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NUCLEAR MEDICINE TECHNOLOGY PROGRESS
REPORT. for QUARTER ENDING SEPTEMBER 30, 1978

SUMMARY

A new area of interest in the Nuclear Medicine Technology Program

is the development of a unique class of radiopharmaceuticals labeled

with the ]]7mSn nuclide. The attractive properties of ]]7mSn include

a l4-day physical half-life and the emission of single y-photon with

an optimal energy of ]59-keV. A specialized apparatus has been designed

for the conversion of metallic ]]7mSn to ]]7mSnC14 which has been sub-

117m

sequently converted to a variety of useful Sn-labeled organotin

intermediates. The availability of this unique approach will now

1H7mg 1 abeled

compounds of biological interest. Such tissue-specific ]]7mSn-1abe1ed

make possib]e the synthesis of a wide variety of

agents may represent a new class of useful radiopharmaceuticals.
In this progress report we also describe continuing studies

involving the preparation and testing of radiopharmaceuticals labeled:

with ]1C, ]95mPt, and 7SSe. Several ]1C-1abe1ed amino acids including

]]C-DL-tryptophan, 1]C-1-aminocyc]obutanecarboxy]ic acid (ACBC), and

]]C-1-aminocyc]opentanecarboxy]ic acid (ACPC) were prepared, and

patient studies have demonstrated ACBC to be superior to ACPC for

195npt have recently been

195mPt

tumor localization. Our §tudies with
directed toward attempting to prepare high specific activity
by the Szilard-Chalmers process. We also report progress in the

development of an in vZvo diffusion chamber assay technique that is

being used to investigate the cytotoxicity of cyclophosphamide and



cis-dichlorodiammineplatinum(Il) on the growth of KB tumor cells. More

75

recent studies with " “Se-Tabeled g-aminoethyl selenosulfate have

demonstrated the significant pancreatic uptake of this agent.

CARBON=-11

T, A. Buller

Four carbon-11 production runs were made this period to prepare

1¢-1abeled amino acids for the Medical Cooperative Program with the

Oak Ridge Associated Universities (ORAU) for studies in human patients.

The compounds prepared were ]]C-DL-tryptOphan, 1

(]]C-ACBC), and ]]C-1-aminocyc]opentanecarboxy]1c acid

11

C-T-aminocyclobutane-

carboxylic acid

(H C-ACBC was obtained

C-ACPC). A record high yield of 417 mCi of
during the quarter. The 8203 cyclotron target and radiochemical
synthesis systems continue to have consistently good performance.
Thirteen patients were examined at ORAU by positron emission tomography
after administration of one or more of these agents. A sufficient
number of patients have now been examined by ORAU to clearly indicate

[N 11

that  "C-ACBC is superior to

11

C-ACPC for general tumor localization.
Also, ' C-DL-tryptophan appears to be superior to ]]C—DL-va1ine as a
pancreatic imaging agent, although, additional studies will be per-

formed to confirm this conclusion.



PLATINUM-195m

J. D. Hoeschele and T. A. Butler

As part of the continuing Medical Cooperative Program to study

platinum antitumor compounds, one shipment of ]95mPt-1abe1ed eils-

[Pt(NH3)2C12] (cis-DDP) was made to the University of Southern Cali-

fornia and one shipment of ]gsmPt—labe1ed Na2PtC16 was made to the

University of Kentucky Medical Center.
In cooperation with W. Wolf at the University of Southern
California, we have initiated a short-term study to determine the

195m

feasibility of enhancing Pt specific activity by the Szilard-

Chalmers process. The High Flux Isotope Reactor (HFIR) irradiation

194 195m

of Pt yields Pt with a maximal specific activity of ~ 1 mCi/mg -

as a result of the very high burn-up cross-section (1.3 x 104 barns)

195m 195m

of the Pt product. The availability of Pt with a specific

activity greater than 5 mCi/mg would be particularly useful in
biological studies employing ]gsmPt-1abe1ed ¢1s-DDP or other antituﬁor
platinum compounds. Such high specific activity material would be
particularly useful in studies requiring the detection of very small

amounts of platinum.

