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Abstract

In this study, two Pt(ll) and three Pt(IV) complexes with the structures of [PtL,Cl ] (1), [PtL,]] (2), [PtL,CL(OH),] (3),
[PtL,CI,(OCOCH,),] (4), and [PtL,Cl,] (5) (L = benzimidazole as carrier ligand) were synthesized and evaluated for
their in vitro antiproliferative activities against the human MCF-7, Hela, and HEp-2 cancer cell lines. The influence
of compounds 1-5 on the tertiary structure of DNA was determined by their ability to modify the electrophoretic
mobility of the form | and Il bands of pBR322 plasmid DNA. The inhibition of BamHT1 restriction enzyme activity
of compounds 1-5 was also determined. In general, it was found that compounds 1-5 were less active than cis-
platin and carboplatin against MCF-7 and Hela cell lines (except for 1, which was found to be more active than
carboplatin against the MCF-7 cell line). Compounds 1 and 3 were found to be significantly more active than

cisplatin and carboplatin against the HEp-2 cell line.

Keywords: Benzimidazole; cytotoxic activity; DNA binding; gel electrophoresis; platinum complexes

Introduction

Platinum-based drugs such as cisplatin, carboplatin, and
oxaliplatin are widely used against various solid tumors
including genitourinary, colorectal, and non-small cell lung
cancers'. In general, the platinum-based drugs suffer from
two main disadvantages: chemoresistance to the drugs can
occur and, second, they are non-selective toward cancer
cells, which lead to severe toxic side effects, primarily kidney
toxicity and neurotoxicity®.

Although there is some evidence to suggest that other
biological targets may be important in the mechanism, it
is generally accepted that DNA is the primary biological
target of the platinum drugs®**. Numerous studies show
that, in DNA, cisplatin forms ~90% intrastrand cross-links
(CLs) between neighboring purine bases (1,2-GG or 1,2-AG
intrastrand CLs), and remaining lesions are intrastrand CLs
between purine bases separated by a third base, interstrand
CLs, and monofunctional adducts®.

Cellular resistance to cisplatin is largely attributed to
up-regulation of DNA repair and damage tolerance path-
ways, lowered intracellular accumulation, and inactivation
by thiol-containing reductants such as glutathione and
metallothionein, and alterations in proteins involved in
apoptosis®. One strategy to overcome cisplatin resistance
is to design new platinum complexes that specifically deal
with some or even all of the resistance mechanisms’.

In addition to square-planar Pt(II) complexes, an attempt
has also been made recently to synthesize octahedral Pt(IV)
complexes, since some of these complexes are toxic to
tumors that are resistant to cisplatin®. The antitumor activity
of Pt(IV) complexes has been suggested to require in vivo
reduction to the kinetically more labile, and therefore reac-
tive, Pt(II) derivatives®. On the other hand, there are a few
papers reporting that Pt(IV) complexes can bind to DNA and
RNA fragments without being reduced'*'.
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In the literature it is reported that the reduction potentials
of diam(m)ine Pt(IV) complexes are dependent on the nature
of the axial and equatorial ligands, but axial ligands generally
exert the stronger influence'*'®. The axial ligands of Pt(IV)
complexes offer a unique ability in drug design to modify
the pharmacokinetic parameters of a prodrug, including
the rate of reduction, the lipophilicity, molecular targeting,
and microenvironmental targeting, in order to reduce side
effects, increase activity, and target tumor sites, or the axial
ligands themselves can confer additional cytotoxicity upon
release'*™.

Although no platinum(IV) complex is an approved
drug yet, some Pt(IV) complexes have shown
sufficient promise to enter clinical trials: iproplatin,
[cis, trans,cis-[PtCL(OH),(isopropylamine), ], tetraplatin,
[PtCl,(cyclohexane-1,2-diamine)], and satraplatin, cis, trans-
[PtCL(OAc),(NH,) cyclohexylamine] have been tested in
clinical trials'. At present, the most interesting candidate is
satraplatin, (formerly JM216), which is in advanced phase III
clinical trials showing activity in hormone-refractory pros-
tate cancer in combination with prednisone as second-line
chemotherapy’®.

