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Abstract-To obtain more effective treatment with the combination of 5- 
fluorouracil (FUra) and guanosine 5’-monophosphate (GMP), the influence of the 
time interval between FUra and GMP administration and of the molar ratio of 
GMP to FUra on the effect on P388 murine leukemia were investigated. The 
antitumor activity of FUra was significantly potentiated when GMP was 
administered either O-60 min before or 5 min after FUra. The potentiated increase 
in lifespan (ILS) was almost the same as after simultaneous injection of the two 
agents. Coadministration of FUra and GMP increased the antitumor actizlity as 
compared with the respective dose of FUra alone in a treatment schedule of either 
day 1 only or days l-9. The multiple-dose regimen (days 1-9) was more effective 
than a single high-dose regimen, and a GMPIFUra molar ratio of 4 seems to achieve 
the best therapeutic results against P388 leukemia. Daily simultaneous 
administration of FUra and GMP on days l-9 also resulted zn a significant increase 
in the antitumor activity against L1210 Leukemia as compared with Fl’ra alone. 

INTRODUCTION 
THERAPY with a combination of antitumor 
agents has been studied [l, 21, but only limited 
attention has been paid to the use of natural 
metabolites in combination with 5-fluorouracil 
(FUra). The following nucleic acid analogs in 
combination with FUra enhance the action of 
FUra: erotic acid [3], uracil [4], thymine [5], 
thymidine [6], deoxyuridine [7], guanosine [S] 
and cytidine [8]. Recently, we found that only the 
combination of FUra with guanosine enhanced 
the antitumor activity without increasing its 
toxicity [9], and that guanosine 5’-monophos- 
fate (GMP), which is easily soluble in water, 
also potentiates the antitumor activity of FUra 
against subcutaneously implanted adenocar- 
cinema 755 and Lewis lung carcinoma by 
simultaneous intravenous injection [lo]. In this 
study, to find a more effective treatment schedule 
for the combination of FUra and GMP, the 
influence of the time interval between FUra and 
GMP administration and of the molar ratio of 
GMP to FUra on the activity against P388 
leukemia were investigated. Furthermore, the 

Accrpted 26 August 1983. 
*To whom all correspondence should be addwssrd. 

111 

effect of GMP on the antitumor activity of FUra 
against L1210 leukemia was studied. 

MATERIALS AND METHODS 
Drugs 

FUra was kindly supplied by Mitsui Pharma- 
ceuticals, Inc., Tokyo, Japan. GMP was obtained 
from Sigma Chemical Co., St. Louis, MO, U.S.A. 
FUra and GMP were dissolved in 0.9% saline 
solution and administered i.p. at 0.1 ml/20 g of 
body weight. 

Animals 

Groups of six specific pathogen-free male BDF, 
mice with a body weight of 21-23 g (Shizuoka 
Agricultural Cooperative Association for Labora- 
tory Animals, Hamamatsu, Japan) were housed 
in plastic cages with woodchip bedding and 
received CA-l pellet diets (CLEA Japan, Inc., 
Tokyo, Japan) and water ad libitum. All 
experiments were performed in an animal 
laboratory with controlled temperature (24”C), 

Implantation and treatment of P388 and L1210 
leukemias 

P388 ( 106) or L1210 (lOs) leukemia cells, which 
were maintained by weekly passage in BDF, mice, 
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were implanted i.p. into mice. All mice were 
weighed individually, and assigned to groups of 
5-7 mice with a weight range of Q3 g. Treatment 
was started on day 1. Each separate experiment 
included a control group of untreated mice, 
whose survival ranged from 11.2 + 1.3 to 12.2 + 1.3 
days. The experiments were terminated when all 
mice had died or 60 days after implantation. 

The average lifespan, that is, the average 
number of days that mice in each group survived 
after tumor implantation, wasdetermined and the 
T/C value, the ratio of the lifespan of the 
experimental group to that of the control group, 
was calculated. The increase in lifespan (ILS), 
representing the percentage increase in lifespan of 
each group relative to that of the control, was 
determined from the T/C. 

The statistical significance of the difference 
between FUra alone and in combination with 
GMP was determined by Student’s 1 test. 

