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Summary. Normal mice and mice with advanced leu-
kemia were injected IP with cytosine arabinoside (araC)
on a lethal treatment schedule. The simultaneous oral
administration of deoxycytidine (CdR) in doses 2—3
times as high as those of araC prevented drug-related
death of the animals. Although CdR protected myelo-
and erythropoiesis in the bone marrow of normal mice
treated with araC, it did not influence the suppression of
bone marrow lymphopoiesis. However, in mice treated
with araC + CdR, the peripheral blood levels of both
lymphocytes and granulocytes were significantly higher
than those in animals given araC only. AraC lowered
the level of serum hemagglutinins in mice immunized
with sheep red blood cells (SRBC), and prolonged skin
allograft survival. CdR appeared to normalize only the
cellular immune response. In mice with advanced 11210
lymphoblastic leukemia treated with araC + CdR, the
effect of the metabolite was selective, i.e., CdR adminis-
tration led to a complete abrogation of drug-induced
lethality without interfering with the highly efficient
therapeutic effect of araC. No antitumor effect of araC
was shown in araC + CdR-treated mice with advanced
granulocytic Graffi leukemia and erythroblastic Rau-
scher leukemia. We suppose that the combined effect of
araC and CdR, araC being administered on a lethal
treatment schedule, results in selective destruction of
precursor cells with the emphasis on B lymphocytes.

Introduction

The search for new drugs or combination of drugs selec-
tively inhibiting the proliferation of various cell types is
of great theoretical and practical value. One approach in
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* The preliminary data were published in The Lancet, May 14, 1977,
p. 1016, in Biomedicine Express 27, 179 (1977), and in Bjulleten
Experimentalnoi Biologii i Medicini [in Russian] 85, 257 (1978)

this area is to improve therapeutic efficacy by combin-
ing a metabolite with its corresponding synthetic anti-
metabolite [1, 2, 4—6, 14, 15, 22, 26, 28—31].

Toxicity of araC can be prevented, reduced, or re-
versed by CdR under certain conditions. The maximal
level of protection is achieved by injection of CdR si-
multaneously with araC in doses 2—4 times higher;
however, no selective effect is observed in this case. Ven-
ditty and Goldin reported [31] that in the case of early
L1210 lymphoblastic leukemia the CdR + araC combi-
nation did not show any therapeutic advantage over
araC alone given in optimal doses. Nevertheless, they
were able to achieve complete prevention of lethal tox-
icity together with the marked therapeutic effect.

Here we report the results of experiments in normal,
immunized, and leukemia-bearing mice. The data ob-
tained lead us to suggest that the combination of lethal
doses of araC with CdR protection results in the selec-
tive destruction of B lymphocytes and/or B cell precur-
sors.

Materials and Methods

Animals. Two- to three-month-old C57 Bl/6j (B6), BALB/c (C),
DBA/2 (D2), (3§ DBA/2 x Q C57 BY/6j) F13 (B6D2F1) mice ob-
tained from the Stolbovaya breeding farm of the USSR Academy of
Medical Sciences and outbred white mice obtained from the Krjuko-
vo breeding farm of the Academy were used.

Drugs. CdR (Reanal, Hungary) and araC (Upjohn, USA) were dis-
solved in saline and injected on the same day. All inoculations were
performed with 0.2 ml per mouse, including drugs and cells. CdR
was administered by oral intubation, while araC was co-administered
IP. In most experiments the drugs were given three to four times a
day at 2-h intervals.

Study of Toxicity. The toxic effect was evaluated by such parameters
as the frequency of mortality and of diarrhea, changes in body
weight and in weight and cellularity of the spleen, and total and
differential peripheral blood and bone marrow nucleated cell counts.
The total number of nucleated cells was estimated per cubic millime-
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ter of peripheral blood and per femur. The smears of blood and bone
marrow were stained by the method of Romanovsky and the
percentage of different cell types was calculated after analysis of 200
cells in the blood smears and 500 cells in the bone marrow
smears.

