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SUMMARY

o In this report the radioiodination and in vivo evaluation of p-iodocaramiphen are

described, p-Iodocaraminphen is a muscarinic antagonist which binds with high affinity to the

M1 receptor subtype/n vitro and therefore is a promising candidate for radioiodination and

in vivo evaluation. Biodistribution studies in female Fischer rats demonstrated that [12sI]-p-

iodocaraminphen had significant cerebral localization, but the uptake did not demonstrate

specific uptake in those cerebral regions rich in muscarinic receptors, and radioactivity washed

out rapidly from the brain. In addition there was no significant blockage of activity when the

rats were preinjected with quinuclidinyl benzilate (QNB) (5 mg/kg). These results suggest

that p-iodocaramiphen is not a good candidate for the in vivo study of M_ muscarinic receptor

populations by SPECT.

Because of the widespread interest and expected importance of the availability of

large amoun ts of tungsten- 188 required for the tungsten- 188/rhenium- 188 generator systems,

we have investigated the large-scale production of tungsten-188 in the ORNL HFIR. We
I

have also compared our production data with the theoretical production values and with

. experimental data available in the literature from other reactors. Tungsten-188 is produced

in a fission nuclear reactor by double neutron capture of tungsten-186. The experimental

yield of tungsten-188 is approximately 4 mCi/mg of tungsten-186 at the end of bombardment

(EOB) in the HFIR operating at 85 MWt power for a one cycle irradiation ('21 days) at

a thermal neutron flux of 2x10_ n.s%m 2. We also report the yield of rhenium-187 (the

intermediate radionuclide) at EOB from several of our targets.

Also during this period, several ORNL agents were supplied to collaborators for

further pre.clinical and clinical studies. Iodine-125 and iodine-13 I-labeled samples of the new

"IQNP" muscarinic-specific receptor agent were supplied to Brookhaven National Laboratory

collaborators for autoradiographic studies. In addition, iodine-125 and iodine-131-1abeled

supplies of the BMIPP cardiac imaging agent were supplied to study the effects of cocaine

+ on myocardial metabolism. A large clinical-scale tungsten-188/rhenium-188 generator was

supplied to the Center for Molecular Medicine and Immunology (CMMI) in Newark, New

Jersey, for initiating of patient studies with rhenium-188-1abeled antibodies.
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EVALUATION OF RADIOIODINATED CARAMIPHEN AS A
POTENTIAL MUSCARINIC RECEPTOR-SPECIFIC AGENT *

The loss of muzcarinic receptor activity in patients with Alzheimer's disease has been

observed in post mortem studies and in in vivo by Single Photon Emission Computed

Tomographic (SPECT) images using the iodine-123-1abeled muscarinic antagonist, 3-

quinuclidinyl 4-iodobenzilate (4-IQNB). Three distinct muscarinic subtypes, Ml, M2,and M 3

have been identified using both functional and binding assays. While the M_ subtype appears

to be postsynaptic, the M2 subtype predominately involve presynaptic muscarinic receptors.

Para-iodocaramiphen (1), an analogue of caramiphen, has been shown to be a selective M1

muscarinic agent (MI, Ki = 2.11 nM; M2, Ki = 123 nM) as compared to the M_ prototype

agent, pirenzephine (M 1 Ki - 5.21 nM). We report the preparation of iodine-125-1abeled

p-iodocaraminphen ([t2sI]-l) via a tributylstannyl intermediate (2) and the biodistribution

studies in rats to evaluate its potential use as a M1 selective muscarinic ligand for SPECT

studies.

p-Iodocaramiphen (1) was initially prepared via the triazine decomposition method, a

Although this method has been successfully used in the preparation of a variety of

radioiodinated compounds, we decided not to pursue this method due to the low

radiochemical yields often reported. Iododemetallation reactions involving the tributylstannyl

group are well known methods which are easily conducted under mild conditions and result

in the high yield incorporation of radioactive iodine into molecules of biological interest. This

method was therefore investigated for the preparation of [lzsI]-p-iodocaramiphen ([_2_I]-1).

