EDITORIAL

Potential Use of Amino Acid Cocktails to Reduce Renal Tubular
Reabsorption of Radioconjugates

n explosion of knowledge in modern

biology has led to new possibilities
for detection of cancer by radionuclide
scintigraphy as well as exciting approaches
for delivery of systemic, tumor-targeted
radiotherapy. To realize this potential, rapid
excretion of non-tumor bound radioactivity
is necessary. Small, radioactive oncophilic
molecules such as monoclonal antibody
(MADb) fragments or peptides provide rapid
tumor targeting. If these molecules are
labeled with a radiometal, renal uptake of
the radiometal ranges from 6% to 25% of
the injected dose (/-5), thereby compro-
mising the potential for cancer detection in
the kidney region and limiting the thera-
peutic potential. Renal accumulation of ra-
diometal results from glomerular filtration
of molecules less than 60 kD, intraluminal
degradation followed by tubular reabsorp-
tion and intracellular lysosomal degrada-
tion (6,7). The kidney is a major site for
catabolism of low molecular weight pro-
teins and, whereas radioiodine is quickly
released from the cells, radiometals are
retained and likely transferred to intracellu-
lar metalloproteins (7,8,9).

PRELIMINARY STUDIES OF RENAL
UPTAKE REDUCTION

Studies of renal physiology starting as
early as 1806 show that small proteins
and amino acids are filtered by the kidney
and greater than 99% of amino acids are
normally reabsorbed by the tubular cell
(6,7,10). Tubular reabsorption is accom-
plished by active transport mechanisms
that are saturable. In 1977, Morganson
and Solling (/1) demonstrated that an
infusion of lysine and arginine blocked
renal tubular re-absorption of peptides.
Recent studies performed in mice showed
that lysine and other basic amino acids
decreased renal uptake of co-injected ra-
diometal labeled peptides and MAD frag-
ments (/2-14). In 1993, Hammond et al.
published a study of 16 patients in which
an infusion of lysine and arginine was
utilized to reduce renal uptake of indium-
labeled pentetreotide (/5). The renal up-
take, compared to the controls, was
thought to be reduced at 4 hr in this study
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although the analysis was not performed
in the usual quantitative manner.

A preliminary clinical study evaluating
the reduction of renal uptake of *™Tc-Fab’
fragments by co-infusion of an amino acid
and electrolyte solution, Periamin X™, is
reported in this issue of JNM (16). At 24 hr
postinjection, the renal uptake of radioac-
tivity was 11.1 * 2.0% of the injected
dose, whereas previously studied patients
that received an equivalent volume of nor-
mal saline had a renal uptake of 17.7 *
7.0%. This difference between the renal
uptake in the two groups had a level of
significance of p < 0.05, although no
statistically significant differences were
seen at the earlier time point. The clear-
ances of ™ Tc from organs other than the
kidney, and from the whole body, were
similar for the two patient groups.

Chromatography of the urine from the
amino acid treated group suggested that
the radioactivity was largely associated
with intact Fab’, whereas data for urine
from the control group suggested that the
radioactivity was associated with de-
graded peptides and smaller protein frag-
ments. The authors provided an impor-
tant conclusion that ‘‘the mechanism of
the reduction of the renal uptake of ra-
diolabeled fragments seems, therefore, to
rely on an inhibition of the tubular reab-
sorption of glomerularly-filtered pro-
teins, so that they appear directly in the
urine without prior lysosomal degrada-
tion to low-molecular-weight compounds
in the proximal tubule cells.”” This
agreed with the results from studies in
mice that they had recently reported (/4).

NORMAL RENAL PHYSIOLOGY

In considering these data, it is useful to
review general aspects of renal physiol-
ogy (6,7,9). Renal excretion of a sub-
stance depends principally on: (a) the
filtered load, i.e., the product of glomer-
ular filtration rate and the concentration
of the substance in the filtrate, (b) meta-
bolic degradation (hydrolysis) of the sub-
stance within the lumen of the tubule and
(c) tubular reabsorption and/or secretion
of the substance. Tubular mechanisms
that have been described for handling
peptides, amino acids and small proteins
include: (a) carrier/receptor mediated re-
sorption including resorption of amino
acids after luminal protein/peptide hydro-
lysis, (b) resorption by endocytosis and
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subsequent lysosomal degradation and
(c) peritubular uptake. Many oligopep-
tides can be hydrolyzed so quickly that
the metabolites can be absorbed within
the proximal nephron. The total concen-
tration of free plasma amino acids in
humans is 2.5 mM and amino acids enter
the tubular cells not only from the lumen,
but from the blood as well. Urinary ex-
cretion of amino acids is very small,
especially when compared to the filtered
load. In fact, only 1% of the filtered load
of amino acids is excreted by normal
human kidneys, and the most essential
amino acids are reabsorbed to the greatest
degree. The transport mechanisms, how-
ever, for amino acids into tubular cells
are saturable for most amino acids, so
that a substantial increase in the filtered
load of amino acids leads to aminoacid-
uria. Experiments wherein amino acid
was infused have increased the glomeru-
lar filtration rate especially when a high
load of sodium and water was co-infused,
thus increasing urine flow rates.

