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ABSTRACT

We have previously reported the radiation dosimetry of 11C-labeled
DL-tryptophan and DL-valine, as well as clinical pancreatic imaging studies
with these agents. Because of significant uptake in both normal pancreas and
in pancreatic tumors (thought to be due to the presence of the D-enantiomer),
differential diagnosis of pancreatic carcinoma was not feasible. High-perfor-
mance liquid chromatographic (HPLC) methods were developed for rapid resolution
of 1JC-labeled DL-tryptophan and DL-valine. Radiation dose estimates to the
various organs in man were calculated for the D- and L-enantiomers of R e -
labeled tryptophan and valine, based on tissue distribution data in rats. The
dose estimates were sufficiently low that 20-mCi doses of each of the enantio-
meric araino acids were approved by the FDA for intravenous administration to
humans.

INTRODUCTION

^C-Labeled amino acids, in conjunction with positron emission tomography
(PET), have shown potential as agents for pancreatic imaging (1-6), tumor
localization (7-9), and measurement of regional cerebral protein synthesis
(10,11). The most widely used and generally applicable procedure for produc-
tion of 11C-labeled amino acids is our high-temperature, high-pressure modi-
fication of the Bucherer-Strecker synthesis (12,13). This synthetic technique
produces amino acids labeled with **C in the carboxyl group and yields racemic
mixtures of those amino acids having an asymmetric center. Clinical studies
of 11C-labeled DL-tryptophan and DL-valine for differential diagnosis of pan-
creatic carcinoma were disappointing because of significant uptake of these
racemic mixtures in both normal pancreas and in pancreatic carcinoma (4). The
uptake by pancreatic tumors was quite unexpected based on the well-known
ability of [75Se]L-selenomethionine to permit diagnosis of tumors as defects
in normal pancreatic images (14), This finding was thought to be due to the
presence of the D-enantiomers, which were reported by Tamemasa and co-workers
(15) to selectively localize in tumor tissue. A high-performance liquid chro-
matographic (HPLC) mef:hod was developed in our laboratory for rapid resolutl
of "C-labeled DL-valine (16) and later adapted for resolution of nC-labeled
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DL-tryptophan and DL-leucine (17). These HPLC techniques have yielded clini-
cally useful quantities of the D- and L-enantiomers of 1^-labeled tryptophan
and valine for diagnostic studies in patients with pancreatic carcinoma.

In the second symposium in this series, we presented data on the radiation
dosimetry of 11C-labeled DL-tryptophan and DL-valine (18). In this paper we
describe animal tissue distribution studies and the resulting radiation dosim-
etry data for the resolved D- and L-enantiomers of these ^C-labeled amino
acids.

MATERIALS AND METHODS

Tissue distribution studies were carried out in male and female Fischer
rats (8-20 weeks old) using the 1[*C-labeled analogs of the four enantiomeric
1 ̂ -labeled amino acids of interest in this study. L-Tryptophan[side chain-
3-ll*C] and L-valine[l-ll4C] both were obtained from New England Nuclear,
Boston, MA, whereas D-tryptophan[carboxyl-1I+C] and D-valinetl-^C] were syn-
thesized using our modified Bucherer-Strecker synthesis (12,13) and resolved
by HPLC using a chiral mobile phase (16,17). Each of the enantiomeric R e -
labeled amino acids was administered to male and female rats via the tail vein
at levels of 0.01 - 0.19 mg and 2.6 - 5.0 yCi per kg of animal weight. Each
experimental group consisted of five animals. At 30 minutes after injection the
rats were killed by exsanguination under light ether anesthesia. Weighed
tissue samples were dissolved in NCS tissue solubilizer (Amersham/Searle,
Arlington Heights, IL) and assayed by liquid scintillation counting. The
results were normalized to a body weight of 250 g and averaged.

For calculations of the estimated radiation dose to Reference Man froa
administration of ^C-labeled D- and L-tryptophan and D- and L-valine, male
and female tissue distribution data for all tissues common to both sexos were
pooled. The normalized data were extrapolated to man as follows:

% admin, activity = % admin, activity . TB mass (aniTnnl) . organ mass (man)
organ (man) g tissue (animal) T3 mass (man)

where TB represents total body and organ mass in man is expressed in grams.

The MIRD technique (19) was used for the calculations, and correction for
activity in surrounding organs and the remainder of the body was made accord-
ing to the technique described by Cloutier et al. (20). The S values were
taken from MIRD Pamphlet No. 11 (21).