Initially, p-(tributylstannyl)-caraminphen (2) was prepared by reacting 1 with bistributyltin in

the presence of palladium (II) acetate and tetrakis(triphenyiphosphine)palladium (0) in

triethylamine (Scheme I). Flash column chromatography afforded 2, free of the substrate 1,

as determined by thin layer chromatography (TLC) and nuclear magnetic resonance (NMR)

analyses. The reaction of 2 with sodium iodide-125 utilizing hydrogen peroxide as the oxidant

afforded [t25I]-p-iodocaramiphen ([125I]-1,Scheme II) in 50% radiochemical yield with a

specific activity greater than 1500 mCi/l_g as determined by HPLC analysis. The [_zsI]-I had

chromatographic properties analogous with 1 when analyzed by TLC and HPLC. "
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Scheme I

Biodistribution studies were performed using female Fisher VAF rats ( - 125 g) which

were allowed food and water ad libitum prior to and during the course of the experiment.

The [125I]-1was dissolved in 100 tri of ethanol followed by the addition of 50 tri oi' 0.1 N HCI

and dilution to 10 ml with a 10% saline:ethanol solution. Following intravenous injection of

[125I]-1 into a lateral tail vein, the metophane-anesthetized rats. The animals were

anesthetized and killed by cervical fracture at the designated time points. In addition to the

removal of the organs, the brains were stored over dry ice prior to dissection. For the QNB

blocking experiment, one group of animals was injected with QNB (5 mg/kg) 1 h prior to

injection of [125I]-1. Two hours after the injection of [1251]-1,the animals were killed and the

various tissues (striatum, cortex, cerebellum, rest of brain, heart and blood) removed and

analyzed.

125 -

Bu)3 Nal251 Q

_CO2CH2CH2NEt2 .... H202 = _CO2CH2CH2NEt2
q

2 [12sI]'l

Scheme II
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The in vivo biodistribution results of [12_I]-p-iodocaraminphen ([lzsI]-l) are shown in
l

Table 1. The brain and heart, organs of high muscarinic receptor concentrations,

demonstrated high levels of activity 1 h postinjection of [125I]-1. The brain to blood and heart ii,

to blood ratios after 1 h were observed to be approximately 4:1 and 2:1, respectively, lt was

also observed that the thyroid activity level was low, demonstrating the in vivo stability of the

radioiodine label.

Table 1. Biodistribution of [lzsI]-p-iodocaramiphen ([12sI]-l)
in female Fisher rats (n = 5).

Percent dose/gram

Time (rain)

Organ 15 60

Blood 0.26 ± 0.02 0.22 ± 0.03
Liver 3.44 ± 0.41 3.10 ± 0.30

Kidney 2.73 ± 0.33 1.51 ± 0.03
Heart 0.87 ± 0.08 0.41 ± 0.03 :

Lung 4.45 ± 0.32 1.97 ± 0.02
Thyroid _ 0.14 ± 0.03 0.11 ± 0.01 .
Brain 1.37 ± 0.10 0.87 ± 0.04

'% Dose/organ

The cerebral distribution of [izsI]-1 was then evaluated over a 4 h time period, and

these results are shown in Table 2. The maximum uptake of activity occurred 1 h post

injection but by 4 h the activity had washed out to approximately 85% of its ttiaximum level.

In addition, the level of activity were the same in areas of the brain rich in muscarinic

receptors (cortex and striatum) as compared to regions low in receptors (cerebellum) over

the time course of the experiment. Blockage of muscarinic receptor sites by the preinjection

of 3-quinuclidinyl benzilate (QNB), a potent muscarinic antagonist, resulted in a slight

decrease in the uptake of activity as compared to the non-treated animals.

These results demonstrate that the significant activity observed in the brain after 1 h,

washes out relatively rapidly, and that [lzsI]-I demonstrated no selectivity toward muscarinic
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receptors in both the heart and brain. These results indicate that [125I]-p-iodocaramiphen
tit

([l=q]-l) is not a good candidate for the /n vivo detection and imaging of M_ subtype

. muscarinic receptors. The reason for the difference in vitro and in vivo are not known but

may result from the/n vivo metabolism of 1 or its unfavorable lipid solubility.