In the Szilard-Chalmers process the target atoms, in this case

194 195mPt by

Pt, are irradiated in a neutron flux and converted to
the n + vy nuclear reaction. The excess energy resulting from the
neutron-nucleus interaction is released as a gamma photon, and to
conserve momentum the nucleus receives sufficient recoil energy in

most cases to rupture one or more chemical bonds. These so-called



"hot atoms" are amenable to differential chemical recovery and thus
enhancement of the specific activity of 195mpt. Our initial approach
will involve neutron irradiations of thermodynamically and chemically
stable anhydrous PtO2 in powder form. Displaced ]95mPt atoms on or
near the surface of the bulk oxide would presumably be more readily
dissolved by acid leaching of the irradiated target.

Following neutron irradiation of the powdered PtO2 in the Oak
Ridge Research Reactor (ORR) the target will be leached with aqua
regia to remove the most reactive platinum atoms, and presumably the
]95mPt, as hexachloroplatinic acid (H2Pt016). The high molar extinction
coefficient of the intense 261-nm absorption of the H2PtC16 can be
easily used to determine the concentration of the leachate solutions,
and the specific activity of the ]gsmPt-HthC16 can thus be easily
determined. The feasibility of this method for the production of
195mpt will have been established if the sbecific activity of the
leachate is increased by a factor of 5 or more over that detected in
the bulk oxide.

If the use of PtO2 is impractical for the Szilard-Chalmers
process, other methods that could be considered include the neutron
jrradiation of platinum foil that has been electroplated with a thin
copper coating. The copper may serve as a catcher for the recoiled
195mpt alums. Platinum hound to radiation stable inarganic cation
exchangers or stable Pt(II) macrocyclic complexes are other potential
target materials. If a feasible target material and means of removing

high specific activity 195m

194

Pt is determined, then the use of highly

enriched Pt will be considered.



SELENIUM-75

D. V. Woo, K. R. Ambrose, T. A. Butler, and F. F. Knapp, Jr.

Our previous studies have demonstrated the significant pancreatic

uptake of radioactivity in rats following intravenous administration

of 75Se-B-aminoethy] selenosulfate (ORNL/TM-6410). Since commercially

75Se-se]enomethiom’ne is the only agent that is routinely

available
used for clinical pancreatic imaging, we have initiated studies to
compare the biodistribution of 75Se-B-aminoethyl selenosulfate and
75Se-se]enomethiom’ne in'rats. Femalé Fischer strain rats were intra-
venously administered the 75Se—]abe‘1ed compounds in physiological
saline solution and sacrificed 30 mfn Tater. Selected tissues were
then removed and assayed for radioactivity. The resulting tissue
distribution data are shown in Table 1 and demonstrate a higher
pancreatic uptake of radioactivity in animals that were administered

75 75

the " “Se-selenomethionine compared with animals receiving ' ~Se-g-

aminoethyl selenosulfate. The liver uptake, however, was considerably

75Se-se]enomethionine, and

higher in animals that were administered the
‘as a result the pancreas/liver ratios did not differ significantly for
the Lwu 755e—1abe1ed compounds. These preliminary results suggest that
75Se-B-aminoethy1 selenosulfate could be used as an alternative to

75Se-se]enomethionine for potential imaging of the pancreas.



Table 1. Uptake of 755e in selected rat tissues?

Compound
Organ 755e-e-am1’noethy1 selenosulfate 75Se-se]enomethiom’ne

Blood 0.452 + 0.030 0.227 + 0.037
Heart 0.518 + 0.022 0.345 + 0.061
Liver 1.727 + 0.067 2.737 + 0.254
Pancreas 3.337 £ 0.819 5.340 + 0.813
Spleen 0.511 + 0.021 0.571 + 0.062
Pancreas/1liver 1.945 1.947

aAverage percent dose/gm of tissue or ml of blood * standard
deviation for 5 animals.

