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In this study, four new platinum(ll) complexes with the structures cis-[Pt(Ligand),Cl,] (ligand=2-(p-
methoxy-/or-p-chlorobenzyl or p-methoxyphenyl)benzimidazol (1, 2, 4 respectively) and 5(6)-methyl-2-
phenoxymethylbenzimidazole (3) were synthesized and characterized by their elemental analysis, and
IR and "H NMR spectra. The potentials of the Pt(ll) complexes for short-term bacterial mutagenicity
were tested in reverse-mutation assays using Salmonella typhimurium frame-shift strain T 98 and
S. typhimurium TA 100 and TA 102 strains, which carry mutations particularly sensitive to reversion by
DNA base-pair substitution. The tests were performed in the absence of S9 rat liver fraction. Among
the complexes tested 1 had no mutagenic activity. Complex 4 was found to be weakly mutagenic in
TA 98 only. The Pt(Il) complexes 2 and 3 were found to be mutagenic in TA 98, TA 100 and TA 102.

1. Introduction

In recent years a great deal of effort has been devoted to
developing transition metal antitumor agents which have
better therapeutic properties than the prototype drug cis-
platin [cis-diamminedichloroplatinum (II)]. The clinical
usefulness of cisplatin has been frequently limited by the
following drawbacks: serious toxicities, such as nephro-
toxicity, gastrointestinal toxicity, ototoxity, and neurotoxi-
city, low activity for certain kinds of cancers, development
of acquired resistance, and poor solubility in water [1].
Second generation platinum (II) antitumor complexes that
carry “non-leaving ligands” other than simple ammonia are
of interest for their altered affinity to tissues and their abil-
ity to modulate drug metabolism and target binding
through steric and electronic effects on the substitution me-
chanism [2]. We have chosen some benzimidazole deriva-
tives as a “non-leaving ligand” since the benzimidazole nu-
cleus is found in a variety of naturally occuring compounds
such as vitamin B, and its derivatives, and it is structurally
similar to purine bases. Furthermore, benzimidazoles are
known to exhibit a wide variety of pharmacological propor-
ties including antitumor activity [3] and inhibition of nu-
cleic acid synthesis [4]. It was reasoned that by combining
certain benzimidazoles with platinum it might be possible
to obtain compounds with a superior chemotherapeutic in-
dex in terms of increased bioavailability, higher cytotoxi-
city and lower side effects than cisplatin.

We previously described the synthesis and characterisation
of some complexes of the structure, [Pt(L); or2Cl;], where
L is 5(6)-non/or-chloro/or-methylsubstituted-2-hydroxy-
methylbenzimidazole and evaluated the ability of these
compounds to damage DNA or interfere with DNA repli-
cation by determining their cytotoxic effects on the repair
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proficient E. coli strain AB 1157 (Rec A1) and the repair
deficient mutant AB 1157 (Rec A7) [5]. We have also
characterized the DNA binding properties of some of the
Pt(I) complexes synthesized and the affinity of DNA
modified by the complexes to the HMG-domain protein
HMG-1. It was concluded that the adducts formed by the
complexes having 2-hydroxymethylbenzimidazole ligands
as “non-leaving groups” distort the DNA in a manner si-
milar to cisplatin diadducts [6]. And it was also deter-
mined that some of the new benzimidazole Pt(II) com-
plexes we synthesized have in vitro antitumor activities
(unpublished results). These results encouraged us to de-
sign the new benzimidazole Pt(Il) complexes.

Although there is some evidence to suggest that other bio-
logical targets may be important in the cisplatin mechan-
ism, it is generally accepted that DNA is the primary tar-
get [7]. The predominant lesions produced in DNA are
1,2d (GpG) (65%) and 1,2 (ApG) (25%) intrastrand ad-
ducts [8]. These are believed to be responsible not only
for the cytotoxicity but also for the mutagenicity of cispla-
tin [9].

Cisplatin is also a carcinogen in both rats and mice [10],
and humans treated with cisplatin in combination with
other chemotherapeutic agents show an elevated frequency
of micronuclei in the peripheral blood several years after
treatment indicating that this drug causes long-lasting ge-
netic damage [11]. Inactivation of the mismatch repair sys-
tem also augments the intrinsic mutagenicity of cisplatin
[12]. Mutagenicity may represent a serious limitation to
the therapeutic use of potential drugs. This adverse prop-
erty should be eliminated by rational drug design if possi-
ble.

