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Studies on /d-D-Xylofuranosyl-6-thioguanine in Mice1
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SUMMARY

9-/i-D-Xylofuranosyl-6-thioguanine (Xyl-TG) was
tested against three murine ascites tumor lines, including
one resistant to 6-thioguanine. It extended survivals of
mice bearing Ca755, TA3, and Ehrlich TORII tumors at
a dose of 20 mg/kg only when combined with azaserine.
A 100 mg/kg dose level of Xyl-TG alone appeared to
give immunosuppressive effects in mice bearing Ehrlich
TORII cells, since survival was shorter than for controls.
Limited inhibition of incorporation of purines and pyrim-
idines into microsomal and soluble RNA's were observed
in cells treated with Xyl-TG. Mice excreted Xyl-TG
rapidly in the urine, without any indication of the catab-
olism that occurs with natural purine nucleosides.

INTRODUCTION

The purinethiols 6-mercaptopurine and 6-thioguanine
have been useful carcinostatic agents, but resistance to
these agents appears to develop readily. Consequently,
we have attempted to obtain various nucleosides of these
2 fraudulent purines and have tested them for carcino
static effects. Several such fraudulent nucleosides have
been found to have activity in experimental systems, in
cluding tumors resistant to 6-mercaptopurine and 6-thio
guanine (2, 3, 5, 7). When a modest amount of Xyl-TG3'4

(5, 7) became available to us, it was tested on several
ascites cell tumor systems in mice, including 1 resistant
to the purinethiol bases (I). This paper reports the results
of the tests on 3 mouse tumors. Xyl-TG was labeled with
radiosulfur and excretion rates were determined.

MATERIALS AND METHODS

Survival Tests. The effects on the survival of mice
bearing Ca755, TA3, or the thioguanine-resistant Ehrlich
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in ascites cell form were determined as described earlier
(4, 7). Tests were also carried out with aza and Xyl-TG
in combination, since aza reduces the pool sizes of purine
and pyrimidine components and thereby increases the
sensitivity to lower doses of some purine and pyrimidine
analogs (1). Results are presented in Table 1. No indica
tion of toxicity to the mice was observed at the 100 mg/
kg dose, other than the evidence of some immune sup
pression from the experiment on Ehrlich TORII, where
treated mice survived for less time than did controls. The
lower dose used in the 1st experiment did not have a sig
nificant effect, except in combination with aza, where
there was a significant prolongation of survival beyond
that obtained with aza alone.

Excretion Tests. Rate of excretion at 2 dose levels was
tested. As seen in Table 2, excretion was quite rapid at
both dose levels. Chromatography of 60- and 120-min
urine samples on Whatman 3MM papers with isobutyric
acid:ammonium hydroxide:HLÂ»O(66:1:33; v/v/v) gave
only the major peak and 3 very minor peaks that were
present in the Xyl-TG-i5S sample, in roughly the same
amounts. Papers were cut into 1-cm strips and counted
directly in a scintillation system. There appeared to be
no metabolism of Xyl-TG; certainly, no appreciable con
version to free base had occurred.

Tests for Metabolic Effects. Female BAFi (C57BL/6J
? X A/J Ã•) mice bearing 5-day growths of Ca755 were

Table I
Effects of xylosylthioguanine and a:a on the survival of

mice bearing osciles tumors
Female BAF, (C57BL/6J X A/J) mice each given 2 X 10" Ca755

cells i.p. or 5 X IO' TA3 cells, and Swiss female mice given 6.5 X 10'

Ehrlich TGRII cells i.p. were used in groups of 6. Treatment was begun
24 hr later and was given 2 times daily for 6 days. Mice surviving 50
days were usually free of tumor and were computed as surviving 50
days. Solutions were in 0.9% NaCI solution and were given i.p. at 0.30
ml/mouse.

