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SUMMARY

The kidneys of mice and other small mammals contain
relatively high phosphomonoesterase levels. When
5'-nucleotides of 9-|3-D-arabinofuranosyladenine and

9-(j3-D-arabinofuranosyl)-6-mercaptopurine were administered
to mice, they were rapidly dephosphorylated and excreted in
the same form and at the same rate as if the nucleosides were
given. However, human kidney samples had much lower
phosphomonoesterase levels, and when 5'-nucleotides of the 2

nucleoside analogs were administered to patients they were
relatively slowly converted to nucleosides and provided
sustained blood plasma levels of the nucleosides. This appears
to have potential advantages both for providing sustained
dosage and for a better dosage formulation, the latter because
of the greater solubility of the nucleotides.

INTRODUCTION

A variety of nucleoside analogs have shown carcinostatic
activity. In some instances they are relatively rapidly excreted.
In others they are relatively rapidly inactivated in vivo by
catabolic enzymes. In both cases it appeared desirable to have
nucleoside derivatives that would act as depot forms of the
nucleoside analogs and would be converted in vivo to the
respective nucleoside analog. Gish et al. (3) have synthesized a
number of derivatives of arabinosylcytosine, a nucleoside with
a very short half-life in vivo because of enzymatic deamination
to arabinosyluracil (6). The same problem of rapid
deamination pertained to ara-A3 (8). ara-6-MP represented an

example of a carcinostatic nucleoside analog that was not
appreciably metabolized but was relatively rapidly excreted (7,
10). We began with the premise that nucleotides would not
enter intact cells but would be converted to nucleosides in vivo
by phosphomonesterases. This premise had been tested for the
5 -nucleotide of 6-methylmercaptopurine riboside by Ho (4)
with disappointing results. The 5'-nucleotides of ara-A and

ara-6-MP were synthesized and tested in the mouse. The initial
results were also disappointing for these nucleotides. However,
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assays of mouse tissues indicated that kidney tissue was the
major site of phosphomonoesterase activity. Since it had been
observed that phosphomonoesterase activity was much lower
in human kidney than in mouse kidney (5), we proceeded with
the experiments on the basis that the data obtained on mice
were not indicative of the results to be expected in man. This
has proven to be the case.

MATERIALS AND METHODS

ara-A-2-3 H was purchased from New England Nuclear,
Boston, Mass. This was converted to ara-A-5'-P-2-3H by the

method of Furth and Cohen (2). ara-6-MP was labeled with
radiosulfur by exchange in refluxing pyridine as described
earlier (9) for deoxythioguanosine. Radiosulfur was obtained
from New England Nuclear. Unlabeled ara-A was purchased
from Pfanstiehl Laboratories, Waukegan, 111.ara-6-MP was
supplied by Drug Research and Development, National Cancer
Institute, Bethesda, Md. The labeled drugs were purified to
> 95% radiopurity by chromatography and recrystallization.
ara-6-MP-5'-P was made as described by Bell (1).
Phosphomonoesterase assays were carried out in Robinson's

medium (11) with a bicarbonate buffer under 5% C02 at pH
7.4. Tissues were homogenized in the assay medium for 2 min
in a VirTis 23 homogenizer at 0Â°. Substrates used were
ara-A-5'-P-3H or ara-6-MP-5'-P-3SS. Reactions were stopped by

the addition of perchloric acid. After removal of protein,
extracts were neutralized with KOH in the cold and 200- or
300-jA aliquots were spotted on Whatman No. 3MM paper
sheets. Descending chromatography was carried out.
Conversion of nucleotide to nucleoside was determined by
direct scintillation counting of product spots from the papers.
Calculation was from the linear part of the curve in each case
and was expressed as AmÃ³lessubstrate converted/g/hr. In ara-A
and ara-A-5'-P experiments, chromatography was with ethyl

acetate:isopropyl alcohol:water (65:22.5:2.5, v/v/v). Since
some deamination of ara-A occurred, both ara-A and ara-H
were counted as products of phosphomonoesterase activity on
ara-A-5'-P. The unlabeled compounds were added to

chromatogram spots as markers, and the system was run for at
least 18 hr (solvent runs off papers). Nucleotide remains at the
origin and ara-H moves ahead of ara-A. Experiments involving
ara-6-MP or ara-6-MP-5'-P were chromatographed with 2

systems: System A, 0.64% boric acid in 85%
ethanol:concentrated NH4OH (100:1, v/v); or System B,95%
ethanol:saturated sodium borate:5 M ammonium acetate (pH
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9.5):0.25 M Versene (220:80:20:1), (v/v). The RF's for
Systems A and B were: ara-6-MP-5'-P, 0,0.13; NaS04,0,0.24;

ara-6-MP, 0.22, 0.48; S-methyl-ara-o-MP, 0.72, -. Urine and
plasma samples were chromatographed with the same systems.

