
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Synthesis and Antitumor Activity of 5-Bromo-1-Mesyluracil
Ljubica Glavaš-Obrovaca; Ivan Karnera; Marina Pavlakb; Marko Radačićc; Jelena Kašnar-Šamprecd;
Biserka Žinićc

a Clinical Hospital Osijek, Osijek, Croatia b Faculty of Veterinary Medicine, Zagreb, Croatia c Ruder
Bošković Institute, Zagreb, Croatia d Children's Hospital Zagreb, Zagreb, Croatia

To cite this Article Glavaš-Obrovac, Ljubica , Karner, Ivan , Pavlak, Marina , Radačić, Marko , Kašnar-Šamprec, Jelena and
Žinić, Biserka(2005) 'Synthesis and Antitumor Activity of 5-Bromo-1-Mesyluracil', Nucleosides, Nucleotides and Nucleic
Acids, 24: 5, 557 — 569
To link to this Article: DOI: 10.1081/NCN-200061812
URL: http://dx.doi.org/10.1081/NCN-200061812

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1081/NCN-200061812
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SYNTHESIS AND ANTITUMOR ACTIVITY OF
5-BROMO-1-MESYLURACIL
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5 Large-scale preparation of 5-bromo-1-mesyluracil (BMsU) 4 has been optimized. BMsU was
synthesized by condensation of silylated 5-bromouracil and MsCl in acetonitrile or by the reaction of
5-bromouracil with MsCl in pyridine. The same product was obtained by bromination of 1-mesyluracil.
The purpose of this study was to elucidate the effects of BMsU on the biosynthetic activity of tumor cell
enzymes involved in DNA, RNA and protein syntheses, and in de novo and salvage pyrimidine and purine
syntheses. Investigations were performed in vitro on human cervix carcinoma cells (HeLa). BMsU
displayed inhibitory effects on DNA and RNA syntheses in HeLa cells after 24 h of treatment. De nova
biosynthesis of pyrimidine and purine was also affected. Antitumor activity of BMsU is closely associated
with its inhibitory activity on the enzymes that play an important role in the metabolism of tumor cells. In
vivo antitumor activity of BMsU was also investigated. The model used in investigations was a mouse
anaplastic mammary carcinoma transplanted into the thigh of the right leg of CBA mice. Significant
reduction in tumor growth time was achieved with BmsU administered at a dose of 50 mg/kg.
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INTRODUCTION

A number of nucleoside analogues have shown promise as anticancer
agents.[1,2] The sulfonamide group R’SO2-NHR

2 is a common pharmacophore
found in various biological ly active molecules, enzyme inhibitors, and receptor
antagonists.[3 –5] In the last few years, we have been involved in the synthesis and
biological evaluation of novel pyrimidine nucleic base derivatives possessing a
sulfonamide pharmacophore as potential antitumor agents. We have prepared the
sulfonylcyclourea derivatives by attaching the sulfonyl fragment onto N-1 of pyrim-
idine bases.[6–8] The compounds showed potent growth inhibitory activity against
human tumor cel l lines in vitro at concentrations of 10�5–10�8 M.[9] In comparison
with 5-FU, some of N-1-sulfonylpyrimidine derivatives showed 10 times stronger
inhibitory effects while the effects on normal human cel l lines were much lower.
Our additional studies showed that N-1-sulfonylpyrimidine derivatives have a
strong antiproliferative activity and ability to induce apoptosis in treated tumor
cel ls.[9]

Here, we report a large scale synthesis of 5-bromo-1-(methanesulfonyl)uracil,
BMsU, (4) as a new candidate with antitumor activity. The purpose of this study
was to elucidate the effects of BMsU 4 on the biosynthetic activity of tumor cel l
enzymes involved in DNA, RNA and protein syntheses, and in de novo and
salvage pyrimidine and purine syntheses. Investigations were performed in vitro
on human cervix carcinoma cel ls (HeLa). In vivo antitumor activity of BMsU
was also investigated. The model used in the investigations was a mouse
anaplastic mammary carcinoma transplanted into the thigh of the right leg of
CBA mice.

