surviving fraction
(i.e. the relation between irradiated and non irradiated cul-
tures) remains comparable.

50

no Palladium
non irradiated

no Palladium
irradiated (2 Gy)

Palladium
non irradiated

Palladium
irradiated (2 Gy)

Fig.I: Influence of Palladium on cell growth (for
details, see text)

The diagram of figure 5a shows a good correlation be-
tween cell survival for two established cell lines, meas-
ured either by the colony forming assay or by single cell
observation on Palladium islands.

As shown in figure Sb the Palladium islands method
facilitates the determination of cell type specific survival
curves, even out of a mixed cell population. Therefore it is
suitable for predictive radiosensitivity testing in biopsy-
derived primary cultures.
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Fig. 2: Cytophilic areas consisting in thin layered spots of palladium of 300 (im diameter, evaporated on a thin layer of
agarose (a). Cells are unable to adhere to the agarose and therefore grow selectively on the Palladium islands
(b,c)

mm*?7-

2a

/^. J: O/i the left side (I) a mixed culture consisting of stromal fibroblasts (la) and epithelial tumor cells (1b) is shown.
The cells were detached from the surface of the culture flask by trypsin treatment and seeded into agarose coated
culture dishes containing Palladium islands. Hereby the suspension is diluted to a very low cell concentration so
that only one type of cells will attach and grow on each populated island. Consequently islands with either
fibroblasts (2a) or tumor cells (2b) are obtained. The cell populations from these islands can be isolated in order
to establish cell lines (3a,b).
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11 Investigation of Uptake and
Distribution of Cell- Surface
Ligand in Tumour Cells

M.C. NIEVERGELT-EGIDO

The metastatic process involves a series of sequential
steps in which tumour cells are released from the primary
tumour and disseminated to distant sites where they pro-
liferate to form new tumour foci. One of these steps in-
volves the change of the tumour cell surface. This is an
area for improving our understanding of the metastatic
cascade and for modelling potential therapies. In particu-
lar, cell surface glycoproteins are regarded as principal
candidates for involvement in tumour cell spread since
they are generally oriented to the exterior of the cell and
are therefore ideally suited to mediate the interactions of
metastatic cells with its environment. In addition, there are
numerous examples where cell surface differences in the
display, dynamics, amounts, or structures of cell surface
proteins-glycoproteins exist between tumour cell sublines
selected in vivo or in vitro for altered metastatic
properties. In our previous work we have demonstrated
that the radiation can alter the cell membrane affinity and
the endocytotic kinetic for this lectins [1,2].

In the field of cancer chemotherapy it is desirable that
the aniitumour drugs are delivered to the tumour sites in
sufficient amounts for a long period of time. The effi-
ciency of intemalisation is dramatically increased for
molecules that recognise and bind to receptors located at
sites of membrane invagination (receptor-mediated endo-
cytosis) [3]. Frequently the lectins were demonstrated in
the Golgi apparatus, the endoplasmatic reticulum and the
lysosome compartments [4]. This could indicate, that the
lectin intemalisation follows the same route as described
for receptor-mediate endocytosis of antibodies or hor-
mones.

We have continued the studies described in the previ-
ous annual report and our results in tumour cells indicate
that the cytoplasm was labelled within one hour, espe-
cially lysosomes near the cell nucleus. The retention of the
lectins is sufficiently stable to allow the cell sorting and
microscope observation several hours after treatment [5].

The aim of this study is to check the possibility that
lectins may provide ideal vehicles in studies of receptor-
mediated transport of molecular radiation sources into
tumour cells for simulating cellular uptake in tumor
therapy.
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12. The Mouse Blastocyst as an Ex-
perimental Model for Growth and
Micrometastasis

M.C. NIEVERGELT-EGIDO, B. LARSSON, M. OLOVSSON°,

C. MICHEL

Department of Human Anatomy, Biomedical Center,
Uppsala University, Box 571, S-751 23 Uppsala,
Sweden

A multicellular organism exists through the cooperative
interactions of single cells that become programmed dur-
ing development to carry out specific functions. This pro-
gramming occurs in a sequential and coordinated way and
in the earliest events that can be studied in the mammalian
embryo. The process of development may be brought
about by communications transmitted from cell to cell by
cell surface molecules. Changes in the expression of cell
surface molecules during preimplantation development
have been demonstrated using antibodies of various speci-
fities [1], as well as lectins [2].

With blastocyst formation comes the first overt sign of
morphological differentiation of two cell types, namely
the inner cell mass (ICM) or embryonic disk and the outer
layer of the trophectoderm. In a previous paper we showed
the modifying influence of the irradiation in cell
membranes of mouse embryos after exposure to low
radiation doses by using lectins [3].

In our present study we continue the analysis of radia-
tion-induced changes in the membrane of mouse blasto-
cysts using various monoclonal antibodies specific for in-
termediate and junctional trophoblast cells [4]. The lo-
calisation of the antibodies in the embryonic cells was es-
tablished by confocal laser scanning microscopy.

Applying the same methods described in the last report
we observed an increased reactivity concerning uptake and
distribution with the new antibody that was negative for
placental trophoblast cells (IgM 11:15). The ability of the
trophoblast cells to transport molecules towards the inside
of the embryo, by means of intracellular vesicles, is a pre-
requisite of the fast endocytosis of the antibodies. The up-
take of the antibody in radiation-exposed blastocysts was
faster than in control blastocysts. This finding might ex-
plain the increase of fluorescence intensity in irradiated
cells (Fig. la,b).

In a parallel study we investigated the hatching process
and the growth of blastocysts to the egg-cylinder stage (4
days in vitro culture). We found that the development to
the egg-cylinder and the size of the cell complex were in-
fluenced by X-irradiation (fig. 2). However, the dose-ef-
fect-relationship obtained so far indicates no clear behav-
iour.

a) control (x400)

b) irradiated with 3 Gy (x400)

Fig.]: Confocal laser scanning microscopy pictures of
mouse blastocysts labeled with an anti-tro-
phoblast antibody. Optical sections of 2.5 fan
thickness with variation of intensity pattens.

The objective of our study is to gain insight into the reten-
tion time of the antibodies in the embryoblast cells. With
this system we expect data permitting further development
of specific targeting therapy for microtumors.
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Fig.2: Development of mouse embryos after x-

irradiation.
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13. Modification of the in vitro mouse
embryogenesis by radiation and
fluorochronies

M. KOHLER, A. KONDIG, C. MICHEL

13.1 Introduction

In the present paper, the influence of fluorochromes and X-
rays on in vitro mouse embryogenesis is reported. The
tested staining procedure was expected to produce images
with a suitable discrimination between single blastomeres
and their cell nuclei with as little disturbance of the embry-
onic development as possible. Experiments using a combi-
nation of acridine orange (AO) and X-rays should address
the question of a possible change of radiosensitivity of the
early mouse embryo by the applied dye [1].

13.2 Materials and methods

Animals
5-6 adult female BftC3Fi-mice were mated with one male
overnight from 6 p.m. to 8 a.m. Embryos in the 2-cell stage
were collected 33 h post conceptionem (p.c.) by flushing the
oviducts with a modified Whitten medium (SECM: Stan-
dard Egg Cultivating Medium). The embryos were washed
once with medium and pooled in an in vftro-fenilization
dish for incubation at 37° C and 10% CO2. Randomly
grouped 2-cell embryos (n = 30) were exposed to the
fluorochromes by adding the dyes to the medium in various
concentrations.