In previous studies, taking into consideration the fact that
variations in the chemical structure of the ammine groups
of the cisplatin can have significant effects on the cytotoxic
activity and toxicity of platinum complexes, we synthesized
some Pt(II) and also Pt(IV) complexes with 2-substituted
benzimidazole ligands'”**. It was determined that some of
these platinum complexes have in vitro cytotoxic activities
on RD", HeLa*?>*, HEp-2%, and MCF-72°-22* cell lines.

Inthe present study, with the aim of determining the effect
of axial and equatorial ligand variation on the cytotoxic activ-
ities of the Pt(II) and Pt(IV) complexes, we synthesized some
Pt(II) and Pt(IV) complexes with the structures of [PtL,CL]
(1), [PtL,L] (2), [PtL,CL(OH),] (3), [PtL,CL(OCOCH,),] (4),
and [PtL,Cl,] (5) (L = benzimidazole as carrier ligand) and
tested for their preliminary in vitro antiproliferative activities
against the human MCF-7 breast, HeLa cervix, and HEp-2
larynx carcinoma cell lines. The plasmid DNA interaction
and the inhibition of BamH]1 restriction enzyme activity of
the compounds 1-5 were also studied.

Experimental

Materials and instruments

All chemicals and solvents used in the synthesis were pur-
chased from Merck or Aldrich Chemical Co. Cisplatin and
carboplatin used in the cytotoxicity test were purchased
from Sigma Co. Infrared (IR) spectra were recorded on KBr
pellets and Nujol mulls on a Mattson 1000 FTIR spectrometer
in the range of 4000-200cm™'. For the region 400-200cm™
the samples were prepared as Nujol mulls on CsI windows.
Elemental analyses were performed with a Leco 932 CHNS
analyser, and 'H nuclear magnetic resonance (NMR) spec-
tra were recorded in dimethylsulfoxide (DMSO)-d, (Merck)
on a Varian Mercury 400 MHz FT NMR spectrometer at
the Central Laboratory of the Faculty of Pharmacy, Ankara

University (Ankara, Turkey). Thin-layer chromatography
(TLC) was performed on aluminum plates pre-coated with
Merck silica gel 60 F,,. Plates were visualized by ultraviolet
(UV) light, Dragendorff reagent, or iodine vapor.

Synthesis of ligand, Pt(II) and Pt(IV) complexes
Benzimidazole (L)

L, used as carrier ligand in the structure of 1-5, was pre-
pared according to the published procedure®*. Mp 170°C,
(169-170°C*); yield 59%. 'H NMR (400 MHz, DMSO-d,) 9
12.40 (broad s, 1H, N-H, exchangeable with D,0), 8.22 (s, 1H,
ArH), 7.58-7.60 (dd, J = 9.2 and 2.8 Hz, 2H, ArH), 7.17-7.20
(dd, J= 9.2 and 2.8 Hz, 2H, ArH). IR (KBr, cm™) v 3300-2300
(N-H) cm™.

[Dichloro-bis(benzimidazole)platinum(II)] [PtL,CL,] (1)
To a stirred aqueous solution of K PtCl, (0.830g, 2.00 mmol)
was added a solution of benzimidazole (L) (0.472g, 4.00
mmol) in an ethanol-water mixture (8:12mL) dropwise
over 2h at room temperature. The pH was adjusted to ~7
and kept constant with the addition of 0.1M NaHCO,. The
reaction mixture, protected from light, was heated at 60°C
for 2 days. After that time the mixture was cooled to room
temperature. The resulting crude precipitate was filtered
off and purified by repeated washing with small portions of
water, ethanol, and diethylether, and dried in vacuo to yield
0.755g (75.16%). '"H NMR (400 MHz, DMSO-d,) & 13.44 (s,
2H, 2 x N-H, exchangeable with D,0), 8.84 (s, 2H, 2 x ArH),
7.80-7.79 (d, J= 7.2 Hz, 2H, ArH), 7.50-7.48 (d, J = 7.2 Hz, 2H,
ArH), 7.25-7.18 (m, 4H, 2 x ArH). IR (KBr, cm™) v 3287 (N-H),
326 (Pt-Cl) cm™. Anal. Calcd. for C,,H ,CL,N, Pt: C, 33.48; H,
2.41; N, 11.15. Found: C, 33.46; H, 2.64; N, 11.09%.