TIN-117m

D. V. Woo, T. A. Butler and F. F. Knapp, Jr.

The 117m

Sn nuclide decays with the emission of a single y-photon
in 87% abundance with an energy of 159 keV. This energy is optimal
for the sodium iodide crystal detectors which are currently used in
nuclear medicine instrumentation. In addition, the moderate 14-day

117mSn

physical half-life indicates that agents labeled with the
nuclide would have a reasonable shelf-life and that the absorbed

tissue dose would be less than Lhal expected for'agcnts labeled with
long-lived nuclides. Organotin chemistry is very versatile and such
compounds are often quite stable. One could thus envision the prep-

aration of a variety of tissue-specific ]]7mSn-]abe1ed radiopharmaceuticals.

This combination of favorable radionuclidic properties, well-defined



chemistry, and synthetic versatility has prompted us to explore the
preparation of organotin compounds of potential biological interest.
The synthesis of any organic ]]7mSn—1abe1ed agent would require the

H7mSn metal to a suitable form

initial conversion of reactor-produced
for incorporation into the compound of interest. In our estimation,

tin tetrachloride (SnC14)‘f111s the requirements of a versatile and
useful intermediate for the synthesis of a wide variety of organotin
compounds. We have developed a high-yield method for the conversion

of tin metal to the pivotal SnC]4 intermediate. Our method involves the
chlprination of metallic tin with chlorine gas with the concomitant
distillation and trapping of the SnC'l4 into a specialized reaction
vessel as outlined in Fig. 1. Using this specialized inert atmosphere,
flow-through system the yields of SnC14 have been consistently greater
than 90%. Reagents can be added directly to this reaction vessel for
subsequent transformations which eliminates undesirable transfer and
manipulation of the highly reactive SnC14.

117m

For the preparation of Sn-labeled SnC]4 additional steps are

required because of the need to accurately determine the production
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Fig. 1. Apparatus designed for the preparation of Sn-labeled

Sn014.
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116

yield of ]]7mSn obtained by neutron irradiation of enriched Sn

(n > vy). The reactor target is dissolved in concentrated HC1 to give
a solution of hydrated tin dichloride. Aliquots of this solution are

counted to determine accurately the yield and specific activity of

117m o 117m

Sn. Th SnC]2 . H20 is subsequently converted to the insoluble

117m o 117m

Sn0 by treatment with excess sodium carbonate. Th Sn0 is
centrifuged, washed with water, dried, and loaded into a quartz boat
which‘is placed in the reaction tube of the apparatus illustrated in
Fig. 11 "The appqratus is flushed with argon gas prior to the high

]17mSnO to metallic 117m$n. The

temperature hydrogen reduction of
system is cooled to ambient temperature and then purged again with

argon gas before the introduction of a slow stream of anhydrous chlorine
117m

gas. The temperature is then slowly raised to 150°C and the SnC]4
distilled into the reaction vessel which is cooled in a dry-ice
trichloroethylene bath. These steps are outlined below.
HC1
M6y (o) 5 "Msn o MMsncr, - 10
Step 1
Na2C03 . Hydrogen C12
pH > 7 Reduction 5
- 5 ”7mSn0 > 117m5n —'-———>H7m5nm4
450°¢ 150°¢C
Step 2 Step 3 _ Step 4

The chemical. yield for the conversion of metallic tin to the SnO
(steps 1 and 2) has been consistently higher than 80%. Although the
yield in step (3) has not been measured directly in experiments with

the radioactive tin, the overall yield in steps (3) and (4) in such



radioactive experiments is 70-75%. Experiments with stable tin gave
SnC]4 with a boiling point of 114%C (literature, 1149C). The SnC14 was
also reacted with a number of alkyl metal reagents as indicated in
Table 2 to give a variety of useful organotin intermediates. In one
experiment the SnCl4 was converted to the crystalline tetraphenyl

tin by reaction with phenyl 1ithium. The product had a melting point
of 227°¢C (1iterature, 227°C) and the infrared, ultraviolet, chromato-
graphic, mass spectral, and nuclear magnetic resonance properties were

consistent with the structure of tetraphenyl tin.

