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SUMMARY

On a molar basis, tubercidin (Tu) was about 20 times more
cytotoxic than the methyl ester of tubercidin 5'-phosphate

(MepTu) when KB cells were exposed to the drugs for 1 hr. In
contrast, the drugs were about equitoxic when they were in
contact with cells for 72 hr. The same relationship was seen
when the inhibition of DNA synthesis by the drugs was
compared after short- and long-term contact of the cells with
the drugs.

The delayed cytotoxicity of MepTu toward mammalian cells
was mostly due to the slow rate of hydrolysis of MepTu to Tu.
The serum in the medium was responsible for most of the
hydrolysis while intact KB cells and LI210 cells themselves
had less hydrolytic activity.

The rates of hydrolysis of MepTu by serum of different
animal species are described. Human serum had low
hydrolytic capacity while mouse serum was highly active. The
amount of MepTu taken up by blood cells was proportional to
the percentage of hydrolysis of MepTu to Tu.

Both Tu and MepTu (after hydrolysis to Tu) were present in
the acid-soluble pool as Tu phosphates and were incorporated
into RNA and to a much lesser extent into DNA.

INTRODUCTION

Tu3 is an analog of adenosine which is cytotoxic to

mammalian cells in culture and has antitumor activity in
animals (15). Tu metabolism in mammalian cells and in
Streptococcus faecalis has been reported (1, 5). Tu is present
in mammalian cells as a mixture of nucleotides, primarily the
triphosphate, and is incorporated into both RNA and DNA
(1). Acs et al. (1) have shown that Tu and its phosphates do
not inhibit but substitute for the corresponding adenosine
compounds in a wide variety of reactions. However, consider
able investigation into the mode of action of Tu has not yet
disclosed a site of action which would explain its high toxicity
for mammalian cells. Tu is absorbed by erythrocytes and
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retained therein as the nucleotide (18). Clinical studies in
which Tu was administered either by direct i.v. injection or
after absorption into human erythrocytes have been reported
(3, 10).

This paper compares the biochemical effects of Tu and
MepTu. Unlike Tu, MepTu is not rapidly concentrated in
human red blood cells and requires a longer period of contact
with mammalian cells to exert maximum cytotoxic effect. The
kinetics of the uptake of the drug and its disposition within
the cell are reported. Parts of this study were reported
previously (2).

MATERIALS AND METHODS

Cell Culture. The L-5178Y cells were grown in suspension in
the medium described by Fischer and Sartorelli (9). The P-388
and L1210 cells were grown in suspension in Roswell Park
Memorial Institute 1634 medium described by Moore et al.
(13). KB cells were grown in monolayer in Eagle's basal

medium supplemented with 10% calf serum, which is referred
to as Eagle's complete medium (8).

Cytotoxicity Assay. The assay method has been described in
detail (17). For time course studies of cytotoxic response
(Charts 1 and 2), KB cells were allowed to attach to glass for 1
day, following which Tu or MepTu was added. The cells were
incubated with drug for 3 days (Chart 1) or 1 hr (Chart 2). In
the latter experiment, the drug was removed after 1 hr
incubation by rinsing the cells with Eagle's complete medium,

and then the cells were incubated with fresh complete
medium. Cell growth on different days was determined on the
basis of cell protein content (17).

Determination of Labeled Precursor Incorporation into
RNA and DNA. For determination of the effect of Tu or
MepTu on polynucleotide synthesis by KB cells in culture
(Chart 3), the cells were incubated with the drug at 37Â°.
Thirty min before the cells were harvested, TdR-3 H or UR-3H

(3 Â¿/Ci/20m/jmoles of TdR or UR/ml medium) was added. For
termination of uptake of radioactivity, the cells were washed
with unlabeled TdR or UR and the cell monolayer detached
by treatment with 0.1 % trypsin.

