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INTRODUCTION 
A single-photon emission computed tomography [SPEW imaging agent that 

analogue of a boron carrier for boron neutron-capture therapy VNCT] of cerebral gli 
be useful for assessing the kinetics of boron uptake in tumors and in the surrounding 
noninvasively. BNCT is based on the interaction of thermalized neutrons with 10B nuclei in the 
targeted tumor. For B N m  of brain tumors, it is crucial that *OB concentrations in radiosensitive 
regions of the brain be minimal since malignant cells and vital brain tissues are often intermingled 
at the margins of the tumor. C m n t l y ,  boronophenylalanine @3PA]-mediated Z3NCT is 
undergoing preiiminary clinical study for postoperative radiotherapy of glioblastoma muitiforme at 
Brookhaven National Laboratory [l]. 

Investigators in Japan are developing 1 *F-fluoroboronophenylalanine P P A ]  as a positron 
emission tomography eE3] surrogate for BPA [Z]. 18F (T1/2 = 110 min), which is usually 
generated at a cyclotron dedicated to PET, is generally a minimally perturbing substitute for the 2- 
H on the aromatic ring because of its small size and the strong covalent bond it forms with carbon. 
However, SPECT has potential advantages over PJ3: 1) SPECT is clinically more widely 
available at lower cost; 2) most radioisotopes for the synthesis of SPECT agents can be purchased; 
3) SPECI' is less difficult to implement. It is thought that the quality of images derived from the 
two techniques would each be sufficiently informative for BNCT treatment planning purposes, 
provided that the SPECT and PET agents being considered were both pharmacokinetic surrogates , 
for BPA. 

1~I-iodo-a-methyltyrosine DAMTI, which has been used for SPECT imaging of various tissues 
in patients [3,4], might be useful as a surrogate for BPA in BNCT since both are structural 
analogues of tyrosine. Both BPA and IAMT have short intracellular residence times and neither is 
used for cellular protein synthesis, yet both BPA and IAh4T may bear sufficient structural 
resemblance to the natural amino acids tyrosine and phenylalanine to follow similar transmembrane 
transport pathways in the brain [5,6,7. 

subcutaneous 9L gliosarcomas. These were surgically removed at different times after IAMTIBPA 
administration and were assayed for both 1x1 and 'OB. Blood samples were also removed at 
different times to generate kinetic data. The 9L gliosarcoma is used in brain tumor BNCT research 
to assess the uptake kinetics of boron compounds, including Na2B 12H1 ISH and its dimer [SI as 
well as BPA [9]. 

It has been suggested (L. E. Feinendegen, private communication, 1994) that 

The animal tumor model used to test IAh4T consisted of several rats, each with multiple 

MATERIALS AND METHODS: 

Milwaukee, WI) using carrier-free 125I-NaI (3.7 MBq, ICN, Imine, CA) that had been oxidized to 
free iodine by Chloramine T (Aldrich) ['7l in 0.4M phosphate buffer (pH 6.2) . Purification was 
Carried out by HPLC with a reverse phase column (Phenomenex Masi l  C18 260 x 4.6 mm) and 
8O:ZO:l watermethano1:acetic acid as eluent (Tisljar et aL, 1979). The desired product had a 
retention time of =38 min at a flow rate of 0.8 ml/minute and was characterized by NMR 
spectroscopy. The purity of the resultant carrier-free 125I-IAMT was checked by coinjection of an 

lZI-IAMT was synthesized by electrophilic iodination of L-a-methyltyrosine (Aldrich, 



aliquot with nonradioactive IAMT (synthesized with unlabeled NaI) onto the Same column. Oprical 
absorbance (254 nm) was proportional to radioactivity in each eluted fraction that contained 
purified IAMT. 