In this study, as an extension of the planned investigation
into the antitumor activity of Pt(Il) complexes of the benz-
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imidazoles, the mutagenic potentials of some new Pt(Il)
complexes of 2-substituted-benzimidazoles were tested for
short-term bacterial mutagenicity in reverse-mutation as-
says using Salmonella typhimurium frame-shift strain
TA 98 and S. ryphimurium TA 100 and TA 102 strains
which carry mutations particularly sensitive to reversion
by DNA base-pair substitution.

2. Investigations, results and discussion

2.1. Syntheses and characterization of the complexes

The ligands L'-L* used as ‘non-leaving ligands’ in the
structure of the Pt(II) complexes, were prepared as shown
in the Scheme. The ligands had been reported in the litera-
ture previously and their melting points were in accord-
ance with the literature [13—15].

The platinum(Il) complexes 1, 4 and 2, and 3 were
synthesized by the reaction of the corresponding ligands
and potasiumtetrachloroplatinate in the media of dimethyl-
formamide or 0.5 N hydrochloric acid respectively as de-
scribed in the Experimental section. Heating and stirring for
longer periods of time did not improve the yields for these
reactions. Purification of [Pt(benzimidazole-ligand),Cl,]
proved to be problematic with some impurities appearing
in all cases. The crude product precipitated was a mixture
of desirable product and a small amout of unreacted start-
ing compounds and some unidentified water-soluble (pre-
sumably solvolysis products) and insoluble (presumably
polymeric products) materials and it was purified by re-
peated washing with water, ethanol and diethylether.
Purification processes to avoid the undesirable compo-
nents caused some loss in yields, but the Pt(Il) complexes
1-4 obtained were pure. The melting points of all the

complexes were above 300 °C. All the complexes synthe-
sized were stable under at normal conditions, and the reac-
tions were reproducible.

The complexes were characterized by their elemental ana-
lyses and IR and 'H NMR spectra compared with those of
the ligands. It was not possible to obtain suitable crystals for
structural determinations. However, from the results of the
different techniques employed it is possible to propose struc-
tures. Elemental analysis suggested a 1:2 (metal:ligand)
stoichiometry for all the complexes as expected. For com-
plexes 2 and 3 molecules of water were included as justi-
fied by the analytical results. This was also observed
clearly in the IR spectra of the complexes. It is expected
that complex 3 bearing L3 is probably a mixture of consti-
tutional isomers since two [Pt(5/and 6-methyl-2-phenoxy-
methylbenzimidazole), Cl,] isomers could be formed from
5(6)-methyl-2-phenoxymethylbenzimidazole upon coordi-
nation to platinum.

The IR spectra of the complexes showed some characteris-
tic changes when compared to free ligands. The ligands
showed broad bands in the region 3200-2300 cm~! due
to the intermolecular hydrogen bounded imidazole N—H.
All the complexes exhibited N—H stretching bands ran-
ging from 3550 cm™! to 2500 cm™!, sharper than those of
the ligands due to breaking of tautomerism, indicating that
the N—H group was not involved in the coordination
[16, 17].

Pt—N and Pt—Cl vibrations are considered to be charac-
teristic for dichloro-diamine platinum complexes. But in
all cases the metal-nitrogen stretching bands could not be
distinguished from other ring skeleton vibrations present
in the spectra. According to the kinetic trans effect [18]
the synthesis method used would be expected to yield

Table 1: 'H NMR data of the ligands and their Pt(II) complexes

Compd. CH, OCH3 CH3; NH Ar—H

L 4.14 (s, 2H) 3.77 (s, 3H) - 12.16 (s, 1 H) 7.54-7.36 (m, 2 H)
7.24 (d, J = 8.6 Hz, 2 H)
7.12-7.09 (m, 2 H)

6.89-6.86 (m, 2H)

8.46 (d, J = 8.6 Hz, 1 H)
8.20 (d, J = 7.5Hz, 1H)
7.71-7.07 (m, 10H)
7.07-6.76 (m, 4 H)

7.47-7.39 (m, 2 H)
7.34-7.22 (m, 4 H)
7.06 (dd, J = 3.1 and 6.7 Hz, 2H)