The cell pellet was collected by centrifuging at 800 X g for
10 min and was washed 4 times with cold 10% trichloroacetic
acid, once each with ethanol:ether (3:1) and ether. The
acid-insoluble fraction (DNA and RNA) was obtained by 2
extractions with 1 ml of 0.5 N PCA for 20 min at 70Â°,and an

aliquot (0.1 ml) was counted in a scintillation counter. RNA
was determined by the orcinol method (7), and DNA was
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determined by Burton's modification of the diphenylamine

method (6).
Uptake of Tu-3 H and MepTu-3H by Mammalian Cells. The

method of preparation of Tu-3 H and MepTu-3H has been
described (16). This method of preparation of MepTu-3H
precludes the presence of appreciable 3H outside the Tu
moiety. KB cells were incubated with Tu-3 H and MepTu-3H

for varying periods of time (Table 2, Chart 4). For
determination of uptake, the radioactive medium was
decanted, and the cell monolayer was rinsed twice with 10ml
of medium. The cells were detached from glass by treatment
with 0.1% trypsin, and the acid-soluble fraction was obtained
by 3 extractions with 2 ml of 0.2 N PCA at 4Â°.The cell pellet

was then rewashed with 10% trichloroacetic acid and with 5
ml each of ethanol:ether (3:1) and ether and then
extracted twice with 0.5 N PCA for 20 min at 70Â°to give the

acid-insoluble (DNA and RNA) fraction.
After incorporation of Tu-3 H or the Tu portion of

MepTu-3H, the acid-soluble fraction in 0.2 N PCA was

neutralized with KOH, and the potassium perchlorate was
removed by centrifugation. The supernatant was lyophilized
and dissolved in a small volume (0.5 ml) of H2O just prior to
paper chromatography.

Uptake by blood cells (Chart 7) was determined by
incubating fresh heparinized blood [BDF, mouse (C57BL/6 X
DBA/2), beagle dog, human] at 37Â°with MepTu-3H(l Â¿ig/1.6
X 10s cpm/ml blood) or Tu-3H (l Â¿ig/1.1X 10s cpm/ml

blood). Aliquots were removed at various times, chilled
immediately in ice, and centrifuged at 4Â°,300 X g for 5 min.
Concurrent experiments at 4Â° indicated that MepTu-3H

uptake was negligible (less than 5%) at this temperature. Since
the uptake of Tu-3 H was so fast that 60 to 80% of the total

taken up was present in the cells of the 0 time sample,
therefore the uptake at 4Â°was not determined. Radioactivity

in the plasma was determined by scintillation counting in
Diotol (Burdick-Jackson Laboratories, Inc., Muskegon, Mich.),
and uptake was determined as the difference between the total
radioactivity added minus radioactivity in the plasma sample.
By this method, drug absorbed on cell surface and present in
intercellular space would be considered to be taken up by
blood cells.

Hydrolysis of MepTu. The details of the hydrolysis of
MepTu by water, Eagle's basal medium (no serum) and

complete medium (with 10% serum) or serum alone, etc ., are
given under Table 3.

The cell-free extract used in this experiment was prepared
by disrupting washed KB cells (5 X 106/ml suspended in basal

or complete medium) by sonic vibration with a Biosonik
(Bronwill Scientific, Inc., Rochester, N. Y.) at 70% maximal
output for 30 sec (4Â°).

Mammalian plasma (mouse, dog, and human) used to
hydrolyze MepTu was obtained (by centrifugation) from the
same blood sample used for the uptake experiment described
above. Plasma samples were incubated at 37Â°with MepTu-3 H
(1 jug/1.6X 10s cpm/ml plasma). At various times, aliquots

were removed, added to an equal volume of absolute ethanol,
and centrifuged to precipitate protein. The supernatant (0.1
ml) was chromatographed on silica gel thin-layer plates,
together with nonradioactive Tu, MepTu, and pTu standards.

After chromatograms were developed, 1-cm sections were
scraped off the plates, and the scrapings were added to
scintillation vials containing 0.5 ml 0.5 N PCA. Scintillation
fluid (Diotol) was then added, and radioactivity was
determined by counting in a scintillation counter. The amount
of pTu found in reaction mixtures was small (less than ca. 5%)
and rather constant with time. Apparently, if the hydrolysis of
MepTu to Tu involves a pTu intermediate, the subsequent
hydrolysis of pTu to Tu is quite rapid. The percentage of
hydrolysis was calculated on the basis of the conversion of
MepTu to Tu.