The calculations were based on the assumption that uptake was Immediate
and that the percentage of the administered activity measured in each tissue
at 30 minutes was the initial uptake. The distribution was assumed to remain
the same until total decay of the radionuclide occurred; thus, the effective
half-time in each organ would be equal to the physical half-life.

RESULTS AND DISCUSSION

The 30-minute tissue distribution data for 1(*C-labeled D- and L-tryptophan
is given in Table 1 and that for D- and L-valine is shown in Table 2. Uptake
differences between the D- and the L-enantiomer of each amino acid are greater
for those organs that utilize the naturally occurring L-amino acids for protein
or peptide synthesis and/or are active in amino acid transport (I.e., pancreas,
liver, brain, bone marrow, and small intestine). Furthermore, these differ-
ences are much greater for D- and L-valine than for D- and L-tryptophan, likely
due at least In part to the faster urinary excretion for D-valine than for any
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Table 1

Tissue Distribution of ll4C-Labeled D- and L-Tryptophan
in Male and Female Fischer Rats at 30 Minutes Postinjection

Tissue

Pancreas
Liver
Spleen
Kidney
Lung
Muscle
Heart
Brain
Marrow
Blood
S. Intestine
Testis
Ovary

7.
0.
0.
1.
0.
0.
0.
0.
0.
0.
0.
0.

D-Tryptophan
Male
60 + 0.09*
81 ± 0.02
53 ± 0.04
62 + 0.05
39 ± 0.03
25 ± 0.01
33 ± 0.03
11 + 0.01
79 ± 0.10
26 ± 0.06
90 ± 0.03
18 + 0.02

-

Female
8.06 + 0.28
0.93 ± 0.03
0.68 ± 0.03
1.62 ± 0.10
0.65 ± 0.04
0.25 ± 0.01
0.43 ± 0.03
0.13 ± 0.01
0.63 ± 0.02
0.30 ± 0.08
0.96 + 0.05

-
0.70 ± 0.07

L-Tryptopnan
Male

14.80 ± 0.44
1.46 ± 0.03
0.81 + 0.03
1.08 + 0.02
0.47 ± 0.01
0.23 ± 0.01
0.38 + 0.00
0.23 ± 0.01
1.00 + 0.04
0.25 ± 0.01
1.58 ± 0.05
0.17 ± 0.00

-

Female
13.77 ± 0.50
1.58 ± 0.12
0.96 ± 0.02
1.04 ± 0.04
0.75 ± 0.04
0.23 ± 0.01
0.43 ± 0.02
0.26 + 0.01
0.89 ± 0.08
0.29 ± 0.01
1.70 ± 0.08

-
0.90 ± 0.08

* Percent administered activity/g ± S.E.; normalized to a body weight of 250 g;
values are averages of 5 animals.

Table 2

Tissue Distribution of 1'*C-Labeled D- and L-Valine
in Male and Female Fischer Rats at 30 Minutes Postinjection

Tissue

Pancreas
Liver
Spleen
Kidney
Lung
Muscle
Heart
Brain
Marrow
Blood
S. Intestine
Testis
Ovary

D-Valin€
Male

2.30 ± 0.09*
0.16 + 0.01
0.32 ± 0.01
0.57 ± 0.01
0.39 ± 0.01
0.18 + 0.01
0.34 ± 0.01
0.04 ± 0.00
0.31 ± 0.01
0.10 ± 0.03
0.36 ± 0.02
0.09 ± 0.00

-

2.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0,

0.

Female
46 + 0.10
17 + 0.01
33 + 0.01
65 + 0.04
43 + 0.03
20 ± 0.01
33 ± 0.02
04 ± 0.00
27 + 0.01
06 + 0.03
43 + 0.02

-
37 + 0.01

Male
10.87 +
1.11 ±
0.84 ±
0.75 ±
0.58 ±
0.23 +

0.
0.
0.
0.
0.
0.

n.d.
0.12 +
1.45 ±
0.16 ±
1.77 ±
0.14 ±

-

0.
0.
0.
0.
0.

L-Valine

47
05
07
05
08
02

01
04
01
09
01

10.
1.
0.
0.
0.
0.

0.
1.
0.
1.

0.

Female
16 ± 0.30
16 ± 0.05
85 ± 0.02
71 ± 0.03
50 ± 0.01
22 + 0.01
n.d.