7.73 (dd, J = 3.1 and 6.0 Hz, 4H)
7.49-7.41 (m, 12H)

7.33-7.29 (m, 4 H)
7.09-7.07 (m, 2 H)
7.01-6.95 (m, 2 H)

7.65-7.63 (m, 2 H)
7.54-7.50 (m, 2 H)
7.45-7.11 (m, 10 H)
7.06-7.02 (m, 2 H)

8.26 (d, ] = 8.8 Hz, 2 H)
7.74 (dd, J = 3.1 and 6.0 Hz, 2 H)
7.44 (dd, J = 3.1 and 6.0 Hz, 2H)
725 (d, J = 8.7 Hz, 2H)

8.22 (d, J = 8.5 Hz, 4H)

7.79 (dd, T = 3.1 and 6.0 Hz, 4H)
7.52-7.50 (m, 4 H)

7.29 (d, J = 8.7 Hz, 4 H)

1 4.98 (s, 2H)
4.86 (s, 2H)

3.77 (s, 3H) -
3.70 (s, 3H)

13.10 (s, 2 H)

L2 4.12 (s, 2H) - - 12.27 (brs, 1H)

2 4.52 (s, 4H) — — 14.70 (brs, 2H)

L3 5.27 (s, 2H) — 240 (s, 3H) 12.53 (s, 1H)

3 5.76 (s, 2H) — a
5.53 (s, 2H)

13.68 (s, 2 H)
3.90 (s, 3H) -

14.62 (brs, 1H)

391 (s, 6H) - 14.94 (brs, 2H)

# Obscured by solvent signals
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complexes with cis geometry. In the far IR region of the
complexes’ spectra a new band appeared assigned to v
(Pt—Cl), centered at 320 cm~! and characteristic for cis-
configurated dichloro-Pt(II) complexes [19]. The broad
band centered at 3480 cm~! and 3550 cm~! in the spectra
of complexes 2 and 3 respectively was assigned to v
(O—H) of hydration water.

The other bands in the spectrum of each complex were
similar to those in the corresponding ligand spectrum ex-
cept for slight shifts in their positions and changes in their
intensities due to coordination.

The 'H NMR spectral data for the ligands and their Pt(IT)
complexes are presented in Table 1. The 'H NMR spec-
trum of the Pt(I) complexes in dimethylsulfoxide-dg
(DMSO-dp) is indicative of complex formation. The spec-
tra of the complexes showed considerable differences
compared to those of the free ligands. The large downfield
shifts in the imidazole N—H signal in the spectra of all
complexes compared to those of their ligands are a result
of an increase in the N—H acid character after platinum
binding [20]. The chemical shift variation observed upon
coordination (Ad = & complex-d free ligand) shows that
most of the values are positive, indicating a decrease in
electronic density on the 2-substituted-benzimidazole li-
gands with coordination to the platinum.

2.2. Mutagenicity

Four Pt(Il) complexes having 2-substituted-benzimidazole
ligands, which were synthesized as potential antitumor
compounds on the basis of previous findings on some
Pt(I) complexes of benzimidazole derivatives [5, 6], were
investigated for their mutagenicity in Salmonella strains. It
was the aim of the present study to eliminate the com-
plexes which govern the mutagenic potency.

The mutagenic potential of the Pt(II) complexes synthe-
sized was investigated by short-term bacterial mutageni-
city in a reverse-mutation assay using Salmonella typhimur-
ium frameshift strain TA 98 and S.t. TA 100 and TA 102,
which carry mutations particularly sensitive to reversion
by DNA base-pair substitution. The tests were performed
in the absence of S9 rat liver fraction. Cisplatin was tested
for comparison.

The direct-acting mutagenicity results of the compounds
tested are summarized in Table 2.

Complex 2 bearing 2-(p-chlorobenzyl)benzimidazoles as
“non-leaving ligands” caused a two or three fold increase
in the number of revertants at 50 or 100 ug/plate respec-
tively in TA 98. Complex 3 bearing 5(6)-methyl-2-phenoxy-
methylbenzimidazole ligands had the same degree of in-
crease in the number of revertants at 10 or 25 ug/plate in
TA 98. These complexes were also found to be mutagenic
in TA 100 and TA 102. The TA 102 strain carries the his
G 428 ochre (TTA) mutation [21] and detects as mutagens
a variety of oxidants and other tester strains. The his
G 428 mutation has A:T base pairs at the mutated site,
while the other standard tester strains have G:C base pairs
at the critical site. In particular, complex 3, which caused a
four fold increase in the number of revertants at 25 ug/plate,
was found to be highly mutagenic in TA 102. This may
be due to its high binding selectivity for AT sequences.
The presence of a methoxy substituent on the para posi-
tion of the benzyl group (complex 1), turned out to be
completely inactive in all test strains in the range of doses
tested.