Fluorochromes
A specific staining of the cell nuclei and absorption in the
wavelength of the argon laser (488 nm) were selection crite-
ria for fluorochromes. Acridine orange (AO), ethidium
bromide (EB) and propidium iodide (PI) were chosen for
the experiments.

Irradiation
Embryos of the 2-cell stage (36 h p.c.) were X-irradiated in
the culture medium with 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 Gy.
In combination experiments, the staining with AO in con-
centrations of 0,0.05 and 0.1 mg/ml was performed 2 hours
before irradiation.

Endpoints
The percentage of the initial 2-cell embryos which reached
the blastocyst stage or which were able to hatch out of the
Zona pellucida compared to control-values were used as
endpoints. As a measure for toxicity the ED50 for the blas-
tocyst-formation or the hatching-rate was determined by
probit-analysis [2]. To insure a suitable staining, embryos
from each treatment group were analyzed with a confocal
laser scanning microscope (CLSM).
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Statistics
According to the risk model described by Rothman [3],
expected values for the two independent treatments
(fluorochrome exposure and irradiation) were calculated
and compared with the measured values. For statistical
analysis the x2-test was used.

13.3 Results and Discussion

Under control cultivation conditions the majority (82%) of
the initial 2-cell embryos reached the morula stage at 59 h
p.c. At 83 h p.c. more than 80% were blastocysts. This
developmental step was completed at 107 h p.c. by all
compact embryos. At the end of the follow-up period (155 h
p.c.) the hatching-rate was 91%.

Toxicity of fluorochromes
ED50 values for blastocyst formation and hatching-rate were
for AO: 0.49 and 0.23 mg/ml respectively and for EB: 6.63
and 5.30 mg/ml respectively. PI showed no effect in the
concentrations tested (Fig.l).

2 4 6 8 10

Fluorochrome concentration (ug/ml)

12

Fig.l: Dose effect curves for AO I EB I PI with blasto-
cyst formation as endpoint. Blastocyst formation
in controls was 100%. AO: acridine orange, EB:
ethidium bromide, PI: propidium iodide.

Irradiation
The effect of in vitro irradiation of the 2-cell stage embryos
at 36 h p.c. was dose dependent (Tab.l). The ED50 for the
blastocyst formation was 2.8 Gy and for the hatching 1.9
Gy confirming the data obtained with other mouse strains
[4]. Preliminary data with 45 MeV protons showed a dose
response relationship in the range of 0.25 -1.00 Gy.

Absorbed Dose (Gy)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Concentration of Acridin Orange
(mg/ml)

0.00

91%

73%

71%

69%

47%

30%

15%

0.05

90%

80%

81%
(70%)

68%
(68%)

44%
(46%)

31%
(30%)

20%
(21%)

0.10

84%

85%

76%
(71%)

63%
(63%)

37%
(43%)

26%
(27%)

20%
(19%)

Table: Hatching-rate after combination treatments.
Expected values are given in brackets. The %2-
test showed no significant differences between
expected and measured values (p > 0.75).

Combined treatment
Combination of AO and X-rays revealed no evidence for a
synergistic or antagonistic effect.
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14. On the biological effectiveness of a
radiolabeled DNA metabolic pre-
cursor 77Br-bromodeoxyuridine

J.-E. RYSER, L. WYER, R. WEINREICH

Much effort is currently directed to increasing the
efficiency of radiotherapy by replacing external and
interstitial sources by radionuclides linked to a circulating
carrier molecule. The function of the carrier, which
depends on its biological characteristics, is to transport the
radionuclides to a determined target tissue, for instance a
tumor. Antibodies which bind specifically to the
membrane antigens of tumors have been explored
extensively as carriers. It has been shown, however, that
low-range electrons emitted by radionuclides located on
the cell surface are much less effective than if they were
emitted by radionuclides located inside the target cell
DNA. Since the electron energy determines the pattern of
energy distribution, the optimum choice of nuclide
depends also on the geometrical situation of tumor cells in
the surrounding. Thus, a proposed new aim is to transport
radionuclides inside the target cell nucleus.

Thymidine and its analogues are DNA precursors
which have long been used for the labelling of newly-
formed DNA and the measure of cell proliferation. When
emitted inside DNA, low-energy Auger electrons have a
powerful destructive effect through the production of mul-
tiple irrepairable DNA strand breaks [1]. Furthermore,
their short-range (« lOnm) can be considered as a com-
plete protection of neighbouring cells. Two radionuclides
with an abundant emission of Auger electrons, 125I and
77Br, can be transported into DNA by including them in
the thymidine analogues iododeoxyuridine and bromode-
oxyuridine (IdU, BrdU).

We expect 77Br-BrdU to have advantages over 125I-
IdU: a shorter half-life of the radionuclide (57 hours vs. 60
days), and its similarity to 76Br-BrdU. The latter com-
pound has to be produced for PET applications [2] and will
be used for the calculation of therapeutic dose distribution.
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15. Process of Production of high-
purity 124Iodine with Mass Sepa-
ration

TH. M0LLER+, H. W. REIST
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Federal Insu'tut of Technology, Zurich

15.1 Introduction

Medical applications as diagnostics and therapy requires
pure radionuclides for a high resolution of the measuring
technique and for a low dose load of the patients. By using
electromagnetic mass separation high-purity radionuclides
can be produced. For example with 124iodine a new
process with a ECR ion source was developed for a
routine and efficient production. 124Iodine is a very
suitable nuclide for diagnosis with PET (T1/2=

 4-2 d, P+=
25%) and therapy. The calculation of the Auger cascades
shows an advantage of 124iodine over 123iodine and makes
it interesting for radiotherapy.

15.2 Methods

15.2.1 Targetry

For the production of iodine natural TeO2 targets were
prepared by melting and solidifying the powder into a
platinum boat. The boat is placed into an aluminium target
holder and irradiated by a 5 fxA beam for 20 minutes.
124Iodine is generated at the 72 MeV injector in the
reaction [126Te(p,3n) 124I]. After irradiation the iodine
was recovered from the target by dry destination in a pure
helium atmosphere and collected in a cooling trap. 48h
after irradiation the amount of 124iodine is more then 60%.

15.2.2 Ion source

Most of the well-known ion sources showed limitations of
lifetime and stability. For this reason the electron cyclo-
tron resonance (ECR) principle has been studied for mass
separation. The main features of ECR ion sources (high
efficiency, almost unlimited lifetime, stable running con-
ditions, low energy spread) make them ideally suited for
mass separation of volatile isotopes.

The most important features of the PSI-ECR ion source
are the radial microwave injection (6.4 GHz), single stage
ionisation and axial admission of the iodine isotopes and
the carrier gas. The carrier gas is necessary for stable con-
ditions in the ion source. Helmholtz coils induce the axial
magnetic field which is superimposed on a radial magnetic
field of a Sm2CoI7-hexapol inside the multimode cavity.
This superposition forms the magnetic field to confine the
plasma.
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Fig.l: Cross section of the ECR ion source for mass separation ofradionuclides.

15.2.3 Experimental setup

Beside the main parts of ion source and analyzing magnet
there are other elements for admission, extraction, beam
transport and collector built.