Chromatography. For paper chromatography, Whatman No.
2 paper was developed with the following solvent systems:
System 1, isobutyric acid:H2O:concentrated NH4OH,
50:30:1, pH 3.6; System 2, 95% ethanol:! M ammonium
acetate, 5:2; System 3, l-butanol:acetone:glacial acetic
acid:5% (w/w) concentrated NH4OH:H20, 4.5:1.5:1:1:2.
These systems are able to separate the phosphates of a
homologous base on the basis of degree of phosphorylation.
Therefore, these systems will be able to separate the
phosphates of Tu from each other, and in these systems AMP
had about the same RF value as pTu.

For thin-layer chromatography, silica gel plates (Brinkman
Instruments, Inc., Westbury, N. Y.) were developed with the
following solvent systems: System 4, methyl ethyl
ketone : acetone : H2O, 7:2:1; and System 5, isopropyl
alcohol : concentrated NH4OH : H2O, 7:1:2. The RF
values for Tu, MepTu, and pTu on System 4 were 0.37.0.05,
and 0.05, respectively. The RF values for Tu, MepTu, and pTu
on System 5 were 0.57, 0.42, and 0.17, respectively.

RESULTS

Cytotoxicity of Tu and MepTu. Both drugs were equally
cytotoxic when the drugs were in contact with L-5178Y,
LI 210, or P-388 cells for 3 days (Table 1). Tu was 1.7 times as
cytotoxic to KB cells as MepTu. The pattern of inhibition of
KB cells was very similar with Tu or MepTu whether the
compounds were added at 0, 24, or 48 hr after the cells had
been planted. Representative growth curves when the agents
were added 24 hr after the cells were planted are shown in
Chart 1. Cytotoxicity was not reversed when 200 Mg/ml of UR
cytidine, TdR, deoxyuridine, deoxyuridylic acid, cytidylic
acid, thymidylic acid, adenosine, adenylic acid, guanosine,
guanylic acid, deoxyadenosine, deoxyadenylic acid,
deoxyguanosine, or deoxyguanylic acid were added to the

Table 1
Cytotoxicity of Tu and MepTu for different cell lines

TuIDS( MepTu ID5[

Cell line" wumoles/ml mfig/ml MMmoles/ml mMg/ml

KBL-5178YL1210P-38826.37.51522.5724644.58.318.324.911.92.24.96.1

1The cells were incubated with the drugs for 3 days at 37Â°
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Chart 1. Time course of cytotoxicity of Tu and MepTu. Test
compounds were added on Day 1 and remained in contaci with KB
cells for 3 days at 37Â°.

500 -

? 100 -

10

DAYS

Chart 2. Time course of cytotoxicity of Tu and MepTu when cells
are exposed to the drugs for 1 hr. Then the cells were washed and
incubated for an additional 3 days in complete medium at 37Â°.

assay system on Day 0. When cells were exposed for only 1 hr
to Tu or MepTu, Tu (ID50 = 0.083 m^mole/ml) was about 19
times as cytotoxic as MepTu (ID50 = 1.55 mjumoles/ml)
(Chart 2).

Inhibition of Macromolecule Synthesis. The difference in
cytotoxicity between Tu and MepTu seen after long- or

short-term contact with cells was also seen when inhibition of
DNA or RNA synthesis was measured. The results, shown in
Chart 3, indicate that after 1 hr of contact with cells, Tu
inhibited DNA synthesis 8 times as much as MepTu. However,
the inhibition of DNA and RNA synthesis by MepTu
approached the inhibiting effect of Tu with increasing time
period. After exposure of cells to MepTu for 19 hr, DNA
synthesis was inhibited to the same extent as it was after
exposure of cells to Tu for 2 hr.

Cellular Uptake and Distribution. The rates of incorporation
of Tu-3H and MepTu-3H into the acid-soluble and

DNA SYNTHESIS

02460246

HOURS

Chart 3. Inhibition of DNA and RNA synthesis by Tu and MepTu.
KB cells (3 X 10' cells/10 ml medium in 3-oz bottles) were incubated
with 15 Mmoles/ml of Tu or MepTu. TdR-3H or UR-3H was added for

30 min prior to the harvesting of cells at each sampling time. Details of
determination of uptake of label are given under "Materials and
Methods." The control (no drug) cells incorporated TdR-3H and

UR-3H to give 156 cpm/Mg DNA or 7000 cpm/3 X 10' cells and 1394
cpm/jjg RNA or 1.5 X 10s cpm/3 X 10' cells, respectively. All samples

were done in duplicate and the highest and the lowest values did not
deviate from the mean by more than 10%.

