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Fig. 1 Chemical structure of FD-1
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Table1 Effect of FD-1 on EHRLICH carcinoma
ddY mice were inoculated subcutaneously or intraperitoneally with 5x10% cells of EHRLICH ascites
carcinoma on Day 0. Drugs were given daily at indicated doses for consecutive 7 days from Day 1 to
7. Percentage of inhibition in tumor growth and of increase in lifespan were calculated from the mean
tumor weight on Day 10 and from the median survival period of treated group to that of the control

group, respectively.

Dose Inhibitory effect (s.c.-p.o.) Survival effect (i. p.-p.o.)

Group - : -
mmole/kg/da Tumor weight e Survival time
) fkg/day) (g, mean+SD) Inhibition (%) (day, meanz+SD) ILS (%)
Control — 0.56+0.21 — 15.0+2.1 —_

0.45 0.22+0.14 61 16.91+6.8 13
FD-1 0.15 0.28+0.12 50 13.8+2.9 — 8

0.05 0.35+0.13 38 13.1+3.2 —13

0.45 0.26+0.16 54 14.8+3.1 -1
FT 0.15 0.32+0.13 43 15.5+2.0 3

0.05 0.44+0.19 21 14.6+2.3 — 3
5-FU | 0.08 0.3240. 22 43 16.3£2.0 9

Table 2 Effect of FD-1 on Sarcoma 180
ICR mice were inoculated subcutaneously or intraperitoneally with 5x10® cells of Sarcoma 180 on Day
0. Drugs were given daily at indicated doses for consecutive 7 days from Day 1 to 7. Percentage}of
inhibition in tumor growth and of increase in lifespan were calculated from the mean tumor weight on
Day 10 and from the median survival period of treated group to that of the control group, respectively.

G Dose Inhibitory effect (s.c.-p.o.) Survival effect (i.p.-p.o.)
roup (mmole/kg/day) Tumor weight s Survival time
(g, mean4+SD) Inhibition (%) (day, meanz+SD) ILS (%)

Control — 2.00£0. 55 — 12.4+3.5 -
0.45 0.82+0.32 59 16.3+4.4 31

FD-1 0.15 1.01+0. 32 50 16.5£5.9 33
0.05 1. 47+0. 40 27 14.3+4.9 15

0. 45 1.17£0. 56 42 12.5+2.1 1

FT 0.15 1.53+0.30 24 13.9£2.9 12
0.05 1.95+0. 47 3 14.5+1.9 17

5-FU 0.08 0.96+0. 37 52 13.4+1.7 8
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Table 3 Effect of FD-1 on AH 130
Donryu rats were inoculated subcutaneously or intraperitoneally with 5X108 cells of AH 130 on Day
0. Drugs were given daily at indicated doses for consecutive 7 days from Day 1 to 7. Percentage of
inhibition in tumor growth and of increase in lifespan were calculated from the mean tumor weight
on Day 10 and from the median survival period of treated group to that of the control group,

respectively.
G Dose Inhibitory effect (s.c.-p.o.) Survival effect (i.p.-p.o.)
roup (mmole/kg/day) Tumor weight e Survival time ;
(g, mean+SD) ‘ Inhibition (%) | (gay, mean+SD) ! ILS (%)
Control — 109426 | — 12.9£1.4 | —
0.45 6.1+0.9 44 15.3+3.5 19
FD-1 0.15 7.4+2.2 32 14.1+3.1 9
0.05 8.3+2.3 24 16.1+3.2 ! 25
0.45 6.4+1.5 41 14.3+3.4 11
FT 0.15 8.51+0.6 22 13.5+2.3
0.05 9.5+1.1 13 13.6+2.8 5
5-FU 0.08 7.0t1. 4 36 13.5+2.4 5

Table 4 Effect of FD-1 on YOSHIDA sarcoma
Donryu rats were inoculated subcutaneously or intraperitoneally with 5Xx 108 cells of YOSHIDA sarcoma
on Day 0. Drugs were given daily at indicated doses for consecutive 7 days from Day 1 to 7. Percentage
of inhibition in tumor growth and of increase in lifespan were calculated from the mean tumor weight
on Day 10 and from the median survival period of treated group to that of the control group,

respectively.
Inhibitory effect (s.c.-p.c.) Survival effect (i.p.-p.o.
G Dose
roup (mmole/kg/day) Tumor weight e Survival time
(g, mean+SD) Inhibition (%) (day, mean+SD) ILS (%)
Control — 6.1+£1.2 — 8.6+0.5 —
0.45 2.5+0.9 59 9.1+0.4 6
FD-1 0.15 3.4+1.1 ;14.'1' 8.6+0.7 0
0. 05 4.51+0.6 26 8.8+0.7 2
0.45 2.9%+1.3 52 9.0+0.8 5
FT 0.15 4.1£0.9 33 8.9+1.0 3
0.05 4.4£1.2 28 8.5+0.5 -1
5-FU 0.08 3.6+0.9 41 8.6+0.9 ‘ 0
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Table 5 Effect of FD-1 on WALKER carcinosarcoma 256

Wistar rats were inoculated subcutaneously with

0.1ml of brei of Walker carcinosarcoma 256 on Day

0. Drugs were given daily at indicated doses for consecutive 7 days from Day 1 to 7. Percentage of
inhibition in tumor growth was calculated from the mean tumor weight of treated group to that of

the control group on Day 10.