Admission
The admission of nanogramms of iodine requires exacting
specific materials. In a separate vacuum chamber an inert
apparatus for the admission was built out of Teflon. By
increasing the vacuum in the vials and heating by sections
the iodine will be admissed into the ion source.

Extraction
The zone of extraction is formed by the end of the plasma
containment and the puller electrode with Pierce-geometry
and variable distance. To reduce the effects of volume
charge the puller electrode has negative voltage. The vac-
uum of the extraction zone (about SxlO*6 mbar) is almost
independent of the vacuum of the ion source and all the
following chambers.

Separator
The following vacuum chamber has a single-lens for fo-
cusing the beam to the 90°-bending magnet which has a
radius of 500 mm. It's a double focusing analyzing-magnet
with shim angles of 26.6° and a gap of SO mm. In the exit

of the straight through beam of the magnet there's a meas-
uring surface for the total beam.

Collector
After the magnet there's a resolution distance of 1800 mm.
In the collector chamber the separation of the masses is
about 11 mm (for iodine) and the resolution should be
better than 99,9%. Each nuclide is collected in NaCl on a
carrier of stainless steel which can be exchanged by a ma-
nipulator.

15.3 Results

The possibility to use mass separation for routine produc-
tion of high pure I24iodine has been studied. The feasi-
bility of this step is strongly dependent on the availability
of a suitable ion source and on optimizing the working
parameters of the separator. The whole installation is al-
most working with good success.
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16.1 Introduction

211 At is an extremely radiotoxic nuclide. It decays with a
half-life of 7.2 hrs by emission of (on average) 1 a- article
and a number of Auger and Coster-Kronig electrons per
decay. The maximum range of its a-particles is 80 |im in
tissue, or a few cell diameters. In the last years, the
general interest in astatine labelled compounds for ra-
dionuclide therapy has been reinforced:

Studies of the radiobiological behaviour of 2 I IAt in
cell culture experiments confirmed clearly its usefulness
for radiotherapeutic applications [cf. 1].

Astatine compounds have been found which are rela-
tively stable and useful as linkers between the nuclide and
:arrier proteins [2.3].

A clinical study using 21lAt-Methylene blue as both a
radiotoxic substance and a tumour-seeking ligand is now
under consideration [4].

On the other hand, the low availability of the nuclide is
still the most important limitation for a broader clinical
application:

For the production of this nuclide, a-particles of 28
MeV are needed [5].These particles are mostly generated
in medium-energy multiparticle accelerators of variable
energy. Such accelerators, however, are generally used by
different research groups with different research aims and
consequently different beamtime schedules.

For a dedicated long-term research program in
chemistry of astatine compounds, however, not enough
production runs in a single institute are available. Thus,
the astatine research is carried out normally by a limited
number of PhD theses and not on a systematic long-term
program of a larger research group.

When clinicians are involved in this work, their rigid
scheduling needs, in connection with handling of patients,
increase further the problems with availability. In prelimi-
nary considerations, levels of 50 mCi2 1 ' At for therapeutic
applications are discussed. Such activity figures, perhaps
would be too much for a single production facility.

To overcome the availability problem, we tried to put
together a number of cyclotron stations able to produce
211 At and willing to push the astatine research. The high
number of potential producers should reduce the availabil-
ity problem by filling beamtime gaps by deliveries of
other producers. The standardization of production and
labelling procedures by know-how transfer could be a fur-
ther advantage for the user and should consequently lower
the cost of the production process and consequently for the
patient treatment.

16.2 Production of 211At

21 'At is commonly produced by the nuclear reaction

209Bi(a,2n)211At

at a-particle energy of 28.0 MeV. The excitation functions
measured by LAMBRECHT and MIRZADEH [5] have
been remeasured and generally confirmed. At 28.0 MeV,
the yield of 211At by this reaction is 0.53 mCi (19.6 MBq)/
HAh, and the amount of 210At contaminant (which decays
to the long-lived a-particle emitter 138-d 2'0p0) j s of
negligible importance.

Yield and purity must be optimized, thus it should be
possible to obtain a purity grade of 99.999 % easily (a
sample recently delivered from Dresden showed 4 x 10~6%
210At only). Technically, bismuth metal covered on a
tantalum plate is irradiated, if possible under a small angle
against beam direction. The 2 n A t formed by this nuclear
reaction, is separated by thermochromatography and is
collected in a solvent [6.7],

The potential cooperation partners are:

the Paul-Scherrer-Institute in Villigen, Switzerland, with
its Philips multiparticle cyclotron ("Injector I") of variable
a-particle energy up to 120 MeV,

CCR Ispra, Italy, with its modern Scanditronix variable
energy cyclotron MC 40 (maximum a-particle energy 40
MeV),

the Technical University Dresden, Germany, with its great
experience in production and labelling of 2 I 1 A L The asta-
tine is produced on the Russian variable energy cyclotron
U 120 (maximum a-particle energy 28 MeV), located in
Rossendorf nearby,

the Universitatsklinikum Essen, Germany, with its CV 28
cyclotron of CTI which is able to produce a sufficient cur-
rent of 28 MeV a-particles,

the Kemforschungszentrum Karlsruhe, Germany, with its
long experience in production and distribution of labelled
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compounds. 21lAt is produced at the old AEG cyclotron,
(maximum energy of a-particles 104 MeV),

the University of Jyvaskyla", Finland, which has recently
installed a variable energy cyclotron able to produce 28
MeV cc-particles and consequently 211At,

the Institute of Experimental and Theoretical Physics,
Moscow, Russia, which has no own production cyclotron,
but coordinates all Russian activities in the astatine field
concerning this planned cooperation.

16.3 Conclusions
The systemic treatment of micrometastases by 211At-la-
belled radiotherapeutics is understandably complementary
to the use of external radiotherapy of tumours. In the near
future, we believe that the radionuclide therapy by emit-
ters of short-ranged particles will be a necessary supple-
ment to radiation therapy.

We feel that such a network is the only way to estab-
lish an efficient transfer mechanism from research labora-
tories into hospitals in order for 211At and its labelled
compounds to be available for clinical use. All the partici-
pants of this network agree fully with this basic statement.
The consent to cooperate was overwhelming.

This project can be solved only in a very close collabo-
ration within Europe. From logistic considerations, an
extension to the United States and Canada seems not to be
possible.

In the first stage, this network should be in the form of
a scientific cooperation with benefit for all participants. In
a later stage, also commercial aspects should be consid-
ered.
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17. Chemical synthesis of boron de-
rivatives of Hoechst 33258. II

M. ARGENTINI, D.F. Dos SANTOS, H.J. HANSEN*

* Institute of Organic Chemistry, University of Zurich,
Winterthurerstrasse 190, CH-8055 Zurich

As pointed out in part I of this paper [1], the aim of our
work is the preparation of carborane derivatives of
Hoechst 332S8, useful for boron neutron capture therapy.
Derivative (1) has been synthesized [1], but it has been
obtained in low yield only. Moreover, (1) is contaminated
by several other reaction products, and its purification is
extremely difficult, laborious and time-consuming. Con-
sequently, the insufficient yield would be further reduced.
It seems that the carborane is not very stable, and under
the mostly basic conditions of synthesis described earlier
[1], boron is lost, perhaps by formation of a nido com-
pound.

