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Summary. The antitumor properties of 1-alkylcarba-
moyl derivatives of 5-fluorouracil were examined in var-
ious mouse tumor systems to select promising com-
Dpounds for clinical use. Almost all alkylcarbamoyl deri-
vatives were active against various tumors when given by
oral administration. Among them, 1-methyl, 1-ethyl, 1-
isopropyl, 1-hexyl and 1-octyl carbamoyl derivatives of
S-fluorouracil were moderately or markedly active in six
mouse tumor systems tested. However, 1-methyl, 1-ethyl,
and 1-isopropyl carbamoyl derivatives were toxic to
mice, though not lethal. As a result, 1-hexyl and I-octyl
carbamoyl derivatives were selected as the best candi-
dates for antitumor agents in further study.

Introduction

5-Fluorouracil, which is one of the antitumor antimeta-
bolites, has been used clinically for carcinoma of breast
and gastrointestinal tract by parenteral administration
[1]. However, this compound is rather toxic when given
by oral administration in an effective dose, causing sev-
ere gastrointestinal disorders [5]. Recently, 1-(2-tetrahy-
drofuryl)-5-fluorouracil, the masked form of 5-fluoro-
uracil, was used orally for maintenance therapy after
surgical treatment [11], and this compound shows mini-
mal gastrointestinal toxicity [3]. However, it is only
slightly active against mouse tumors [2] and is not acti-
vated to S-fluorouracil in tumor cells [13]. These find-
ings prompted us to attempt the rational design of
‘masked-form’ 5-fluorouracil as an internal medicine
that would be more easily activated in tumor cells, with
less toxicity to the host when given by oral administra-
tion, than 1-(2-tetrahydrofuryl)-5-fluorouracil. Among
the tested masked-form derivatives of 5-fluorouracil, 1-
alkylcarbamoyl-5-fluorouracils fulfilled the above con-
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cept in the 1.1210 leukemia system [8, 9]. To evaluate
the scope of antitumor activity of a series of com-
pounds, the tumor spectrum study was performed as the
secondary screehing system, in addition to an efficacy
test in one tumor screening [6]. In this way, the antitu-
mor activity of oral 1-alkylcarbamoyl-5-fluorouracils
was examined in a variety of mouse tumors.

Materials and Methods

Animals and Tumors

Male BDF, mice weighing 2023 g were used for C1498 leukemia
and adenocarcinoma 755. Female ddN mice weighing 20—23 g were
used for ascites sarcoma 180, Ehrlich ascites carcinoma, and Naka-
hara-Fukuoka sarcoma. Groups of six mice, either test or control,
were implanted with one of the tumors. With leukemia, 1 x 10° cells
of C1498 leukemia were implanted intraperitoneally. With ascites
tumors, 1 x 107 cells of ascites sarcoma 180 or Ehrlich ascites carci-
noma were implanted intraperitoneally. With solid tumors, 40 or
20 mg tumor fragments of adenocarcinoma 755 or Nakahara-Fu-
kuoka sarcoma was implanted subcutaneously in the interscapular
region of the mouse.

Compounds

Test compounds were supplied by Mitsui Parmaceuticals Inc.,
Tokyo, Japan. Fourteen 1-alkylcarbamoyl-5-fluorouracil derivatives
[12] were tested, and their chemical structures are shown in Table 1.
5-Fluorouracil (I) and 1-(2-tetrahydrofuryl)-5-fluorouracil (II) were
used as reference compounds. The compounds were homogenized
with 0.5% carboxymethyl cellulose in physiological saline and ad-
ministered orally in a volume of 0.01 ml/g body weight.

Evaluation of Antitumor Activity

The compound to be tested was administered orally once daily for
5 days, starting 24 h after implantation. Antitumor activity of the
compounds against the tumors was evaluated by the increase in life-
span over controls (ILS = T/C% -100) in leukemia, by the total
packed cell volume (TPCV) ratio (T/C%) on day 7 in ascites tumors,
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Table 1. Chemical structures of 5-fluorouracil derivatives
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or by the tumor weight ratio (T/C%) on the day 10 or 12 in the solid
tumors.