Study of the Humoral and Cellular Immune Response. The titers
(log,) of serum hemagglutinins (SHA) in B6 mice immunized IP with
2.5 x 10® SRBC were estimated in a Takatchi microtitrator (Labor
MSM, Hungary). The skin from the back of donor C females was
grafted onto the back of B6 recipient females by the method of Me-
dawar. Starting from day 7, the mice with the skin graft were exam-
ined for rejection, and the day of complete rejection was noted
(> 90% necrosis).

Study of Antileukemic Effect. Lymphoblast 1.1210 leukemia, myelo-
blast Graffi (MG) leukemia [9] and erythroblast Rauscher (ER) leu-
kemia were maintained in D2 males, B6, and C females, respectively,
by IP (L1210, ER leukemias) and IV passaging (MG leukemia). In
our experiments 10° L1210 ascites tumor cells were inoculated SC.
Spleen nucleated cells (5 x 10%) from mice bearing MG leukemia
were inoculated IV, and 2 x 10® spleen nucleated cells from mice
bearing ER leukemia were inoculated IP. The antitumor effect was
evaluated by the mean survival time (MST) and the percentage in-
crease in lifespan was calculated (%ILS). In some experiments with
ER leukemia the splenomegaly level was noted. All dead animals
were autopsied to determine macroscopic symptoms of leukemia. In
a number of cases the spleen, liver, and subcutaneous tumor (in the
case of L1210 leukemia) were weighed. The data obtained showed
whether the mice concerned died of leukemia or of drug toxicity.

Statistics. For each group of animals the mean and standard error
(SE) were calculated. The means were compared by Student’s ¢-test.
A significance level of P < 0.05 was chosen.

Results

A special study of the effect of oral or IP CdR adminis-
tration both in a single dose schedule and given daily for
8 days in single or fractional doses showed that it was
safe to hybrid and inbred mice. No toxic, immunosup-
pressive, antileukemic, or stimulating effects of the me-
tabolite were observed. This finding is consistent with
the data reported by other investigators [3, 7, 8, 10—13,
27]. In a number of cases our data on the effect of CdR
alone are therefore omitted.

Oral co-administration of CdR in B6 or D2 mice
with IP lethal injections of araC LD,,_,,, prevented the
drug-related death of mice by diminishing various toxic
effects (Fig. 1). Certain peculiarities of the protective
effect of CdR with respect to hematopoiesis should be
pointed out. In all groups of mice receiving araC, a
striking decrease in the levels of all nucleated cell types
in peripheral blood was observed (Fig. 1). However,
even the lowest levels of circulating leukocytes, both
lymphocytes and granulocytes, occurring 3—4 days
from the beginning of treatment, were significantly high-
er in CdR-protected mice than in those treated with
araC alone. But in the bone marrow on the next day
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Fig. 1. The influence of CdR on general and hematological toxicity
of araC. B6 females were injected simultaneously with CdR PO in a
dose of 40 mg/kg and araC IP in a dose of 20 mg/kg three times a
day from day O to day 4. Experimental groups contained 5—20 mice.
, physiological saline; ----- , araC; —.—-— CdR + araC;
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Table 1. The influence of CdR on bone marrow toxicity of araC

Group Cells Average no. of cells (x 109
no.b in the femur (mean + SE)
Saline araC CdR + araC?
(a) (b) (c)
1 Lymphocytes 6.13 + 0.82 3.17 + 0.72 3.62 + 0.29
2 Reticular cells 1.19 + 0.09 042 + 0.12 1.00 + 0.17
Hemocytoblasts 0.33 + 0.08 0.08 + 0.02 0.19 + 0.06
Mitotic granulocytes® 095 + 0.14 0.47 + 0.09 1.15 + 0.18
Mitotic cells 0.23 + 0.07 0.05 + 0.02 0.22 + 0.06
3 Postmitotic granulocytes? 8.68 + 1.00 0.75 + 0.15 4,59 + 0.42
Erythron® 8.31 + 1.38 1.41 + 0.43 4.30 + 0.83
4 Total nucleated cell count 26.10 + 2.19 6.60 + 1.33 15.60 + 1.22