The new synthesis route is described in Fig. 1. The com-
mercially available 5-chloro-2-nitroaniline (2) has been
condensed with benzoyl chloride (3). The
benzoylnitroanilino derivative (4) has been reduced to the
aniline derivative (5) by hydrazin hydrate, and the latter
product has been cyclized in acid medium to the benzimi-
dazole (6).

All the synthetized compounds, mainly (S), are stable
and can be purified easily by crystallization. Since they
are generally soluble in organic solvents, the reactions can
be carried out under mild conditions.

Starting from the 3.4-dinitrobenzoyl chloride, the
trinitro derivative (7) has been formed, analogous to the
synthesis of (4). It can be processed further analogous to
the scheme described in fig. 1. Since the chlorine atom is
preserved in the compound in later steps, beside the
boronation, also selenations using 7.1-h 73Se should be
possible.

B10H10

Thus, by use of a couple of model substances, it has been
investigated which other routes could lead to the carbo-
rane derivative (1), working at nearly neutral or acid me-
dium, respectively.
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Fig.l: Route for the synthesis of the benzimidazole (6)
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18.1 Introduction

BNCT is a promising technique for the treatment of
gliomas and other brain tumours, and for certain other
cancers[9,10]. It is based on the large cross-section (4
kbam) for thermal neutron capture by 10B: if the latter is
concentrated in a tumour, the tumour cells will be prefer-
entially irradiated by the short-range reaction products;
healthy tissue nearby will be largely spared. Concentra-
tions of ~ 30 ppmw of 10B in the tumour, and neutron
fluxes of 109 cm*2 s 1 at keV energies are needed, for a
total treatment time of a few hours, fractionated as re-
quired. Because reactors face such problems of public ac-
ceptance, accelerator-produced neutrons are very attrac-
tive in the long term. A dedicated spallation source, based
on a lOOnA proton beam from Injector 2, is under
intensive study at PSI [1].

In the short term, reactor beams of keV neutrons are
being planned, built, or commissioned for therapy at
various centres world-wide [9,10]. A point of particular
concern in all such projects is the proportion of fast neu-
trons in the beam, which will irradiate tissue, healthy or
diseased, almost equally irrespective of the amount of I0B
present. One of the most advanced projects is the HB11
beam at the High Flux Reactor (HFR), at Petten (NL), the
energy spectrum of which has been measured by proton
and a recoil in hydrogen and helium gas proportional
counters at power levels of 3-8 kW [2,3,4]. This low
power is required because gas counters are limited to kHz
rates; it is four orders of magnitude less than the 45 MW
required for therapeutic fluxes. Because of the signifi-
cantly different conditions of the reactor at these two very
different power levels, some doubt exists whether the
spectrum remains the same at both. In order to test this
point, a prototype scintillation detector, small enough to
handle the high rates expected at full power, has been
constructed at PSI. It is similar to a device developed at
the University of Birmingham, England [6]. The initial
objective is to compare amplitude spectra at high and low
powers in HB11, to check that they are in fact the same
shape. A more complete description can be found in
[5,10].

NE102A plastic scintillator material (made by Nuclear
Enterprises, Sighthill, Edinburgh, Scotland) contains some
5.28 x 1022 protons per cm3. The reaction detected is the
same a3 in a hydrogen gas recoil counter a neutron
scatters elastically on a stationary proton, which recoils
with on average half the neutron energy. In the scintillator,
the recoiling charged proton ionizes and excites atoms
near its path; the ions recombine, and the excited atoms
de-excite, with the emission of UV or visible light.
Wavelength shifters absorb the UV and emit visible light.

The visible photons are brought by plexiglass light
pipes to the photo-cathodes of two photo-multiplier tubes
(PMTs), where they are converted to photo-electrons; the
efficiency of each of these steps are of the order of 0.1 [7].
The multiplier section of the PMT then amplifies the
photo-cathode signal by a factor of the order of 107, to the
point that a single photo-electron produces a pulse large
enough to be used in subsequent electronic circuits. The
limiting stage in the chain of events is just after the photo-
cathodes, at which point the amplitude information is at its
most meagre. In practice, several tens of photo-electrons
will be emitted from the cathode per MeV deposited in the
scintillator [8].

The recoil protons, of a range of 0.02 mm at 1 MeV,
will usually stop in scintillators of the size considered
here. The intrinsic response time of plastic scintillator is
of the order of nanoseconds, a good match to the speed of
fast PMTs. The combination is four or more orders of
magnitude faster than gas proportional counters.

18.2 Rates and Efficiencies

If the neutron flux is f and the mean free path of the neu-
trons in scintillator is 1, then the neutron event rate in a
small scintillator of volume V will be Vt/l, assuming that 1
is large compared to the dimensions of the scintillator. For
scattering on protons of the keV to MeV neutrons of
interest in BNCT, 1 varies from 10 mm at 10 keV to 47
mm at 1 MeV. Other interactions in the scintillator deposit
very little energy, and can be neglected. H follows that
even at the very high fluxes required for BNCT, a scintil-
lator of mm dimensions will experience a neutron event
rate of under 106 sec"1 mm"3. Such rates can be handled
by state-of-the-art fast electronics, even neglecting the fact
that low-energy scatters will not be detected by the PMTs.
Gammas will also interact in the scintillator, but at a rate
set by we much longer Compton mean free path of about
150 mm at 1 MeV. The resulting electrons, whose ranges
are stated by the manufacturer to be of the order of some
mm, are unlikely to stop in the scintillator, and will emit
little light. In consequence of these two effects, the
scintillator can be expected to be an order of magnitude
less sensitive to gammas than to neutrons, despite the
saturation effects of slow protons[8].
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18.3 Results

In accordance with these ideas, scintillalor detectors of
mm size have been built and tested at the Low Flux Reac-
tor (LFR) and in the HB11 beam at HFR. The detectors
consisted in essence of a plastic scintillator of mm di-
mensions, connected by plexiglass light-pipes to two
XP223OB PMTs (Philips, Boschbyk, Eindhoven, Neder-
land). These, which are state-of-the-art conventional
tubes, show a clear single photo-electron line, i.e. events
arising from single photo-electrons from the photo-cath-
ode, due either to very low light levels or to tube noise. As
discussed below, this allows a calibration of the tube out-
puts in terms of the average amount of deposited energy in
the scintillator required to liberate one photo-electron
from a tube cathode. Two tubes are used to reduce some
backgrounds by demanding coincidences, and to increase
the total photo-electron yield.

For a test run in the HB11 beam at HFR, PMT anode
signals were brought, via LeCroy 612A fixed gain fast
amplifiers, to 2249A ADC channels, and also to a 2228A
TDC channel (all from LeCroy, Meyrin, Geneva). This
meant that in effect a iO24 x 1024 2-dimensional ADC
was available; and that nanosecond liming could be done
between the two PMT signals. A coincidence between the
two anode signals, timed on one PMT, was used as an
event trigger; it started the TDC, which was then stopped
by the other PMT signal. The trigger was also used to gate
the two ADC channels. Events, each consisting of the
TDC and two ADC signals, were read out via PSIIO 502
and KineticSystems 3989 units, by a Tulip Vision Line dt
486 dx/e PC into a disk file for later analysis.

