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Effects of 5-fluorodeoxyuridine on cell viability and uptake of 
deoxycytidine and [3H]cytosine arabinoside in L5178Y cells* 

(Recked 31 July 1974; uc,cepted 30 June 1975) 

1-fi-D-Arabinofuranosyl cytosine (cytosine arabinoside, 
Ara-C) has been demonstrated to be a potent inhibitor 
of a wide variety of organisms, such as bacteria [l, 21, 
mammalian cells in culture [3,4], DNA viruses [5,6], in- 
fectious virus [7], and transplantable tumors in mice and 
rats [8]. In humans, Ara-C has been effective in the treat- 
ment of neoplasms [9, lo] and for viral infections of the 
eye [ll, 121. 

The possible mechanisms whereby Ara-C causes cell 
death are: (1) inhibition of the formation of deoxycytidine 
diphosphate from cytidine diphosphate [3, 13, 143; (2) in- 
corporation of C3H]Ara-C into DNA fractions of mam- 
malian cells [13-20); (3) inhibition of DNA polymerase 
[19-221; and (4) incorporation of C3H]Ara-C into RNA 
fractions [13,1618]. This report is concerned with the 
modification of Ara-C induced acute cell death by 5-fluoro- 
deoxyuridine (FUDR) and the biochemical effects of the 
sequential treatment of FUDR and Ara-C on L5178Y mur- 
ine leukemic cells. 

The methods of propagation of murine lymphoblast 
leukemic cells (L5178Y) have been described [23]. Cells 
used in all experiments were in the exponential phase of 
growth and were maintained at 37” in either Fischer’s 
medium (FM) or in Fischer’s medium containing 10% 
horse serum (FMS) during the experiment. Ara-C was 
obtained from Dr. J. H. Hunter of the Research Labora- 
tories of the Upjohn Co. C3H]Ara-C, purified by chroma- 
tography as described previously [13-161, [3H]deoxycyti- 
dine (C3H]CdR), deoxycytidine hydrochloride and deoxy- 
thymidine (TdR) were purchased from Schwartz Bio 
Research, Inc. 5-Fluorodeoxyuridine (FUDR) was 
obtained from CalBiochem Co. 

Kinetics of cc/l death. L5178Y murine leukemic cells 
(2.0 x 105/ml) were exposed to FUDR (1.0 x lo-’ M) or 
Ara-C (3.3 x 10m6 M) singly and sequentially and incu- 
bated for periods ranging from 1 to 4 hr. Cell viability 
was determined by the dilute agar-colony method. Cloning 
efficiency of untreated cells was 75 per cent 1171. Deoxy- 
thymidine (2.0 x 10m6 M) and/or deoxycytidine (5.0 x 
lo- 5 M) were added to the cloning medium. 

Uptake of’ C3H]CdR or [‘H]Ara-C in cells pretrecrted 
with FUDR. Leukemic cells (5 x 10’/20ml) were pre- 
treated with FUDR (I x lo-” M) for 2 hr in FM or FMS. 
The drug was emoved by washing and the cells were incu- 
bated with [ Sk ]CdR (1.6 x 1O-6 M, 373&i/mole) or 
C3H]Ara-C (3.3 x 10m6 M, 121.7 nCi/mole) for 1 hr; the 
cell fractions were prepared [13, 171 and counted in a 
liquid scintillometer. 