Treatment0.9%

NaCIsolution(control)Xyl-TG,

20mg/kgXyl-TG,
20 mg/kg+aza,

0.2mg/kgAza.
0.2mg/kgControlXyl-TG,

100mg/kgCa75512.6

Â±0.713.2

Â±0.628.2
Â±8.716.2

Â±0.6Survival

(days)-

Ehrlich
TGRII16.8

Â±1.0 16.4 Â±0.912.8

Â±2.6 17.4 Â±1.938.8
Â±13.4 28.2 Â±8.718.6

Â±1.9 19.2 Â±0.817.2
Â±1.814.6
Â±0.7
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treated with Xyl-TG at 20 mg/kg and tests were made
of purine, pyrimidine, and protein synthesis by injecting
gIycine-2-14C, adenine-8-14C, or orotic acid-6-MC. Data

from these experiments are reported in Table 3. No sig
nificant inhibitions were observed. Since excretion was
very rapid, in vitro incubations and tests of metabolism
were conducted in a similar manner. The results are
presented in Table 4. Since some small but consistent
inhibition of incorporations into RNA occurred, a rough
fractionation of the Ca755 cells was made. Larger incuba-

Table 2
Urinary excretion of xylosylthioguanine-^S by mice

Female BAF, mice weighing 22.5 g were each given Xyl-TG at the
indicated dose and amounting to 36 X IO6Ci/min. Urine from each

mouse was collected on a circle of Whatman .1 MM paper. Sacrifice of
each mouse was by cervical dislocation, accomplished to cause emptying
of the bladder upon the same paper. Urines were eluted in water and
aliquots were counted in a scintillation system.

Dose(mg/kg)505050505055555Time
(min)153060120240153060120240Total

radioactivity
excreted (XlO6Ci/min)14.9724.222.429.031.613.825.925.225.231.1Excretion(%)41.667.262.280.587.738.372.070.081.286.4

Table 4
Effects of ÃŸ-xylosyllhioguanineon incorporations ofglycine-2->>C,

adenine-8-nC, guanine-8-l'C, and orotic acid-6- C into DNA,
RNA, acid-soluble fractions, or protein in vitro

Ascites cells were collected from female BAF, mice bearing 5-day
implants of Ca755 tumor.

Aza (0.2 mg/kg) was injected i.p. 4 hr before sacrifice.
The incubation mixture contained Xyl-TG or solvent. 1.0 ml: pre

cursors, 0.5 to 1.0 ml; cell suspension (1:3 dilution of 1470 X g precepi-
tate). 1.0 ml; Robinson's medium, 7.5 to 7.0 ml. The final concentration
of Xyl-TG was 0.16 mg/ml. The final concentrations of precursors were
glycine-2-"C, 1.0 |imole/ml, 1.0 Â¿iCi/Vmole:and orotic acid-6-"C,
0.1 Â¿imole/ml,3 ^Ci/^mole. Flasks were incubated for 30 min at 37Â°.

PrecursorsGlycine-2-'

CGlycine-2-'
CGlycine-2-1
CGlycine-2-'
CAdenine-8-
4CAdenine-8-
4CAdenine-8-
4CAdenine-8-
4CGuanine-8-
4CGuanine-8-
4CGuanine-8-
4CGuanine-8-
4COrotic
acid-6-14COrotic
acid-6-'4COrotic
acid-6-"COrotic

acid-6-14CXyl-

TG(-)(

+)(-)(

+)(-)(

+)(-)(

+)(-)(

+)(-)(

+)(-)(

+)(-)(

+ )Aza(-)(-)(

+)(
+)(-)(-)(

+)(
+)(-)(-)(

+)(
+)(-)(-)(

+)(
+ )DNA(cpm/mg)9711,3389118902.6902,6493,3453,08436733951344288992428RNA(cpm/mg)1,6651,95954654951,48752,06827,46529,1049,0318,7869,73410.6101,6781,4871,5151,335Acid-solubleadenine

oruridine(cpm/Mg)4855111110.29910,69118,16016,0819658211,6261,7036,7656,6541.4251,602Protein(cpm/mg)5,9837,2285,4754,632

Table 3
Effects of xylosylthiogtianine on incorporations ofglycine-2-l>C,
adenlne-8-4C,guanine-8-"C.andorotlcacid-2-*CIntoDNA,

RNA, acid soluble fractions, or protein in vivo
Female BAF, mice bearing 5-day implants of Ca755 ascites tumor

were given Xyl-TG, 20 mg/kg, 5 min before precursors were injected
i.p. Metabolic utilization was allowed to occur for 30 min for gua-
nine-8-14Cand for 60 min for the other precursors.