While singles rates in the two PMTs were several
MHz, presenting significant problems, some useable tim-
ing and amplitude spectra were obtained (figure 1) For
clarity, the horizontal and vertical axes in figure 1 are
plotted logarithmically. While neutrons do not show up as
clearly as hoped, there are significant differences between
the layouts, suggesting that neutron scatters in the scintil-
lator are being detected at full HFR power.

One-dimensional amplitude spectra were also taken, at
higher gain settings to locate the single photo-electron
peaks in the two PMTs. By comparison with the 2-di-
mensional data, and with MCNP calculations of the neu-
tron spectrum expected in the LFR beam, it could be esti-
mated that one photo-electron corresponded, in both tubes,
to an energy of about 25 keV deposited in the scintillator.
By standard probability arguments, it then follows that,
even when coincidences are demanded, the device will de-
tect events arising from 20 keV neutrons with an effi-
ciency of about 12 %, and is still sensitive at the 4 % level
to events from neutrons of only 10 keV. If background
rates could be reduced to the point that single events could
be used, these efficiencies would become 31 % and 17 %
respectively.

The authors would like to thank the crews of the LFR and
HFR, Petten, and G. Constantine, for their competence
and help during the tests.
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F/g.i; Two dimensional amplitude spectra, taken in HBll.for two different sizes of scintillator: 128 mm3 and 4
mm3. The difference between the two plots is evidence that neutrons are being detected at full reactor
power.
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19.1 Introduction

Neutron microradiography is based on the use of stable
nuclides with large cross-sections for thermal neutron cap-
ture, organic solid-state track detectors, and computer-as-
sisted track image analysis.

Using the reactions 10B(n,4He)7Li, 14N(n,p)MC and
17O(n,4He)I4C we intend to establish a system for the
analysis of stable nuclides in biomedical experiments. The
advantages of such a system are obvious:

- no radiation protection problems in the laboratory
or during transport of labelled substances or label-
containing specimens between laboratories (e.g.
by mail),

- unlimited storage of labelled substances and
specimens to be studied,

- the introduction of microradiographic technology
for three biomedically important elements that
have no long-lived radioactive isotopes, with
nearly unlimited potential for improved
sensitivity and spatial resolution.

The concept is based on our experience with an existing
thermal neutron facility that has been extensively tested at
the R2-0 reactor in Studsvik, Sweden. This facility, and
the concepts behind it, are described in references
(1, 2, 3,4), summarized below. Our ambition is to create
an accelerator-based analogue at the Paul Scherrer Insti-
tute (PSI). Such an approach is a conditio sine qua non for
the construction of a facility in Switzerland that would be
able to meet the long-term requirements of a fairly wide
biomedical community interested in using "clean" thermal
neutron beams of sufficient intensity.

Typical fields of application are:

- For boron: (i) general use as a label in biomedical
experiments (the most important examples at PSI
are provided by the boron neutron capture therapy
project) and (ii) studies of the role of boron as a
biogenic element.

- For nitrogen: as a marker for proteins in histology,
cytology and biochemistry (in the context of
evaluation of electroforograms).

- For oxygen: as a marker for smaller organic
molecules or phosphate groups.

The design study is in progress for a beam using SINQ,
PSI's 1 MW spallation neutron source which is now under
construction and is scheduled to come into service in the
mid 90's.

19.2 The R2-0 facility at Studsvik

The proposed facility would be analogous to the reactor-
based thermal neutron facility in Studsvik, Sweden (see
references (1,2, 3,4) for a fuller description). The facility,
at the R2-0 reactor at Studsvik, is shown in figure 1. The
reactor is a swimming-pool type, with a maximum power
of 1 MW. The core is made up of MTR-type fuel elements
with aluminium-clad uranium-aluminium alloy plates
enriched to 90% 235U. The maximum flux at the core
centre is 1013 neutrons cm"2 sec1. Moderation is by D2O;
a 75 mm lead sheet between the reactor and the moderator
attenuates g radiation from the core.

Originally designed for neutron capture radiography,
the facility has been modified to permit irradiation of liv-
ing cells and animals. This was done by drilling a hole of
253 mm diameter in the concrete shield to allow prompt
access after an irradiation. The neutron flux is about 109

cm2 sec1 over an irradiation field of area 30 x 30 cm2.
The component above 0.4 eV is of the order of 2 x lfr4.

19.3 The neutron flux calculations for SINQ

The calculations were made with the well-known code
MCNP (5) and the LAHET code system (LCS)(6), which
is in two parts:

1. A package which uses the intranuclear cascade
model of Bertini (7) to simulate the physics of
nuclear interactions (the alternative ISABEL (8)
model is not available outside the USA)

2. A special version of MCNP to simulate the
transport of the resulting neutrons.

The technique is to use the cascade model to simulate neu-
trons down to a specific energy (usually 20 MeV), below
which MCNP is used to follow the neutrons. Comparisons
with measurement (9, 10) show adequate agreement for
our purposes.

Using LCS, the SINQ layout has been simulated. Re-
sults compare fairly well with an earlier calculation (II)
using a different code. The similarity of the results gives
considerable confidence in the common results. All the
materials used in the simulations (and in the other calcula-
tions described below) were taken to be chemically pure.

Several layouts were examined for neutron capture ra-
diography. The best compromise found so far between the
conflicting requirements of high flux and low fast neutron
contamination was based on the concept of getting as
close as possible to die neutron source, and including as
much D2O as possible. The resulting flux was 3.4 x 109

cm2 sec"1 (thermal: E,, ^ 0.4 eV) per mA protons on the
target. Fast neutron contamination was 0.14% (epithermal:
En < 30 keV); 0.05% (fast En > 20 MeV). The total of
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0.19% unwanted neutrons compares ntther unfavourably
with the Studsvik beam.

An alternative method of generating clean thermal
neutron beams is to use guided beams. The principle here
is that due to a combination of scattering and absorption
effects, neutrons impinging on a metal surface with less
than a certain momentum perpendicular to the surface
(21.4 eV/c for nickel, about twice this for 'super-mirrors')
will be totally reflected. A guide tube can therefore be
constructed, able to transmit slow neutrons over arbitrary
distances, allowing faster neutrons and gammas to
dissipate through the guide walls. The guide can be curved
to help shield fast neutrons. Such devices are under
construction for SINQ.

The flux required is about 109 cm"2 sec1 over an area
of 30 x 30 cm2. While at least two kinds of guided beams
from the deuterium tank would be able to deliver enough
neutrons, a final evaluation has not yet been made.
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Fig.l: Studsvik reactor R2-0, Sweden
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20. Radiobiology applied to radiation
protection

C. MICHEL, I. CORDT-RIEHLE, M. KOHLER, B. LARSSON,
G. MlNDEK, M.C. NlEVERGELT-EGIDO, P.M. SCHWEIZER

The project deals with the effects of low-level exposure to
ionizing radiation and with problems of risk estimation
and radiation protection. It represents a continuation and
evolution of our former research in cytogenetics, biologi-
cal dosimetry and radiation embryology [1-3]. Radiation
risk estimates and the disposition of adequate protection
measures are based on physical and radiobiological
knowledge. Dosimetric and microdosimetric data are pre-
requisites for understanding biological responses to low-
dose exposure (< 0.5 Gy).