[Diiodo-bis(benzimidazole)platinum(II)] [PtL,L,] (2)

K,PtCl, (0.622 g, 1.50 mmol) and KI (0.996 g, 6.00 mmol) were
dissolved in water (15mL) and stirred at 60°C for 45min.
Then a solution of benzimidazole (L) (0.331g, 2.80 mmol)
in an ethanol-water mixture (6:10 mL) was added dropwise
over 2h at room temperature to the resulting K,Ptl,. The
reaction mixture, protected from light, was heated at 60°C
for 2 days. The resulting crude yellowish precipitate was
filtered off and purified by repeated washing with small por-
tions of water, ethanol, and diethylether, and dried in vacuo
to yield 0.410g (39.92%). 'H NMR (400 MHz, DMSO-d,) &
13.38 (broad s, 2H, 2 x N-H, exchangeable with D,0), 8.98 (s,
2H, 2 x ArH), 8.05-8.03 (m, 2H, 2 x ArH), 7.67-7.64 (m, 2H,
2 x ArH), 7.38-7.20 (m, 4H, 2 x ArH). IR (KBr, cm™) v 3310
(N-H) cm™. Anal. Calcd. for C H,,I.N,Pt: C, 24.54; H, 1.77; N,

12727 4

8.18. Found: C, 24.13; H, 2.00; N, 8.41%.

[Dichloro-dihydroxy-bis(benzimidazole)platinum(IV)]
[PtL,CL(OH),] (3)

To a suspension of 1 (0.115g, 0.23 mmol) in water (15mL)
was added an aqueous solution of 30% H,0, (1 mL), and the
reaction mixture, protected from light, was stirred at 60°C for
5 days. The resulting crude yellow precipitate was filtered
off and purified by repeated washing with small portions of
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water, ethanol, acetone, and diethylether, and dried in vacuo
to yield 0.049g (39.72%). 'H NMR (400 MHz, DMSO-d,) &
13.50 (s, 2H, 2 x N-H, exchangeable with D,0), 8.92 (s, 1H, 2
x ArH), 8.70 (s, 1H, 2 x ArH), 7.90-7.84 (m, 1H, 2 x ArH), 7.68-
7.58 (m, 2H, 2 x ArH), 7.33-7.28 (m, 4H, 2 x ArH), 7.13-7.09
(m, 1H, ArH), 2.59 (s, 2H, Pt-OH, exchangeable with D,0).
IR (KBr, cm™) v 3500 (N-H), 3445 (PtO-H), 540 (Pt-O), and
348 (Pt-Cl) cm™. Anal. Calcd. for C ,H,,CLN,O,Pt: C, 31.36;

27472

H, 2.63; N, 10.45. Found: C, 31.30; H, 2.29; N, 10.03%.

[Diacetato-dichloro-bis(benzimidazole)platinum)(IV)]
[PtL,CL,(OCOCH,),] (4)

1 (0.452g, 0.90 mmol) was dissolved in 1.37mL acetic acid,
0.23mL acetic acid anhydride, and 0.12mL of 30% H,0,. The
reaction mixture, protected from light, was stirred at room
temperature for 6 days. The resulting crude precipitate was
filtered off and purified by repeated washing with small
portions of water, ethanol, acetone, and diethylether, and
dried in vacuo to yield 0.130g (23.28%). '"H NMR (400 MHz,
DMSO-d,) 6 13.90 (s, 2H, 2 x N-H, exchangeable with D,0),
8.77 (s, 2H, 2 x ArH), 7.61-7.59 (d, J =8.11 Hz, 2H, 2 x ArH),
7.39-7.37 (d, J =8.41 Hz, 2H, 2 x ArH), 7.27-7.23 (m, 2H, 2 x
ArH), 7.07-7.03 (m, 2H, 2 x ArH), 1.89 (s, 6H, 2 x OCOCH,).
IR (KBr, cm™) v 3557 (N-H), 1664(C=0), and 340 (Pt-Cl)
cm™. Anal. Calcd. for C H CIN,0,Pt: C, 34.85; H, 2.92; N,

