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Introduction Principal Investigator's Highlights

This Bulletin presents a summary of accomplish- A. BRAIN TUMOR RESEARCH
ments and highlights in the Idaho National Engi-
neering Laboratory's (INEL) Boron Neutron Capture
Therapy (BNCT) Program for August 1991. This 1. Project 1: Supporting Technology Develop-
bulletin includes information on the brain tumor and ment

melanoma research programs, Power Burst Facility Task 1: Gross Boron Analysis
(PBF) technical support and modifications, PBF
operations, and updates to the animal data charts. Both INEL ICP-AES instruments are

now fully operational and the backlog
of samples for analysis has been con-
siderably reduced.
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Task 5: Noninvasive Boron Quantification ture vessels. Researchers at PNL are
also actively refining cell culture

The MRI system at the UofU is now growth techniques for the transformed
fully functional for boron imaging, endothelial cell line(SVEC4-10) provid-
Two boron imaging studies have been ed by Dr. James O'Rear at UCLA. A
completed. Calibration studies will frozen ampoule of bovine endothelial
take place shortly and progress is cells was also provided by WSU re-
being made to overlay the boron image searchers.
with the proton image. Permission to
conduct pharmacokinetic studies at
NWl should be received in September 2. Project 2: Treatment Protocol Development
1991. Boron MRI phantom studies at Task 1' Large Animal Studies
Sanford show there is an approximate
linear relationship between the MR Several new dogs with spontaneously-
signal and the boron concentration occurring brain tumors have been
above 100 ppm. entered into the project. Updates on

those dogs already in the project are
provided within this Bulletin. Four

Task 6' Measurement Dosimetry dogs without boron, two dogs with 50
ppm of boron, and one dog with 100

Dosimetry support was provided for ppm of boron were irradiated at BMRR
eight dog irradiations at BMRR during during the month.
August 1991. Preliminary analysis on
the neutron characterization measure-
ments made by INEL researchers at Task 2: Pituitary Tumor Treatment Evaluation
HB11 in Petten, The Netherlands, Studies
shows a total neutron flux at full reac-

tor power at approximately one-third Preparations continue in preparing the
of what was initially expected. Prelim- reactor facilities at ORSU for planned
inary data on peak thermal flux and in-vitro studies. Preliminary binding
maximum gamma dose rate at Petten studies carried out on AtT-20 cell
have also been produced, membrane preps suggest that an ex-

cellent immunogen for the production
Evaluation of the ORSU reactor ther- of monoclonal antibodies against the
mal column continues. Attempts are CRH receptor in BALB/C mice has been
being made to reduce gamma fields by produced.
a factor of 10 using lead shielding.

3. Project 3' Human Pharmacokinetics
Task 7" Analytical Dosimetry

The first successful MRI of the brain of
The bnct_edit module was used to a dog infused with natural BSH has
reconstruct athree-dimensional model been completed by INEL and UofU
of a human Glioblastoma patient di- researchers (see Project 1, Task 5).
rectly for medical images. The soft-
ware capability to easily position the
beam at any angle and distance from 4. Project 4' Drug Interaction and Toxicity
the patient was shown. Results will

be presented in Petten. This contract is still in negotiation with
ISU.

Sterility tests of the micrcbeam facility
at PNL have been conducted, success-
fully identifying the source of the con-
tamination problems in the open cul-
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B. MELANOMA RESEARCH experiments using a melanoma tumor
line (see Project 1).

1. Project 1' Boron Localization Screening

Liposome BNCT compounds screening

has begun with 48 BDF mice at WSU. C. ADMINISTRATION
Tissue samples from multiple time
points will be sent to INEL for boron
analysis.

A memo of understanding has been signed by
the Vice-President of Interdisciplinary Programs

2. Project 2' Biodistribution, Pharmacology, and for GIT. The memo provides the basis for GIT
Toxicity of Boron Delivery Agents and INEL engaging in a joint endeavor to evalu-

ate BNCT using the GTRR.
No reportable activity this month.

The U. S. Department of Commerce, Export
Control Division, has approved the release of the

3. Project 3: Large Animal Model Studies dose-planning software requested by the EC-
BNCT.

Patients for these studies are being
identified. The DOE-ER peer review of the INEL BNCT

Program, scheduled for September 11-12,
1991, was "postponed" pending "major pro-

4. Project 4: Melanoma Detection and Boron gram redirection."
Quantification by Scintigraphy

Several INEL BNCT Program researchers will
Large animal studies are on hold pend- present papers at the International Workshop
ing results from small animal studies, and Plenary Meeting of the ECBNCT, "Towards

Clinical Trials of Glioma with BNCT, September
18-20, 1991, at Petten, The Netherlands.

5. Project 5: Boronated Low Density
Lipoproteins and Amino Acid De-
velopment and Evaluation

D. PBF TECHNICAL SUPPORT AND OPERATIONS
Prompt gamma analyses have permit-
ted further detailed studies of low-
density lipoprotein samples from Selection of work packages for completion that
UCSF. Unexpected problems have are applicable to both inactivation and the BNCT
developed in the ICP-AES analytical Program has begun.
process of low-density lipoproteins and
direct comparison with prompt gamma
results is not yet possible. Good prog-
ress has been made in stereospecific
carboranyl alanine synthesis.