2 CdR was administered to B6 females PO in a dose of 40 mg/kg three times a day for 4 days, araC was injected IP in a dose
of 20 mg/kg simultaneously. Bone marrow was obtained the day afier completion of the course

b Cell types from group 1 were not protected (P, < 0.05; P, _, > 0.05); cell types from group 2 were completely protected (P,
> 0.05; P, < 0.05—0.01); those from groups 3 and 4 were partially protected (P, < 0.05-0.01; P,_. < 0.05—0.001).
Each group contained not less than five mice. The table includes data on cell types that significantly reduced in number in araC

treated mice (P < 0.05—0.001)

¢ Myeloblasts + promyelocytes + myelocytes

4 Metamyelocytes + bands + segmented granulocytes
¢ Nucleated forms of red cells

Table 2. The influence of CdR on inhibition of humoral antibody
response and toxicity induced by lethal doses of araC?

Table 3. The influence of CdR on prolongation of skin allograft
survival and toxicity induced by lethal doses of araC?

Groups Daily doses of drugs 1/n®  The titer (log,) SHA Daily doses of 1/nt The time of complete
(mg/kg) (M + SE) drugs (mg/kg) rejection (days)
(mean + SE)
CdR araC Day 5 Day 8 CdR araC
1 0 0 0/15 56 £ 06 55+ 05 0 0 0/8 10.0 + 0.38 (8—11)
2 0 60 15/15 18 +03 =© 120 0 0/7 9.7 + 0.56 (8—11)
3 120 60 0/10 16 + 0.3 2.6 + 09 0 60 4/6 164
4 180 60 0/10 19 +03 18+ 08 120 60 0/8 10.5 + 0.19 (10—11)
5 120 0 0/10 3.4 + 06 42+ 14
6 180 0 0/10 45+ 0.6 53+ 06 2 On day O the skin from C mice was grafted in B6 females; the drugs

Onday 5, Group 1 vs Groups 2, 3,4: P < 0.01; Group 2 vs Groups 3,4:
not significant, and Group 5: P < 0.05; on day 8, Group 1 vs Group 3:
P < 0.05, and Group 4: P < 0.01

2 B6 females were immunized with 2.5 x 108 SRBC IP on day 0; the
drugs were given three times daily on days 1—4

b 1, number of mice that died; n, total number of mice in the
group

¢ All mice receiving araC alone died within 5—7 days

after the end of the treatment the lymphocytes in con-
trast to other cells, were equally decreased in numbers in
mice receiving araC alone and in those receiving araC in
combination with CdR (Table 1). Despite the fact that
araC alone reduced the number of bone marrow lym-
phocytes only twofold, CdR did not influence this rela-
tively weak effect. This evidence leads us to suggest that
it is possible to destroy certain functions of the lymphoid

were administered starting from next day 3 times a day daily for 5
days

b See footnotes to Table 2

¢ Figures in parentheses indicate the range

4 In two surviving mice the skin allograft was rejected on day 16

system selectively by means of araC administered in le-
thal doses under CdR protection. The results of the first
experiments carried out to test this possibility are re-
ported below. At this point it is worth while to stress
that CdR significantly protected the proliferating granu-
locytic cells, the direct targets for the cytotoxic effect of
araC. However, the degree of protection of these cells
was more pronounced than that of their mature off-
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Table 4. The influence of CdR on antitumor effect and toxicity of araC in the treatment of advanced lymphoblast L1210 leukemia®