CLINICAL STUDY OF RENAL
UPTAKE REDUCTION

Certain aspects of the data and design of
the clinical trial of Behr et al. (/6), preclude
definitive declaration as to the potential
worth of amino acid infusions as a mode of
decreasing renal parenchymal uptake of
radioconjugates in patients. The size of the
experimental group was small, renal func-
tion, e.g., creatinine clearance and urinary
protein were not determined, and the nature
and amounts of the aminoaciduria was not
characterized. Additionally, the control
group received a saline infusion, whereas
the experimental group received a *‘cock-
tail”’ of amino acids, salts and xylitol. The
amount of xylitol (100 g) could have been
sufficient to induce an osmotic diuresis
and alter urinary pH, perhaps increas-
ing filtration of radioimmunoconjugate
and/or affecting intraluminal hydrolysis
of peptides and small proteins. This ini-
tial clinical trial (/6), however, has im-
portant implications, and the authors ac-
knowledged that optimization of the kind
and amount of amino acids needed fur-
ther study in a larger patient population.

To evaluate the potential for further re-
ducing tubular reabsorption of radiometal
labeled proteins and peptides and their
subsequent lysosomal digestion and associ-
ated radiometal transchelation, more infor-
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mation on the pharmacokinetic changes
caused by a particular amino acid regimen
is needed. Renal uptake of radiometals
from radioconjugates could be influenced,
at least to some extent, by the glomerular
filtration rate, urinary flow rate, urinary pH
and solute and protein/amino acid concen-
trations. A significant degree of aminoaci-
duria should occur in the amino acid treated
patients if treatment with amino acids sat-
urates the absorptive mechanisms, either by
blocking the negative tubular membrane
charges or by blocking specific receptors
(or both). Thus, at a ‘‘blocking’’ dose, the
urine should demonstrate increase in excre-
tion of both radioconjugate and non-radio-
active infused amino acids. Urinary amino
acid profiles could, therefore, be correlated
with inhibition of tubular absorption as
well as decreased intracellular metabolism
of filtered radioconjugates.

CONCLUSION

The multiplicity of variables make it
difficult to predict the effect of the exper-
imental manipulation a priori. The hy-
pothesis and preliminary work in animals
and patients suggesting that an amino
acid infusion mixture results in decreased
tubular absorption of peptides and small
radioimmunoconjugate proteins is cer-
tainly worthy of further study. Only a
modest reduction in renal uptake was
found in this initial clinical study (16),
but the results are interesting and the

implications of potentially great impor-
tance. Additional clinical trials with doc-
umentation of renal function, and quanti-
tative amino acid and protein excretion
profiles for radioactive and nonradioac-
tive species in the baseline and postin-
fusion urine, are warranted. Knowledge
of ways to decrease renal uptake of ra-
diometals would be invaluable for tumor
scintigraphy and targeted radiotherapy.
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Exercise induced renal dysfunction is reported to occur in treated
hypertensive patients but not seen normotensive subjects. It is
unclear if this phenomenon is related to the disease or to treatment.
Methods: Four normal volunteers and 15 hypertensive subjects
(antihypertensive medications were discontinued for more than 4
wk) were studied with upright radionuclide renography at rest and
during bicycle exercise. The amount of exercise was sufficient to
increase the heart rate at least 20 bpm above the resting value. All
subjects were healthy, without evidence of left ventricular hypertro-
phy renal disease or hypertensive retinal disease. BUN, serum
creatinine concentration and urinalysis were normal in all subjects.
Renograms were performed for 12-15 min after injection of either 1
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mCi ['*[lorthoiodohippurate (OIH) or 2-7 mCi **™Tc-mercap-
toacetyltriglycine (MAG3). Visual analysis and mean transit time
calculation were performed on the rest and exercise studies.
Results: Seven of 14 hypertensive subjects and none of the
normal volunteers demonstrated abnormal prolongation in renal
transit during exercise which was not seen on the resting
renogram. Four of these seven subjects had a history of hyper-
tension for 2 yr or less. Conclusion: About 50% of individuals
with mild-to-moderate hypertension and normal renal function
may have abnormal renal transit of renal excretion agents during
exercise, although their baseline studies are normal. This finding
is unassociated with

and appears to be related directly

to the pathophysiology of essential hypertension.
Key Words: renal hypertension; iodine-123-OIH; technetium-

99m-MAGS; renal circulation
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