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Abstract: Platinum(ll) complexes of the type [Pt(C|)(PPh3){(K2-N,O)-
(1{C(R)=N(OH)-2(0)CsH4})}] with R = Me, H, (1 and 2) were
synthesized and characterized. Single crystal X-ray diffractipn
confirmed for 1 the proposed (SP4-3) configuration. The study o
antiproliferative activity, performed on a panel of human tum latinum-DNA adducts, inactivation of apoptotic
lines and on mesothelial cells, highlighted complex 2 as the most  pathways. ¥Wn particular, failure of cell death plays an important
effective. In particular, it showed a remarkable cytot role in resistant phenotype of cancer cells and being
ovarian carcinoma cells (A2780) and interestingly, a ifi mitochondria key regulators of apoptosis, they could be
antiproliferative effect on cisplatin resistant cells (A idered an interesting target to overcome resistance
investigation on the intracellular mechanism of actio menon.””
um complexes bearing both monodentate and chelating
me ligands have been known for long"?'¥ and recently some
f them have showed interesting anticancer properties."*"® In
an attempt to develop new promising platinum-based drugs, we
have recently synthesized platinum(ll) complexes bearing
triphenylphosphine and bidentate aryloxime ligands
[P(CI)(PPha){(k*-N,0)-(1{C(R)=N(OH)-2(0)C1oHs})}l (R = H,
Me)." These complexes, characterized by a naphthalene
residue on the oxime ligands, showed an interesting
antiproliferative activity towards selected cancer cell lines: in
particular, they were able to circumvent cisplatin resistance
towards A2780cis cells. Moreover, it was shown that the
hydroxyl group of oxime ligands can be alkylated under mild
phase transfer catalysis experimental conditions,”'® opening the
way to other functionalization pathways. Taking into account the
interesting properties of this class of platinum(ll) complexes,
here we reported the synthesis, the characterization and the
biological study of two structural analogues (complexes 1 and 2),
where the naphthyl group of oxime ligand was replaced by the
smaller phenyl moiety. We have already observed, indeed, that
biological properties can be modulated by the variation of certain
residue dimensions.?” The antiproliferative effect of 1 and 2 was
assayed on a panel of human tumor cell lines, on the pairs
A2780 and A2780cis, ovarian carcinoma cell lines, sensitive and
resistant to cisplatin, respectively, and on mesothelial cells. The
interaction of the most interesting complex 2 with DNA was
analyzed, both quantitatively by ICP-AES technique, and

enge among researchers. Resistance can occur through
different mechanisms, including reduced cisplatin uptake,
ed detoxification by nucleophilic molecules, such as
or metallothioneins, increased repair mechanisms or

as reference, and a notably higher uptake in fe
significant accumulation in mitochondria, along with the
induce concentration-dependent mitochondrial
depolarization and intracellular reactive oxygen species production,
allowed us to propose a mitochondria-mediated pathwa
responsible for the interesting cytotoxic pylile of complex 2.

Introduction

Cisplatin is a well-kno
widely used for the tr
bladder, ovarian,
neuroblastoma and pleur:
into the cells through di t mechanisms involving ion
channels, activ ssive diffusion.*® The main
target responsib ectiveness is the DNA,®
; e due to covalent mono

which leads to the activation of repair
171

lung cancer,
Cisplatin enters

cisplatin-based chemotherapies
. the occurrence of some dose-
limiting side effects, mainly nepMrotoxicity and neurotoxicity, and
the occurrence of intrinsic or acquired resistance.”! For this
reason the search of new platinum complexes to improve clinical
outcome of anticancer chemotherapies is still an attractive
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qualitatively, by electrophoretic mobility assay of supercoiled
DNA, in comparison with cisplatin. The uptake and the
intracellular distribution in resistant A2780cis cells were also
determined. Finally, the effect on mitochondrial transmembrane
potential, and the ability to produce intracellular reactive oxygen
species were evaluated.

Results and Discussion

Chemistry
The preparation of complexes 1 and 2 was carried out starting
from dinuclear trans-[Pt(u-Cl)CI(PPhs)]%?" and the suitable
bidentate oxime ligand (Pt/oxime = 1.0 molar ratio), in the
presence of silver acetate (Scheme 1). Although the reaction
proceeds toward the chelated complex even in the absence of a
dehalogenation agent,'® the addition of silver acetate makes the
process much faster. The initial bridge splitting of the dinuclear
precursor by the oxime is guided by trans effect of PPh; ligand.
Although when monodentate oxime ligands are used
isomerization of the kinetic trans product is often observed in
solution® in this case the bridge splitting is followed by the fast
chelation step, thus a single product is observed. The
complexes were recovered in good Yyields and their
characterization (elemental analysis, IR, 'H, *'P, *C and '*°Pt
NMR) was in good agreement with the proposed structure. As
an example, the main spectroscopic features of complex 1 can
be briefly discussed. In the *'P NMR spectrum, a single sig
with satellites is present at 6.65 ppm ('Jp.pt = 3959Hz), whj

the '®Pt NMR spectrum a doublet with the same codpling
constant was observed at -2984 ppm, in good agreemgnt with
analogous complexes." The presence of a single is
evident also in the '"H NMR spectrum, where a sing|
CH3 methyl group of ketoxime ligand was observed
In the case of 1 single crystal X-ray diffraction
(SP4-3) configuration. The complexes are
DMSO/H,O 95/5 v/v and could be stored at -18
conditions.