The degree of antitumor activity was graded according to the
following scheme: — (inactive), 0~9; + (slightly active), 10~19; ++
(moderately active), 20~29; +++ (markedly active), 30 or more of
ILS% in leukemias; —, 100~66; +, 65~41; ++, 40~11; +++,
10~0 of T/C% in ascites tumors; —, 100~71; +, 70~51; ++,
50~21; ++-+, 20~0 of T/C% in solid tumors.

Results

Antitumor Activity of Compounds against CI1498
Leukemia

Table 2 shows the effect of structural modification of the
alkylcarbamoyl group at position 1 of 5-fluorouracil on
antitumor activity against C1498. All of the derivatives
were markedly active by oral administration. The most
active compound against the tumor was 1-methylcarba-
moyl-5-fluorouracil (IIT) and it was more active than 5-
fluorouracil (I) and 1-(2-tetrahydrofuryl)-5-fluorouracil
{an.

Antitumor Activity of Compounds
against Ascites Sarcoma 180

As shown in Table 3, 5-fluorouracil (I) and 1-(2-tetrahy-
drofuryl)-5-fluorouracil (II) were weak and inactive
against the tumor, respectively. On the other hand, III,
1V, VIII, XI, and XVI were moderately active. Methyl
(IID), ethyl (IV), isopropyl (XI), and phenethyl (XVI)
carbamoyl derivatives were markedly active on growth
inhibition of sarcoma 180.

Antitumor Activity of Compounds
against Ehrlich Ascites Carcinoma

As shown in Table 4, III and IV were markedly active
against the tumor and V, VI, VIII, IX, and XI were
moderately active against the carcinoma, at the optimal
doses. 5-Fluorouracil was moderately active and 1-(2-
tetrahydrofuryl)-5-fluorouracil was slightly active.

Antitumor Activity of Compounds
against Nakahara-Fukuoka Sarcoma

As shown in Table 5, all the 1-alkylcarbamoyl-5-fluoro-
uracil derivatives except XI, XIII, and X1V were marked-
ly active against the tumor, to a similar extent to the
reference compounds. Among them, 1-hexylcarbamoyl-
5-fluorouracil (VIII) was the most active.

Antitumor Activity of Compounds
against Adenocarcinoma 755

As shown in Table 6, III, IV, VI, VII, XI, XIII, XV, and
XVI were markedly active against the carcinoma at the
optimal doses. 5-Fluorouracil and 1-(2-tetrahydrofuryl)-
5-fluorouracil were nonactive and moderately active,
respectively.
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Table 2. Effect of compounds on the growth of leukemia C1498 Table 3. Effect of compounds on the growth of ascites sarcoma
180
Compound Dose ILS (%)* Antitumor
no. (mg/kg/day) activity® Compound Dose Growth Mortality Antitumor
no. (mg/kg/ ratio® (died/ activity®
I 10 19 + day) (T/C%)  used)
20 37 +++
30 43 +++ I 30 70 0/6 -
50 49 +++ 50 63 0/6 +
70 13 + 70 53 0/6 +
II 70 9 — 100 — 3/6 Toxic
100 27 ++ 1T 100 100 0/6 -
200 40 +4+ 200 106 0/6 -
300 53 +++ 300 68 0/6 —
500 13 + 400 — 1/6 Toxic
111 10 30 +++ I 1 41 0/6 +
30 32 + 4+ 3 19 0/6 ++
100 75 +++ 10 12 0/6 ++
200 6 — 30 7 0/6 +4+
v 10 22 ++ 100 0 0/6 +++
30 46 +++ 200 0 0/6 +4+
70 63 +4+ 300 — 6/6 Toxic
100 ~11 Toxic® v 10 52 0/6 +
v 50 18 + 30 29 0/6 ++
100 46 ++t 70 7 0/6 ++4
300 72 +++ 100 0 0/6 o+
400 24 ++ 200 — 2/6 Toxic
A 50 31 +4+ A 30 81 0/6 -
100 58 +++ 100 84 0/6 -
200 17 + 200 69 0/6 -
viI 200 52 +++ 300 - 1/6 Toxic
VIII 50 15 + VI 100 64 0/6 +
70 34 +++ 200 65 0/6 +
100 43 +4++ 300 - 2/6 Toxic
200 59 +++ viI 100 81 0/6 -
300 48 +++ 200 31 0/6 ++
500 24 ++ 300 19 0/6 ++
IX 200 36 +++ 400 — 4/6 Toxic
300 6 - VIII 50 96 0/6 -
X 300 42 +++ 100 54 0/6 +
500 0 - 200 17 0/6 +4
X1 70 52 e+ 300 9 0/6 +++
100 52 +++ 400 - 2/6 Toxic
X1I 50 48 +++ IX 100 80 0/6 -
100 -3 Toxic 200 40 0/6 +4
X1 100 15 + 300 26 0/6 ++
200 57 +++ 400 - 1/6 Toxic
300 9 — X 500 12 0/6 ++
X1v 50 53 +++ XI 100 80 0/6 -
XV 100 61 +4+ 200 20 0/6 +4
200 19 + 300 0 0/6 +t+
XVI 100 48 +++ XII 200 27 0/6 ++
200 19 + XIII 100 84 0/6 -
200 43 0/6 +
& Mean survival time of untreated controls was 9.3 days 300 26 0/6 ++
Y Antitumor activity was graded as: —, 0~9; +, 10~ 19; ++, X1V 100 50 0/6 +
20 ~ 29; and +++, 30 or more of increase in lifespan (ILS%) over XV 100 38 0/6 ++
control 300 - 2/6 Toxic
¢ Mean survival time in treated group was shorter than that in con- XVI 200 10 0/6 +++
trol group 300 0 0/6 +++