6. Project 6' andB°r°natedLiposome De velopmentEvaluation _/"_. / _/______..__..,_ //_.______
Researchers at UCLA have successful- Ronald V. Dorn III, M.D.

ly encapsulated Na4B2oH_70H'3H20 Principal Investigator
into liposomes. This compound was INEL BNCT Program
sent to researchers at WSU for murine
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proteins with associated boron compounds. Some
A. BRAIN TUMOR RESEARCH new nuclear magnetic resonance (NMR)data was

also obtained concerning competitive binding of

Project 1" Supporting Technology Development BSH and other anions with serum albumin.

Task 1: Gross Boron Analysis Task 4: Subcellular Analytical Development

Samples received 377 Task4A: Secondary Ion Mass Spectrometry
Samples prepared for analysis -- 210 (SIMS)
Samples analyzed - 564

Backlog: No samples were submitted for analysis this
Awaiting preparation - 335 month.
Prepared, awaiting analysis -202

Task 4B: Sputter-Initiated Resonance Ionization
Both INEL inductively coupled plasma-atomic Spectroscopy (SIRIS)
emission spectrometer (ICP-AES)instruments are

now fully operational. Samples, received from No samples were submitted for analysis this
Washington State University (WSU) from mice month.
injected with boron-containing liposomes during the
month, are undergoing analysis. Samples analyzed

were from Project 1, Task 3 and dogs from the Task 4C: Alpha Track-Etch
studies at WSU.

Cellulose nitrate films from the European Collabora-
tion on Boron Neutron Capture Therapy (ECBNCT)

Task 2: Borocaptate Sodium (BSH) Purity De- and dog brain from WSU have been received by
termination Idaho State University (ISU) researchers. These

films, as well as older types of cellulose nitrate
films, are being analyzed for use in determining the

The shipment of 30 grams natural BSH (BNCT-320) distribution of boron in the dog brain.
from Callery Chemical was analyzed and found to
have a relatively high oxidized dimer (BSSO) con-

tent at 0.56 weight percent (wt%) (specification is Task 5: Noninvasive Boron Quantification
< 0.4%). Thedimer(BSS) content was only 0. 23

wt% (specification is < 2%). lt was concluded University of Utah (UofU): The magnetic resonance
that the compound could still be used for terminal imaging (MRI) system at UofU is now fully func-
case studies in the canine program, tional for boron imaging. Two boron imaging

studies have been completed. The first study,
utilizing BSH/bovine serum albumin (BSA) phan-

Task 3: Biochemistry of BSH and Its Oxidation toms, was used to check the performance of the
Products system. Four BSH/BSA phantoms, varying from

100-500 ppm, were ali visible. The second study
was conducted with this configuration on a 19-kg,

Experiments to confirm the p_evious BSH to albu- nontumor dog. An infusion of 100 mg boron/kg
min binding data using equilibrium dialysis were through the saphenous vein was performed overa
continued using whole-dog plasma and BSH to one-hour period. When the boron MR signal
determine the major binding protein fractions. ICP- peaked (five minutes after the termination of the
AES analytical results for many of the experiments infusion), a projection reconstruction scan was
have been received and data reduction and analysis performed (Figures la and lb). Another series was
are proceeding. High performance liquid chroma- obtained 30 minutes later. In both cases, 32 slices
tography (HPLC) procedures to separate the major of a 32 x 32 pixel matrix were acquired over a field
molecular weight fractions of serum proteins are of view of 24 cre. Scanning time was 8 minutes
being set up to determine the fractions of these and 28 seconds (Figures 2a and 2b).

4



Figures la and lb, Scans taken 10 minutes after end of IV infusion (0.75 cm voxel size),

Figures 2a and 2b. Second scans taken 30 minutes after Figures la and lb.



The second study was conducted primarily to are being met and permission to conduct pharma-
check the ability to coordinate efforts between cokinetic studies should be received from GE in
university animal services, the MRI center, Project September 1991.
3 researchers, and Project 1 Task 2 researchers. A
complete pharmacokinetic study was not per-
formed on this dog. Further studies will concen- Stanford University: The projection reconstruction
trate on calibrating MR data with absolute measure- scanning techniques developed at Stanford were
ment of boron in tissue obtained by ICP-AES. used to conduct a boron phantom study on Stan-
Progress is also being made to overlay the boron ford's MRIsystem. A series of phantoms contain-
image with a proton image, ing a mixture of different BSH concentrations and

4% by weight bovine serum albumin (BSA) were
used to show there is an approximate linear rela-

Northwest Imaginq, Inc. (NWl)" The process of tionship between the MR signal and the boron
obtaining permission from GE to turn spectroscopy concentration above 100 ppm. Below 100 ppm,
on at the NWl site requires additional guarantees, the binding characteristic between BSH and BSA is
imposed by the Fqod and Drug Administration not linear, but is continuous_ ,d predictable (Figure
(FDA), be negotiated. ]-his has slowed the expect- 3). These results are being submitted inapaperto
ed initiation of spectroscopy, but the requirements The Journal of Magnetic Resonance/n lmag/ng.
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Figure 3. Binding characteristics between BSH and BSA.



Task 6: Measurement Dosimetry A report has been sent to Petten for review.