Expt. Daily doses of Regimen of MST + SE ILS s/n® Changes in body Suggested
no. drugs (mg/kg) treatment (days) (%) weight (g) cause of
after courses death®
CdR araC 1 2
1 0 0 3 times 9.6 £ 0.3 0/18 2.8 - L
0 12 a day on days 228 + 0.6 138 0/9 - 1.2 — 1.0 L
360 120 5-7, 11-13, 18-20 24.6 + 0.7 156 0/17 - 09 - 12 L
2 0 0 4 times 150 + 0.4 0/10 0.5 1.2 L
480 0 a day on days 153 + 05 2 0/10 0.6 0.7 L
0 160 5-7, 12—14, 19,20 100 + 0.1 — 50 0/32 — 30 - T
480 160 384 + 1.3 1564 8/35 — 1.5 - 1.0 L
3 0 0 4 times 104 + 0.2 0/11 1.4 - L
480 0 a day on days 10.6 + 0.2 1 0/11 - 02 -~ L -
0 160 8,9, 13—15 156 + 0.8 50 0/11 - 5.7 - 9.2 T
480 160 20.7 + 0.3 99 0/9 -104 —12.8 L2T?
4 0 0 4 times 146 + 0.2 0/30 1.6 - L
48 0 a day on days 14.2 + 04 -3 0/8 0.9 - L
480 0 10—18¢ 14.1 £ 0.2 -3 0/20 1.6 - L
0 16 26.7 + 0.3 83 0/10 - 09 - 1.7 L
0 160 184 + 0.1 26 0/20 - 04 — 52 T
48 16 23.1 £ 0.3 58 0/9 - 04 - 1.0 L
480 160° 203 + 0. 39 0/7 - 07 — 6.1 T
480 160f 27.7 + 04 90 0/12 - 0.6 ~ 4.3 L

2 10° ascites L1210 cells were inoculated SC in B6D2F1 males on day O in Expts. 1, 2, and 4 and in D2 females in Expt. 3.
b s, number of mice that survived for over 60 days; n, total number of micein the group

© L, leukemia-related death; T, drug-related death
9 Mice that survived for over 60 days are not included

¢In Expt. 4, mice from all groups except Group 1 received CdR in daily doses of 48 mg/kg and araC in daily doses of 16 mg/kg, then the
mice from Groups 2,4, and 6 continued to receive the drugsin the same doses up to day 17, and the mice from Groups 3, 5,7, and 8 re-

ceived doses escalated 10-fold from day 13 to day 18

£7 of 19 mice treated with a high-dose CdR + araC combination developed lethal toxicosis, so the mice are divided into two subgroups

spring. Possibly this is connected with the accelerated
rate of proliferation in the case of unstable hematopoie-
sis and/or with the degree of proliferating granulocytic
cell inhibition at earlier times (days 2 and 3 after the
beginning of treatment).

CdR inoculation protected B6 mice immunized with
SRBC (Table 2) and the recipients of skin allografts
(Table 3) against the lethal toxicity of araC. Mice
treated with araC alone developed immunosuppression
as a result of the severe toxicity of the drug. Suppression
of the immune response to SRBC in mice treated with
the CdR + araC combination was selective, i.e., it took
place in the absence of toxic effects. At the same time,
CdR inhibited delayed allogeneic skin graft rejection in-
duced by araC.

CdR inoculation also reduced the toxicity of araC in
mice with advanced leukemia. The survival of L1210
leukemia-bearing mice in the group treated with
CdR + araC was significantly prolonged as compared
with that of other groups (%ILS > 100). The %ILS of
mice bearing MG and ER leukemia appeared to be low
(Tables 4, 5). AraC administration led to a significant

decrease in the spleen weight of mice with ER leukemia;
this effect was reversed by CdR (Fig. 2). According to
the data obtained in our laboratory [9] and to unpub-
lished observations, a nontoxic dosage of araC exerts a
meager therapeutic effect on MG and ER leukemia.