2 Growth ratio (T/C %) was determined on day 7 after implantation
of 107 ascites cells

b Antitumor activity was graded as: +++, 0 ~ 10; ++, 11 ~ 40; +,
41 ~ 65; and —, 66 or more of growth ratio (T/C %)
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Table 4. Effect of compounds on the growth of Ehrlich ascites carci-
noma

Table 5. Effect of compounds on the growth of Nakahara-Fukuoka
sarcoma

Compound Dose Growth Mortality Antitumor Compound Dose Growth Mortality Antitumor
no. (mg/kg/ ratio (died/ activity ? no. (mg/kg/ ratio® (died/ activity®
day) (T/C%)  used) day) used)
I 50 54 0/6 + I 30 78 0/6 —
70 28 0/6 ++ 50 20 0/6 +4+
100 — 3/6 Toxic 70 10 0/6 +++
1I 100 85 0/6 - 100 — 3/6 Toxic
200 51 0/6 + 1I 200 52 0/6 +
300 — 2/6 Toxic 300 10 0/6 T+
jiii 30 54 0/6 + 400 — 1/6 Toxic
100 1 0/6 +4+ I 30 17 0/6 +++
200 — 2/6 Toxic 50 6 0/6 +4+
v 100 10 0/6 +4+ 100 - 2/6 Toxic
200 0 0/6 +++ v 100 11 0/6 +++
300 — 3/6 Toxic 200 — 2/6 Toxic
v 50 59 0/6 + v 100 10 0/6 +++
100 20 0/6 ++ 200 - 1/6 Toxic
200 - 2/6 Toxic VI 100 11 0/6 +++
VI 100 55 0/6 + 200 11 0/6 +++
200 36 0/6 ++ 300 — 4/6 Toxic
300 — 1/6 Toxic VII 100 91 0/6 -
Vil 100 99 0/6 — 200 13 0/6 +4++
200 63 0/6 + VIII 30 85 0/6 —
300 - 4/6 Toxic 50 50 0/6 ++
VIII 70 80 0/6 — 100 14 0/6 +++
100 57 0/6 + 300 0 0/6 +++
200 13 0/6 +4+ 400 — 2/6 Toxic
300 — 1/6 Toxic IX 300 10 0/6 +4+
X 300 40 0/6 ++ X 500 6 0/6 4+
X 500 36 0/6 ++ X1 i00 33 0/6 ++
XI 100 92 0/6 - XII1 100 8 0/6 +++
300 12 0/6 +4 200 - 2/6 Toxic
XII 100 87 0/6 - X111 100 50 0/6 ++
300 - 6/6 Toxic 200 39 0/6 ++
XIII 100 51 Q/ 6 + 300 - 2/6 Toxic
X1v 50 63 0/6 + X1V 100 40 0/6 ++
XV 100 44 0/6 + XV 100 11 0/6 +++
XVI 100 97 0/6 - 200 — 2/6 Toxic
200 42 0/6 + XVI 100 19 0/6 +++
200 - 3/6 Toxic