Table 2. Cerebral distribution of [12Sl]-p-iodocaramiphen ([12sI]-l) in female Fischer rats (n = 5).

Percent dose/gram

Time fm±n)

Organ 15 30 60 120 121Y 240

Blood 0.88 ± 0.29 0.63 ± 0.20 0.43 ± 0.02 0.36 ± 0.03 0.20 ± 0.03 0.39 ± 0.02
Heart 0.55 ± 0.20 0.36 ± 0.12 0.44 ± 0.03 0.35 ± 0.02 0.25 ± 0.02 0.21 ± 0.01
Cortex 0.47 ± 0.18 0.35 i 0.13 0.79 ± 0.06 0.43 ± 0.02 0.31 ± 0.02 0.10 ± 0.01
Striatum 0.45 ± 0.15 0.31 ± 0.11 0.70 _ 0.03 0.38 _ 0.03 0.29 ± 0.03 0.08 ± 0.1)4
Cerebellum 0.40 ± 0.17 0.32 ± 0.13 0.72 ± 0.08 0.40 ± 0.04 0.33 ± 0.03 0.11 ± 0.02
Rest of Brain 0.42 ± 0.17 0.33 ± 0.13 0.77 ± 0.07 0.48 ± 0.04 0.37 ± 0.03 0.14 ± 0.01

" "Pretreatment with QNB (5 mg/kg).
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REAC'TOR CAPABILITIES FOR PRODUCTION OF TUNGSTEN-188 FOR THE
TUNGSTEN-188/RHENIUM-188 GENERATOR SYSTEM

Current widespread interest in the W-188/Re-188 biomedical generator has prompted

us to compile and evaluate the data for large-scale production of W-188, which is produced

in a fission nuclear reactor by double neutron capture of W-186. The corresponding radiative

capture cross-sections for both reactions are summarized in Table 3. As seen, the reported

value of the resonance integrals (Io) for W-187 is very high (2760±550),1"3which means that

the contribution of epithermal neutrons to the reaction rate of W-188 is significant, especially

in the irradiation facilities where the epithermal neutron component of the neutron spectrum

is substantial. In addition, the large decay constant of the W-187 intermediate nuclide further

limits the number of W-187 atoms present at any time during irradiation for ti_:,6 d

(saturation point of W-187). Furthermore, target depletion and neutron attenuation or self-

shielding are two additional factors contributing to the lower yields of W-188. In this work,

we report the large-scale production yields of W-188 in the ORNL HFIR Hydraulic Tube
A

Irradiation Facility (HT) and compare our data with experimental data available from other

institutions and our theoretical calculations. Theoretical calculations are performed using

LAURA 4 which is a generalized program for calculation of the activity of any member of a

radioactivity chain undergoing spontaneous decay and/or induced neutron transformation in

a nuclear reactor. In addition to the contribution from the resonance integrals (requiring a

knowledge of _J_epi), the effects of target depletion are also included in our theoretical

calculation of the reaction rates. Provisions for self-shielding corrections are not, however,

yet included in the current version of LAURA.

The experimental yields of W-188 from six reactors (HFIR, Savannah River, HFBR,

ORR, MURR, and F'T'I"F)and the corresponding neutron fluxes are given in Table 2. The

large-scale production yields of W-188 at EOB from the HFIR (hydraulic tube) at the current
,li

power level of 85 MWt for a one-cycle irradiation (- 21 days) at a thermal neutron flux of

2x1015n.slcm 2 is 4 mCi/mg of W-186, which is lower than the theoretical value by almost a

factor of ten. As shown in Table 3, the ratio of the theoretical to experimental yields

(Rtb_) of W-188 for ali the data from different reactors range from 1.5 to 14.8 (excluding



7

the results from FFFF), with an average value of 8.1±4.5. The extent of discrepancy between
11

the theoretical and experimental values cannot be totally attributed to the neutron self-

. shielding in the target material since the effect was found to be insignificant in the HFBR

experiment in which two targets of 5 and 8 mg were irradiated together and the induced

activities of W-188 were found to vary within 2% (Table 2).