RESULTS

The synthesis involved condensation of silylated uracil (1) or 5-bromouracil
(2) with methanesulfonyl chloride (MsCl) or the condensation reaction of 5-
bromouracil (2) with MsCl in pyridine (Scheme 1).

Silylation of uracil (1) was accomplished with bis(trimethylsilyl)acetamide
(BSA) in acetonitrile at 80�C. The silylated derivative was condensed with MsCl,
giving I-(methanesulfonyl)uracil (3) in 75% yield. Bromination of 3 by bromine in
CH2Cl2/DMF at room temperature afforded the corresponding 5-bromo-1-
(methanesulfonyl)uracil, BMsU (4), in 60% yield (45% from uracil). Surprisingly,
attempts to brominate the C-5 position of MsU with N-bromosusuccinimide (NBS)
failed.[10]

In the condensation reaction of 5-bromouracil (2) with MsCl in pyridine,
product 4 was obtained in 60% yield after several recrystal lizations from methanol.
On the other hand, the silylated 5-bromouracil 2 in the reaction with MsCl in
acetonitrile gave 4, which crystal lized from the reaction mixture. Recrystal lization
horn methanol gave an analytical ly pure 5-bromo derivative 4 in 52% yield.
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Antiproliferative Activity In Vitro

The 5-bromo-1-(methanesulfonyl)uracil (BMsU) (4) displayed antimetabolic
activity on the cervix carcinoma cel l line (HeLa). DNA synthesis was significantly
inhibited (by 48%) in treated HeLa cel ls in the first hour of incubation. During the
same period of incubation time, RNA synthesis was slightly inhibited (13%) and
protein synthesis was unaffected. De novo pyrimidine and purine syntheses were
partial ly blocked as wel l (Table 1).

TABLE 1 Antiproliferative-Activity of BMsU 4 in HeLa Cells

% of Control (X ± SD)

DNA synthesisa 42 ± 5
RNA synthesisb 87 ± 2
Protein synthesisc 101 ± 8
De novo pyrimidine synthesisd 78 ± 5
De novo puke synthesise 87 ± 1

Cells were incubated for 60 min, at 37�C in medium containing
1 � 10�6 M of investigated compound, or in the absence of inhibitor
(control cel ls). At the indicated intervals the appropriate isotope was added
as described under methods. Incorporation of radioactivity was measured in
count per minute (c.p.m.) and expressed in percent relative to controls.
Results are shown as mean values ± standard deviation. In controls
incorporation was: a1716 c.p.m., b23,172 c.p.m., c2594 c.p.m., d1678 c.p.m.,
and e4032 c.p.m.

SCHEME 1

559L. Glavaš-Obrovac et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
0
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Effects on the Biosynthetic Activity of Enzymes

Activity of specific enzymes involved in nucleic acids syntheses, such as DNA
polymerase a, was reduced by BMsU 4 by 63%. The RNA polymerase biosynthetic
activity was inhibited by 20%. The activity of PPRP amidotransferase, the regulatory
enzyme of purine biosynthetic pathway, was reduced by 14%, while the activity of
carbamoyl phosphate synthetase, the regulatory enzyme of pyrimidine synthesis,
was increased by 24% in BMsU-treated cel ls. Key enzymes in the de novo synthesis
of pyrimidine, aspartate transcarbamoyl synthetase, and orotate phosphoribosyl-
transferase, were not inhibited in treated cel ls compared to control cel ls. Synthetic
activity of aspartate transcarbamylase and thymidine kinase was increased by 17%
and 24%, respectively. Thymidylate synthase (38%), uidine kinase (24%), and
ribonucleotide reductase (33%) were also inhibited in BMsU-treated HeLa cel ls.
Effects on the activities of other investigated enzymes were not appreciable
(Figure 1).