a Criteria are the same as in Table 3

The maximum effects with the optimal doses of al-
kylcarbamoyl-5-fluorouracil derivatives in a variety of
tumors are summarized in Table 7. All the derivatives
were markedly or moderately active against the two leu-
kemias and Nakahara-Fukuoka sarcoma. However, ef-
fects of these derivatives varied in the two ascites tumors
and adenocarcinoma 755. Five (III, IV, VIIL, X, XT) of
the 14 tested derivatives were moderately or markedly
active against these three tumors, whereas 5-fluorouracil
and 1-(2-tetrahydrofuryl)-5-fluorouracil were inactive or
only slightly active against those tumors.

As a result, the active derivatives showing marked or

& Growth ratio (T/C %) was determined on day 12 after implanta-
tion of 20 mg tumor fragments

b Antitumor activity was graded as: —, 71 ~ 100; +, 51 ~ 705 ++,
21 ~ 50; +++,0~ 20 of T/C %

moderate activity against the six tumors tested, are five
compounds, namely the methyl (III), ethyl (IV), isopro-
pyl (XI), hexyl (VIII), and octyl (X) carbamoyl deriva-
tives of 5-fluorouracil. Two reference compounds, 5-
fluorouracil and 1-(2-tetrahydrofuryl)-5-fluorouracil,
were markedly or moderately active against only four
out of six tumors.

Discussion

5-Fluorouracil shows a broad, strong antitumor activity
against various tumors in mice when given by intrave-



M. Iigo et al.: Antitumor Activity of 1-Alkylcarbamoyl Derivatives of 5-Fluorouracil 207

Table 6. Effect of compounds on the growth of adenocarcinoma
755

Table 7. Maximum effect of 5-fluorouracil derivatives by oral admin-
istration

Compound Dose Growth Mortality Antitumor Compound Tumor?
no. (mg/kg/ ratio® (died/ activity® no.
day) (T/C%)  used) NFS Ca755 S180 EAC C1498 L1210°
1 30 73 0/6 - I +++ = + ++ +4+4+ A+
50 - 2/6 Toxic I +++ — + +4++ A+
It 200 44 0/6 ++ 1 +++ A+t A+ A
300 — 3/6 Toxic v I o R ot S e
I 30 63 0/6 + A +++  + + ++ +4+4+ 4+t
50 4 0/6 +++ VI +++ A+ ++ +++
100 — 3/6 Toxic VI I + S
Iv 30 8 0/6 +++ il +++ +++ A+ 4+ +++ 4+
50 0 0/6 +++ IX ++4+ ++ + S
100 — 2/6 Toxic X +++ 4+ ++ ++ +++ 4+
A 50 55 0/6 + XI ++ +4++ A+ 4+ e+
100 — 1/6 Toxic XII +++ ++ - +++ A+
VI 200 4 0/6 +++ XII1 ++ +4+ + +4++ e+
300 — 4/6 Toxic X1V ++ + + + +++
v 100 67 0/6 + XV R = + +++
200 3 0/6 +++ XVI +4H+ A+ 4+ + +4+ A+t
VIII 30 89 0/6 —
100 44 0/6 ++ & NFS: Nakahara-Fukuoka sarcoma; Ca755: adenocarcinoma
200 5 0/6 +++ 755; S180: ascites sarcoma 180; EAC: Ehrlich ascites carcinoma;
300 — 1/6 Toxic C1498: leukemia C1498;1,1210: leukemia L1210
IX 300 42 0/6 ++ b This result has been reported previously [9]
X 300 32 0/6 ++
. 500 — 3/6 Toxic
XI 100 13 0/6 4+ [14]. According to the report by Gellhorn and Hirsch-
XII 30 50 0/6 T berg in 1955 [4], suitable screening systems for antitu-
100 N 6/6 Toxic mor agents at that time were the following three mouse
XIIT 100 21 0/6 ++ . .
300 0 0/6 4 tumors: leukemia L1210, sarcoma 180, and adenocarci-
X1V 50 70 0/6 + noma 755. Through several years of experience with
100 - 2/6 Toxic these systems, the number of tumor systems at the Na-
XV 70 0 0/6 Tt tional Cancer Institute of the USA was increased yearly
XVI igg IO (1);2 Icff [10]. At the National Cancer Center Research Institute
200 _ 6/6 Toxic of Japan, leukemia L1210, ascites sarcoma 180, Ehrlich