187718

9.03. Found: C, 34.49; H, 2.62; N, 9.20%.

[Tetrachloro-bis(benzimidazole)platinum(IV)] [PtL,Cl,]
(5)

4 (0.062g, 0.10 mmol) was dissolved in aqueous 15% HCl
(5mL). Thereaction mixture, protected from light, was stirred
at room temperature for 3 days. The resulting crude yellow
precipitate was filtered off and purified by repeated washing
with small portions of water, ethanol, acetone, and diethyl-
ether, and dried in vacuo to yield 0.035g (61.07%). 'H NMR
(400 MHz, DMSO-d,) 6 13.80 (s, 2H, 2 x N-H, exchangeable
with D,0), 8.88 (s, 2H, 2 x ArH), 7.73-7.66 (m, 2H, 2 x ArH),
7.43-7.23 (m, 4H, 2 x ArH), 7.18-7-06 (m, 2H, 2 x ArH). IR
(KBr, cm™) v 3510 (N-H), 335 (Pt-Cl) cm™. Anal. Calcd. for
C,H,,CLN Pt: C, 29.34; H, 2.11; N, 9.77. Found: C, 29.29; H,
2.26; N, 9.52%.

Preliminary cytotoxicity test

Cell lines and growth conditions

Cisplatin and carboplatin were obtained from Sigma with a
purity of more than 99.9%. The human MCF-7 breast, HeLa
cervix, and HEp-2 larynx cancer cell lines used in this study
were obtained from the Department of Virology, Faculty of
Veterinary Medicine, University of Ankara. The cells were
grown in Dulbecco’s (Seromed, Germany) minimal essen-
tial medium (DMEM) enriched with 10% fetal calf serum
(FCS) (Biochrom, Germany), 100mg/mL streptomycin,
and 100 IU/mL penicillin in a humidified atmosphere of 5%
CO, at 37°C. The cells were harvested using trypsin (Bibco
Life Technologies, UK)/Versene (0.05:0.02%) solution.
Mpycoplasma contamination was routinely monitored, and
only Mycoplasma-free cultures were used.

In vitro chemosensitivity assay
The preliminary in vitro testing of compounds 1-5 on antitu-
mor activity was carried out on human MCF-7 breast, HeLa
cervix, and HEp-2 larynx cancer cells according to a previ-
ously published microtiter test”. Briefly, the cells were seeded
into 96-well plates (Greiner GmbH, Germany) in a volume of
100 L to give 18-22 cells/microscopic area. After attachment
to the culture surface, the cells were incubated in an atmos-
phere containing 5% CO, at 37°C for 24h. At the end of this
period the growth medium was carefully removed by suction,
and 100pL of fresh medium was added into each well. The
medium used contained an adequate volume of a stock solu-
tion of the respective compound in order to obtain the desired
test concentration (1, 5, 10, 20, 40, and 80 uM; solvent, dimeth-
ylformamide (DMF); the complexes tested were added to the
culture medium such that final DMF was 0.1% (v/v)). Sixteen
wells were used for each complex (1-5, and reference com-
pounds cisplatin and carboplatin) tested at individual con-
centrations, while 16 wells were reserved for the cell culture
control, which contained the corresponding amount of DME
After 72h of incubation at 37°C, the medium was removed
and the cells were fixed with 100pL of 1% glutardialdehyde
in phosphate-buffered saline (PBS) per well for 25min. The
fixative was replaced by 150 pL PBS/well and the plates were
stored in arefrigerator (4°C). Cell biomass was determined by a
crystal violet staining technique®. Absorbance was measured
at 492nm using a Titertek Multiscan plus MKII Autoreader.
The results correspond to three independent experiments.