Dosimetry support was provided for: (1) four dog Oregon State University (ORSU)" The ORSU
irradiations (three dose-tolerance, one spontaneous reactor thermal column is being evaluated for
tumor) August 8-9, 1991, and (2) four dose-toler- performing cell culture irradiations to support the
ance dog irradiations August 22-23, 1991 at the BNCT research at Oregon Health Sciences Universi-
Brookhaven Medical Research Reactor (BMRR). A ty (OHSU). In June 1991, INEL personnel per-
fifth dose-tolerance dog was scheduled for August formed fast-neutron flux measurements at this
8-9, 1991, but because of reactor time limitations reactor and the results were provided in the June
the irradiation could not be accommodated. The report. As a followup, TLD-400 measurements
fifth dog was again scheduled for August 22-23, were made on July 1, 1991 to confirm earlier TLD
1991, but could not be completed as BMRR was measurements made byORSU. The results for the
shut down because of a problem in the secondary TLD-400 gamma measurements have now been
cooling system, obtained and are consistent with those obtained by

ORSU. The thermal column gamma fields fall off
ECBNCT/Petten A preliminary analysis has been exponentially as a function of distance from the
performed on the neutron characterization measure- core. The values range from 15 Gy/hour at 2.5 cm
ments made on July 1-5, 1991 by INEL researchers from the inside end, to 1.8 Gy/hr at 125 cm.
at the HB11 epithermal-neutron beam at the High ORSU is continuing to make TLD measurements
Flux Reactor (HFR) in Petten, The Netherlands. The using TLD-400, TLD-600, and TLD-700 dosimeters.
total neutron flux at full reactor power (45 MW) is They are attempting to reduce gamma fields by a
4.3E+08 n/cm 2osec. This is approximately one- factor of ten using lead shielding. So far, the
third of what the Petten staff had expected. The gamma fields have been reduced by a factor of
fast-neutron dose rate from the lNEL measurements about 2, using 10 cm of Pb at the innermost
is 1.65 Gy/hr at this power. This fast-neutron dose position in the thermal column.
is consistent with the proton-recoil measurements
reported by AEA Technology, Harwell, UK. The
measured values are about 80% of the expected Task 7: Analytical Dosimetry
dose, based on the design calculations performed
by the ECBNCT staff. Task 7A" Dosimetry Software/Alpha 1 Software

Development"
As mentioned last month, the beagle phantom
results at HB11 indicate a peak thermal flux of The bnct_edit module was used to reconstruct a
about 70% of the BMRR results in the same phan- three-dimensional model of a human Glioblastoma
tom with the 7.6-cm circular beam aperture, patient directly from medical images. The rtt_MC
Similarly, the HB11 peak thermal flux is approxi- module was then used to determine detailed flux
mately 50% that of the BMRR ,/alue for the cylin- and dose patterns for two beams, one nearly
drical phantom, isotropic and one forward peaked. This was an

academic exercise to validate the treatment plan-
The readout of the thermoluminescent dosimeters ningsoftware. After some software modifications,
(TLDs) irradiated at Petten have been completed, the capability to easily position the beam at any
These result, s indicate that at full power the maxi- angle and distance from the patient was achieved,
mum gamma dose rate is 210 cGy/hr in the beagle a necessary feature for clinical applications. The
phantom 3nd 260 cGy/hr in the cylindrical phan- three-dimensional distributions (i.e., therapeutic
tom. The comparable BMRR values using the 7.6- gain in the tumor) demonstrated the advantage of
cm circular aperture are 420 and 400 cGy/hr, the forward-peaked beam and an oblique beam.
respectively. Some difficulties have been encoun- Re.._ults will be presented at the upcoming Interna-
tered in getting p-factors for the boron spheres tional Workshop and Plenary Meeting of the EC-
(with copper foils) used in the Petten measure- BNCT in Petten, The Netherlands.
ments. The p-factors for the other irradiations
were completer earlier, lt is expected that the Conversion of the bnct_edit software to X-win-
problems connected with the boron spheres will be dows, in collaboration with Montana State Universi-
overcome during the next two reporting periods, ty (MSU), is proceeding. Menu and image display

systems have been converted and work is currently
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proceeding on entering control points into the samples (not frozen) arrived safely at PNL and were
images. No obstacles to the successful completion subcultured immediately as directed by Dr. O'Rear.
of this task have been encountered. These cells had been maintained in RPMI-1640

medium, a relatively con_plex medium frequeqtly
Task 7B' Canine Dosimetry Analysis used for a variety of cell lines. PNL researchers

passed the cells in some outdated RPMI-1640
Calculations were performed for the tumor dog (fresh stock was not available at the time). This
("Bessie" #35447-155) that was irradiated August was complete medium (i.e., supplemented with
9, 1991 at BMRR. serum and antibiotics) and, although it supported

the cells, their growth indicated shortcomings that
were assumed associated with the medium's age.

Task 7C: Database Mana.qement System The cells would grow well if numbers were suffi-
cient, but when they reached confluence they

Further work on the database tables and data entry would die and slough off almost immediately,
screens continues and canine data is being entered, generally within a day or two. Fresh RPMI-1640
The INFORMIX database management software powdered medium was prepared and used for the
upgrade for the HP 9000/720 has been installed next passage. The growth was not remarkably
and the database successfully transferred from the different. Fortunately, the cultures received from
HP 9000/425 to the HP 9000/720 at WSU. Dr. O'Rear contained adequate numbers of cells, as
Networking between INEL, WSU, MSU, and JRC- sufficient numbers had not yet been generated at
Petten is operational and in regular use. PNL to freeze reserves; however, the numbers of

cells were getting critically low. Two other media
were tested and prepared - a basal minimum