We have reported the sensitization of L5178Y cells by 
pretreatment with FUDR (1 x 10-s M) 2 hr prior to 
Ara-C (3.3 x 10m6 M) 1 through 4 hr [24], as shown in 
Fig. 1. The rate of cell death with sequential FUDR and 
Ara-C was 60 per cent/hr and with Ara-C alone was 32 
per cent/hr. Deoxythymidine, when added to the cloning 
medium, did not alter the cell survival after FUDR treat- 
ment. It is known that FUDR inhibits thymidylate synthe- 
tase, thereby inhibiting de noco thymidylate synthesis 
[25,26]. The effect of FUDR on the incorporation of 
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C3H]CdR into DNA was studied. L5178Y cells were pre- 
treated with FUDR (1 x lo-* M) for 2 hr in FMS, washed 
to remove the drug and incubated with C3H]CdR 
(1.6 x 10m6 M, 373 &i/mole) for 1 hr (Table 1). An ap- 
proximate 3-fold increase in DNA incorporation in the 
FUDR-pretreated cells was found when compared with the 
non-FUDR-treated cells, This increase could be due to: 
(1) partial synchronization or accumulation of cells in S 
phase by FUDR; (2) the presence of TdR in the horse 
serum; and (3) conversion of C3H]CdR to [3H]deoxythy- 
midine monophosphate after the removal of FUDR. When 
TdR (2.0 x 10m6 M) was added simultaneously with 
C3H]CdR after FUDR treatment, there was a sharply in- 
creased incorporation of C3H]CdR into DNA. This may 
be due to the fact that in the presence of deoxythymi- 
dine-5’-monophosphate, presumed a product of the inhibi- 
ton by FUDR, there was enhanced C3H]CdR incorpor- 
ation and restoration of DNA synthesis. However, cell sur- 
vival was unaltered even in the presence of TdR. This work 
suggests that FUDR may have other sites of action in 
addition to the inhibition of thymidylate synthetase. In 
order to study the relationship between FUDR and TdR, 
the effect of FUDR on incorporation of [3H]CdR was 
undertaken as described previously, except that horse 
serum was omitted from the incubation medium (Table 
1). The incorporation of 13H]CdR into DNA was greatly 
inhibited in cells pretreated with FUDR to about 25 per 
cent of the incorporation in non-FUDR-treated cells. 
However, the incorporation was increased by 46 per cent 
in cells pretreated with FUDR in the presence of TdR, 
although TdR did not rescue the cells from FUDR toxicity. 
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Fig. 1. L5178Y cells in the exponential phase of growth 
were pretreated with FUDR (1.0 x lO_‘M) for 2 hr. 
Ara-C (3.3 x 10e6M) was added and incubated at 37” 
for different intervals of time. Cell viability was determined 
by the dilute agar-colony method, and all data were 
normalized to 100 per cent of the control. Points represent 
mean values of three experiments with four replicates per 
experiment. A minimum of 200 colonies was counted for 
each point. Vertical lines + S.E. for FUDR, Ara-C,_ FUDR 

pretreated for 2 hr and followed by Ara-C. 
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Table 1. Effect of FUDR on the incorporation of C3H]deoxycytidine* 

Fraction 
No FUDR pretreatment FUDR pretreatment 

-TdR + TdR -TdR +TdR 

Cold acid-soluble 
(cpmjl0’ cells) 

+ Horse serum 
- Horse serum 

DNA (cpmimg) 
+ Horse serum 
-Horse serum 

O0 Survival 
+ Horse serum 
- Horse serum 

79 * 38 62 k 26 132 + 33 
20 + 2.1 15 * 2.8 16 rf 1.5 20 2 3.3 

3150 + 211 9320 + 1134 50,000 k 5183 
2400 f 547 7020 k 1338 610 + 86 10,300 k 1725 

100 69 71 
100 100 70 79 

* L5178Y murine leukemic cells (5 x 10’ cells/20 ml) in the exponential phase of growth were pretreated with FUDR 
(1 x 10-a M) for 2 hr in FMS or FM. The drug was removed by washing, and the cells were incubated with C3H]CdR 
(1.6 x 10m6 M, 373 &i/itmole) for 1 hr in FMS or FM; the cell fractions were prepared and counted in a liquid 
scintillometer. Cell survival was determined by the soft agar-colony method, and all data were normalized to 100 
per cent of the control. The procedure was repeated replacing FMS with FM. 

Table 2. Effect of FUDR on the incorporation of [3H]cytosine arabinoside* 

Fraction 
No FUDR pretreatment 

- TdR +TdR 
FUDR pretreatment 
-TdR +TdR 

Cold acid-soluble 
(cmp/106 cells) 274 + 1.2 421 & 43 353 * 7 482 k 16 

RNA (cpm/mg) 739 k 27 627 k 46 512 k 40 865 k 82 
DNA (cpmimg) 1809 + 79 2002 & 105 1168 * 90 2070 + 247 

* L5178Y cells (5 x 10’ cells/20 ml) in the exponential phase of growth were 
treated with FUDR (1 x lo-@ M) for 2 hr in FM. The drug was removed by 
washing, and the cells were then incubated with C3H]Ara-C (3.3 x 10e6 M, 
121.7 uCi/mole) for 1 hr in FM: the cell fractions were prepared and counted 
in a liquid scintillometer. 

Thus, the results obtained from C3H]CdR incorporation 
in serum-free medium indicate that FUDR did inhibit 
13H]CdR incorporation into DNA. This inhibition was 
markedly diminished by TdR, although cell survival was 
unaltered. It is presumed that the 17-fold increase in 
C3H]CdR incorporation results from thymidine-dependent 
DNA synthesis by DNA replication or DNA repair. The 
presence of significant amounts of TdR in serum is indi- 
cated, since the incorporation of C3H]CdR into DNA was 
reduced in serum-free medium while an opposite result was 
obtained in medium containing serum (Table 1). This poss- 
ible source of TdR is not sufficient to protect cells from 
FUDR or methotrexate [17] toxicity. 