IC,, values of the complexes 1-5 and reference com-
pounds cisplatin and carboplatin were calculated (using
Prism4 GraphPad software) from the dose-survival curves
for the growth inhibition of all cell lines.

All cytotoxicity tests were performed as three independ-
ent experiments.

Interaction with pBR322 plasmid DNA

Cisplatin, ethidium bromide, and agarose, and plasmid DNA
pBR322 and enzyme BamH]1, were purchased from Sigma
and Promega, respectively.

The interaction of cisplatin and synthesized compounds
1-5 with pBR322 plasmid DNA (Promega, cat. no: D1511)
was studied by agarose gel electrophoresis based on a
method described by Stellwagen®. Stock solutions of the
tested substances in DMF were prepared and used within
1h. The final amount of DMF never exceeded 0.1%. pBR322
plasmid DNA (0.15pg/mL) was incubated in the presence of
increasing concentrations of 1-5 and cisplatin ranging from
0.625 to 160 pM and 0.625 to 10 nM, respectively, in a shaking
water bath at 37°C for 4h. Five microliters of drug-plasmid
DNA mixture was loaded onto 1.5% agarose gel and electro-
phoresis was carried out under TAE (Tris base, acetic acid,
and ethylenediaminetetraacetic acid (EDTA)) buffer for 2h
at 5V/cm. At the end of electrophoresis, the gel was stained
in the same buffer containing ethidium bromide (0.5mg/
mL) and visualized under UV transillumination using a gel
documentation system (Vilber Lourmat, Marne la Vallée,
France). The experiments were repeated three times.
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Restriction endonuclease reaction with BamH1 enzyme
In this series of experiments, a set of synthesized compounds
1-5 and cisplatin-plasmid DNA mixtures the same as that
described previously was first incubated for 4h in a shaking
water bath at 37°C and then subjected to enzyme BamH1
digestion. To each 10 pL 1-5/cisplatin-plasmid DNA mixture
was added 3pL of 10 x RE buffer followed by the addition
of 0.3pL BamH1 (3U). The mixtures were left in a shaking
water bath at 37°C for 1.5h, at the end of which the reaction
was terminated by rapid cooling. Following the digestion
reaction, products were separated on 1.5% agarose gel, and
then the gel was stained with ethidium bromide and visual-
ized under UV transillumination using a gel documentation
system (Vilber Lourmat) to detect digestion.

Result and discussion

Chemistry

The carrier ligand benzimidazole (L) was prepared accord-
ing to the Phillips method® as shown in Scheme 1, and its
melting point was in accordance with the literature®.

The Pt(II) and Pt(IV) compounds 1-5 were synthesized
and characterized by elemental analysis, IR, and '"H NMR
spectra (Scheme 1). Among the compounds synthesized,
1, which was reported previously by us®, was synthesized
in this study as reported previously. The elemental analysis
data for each complex were in good agreement with the
empirical formula proposed.

The IR spectrum of L showed a very broad band in the
region 3300-2300cm™! due to the imidazole N-H. The Pt(II)
complexes exhibited N-H stretching bands centered at 3310
and 3287 cm™ sharper than that of the free ligand, due to the
breaking of tautomerism, indicating that the N-H group was
not involved in the coordination®*. According to the kinetic
trans effect®, the synthesis method used is expected to yield
complexes with cis geometry. In the far-IR region of the com-
plexes 1, 3-5 spectra, a new broad band with a half-width

NH 5N HCI N,
+ HCOOH — > )
NH, H

L

K,PtCl, + 2L ——— PtL,Cl,
1

KoPICl, + 4 KI ——— K,Ptl, + 4 KCl

K2Pt|4 + 2L ——> PtL2|2

2
H,0,
PtL,Cly(OH),
3
PtL,Cl,
1 H,0,, CH,COOH 15% HCl
PHL,Cly(OCOCHg), ————> PtL,Cl,
(CH3CO,),0 4 5

Scheme 1. Synthesis of carrier ligand and Pt(II) and Pt(IV) complexes.