Dose Inhibitory effect (s.c.-p.o.)
Group (mmole/kg/day) EI‘umor W:etigl}st) Inhibition (%)
g, mean
Control — 16.0+3.9 —
0.45 10.1£5.0 27
FD-1 0.15 11.7+2.0 27
0.05 12.6£5.0 21
0. 45 11.0+4.5 31
FT 0.15 11.6+5.3 28
0.05 13.9+3.3 13
5-FU 0.08 12.2+5.7 24

Fig. 2 Changes in body weight after oral admini-
stration of FD-1, FT and 5-FU to mice or rats
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(FhZh 243mg, 180mg)/kg ¥ X 0t 5-FUO. 24mmole
(80mg) /kg TRBETH Y (9 30% E), EHITH
%R FD-1;63%, FT;54%, 5-FU; 41% L\ %&b
BamR L, BMABHECKTESDHRIFLDOTH
1, FD-1>FT>5-FU DJEF TESG’ A Dbl

P388 LTk, T DEMZRITBEEN, K TBHED
wthicd FD-1, FT X0 5-FU L icigt A ER
dbhieh oo, EEIHIZR T B T L1210
DBE L R ZR A S FD-1 0. 90 mmole (243
mg) /kg C 84%, FT 0.90mmole(180mg)/kg T87%,
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»% 4.90mmole (1323mg)/kg & L 0% 1/4 TH 5
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Table 6 Effect of FD-1 on murine leukemia L 1210
L 1220 leukemia was implanted ip (5x 10% ascitic cells), sc (10% ascitic cells) or ic (0.05ml of leukemic
blood, 105 cells) in BDF, mice on Day 0. Drugs were given daily at indicated doses for consecutive
7 days from Day 1 to 7. Median survival period was examined and percentage of increase in lifespan
was calculated from the median survival period of treated group to that of the control group.

Dose i. p.-p.o. S. C. -p. 0. i.c.-p.o.
Group |iimole |Survival time |ILS| Survival time [ILS| Tumor weight*|Inhibition| Survival time |ILS
/kg /day)|(day, mean 4+ SD)|(%)|(day, mean+SD)|(%)| (g, mean+SD) (%) (day, mean+SD)|(%)
Control — 8.2+0.4 — 9.1£0.3 — 0.86+0.18 — 7.910.6 —
0.90 12.1+2.1 | 48 12.1+0.7 33 0.31+0.09 63 10.6x+1.3 34
FD-1 0. 45 10.1+2.6 23 9.41+0.5 7 0.46+0.13 46 10.4£0.7 32
0.15 9.0+2.1 10 9.3+0.5 2 0.70£0.21 18
0.05 8.0+ O — 2 9.3+0.5 2 0.88+0.19 -2
0.09 11.7x+2.2 43 12.0+£0.6 33 0.39+0.06 54
FT 0.45 9.2+1.9 12 9.7+0.8 3 0.55+0.11 36 10.0£1.0 27
0.15 8.2+0.4 0 9.31+0.5 2 0.83+0.18 3
0.05 8.1+£0.3 — 1 9.41+0.5 2 0.84+0.18 2
5-FU 0.24 12.7+£2.0 55 11.8+0.4 30 0.50+£0.05 41 9.8+0.9 24

* Tumor weight was determined at death.

Table 7 Effect of FD-1 on murine leukemia P 388
P 388 leukemia was implanted ip (5X10% ascitic cells) or sc (10® ascitic cells) in BDF; mice on Day 0.
Drugs were given daily at indicated doses for consecutive 7 days from Day 1 to 7. Median survival
period was examined and percentage of increase in lifespan was calculated from the median survival
period of treated group to that of the control group.