In basic research on the effects of low-dose irradiation
we are interested primarily in biological dosimetry and
effects on the developing organism. Quantitative analysis
of radiation-induced chromosomal aberrations is used as a
sensitive biological indicator for occupational and acci-
dental radiation exposure. With new fluorescence-based
technologies fast and improved results can be obtained.
Using fluorescence and confocal laser scanning micros-
copy detailed insights into the three-dimensional prolifera-
tion pattern, differentiation processes and mechanisms of
radiation-induced maldevelopment in mouse embryos are
expected.

The preliminary data with two-cell stages of embryos
cultured in vitro showed a high hatching rale between 80-
100% in untreated embryos. The hatching of the blastocyst
from the zona pellucida was reduced to 73% and 67 %
after in vitro exposure to 0.5 Gy and 1.0 Gy X-rays, re-
spectively. These findings indicate a rather low radiosensi-
tivity of the two-cell stage with regard to the criterion
used. Experimental data with early blastocysts (day 4 of
mouse gestation) showed a high radio-resistance concern-
ing the hatching process revealing a rate of 95 % follow-
ing in vitro irradiation with 2.0 Gy. These results were
obtained in addition to the ones described as separate re-
ports by M. Kohler et. al. and M.C Nievergelt et al. Our
future aims are to compare the three-dimensional
behaviour of irradiated and unirradiated cells during
embryonic development This may contribute information
to the question of how cell damage induced at the earliest
developmental stages is transmitted from the
preimplantation period to the newborn.

In relation to committee activities, education and pub-
lic relations substantial activities were developed. So, B.
Larsson was chairman of the program committee of the
international symposium on Hadron-Therapy (Como, Oc-
lober 18-21) and C. Michel was in the program committee
of the annual meeting of the Tachverband fiir Strahlen-
schutz (Rugen, September 28-30). Members of the IMR
were active in the committee of the Swiss Society for Ra-
diation Biology and Medical Physics and its working
groups, in the Federal Commission for Radiation Protec-
tion, and in the expert group for effects of low doses. In
addition, C. Michel was involved in the scientific analysis

of the final progress reports on the 1990-1993 radiation
protection program of the European Community.
Education and examinations in radiation biology and ra-
diation protection were accomplished for radiologists
(FMH-Titel), medical physicists (Fachanerkennung) and
radiology assistants (MTRA). Many personal contacts and
conversations were made with physicicians and members
of the general public concerning radiation exposure, espe-
cially during pregnancy. Finally, special dosimetric proce-
dures to monitor radiation exposure in patients were per-
formed in clinical departments of the University hospital
and other clinics.
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21. Teaching Activities and
Publications

21.1 Teaching Activities and Lectures

M. AROENTM: "Boro-HOECHSTals Modell-Substanz für BNCT".
IMR-Kclloquium Zürich, 3.5.1993.

W. BURKARD: "Tumorbiopsien im Zellkulturlabor: Schlüsse! zur
Individualisierung und Optimierung der Strahlentherapie".
IMR-Kolloquium Zürich, 12.7.1993.

W. BURKARD: "Strahlenbiologische Forschung: Eine Voraussetzung
gezielter Tumortherapie".
Herbsttagung der Radio-Onkologie-Assistenten,
Kanlonsspilal Basel, 29.10.1993.

W. BURKARO, M. KOHLER, B. LARSSON, CH. MARKOVTTS, C. MICSIEL,

G. MINDER, M.C. NIEVERGELT, H.W. REIST, J. STEPANEK: "Untersuchung

von Strahlenschäden ionisierender Teilchen durch Rekonstruktion von
Einzelspuren durch Zellkerne".
Gemeinsame Jahrestagung SGSMP/SGBT, PSI Villigen, 4.-5.11.1993

W. BURKARD: "Tumorzellen in vitro: Ein Weg zur Optimierung der
Strahlentherapie".
Dept. für Frauenheilkunde, Forschungsabteilung für Gynäkologie, USZ
Zürich, 14.12.1993.

I. CORDT-RlEHLE: Strahlenschutzunterricht an der Schule für Med. Techn.
Radiologieassistentinnen und Assistenten, 5.16. Semester, 1993.
MTRA-Schule USZ, 1993.

I. CORDT-RŒHLE: "Physikalische Grundlagen zum Strahlenschutz".
Ärzte-Kurs IMR Zürich, 21.1.1993; 17.6.1993.

I. CORDT-RD-HLE: "Strahlenschulz" (4 Std.) Vorbereitung für die 1.
Teilprüfung des Fachexamens in Medizinischer Radiobiologie.
USZ 23.11.; 30.11.1993

I. CORDT-RIEHLE: "3D-Dosimetrie mit MRI".
Seminar: "Ausgewählte Kapitel in medizinischer Physik und
Sirahlenschulz".
Universitätsspital Basel, IS. Dezember 1993.

N.E.A. CROMPTON, B. LARSSON: " Tp,,, and cell cycle research at
Villigen".

France, 29.1.1993.

N.E.A. CROMPTON: "What staurosporine tells us about radiation induced
G2 arrest".
Radia:. Oncol. Res. Seminar. Dept. Radiât. Oncol., School of Med.,
University of Pennsylvania, Philadelphia/USA, 15.3.1993.

N.E.A. CROMFTON: "The role of signal transduction in radiation-induced
cell cycle arrest".
Dept. Radiât Oncol, and Nuc. Med., Thomas Jefferson University
Hospital, Philadelphia, Pennsylvania/USA, 17.3.1993.

N.E.A. CROMPTON: "Induced error-free muution repair at low dose rates
in exponentially growing V79 Chinese hamster lung fibroblists".
Workshop: Molecular, cellular and genetic basis of radiosensitivity at low
doses. Chateau Whistler, Whistler, Brit. Columbia/Canada, 10.5.1993.

N.E.A. CROMFTON, M.N. SKO, R. JAUSSI: "Induced genome lability in
exponentially growing, radiation-induced, transformants of C3H 10TI/2
mouse fibroblasu".
Workshop: Molecular, cellular and genetic basis of radiosensitivity at low
doses. Chateau Whistler, Whistler, Brit. Columbia/Canada, 12.5.1993.

N.E.A. CROMPTON: "Induced radioresistance causes the predictive effects
of low-level radiation to be underestimated.' findings from radiobiology
and radio-oncology".
IMR-Kolloquium Zurich, 21.6.1993

N.E.A. CROMPTON: "New developments in radiation biology".
Biochemisch/Zellbiologisches Kolloquium PSI Villigen, 14.6.1993.

N.E.A. CROMPTON: "Natural variation and experimental modulation of
radiosensitivity",
Internat. Symposium on Hadron Therapy, Como/Italy 21.9.1993.

N.E.A. CROMPTON: "Cell cycle control and its modulation by radiation
exposure".
Cytology Workshop, Institut für Pflanzenbiologie Zürich, 25.11.1993.

R. JAUSSI: "Strahlung und Krebs".
UNI-Irchel Zarich, WS/SS 1993/94, Vorlesung 493.

R. JAUSSI: "Biochemisches Praktikum".
UNI-Irchel Zürich WS/SS 1993/94. Vorlesung 2169

R. JAUSSI: "Perfusion chromatography, a new method for protein
purification".
Biochemisch/Zellbiologisches Kolloquium, PSI Villigen, 28.1.1993.

R. JAUSSI: "Effects of ionizing radiation and caffeine on the activity of
p34cdc2".
25th Ann. Meeting of the European Society for Radiation Biology,
Stockholm/Sweden, 10-14.6.1993.