Antitumor Effects In Vivo

Investigation results for the antitumor effects of BMsU 4 are shown in Table 2.
The BMsU applied in a single dose of 50 mg/kg, one day after tumor cel ls
implantation, had good antitumor activity against anaplastic mammary carcinoma
( p < 0.01). Tumor growth time in this group of animals was prolonged by 30%
(2.5 days) compared to tumor growth time in the control group. However, the
antitumor effect of this compound applied according to different time schedules,
i.e., on day 1, 3, 5, 7, and 9 or 6, 8, 10, 12, and 14, and at different doses was not
statistical ly significant compared to the controls.

FIGURE 1 Effects of 5-bromo-1-mesyluracil 4 on the biosynthetic activity of enzymes involved in de novo and
salvage pathways of nucleotide and nucleic acids syntheses.
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DISCUSSION

Only a few reports on N-1-sufonylpyrimidine derivatives could be found in the
literature. Martirosyan et al.[11] isolated I-( p-toluenesulfonyl)uracil as an unwanted
product in the transformation of C-4 keto group of uracil, and Kaldrikyn et al.[12]

examined the synthesis of 1-p-alkoxybenzenesulfonyl-5-bromouracil derivatives
possessing antibacterial activity. According to Tada,[13] benzoyl and arenylsulfonyl-
5-fluorouracil derivatives are more active and less toxic than 1-(2-tetrahydrofur-
yl)uracil in the Leukemia L/1210 system. However, the in vitro anticancer activity of
N-1-sulfonylcytosine derivatives was described for the first time in our patent.[8] The
best method for the synthesis of 5-bromo-1-(methanesulfonyl)uracil, BMsU (4), was
the condensation reaction of silylated 5-bromouracil (2) with MsCl in acetonitrile.
The simplicity of the synthesis and product isolation made this method attractive
and useful for a large scale synthesis of BMsU.

N-1-Sulfonylpyrimidine analogue, 5-bromo-1-mesyluracil (BMsU), showed
strong cytotoxic activity and the ability to induce apoptosis in different human
carcinoma (cervix, colon, pancreatic, lymph node metastasis) cel l lines.[9] The
investigated compound, at a concentration of 1 � 10�6 M, inhibited DNA and
RNA syntheses in human cervix carcinoma cel ls (HeLa) after 60 min of treatment.
Inhibition of DNA synthesis could be due to partial DNA degradation in tumor
cel ls treated by BMsU, presumably as a result of endonuclease activity and
significant inhibition of DNA polymerase (63%) and thymidylate synthase activity
(Figure 1).

Similar results were obtained in investigations of the 5-fluorouracil and 2’-
deoxy-5-fluorouridine antiproliferative activity, where the DNA lesions induced in
treated tumor cel ls were not repaired due to insufficiency of dTTP.[14,15]

Key enzymes in de novo syntheses of pyrimidine, aspartate transcarbamylase,
and orotate phosphoribosyltransferase were not inhibited in treated cel ls compared
to control cel ls. Catalytic activity of carbamoyl phosphate synthetase, the first
regulatory enzyme involved in de novo pyrimidine synthesis, was increased by 24%
in BMsU-treated cel ls.

The activity of PPRP-amidotransferase, the regulatory enzyme of puke
biosynthetic pathway, was negligibly reduced (14%). Inhibition of thymidylate

TABLE 2 Antitumor Activity of BMsU 4 on Tumor Growth Time (TGT)

Treatment (mg/kg/day) TGT (X ± SD/days) T/Ca (%)

Control group 7.5 ± 0.9 100
50/day 1 10.0 ± 0.7* 130
50/day 6 8.5 ± 1.2 110
30/day 1, 3, 5, 7, 9 8.1 ± 1.3 110
30/day 6, 8, 10, 12, 14 8.1 ± 1.3 110

aT represents arithmetic mean tumor growth time of treated animals and C represents
arithmetic mean tumor growth time of control animals.