RESULTS 

Effect of time interval between theadministration 
of FiJra and GMP on the antitumor activity 
against P388 leukemia 

Coadministration of FUra with GMP resulted 
in a significant increase in survival over that of 
mice treated with FUra alone [lo], like the 
combination of FUra and guanosine [9]. Since 
GMP is thought to be a release form of guanosine, 
allowing a time interval between administrdtion 
of FUra and GMP might improve the therapeutic 
efficacy of the combination. To determine the 
most effective treatment schedule, the effect of 
different time intervals between the administra- 

tion of FUra and GMP was determined. FUra 
(100 mg/kg) and GMP (1000 mg/kg) were 
administered i.p. at definite intervals via separate 
syringes on day 1 only. Data on the effect of the 
time interval between the two drugs are 
summarized in Table 1. GMP was not toxic and 
did not show any antitumor activity at this dose. 
The antitumor activity of FUra against P388 
leukemia was potentiated when GMP was 
administered at O-60 min before (P <O.Ol) or at 
5 min after FUra (P <0.05). However, these ILS 
percentages were approximately the same as for 
the two drugs injected simultaneously. No 
significant benefit in survival was obtained by 
allowing a time interval. 

Antitumor activity of single administration 
Coadministration of FUra and GMP resulted in 

a significant increase in survival timeover that for 
mice treated with the respective doses of FUra 
alone. A single administration of 100 mg of FUra 
per kg was weakly active (29% ILS) against P388 
leukemia (Table 2); simultaneous treatment with 
157 mg of GMP per kg (GMP/FUra molar 
ratioz0.5) enhanced the antitumor activity of 
FUra (48% ILS, P <O.Ol). The survival time was 
increased with increasing doses of GMP until the 
dose reached 1565 mg/kg (GMP/FIJra molar 
ratio= 5.0). Antitumor activity of 200 mg of FUra 
per kg alone was moderately high (38% ILS), and 
simultaneous treatment with 626 mg of GMP per 
kg (GMP/FUra molar ratio= 1 .O) enhanced the 
antitumor activity of FUta (66% ILS, P <0.05). 
However, survival time after coadministration of 
FUra with GMP at 1879 mg/kg (GMP/FUra 
molar ratio =3.0) did not show a significant 

Table 1. Effect of the time intenjal between thr drugs on the 
antitumor activity of the FUra-C;MP combination against P388 

leukemia 

Sequence of 
adrninistrarion 

Time interval Survival 
(min) Mtan f S.D. (days) 1I.S (g) 

FI:ra* 
FI:ra + GMP’ 
GMP - FIJra 
GMP - FlJra 
GMP - FUra 
GMP - FUra 

FUra - GAMP 
FUra - GMP 
FLJra - GMP 
FIJra - GMP 
GMP 

0 

30 
60 

180 

5 
30 
60 

180 

13.8 2 0.8 23 
17.2 ? 1.6t 54 
18.0 * 1.61 61 
16.4 f 1.3t 46 
17.0 f I.% 52 
15.0 ? I.9 34 

16.0 + 2.6$ 50 
14.4 * 1.5 29 
15.0 * 1.6 34 
14.6 ? I.1 30 
12.3 * I.0 IO 

*Drugs were given i.p. on day I IO groups of 5 HDF 1 rnicc~. Dosesof FIJraand 
GMP were 100 and 1000 mg!kg/day respectively. Mean survival rime of 
unrrealcd control mice was Il.2 ? 1.3 days. 

tP <O.Ol, significantly greater rhan FIlra monorhcrapy. 
$P <0.05, significantly greater than FlJra monotherapy. 
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Table 2. Antitumor activity of FUra in combination with various molar 
ratios of GMP against P388 leukemia (day 1 only) 