Recent calculations by Schenter et aL,5 indicated that the self-shielding factor for a

100 mg target of 1_WO3 could be as large as 30%. In spite of these data, the close

agreement between the theoretical and experimental yields of W-187, Rt_o/c_,=1.5±0.3, lead

us to speculate that the actual radiative capture cross-sections of W-187 is somewhat lower

than the reported values. The radiative capture cross-section of W-187 thus warrants further

evaluation. As indicated in Table 4, the yield of W-187 at EOB is about 850 times higher

than W-188 for a 21-d irradiation in the HFIR.

Table 3. Cross-sections for production of W-187 and W-188

Cross-section (barn)

Measurements Thermal Resonance Io/ot_
. (ota) Integrals (Io)

Tungsten-187

Recommended 7 37.9 ± 0.6 485 ± 15 12.8 ± 0.5
Van Der Linden et al.b 36 ± 1 410 ± 47 11.4 ± 1.3

Tungsten-188

Gillette (1966) 6 64 ± 10 2760 ± 550 43.1

b)Reference 3, Thetis reactor, Belgium [(_J_cpi)=23.8±0.3, 18.3±0.2, 144±1; n=20_ Au]

,h
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AGENTS FOR MEDICAL COOPERATWES

In a continuation of collaborative studies to evaluate the regional uptake in cerebral

structures by high resolution autoradiography (ARG), samples of 1-125- and 1-131-1abeled

• "IQNP" were supplied to the Brookhaven National Laboratory (P. Som, D.V.M.). In addition,

samples of the 1-131- and 1-125-1abeled BMIPP cardiac imaging agent were supplied for

continuing ARG studies to determine the effects of cocaine on myocardial metabolism. One

shipment of the ORNL tungsten-188/rhenium-188 generator was supplied for clinical studies

in a collaborative program with the Center for Molecular Medicine and Immunology (D. M.

Goldenberg, M.D.).
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OTHER NUCLEAR MEDICINE GROUP ACTIVITIES
S

Publications
o

Callahan, A. P., Rice, D. E., McPherson, D. W., Mirzadeh, S., and Knapp, F. F., Jr. 'q'he Use

of Alumina "SepPaks_" as a Simple Method for the Removal and Determination of Tungsten-

188 Breakthrough from Tungsten-188/Rhenium-188 Generators," J. Appl. Radiat. Isot., 43,

801-804 (1992).

Mausner, L. F., Mirzadeh, S., and Srivastava, S.C. "Improved Specific Activity of Reactor

Produced ll7mSn with the Szilard-Chalmers Process," Appl. Radiat. Isot., 43, 1117-1122 (1992).

P_gs

Members of the ORNL Nuclear Medicine Group authored two papers in a recent book

entitled, "Nuclear Data for Science and Technology" (S. M. Quaim, editor), published by

Springer Verlag, which were the Proceedings of papers presented at the International

Conference on Nuclear Data for Basic and Applied Sciences held at the KFA in Julich,

Germany, on May 12-17, 1991.

Mirzadeh, S. and Chu, Y. Y. "Production of Gallium-66, A Positron Emitting Nuclide

for Radioimmunotherapy."

Mirzadeh, S., Knapp, F. F., Jr., and Callahan, A. P. "Production of Tungsten-188 and

Osmium-194 in a Nuclear Reactor for New Clinical Generators."

New Patent Granted

A second set of new claims has been allowed by the U.S. Patent Office for the patent

describing the ORNL tungsten- 188/rhenium-188 radionuclide generator system which provides

the carder-free rhenium-188 as perrhenic acid for therapeutic applications.
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Knapp, F. F., Jr., Lisic, E. C., Mirzadeh, S., and Callahan, A. P. "Tungsten-

188/Cartier-Free Rhenium-188 Perrhenic Acid Generator System."

t

Book Chapter

Members of the Nuclear Medicine Group co-authored a chapter in a recent book on current

methods of cardiacimaging for the clinical diagnosis of heart disease.