10.000 ACID SOLUBLE FRACTION ACID INSOLUBLE FRACTION

46024

HOURS

Chart 4. Uptake of Tu-3 H and MepTu-3 H into acid-soluble and
acid-insoluble fractions of KB cells. KB cells (25 ml) in suspension
(7 X 10' cells) were incubated with 0.5 jitCi, 15 rnjumoles/ml of Tu-3 H
or MepTu-3 H. The details for the determinations of uptake of labeled
drug are given under "Materials and Methods." All samples were done

in duplicate and the mean deviation was 10%.
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Table 2
Incorporation of Tu-*H and MepTu-3H into LI 210 cells and P-388 cells in culture0

linesL1210P-388Phosphorylationb

Incubation (cpm/0.1ml)time

at 37Â°(min) TuMepTu20

457040
437060

442080150
340240
740204(160150240Incorporation

into polynucleotide
(cpm/Mg ofRNA)Tu81621132526MepTu0.33.26.80.72.45.6

0 L1210 or P-388 cells (100 ml, ca. 5 X IO5 cells/ml) in suspension were incubated at 37Â°
with Tu-3 H or MepTu-3H (0.33 nCi/15 mamÃ³les/mi of medium). Thirty ml of cells were
harvested at each sampling time, and both acid-soluble and -insoluble fractions were isolated as
described under "Materials and Methods."

b Consists of mono-, di-, and triphosphates of Tu or of Tu equivalent derived from MepTu in
the acid-soluble fraction.

5 10 15 20 25

SECTION NUMBER (1 INCH APART)

30

Chart 5. Identification of metabolites in the acid-soluble fraction of
KB cells after incorporation of Tu-3 H and MepTu-3 H. KB cells in
suspension (1.5 X IO6 cells/ml) were incubated with Tu-3H (0.37
iuCi/15 mjumoles/ml medium) or MepTu-3 H (0.37 Â¿iCi/15mamÃ³les/mi
medium) at 37Â°.At the end of incubation, an aliquot of the cell

suspension was centrifugad at 800 X g for 10 min. Acid-soluble
fractions were isolated by extracting the cell pellet with 0.2 N PCA at
4Â°.The perchlorate was removed as potassium perchlorate, and the

supernatant was lyophilized and subsequently chromatographed. The
solvent for paper chromatography was isobutyric
acid:H2O:concentrated NH,OH (50:30:1), pH 3.6. RF values for Tu,
MepTu, and pTu were 0.85, 0.74, and 0.62, respectively.

acid-insoluble fractions are shown in Chart 4. The rate of
incorporation of MepTu into the acid-soluble fraction and
subsequent incorporation into the polynucleotides was much
slower than Tu. These results might account for the slower
rate of inhibition of polynucleotide synthesis observed with
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Chart 6. KB cells were incubated with either Tu-3 H or MepTu-3 H for
2 hr or 6 hr, respectively, at 37Â°.The acid-soluble phosphates were

extracted and chromatographed in a manner described under Chart 5.
The diphosphate regions of either MepTu or Tu were cut and eluted
with about 1 ml of H2O. The ppTu isolated was about 94% pure and
was contaminated with 2.9% pTu and 2.1% tubercidin 5'-triphosphate.

The diphosphate isolated from the MepTu experiment had 90% as the
diphosphate which was contaminated with pTu and Tu, but MepTu was
absent. The diphosphates derived from the Tu or MepTu experiment
were hydrolyzed with l N PCA at 100Â°for 20 min. The hydrolysate

was applied to Whatman No. 2 paper and separated by the solvent
system described under Chart 5. Tu, pTu, and MepTu were used as
standards, a, hydrolysis of the diphosphate isolated from the
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Table 3
Hydrolysis ofMepTu by KB cells and culture medium

% hydrolysis (37Â°)Â°

60 min ISOmin 240 min

Water"Eagle's
basalmedium0Serum
(10%) inwater6Eagle's
basal medium + 10% serum(complete)6Cell-free

extract in basalmedium0Cell-free
extract in completemedium0Intact

cells in basalmedium^Intact
cells in complete mediumd002.99.82.239.737.0012.133.85.565.75.659.80021.356.17.568.10.168.