Task 7D: Biophysics/Stochastic Model Develop- medium developed by Eagle (BME), which appears
ment to work well with many transformed lines (WSU

researchers have been using BMR for similar cul-
Sterility Test of Microbeam Facility: Pacific North- tures), and Dulbeccos modification of Eagles
west Laboratories (PNL) researchers conducted an minimum essential medium (DMEM}, an old favorite
extensive effort to identify sources of contamina- that often seems to work when others fail. AI-
tion associated with the use of open culture yes- though a somewhat hazardous thing to do, the
selsin and around the microbeam irradiation appa- level of antibiotics was also reduced, lt was felt
ratus. These efforts demonstrated that the prob- that part of the problem might be sensitivity to
lems occur on the sc[.ffold platform in Building streptomycin of penicillin. With this passage, the
3746B, rather than with the apparatus itself. A SVEC4-10cells in DMEM are doing fine. Interest-
large number of plates were placed both inside and ingly, the BMR medium does not appear to support
outside the light-tight chamber with their lids re- growth of this line at all, even in plates begun at
moved. The plates were then exposed for extend- high densities. When growth is adequate, a num-
ed period (30 minutes to 4Y2 hours of open expo- ber of ampoules will be prepared for freezing and a
sure), during which time pe.'sonnel were moving stock reserved to work with.
about, the heating/ventilating blowers moved dust
around the room, and the doors to the light-tight PNL researchers were provided a frozen ampoule of
chamber were briskiv opened and closed. After 14 bovine endothelial cells from WSU researchers.
days incubation (which is adequate to allow most The ampoule arrived intact and was immediately
contaminants (fungus and yeasts) to demonstrate put into the liquid nitrogen storage dewar. These
their presence) no contamination of any kind was cells represent aPother endothelial cell line that will
apparent. Subsequently, allplates were exposed to be characterized at a later time. WSU researchers
confirm that the medium used ,was not toxic and attempted to obtain the glioma or glioblastoma
that it would indeed successfully support the cells, but none are currently available, lt appears
growth of such fungus and yeast, that the individuals working with these cells had

merely ordered fresh stock from the American Type
PNL researchers have been in contact with Dr. Culture Collection (ATCC) as needed and do not
james O'Rear at University of California/Los Angel- reserve their own stock in liquid nitrogen. There
es (UCLA), and were provided with a sample of the are several lines available from ATCC and acquisi-
transformed endothelial cell line, SVEC4-10. The tion of one or more of these is in progress.
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cribriform plate or rostral to the cribriform plate
caudally to the region of the opticchiasm. Surgery
was performed, but she died of unknown causes

Task 7E' Neutron Source Analysis the following morning. Histological samples were
collected during surgery and the tumor was identi-

There was no activity to report this month, fied as a meningioma.

"Bessie" Blish (//35447-1 55), a 12-year old female
Task 7F: GeorQia Institute of TechnoloQv Res- Retriever cross, was first entered into the Program

earch Reactor (GTRR) Physics Feasi- on June 10, 1991 with a history of sudden onset
bility Study of seizures. Her owners decided on BCNT and she

was treated at BMRR on August 9, 1991. She died
Dr. David W. Nigg (INEL) has been invited to three days following treatment. Cause of death
coauthor a paper with the Dr. Ratib Karam on the was not evident based on gross necropsy or histo-
proposed GTRR epithermal-beam facility at an pathology of major organs. Histological examina-
International University Reactor Technical Meeting tion of the brain is pending.
in Indonesia during November 1991.

"Dudley" Fiset (#35447-151), a six-year old cas-
trated male Golden Retriever, had his six-month
checkup at University of California/Davis and

Project 2: Treatment Protocol Development passed with flying colors. The CT and MRI did not
show any enhancing tumor. The only complaint

Task 1" Large Animal Studies found was his weight.

"Sugar" EIIsworth (#35447-142), a seven-year old
Spontaneously-Occurring Brain Tumors' "Licorice" female spayed Boxer, was euthanized last month
Jewkes (#35447-159), a 12-year old female black because of declining neurological status. The
Dachshund/Cocker cross, was entered into the histologic findings of the nonbrain tissues were
Program on August 12, 1991 with a history of relatively mild and primarily reflect aging changes.
seizures beginning in December 1990. At four Brain histological results are pending.
years of age, she had a diagnosis of encephalitis

and became blind at that time. "Muffy" Lower (#35447-140), a four-year old
female spayed Terrier cross, had her six-month

"Niki" Woods (#35447-158), afive-yearoldfemale checkup. The CT and MRI revealed that the tumor
spayed Samoyed, was entered into the Program on has not changed in size, but she is clinically nor-
August 1, 1991 with a history of seizures. Com- mal. She has also been taken off prednisone.
puted tomography {CT) and MRI evaluation were

consistent with a cystic, space-occupying lesion in "Too Wide" Marshall (#35447-129), a four-year old
the left olfactory lobe extending caudally from the female Newfoundland cross, has lost a lot of
region of the cribriform plate. She underwent weight and is beginning to snap at people, although
surgery and the cyst was aspirated for culture and she is still running and playing. She is currently
a section taken for histopathology. The diagnosis under observation for behavioral changes before
of both was 3 granulomatous inflammation. She any further decisions are made.
was placed on antibiotic therapy for a duration of

6-8 weeks and sent home with her owners. She is "Brandy" Hoff (#35447-94), a seven-year old
scheduled for a followup MRI the first two weeks female Golden Retriever, is still doing great.
of September 1991.