Dose (mg/kg)* GMP/FUra Survival 
60&y 

FUra GMP molar ratio Mean f S.D. (days) IL.? (%) survivors 

100 0 0.0 15.0 f 0.7 29 015 
100 157 0.5 17.2 k 0.8t 48 o/5 
100 313 1.0 17.0 f 0.7t 47 o/5 
100 626 2.0 18.4 f l.l$ 59 O/5 
100 939 3.0 20.4 + 3.3t 76 oi5 
100 1252 4.0 20.5 + 0.9$ 77 015 
100 1565 5.0 20.8 & 1.13 79 o/5 
200 0 0.0 16.0 + 1.7 38 015 
200 313 0.5 16.8 + 0.4 45 015 
200 626 1.0 19.3 f 1.05 66 o/5 
200 1252 2.0 18.2 + 1.15 57 o/5 
200 1879 3.0 18.0 * 1.4 55 o/5 

0 1879 - 12.8 f 1.3 10 015 

*FUra and GMP were administered simultaneously i.p. via separate syringes on day 1 
after i.p. implantation of 1 X lo6 cells. The untreated control mice survived 
11.6 k 1.1 days. 

tP <O.Ol, significantly greater than FUra monotherapy. 
$P <O.OOl, significantly greater than FUra monotherapy. 
§P <0.05, significantly greater than FUra monotherapy. 
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difference in comparison with FUra mono- 
therapy (P > 0.05). 

Antitumor activity of multiple-dose regimen 
FUra was more active against P388 leukemia 

when administered alone in a multiple-dose 
regimen (days l-9). Simultaneousadministration 
of GMP potentiated the antitumor activity of 
FUra, and the survival time was increased with 
increasing GMP/FUra molar ratios when FUra 
was given at doses of 1 and 3 mg/kg; however, 
when the GMP/FUra molar ratio was increased to 
30, the ILS remained at the maximum (Table 3). 
The antitumor activity resulting from co- 
administration of FUra at 3 mg/kg with GMP at 
47 mg/kg was comparable to that of FUra alone at 
10 mg/kg (123% ILS). Moreover, after co- 
administration of 10 mg of FUra per kg and 
63-125 mg of GMP per kg for 9 consecutive days, 
there were some 60-day survivors and the ILS was 
more than 280%. The best molar ratio of GMP to 
FUra at 10 mg/kg in this schedule was 4. 
Coadministration of 20 mg of FUra per kg and 
more than 63 mg of GMP per kg in a multiple- 
dose schedule resulted in a significant decrease in 
survival time as compared with that after FUra 
monotherapy and synergism of toxicity was 
shown when more than the optimal dose 
(10 mg/kg) was given in a multiple-dose regimen. 

The effect of GMP on the antitumor activity of 
FUra was also studied with ascites L1210 murine 
leukemia, with the multiple treatment schedule 
and 10 mg of FUra per kg (Table 4). The 
antitumor activity of FUra against L1210 
leukemia was moderately improved by simul- 

taneous treatment with GMP at 125 mg/kg (82 vs 
48%, P <O.Ol). 

DISCUSSION 
The ability of guanosine to increase the 

antitumor activity of FUra has been reported 
[8,9], and the therapeutic ratio of the combina- 
tion was significantly increased in L1210 
leukemia [9]. However, guanosine shows low 
solubility in water and GMP, which is easily 
soluble in water, is selected as a good potentiator 
instead of guanosine [lo]. GMP is thought to be a 
release form of guanosine; however, no significant 
benefit in ILS was obtained by allowing a time 
interval. 

The potentiation of antitumor activity of FUra 
by GMP against ascites P388 murine leukemia 
was demonstrated in both single and multiple 
treatment schedules. A multiple-dose regimen 
(daily, days l-9) was more effective than a single 
high-dose regimen against P388 leukemia. In 
particular, when GMP at 125 mg/kg was 
administered simultaneously with FUra at 
10 mg/kg in daily treatments on days 1-9, there 
were a number of 60-day survivors. A multiple- 
dose regimen and a dose of GMP high enough to 
give a GMP/FUra molar ratio of 4.0 is necessary 
to achieve the best therapeutic effect against P388 
leukemia. 