0 Under the conditions of this experiment, 10% hydrolysis of MepTu corresponded to about

500 cpm in the Tu region and 4500 cpm in the MepTu region, and no significant radioactivity
was detected in the pTu region of the chromatogram.

Three ml of water. Eagle's basal medium, complete medium, or serum were incubated at
37Â°with MepTu-3 H (0.5 MCi/15 iruumoles/ml of reaction mix). At the end of incubation, an
0.1 -ml aliquot was applied to thin-layer chromatography plates (silica gel) and developed in
Solvent System 4 (see under "Materials and Methods"). The spots corresponding to Tu and

MepTu were removed and counted in the scintillation counter, and the percentage of hydrolysis
of MepTu to Tu was calculated.

c For cell-free extracts, the procedure was the same as above. However, an extra solvent
system (System 1, see "Materials and Methods") was also used to separate Tu and MepTu. In

Solvent System 4, Tu, MepTu, and pTu had Rp values of 0.53, 0, and 0, respectively. In the
Solvent System 5. Tu, MepTu, pTu, and the di- and triphosphates had the following mobility
(in cm): 12, 9, 4, 2, and 0, respectively. In this system, the solvent front moved off the plate in
order to separate the components.

d Cell suspension (3 ml, ca. 1.8 X IO6 cells/ml) was incubated with MepTu-3H (0.5 Â¿iCi/15
niMmole/ml reaction mixture). At the end of incubation, an aliquot (0.5 ml) was removed, and
the cells were collected by centrifugation at 800 X g for 10 min. The cell pellet was washed
once with I ml of basal medium and then extracted with 1 ml of 0.5 N PCA at 70Â°for 20 min.

The radioactive counts in the PCA extract represent the total incorporation into the cell
(acid-soluble and acid-insoluble) of Tu arising from hydrolysis of MepTu. The supernatant (0.1
ml) obtained after the cell pellet was removed was developed on silica gel with both the solvent
systems mentioned above. The regions corresponding to Tu, MepTu, and/or phosphorylated
products in the supernatant were scraped off the plates and radioactivity in the samples was
determined by counting in a scintillation counter. The percentage of hydrolysis of
MepTu = 100 X (cpm in cell pellet + cpm as Tu and phosphorylated products in
supernatant)/total cpm added as MepTu.

MepTu as compared to Tu (compare Charts 3 and 4). Results the mono-, di-, and triphosphates obtained after incubation of
presented later in the paper will show that MepTu was cells with Tu and MepTu had the same RF values in all 3
hydrolyzed to Tu, and the latter was then phosphorylated and solvent systems.
incorporated into poly nucleotides. Only a very small proportion (1 to 2%) of the

The time course of phosphofylation and subsequent ribonucleotides formed on incubation of cells with Tu or
incorporation of Tu and MepTu into L1210 and P-388 cells MepTu were converted to the deoxyribonucleotide, as shown
is shown in Table 2. In a manner similar to KB cells, the by chromatography of the acid-soluble phosphates.
phosphorylation and incorporation of Tu was much more Hydrolysis of the Acid-soluble Phosphates Obtained after
rapid than MepTu. Incubation of Tu-3 H or MepTu-3 H with KB Cells. KB cells