Discussion

The protective effect of CdR is accounted for by its
competing with araC for certain enzymes of NA biosyn-
thesis [23] and for carrier of the transport system re-
sponsible for the cell uptake of those drugs [24]. The
possibility of diminishing the toxicity of araC safely by
means of CdR in different systems in vivo and in vitro
has already been demonstrated (see Introduction). Anal-
ysis of the reported data demonstrates two major pecu-
liarities of CdR protection against the lethal toxicity of
araC. Firstly, CdR inoculation results in defense of GIT
cells, granulocytopoiesis, and erythropoiesis in the bone
marrow, and this defense is sufficient for a good life
level. However, less markedly affected bone marrow
lymphopoiesis remains unprotected. Secondly, when
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Table 5. The influence of CdR on antitumor effect and toxicity induced by lethal doses of araC in the treatment of ad-

vanced nonlymphoid types of leukemia®

Expt. Daily doses of Days of drug MST + SE ILS Suggested n®
no. drugs (mg/kg) administration (days) (%) cause of
death®
CdR araC
1 0 0 10—12, 15, 16 162 + 0.3 L 9
480 0 16.1 + 04 -1 L 11
0 160 142 + 0.2 —-12 Td 11
480 160 19.0 £ 2.7 17 L 10
2 0 0 16, 17 263 + 4.2 L 7
480 0 340 + 5.7¢ 29 L 8
0 160 216 + 1.0 —18 TL? 8
480 160 220 + 0.7 —16 L 8
3 0 0 15, 16, 20, 247 + 24 L 7
480 0 21, 25, 26 243 + 1.9 -2 L 10
0 160 258 + 1.6 4 Tt 10
480 160 27.0 + 2.1 9 L 6

2 In Expt. 1, 5 x 10° spleen cells from mice bearing MG leukemia were inoculated IV on day 0to B6 males. In
Expts. 2 and 3, 2 x 108 spleen cells from mice bearing ER leukemia were inoculated IP on day 0to C females.
AraC wasinjected IP in a dose of 40 mg/kg four times a day; CdR was co-administered PO in a dose of 120 mg/kg

four times a day.
® Number of mice in the group
¢ See footnotes to Table 4

410 of 11 mice developed lethal toxicity and died on days 14 or 15, one mouse did not develop toxicosis and died on

day 20.

¢ 1 of 8 mice was killed on the day of the cessation of experiment (day 60), due to marked splenomegaly
 The majority of mice developed lethal toxicosis after 25 and 26 days of treatment
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Fig. 2. The influence of CdR on the spleen weight in mice with ER
leukemia. Summarized data of two experiments. C mice were inocu-
lated IP with ER leukemia cells on day 0. On days 16 and 17 they
were injected simultaneously with CdR PO in a dose of 120 mg/kg
and araC IP in a dose of 40 mg/kg four times a day. —, physiologi-
cal saline; - - -, araC; —.—, CdR + araC; -—-— CdR

CdR is administered, araC can destroy only certain
lymphocyte subpopulations. Thus, the level of blood
lymphocytes, in contrast to that of bone marrow lym-
phocytes, was significantly higher in mice protected
against toxicity, although it was under the norm within
2—4 days of drug inoculation. ‘Protected’ mice retained
the capactity for skin allotransplant rejection; this indi-
cates that certain lymphocyte subpopulations are pro-
tected. At the same time, other lymphocyte subpopula-
tions are destroyed, as shown by the undiminished im-
munosuppressive effect of araC in SRBC-immunized
protected mice.

A pronounced antitumor effect in protected mice
bearing advanced L1210 leukemia indicates that the
malignant lymphoblasts have their origin in a lymphoid
cell subpopulation that is unprotected by CdR.

Further studies are required to show what particular
lymphocyte subpopulations are protected or not pro-
tected against the cytotoxicity of araC by CdR. We sug-
gest that the latter refer to B cells. Interestingly, inocula-
tion of araC alone in less nontoxic doses than those used
in our experiments also results in the selective inhibition
of humoral but not cellular immune response [16—20).
Presumably physiological levels of CdR are not suffi-
cient to protect all lymphocyte subpopulations. Accord-
ing to the data recorded in our laboratory, araC admin-
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istered according to a nontoxic schedule leads to statisti-
cally significant, though weak, ILS of mice bearing ad-
vanced MG [9] and ER leukemias. However, when CdR
was applied in the treatment of these forms of nonlym-
phoid leukemias it protected against the lethal toxicity of
araC without favoring its strong antitumor effect. The
data obtained by the spleen weight test directly indicate
that araC had a reduced antitumor effect when applied
simultaneously with CdR. Apparently CdR lessens the
cytotoxicity of araC to nonlymphoid malignant cells of
these leukemias, as observed in normal analogs of these
cells.