Complex 4 having p-methoxyphenylbenzimidazole ligands
was found to be weakly mutagenic in TA 98, while no
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Table 2: Mutagenic activities of the platinum complexes in
Salmonella typhimurium TA 98, TA 100 and TA 102

Compd.  Dose Revertant colony numbers
(ng/plate)
TA 98 TA100 TA102
mean + SD mean + SD mean + SD
Control 0 25.6+6 97.7+£10.5 208.6 +52.9
1 5 16.4 £3.9% 82+ 14.1 124.57 £23.1*
10 15.6 £3.7* 71.6+155%  79.144+29.1*
20 21.6+5.4 100.1+37.3  112+49.3*
40 18.1 £8.5" 80+10.8 139.9 +25.3*
Control 0 115.74+9.8 112.74+9.2 223.4+27.8
2 10 11724182 109+13.8 304.2 £ 45.47
25 167.6 +14.3% 1482+ 17.1~ 302.4+744
50 220.6+44.2% 136.8 £ 44 3644+ 122.8
100 3453 +29.5% 349+114.1~ 488.2+162.2
Control 0 7324155 57.8+6.5 106.4 +38.7
3 25 774412 775+11.50 7411476
5 85+ 124 87.4 +8.47 107.2+77.1
10 1389+19.30 161.3+42~ 379 +81*
25 248.6+64.8" 2252+16.60 489.4+ 125.6*
Control 0 372472 88.6+8.6 234.5+30.9
4 25 341457 92.74+9.1 233.4429.3
5 33.6+8.6 91.7+10.6 226.9+15.5
25 51.6+6.9" 108.6 +12.50 278.7 £47.8*
50 64.2+52% 115+28.5 318.8 +33.4*
Cisplatin 0 202+1.6 81+11
1 31.6+52% 195.2 +40*
2.5 33.24+83" 269 +54.1%
5 39.5+7.9* 222.5+44.8*
10 30.1+7.3 98.4 £65.3

* p < 0.05 for Dunnett’s t test
A p < 0.05 for Dunnett’s C test

activity was evaluated in the TA 100 and TA 102
strains.

Cisplatin, by comparison, showed mutagenic response at
extremely low doses (1 ug/plate) in TA 100 and a very
low level of frame shift reversion in TA 98.

It was observed that the nature of the side groups on the
benzimidazole ligands greatly influenced the mutagenic
activity of the Pt(Il) complexes. This is in agreement with
reports in the literature on the mutagenicity of some ben-
zimidazole derivatives [3, 22, 23], and may be explained
by their different physicochemical properties.

Strain specificity indicates that the molecular mechanisms
of mutagenicity of the complexes 2 and 3 involve both a
frameshift and base-pair substitution process.

Although relationships between patterns of DNA alkyla-
tion and mutagenic potential are complex, DNA binding
reactions of platinium complexes are usually viewed as
kinetically controlled processes [24]. Steric hindrance of
the “non-leaving ligands” can slow reaction kinetics [25].
The presence of bulky, planar amine ligands in
[Pt(aninon),] complexes and their orientation with respect
to the coordination plane, as well as their substituents, can
reduce the rates of DNA binding compaired to aliphatic
ammine and amine complexes [26]. The ligands used in
this study are not flat due to the benzyl or phenoxymethyl
moiety. This may result in severe steric constraints around
the Pt atom, making the complexes less reactive than cis-
platin. For the same reason Pt—Cl hydrolysis of the plati-
num complexes 1-4 may be relatively slow compared to
cisplatin. A detailed study to determine the complex bind-
ing and hydrolysis rate constants of the complexes will be
necessary to investigate these hypotheses.
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The insolubility of the Pt(Il) complexes in water com-
pared to cisplatin, may also be related to their lower muta-
genicity.