M. KoHLER: "Analyse des 3-D Wachstumsmusters des Mausembryos
mittels konfokaler Laser Scanning Mikroskopie (CLSM)".
Forschungsbereich Biowissenschaften, Seminarvortrag PSI Villigen,
21.1.1993.

M. KÖHLER: "Einfluss von Röntgenstrahlen und Fluoreszenzfarbstoffen
auf die frühe in vuro-Embryonalentwicklung der Maus".
BiochemischyZeUbiologisches Kolloquium, PSI Villigen, 28.10.1993.

M. KOHLER, A. KÜNDIG, C. MICHEL: "Beeinflussung der in vitro-

Mausembryogenese durch Röntgenstrahlen und Fluoreszenzfarbfloffe".
Gemeinsame Jahrestagung SGSMP/SGBT, PSI Villigen, 4.-5.11.1993

B. LARSSON: "Strahlung und Krebs",
UNI Zürich WS/SS 1993/94, Vorlesung 493.

B. LARSSON: "Strahlenbiologisches Seminar",
UNI Zürich WS/SS 1993/94, Vorlesung 495.

B. LARSSON : "Medizinische Radiologie".
UNI Zürich WS/SS 1993/94, Vorlesung 615,617

B. LARSSON : "Molekulare Strahlenbiologie".
Gastvortrag am 5. Alpacher Seminar für Radioonkologie,
Alpach/Österreich, 27.-30.1.1993.S

B. LARSSON: "Naturwissenschafter in der Klinik: Perspektive tut der Sicht
der Klinischen Radiobiologie".
Seminar: Nuklearmedizjnische Grenzgebiete, Kantonsipitai Basel, Initiait
für Nuklearmedizin, Basel. 10.2.1993.

B. LARSSON: "Strahlenbiologie - Vom Labor zur Klinik".
UNI Zürich, 1993

B. LARSSON: "Proton Therapy: Review and Forecast".
Invited lecture at the Heinrich-Heine University Dasseldorf/Germany,
2Z3.1993.

B. LARSSON: "Basic approach to the treatment of cancer disease with
receptor-seeking biomolecule»".
IMR-Kolloquium Zurich, 26.4.1993.
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B. LARSSON: "Aspects on the predictive assays based on biopsy material
from tumor".
Invited lecture, Tygerberg and Groote Schuur Hospital, Cape Town/South
Africa, 1.5.1993.

B. LARSSON: "Radiotherapeutic research in the era of molecular biology".
Invited lecture at the 25th Arm. Meeting of the European Society for
Radiation Biology, Stockholm/Sweden, 10.-14.6.1993.

B. LARSSON: "Biological basis of neuroradiosurger ".
Invited lecture at the Intemat. Congress of Neurosurgery University
Mainz, Wiesbaden/Germany 15.-19.6.1993.

B. LARSSON: "Key note lecture: "Microradiosurgery" - an experimental
approach".
Invited lecture at the 1st Congress of the Internal. Slereolactic
Radiosurgery Society, Stockholm/Sweden, 16.-19.6.1993.

B. LARSSON: "Prospects of hospital-based neutroncapture therapy".
Invited lecture, Tygerberg and Groote Schuur Hospital, Cape Town/South
Africa, 1.9.1993.

B. LARSSON: "Prospects of radiobiological predictive assays for individual
patients".
Invited lecture at the Int. Workshop on Proton Beam Therapy,
Bonn/Germany, 8.10.1993.

B. LARSSON: "Grundlagen der klinischen Strahlenbiologie".
UNI Zurich, 28. 10. - 29. 10. 1993.

B. LARSSON: "Microradiosurgery".
Invited lecture, Hospital "Na Homolce".
Prague/Czech Repl. 12.11.1993.

B. LARSSON: "Radiobiological Aspects on "New Radiations" Proposed for
Application on Cancer Therapy".
IMR-Kolloquium Zurich, 22.11.1993.

B. LARSSON: "Individualized predictive assay for radiotherapy patients"
(Ubersicht flber IMR-Projekl-2).
IMR-Kolloquium Zurich, 29.11.1993.

B. LARSSON: "Experimenlelle Forschung fiir die gynakologische
Strahlentherapie".
Depi. fur Frauenheilkunde, Forschungsabteilung filr GynSkologie, USZ
Zurich, 7.12.1993.

B. LARSSON: "Zukunflige Enlwicklungsmb'glichkeilen der
Konformationstherapie mit Pholonen und Protonen".
Erdffnungsfeier der Einrichtung eines Linearbeschleunigers der Heinrich-
Heine-UniversiUt DUsseldorf/Deutschland, 10.12.1993.

C. MICHEL: "Strahlung und Krebs".
UNI-Irchel, Zurich WS/SS 1993/94, Vorlesung 493.

C. MICHEL: "Strahlenbtologisches Seminar".
UNI Zurich, WS/SS 1993/94. Vorlesung 495,496.

C. MICHEL: "Strahlenbiologische Wirkungen kleiner Dosen".
Arzte-Kurs IMR Zurich, 21.1.1993; 17.6.1993.

C. MICHEL: "Mechanismen der pranalalen Slrahleneffekte".
25. Jahrestagung Fachverband fur Slrahlenschutz e.V. (IRPA), Binz auf
RUgen/Deutschland, 28.-30.9.1993.

C. MICHEL: "Strahlenbiologische Grundkenntnisse"
WK 93: "Medizinische Aspekte von Strahlenunfailen".
MiliUrmed. Fortbildung filr San Of Spit Rgt 9 und praktizierende Arzte
der Kantone Uri, Nid- und Obwalden,
Samen. 14.10.1993.

C. MICHEL: "Strahlenschutz-bezogene Radiobiologie" (Ubersicht Uber
IMR-Projeki-4).
IMR-Kolloquium Zurich, 13.12.1993.

G. MlNDEK: "Biologische Dosimetrie".
Aerztekurs IMR Zurich, 17.6.1993

M.C. NffiVEROELT-EcaDO: "Tagungsbericht 25th Annual Meeting of the
European Society for Radiation Biology".
Stockholm University/Sweden 10.-14.6.1993.
IMR-Kolloquium Zurich, 5.7.1993.

H.W. REIST: "Study of single particle damage to cells by reconstructing
single tracks through single cells".
Colloq. Inst de radiophysique appliquee, Lausanne, 29.1.1993.

H.W. REIST: "Untersuchung von ZellschSden kleiner Strahlendosen durch
Einzelspuren".
Biochemisch/Zellbiologisches Kolloquium PSI Villigen,
25.11.1993.

R. ScHEIDEGGER, P.M. ScHWEEER: "Einfluss der genetischen Konstitution
auf die Strahlensensilivita't im malignen Neuroblastom von Drosophila
melanogasler":
Gemeinsame Jahrestagung SGSMP/SGBT, PSI Villigen, 4.-5.11.1993

P.M. SCHWETZER: "Neoplasmen bei Drosophila, als Modell filr
radioonkologische Frageslellungen".
Biochemisch/Zellbiologisches Kolloquium PSI Villigen, Januar 1993.

P.M. SCHWEEER: "Strahlenbiologie" (24 Std.).
Unterricht an der Schule fUr Med. Techn. Radiologieassislenlinnen und
Assistenlen".
S./6. Semester, 1993.
MTRA-Schule USZ, 1993.