Table 2. Reactions of SnClgq with alkyl metal reagents to form
selected tin intermediates

:Experiment Substrate Initial product Reagent Final product Overall yield (%)
I Sn0 -+ Sn SnCl4 oLi ¢4Sn 54
IT Sn0 + Sn SnCI4 CH3MgBr Me45n 59
111 Sn0 - Sn . SnC14 Me45n Me3SnC1 85
v *Sn0 + Sn *SnC14 72
) *Sn0 » Sn *SnC]a Me4Sn Me3*SnC1 : 55
117m

The calculated specific activity of Sn produced by thermal

neutron irradiation of enriched 116

15

Sn in the HFIR for 14 days at a

2

neutron flux of 2.5 x 10°~ n/cm”-sec is 1.0 mCi/mg. Our experimentally

determined specific activity of 2 mCi/mg after a 14-day irradiation of
]TGSn indicates that the production yield may be influenced by an epi-
thermal neutron contribution. Specific activities of even greater than
2 mCi/mg may possibly be obtained, and experiments are being considered
to determine the effect of longer irradiation periods and the effect

of cadmium shielding on the production yield of ]]7mSn.
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The optimization of the .microscale synthesis of ]]7mSnC14 was

necessary before the synthesis of tissue-specific ]]7mSn-1abe1ed
compounds could be considered. Now that this crucial step has been

ime,

developed we envision the synthesis of an exciting array of
labeled agents, including steroids, fatty acids, and amino acids. One
of our major goals will be the development of the chemical strategy

required to prepafe these compounds.

DIFFFUSION CHAMBER ASSAY SYSTEM

K. R, Ambrose

An in vivo diffusion chamber assay technique has been developed
fhat represent§ a means of monitoring the interaction of drugs,
radiopharmaceuticals, and other substances with target cells. The
diffusion chambers consist of 15-mm-diam Lucite rings fitted with
0.2-micron borosity polycarbonate membranes. Target cells are loaded
into the chambers through.a radial hole in the Lucite ring which is
then sealed with paraffin. The chambers containing the target cells
are implanted in. the peritoneal cavity of rats. The membranes permit
the passage of nutrients from the sera that bath the chambers in the
peritoneal cavity. In the same manner the cells are also exposed to
drugs and agents that have been intraveneously or intraperitoneally
administered to the test animals. The small pore size of the membranes,
however, prevent any cells from entering or leaving the chambers. The
effects of drugs administered to the test animals on the growth of cells
in the test chambers can be easily monitored by counting the cells at

various time intervals and comparing these results with cell counts
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from control chambers implanted in animals that received only a control
saline injection; Since up to five chambers can be implanted into one
animal, several measurements over a well-defined time period can be made
with a limited number of animals. In a similar manner, the target cell
uptake of radioactive substances injected into the test animals éan be
determined as well as the subcellular distribution of the test substance.
The diffusion chamber technique can also be used to study the morpho-
logical changes that often occur with thé target cells after treatment
of the test animals with various drugs. The cells can be easily removed
from the diffusion chambers for microscopic examination. We have
detected such morphological changes in tumor cells in the chambers from
animals treated with e¢is-DDP or cyclophosphamide. We are presently
comparing the scanning electron micrographs of these cells with those

of tumor cells obtained from chambers of control animals injected with
saline.

The unique value of the diffusion chamber technique is that in
vitro assays are conducted in an in vivo environment. This is quite
jmportant, for example, in the cytotoxicity studys of drugs that
require in vivo activation prior to eliciting a biological response.
Cyclophosphamide (Cytoxan) is a drug which requires hydroxylation by a
mixed-function oxidase~system prior to exhibiting its cytotoxic
activity. We have used the human KB nasopharyngeal tumor cell line in
diffusion chamber assays to 1nve§tigate the cytotoxicity of the antitumor
compounds cyclophosphamide and cis-dichlorodiammineplatinum(II) (cis-
DbP). The intraperitoneal implantation of chambers containing 25 x 103

viable KB tumor cells into untreated Fischer strain rats resulted in
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an approximate 10-fold increase in the cell population within three
days. Table 3 shows the effect of intraperitonea] injections of
cyc]obhosphamide (75 mg/kg) on the KB tumor cell proliferation. The
apparent increase of inhibition of cell growth with time reflects an
increase in the number of cells in the chambers from the control
animals relative to a decrease in cell number in the cyclophosphamide-
treated animals.