"Maggie" Peterson (#35447-157), a lO-year old Normal Tissue Tolerance (Neutron Irradiation):
female spayed Border Collie, was entered into the Baseline data collection is completed on the control
Program on July 17, 1991 with a history of seizure dogs. Four dogs without boron have undergone
activity. An enchancing mass was observed on CT epithermal-neutron irradiation at BMRR withadose
and MRI scans in the area of the olfactory lobe. of 12.5 Gy. There has been a drop in platelet
The mass appears to extend from the region of the count and lymphocytes with these dogs, resulting
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inamildthrombocytopeniaandlymphopenia. Two to obtain adequate ACTH release into the culture

dogs with 50 ppm boron were irradiated to a dose media, is achievable. This will be important, in
of 27 GV, and one dog with 100 ppm boron was terms of tissue conservation, in the stimulation
irradiated to a dose of 27 Gy. Arrangements are studies carried out in human pituitary tumor cells.
being made to kennel dogs at Stoneybrook, NY.

Additional BSH (on order, expected September 6) Task 3" Physiological Response Evaluation and
must be received before continuation of the dose- _nterdiction
tolerance studies.

The contract with the University of Rochester is
not yet finalized.

Pharmacokinetics:

Samples from "Maggie" Peterson (#35447-157)
were sent to INEL for boron analysis. This dog was Project 3: Human Pharmacokinetics
originally a tumor dog that died following surgery.

The latest changes in the animal chart data from The first successfui MRI of the brain of a dog
Project 2, Task 1 Large Animal Studies is summa- infused with natural BSH has been completed
rized in AppendixA. (reported under Project 1, Task 5) by INEL and

UofU researchers.

Task 2: Pituitary Tumor Treatment Evaluation A meeting was held between Project 3 researchers
Study and UofU medical personnel to outline the objec-

tives of this task. Meeting participants included

The reactor facility at ORSU appears to be ade- neurosurgeons, animal service personnel, and
quate for the planned/n-v/tro studies using AtT-20 Medical Imaging Research Laboratory personnel.
and GH-3 cells. Dr. Stephen Binney, the ORSU Dr. M. Peter Heilbrun, chief of neurosurgery, sug-
lead reseacher has det_.rmined that 10 cm of lead gested that the use of a glio model from the Uni-
in the reactor stringer port will effectively decrease versity of Maryland be investigated rather than
the gamma from 1300 to 600 rads at 100 kW spontaneous tumor dogs. This meeting will be held

each month at UofU to facilitate in'_grdepartmentalreactor power in a ten-minute experimental run.
communications at UofU.The estimated flux has been calculated to be 5 x

101° neutrons per square centimeter per second or
a fluence of 3 x 10 is. The gamma rad-to-thermal
neutron fluence ratio has been estimated to be 2 x
10 11, approximately four-fold better than the Project 4: Drug Interaction and Toxicity
anticipated 10 1°. Ali measurements provide turther
support that the ORSU reactor will provide an

excellent environment for the in-vitro and in-wvo This contract is still in negotiation with ISU.
experiments.

Preliminary binding studies carried out on AtT-20
cell membrane preps run over a corticotropin
releasing hormone (CRH) affinity column suggest
that a "purified" receptor preparation was obtained
and that this prep should be an excellent immuno-
gen for the production of monoclonal antibodies
against the CRH receptor in BALB/C mice. CRH
stimulation tests have been run on AtT-20 cells.

The preliminary results of this first pilot experiment
indicate that miniaturization of the/n-w'tro stimula-
tion tests, in terms of the number of cells needed

k./
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Project 4: Melanoma Detection and Boron Quan-
B. MELANOMA RESEARCH tification by Scintigraphy

i

Project 1" Boron Localization Screening Large animal work is on hold until preliminary
results with radiolabeled boron compounds are

WSU researchers have investigated animal suppli- available from the small animal studies.
ers that carry genetically immunodeficient animals.
According to the National Academy of Sciences
and several calls to various animal suppliers, only
two U.S. companies carry immunodeficient anl- Project 5" Boronated Low Density Lipoproteins and
mals: Harlan Sprague Dawley (Indianapolis, IN) and Amino Acid Development and Evaluation
Taconic Farms (Germantown, NY). The only

immunodeficient animals available, besides mice, Prompt gamma boron analyses have been obtained
are rats. There are no immunodeficient animals

on a series of low-density lipoprotei;.' (LDL) samples
(rabbits, guinea pigs, hamsters) commercially loaded with a variety of simple alkyl and aryl closo
available, and availability of immunodeficient rats is carboranes by the University of California at San
poor. Francisco (UCSF) researchers. In general, these are

similar to values obtained previously by this meth-
Screening of Liposome BNCT Compounds: WSU od. The trend of these results sJggests that: (1)
researchers injected 48 BDF mice subcutaneously simple carboranes (such as ortho, meta, methyl,
into the dorsal hip with 2 x 106 viable B16-BL6 and even phenyl) do not reconstitute weil, and (2)
murine melanoma cells in a volume of 0.2 mL of

longer chain saturated (hexyl) and unsaturated
saline solution. Tumors were evident and were