To determine whether the hydrophobic properties of the
Pt(Il) complexes influence their mutagenicity, theoretical
calculations of lipophilicity of the ligands as logP were
performed using the software program ACD logP. The
LogP values of the ligands L'-L* are 3.23 +0.25,
391 +£0.23, 3.58 £0.25, 3.87 £0.3 respectively. If the
complexes, in order of decreasing mutagenicity
(3>2>4>1), are compared with the order of the logP
values of the corresponding ligands (L?>L*>L3>L"),
except for complex 3 which has the lipophilic “non-leav-
ing ligands” among the complexes tested and was found
to be nonmutagenic, there seems to be no relationship be-
tween the mutagenicity and the hydrophobicity of the
complexes. This result agrees with the conclusions of a
study on the importance of the hydrophobic interaction in
the mutagenicity of organic compounds, including some
platinum complexes reported by Debnath et al. [27].

In conclusion, the lack of mutagenicity shown by Pt(Il)
complexes of 2-(p-methoxybenzyl) benzimidazole makes
this Pt(Il) complex worthy of antitumor activity studies.
However, the requirement to confirm the nonmutagenicity
of this compound with additional testing must also be ta-
ken into consideration.

3. Experimental

3.1. Equipment

Melting points were measured on a Electrothermal 9200 melting point ap-
paratus and are uncorrected. Elemental analysis were performed by
TUBITAK Laboratory (Ankara, Tiirkiye). All the results were in an ac-
ceptable range. IR spectra were recorded in KBr pellets on a Mattson 1000
FTIR spectrometer in the range of 4000-200 cm~'. 'H NMR spectra were
recorded in DMSO-dg (Merck) on a Bruker 400-MHz spectromer. The che-
mical shift values are reported in parts per million (ppm) relative to tetra-
methylsilane (TMS) as an internal standard, and spin multiplicity are given
as s (singlet), brs (broad singlet), d (doublet), dd (doublet and doublet), or
m (multiplet). All chemicals and solvents used were of reagent grade
(Merck, Aldrich, Sigma) and were used without further purification. TLC
was performed on precoated aluminum plates (Silicagel 60 F,s4, Merck).
Plates were visualized by UV light, Dragendorff reagent, and iodine vapor.

3.2. General procedure for the synthesis of the ligands

Four benzimidazole derivatives (L!-L*) used as “non-leaving ligands” in
the structure of the Pt(II) complexes were synthesized by condensation of
the corresponding carboxylic acid with the 1,2-phenylenediamine deriva-
tives in the presence of 5 N hydrochloric acid (for L'-L?) or reaction of
the sodium bisulfite adduct of p-anisaldehyde with 1,2-phenylenediamine
in dimethylformamide (for L% as shown in the Scheme.

3.3. Synthesis of the platinum(II) complexes
3.3.1. Cis-[Pt(2-(p-methoxybenzyl)benzimidazole),Cl] (cis-[PtL'>Cl,]) (1)

0.21 g (0.90 mmol) L' and 0.18 g (0.45 mmol) K,PtCly were dissolved in
5mL DMFE The reaction mixture, protected from light, was heated at
50 °C for 12 days. Precipitated KCI was removed by filtration. A solution
of 5% aqueous KCI (3 mL) was then added to the filtered solution and the
mixture was stirred for 2 h. The resulting crude precipitate (approximately
0.217 g, 65% yield) was filtered off and purified by repeated washing with
small portions of water, ethanol and diethylether and dried in vacuo. The
yield of purified cis-[PtL',Cl,] was 9%, 0.030 g pure. IR (KBr) v 317
(Pt—Cl) cm ™.

C30H,3C1L,N4O,Pt

3.3.2. Cis-[Pt(2-(p-chlorobenzyl)benzimidazole),Cl,] - 4 H>0,
(cis-[PtL?; Cly] - 4 H20) (2)

To a stirred solution of L? (0.20 g, 0.80 mmol) in 0.5 N HCI (5 mL) was
added a solution of K,PtCly (0.17 g, 0.40 mmol) in 0.5N HCI (3 mL)
dropwise over 30 min at room temperature. The reaction mixture, protected
from light, was heated at 60 °C for 24 h, after which time the mixture was
kept in the refrigerator at 4 °C for 12 h. The resulting crude precipitate
was filtered off and purified by repeated washing with small portions of
water, ethanol and diethylether and dried in vacuo. The yield of purified
cis—[E’thzCIZ]AHzO was 17%, 0.050 g pure. IR (KBr) v 320 (Pt—Cl)
cm™.