Thus, CdR protection of the animal against the le-
thal toxicity of araC is accompanied by selective de-
struction of a certain lymphocyte subpopulation.
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References

1. Berenbaum, M. C.: Prolongation of homograft survival by
methotrexate with protection against toxicity by folinic acid.
Lancet 19641, 1363

2. Berenbaum, M. C., Brown, 1. N.: The effect of delayed adminis-
tration of folinic acid on immunological inhibition by metho-
trexate. Immunology 8, 251 (1965)

3. Biro, V., Goldenberg, D. M.: Hematological toxicity of 1-5-p-
arabinofuranosylcytosine, and its prevention by deoxycytidine,
in the mouse. Chemotherapy 16, 29 (1971)

4. Borenstein, B., Cummings, F. J., Doolitle, C., Calabresi, P.:
Phase 1 trials of infusion chemotherapy with combined 5-
fluoro-2'-deoxyuridine (FUdR) and 5-iodo-2'-deoxyuridine
(IUdR) with and without thymidine rescue. Proc. Am. Assoc.
Cancer Res. 16, 201 (1975)

5. Buchman, V. M., Svet-Moldavsky, G. J., Lichinitser, M. R.,
Mkheidze, D. M.: Selective chemotherapy for advanced murine
L1210 leukemia by combination of 2’deoxycytidine and lethal
doses of cytosine arabinoside. Biomedicine [Express] 27, 179
(1977a)

6. Buchman, V. M., Vyshinskaya, G. V., Belyanchikova, N. I,
Svet-Moldavsky, G. J.: Protection of gastrointestinal tract of
mice against toxicity of cytosine arabinoside. [in Russian] Vopr.
Onkol. 23, 44 (1977b)

7. Burchenal, J. H., Adams, H. H., Newell, H. S., Fox, J. J.: Com-
parative activity of 1-3-D-arabinofuranosyl-5-fluorocytosine and
related compounds against transplanted mouse leukemias in
vivo and in vitro. Cancer Res. 26, 370 (1966)

8. Chaube, S., Kreis, W., Uchida, K., Murphy, M. L.: The terato-
genic effect of 1--p-arabinofuranosylcytosine in the rat. Protec-
tion by deoxycytidine. Biochem. Pharmacol. 17, 1213 (1968)

9. Chimishkyan, K. L., Belyanchikova, N. I, Kostrykina, V. N.,
Meiland, E. N.: The effect of Brucella abortus on the progress of
acute myeloid leukemia in mice. [in Russian] Vopr. Virusol. 2,
202 (1977)

10. Chu, M. Y., Fisher, G. A.: A proposed mechanism of action of
1-B-p-arabinofuranosylcytosine as an inhibitor of the growth of
leukemic cells. Biochem. Pharmacol. 11, 423 (1962)

11. Dollinger, M. R., Burchenal, J. H., Kreis, W., Fox, I. J.: Analogs
of 1-f-p-arabinofuranosylcytosine. Studies on mechanisms of
action in Burkett’s cell culture and mouse leukemia and in vitro
deamination studies. Biochem. Pharmacol. 16, 689 (1967)

12. Evans, J. 8., Mengel, G. D.: The reversal of cytosine arabinoside
activity in vivo by deoxycytidine. Biochem. Pharmacol. 13, 989
(1964)

13. Fisher, D. 8., Cassidy, E. P., Welch, A. D.: Immunosuppression
by pyrimidine nucleoside analogs. Biochem. Pharmacol. 15,
1013 (1966)

14. Geelhorn, A., Hirschberg, E., Kells, A.: The effect of purines,
nucleosides and nucleotides on the carcinostatic action of 8-
azaguanine. J. Natl. Cancer Inst. 14, 935 (1954)