*p < 0.01.
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synthase catalytic activity was observed in tumor cel ls exposed to BMsU.
Thymidylate synthase is the rate-limiting enzyme in de novo pyrimidine biosyn-
thesis, and the consequence of its inhibition is inadequate thymidylate synthesis,
which then leads to inhibition of DNA synthesis.[16]

Ribonucleotide reductase, which consists of two non-identical protein subunits,
catalyzes the rate-limiting step in the de novo synthesis of deoxyribonucleoside-5’-
triphosphates required for DNA replication.[17] Its catalytic activity is regulated by
pyrimidine and puke nucleotides concentrations, which are, depending on the
cel l’s requirement, inhibitors or activators of ribonucleotide reductase. Reduced
ribonucleotide reductase.activity was observed in tumor cel ls exposed to the
investigated substance, which could lead to decreased deoxyribonucleotide levels
in the cel ls and to lower cel l proliferative capacity. Similar results were obtained
with a number of ribonucleotide analogues designed to reduce ribonucleotide
reductase activity.[18–20] Due to disequilibrium in pyrimidine synthesis, purine
synthesis was also decreased, and hence a drop in the de novo purine synthesis was
observed in our experiments.

Sources of the cel l pyrimidine and purine nucleotides are de novo synthesis
and salvage metabolic pathways, both of which exist in tumor cel ls. Since de novo
synthesis is very expensive, generation of pyrimidine and purine pools has an
important role in preserving metabolic energy, especial ly in highly proliferative
tissues.[21] In almost al l tumor cel ls, activities of salvage pathway enzymes involved
in purine and pyrimidine syntheses are more pronounced than the activities of
enzymes involved in de novo synthesis. The role of a salvage pathway is usual ly to
keep the steady state in pyrimidine and purine nucleotide levels. Lai et a1.[22] found
that thymidine kinase activity was markedly elevated in cancer cel ls, including
human colon carcinoma and rat hepatoma and sarcoma, due to an increased
amount of this enzyme, which is attributable to higher mRNA production,
Thymidine kinase activity was significantly higher than thymidylate synthase activity
and activities of other enzymes involved in purine and pyrimidine nucleotide
metabolisms.[23] In BMsU-treated cel ls, the activity of uridine kinase was diminished
and that of thymidine kinase was significantly increased compared to untreated
cel ls. The investigated compound 4 was able to reduce de novo purine synthesis
within 60 min, which could further account for the observed suppression of DNA
and RNA syntheses. Uridine phosphorylase and thymidine phosphorylase, present
at higher levels in a wide variety of solid tumors than in the adjacent non-neoplastic
tissues, were not inhibited by the investigated substance.[24,25]

The present results al low the conclusion that antitumor activity of 5-bromo-1-
mesyluracil (BMsU) 4 is closely associated with its inhibitory effect on the enzymes
that play an important role in the metabolism of tumor cel ls.

For the in vivo experiments, doses of the tested derivative were chosen on the
basis of data previously obtained in LD50 experiments (LD50 =150 mg/kg) (unpub-
lished results). Investigation results for the BMsU antitumor effects are given in
Table 2. It can be seen from this data that BMsU, applied in a single dose of 50 mg/kg
on day 1 after tumor cel ls implantation, had good antitumor activity against
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anaplastic mammary carcinoma ( p < 0.01). If the drug was administrated in
multiple doses or when the tumor was larger, the antineoplastic effect failed to
appear. A possible explanation could be that these doses were not sufficiently high
for cytotoxic effects or that the tumor mass was too large. Another explanation may
be the development of resistance, as in the case of many other antineoplastic
drugs.[26–29]

Preliminary results of the antitumor activity of BMsU show reasonably good
antitumor activity against anaplastic mammary carcinoma grown into CBA mice.
The antitumor activity of BMsU 4 depends on the dose applied, and on the
treatment schedule.