(alkyl and butenyl) derivatives can be successfully
approximately 1.0 cm in diameter by August 26, and efficiently reconstituted into LDLs. A signifi-
1991. The mice were then inoculated intravenous-

cant lowering of the average protein content of
ly into the tail vein with 200 pL of the liposome reconstituted solutions was also observed, which,
compound (Na4B2oH_70H in 9% lactose, 5 mM in most cases, paralleled reconstituted efficiencies.
phosphate buffer) obtained from UCLA researchers. Even with allyl carborane (the best case), the
Control mice were inoculated with 200/_L of saline average protein content of the reconstituted solu-
solution and tissues sampled (6-8 mice per time. tion was only 50-60% of what is obtained using
point) at 0 (control), 6, 12, 1B, 24, and 36 hours elaidyl carborane carboxylate as the boron source.
post inoculation, frozen, and sent to INEL for boron

analysis. Tissues to be sampled include tumor, Direct comparison of prompt gamma and ICP-ALS
liver, spleen, brain, kidney, skin, skeletal muscle, boron concentrations is not yet possible, and it
and blood, appears that either the LDL matrix or the stable and

very hydrophobic nature of the carboranes used
causes unexpected problems in the ICP-ALS analyt-
ical process. A more detailed report will be pre-

Project 2: Biodistribution, Pharmacology, and pared for September 1991.
Toxicity of Boron Delivery Agents

The stereospecific carboranyl alanine synthesis is

There was no activity to report this month, moving ahead rapidly. UCSF researchers have
found that TiCI4 is an effective Lewis acid replace-
merit for di-n-butylboror= triflate. Excellent yields
have been obtained with enantiomeric with excess-

Project 3: Large Animal Model Studies es of 93:7 or better, lt is planned to repeat,
optimize, and scale-up this procedure. If success-
ful, D or L carboranyl alanine in 60-70% overall

Potential patients for large animal studies continue yield could be produced.
to be identified. There was no other activity to
report this month.

11
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Project 6: Boronated Liposome Development and Development of the synthesis and chemistry of
Evaluation new boron species as candidates for liposomal

delivery is continuing. The synthetic route to
obtain the amine derivatives of B2oH_82,B2oH_TNH33

Researchers at UCLA have encapsulatedNa_B2oH_ 7- has been developed. Current efforts are centered
OH • 3H20 into liposomes. This compound is one of on purification of this species and the _::;sa,tsion of
the hydrolysis products of the octadecahydroelcos- this synthetic rolJte to obtain additional amine
oborate(2-) photoisomer (/-B2oH_82). The liposomes derivatives B2oH_?NH2R3. Investigations of the
were sent to researchers at WSU (reported under chemistry of Blol-4_CO_H2, and B_oHgNCO2 are
Project 1) for murine experiments using a melano- continuing. Ali three of these compounds have
ma tumor line. Boron analysis of the tissue sam- recently been characterized by single crystal x-ray
pies from this experiment is in progress at !NEL. A diffraction.
separate batch of liposomes containing K4B2oH_70-
Ho3H20 is being prepared and will be sent to
Vestar, Inc. for murine experiments utilizing the
EMT6 tumor line. Results from this experiment will
allow the comparison of the results from the
murine experiment with data obtained previously
with EMT6 tumors.
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filter design, benchmarking, and validation of the
C. ADMINISTRATION treatment planning system, and calculations for

supporting experimental dosimetry.
Georgia Tech Research Reactor (GTRR)' A Memo
of Understanding was signed by the Vice President
of Interdisciplinary Programs for Georgia Institute of Papers, Meetings, Etc.: Dr. David W. Nigg (INEL)
Technology (GIT). The Memo provides the basis will present an invited paper, coauthored by F. J.
for GIT and INEL engaging in a joint endeavor to Wheeler, D. E. Wessol, and C. A. Atkinson (INEL)
evaluate BNCT using the GTRR. The Memo is on "Radiation Physics Aspects of Boron Neutron
awaiting signature by EG&G officials. Capture Therapy" at the upcoming American Nucle-

ar Society topical meeting on New Horizons in
Radiation Protection and Shielding, Pasco, WA,

European Collaboration on Boron Neutron Capture April 26-30, 1992.
Theraov (ECBNCT)/Petten' The U.S. Depa_ment of
Commerce, Export Control Division, has approved Floyd Wheeler (INEL) was invited to be a guest
the release of the dose-planning software requested speaker at the International Workshop and Plenary
by Dr. Detlef Gabel, European Collaboration on Meeting of the European Collaboration on Boron
Boron Neutron Capture Therapy. This software will Neutron Capture Therapy, "Towards Clinical Trials
be exchanged for the European BSH human phar- of Glioma with BNCT," September 18-20, 1991 at
macokinetic data. DOE-HQ Legal Office is now Petten, The Netherlands. His subject is "Dose
reviewing the agreement. Calculations Based on Image Reconstructions." Dr.

Ronald V. Dorn (INEL/MSTI) will also give an oral
presentation at this meeting. Dr. Y. D. Harker and

Budget: Congressional subcommittee actions the Cecilia Amaro (INEL) have also submitted a paper
last week of July 1991 left some confusion as to for presentation at this meeting, entitled "Neutron
the fate of the $7.5 M authorized by Congress in and Gamma Measurements at the High Flux Reac-
FY-91. The Joint Conference Committee repro- tor HB11 Beam."
grammed the funds for BNCT research, making the
funding unavailable fo_, PBF modifications, but did Floyd Wheeler (INEL) was invited to present a paper
not specify INEL BNCT research. The plan of at the International Workshop on NCT Dosimetry,
Senate supporters to hardwire the funds to INEL at Massachusetts Institute of Technology, Cam-
when the bill reached the Senate floor was not bridge, MA in September 1991.
successful. At this time, the INEL BNCT research
budget is unknown for FY-92. DOE-HQ notified Dr.G.H. Glover, J. M. Pauly, (Stanford) andK. M.
INEL BNCT Program management on August 14, Bradshaw (t._EL) have submitted a paper, "Imaging
1991 that the $7.5 M reprogrammed by the House _B with _ hree-Dimensional Projection Reconstruc-
and Joint Conference Committee for FY-92 BNCT tion," [o the Journal of Magnetic Resonance in

research is Idaho money. Imaging.