Table 3. Effect of cyclophosphamide (CP) on growth of KB
tumor cells in diffusion chambers.

Average No. cells x 103/chamber

Posttreatment
daya Control group CP-treated group Inhibition?
1 130 ‘ 49 63%
2 - 254 20 92%
3 469 13 98%

%Animals  were injected intraperitoneally with saline (control
group) or cyclophosphamide one day after chamber implantation.

bDifferences in cell counts between control and cyclophosphamide-

treated groups are significant at p < 0.02 as determined by the
Wilcoxon test.

In similar experiments rats were injected intravenously with
c¢is-DDP, and by the second day an 89% inhibition of KB tumor cell
growth was observed in chambers from the test animals compared to the
cell growth in chambers from the saline-injected control animals. In
another experiment the rats were given an intraperitoneal injection of

the cis-DDP, and a 92% inhibition of cell growth was observed by the
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second day. The trans-DDP isomer has been shown in numerous animal

tumor model systems to be ineffective as an antitumor compound. In

our diffusion chamber assay system the trans-DDP was also not cytotoxic

to KB tumor cells. These combined studies show that the KB tumor cell’
diffusion chamber assay technique mimics the in vivo effects of cis-

and trans-DDP on solid tumors, and may be a sensitive general technique
with which to investigate the cytotoxicity of other compounds of interest.

195m

In more recent experiments the uptake of Pt-labeled ¢7Zs-DDP and

33P—]abe]ed cyclophosphamide in KB tumor cells in thé diffusion chamber
assay éystem has been investigated.

During the next quarter the diffusion chamber assay technique will
be used to further monitor the antitumor activity of cZs-DDP. These

studies will include different dose regimens of cis-DDP and also the

combined effects of ¢is-DDP and cyclophosphamide treatment.

OTHER NUCLEAR MEDICINE TECHNOLOGY GROUP -ACTIVITIES

Five shipments of 43K were made to the University of Mississippi
for coronary disease studies including a comparison with similar images
obtained using 20]T1 and 8]Rb.

K. R. Ambrose, J. K. Poggenburg, and D. V. Woo attended the 25th.
Annual Meeting of the Society of Nuclear Medicine at Anaheim, California,
on July 27-30. J. D. Hoeschele attended the Euchem Conference on Co-
ordination Chemistry and Cancer Chemotherapy in Toulouse, France,
on July 24-26, and F. F. Knapp, Jr., attended the 2nd IntérnationaT

Symposium on Radiopharmaceutical Chemistry held at Oxford University

on July 2-7.
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F. F. Knapp, Jr., visited the Biochemistry Department, Rice
University at Houston, Texas, on September 6-8 where he presented an
invited seminar describing the recent work of the Nuclear Medicine
Technology Group and conferred with faculty members concerning potential
areas of collaborative research. On September 11-12 he visited the
Chemistry Department of Texas A & M University at College Station,
Texas, to discuss establishing a collaborative research program with -
Dr. K. J. Irgolic for the synthesis of organotin and organotellurium
.compounds of biological interest. D. V. Woo attended the 2nd
International Congress of the World Federation of Nuclear Medicine
and Biology in waghington, D. C., on September 17-21.

K. R. Ambrose attended a two-week course on Radioimmunoassay
Systems at the Philadelphia College of Pharmacy from July 31 to
August 11.

On September 16th J. K. Poggenburg joined the new Medical Products
Division of Union Carbide Corporation as Manager of Radiopharmaceutical
Research and Development.

Visitors for this period included Mr. Mohammed Zin Bin Che
Awang and Mr. Badruddin Bin Chepa who joined the Nuclear Medicine
Technology Group for three months to investigate the potential production

of high specific activity 195m

Pt by the Szilard-Chalmers process.
This work was initiated as part of a collaborative effort with Dr. Walter
Wolf at the University of Southern California to study the biological

properties of platinum antitumor compounds.
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