EXPERIMENTAL

Chemistry

Solvents were distil led horn appropriate drying agents shortly before use. TLC
was carried out on DC-plastikfolien Kieselgel 60 F254. Melting points were
determined on a Kofler hot-stage apparatus and were uncorrected. UV spectra
(lmax/nm, log e/dm3� mol�1� cm�1) were taken on a Philips PU8700 UV/VIS
spectrophotometer. lR spectra (nmax/cm

�1) were obtained for KBr pel lets on a
Perkin-Elmer 297 spectrophotometer. The 1H and 13C NMR spectra were recorded
on a Varian Gemini 300 spectrometer, operating at 75.46 MHz for the 13C nucleus.
The samples were dissolved in DMSO-d6 and measured at 20�C in 5-mm NMR
tubes. Chemical shifts (d/ppm) were referred to TMS.

1-(Methanesulfonyl)Uracil (MSU) (3)
A mixture of uracil (1) (6 g, 53.5 mmol) and N,O-bis(trimethylsilyl)acetamide

(26.4 mL, 107 mmol) was heated under reflux in dry acetonitrile (80 mL) for 30 min.
The colorless solution was cooled to 0�C and.methanesulfonyl chloride (8.3 mL, 107
mmol) was added. The reaction mixture was heated under reflux for 20 h. The
resulting suspension was cooled and the solid was separated by filtration.
Recrystal lization from hot methanol gave the analytical ly pure product 3, as white
crystals: 7.6 g (75%); Rf=0.81 (CH2C12/MeOH 3:l); m.p. 228–231�C; UV (MeOH)
lmax: 210.8 and 245.1 (log e: 3.86 and 3.93); IR (KBr) nmax,: 3200 (m), 3080 (m), 2950
(w), 2850 (w), 1725–1695 (s), 1640 (m), 1440 (s), 1360 (s), 1275 (s), 1180 (s), 1170 (s);
1H NMR (DMSO-d6) d: 11.87 (s, 1H, NH), 7.87 (d, 1H,J=8.3 Hz, H-6), 5.80 (d, 1H,
J=8.3 Hz, H-5), 3.70 (s, 3H, CH3);

13C NMR (DMSO-d6) d: 163.28 (s, C-4), 148.76 (s,
C-2), 138.23 (d, C-6), 103.41 (d, C-5), 41.62 (q, CH3). Anal. Calcd. for C5H6N2O4S
(Mr=190.18): C 31.58, H 3.18, N 14.73%; Found: C 31.81, H 3.06, N 14.89%.

5-Bromo-1-(Methanesulfonyl)Uracil (BMSU) (4)
A) 1-Mesyluracil 3 (5 g, 26.3 mmol) was dissolved in dry DMF (200 mL), and

the solution of bromine in dichloromethane (75 mL; 1 mL Br2/25 mL CH2Cl2) was
added dropwise. The red solution was stirred at room temperature for 4 h, and the
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solvent was evaporated under pressure. Ethanol was added into the remaining oil,
and the obtained solid was filtered off and recrystal lized from hot water, yielding
product 4, as white crystals: 3.67 g (52%); Rf=0.78 (CH2C12/MeOH 20:1); m.p.
235�C; UV (MeOH) lmax=264.1 (log e=3.86); IR (KBr) nmax: 3150 (m), 3100 (s),
3050–3010 (br, s), 2940 (m), 2860 (m), 1730 (s), 1680 (br, s), 1610 (s), 1420 (s), 1370
(s), 1325 (s), 1255 (s), 1180 (s); 1H-NMR (DMSO-d6) d: 12.35 (s, 1H, NH), 8.10 (s,
1H, H-6), 3.71 (s, 3H, CH3);

13C-NMR (DMSO-d6) d: 159.19 (s, C-4), 147.94 (s, C-2),
137.02 (d, C-6), 98.10 (d, C-5), 41.55 (q, CH3). Anal Calcd. for C5H5N204SBr
Mr=269.08): C 22.32, H 1.87, N 10.41%; Found: C 22.37, H 1.77, N 10.23%.