Group Dose 'i. p. —.p. o. S.C.-p.o. -
(mmole/kg/day)| Survival time ILS | Survival time ILS | Tumor weight* | Inhibition

(day, mean+SD) | (%) | (day, mean+SD) | (%) | (g, mean+SD) (%)

Control — 10.1+0.3 —_ 17.3%£2.0 - 1.11+0.34 —
0.90 10.0+ O -1 13.3+3.8 —23 0.18+0. 46 84

FD-1 0.45 10.6+1.1 5 19.5+1.1 13 0.63+0.20 43
0.15 10.1+0.3 0 18.5£1.5 7 0.98+0.27 12

0.05 10.1+0.3 0 19.3%+1.7 12 1.30+0.28 —17

0.90 10.3+0.9 2 12.3+2.1 —29 0.14%0.16 87

FT 0.45 10.4+0.5 3 20.7£1.7 20 0.77+0.28 31
0.15 10.1+0.3 0 17.81+0.8 3 0.89+0. 32 20

0.05 10.0+ O -1 18.3+1.0 6 0.92+0. 22 17

5-FU 0.24 10.1+0.3 0 15.9+5.0 — 8 0.36+0.34 84

* Tumor weight was determined at death.

BHE ML B R, 1. 63mmole (441 mg) /kg/day X3 =T 36
% DiES (P<0.001), 0.82mmole (220. 5mg) /kg/day
X312 T 35% DEA (P>0.05 = THEXENRL) #RL
foo RTBIHEHTHERZ)FIL 4 90mmole (1323
mg)/kg/day © 1 @ L3 X ¢ 0.70mmole (189mg)/
kg/day X7 OEFEHRERCIS W TERhEh 36% BIV
29% DEMVBBHLH (W Thi P<O0.01), EBIH

HRILFEFHFTHLRI,

3. MC-tumor Zxt35%hH

Syngeneic 7e5% & LT C57BL/6 R~ AREHK LT
MC-tumor #RF%~v A 1KBMHEL, FD-1, FT ¥
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Fig.3 R Lo £EMBEFLE DRE4BEEND
EHOHMETIH S hitd, 8AH T FD-1 5 L O
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Table 8 Effects of single, intermittent and consecutive treatments of FD-1 on L 1210
L 1210 leukemia was implanted ip (5X10% ascitic cells) or sc (10° ascitic cells) in BDF, mice on Day
0. FD-1 was administrated on the indicated treatment schedules. Survival effect was assessed by the
median increase in lifespan (ILS) relative to control.

Group Dose (mrx}i)(lge) Treatment 1 p. —p.. o. ' . S.C.-p.o. . -
Total | Daily schedule | Survival time |[ILS| Survival time |[ILS|Tumor weight* Inhibition
(day, mean +SD)|(%)|(day, mean +SD)|(%)| (g, mean+£SD) (%)
Control — — —_ 8.1+0.5 — 9.6+0.6 — 0.82+0.10 —
4.90 4.90 | Dayl 9.0+1.7 11 13.1+2.3 36 0.48+0.17 41
4.90 1.63 Day1,4,7 11.0+0.8 36 11.4+0.8 19 0.30£0.10 63
FD-1 4.90 0.70 | Day1-7 9.41+0.8 16 12.4+1.0 29 0.25+0.10 70
2.45 2.45 Day1 10.0£0.8 23 10.7£1.2 11 0.35+0. 14 57
2. 45 0.82 Day1,4,7 10.9+3.6 35 11.0+1.0 15 0.6010. 22 27
2.45 0.35 Day1-7 9.11+0.5 12 10.3+0.9 7 0.43+0.17 48

* Tumor weight was determined at death.

Fig. 3 Growth curves of MC-tumor in each
treatment groups
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A crude brei of MC-tumor was implanted sc (0.1
ml) into the back of C57BL/6 mice. Drugs were
given daily at indicated doses for consecutive 10
days from Day 21. The growth rate of MC-tumor
was determined by measuring the maximum and
minimum diameters of the tumor with callipers.
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tetrahydrofuryl 220 R#HE L LT GHB 2 #REh
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mg) /kg DL BT Sarcoma 180 ¥ Xt AH 130 iz
DWTHRRI, RS Table9i/R L1, 7 vk 3
CVEREYAETHREMEOL THEBHE,NEDL
h G-FURBREBEDILDLMIFEL), & 3-FT ¢
(% Sarcoma 180 &xtL 77%, AH130 i=xfL 91% o
MERER Lo LLighb, FD-1 X o* FT Tik
BEHEMCET HIHINTE A ERB NI » oDt
L, 3-FT Tz 50% MR LRI,

5. FD-1 %A oHEELE

FD-1 2ix N, $ X 0O N3 iz D tetrahydrofuryl #:
DEEBEDOMHH I 4 2DRBENREL DR 52, &
El, Ny ffZ223 R BXU S OEMALTHY Ny ik
racemic mixture TH% R-FD-1 } S-FD-1 iz T
Sarcoma 180 ¥ X0t AH 130 1ot 5 HEE % E 4 FD
-1 (N, £z, N3 fir¢ iz racemic mixture) & H#FL
o #EE% Table10 w/m Lo FD-1, R- B XO¢ S-
FD-1 L emERHCHN LT o BENHDRCEEZE
374, WiFhd 0.45mmole (121.5mg)/kg =T
60% BEOMHETH -1,