of about 30cm™ appeared, assigned to v (Pt-Cl) centered at
~337cm™. Itiswell known that cis-dichloro complexes should
show two bands of medium intensity because the vibrations
are additive, but in a lot of cases the second band is only a
shoulder®. Although no shoulder was apparently observable
at the Pt-Cl stretching band of compounds 1,3-5 the broad
nature of the band suggested the presence of overlapping
bands in this domain. The Pt-I band of the diiodo complex 2
should show at 195-183cm™ in the far-IR region of the com-
plex’s spectrum®, but the v (Pt-I) stretching band for 2 could
not be measured on the spectrophotometer used.

The IR spectra of the Pt(IV) complexes showed some
characteristic changes when compared to those of the Pt(II)
complexes and the free ligand spectrum. Pt-Cl stretching
vibrations were shifted (~15cm™) toward higher frequen-
cies in the spectra of Pt(IV) complexes 3-5 upon oxidation®.
Pt(IV) complexes 3-5 exhibited only one v (Pt-Cl) absorp-
tion, which is consistent with the literature®. In the IR spec-
tra of 3-5, N-H stretching vibrations appeared at the highest
frequencies from 3557 to 3500cm™. Being influenced by
the oxidation states of the central metal, the N-H vibrations
in the Pt(IV) compounds were broad in comparison with
that in the Pt(II) compound 1?>%. The hydroxyplatinum(IV)
complex 3, which was obtained by the oxidation reaction
of 1 with hydrogen peroxide, was readily identified by its
characteristic PtO-H stretching band at 3445cm™ and Pt-O
stretching band at 540 cm™ 223738,

The insolubility of the complexes in the other organic sol-
vents made it necessary to record '"H NMR spectra in DMSO-
d.. All 'H NMR measurements were recorded immediately,
in order to avoid the ligand exchange reaction between the
platinum complexes synthesized and DMSO-d,. The "H-NMR
spectral data of the ligand and the complexes are presented
above in the “Experimental” section. The 'H NMR spectra of all
complexes were consistent with their corresponding protons,
both in the chemical shifts and in the number of hydrogens®.
The spectra of the complexes compared to those of the free
ligand showed considerable differences. The large downfield
shifts in the imidazole N-H signal in the spectra of all com-
plexes with respect to their ligands are a result of an increase in
the N-H acid character after platinum binding. In all the com-
plexes the aromatic proton resonances were observed in two
main groups of lines. Two protons of the lower field pair were
shifted downfield considerably, while the others were shifted
slightly. It was assumed that the protons nearest to the tertiary
nitrogen of the imidazole ring were the most deshielded, and
would be observed at a lower field due to coordination of the
benzimidazole ring to platinum through the -N= group.

Biological evaluation

The preliminary in vitro antiproliferative activities of com-
pounds 1-5 and cisplatin and carboplatin used as reference
compounds were determined on the human MCEF-7, HelLa,
and HEp-2 cell lines, according to a previously published
microtiter assay*”?%, and the results are shown in Table 1. The
Pt(IT) complex 1, bearing chloro ligands as leaving groups,
was found to be more active than 2, bearing iodo ligands as
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Table 1. IC,, (uM) values of Pt(II) and Pt(IV) complexes on selected
human tumor cell lines.