B) A mixture of 5-bromouracil (2) (4 g, 21 mmol) and N,O-bis(trimethylsi-
lyl)acetamide (10.4 mL, 42 mmol) was heated under reflux in dry acetonitrile
(32 mL) for 30 min. The colorless solution was cooled to 0�C and methanesulfonyl
chloride (3.3 mL, 42 mmol) was added. The reaction mixture was heated under
reflux for 20 h. The resulting suspension was cooled, and the solid was separated
by filtration. Recrystal lization from hot methanol gave 2.9 g (52%) of product 4.

C) A solution of 5-bromouracil (2) (2 g, 10.5 mmol) in dry pyridine (40 mL)
was cooled to 0�C and methanesulfonyl chloride (1.63 mL, 21 mmol) was added
dropwise. After stirring at room temperature overnight, the resulting dark
suspension was evaporated under pressure. Methanol was added and the obtained
brown solid was filtered off. The crude product was treated with dichloromethane,
filtered, and, after a few recrystal lizations from hot methanol, product 4 was
obtained (1.68 g, 60%).

MATERIALS

In Vitro Study

For the in vitro study, BMsU was dissolved in a phosphate buffered saline
(PBS). Dulbecco’s Modified Eagle Medium (DMEM) and fetal bovine serum (FBS)
were purchased from Gibco BRL, Life Technologies (Parsley, UK). Radioisotopes:
[methyl-3H]-thymidine (25 Ci/mmol), [2-3H]-adenine (16 Ci/mmol), [5-3H]-uridine
(26 Ci/mmol), deoxy[5-3H]-uridine-5’-monophosphate (15 Ci/mmol), [5-3H]-uridine-
5’-tri phosphate (14.5 Ci/mmol), [5-3H]-cytidine-5’-tri phosphate (19 Ci/mmol),
[8-14C]-adenozin-5’-triphosphate (52 mCi/mmol), [1-14C]-glycine (53 mCi/mmol),
[2-14C]-thymidine (57 mCi/mmol), and [14C] formic acid sodium salt (56 mCi/
mmol) were purchased from Amersham Pharmacia Biotech (Buckinghamshire,
GB). Radioactivity was determined in Wallac scintil lation fluid in a Pharmacia
b-counter. The substrate and cofactors were obtained from Sigma Biochemicals
(St. Louis, MO).

Cell Lines and Culture

Cervix carcinoma cel ls (HeLa) were kindly provided by Professor Kresimir
Pavelic, M.D. (Division of Molecular Medicine, Ruder Bošković Institute, Zagreb,
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Croatia). The cel l line was grown as a monolayer and cultivated in Dulbecco’s
modified Eagle’s medium (DMEM), which was supplemented with 10% v/v fetal
bovine serum, 2 mM glutamine, 100 U penicil lin, and 100 mg/mL streptomycin.
HeLa cel ls were incubated at 37�C in a humidified atmosphere with 5% ( v/v) CO2.

Incorporation Studies

Incorporation of labeled precursors into DNA, RNA, and protein for 106

CaCo2 cel ls was determined by the method of Liao et al.[30] Incorporation of the
[14C]-fotmic acid sodium salt (53.0 mCi/mmo1) into pyrimidines was determined by
the method of Christopherson et al.[31] Incorporation of [1-14C]-glycine (15.0 Ciim-
mol) into purines was determined by the methods described by Cadman et al.[32]

and Agarwal et al.[33]