% ®

5-FU o LWFH4ETH S FD-1 ofEEHRC
WT FT X0 5-FU & H#aE L,

SVABLOT v P OMRBIEEE TH 5 EHRLICH
carcinoma, Sarcoma 180, AH130, FHHE X X O
WALKER 256 3t % FD-1 o#EBE &Iz, FT &
ARCEABE TR E A LHRRRDLRT, ERTH
WEBMHSRELED bR, FEAMEEETFD-1L
FT oppRrit#Ts L, 2TOERCOT FD-1 0
25 0EBh T, ¥io 5-FU & ohiiicss T,
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Table 9 Fffects of FD-1 and its metabolites on Sarcoma 180 or AH 130
ICR mice or Donryu rats were inoculated subcutaneously with 5x 108 cells of Sarcoma 180 or AH 130
on Day 0, respectively. Drugs were given daily at 0.45 mmole/kg/day for consecutive 7 days from
Day 1 to 7. Inhibitory effect was assessed by the mean tumor weight relative to control on Day 10.

Group Administration S.arcoma 180 . ] AH 130 .
route Tumor weight Inhibition Tumor weight Inhibition
(g, mean +SD) (%) (g, mean+SD) (%)
Control — 0.97+£0. 33 — 10.31+2.2 —
FD-1 p. o. 0.31+0.13 68 4.0£1.8 61
FT i.p. 0.37+0.13 62 4.9+1.8 52
3-FT ip. 0.22+0.09 77 0.9%0.5 91
GHB i.p. 1.10£0. 24 —13 10.0+2.8 3
5-FU i. p. toxic toxic

Table 10 Effects of the R and S isomers of FD-1 on Sarcoma 180 or AH 130
ICR mice or Donryu rats were inoculated subcutaneously with 5x10°% cells of Sarcoma 180 or AH 130
on Day 0, respectively. Drugs were given orally at 0.45 mmole/kg/day for consecutive 7 days from
Day 1 to 7. Inhibitory effect was assessed by the mean tumor weight relative to control on Day 10.

Sarcoma 180 AH 130
Group Tumor weight Inhibition Tumor weight Inhibition
(g, mean+SD) (%) (g, mean +SD) (%)
Control 0.97+£0. 33 — 10.3+2.2 —
FD-1 (racemic mixture) 0.3140.13 68 4.0+1.8 61
R-FD-1 0.46+0. 20 53 4.5+1.9 56
S-FD-1 0.38+0.13 61 4.6+2.0 55

Fig. 4 Comparison of antitumor activity of FD-1
with FT on AH130 (s.c.-p.o.)

T/C
1.0

0 0.5 1:0
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STUDIES ON THE ANTITUMOR ACTIVITY OF 1,3-BIS(TETRAHYDRO
-2-FURANYL)-5-FLUORO-2, 4-PYRIMIDINEDIONE (FD-1),
A NEW ANTITUMOR AGENT. I

ANTITUMOR ACTIVITY OF FD-1 BY THE ORAL ADMINISTRATION

Norio Unemi, Sersuo Takepa, Kenjy Kitasato and Morovosur KajiHara
Research Laboratory, Taiho Pharmaceutical Co., Ltd., Tokushima
Setsuro Fujn
Institute for Protein Research, Osaka University, Osaka

The antitumor activity of 1,3-Bis (tetrahydro-2-furanyl)-5-fluoro-2, 4-pyrimidinedione (FD-1) was
compared with that of 1-(2-Tetrahydrofuryl)-5-fluorouracil (FT) or 5-Fluorouracil (5-FU) in a number
of tumor systems.

FD-1 had significant activity against the solid forms but not the ascitic forms, and it produced a
greater inhibition in tumor growth than FT. On AH 130 solid form, the therapeutic index(LDso/EDs,)
of FD-1 and FT were respectively 18.3 and 10.6. ,

FD-1 was evaluated against the ip and sc implanted L 1210 leukemia by single, intermittent or
daily administration. FD-1 retained some degree of antileukemic activity against the ic implanted L
1210.

No significant difference in antitumor activity was observed between the R and S isomers or the
racemic mixture (FD-1).

A higher activity of FD-1 compared to FT was possibly due to the increased 5-FU level in tumor
through its metabolite, 3-(tetrahydro-2-furanyl)-5-fluoro-2, 4-pyrimidinedione (3-FT).
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