Phosphorylation of Tu-3 H and MepTu-3 H. The acid-soluble were exposed to Tu-3 H or MepTu-3 H, and the acid-soluble
fractions obtained after incubation of cells with Tu-3 H or phosphate present in the region of the diphosphate was eluted.
MepTu-3 H were chromatographed in 3 different solvent The diphosphate derivative was then hydrolyzed with acid and
systems. The solvent systems used are outlined under chromatographed. Under the conditions for acid hydrolysis,
"Materials and Methods" and can separate the phosphates of a Tu was not affected( while MepTu was partially (20%)

homologous base on the basis of the degree of hydrolyzed to Tu with formation of an insignificant amount
phosphorylation. Since similar results were obtained with all 3 of pxu
solvent systems, only the results obtained with System 1 are The resuhs (-Chart 6) show that when ppTu was hydrolyzed,

shown in Chart 5. The results show that a majority of the {he major hydrolytic product was pTu (80%) with some Tu
phosphates were present as the di- and triphosphates and that (15 6%) present and that when the diphosphate formed after

incubation of KB cells with MepTu-3 H was hydrolyzed, 82%r u , n ,acid-so.ub.epool after incubationÂ«"^^2 o of the product had an RF value which was the same as that for
the diphosphate isolated trom the acid-soluble pool alter incubation ot v
MepTu-'H with cells. ., diphosphate derivatives prior to hydrolysis pTu and 15.2% was present as Tu. No MepTu was present in
with PCA; o, diphosphate derivatives after hydrolysis with PCA. the hydrolytic product.
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Table 4
Relationship between the degree of hydrolysis of MepTu and

its incorporation into KB cells

Incubation
time (min)

at37Â°60150

240Total

incorporation"(%)0.71

1.333.25MepTu

hydrolyzed
(%)7.1

15.1
27.5

" The protocol was the same as in Table 3. The total incorporation
measures the uptake of 3H into the acid-soluble and acid-insoluble

fractions.

These results suggest that the diphosphate formed on
incubation of MepTu-3 H with KB cells is ppTu.

Hydrolysis of MepTu by KB Cells or Serum. The results
reported in the previous section indicated that when MepTu
and Tu were incubated with cells the same mono-, di-, and
triphosphates were obtained. Therefore, the hydrolysis of
MepTu during incubation with KB cells was studied. The
results in Table 3 indicate that: hydrolysis does not occur in
water or basal medium; serum could hydrolyze MepTu to Tu;
cell-free extract had approximately the same hydrolyzing
activity as intact cells; and since serum mixed with basal
medium was much more active than serum in H2O, so it is
likely that the salts in basal medium activated the hydrolytic
process.

We do not have any explanation for the fact that cells or
cell-free extract suspended in complete medium had much
greater hydrolytic capacity than the sum of the hydrolytic
activities of cell-free extract in basal medium and serum in
basal medium.

The degree of hydrolysis of MepTu and its incorporation
into KB cells is compared in Table 4. These results indicate
that about 10% of the MepTu hydrolyzed to Tu is
incorporated into KB cells. When KB cells in suspension are
incubated with Tu-3H, about 10 to 15% of the total Tu

present is incorporated into the cells. These results indicate
that the amount of Tu incorporated into cells from Tu-3 H is
similar to the amount incorporated when Tu-3 H arises from
the hydrolysis of MepTu-3 H.

Uptake of MepTu and Tu by Blood Cells and Hydrolysis of
MepTu by Plasma of Different Species. The time courses for
uptake of tritium by human, dog, and mouse blood cells
incubated with MepTu-3 H are shown in Chart 7. Also shown

are the kinetics of hydrolysis of MepTu to Tu in the plasma of
these 3 species. Uptake of Tu itself by blood cells was
extremely rapid [confirming previous data (18)] in all cases.
Indeed, approximately 60 to 80% of the added Tu-3 H was

removed from the plasma during the time the 0 time sample
was being processed (removed, chilled, and centrifuged).

In all 3 species studied, the in vitro uptake of tritium by
blood cells incubated with MepTu-3 H closely paralleled the
hydrolysis (of MepTu-3 H to Tu-3H) by the plasma obtained

from this blood. This strongly suggests that the intracellular
tritium is present as Tu (or more likely its phosphates). Uptake
of MepTu-3 H tritium (and MepTu hydrolysis) was most rapid

with mouse blood (and plasma). With mouse blood (or
plasma), in 30 min, approximately twice as much tritium was

Chart 7. Hydrolysis of MepTu-3 H by plasma and uptake of blood
cells of different species. MepTu-3 H (1 Mg/1.6 X IO5 cpm/ml) was

incubated with blood or plasma from BDF, mouse, dog, and human.
Details of the experiment are given under "Materials and Methods."

taken up (and approximately twice as much MepTu was
hydrolyzed) than was observed with human or dog blood (or
plasma).