When the compounds were given to patients, ara-A-2-3H
was given i.m. as a suspension. ara-A-5'-P-2-3H, ara-6-MP-3SS,
and ara-6-MP-5'-P-35S were all given i.v. through Swinnex-25

Millipore filters obtained from Millipore Filter Corp., Bedford,
Mass.

RESULTS AND DISCUSSION

Data from exemplary experiments on the rates of excretion
of ara-A, ara-A-5'-P, ara-6-MP, and ara-6-MP-5'-P by mice are
given in Table 1. When either ara-A or ara-A-5'-P was given, a

small amount of ara-A was found in the urine at 0.5 hr, but
thereafter the excretion was all as ara-H. When either ara-6-MP

80

60

40

20

10

TIME -HOURS

IS 20 24

Chart 1. Cumulative urinary excretion after an i.v. dose. Aor ara-6-MP-5'-P was given, at equimolar dosage, excretion was 58-year-old Negro man was given ara-6-MP-35S at 50 mg/sq m. After 48

largely as ara-6-MP, with sulfate, S-methyl-ara-6-MP, and an hr he received an equimolar dose (64 mg/sq m) of ara-6-MP-5'-P-'5S.
unidentified metabolite in minor amounts. Similar After 7 more days he received ara-6-MP-5'-P at twice the earlier dose

experiments were conducted with hamsters, where excretion level (128 mg/sq m).

was at approximately the same rate.

Table 1
Excretion rates after administration of nucleotides

and nucleosides to mice
Drugs were administered i.p., ara-A at 25 mg/kg, ara-A-5'-P at 32.5

mg/kg, ara-6-MP at 50 mg/kg. and ara-6-MP-5'-P at 64 mg/kg. Mice used

were ICR/Ha females 9 weeks old. Essentially identical results were
obtained with C3H mice.

Cumulative excretion (% ofdose)Time

(hr)0.512346ara-A3365HI)8587ara-A-5'-P3266748587ara-6-MP32586K8588ara-6-MP-53553728588-P
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Table 2

Phosphomonoeslerase assays on mammalian tissues
Results are averages of several assays, with different levels of tissue.

For mice, several lines (C3H, ICR/Ha, C57BL6 X A F, ) were used. The
2 human kidney samples were obtained at surgery when the kidney was
being removed because of cancer; tissue from an area remote from the
tumor was used. Assay conditions were as described in the text, and are
expressed as Mmolesproduct/g tissue/hr.

Phosphomonoesterase

TissueMouse

kidneyMouse
liverMouse
spleenMouse
brainMouse
heartMouse
muscleMouse
bloodHamster
kidneyDog

kidney(mongrel)Rat
kidney(Sprague-Dawley)Human

kidneyHuman
kidneyara-A-5'-P238261417100.80.5680.62.4ara-6-MP-5'-P643.22.52.02.00.30.051218250.22.8

246
TIME-HOURS

Chart 2. Plasma levels of ara-6-MP and ara-6-MP-5'-P. Plasma levels

for the same patient described in Chart 1 are illustrated. Plot is as
percentage of the level present at the initial analysis (30 min). Levels at
30 min were equivalent to 14.9, 11.3, and 4.2 Mgara-6-MP per ml
plasma for ara-6-MP and the 2 ara-6-MP-5'-P doses, respectively.

Phosphomonoesterase assays for a number of mouse tissues
and for kidney samples from other species are presented in
Table 2. No sex differences were observed in assays of mouse,
hamster, and rat tissues. It is evident that none of the species
of animal tested would represent a good experimental
counterpart of the human with respect to
Phosphomonoesterase level in kidney.