Simultaneous administration of FUra with 
GMP also increased the antitumor activity against 

ascites L1210 leukemia over that of FUra alone. 
Enhancement by GMP was more effective against 
P388 leukemia than L1210 leukemia. The 
difference in enhancement by GMP in P388 and 
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Table 3. Antitumor activity of FUra in combination with various molar 
ratios of GMP against P388 leukemia (days l-9) 

Dose (mg/kg)* GMP/FUra 

FUra GMP molar ratio 

Survival 
60&y 

Mean f S.D. (days) ILS (%) survivors 

1.0 0.0 0.0 16.0 f 1.9 36 o/5 
1.0 9.4 3.0 21.8 f 1.6t 85 o/5 
1.0 12.5 4.0 22.0 f 2.3t 86 o/5 
1.0 15.7 5.0 22.6 f 0.9t 92 o/5 
1.0 31.3 10.0 23.0 f 1.4t 95 o/5 
1.0 93.9 30.0 23.4 f 1.7t 98 o/5 

A 3.0 0.0 0.0 19.8 + 1.3 68 o/5 
3.0 9.4 1.0 23.2 f 2.21 97 o/5 
3.0 18.8 2.0 24.0 + 1.95 103 o/5 
3.0 28.2 3.0 24.8 f 2.65 110 o/5 
3.0 37.6 4.0 25.0 f l.Ot 112 o/5 
3.0 47.0 5.0 26.4 * 1.5t 124 o/5 
3.0 94.1 10.0 26.4 + 3.15 124 o/5 

10 
10 
10 
10 

B lo 
10 
20 
20 
20 
20 

0.0 0.0 25.2 f 4.1 123 o/5 
31.3 1.0 28.0 + 2.5 148 o/5 
62.6 2.0 43.2 + 16.21 >282 I( 2/5 
93.9 3.0 44.8 f 14.1$ >29611 2/5 

125.3 4.0 43.0 + 16.2f >281 I( 2/5 
156.6 5.0 33.8 + 4.9 199 o/5 

0.0 0.0 22.0 & 10.3 95 o/5 
62.6 1.0 12.4 f 0.5 10 o/5 

125.3 2.0 13.4 f 0.5 19 o/5 
187.9 3.0 12.2 + 0.4 8 o/5 

10 
10 

c lo 
10 
20 
20 

0.0 0.0 22.8 Y? 0.8 87 o/7 
62.6 2.0 30.7 f 7.3$ 152 o/7 
93.9 3.0 39.3 * 10.9§ >222 II l/7 

125.3 4.0 43.6 + 15.75 >257 I/ 317 
0.0 0.0 21.3 + 7.8 75 O/6 

62.6 1.0 15.3 f 8.3 25 O/6 

*FUra and GMP were administered simultaneously i.p. via separate syringes on 
days 1-9. The untreated control mice in experiments A, B and C survived 

11.8 f 1.0, 11.3 f 0.5 and 12.2 f 1.3 days respectively. 
tP <O.OOl, significantly greater than FUra monotherapy. 
$P <0.05, significantly greater than FUra monotherapy. 
§P <O.Ol, significantly greater than FUra monotherapy. 
l/Calculated with survival time of 60&y survivors as 60. 

Table 4. Antitumor actiuity of FUra in combination 
with GMP against L1210 leukemia 

Dose (mg/ kg)* Survival 
FUra GMP Mean ? S.D. (days) ILS (%) 

0 0.0 8.8 f 0.8 
10 0.0 13.0 f 0.6 48 
10 62.6 15.2 + 1.67 72 
10 125.3 16.0 & 1.73 82 

*FUra and GMP were administered simultaneously i.p. via 
separate syringes daily on days l-9 to groups of 6 BDF, mice. 

tP <0.05, significantly greater than FUra monotherapy. 
$P <O.Ol, significantly greater than FUra monotherapy. 

L1210 leukemia cells may be due to a difference in 
the activity of pyrimidine nucleoside phos- 
phorylase or pyrimidine 5’-phosphoribosyl 
transferase. Nucleotide formation by FUra in 
L1210 leukemia cells is less than that in P388 
leukemia cells [ll]. 

It is quite likely that GMP at the high dose 
levels required for maximum enhancement of 
FUra activity acts by increasing PRPP pools with 
resultant enhanced rates of phosphoribosylation 
of FUra or increases the pools of ribose l- 
phosphate with resultant enhanced anabolism of 
FUra by uridine phosphorylase [12]. 
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