Since [“H]Ara-C was found to be incorporated into 
lower molecular weight RNA and the incorporation was 
correlated with the cell kill 1181, the effect of FUDR on 
C3H]Ara-C incorporation was studied. The results shown 
in Table 2 demonstrated that, in L5178Y cells pretreated 
with FUDR (1 x lo-* M) for 2 hr in serum-free medium, 
the incorporation of 13H]Ara-C (3.3 x 10m6 M, 121.7 &i/ 
mole) was decreased by 37 and 32 per cent into RNA 
and DNA fractions respectively. Although FUDR pretreat- 
ment decreased the incorporation of [3H]Ara-C into RNA 
and DNA, the cells were not protected from Ara-C toxi- 
city. A similar result was found with methotrexate [27]. 
In this study, the effect of FUDR on Ara-C did not appear 
to be related to the incorporation of [3H]Ara-C into RNA 
or DNA, since this incorporation was decreased in cells 
pretreated with FUDR. Furthermore, pretreatment with 
FUDR sensitized the cells to acute cell death by Ara-C 
and produced a snyergistic effect. However, when TdR was 
added, the C3H]Ara-C incorporation was increased, 
although TdR did not rescue the Ara-C-treated cells from 

FUDR toxicity. FUDR had no effect on C3H]Ara-C incor- 
poration when horse serum was added to the incubation 
medium. 
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Effects of chronic administration of morphine on 
pentobarbital responses in the mouse 

(Recricrd 14 February 1975; accepted 23 May 1975) 

The effect of morphine on hepatic microsomal activity has 
been reported to be species and sex dependent. In the rat, 
numerous studies have shown that chronic administration 
of morphine to rats depresses microsomal metabolism of 
many drugs [ll7]. Several investigators have further 
shown that the effect of morphine on hepatic drug metabo- 
lism could be demonstrated only in sexually mature male 
rats [7,8&l 11. However, the rat seems to be unique for 
demonstrating a sex dependency in the metabolism of 
drugs, since sex differences are not seen in the mouse. 
guinea pig. cat or dog 17, 12, 131. Since a sex dependency 
in drug metabolism could not be demonstrated in the 
mouse, it was postulated that morphine should exert no 
depressant effect on the ability of male and female mice 
to metabolize drugs [I I]. In support of the postulate, it 
was reported that liver microsomes obtained from mice 
of both sexes receiving morphine sulfate. 20 mg/kg i.p., 
once daily for 4 days, exhibited no significant differences 
on several drug-metabolizing parameters including the abi- 
lity to metabolize ethylmorphine [ 111. In the present com- 
munication, we present evidence that morphine can inhibit 
drug microsomal activity in both male and female mice, 
using as measurements N-demethylation of ethylmorphine 
and pentobarbital sleeping time 

Both male and female ICR mice (Simonsen Labs.. Gil- 
roy. Calif.), weighing 23-25 g. were rendered tolerant to 
and physically dependent on morphine by the subcu- 

taneous implantation of a specially formulated morphine 
pellet [14]. Control mice were implanted with placebo pel- 
lets for the same period of time. To assess the effect of 
this treatment on the effect of Na-pentobarbital. both 
sleeping time and lethality were determined after 72 hr of 
pellet implantation. The sleeping time of each group was 
measured after a single dose of Na-pentobarbital, 60 mg/kg 
i.p., with twelve to fourteen mice in each group. The du- 
ration of sleeping time was taken as the time between the 
loss of righting reflex of the animals and the time they 
righted themselves. In the lethality experiments, the 24 hr 
LD~~ and 95% confidence limits of Na-pentobarbital were 
estimated, using at least three doses of Na-pentobarbital 
and eight mice per dose 1151. The activity of hepatic drug- 
metabolizing enzymes was determined by the N-demethy- 
lation assay technique [16] which involves the isolation 
of microsomes by centrifugation and the incubation of the 
microsomes fortified with an NADPH-generating system 
in the presence of ethylmorphine. The degree of enzyme 
activity was indicated by the amount of formaldehyde 
formed from the N-demethylation of ethylmorphine. The 
number of assays per group was between six and eight. 

The chronic administration of morphine by 3 days of 
pellet implantation potentiated the effects of pentobarbital 
on sleeping time and on lethality in both male and female 
mice. As summarized in Table 1. mice of both sexes receiv- 
ing a morphine pellet implant for 72 hr exhibited a sleeping 

Table 1. Enhancement of pentobarbital responses after morphine pellet implantation in the mouse 

Sleeping time (min) LDsO (50% confidence limits) 

Treatment Male Female Male Female 

Placebo pellet 55.8 * 11.8 52.6 + 5.2 120(102.7~140~3) 115(110~4~119~8) 
Morphine pellet 141.9 & 15,8* 236.8 T 25.4% 86 (79.2-93.4) 86(81.1l91.2) 

* P < oQOO5. 