CogH2,CI4N4Pt - 4 H,O

3.3.3. Cis-[Pt(5(6)-methyl-2-(phenoxymethyl)benzimidazole),Cl>] - 2 HO
(cis-[PtL?; Cl,] - 2 H>0) (3)

A similar procedure was carried out as described for complex 2 using L3
(0.05 g, 0.20 mmol) and K,PtCly (0.05 g, 0.20 mmol) at 60 °C for 2 days.
Yield: 48%, 0.040 g pure. IR (KBr) v 321 (Pt—Cl) cm™ ..
C30H,5C1L,N4O,Pt - 2 H,O

3.3.4. Cis-[Pt(2-(p-methoxyphenyl)benzimidazole),Cl,] (cis-[PtL*,CL]) (4)

A similar procedure was carried out as described for complex 1 using L*
(0.35 g, 1.60 mmol) and K,PtCl, (0.32 g, 0.80 mmol) at 60 °C for 2 days.
Yield: 11%, 0.02 g pure. IR (KBr) v 327, 312 (Pt—Cl) cm.
C,3H»4C1L,N4O,Pt

3.4. Bacterial mutagenicity assay
3.4.1. Material and Methods

Chemicals used were obtained from the following sources: sodium azide
and D-biotin (Sigma Chemical Co., St. Louis, USA), daunomicine (Deva
Holding A.S), L-histidin-HC] monohydrate (BDH), Bacto agar and oxoid
nutrient broth No: 2 (Oxoid).

Tester strains: S. typhimurium TA 98 (his D 3052, rfa, Auvr B, pKM 101),
TA 100 (his G 46, Auvr B, pKM 101) and TA 102 (PA Ql, his G428,
Ahis, rfa, pKM 101) were kindly provided by Dr. Bruce Ames (University
of California, Berkeley Ca., U.S.A.). All strains were stored at —80 °C and
were routinely checked to ensure the presence of appropriate genetic mar-
kers and spontaneous reversion patterns. The positive control used was
sodium azide for . typhimurium TA 100 and daunomicine for
S. typhimurium TA 98 and TA 102. Overnight growth was initiated with
inoculation from the master plate into Oxoid-nutrient broth No: 2. Follow-
ing overnight growth, all tester strains were diluted into the same culture

Scheme
NH, N
N 10ri 111
I e e e el e pncns
NH, N Y
H R
2
oLt 14
Ligand Complex R’ R n
L! 1 H CH,C¢Hy-p-OCH; 0
L? 2 H CH,C¢Hy-p-Cl 4
L’ 3 CH; CH,0C¢Hs 2
L* 4 H CgHy-p-OCH; 0
Reagants: (i) RCOOH, 5 N HCI, reflux (for L'-L?) ; (ii) R—CHO, NaHSO3, DMF, reflux (for L*); (iii) K,PtCly, 0.5 N HCIl or DMF
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and grown with shaking at 37 °C (approximately 5 h). When cultures
reached a density of 0.300 OD at 650 nm 1-2.10° cells/mL, they were
used in the mutagenicity experiments [28].

3.4.2. Cytotoxicity assay

The amouts of test compouds to be used in the mutation assays were
selected by a cytotoxicity assay. 0.1 mL of a suitable dilution of an over-
night bacterial culture was added to 2 mL top agar together with a differ-
ent concentration of the compounds in dimethylsulfoxide. The top agar
was poured onto nutrient agar plates and asssesment of cytotoxicity was
made after 24 h incubation at 37 °C [29].

3.4.3. Mutagenicity assay

The method used was basically as described by Maron and Ames [28].
Briefly 0.1 mL of bacterial tester strain and the sample to be tested (in
freshly prepared dimethylsulfoxide solution) were added to 2 mL of mol-
ten top agar. The contents were mixed and poured on agar plates. After 2—
3 days of incubation, revertant colonies were counted. At least ten plates
were used for each dose. The strains were checked routinuely for ampicil-
lin resistance, ultraviolet-light sensitivity, crystal violet sensitivity, histidine
requirement and spontaneous reversion rate. They were stored at —80 °C.
In the Salmonella/microsome test system, data are interpreted on the basis
of a consistent doubling of the spontaneous reversion frequency confirmed
by a dose-response relationship. Where the number of induced revertants is
less than twice the spontaneous rate but a reproducible dose-related in-
crease in revertants is detected, this is also interpreted as a positive re-
sponse [29]. The concentrations reported were designed to include the
highest non-toxic dose. All Pt(II) complexes were tested in three indepen-
dent experiments.