Dr. D. Robert Lu and Corey Munro (ISU) submitted

DOE-ER Peer Review: The DOE-ER peer review of a paper, "Quantitative Analysis of Mercaptoundeca-
the INEL BNCT Program was scheduled for Septem- hydrododecaborate by Fourier Transform Infrared
ber 11-12, 1991. During the week of August 5, Spectroscopy," to Pharmaceutical Fesearch for
1991, DOE-ER requested that the Program Plans publication.
for the INEL BNCT Brain Tumor and Melanoma
Research Programs be updated for the peer review.
The review of the Program would be based on Presentations: A BNCT seminar was given August
these plans and supporting references. On August 22, 1991, by Dr. JacquelynYanch (MIT),"Acceler-
29, 1991, DOE-ER officially postponed the peer ator-Based Neutron Sources for BNCT," and Ms.
review pending "major program redirection." Jean Moran (MIT/INEL summer student), "A Bench-

mark Radiation Dose Distribution Analysis for
BNCT."

Miscellaneous: Dr. Greg Storr (ANSTO assignee)
has reported for work and is working on the GTRR

13
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Preparation of cost estimates for correction of

identified deficiencies from the DOE Tiger Team
D. PBF TECHNICAL SUPPORT AND audit was completed. These items are being for-
OPERATIONS warded for incorporation and prioritization as part

of the INEL Corrective Action Plan.

Work packages for tasks that must be completed if
The scheduled preventive maintenance performedPBF is prepared for BNCT or decontamination and

decommissioning (D&D) are being updated by in August included" (1) auxiliary air compressor,
(2) 5/1 5-ton overhead crane, (3) hot-waste storagePower Reactor Programs Reactor Safety Analysis

personnel with support from EG&G Idaho Engi- tank transfer pump, (4) control room nitrogen
system, (5) constant air monitors, (6) stack gasneering Department. The updating involves re-

scheduling and resource loading for work packages monitor, (7) chemical treatment pump, (8) plant air
compressor, (9) reactor building supply fans, (10)that were prepared early in calendar year 1991.
fire doors and extinguishers, and (11) relamping.These pack._gesinclude: (1) safety analysis report

review and edit, (2) loss of coolant accident (LOC-
Training conducted during August consisted of:A) pipe removal and annulus cleanup, (3) raw water
(1) PBF hazardous communication for crafts,system upgrade and backflow preventer instal-
(2) operations safety meeting, (3) emergencylation, (4) building temperature monitoring system

installation, and (5) reactor vessel nozzle weld brigade fire hose training, (4) bus driver training, (5)
mockup, emergency control center communication drill, and

(6) abnormal and facility walkthrough examination
for shift supervisor.Inspection of the PBF canal fuel storage racks for

structural integrity and cadmium content continues.
Training of the reactor fuel handlers on the Detailed
Operating Procedure (DOP) was completed by the
EG&G Reactor Training Group and the engineer
was responsible for the DOP. An 80-gram Pu/Be
neutron source for the cadmium content measure-
ment was transported from the Test Reactor Area
to PBF. Moving this source required the generation
and approval of a minimal transport plan. A door
seal on the large truck door was replaced and a
successful building leak test was performed in
preparation for fuel movement in the facility. The
inspection DOP was started and measurement of

the cadmium content in the permanent fuel storage
rack was completed. The permanent fuel storage
rack will be visually inspected using an underwater
television camera before fuel transfer between the
permanent and temporary fuel storage racks be-
gins. The fuel rack inspectior, is scheduled to be
completed before the end of Se_tember 1991.

Summary cost estimates and abbreviated plans
were developed to support a Congressional request
to DOE for a four-year BNCT Program. These cost
estimates were based on a plan to modify the
GTRR and maintain PBF in a condition that would
provide latitude for programmatic decisions to
complete modifications to PBF based on data from
GTRR. These cost estimates were transmitted to
DOE-lD.
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APPENDIX A

LARGE ANIMAL MODEL STUDIES

SUMMARY OF PATIENT DATA
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APPENDIX B

ACRONYMS
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Acronyms

AAPM American Association of Physicists in Medicine
ACS American Chemical Society
ADM Action Description Memorandum
ANS American Nuclear Society
ASN American Society of Neuroradiology
ATCC American Type Culture Collection
ATR Advanced Test Reactor
AWU Associated Western Universities
B/C Boron-to-carbon
BME Basal minimum Eagle
BMRR Brookhaven Medical Research Reactor
BNL Brookhaven National Laboratory
BNCT Boron Neutron Capture Therapy
BPA Boronophenylalanine
BSA Bovine serum albumin