DISCUSSION

The cell membrane is usually impermeable to nucleotides
(11), which are cleaved at the cell surface and the nucleoside
so formed is then absorbed into the cell. Since substituted
nucleotides are cleaved at the cell surface, they usually do not
show any unique properties compared to the parent
nucleosides. Mukherjee and Heidelberger (14) tested several
analogs of 5-fluoro-2'-dUMP with the hope that these analogs

would be therapeutically more effective than the fluorinated
pyrimidines, particularly if only the cancer cells were
permeable to the analogs and were able to hydrolyze them
intracellularly. They found that the substituted nucleotides
were much less effective than 5-fluoro-2'-deoxyuridine.

Similarly, Bloch et al. (4) found that several dinucleotides
containing 5-fluorouracil were much less effective than
5-fluorouracil. However, there are occasions when the
substituted nucleotide behaves differently than the parentnucleoside. Thus, the 5,5'-dinucleoside phosphate of

6-mercaptopurine-riboside bypasses the resistance of HEp-2
cells in culture to 6-mercaptopurine or
6-mercaptopurine-riboside ( 12).

Preliminary evidence with MepTu suggested that this
compound might behave differently than Tu or pTu (18).
However, this study showed that MepTu acts through
extracellular hydrolysis to Tu. MepTu was hydrolyzed by both
serum and by KB cells. This finding may have therapeutic
implications. It may be possible to find differences in the
hydrolytic capacity of cells from different tissues. This would
result in greater cytotoxicity for the tissue able to hydrolyze
the substituted nucleotide than the tissue unable to do so.
However, if the drug is hydrolyzed by serum, then any such
specificity would be lost.

Our conclusion that MepTu acts through hydrolysis to Tu
was based on the following findings.
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MepTu was hydrolyzed to Tu extracellularly. Enzymes in
serum could hydrolyze MepTu to Tu. However, it may be
argued that MepTu can also enter the cell where it is
phosphorylated to the corresponding phosphates. To answer
this question, 14CH3-labeled MepTu was synthesized with use
of 14CH3OH and MepTu, by Dr. P. F. Wiley of our
laboratories (16). When MepTu-14 C was incubated with KB

cells, all radioactivity remained in the serum and none was
present in the cell. This indicates that MepTu-14C was
hydrolyzed to 14CH3OH and unlabeled Tu and MepTu-14C

did not enter the cell.
Trimethyl phosphate, (CH3-0)3-P=0, has been shown to

be easily hydrolyzed in water whereas dimethyl phosphate is
more stable. This indicates that esterification of the 3rd
hydroxyl group of phosphoric acid is difficult and results in
an unstable product. So it is unlikely that phosphorylated
derivatives of MepTu will be present in the cell.

The phosphorylated products had the same RF values
developed via 3 different solvent systems when either Tu or
MepTu were incubated with cells.

The diphosphates obtained after incubation of cells with Tu
or MepTu were isolated and hydrolyzed with acid. Under these
conditions, ppTu hydrolyzed to give pTu and Tu. The
diphosphate from the MepTu experiment also yielded pTu and
Tu on hydrolysis.

Our studies also showed that MepTu was hydrolyzed at
different rates by serum from different animals. The rate of
uptake paralleled the rate of hydrolysis. Although Tu was
instantly taken up by the mouse blood cells, it took 30 min
for 70% of the MepTu to be hydrolyzed and incorporated. It is
possible that this time span allowed some MepTu to be
eliminated from the body and might account for the 5-fold
difference in the toxicity of MepTu (50% lethal dose = 180
mg/kg) and Tu (50% lethal dose = 32 mg/kg) (18). Smith et al.
(18) also found that MepTu was excreted unchanged in the
dog urine while very little Tu was excreted. Thus, in 1 hr, 9.5%
of the MepTu dose and only 0.2% of the Tu dose was excreted
unchanged in the urine. This again could be due to the
difference in rates of uptake of Tu and MepTu by the blood
cells.
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