Male Fisher 344 rats (240-305 g body weight [gbw]) were each implanted at four 
subcutaneous sites with a 9L gliosarcoma cell suspension [SI- In Experiment I, when the tumors 
had grown to ~ 5 0 0  mg (10 days after inoculation), two rats were each given a fructose complex of 
%BPA (500 pglgbw, 100 mg/rnl) and ISI-IAMT (7 nCi/gbw, 6 pCi/ml) as a single 
intraperitoneal lip] injection in a volume of 1.5 ml. A blood sample and one tumor were removed 
from each rat at 1.5,2.5,4 and 6 hours after the injection (skin incisions were closed under 
Halothane anesthesia using clips). Blood samples were taken retroorbitally with a capillary tube. 
Whole liver, spleen, kidney and brain were removed at necropsy promptly after Halothane- 
mediated euthanasia 6 hours postinjection and all tissues were assayed for both 1% and 1251 . in  
Experiment 11, two rats were coinfused intravenously [iv] with BPA-fructose (250 pg/gbw) and 
1251-IAMT (3.2 nCi/gbw) over a 2-hour period. Tumor and blood samples were taken 0, 1,2 and 
4 hours after the end of the infusion. 

counter. The error is (+ 1 SD) =1-5% of the observed radioactive counts per minute. The tissues 
varied in weight from 100 to 700 mg, and calibration of the counter showed that the count- 
quenching effect varied 4% over this range of sample weights. The 1% was assayed at the 
Brookhaven Medical Research Reactor using the prompt-gamma ray spectroscopy technique that 
measures 478 keV photons from the l0B(n, 4He)7Li reaction [ 111. The error is (+ 1 SD) ~ 5 %  at > 
10 pgl%/g and is ~ 1 5 %  at 1 pg  loB/g [9]. 

The 1251 activity was assayed with a Model 5530 (Packard, Downers Grove, IL) gamma 

RESULTS AND DISCUSSION 
In Experiment I, one rat was inadvertently killed by overexposure to Halothane during 

anesthesia Table 1 shows the boron and iodine concentmtions in the tumors and blood of the 
other rat as a function of time after the last injection. The clearance kinetics of iodine and boron 
appeared to be somewhat similar 1.5 hours postinjection in both tumor and blood, but 1251: 
ratios varicd considerably over the full, clinically relevant perid of study. If IAMT were 
considered an adequate surrogate of BPA in BNCT, the 1251: 10B ratio should have remained about 
the same throughout that period. 

patients in this manner for BNCT. The results are shown in Tables I1 and 111. The 
pharmacokinetics of iodine and boron in tissues appear as divergent in this experiment as in 
Experiment I, partrcularly during the first two hours (the clinically relevant period) after infusion, 
even though the boron and iodine concentrations both decreased one hour after the end of infusion. 
The lzI: l0B ratio consistently decreases with time, indicating that the IAMT has a shorter 
clearance half-time from this tumor than does BPA, at least when there is great excess of BPA. If 
IAh4T were an adequate imaging surrogate for BPA in BNCT, this ratio would remain fairly 
constant throughout this critical initial period of blood-tissue amino acid exchange and 
redistribution. The B:B and I:I ratios in various tumor samples at each time point are not much 
different from each other (except at time zero), from which we surmise that, although animal-to- 
animal variability exists, the kinetics of each amino acid were fairly uniform within each of these 
minimally necrotic rat tumors. The tumor uptake of IAMT in our rat glioma was similar to that 
reported for a metastatic rat sarcoma [ 121 where a peak of 0.88% of the bolus i.v. injected dose 
was found 15 min. after injection. 

In this exploratory study, tumor: blood ratios were more variable for IAMT than they were 
for BPA. The transport kinetics of IAMT were found to be sufficiently dissimilar to those of BPA 
with the large molar excess of BPA likely to be required for clinical BNCT to justify our 
discontinuing further investigation of the former as a surrogate for the latter. Perhaps IAMT is not 
a consistent surrogate for BPA because of structural differences between the two compounds. 
IAMT lacks the para-boronyl group and it possesses ortho-iodo, alpha-methyl and para-hydroxy 

f 

In Ekperiment 11, IAMT and BPA were coinfused iv for 2 hours. BPA is administered to 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spc- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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groups not prescnt on BPA. Langen et al. 141 haw reported that there arc differences between thc 
transport kinetics of the neutral amino acids IAMT and methionine, and postulated that thcre may 
be notable differences in pharmamknetics among other neutral amino acids. 