& Growth ratio (T/C %) was determined on day 14 after implanta-
tion of 40 mg tumor fragments
b Criteria were the same as in Table 5

nous or intraperitoneal injection, but shows limited ac-
tivity following oral administration. In the past few
years, many S-fluorouracil derivatives have been studied
for antitumor activity [7]. Recently, 1-(2-tetrahydrofu-
ryl)-5-fluorouracil given by mouth was found to be active
against stomach cancer and breast cancer with lower
gastrointestinal toxicity [3]. But this antitumor activity
is not so strong. We went on to search for 5-fluorouracil
derivatives that are more active than 1-(2-tetrahydrofu-
ryl)-5-fluorouracil and less toxic than 5-fluorouracil.
As previously reported [9], 1-alkylcarbamoyl-5-
fluorouracils showed marked antitumor activity against
L1210 when given by oral administration. Leukemia
L1210 is used as a primary screen, because of the sug-
gestive evidence of predictive value for clinical activity

ascites carcinoma, Nakahara-Fukuoka sarcoma, adeno-
carcinoma 755, and leukemia C1498 are used for de-
tailed evaluation of drugs [6]. In this paper, antitumor
activity of 1-alkylcarbamoyl-5-fluorouracils against var-
ious mouse tumors was examined.

In the C1498 system, many alkylcarbamoyl-5-fluo-
rouracils were effective. Among them, 1-methylcarba-
moyl-5-fluorouracil (III) showed the highest increase in
lifespan. In the 1.1210 system, 1l-ethyl (IV) (maximum
ILS over controls at optimal dose: 62%), 1-propyl (V)
(60%), 1-butyl (VI) (54%), 1-hexyl (VIII) (53%), 1-iso-
propyl (XI) (56%), 1-tert-butyl (XII) (54 %), and 1-cy-
clohexyl (XIII) (59%) carbamoyl derivatives were mar-
kedly active, as reported previously [9]. In this system,
5-fluorouracil (I) (56%) and 1-(2-tetrahydrofuryl)-5-
fluorouracil (IT) (31%) were markedly active [9]. In the
ascites sarcoma 180 and Ehrlich ascites carcinoma sys-
tems, S-fluorouracil was slightly active, but 1-methyl
(III), 1-ethyl (IV), 1-hexyl (VII), and 1-isopropyl (XI)
carbamoyl derivatives were markedly active. 1-Phen-
ethylcarbamoyl-5-fluorouracil (XVI) showed complete
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inhibition in the ascites sarcoma 180 system but slight
activity in the Ehrlich ascites carcinoma system.

In solid tumor systems, many alkyl carbamoyl deri-
vatives of 5-fluorouracil were markedly active against
Nakahara-Fukuoka sarcoma. In particular, 1-hexylcar-
bamoyl-5-fluorouracil (VIII) was the only compound
showing complete inhibition. In the adenocarcinoma
755 system, 5-fluorouracil (I) was inactive, but 1-(2-te-
trahydrofuryl)-5-fluorouracil (II) was moderately active.
Many carbamoyl derivatives were markedly active.

In the tumor spectrum study, 1-methyl and 1-ethyl
carbamoyl derivatives showed marked antitumor activ-
ity in six mouse tumor systems, followed by 1-hexyl, 1-
isopropyl and 1l-octyl carbamoyl derivatives (Table 7).
However, the two most active compounds, 1-methyl and
1-ethyl carbamoyl derivatives, are toxic to mice, though
not lethal. The behavior of mice treated with those com-
pounds is not normal. Their motor activity was in-
creased, and the change was irreversible. The 1-isopro-
pyl carbamoyl derivative is also toxic. In conclusion, the
compounds showing higher activity in a variety of tu-
mors with lower toxicity to the host animals are 1-hexyl
and l-octyl carbamoyl derivatives. These two deriva-
tives were selected as the best candidates for further eval-
uation.
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