Visser, F. C., Sloof, G. W., and Knapp, F. F., Jr. "Myocardial Metabolic

Imaging with Iodine-123-Labeled Fatty Acids," In, What's New In Cardiac

Imaging?, E. E. van der Wall, H. Sochor, A. Righetti and M. G. Niemeyer,

editors, Kluwer Academic Publishers, The Netherlands, pp. 229-247 (1992).

Presentations

" Members of the ORNL Nuclear Medicine Program co-authored two papers presented

at the European Association of Nuclear Medicine (EANM) Congress in Lisbon, Portugal, on

August 23-28, 1992, describing clinical studies with a new agent developed at ORNL. The

work on the new pancreatic function test represents the results of recent patient testing of

this new ORNL agent and was nominated for the prestigious "Marie Curie Award," which is

awarded each year for the most outstanding paper at the EANM Meeting.

Kropp, J., Knapp, F. F., Jr., Weyenberg, A., Bergmann, K. and Biersack, H.-J.

"Pancreatic Lipase Activity Tested by Urine Analysis After Oral Administration of a

1-131-Triglyceride."

Kropp, J., Koehler, U., Zierz, St., Knapp, F. F., Jr., Briele, B., von Smekal, A. and
i*

Biersack, H.-J. "Oxidative Metabolism of the Myocardium in Patients with Systemic

. Myopathies."
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Members of the ORNL Nuclear Medicine Program co-authored a paper describing

collaborative studies which was presented at the recent "Fourth Conference on

Radioimmunodetection and Radioimmunotherapy of Cancer" held in Princeton, New Jersey, o

on September 17-19, 19_2. The paper described the first successful targeting of rhenium-188-

labeled antibodies using rhenium-188 from the ORNL tungsten-188/rhenium-188 generator
I

system to tumors of four patients at the Center for Molecular Medicine and Immunology, in

Newark, New Jersey.

Sharkey, R. M., Varga, D., Vagg, R., Siegel, J. A., Goldenberg, D. M.,

Griffiths, G. L., Jones, A. L., Tejada, G., Ahmad, M., Hansen, H. J., Knapp,

F. F., Jr. and CaUahan, A. P. "Phase I Radioimmunotherapy Using Directly

Labeled Rhenium-188-Labeled Murine Anti-Carcinoembryonic Antigen IgG:

Preliminary Results."

ORNL Nuclear Medicine Program Staff Organize International Symposium

Saed Mirzadeh introduced and chaired the opening session of a symposium on

*Radionuclide Generator Systems for Nuclear Medicine Applications," at the Annual Meeting
8

of the American Chemical Society (ACS) recently held in Washington, D.C., on August 23-28,

1992. The symposium was organized by ORNL Nuclear Medicine Program members F. F.

Knapp, Jr., S. Mirzadeh and A. P. Callahan under the auspices of the ACS "Division of

Nuclear Chemistry and Technology." The symposium consisted of four half-day sessions

focussing on current research in the development of radionuclide generalor systems for

diagnostic and therapeutic applications in nuclear medicine. A total of twenty one papers

were presented by scientists from the U.S., Belgium, Switzerland, and Taiwan, who

represented national laboratories, universities and commercial firms. Proceedings of the

symposium will be published in the journal Radioactivity and Radiochemistry.

News Release Descn'bes Initiation of Clinic.alUse of ORNL Generator

Two recent articles in Science (September 4, 1992, page 1348) and Chemical and

Engineering News (September 7, 1992,page 33) have described the initiation of clinical studies
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with rhenium-188-1abeled antibodies for tumor therapy by Immunomedics, Inc., and CMMI
O

in Newark, New Jersey, in a collaborative project with the ORNL Nuclear Medicine Program

. using the ORNL tungsten-188/rhenium-188 generator. The news articles re_,_,ltedfrom a

News Conference held by representatives of Immunome_iics, Inc., a Nev_ark, New Jersey

company, at the recent "Symposium on Radionuclide Generators for Nuclear Medicine

Applications," organized by the ORNL Group at the American Chemic_! Society held in

Washington, D. C., on August 24-28, 1992.
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