BSH Borocaptate Sodium (Na2B_2HllSH)
BSS(B) B24H22SS4"
BSSO(B) B24H22S20"
CAT Corrective Action Team
CCF Change control form
CD Contrast diaphragm
CHNS Carbon-hydrogen-nitrogen-sulfur
COCA Consent Order Compliance Agency
CR-39 Allyl diglycol carbonate
CRADA Cooperative Research and Development Agreement
CRF Corticotropin releasing factor
CRH Corticotropin releasing hormone
CSF Cerebrospinal Fluid
CSI Chemical shift imaging
CT Computed tomography
D&D Decontamination and decommissioning
DEA Diethanolamine

DMAP Diemethylaminopyridine
DMEM Dulbeccos minimum essential medium
DMS Data Management System
DOE Department of Energy
DOE-ER Department of Energy-Energy Research
DOE-HERAC Department of Energy-Health and Environmental Research Advisory Committee
DOE-HQ Department of Energy-Headquarters
DOE-lD Department of Energy-IGaho Operations Office
DOE-NE Department of Energy-Nuclear Energy
DOE-OHER Department of Energy-Office of Health and Environmental Research
DOP Detailed operating procedure
DORT Two-dimensional S_ computer code
DSPC Distearoyl phosphatadyl choline
EA Environmental Assessment

ECBNCT European Collaboration on Boron Neutron Capture Therapy
ECC Elaidyl carborane carboxylate
EDF Engineering Design File
EE Environmental Evaluation
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EGS Engineering Graphics Systems
ethylene glycol-dis(/5'-aminoethyl ether) MN,N,N',N'-Tetraacetic acid

EIRMC Eastern Idaho Regional Medical Center
Electrocardiogram

EPA Environmental Protection Agency
EPRO Experimental Power Reactor Operator
ERDP Exploratory Research and Development Project
ES&H Environmental Safety and Health
ESMS Event Sequence and Monitoring System
FCF Facility Change Form
FDA Food and Drug Administration
FIA Flow injection analysis
FMEA Failure Mode and Effects Analysis
GA General Atomics
GE General Electric
GHRH Growth hormone releasing hormone
GIT-NRC Georgia Institute of Technology-Neeley Research Center
GTRR Georgia Tech Research Reactor
HAT Hypoxanthane aminopterine thymidine
HDW High pressure demineralized water
HEPA High-efficiency particulate air filter
HERAC Health Environmental Research Advisory Committee
HFR High flux reactor
HMPAO HexamethyI-Propylene-Amineoxime
HP Hewlett-Packard

HPLC High Performance Liquid Chromatography
HPLC-UV High Performance Liquid Chromatography-UltraViolet
IACUC Institutional Animal Care and Use Committee

ICP-AES Inductively Coupled Plasma-Atomic Emission Spectroscopy
ICP-MS Inductively Coupled Plasma Mass Spectrometry
lM Ion microscope
IND Investigational New Drug exemption from FDA
INEL Idaho National Engineering Laboratory
INPO Institute of Nuclear Plant Operations
lP-RP-HPLC Ion pair-reversed phase-high performance liquid chromatography
ISU Idaho State University
IV Intravenous

KURRI Kyoto University Reactor Research Institute
LDL Low density lipoprotein
LET Linear energy transfer
LOCA Loss-of-coolant accident
LOFT/OECD Loss-of-Fluid Test/Organization of Economic Cooperation and Dev_.lopment
MCNP Three-dimensional Monte Carlo computer code
MIT Massachusetts Institute of Technology
MR Magnetic resonance
MRI Magnetic resonance imaging
MRS Magnetic resonance spectroscopy
MSTI Mountain States Tumor Institute

MSU Montana State University
NAS National Academy of Sciences
NCAR National Center for Atmospheric Research
NCI National Cancer Institute
NCS Network computing system
NDE New Device Exemption (FDA)
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NEPA National Environmental Policy Act
NESHAPS National Emission Standards for Hazardous Air Pollutants
NIM National Institute of Medicine
NIST National Institute of Science and Technology
NMR Nuclear magnetic resonance
NWl Northwest imaging
OCT A low-temperature adhesive
OHSU Oregon Health Sciences University
ORAU Oak Ridge Associated Universities
ORNL Oak Ridge National Laboratory
ORSU Oregon State University
OSF Open Software Foundation
OSHA Occupational Safety Health Administration
OSU Ohio State University
PBF Power Burst Facility
PDARS Patient Data Acquisition and Retrieval System
PET Position Emission Tomography
PMT Photo multiplier tube
PNL Pacific Northwest Laboratory
POM Plant operating manual
PRP Power Reactor Programs
PTC Permit to Construct
QC/QA Quality control/quality assurance
RAP Requirements Awareness Program
RBE Relative Biological Effectiveness
RCRR Reed College Research Reactor
RESL Radiological and Environmental Sciences Laboratory
RF Radiofrequency
RFP Request for Proposal
RIS Resonance ionization spectroscopy
RP-HPLC Reversed phase-high performance liquid chromatography
RTT-MC Monte Carlo Transport Module
SAR Safety Analysis Report
SDD System Design Description
SIMS Secondary Ion Mass Spectrometry
SIRIS Sputter-Initiated Resonance Ionization Spectroscopy
TLD Thermoluminescent dosimeter
TRA Test Reactor Area

TTAF Test Train Assembly Area Facility
UC/Berkeley University of California Berkeley
UC/Davis University of California Davis
UCLA University of California Los Angeles
UCSF University of California San Francisco
UOR Unusual occurrence report
UofR University of Rochester
UofU University of Utah
USDA United States Department of Agriculture
WAS Work Authorization Statement
WSU Washington State University
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