15. Goldin, A., Venditti, J. M., Humphreys, S. R., Dennis, D., Man-
tel, N.: Studies on the management of mouse leukemia (L1210)
with antagonists of folic acid. Cancer Res. 15, 742 (1955)

16. Gray, G. D.: Ara-C and derivatives as examples of immunosup-
pressive nucleoside analogs. Ann. N.Y. Acad. Sci. 255,372 (1975)

17. Gray, G. D., Perper, R. J., Mickelson, M. M., Crim, J. A., Zu-
kowski, C. F.: The immunosuppressive activity of aracytidine
(cytarabine). II1. Effects on canine renal allograft rejection and
hemagglutinin formation. Transplantation 7, 183 (1969)

18. Griswold, D. E., Heppner, G. H., Calabresi, P.: Selective sup-
pression of humoral and cellular immunity witth cytisine arabi-
noside. Cancer Res. 32, 298 (1972)

19. Griswold, D. E., Kopp, 1. S., Manning, J. S., Heppner, G. H.:
Correction of a murine mammary tumor virus-associated immu-

" nological depression by selective immunosuppression with cyto-
sine arabinoside. Cancer Res. 35, 2670 (1975)

20. Heppner, G. H., Calabresi, P.: Suppression by cytosine arabino-
side of serum-blocking factors of cell-mediated immunity to syn-
geneic transplants of mouse mammary tumors. J. Natl. Cancer
Inst. 48, 1161 (1972)

21. Hoshino, A., Albrecht, A. M., Hutchison, D. J.: Fate of ame-
thopterin-resistant mutants in L1210 mouse leukemia popula-
tions. Cancer Res. 26, 974 (1966)

22. Mark, I. B., Calabresi, P.: Regional protection in cancer chemo-
therapy. II. Preliminary studies with hypogastric artery infusion
of thymidine during treatment with 5-iodo-2’-deoxyuridine.
Cancer Chemother. Rep. 16, 545 (1962)

23. Momparler, R. L.: A model for the chemotherapy of acute leu-
kemia with 1--D-arabinofuranosylcytosine. Cancer Res. 34,
1775 (1974)

24. Mulder, J. H., Harrap, K. R.: Cytosine arabinoside uptake by
tumor cells in vitro. Eur. J. Cancer 11, 373 (1975)

25. Papac, R., Creasey, W. A., Calabresi, P., Welch, A. D.: Clinical
and pharmacological studies with 1-j-arabinofuranosylcytosine
(cytosine arabinoside). (Abstract.) Proc. Am. Assoc. Cancer
Res. 6, 50 (1965)

26. Rall, D. P., Rieselbach, R. E., Oliverio, V. T., Morse, E.: Phar-
macology of folic acid antagonists as related to brain and cere-
brospinal fluid. Cancer Chemother. Rep. 16, 187 (1962)

27. Schrecker, A. W., Mead, J. A. R., Urshel, M. U.: Isolation and
antileukemic activity in mice of 1--p-arabinofuranosylcyto-
sine-5-cytidilic acid. Biochem. Pharmacol. 15, 1443 (1966)

28. Semon, J., Grindey, G.: Effect of thymidine on the therapeutic
selectivity of methotrexate in mice. Proc. Am. Assoc. Cancer
Res. 17, 82 (1976)

29. Svet-Moldavsky, G. J., Pavlotsky, A. 1., Ravkina, L. L.: The
principle of selective protection in chemotherapy of malignant
tumors. [in Russian] Vestn. Akad. Med. Nauk SSSR 5,42 (1967)

30. Tattersall, M. H. N., Brown, B., Frei, E.: The reversal of metho-
trexate toxicity by thymidine with maintenance of antitumor ef-
fects. Nature 253, 198 (1975)

31. Venditti, J. M., Goldin, A.: Therapeutic synergism in animal
models — increased antitumor specificity resulting from dimin-
ished toxicity for the host. Biochem. Pharmacol. [Suppl.] 2, 141
(1974)

Received March 28, 1979/Accepted August 1, 1979