IC,, (uM)
Compound MCE-7 HeLa HEp-2
1 18.8+3.4 39.5+1.7 1.3+0.4
2 >100 41.8+2.0 >100
3 >100 >100 7.2%+1.9
4 41.9+4.0 22.5+3.0 14.6%+3.5
5 >100 20.7+3.8 >100
Cisplatin 3.5+1.1 1.3£0.3 15.8+2.0
Carboplatin 27.5+2.6 14.8+4.4 >100

leaving groups, on all cell lines used. These findings are con-
sistent with data reported in the literature that the cisplatin
analogs, containing chloro ligands, exhibit much stronger
therapeutic features than analogs in which the ligands are
azides, cyanides, iodides, or rhodanates*. Moreover, other
data in the literature report that dibromo and diiodo analogs
of cisplatin hydrolyze at progressively slower rates compared
to the dichloro complex, and this reactivity is reflected in the
order of antitumor potency: I- < Br- < Cl". It was reported that
this could be attributed to an increase in kinetic reactivity
toward water in going from the iodo to the chloro complex.
This order implies that both electronic and steric factors influ-
ence the activity*'. It is also reported that the binding to DNA
of these drugs with halogeno leaving groups is almost cer-
tainly preceded by aquation, with the loss of one or more of
the leaving groups*?, and also iodo is generally a poorer leav-
ing group than chloro in the structure of Pt(II) complexes®.
In the test on the HEp-2 cell line, compound 1, which was
found to be almost 12-fold more active than cisplatin, caused
a significant reduction of cell growth.

In the case of the Pt(IV) complexes, the compounds 3
bearing hydroxo and 4 bearing acetato groups as axial ligands
were found to be two-fold more active than cisplatin and as
active as cisplatin, respectively, against the HEp-2 cancer
cell line. It is interesting to note that 3 did not show any sig-
nificant cytotoxicity against the other two cancer cell lines
used. Among the complexes synthesized, Pt(IV) complex 5
bearing chloro axial ligands had no activity against MCE-7
and HEp-2 cell lines at the concentration range tested.

In order to detect whether synthesized compounds
1-5 induce conformational changes in the DNA helix and
whether there is a relationship between the plasmid-DNA
binding affinity and the cytotoxicity of the compounds, the
effect of the binding of compounds 1-5 to pBR322 plasmid
DNA was determined by the ability of these compounds to
alter the electrophoretic mobility and intensity of the cova-
lently closed circular form I and open circular form II bands
(Figure 1). When pBR322 plasmid DNA was allowed to inter-
act with increasing concentrations of cisplatin (Figure 1a),
the mobility of both form I and form II bands increased essen-
tially at the same rate, so that the bands remained parallel at
all concentrations of cisplatin. The behavior of the gel elec-
trophoretic mobility of both forms of pBR322 plasmid DNA-
cisplatin adducts is consistent with previous reports**.

However, the increase in mobility of the form I band of the
plasmid DNA was more pronounced in the case of 2 than 1;

12345678 910
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12345678910 1234567 8 910

E F
12345678 910

123456738 910

IR A LT LR L
4 5

Figure 1. Electrophoretograms relating to the interaction of pBR322
plasmid DNA with increasing concentration of cisplatin and 1-5. Lane
1 in both electrophoretograms contains untreated pBR322 plasmid DNA
to serve as a control. For cisplatin, lane 2: 0.625 1M, lane 3: 1.25pM, lane
4: 2.5pM, lane 5: 5pM, lane 6: 10pM. For 1-5, lane 2: 0.625uM, lane 3:
1.25uM, lane 4: 2.5uM, lane 5: 5pM, lane 6: 10 uM, lane 7: 20 uM, lane 8:
40pM, lane 9: 80 nM, lane 10: 160 uM. Roman numerals I and II indicate
form I (covalently closed circular) and form II (open circular) plasmids,
respectively.

for 1 and 2 the increase in mobility of the form I and form II
bands was smaller than that induced by cisplatin. The lower
activity of 1 and 2 as compared to cisplatin may be interpreted
by their reduced ability to bind with DNA because of a greater
steric constraint introduced by bulkier benzimidazole carrier
ligands. The change in mobility of pBR322 plasmid DNA bands
as a result of the interaction with cisplatin is believed to be
due to intrastrand bifunctional Pt(GG) and monofunctional
Pt(G) adducts>*. This may be interpreted in that the increase
in mobility of form I and form II bands of pBR322 plasmid
DNA with increasing concentration of 1 and 2 is indicative
of the conformational change that occurs on the formation
of bifunctional and monofunctional platinum adducts. For
Pt(IV) complexes 3-5, no significant changes in mobility of
the forms I and I bands of plasmid DNA were observed at the
concentration range tested for 4h incubation time.