P.M. ScHWEEER: "Tumore bei Drosophila, - auch als Modell in der Radio-
Onkologie?".
Forschungsbereich-Biowissenschaften Seminarvortrag, PSI Villigen,
4.2.1993.

P.M. SCHWEIZER: "Tagungsbericht 5. Symposium: Molekulare und
zellula're Mechanismen der biologischen Strahlenwirkung".
Erlangen/Deutschland, 29.-31.3.1993,
IMR-Kolloquium Zurich, 5.4.1993.

P.M. SCHWEIZER: "Genetisches Strahlenrisiko".
Arzte-Kurs IMR Zurich, 21.1.; 17.6.1993.

P.M. SCHWEIZER: "Tagungsbericht 25th Annual Meeting of the European
Society for Radiation Biology".
Stockholm University/Sweden 10.-14.6.1993.
IMR-Kolloquium Zurich, 5.7.1993.

P.M. ScHWEtZER: "Biologische Wirkung kleiner Strahlendosen".
Strahlenschutz-Kurs in der Region Basel, Kantonsspiul Basel,
14.10.1993.

P.M. SCHWEIZER, TH. WEBER, I. CORDT-RIBHLE: "Rekombinogene

Wirkung kleiner Strahlendosen bei akuter und chronischer Exposition in
normalen und DNS-Reparatur-defiziemen Zellen".
Gemeinsame JahresUgung SGSMP/SGBT, PSI Villigen, 4.-5.11.1993

P.M. SCHWEEER: "Strahlenbiologie" (6Std.)
Vorbereitung fur die 1. Teilprufung des Fachexamens in Medizinischer
Radiobiologie, USZ 2.11.; 9.11.; 16.11.1993.

P.M. SCHWEIZER: "Tumore bei Drosophila als Modelle fur
radioonkologische Fragestellungen".
Seminar gynikologische Forschung: Neue Ergebnine. Dept far
Frauenheilkunde, Forschungsabteilung fur GynJtkologie, USZ
21.12.1993.
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J. STEPANEK: "Fortgeschrittene Reaktortheorie".
Vorlesung ETH-Zflrich, 2V+1U pro Woche, 1993.

J. STEFANEK: "Photon interactions in the energy range above 1 eV and
radiative and nonradiative emissions due to atomic inner-core subshell
ionizaiion".
IMR-Kolloquium Zürich, 17.5.1993.

J. STEPANEK: "Advanced methods of cross section generation in reactor
physics".
Nuclear Research of Scoda and the University of Pilsen, Czech Rep. 1993.

J. STEPANEK: "Radiation spectra of subie nuclides due to a single Atomic-
subshell ionization by a particle and of radionuclides".
University of Uppsala.Uppsala/Sweden 1993.

J. STEPANEK: "Advanced Method to Determine the Radiation Spectra due
to a Single Atomic-Subshell lonization by a Particle or due to Decay of
Radionuclides".
Gemeinsame Jahrestagung SGSMP/SGBT, PSI Villigen, 4.-5.11.1993

S. TUOR, M. KOHLER: "Computersimulation zur Entwicklung des frühen
Mausembryos".
Gemeinsame JahresUgung SGSMP/SGBT, PSI Villigen, 4.-5.11.1993

R. WEINREICH:" Herstellung von Verbindungen zur En-
doradionuklidtherapie und Bor-Neutroneneneinfangs-therapie".
Gem. Kolloquium der Institute f. Strahlenbiologie und Nuklearmedizin,
Universilätsklinikum Essen/Deutschland, 18.6.1993.

R. WEINREICH, M. ARGENTTNI, A. HOLMBERG, C. MICHEL,

C. NŒVERGELT-ECHDO, DP. DOS SANTOS, B. LARSSON: "Tumor-Targeting

mit DNS-bindenden Substanzen zum Studium der Voraussetzungen für
systemische Therapie von Mikrometastasen".
Gemeinsame Jahrestagung SGSMP/SGBT, PSI Villigen. 4.-5.11.1993

21.2 Publications

21.2.1 Reviewed Papers

M. ARGENTTNI, C. WIESE, R. WErNREICH:"Syntheses of 5-Fluoro-D/L-
DOPA and [18F]5-Fluoro-L-DOPA".
J. Fluorine Chem., (in press)

W. BURKARD: "Gefahr am dem Kosmos? Ein Beitrag zur Diskussion über
gesundheitliche Risiken von Flugreisen infolge erhöhter
Strahlenexposition."
Radiologie Aktuell 1/93, 10-20(1993)

J. CARLSSON, B STENERLÖW, K.R. RUSSELL, E. GRUSELL, B. LARSSON,

E. BLOMQUIST: "Cell type dependent relative biological efectiveness of
accelerated helium ions".
Radiother. Oncol, (in press)

N.E.A. CROMPTON, J. HAIN, R. JAUSSI, W. BURKART: "Stiurosporine- and
Radiation-Induced G2-Phase Cell Cycle Blocks Are Equally Released by
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Appendix I

Fig.l: Example proton and photon dose distributions displayed using the comparative analysis module. In each
window group, the proton dose is shown on the left and the photon dose on the right. The tumor volume is
highlighted in yellow. Coloured areas correspond to dose levels as a percentage of the maximum dose and
are indicated by the colour band on the right hand side. AH areas shaded red represent doses of 87% or
greater.



Appendix 2
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Fig.2: Image of a DRR. The five selected parts of the image, indicated by squares, were matched to the proton ra-
diography. The plots show the corresponding correlation of DRR and proton radiography as a function of
the voxel shift.

Fig.8: DRR image of the Alderson phantom. The colours represent the range variation measured by proton
radiography (red > 15cm, 1.5cm > blue > 1.0cm, 1.0cm > yellow > 05cm).



Appendix 3

Fig.4: Proton radiography of a sheep's head. The colours represent the deviation between measurement and simu-
lation for the measured calibration (red > lem, 1.0cm> blue > 05cm, 0.5cm > yellow > 0.3cm).

Fig.6: Proton radiography of a sheep's head. The colours represent the deviation between measurement and simu-
lation for the optimised calibration (red > lem, 1.0 cm > blue > 0.5cm, 0.5cm > yellow > 0.3cm).



Appendix 4

fig. 1: Comparison of the experimental radiography and Monte Carlo simulation of an Alderson phantom.

tig.3: Monte Carlo simulation of a mono-energetic proton beam (177.25 MeV) passing a sheep's head. The beam
is coming from left to right. Simulated dose is overlayed using colour wash on the original CTdata.



Circle detection
-Primitives (circles, ellypsoids...) are
delected with the Haughgen AY'S
module on every section of the cell.

Track reconstruction

Cell reconstruction

-After image treatment proton tracks are
delected with the Haughgen module
reconsirucied in 3D.

-The amotmi of Energy (part of
the tracks) in the nucleus and in
the cell is calculated.

-Cells, nucleus and tracks are reconstruct!.1

with AVS modelling modules and combined
together with CI..SM images.

E absorbed

This illustration is not made from real data



P A U L S C H E R R E R I N S T I T U T

Paul Scherrer Institut Telefon 056 99 21 11
Wiirenlingen und Villigen Telex 82 7417 psi ch
CH-5232 Villigen PSI Telefax 056 99 21 99