A 58-year-old Negro man with coexistent squamous cell
carcinoma of the lung and chronic lymphocytic leukemia, but
with essentially normal kidney and liver function, was given
ara-6-MP-3 s S at 50 mg/sq m. Blood levels and urinary

excretion were monitored for 24 hr. Charts 1 and 2 show the
cumulative urinary excretion and plasma levels, respectively.
Fifty-three % of the dose had been excreted by 6 hr and 97.7%
by 24 hr, mainly as unchanged ara-6-MP-35S. The same patient
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Chart 3. Cumulative urinary excretion after an i.m. dose of
ara-A-2-3H. A 37-year-old Negro man was given ara-A-2-3H i.m. at 100
mg/sq m (total dose, 161 mg) as a suspension in a 3.4-ml volume.
Analyses were made for total radioactivity, ara-A, and ara-H.

9 12 15
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Chart 4. Plasma levels after an i.m. dose of ara-A-2-3H. Analyses

were made of ara-A, ara-H, and nucleotide for the patient described in

Chart 3.

was given an equimolar dose of ara-6-MP-5'-P-35S (64 mg/sq

m) 48 hr later. After an additional 7 days a 2nd dose of
ara-6-MP-5'-P-35S was given at a higher level (128 mg/sq m).

These results are also illustrated in Charts 1 and 2. In the 2
experiments with ara-6-MP-5'-P-35S, 24-hr excretions were 55

and 50%, respectively, in contrast to the complete excretion of
an ara-6-MP dose in this time period. In the experiment with
the lower dose (64 mg/sq m) of nucleotide, material excreted
was nearly all ara-6-MP, with 3.6% of the 1st 2 hr excretion
present as nucleotide. Plasma radioactivity was 31% as
nucleotide at 30 min, and the balance was ara-6-MP. Since
plasma levels were not as high initially as for ara-6-MP, some
sequestering of the nucleotide is indicated. With the 2nd dose
(128 mg/sq m) of nucleotide, some 12 to 21% of the urinary
excretion throughout 24-hr was as nucleotide, most of the
balance as ara-6-MP. Plasma levels of the drug appear to
indicate even more sequestering of the dose in this case.

A 37-year-old Negro man with a poorly differentiated
lymphocytic lymphoma, but with essentially normal kidney
and liver function, was given ara-A-3 H at 100 mg/sq m i.m. as

a suspension (3.4 ml). Blood and urine levels were monitored
for 24 hr. The results are illustrated in Charts 3 and 4,
respectively. Essentially all of the radioactivity had appeared

in the urine by 24 hr. Some ara-A appeared in urine during the
1st 4 hr, but the balance of excretion was as ara-H. Blood
plasma contained both ara-A and ara-H. Blood cells contained
ara-A, ara-H, and some nucleotide. The peak level in blood was
at about 30 min. This and the almost complete excretion
indicated rapid absorption from the i.m. site. The same patient
received an equimolar dose of ara-A-5'-P-3H, i.V., 11 days later.

As indicated in Chart 5, excretion in 24 hr was only about
31% of the dose. Plasma levels were lower when nucleotide
was given than when nucleoside was given. The latter indicates
some sequestering of the nucleotide dose in tissues. This
sequestration was not in the red blood cells, however. While
excretion was largely as ara-H, only nucleotide and ara-A could
be detected in the blood plasma. A relatively sustained ara-A
level was found in plasma.

It appears that in both instances the administration of
nucleotide provided a prolonged blood plasma level of
nucleoside (ara-A, ara-6-MP), presumably as a result of
continuous phosphomonoesterase activity on the nucleotide.
There would be an additional advantage to the use of
ara-A-5'-P, since it is very water soluble and allows

administration i.v. in a relatively small volume, whereas ara-A
has low solubility (0.9 mg/ml) and must be either given i.m. as
a suspension or given i.v. in a large volume (Chart 6).
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Chart 5. Cumulative urinary excretion after an i.v. dose of
ara-A-5'-P-3H. The patient given ara-A by i.m. suspension 48 hr earlier

was now given an i.v. injection of a neutral solution containing
ara-A-5'-P-3H at the molar equivalent of 100 mg/sq m ara-A (total dose,

210 mg as a 10 mg/ml solution). Analyses were made for ara-A, ara-H,

and nucleotide.
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Chart 6. Plasma levels after an i.v. dose of ara-A-5'-P-3H. Plasma

samples from the same experiment described in Chart 5 were analyzed
for total radioactivity, ara-A, ara-H, and nucleotide. ara-H could not be
detected in significant amounts.
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