In order to assess whether the benzimidazole-platinum
complexes show affinity toward the guanine-guanine (GG)
region, we carried out restriction endonuclease analysis of
the compound-pBR322 plasmid DNA adducts digested by
BamH]1 enzyme. BamH] is a restriction enzyme that recog-
nizes G/GATCC and hydrolyzes the phosphodiester bond
between adjacent guanine sites. pBR322 plasmid DNA has
only one binding site for BamH1 that converts form I and
form II DNA to linear form IIT DNA**7,

As the concentration of the compounds tested was
increased it was seen that BamH1 digestion was increasingly
prevented (Figure 2). This is probably due to conformational
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Figure 2. Electrophoretograms relating to the incubated mixtures of
pBR322 plasmid DNA and increasing concentration of cisplatin and
1-5 followed by BamH]1 digestion. For both cisplatin and 1-5, lane 1 is
untreated and undigested with BamH]1, lane 2 is untreated pBR322 plas-
mid DNA but digested with BamH1. For cisplatin, lane 3: 0.625pM, lane
4: 1.25pM, lane 5: 2.5pM, lane 6: 5uM, lane 7: 10uM, lane 8: 20 uM. For
1-5, lane 3: 0.625uM, lane 4: 1.25pM, lane 5: 2.5uM, lane 6: 5uM, lane
7: 10pM, lane 8: 20uM, lane 9: 40puM, lane 10: 80pM, lane 11: 160 pM.
Roman numerals I, I, and I1I indicate form I (covalently closed circular),
form II (open circular), and form III (linear) plasmids, respectively.

change in the DNA brought about by covalent binding of
the compounds with the GG region of the plasmid DNA.
Arranging in the order of decreasing prevention of BamH1
digestion by the compounds gives: cisplatin>1,2>5>4> 3.
These results are consistent with the data reported in litera-
ture that the reduction rates and potentials of some diam(m)
ine Pt(IV) complexes are dependent on the nature of the
axial and equatorial ligands, but the axial ligands generally
exert the stronger influence. It has also been reported that
reduction occurs most readily when the axial ligands are
chloro, least readily when they are hydroxo, and is interme-
diate when they are carboxylato™.

In theliterature, it has been reported that steric constraint,
hindering access to DNA for platinum complexes, would be
greater in Pt(IV) complexes than in Pt(II) complexes, and
Pt(IV)-DNA adducts are formed slowly as compared with
Pt(I1)-DNA adducts'®*®. Furthermore, small changes in
mobility of the form I band of pBR322 plasmid DNA treated
with some Pt(II) and Pd(II) complexes containing sterically
demanding carrier-ligands were attributed to monofunc-
tional binding®. Considering the data reported in the lit-
erature and the preliminary results obtained in this study,
it may be concluded that although Pt(IV) complexes 3-5
did not modify the electrophoretic mobility of plasmid DNA
significantly, the formation of adequate adducts, presum-
ably monofunctional adducts, may be sufficient to cause
enough conformational change in pBR322 plasmid DNA
treated with these compounds such that BamH]1 digestion is

prevented below their concentration, 10 tM. The conclusion
drawn for Pt(IV) complexes 3-5 that their binding to plas-
mid DNA may be monofunctional for the incubation time
of 4h is consistent with the data obtained in the literature
that monofunctional binding of octahedral Pt(IV) to DNA
through the N7 guanine base is feasible''.

In summary, it was found that there is no clear correla-
tion between the axial and equatorial ligand variation and
plasmid DNA binding affinity and the in vitro antiprolifera-
tive activity of the platinum(II) and platinum(IV) complexes
synthesized, which modified the tertiary structure of pBR322
plasmid DNA. It can also be concluded that the in vitro anti-
proliferative activity of compounds 1, 3, and 4 against the
HEp-2 cell line is noteworthy, and must be taken into con-
sideration in future studies.
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