14 ± 0.01
09 ± 0.06
16 ± 0.01
74 + 0.11

-
70 + 0.04

* Percent administered activity/g ± S.E.; normalized to a body weight of 250 g;
values are averages of 5 animals.

of the three other enantiomeric amino acids studied (data not shown).

Because there were no apparent sex differences in the distribution data
for any of the four enantiomeric amino acids studied, the male and female data
for all tissues common to both sexes were pooled for the calculations of radi-
ation dose (Table 3). Based on our previously reported studies of the time
course of biodistribution for the radiolabeled racemic mixtures of tryptophan
and valine (1,2,18), the assumption of immediate organ uptake for the enan-
tiomeric amino acids seems reasonable for the dose calculations. Likewise,
in view of the 20.4-minute half-life of carbon-11, the assumption of complete
decay in situ also appears to be valid.
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Table 3

Estimated Dose to Reference Man from Intravenous Administration
of *^-Labeled D- and L-Tryptophan and D- and L-Valine

Radiation Dose* (rads/mCi)
Organ D-Tryptophan L-Tryptophan D-Valine L-Valine
Total Body
Pancreas
Liver
Spleen
Kidney
Lung
Marrow
S. Intestine
Testis
Ovary

0.012
0.14
0.023
0.018
0.035
0.014
0.016
0.026
0.009
0.017

0.011
0.25
0.035
0.020
0.023
0.017
0.017
0.042
0.010
0.019

0.012
0.046
0.008
0.012
0.016
0.012
0.012
0.013
0.009
0.011

0.011
0.19
0.028
0.022
0.019
0.014
0.021
0.009
0.007
0.011

* Based on the tissue distribution of the ^C-labeled amino acids 30 minutes
following intravenous administration to male and female rats, assuming
immediate uptake and no further change in distribution.

The radiation dose estimates for those organs utilizing L-amino acids in
protein or peptide synthesis and/or amino acid transport are generally somewhat
higher for the L-forms of both amino acids and somewhat lower for the D~forms
than reported previously for the respective DL-mixtures (18). Estimates for
other organs are similar regardless of the stereoisomeric form of the amino
acid.

The estimates of radiation dose for * ̂ -labeled D- and L-tryptophan and
D- and L-valine are all sufficiently low that the U.S. Food and Drug Adminis-
tration has approved, under Investigational New Drug status, the intravenous
administration of 20-mCi doses of each enantiomeric amino acid. Adminis-
tration of this amount of each *^-labeled amino acid would produce radiation
doses to the critical organ, the pancreas, of 2.8 rads for [^1C]D-tryptophan,
5.0 rads for [nC]L-tryptophan, 0.9 rads for [nC]D-valine, and 3.8 rads for
[nC]L-valine.
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DISCUSSION

ZANZONICO: Have you taken into account the radiation dose associated with
carbon-11 incorporated with the volatile, and therefore rapidly eliminated,
metabolite of C—11 labeled tryptophan and valine, namely, CO2? If so, how have
you done this?

WASHBURN: Decarboxylation of amino acids labeled in the carboxyl group is
quite significant in small animals such as the rat, and our biodistribution
data, of course, reflect this decarboxylative loss of radiolabel. However, we
have shewn that practically no decarboxylation occurs in man for any of the
C—11 labeled amino acids that we have studied, including tryptophan and valine.
The result of this is that the estimated radiation doses to Reference Man based
on rat biodistribution data may be somewhat low. On the other hand, although
good pancreas uptake of C-11 labeled amino acids in man has been observed, our
experience has been that the specificity of uptake by the human pancreas is
less that that by the rat pancreas. As a result, the estimated radiation doses
to the critical organ, the pancreas, may be tco high. These two factors thus
operate in opposite directions and tend to cancel each other out.

SACTRY: My question has to do with basic radiation physics and chemistry. In
your studies, you have attached C-11, a positron emitter, to D- and
L-enantlomers of tryptophan and valine. These molecules are optically active
and have a sense of "handedness". Because beta decay involves parity
nonconservation, the positrons have a right-handed helicity. One may therefore
expect that some of this helicity of positrons may be transferred to the amino
acid residues. As a result, If one starts with an equal population of D- and
L-enantioners, one nay expect a relative preponderance of one isomer over the
other. Have you found any evidence for this in your studies?

WASHBURN: We have observed no difference in the sizes of the HPLC peaks for
the two enantiomers of either C-11 labeled amino acid studied, which indicates
that there is no stereoselectivity in tfc* production of C-11 labeled amino
acids by the modified Biicherer-Strecker synthesis.
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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 spe-
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.