To our knowledge, a SPECT surrogate for BPA has not yet been identified. It was 
desirable to test IAMT because it appeared possible, conceptually, that IAMT fulfilled the criteria 
for a surrogate. Although 1231- or l%AMT are not commercially available, their syntheses are 
straightforward, they have been well characterized, and the former has been studied in humans. 
Iodotyrosine might be considered a surrogate since it lacks the alpha methyl group. However, this 
structural feature would render it labile to deiodination in vivo f7]. Iodination of BPA itself would 
be difficuit since the boranyl group is electron-withdmving and renders the phenyl group 
unreactive to electrophilic substitution. 

CONCLUSION 

under conditions of great excess of BPA required for BNCT. The techniques described here to 
evaluate IAMT as a smogate for BPA provide a convenient in vivo animal model for screening 
other SPECT agents as surrogates for 10B-caniers in BNCT. 

A ttacer dose of IAMT does not appear to adequately track BPA in the rat 9L gliosarcoma 
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Table I. Uptake of 1251 (% dose/@ and 1% ( p g i g )  in tunior aid blood from a Fisher 344 
rat bearing four subcutanmus 9L gliomas that was given 1OB-BPA (500 pglgbw) and 
1251-IAMT (7.5 nCi/gbw) in a single ip injection. 

Time after one 
ip injection 
(hrs) 
1.5 
2.5 
4.0 
6.0 

tumor tumor tumor 
1251 1% 1ZI:IOB 

0.39 42.1 1.00 
0.30 57.3 0.57 
0.14 48.9 0.30 
0.05 25.2 0.20 

(normalizxd 
to 1.5 hr.) 

blood blood blood 
125I 1% Izsl:l?B 

0.22 15.5 1.00 
0.15 16.0 0.67 
0.09 13.1 0.49 
0.06 8.8 0.47 

(normalized 
to 1.5 hr.) 

Table 11. Uptake of l Z I  (% dose/g) and 1oB (yglg) in tumor and blood from Rat 1 given 
1251-IAMT (3.2 nCi/gbw) and 1%-BPA (250 pg/gbw) in 3.1 ml by a 2-hour iv infusion. 

Rat 1 tumor 

Time after end of 
infusion (hrs) 
0 0.33 
1 0.15 
2 0.09 
4 0.04 

1251 
tumor tumor blood 
'OB 1251:10B 

(normalized to 
0 hr) 

28.0 1 .oo 0.18 
25.0 0.50 0.10 
18.3 0.43 0.07 
11.3 0.32 0.05 

blood blood 
l*B '=I: log 

(normalized to 
0 hr) 

11.7 I .oo 
9.1 0.70 
7.4 0.63 
5.6 0.55 

I 

Table 111. Uptake of 12% (% dose/g) and 1% (pglg) in tumor and blood from Rat 2 given 
1251-IAMT (3.2 nCi/gbw) and 1%BPA (250 pglgbw) in 3.1 ml by a 2-hour iv infusion. 

Rat2 tumor tumor 
1251 10B 

Time after end of 
infusion (hrs) 
0 0.58 43.3 
1 0.15 29.4 
2 0.1 I 21.8 
4 0.07 21.1 

tumor 

(normalized to 
0 hr) 
1 .oo 
0.37 
0.37 
0.23 

1sj: log 
blood blood blood 
1251 ]OB 1251: log 

(normalized to 
0 hr) 

0.28 11.9 1 .oo 
0.17 9.8 0.72 
0.10 7.6 0.55 
0.09 6.8 0.59 
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