Acknowledgements: Financial support of part of this work by the Research
Foundation of the Scientific and Technical Research Council of Tiirkiye
(TUBITAK) and the Research Foundation of Hacettepe University are
gratefully acknowledged.

References

1 Wong, E.; Giandomenico, C. M.: Chem. Rev. 99, 2451 (1999)
2 Wang, K.; Lu, J.; Li, R.: Coord. Chem. Rev. 151, 53 (1996)

Pharmazie 58 (2003) 5

(98]

Mol IEN e NV NN

—
W

20
21

22

24
25
26
27

28
29

Spasov, A. A.; Yozhitsa, I. N.; Bugaeva, L. I; Anisimova, V. A.:
Pharm. Chem. J. 33, 232 (1999)

Bucknall, R. A.; Carter, S. B.: Nature 1099 (1967)

Giimiis, F; Izgii, E; Algiil, O.: FABAD J. Pharm. Sci. 21, 7 (1996)
Giimtis, F.; Algiil, O.: 1. Inorg. Biochem. 68, 71 (1997)

Jamieson, E. R.; Lippard, S. J.: Chem. Rev. 99, 2467 (1998)

Eastman, A.: Biochemistry 25, 3912 (1986)

Bradley, L. J. N.; Yarema, K. J.; Lippard, S. J.; Essinmann, J. M.:
Biochemistry 32, 982 (1993)

Leopold, W. R.; Miller, E. C.; Miller, J. A.: Cancer Res. 39, 913
(1979)

Osanto, S.; Thijssen, J. S.; Woldering, V. M.; Van Rijn, J. L.; Natara-
jan, V. M.; Tates, A. D.: Environ. Mol. Mutagen 17, 71 (1991)

Lin, X.; Kim, H.; Howell, S. B.: J. Inorg. Biochem. 77, 89-93 (1993)
Giimiis, F.; Altuntag, T. G.; Saygun, N.; Ozden, T.; Ozden, S.: J.
Pharm. Belg. 44, 450 (1989)

Giimiis, F.; Ozden, S.; Ozden, T.; Abbasoglu, U.: J. Pharm. Belg. 43,
398 (1988)

Charlton, P. T.; Maliphant, G. K.; Oxley, P.; Peak, D. A.: J. Chem.
Soc. 489 (1959)

Rabiger, D. J.; Joullie, M. M.: J. Org. Chem. 29, 476 (1964)

Maurya, R. C.; Mishra, D. D.: Synt. React. Inorg. Met-Org. Chem. 20,
1013 (1990)

Giindiiz, T. (Ed): Koordinasyon Kimyasi, Bilge Yayincilik, Ankara
1994.

Callaghan, V.; Goodgame, D. M. L.; Tooze, R. P.: Inorg. Chim. Acta
78, 51 (1983)

Lippert, B.: Prop. Inorg. Chem. 37, 1 (1989)

Levin, D. E.; Hollstein, M.; Christman, M. E.; Schwiers, E. A.; Ames,
B. N.: Proc. Natl. Acad. Sci. USA 79, 7445 (1982)

Hatch, E. T.; M. E. Colvin: Mutation Res. 376, 87 (1997)

Goin, C. J.; Mayer, V. W.: Mutation Res. 343, 185 (1995)

Elmroth, S. K. C.; Lippard, S. J.: Inorg. Chem. 34, 5234 (1995)
Kriiger, H.; van Eldick, R.: J. Chem. Soc., Chem Commun. 330 (1990)
Reedijk, J.: Chem. Rev. 99, 2499 (1999)

Debnath, A. K.; Shusterman, A. J.; Lopez de Compadre, R. L.
Hansch, C.: Mutation Res. 305, 63 (1994)

Maron, D. M.; Ames, B. N.: Mutation Res. 113, 173 (1983)

Dean, B. J.; Brooks, T. M.; Hodson-Walker, G.: Mutation Res. 1153,
57 (1985)

307