Enzyme Assays

Inhibition of several enzyme activities was carried out by first preparing an
appropriate HeLa cel ls homogenate or subcel lular fraction, and then adding the
drug to be tested during the enzyme assay. Protein content was determined by the
method of Lowry et al.[34] Inhibition of enzyme activity was determined at 1 mM of
drugs for 60 min of incubation. DNA polymerase (Y activity was determined in
cytoplasmic extracts by the methods of Sedwick et al.[35] and Eichler et al.[36] RNA
polymerase activities were assayed using the method of Anderson et al.[37] The
fol lowing enzyme activities were determined using cel l homogenates. Ribonucle-
otide reductase activity was analyzed by the method of Moore et al.[38] and
Matsmoto et al.[39] Carbamoyl phosphate synthetase activity was assessed by the
method of Kalman et al.[40] Aspartate trsnscarbamylase activity was determined by
the method of Koritz et al.[41] The method of Houghton et al.[14] was used for
determination of the orotate phosphoribosyltransferase (OPRTase) activity.
Thymidylate synthase activity was obtained by the method of Kampf et al.[42]

and Peters et al.[43] Thymidine-5’-diphosphate kinase activities were measured by
the method of Maley et al.[44] and Weber[45] and separated by thin-layer
chromatography. The method of Ho et al.[46] was used for determination of the
dihydrofolate reductase activity. The activity of 5-phosphoribosyl-2-pyrophosphate
amidotransferase (PRPP-amidotransferase) was assessed by Martin’s method.[47]

Results are expressed as the mean of counts per minute (c.p.m.) in replicate wel ls.

Pilot Study In Vivo

For the in vivo study, BMsU 4 was dissolved in an isotonic physiological saline
immediately before being injected into animals.

Animals

Weight to ten 10–14-week-old male and female CBA mice were used in each
group per experiment. The animals were treated with different doses of the
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examined compound and each experiment was repeated twice. Mice were
obtained from the Ruder Boškoviæ Institute breeding colony. During the
experiment, three to four animals were kept in a cage. Food and water were
supplied ad libitum. All procedures performed in this study complied with the
European document entitled ‘‘Directive for the Protection of Vertebrate Animals
Used for Experimental and other Scientific Purposes’’ (86/609/EEC) as wel l as the
Croatian Act of Animal Protection in Experimental Work.

Tumor

Anaplastic mouse mammary carcinoma (AMC) induced into female CBA
mice and maintained by serial transplantation in syngenic recipients (CBA mice)
was used in the study. AMC was transplanted by injecting 106 tumor cel ls (0.02 mL)
into the thigh of the right hind leg. Tumor volume was measured by caliper and
calculated according to the formula A � B � C � p/6, where A, B, and C
represent three orthogonal diameters. The end point of tumor response was the
tumor growth time (TGT), i.e., the time needed for an individual tumor to increase
its volume 5 times over the volume at the beginning of treatment. The effect of the
therapy was evaluated by comparing the tumor growth time in treated groups of
animals with the tumor growth time in the control/untreated group of animals.

Treatment

Animals were divided into several groups: Control/untreated animals received
physiological saline only while the treated animals received the new agent dissolved
in physiological saline. BMsU 4 was given in different doses intraperitoneal ly (i.p.)
according to the body weight of mice, i.e., 0.02 mL of solution was given per 10 g
of body weight, in different treatment schedules.

Treatment Protocols

Group 1: Animals received the compound in a single dose of 50 mg/kg/day one
day (24 h) after tumor cel ls implantation, Group 2: Animals received the
compound in a single dose of 50 mg/kg/day on the 6th day after tumor cel ls
implantation, Group 3: Animals received the compound in repeated doses of 30
mg/kg/day on day l, 3, 5, 7, and 9 after tumor cel ls implantation, Group 4: Animals
received the compound in repeated doses of 30 mg/kg/day on day 6, 8, 10, 12, and
14 after tumor cel ls implantation.

Statistical Analysis

In vitro experiments: In al l experiments, the mean values of 4 independent
experiments i standard deviation (S.D.) were calculated. In vivo experiments: Al l
results were presented as arithmetic mean ± standard deviation (X ± SD) of tumor
growth time (TGT). The ratio T/C, in which T represents the arithmetic mean of
tumor growth time of treated animals and C represents the arithmetic mean of
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tumor growth time of control animals, was calculated for al l treated groups and was
shown as percentage. The results were tested by the ANOVA test for independent
samples. The level of statistical significance between control and treated groups was
set up at the level of p < 0.05.
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