The injected precursors were glycine-2-'4C (10 ^moles/ml, 1.0 Â»iCi/
ornÃ³le),0.1 ml: adenine-8-'4C (300 ng/ml, 8.3 ^Ci/Mmole), 0.1 ml:
guanine-8-'4C (300 (Â¿g/ml,1.0 ^Ci//imole), 0.25 ml; and orotic acid-
6-'4C (2 ^moles/ml, 3 (iCi/^mole), 0.25 ml.

PrecursorsXyl-TGGlycine-2-1Glycine-2-1Adenine-8-Adenine-8-Guanine-8-C

(-)C
(+)4C

(-)4C
( +)4C

(-)Guanine-8-
4C ( +)Orotic

acid-2-'4C(-)Orotic
acid-2-'4C (+ )DNA(cpm/

mg)1,4971,7083,6253,463319335124115RNA(cpm/mg)4306471010,23610,6011,6461,9191,1781,115Acid-solubleadenine

or
uridine(cpm/mn\mg)101,000112,000838,000818,000256,000261.0005,0004,000Protein(cpm/mg)3,9304,662

tions of Ca755 cells were carried out. After incubation,
the cells were centrifuged free of medium and homoge
nized with a glass pestle, and the homogenate was cen-
trifugally fractionated in isotonic sucrose. Nuclear, mito-
chondrial, microsomal, and soluble RNA fractions were
examined separately. The same labeled precursors were
used for in vitro and in vivo experiments. No significant
inhibitory effects were observed.

CONCLUSIONS

Xyl-TG had significant, although not striking, effects
on these murine tumor cell lines only when combined
with aza. This may result from inadequate dosage, since
no toxicity was observed. However, excretion was rela
tively rapid, and roughly the same percentage of the drug
was excreted at higher doses. The excretion rate was con
siderably higher than that for the 6-mercaptopurine ana
log (7). Metabolic effects, observed only for incorporation
of precursors into microsomal and soluble RNA, were
relatively small. No appreciable metabolic conversions of
Xyl-TG occurred. There is little encouragement from
these data to indicate that more of the analog Xyl-TG
should be synthesized for extension of the studies.

700 CANCER RESEARCH VOL. 30

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2386346/cr0300030699.pdf by guest on 19 M

ay 2023



ÃŸ-D-Xylofuranosyl-6-thioguantrie

REFERENCES

1. Ellis, D. B., and LePage, G. A. Biochemical Studies of Resistance to
6-Thioguanine. Cancer Res., Z?.-436-443, 1963.

2. Kimball, A. P., Bowman, B., Bush, P. S., Herriot. J., and LePage,
G. A. Inhibitory Effects of the Arabinosides of 6-Mercaptopurine
and Cytosine on Purine and Pyrimidine Metabolism. Cancer Res.,
26: 1337-1343, 1966.

3. Kimball, A. P., LePage, G. A., and Allinson, P. S. Further Studies
on the Metabolic Effects of 9-/3-D-Arabinofuranosyl-9-//-purine-6-
Thiol. Cancer Res., 27: 106-116, 1967.

LePage, G. A. Incorporation of 6-Thioguanine into Nucleic Acids.
Cancer Res., 20: 403 408, 1960.
LePage, G. A., Junga, J. G., and Bowman, B. Biochemical and Car-
cinostatic Effects of 2'-Deoxythioguanosine. Cancer Res., 24: 835

840, 1964.
Robinson, J. R. Some Effects of Glucose and Calcium upon the Me
tabolism of Kidney Slices from Adult and Newborn Rats. Biochem.
J., 45: 68-74, 1949.
Sato, K., LePage, G. A., and Kimball, A. P. The Metabolism of 9-
/S-D-Xylofuranosyl-6-mercaptopurine in Normal and Neoplastic Tis
sues. Cancer Res., 26: 741 747, 1966.

MARCH 1970 701

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2386346/cr0300030699.pdf by guest on 19 M

ay 2023