HO R HO R
\
PhyP. cl cl W N /N
P 2 AgOAc Pt
Pt Pt +2 > 2 +2AgCl + 2 AcOH
¢~ ~cI” “PPI /N
LIPS PRP” o
R=Me (1), H(2)

Scheme 1. Synthesis of the new 1

is square planar, with small

The coordination around plati
; igand chelates the metal by

deviations from
the oxime nitrog
position 2' of the p

previously reported for (SP4-3)-
droxynaphthalene-1-

carbaldehyde oxime[}'¥ and can be compared with bond
lengths reported by Kaplan et al.® for the complex [Pt(o-
OCgH,CH=NOH);]. While Pt-O bond length is analogous
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(1.984(3) vs 1.978(5) A), Pt-N bond is slightly longer in 1
(2.063(4) vs 1.974(6) A), due to the presence of a
triphenylphosphino ligand in trans position. A non bonding
interaction between the oxime droxyl group and the
coordinated chloride is present, n by the measured
0O(2)...CI(1) short distance (2.953(3) A).

Tab' Bond lengths [A] and angles [°] for complex 1 (PLACHOX).

Pt(1)-0(1)  1.984(3) O(1)-Pt(1)-N(1)  89.13(13)
Pt(1)-N(1)  2.063(4) O(1)-Pt(1)-P(1)  88.68(9)
Pt(1)-P(1)  2.2536(12)  N(1)}-Pt(1)-P(1)  176.77(10)
Pt(1)-Cl(1) ~ 2.3153(13)  O(1)-Pt(1)-Ci(1)  179.26(11)
N(1)-C(7) 1.290(5) N(1)-Pt(1)-CI(1)  90.49(10)
N(1)-0(2) 1.396(4) P(1)-Pt(1)-CI(1)  91.67(5)
C(7)-N(1)-0(2)  113.5(3)
C(7)-N(1)-Pt(1)  129.7(3)
0@)-N(1)}-Pt(1)  116.6(3)

Antiproliferative activity

The effect of the new complexes on cell growth was investigated
on a panel of human tumor cell lines, on cisplatin sensitive
(A2780), and resistant (A2780cis) ovarian carcinoma cells and
on non tumorigenic mesothelial cells (MeT-5A). The cisplatin
was taken into consideration as reference. The obtained results,
expressed as ICs values, i.e. the concentration of complex able
to provoke 50% cell death with respect to a control culture, are
listed in Table 2. The cytotoxicity profiles for 1 and 2 are shown
in Figure S9.
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The obtained ICs, values indicate for both complexes an
interesting  antiproliferative effect characterized by low
micromolar values in most cancer cell lines and in the non
tumorigenic MeT-5A and for 2 a higher cytotoxic activity with
respect to 1. Interestingly, on lung carcinoma (A549) and
colorectal adenocarcinoma (HT-29) cells, 2 shows an effect
comparable to that induced by the reference drug, while on

Table 2. Cell growth inhibition in the presence of 1, 2 and cisplatin, taken as reference.

WILEY-VCH

ovarian carcinoma cells, i.e. A2780, the cytotoxicity induced by
the new complex is even higher with respect to that of cisplatin.
Moreover, in these latter cells the antiproliferative activity of the
new complexes is also higher witjarespect to that induced on
MeT-5A.

Cell Line . ‘
c | IC5"™ (uM) ‘ RF™
omplex
Al
HeLa A549 HT-29 MSTO-211H  A2780 A2780‘ MeT-5A .
1 3.87+ 5.18% 3.83t 141+ 0.62= 23
0.38 0.48 0.36 16 0.16 :
) 247+ 2.50% 2.63t 3.61% 0.31= 35
0.40 0.70 0.82 1.16 0.03 :
solati 1.51% 2.10% 2.57+ 1.35% 0.91= 73
cisplatin g o9 0.25 0.67 0.22 0.13 :

[a] Cells were incubated in the presence of tested complexes for 72 h and the ICs, values are thi mean + SD of at least three independent experiments. [b]

RF=ICs0(A2780cis)/ICs0(A2780). [c] not determined

As regards the resistant variant cells A2780cis, both 1 and 2

exert a noteworthy antiproliferative activity. Indeed, in this ggll
line the most active 2 shows an ICs, value in the low micro

range and about six times lower than that obtained for the/Qrug
Moreover, the comparison between the cytotoxicity obtajned for
the sensitive (A2780) and the resistant (A2780

highlighted for cisplatin, as expected, a decrease of
times of the cell effect (RF=7.3), whilst for 2 a low
about three times (RF=3.5), was observed.
suggest that 2, along with the ability to exe
cytotoxicity, is also able to overcome, at least
resistance phenomenon in ovarian carcinoma cells.

Interaction with DNA
On the basis of the interesting antiproljferative effect show
these complexes on tumor cells, an
A2780cis, we decided to investigat
target(s). In particular, the complex

main intracellular target of ci
successful platinum-containi
in the macromolecule
for comparison of cis
determined by ICP-AES
testes DNA was incubated u
complexes at [DNA]/[complex]
expressed as pp 4

oduce covalent adducts
e ability of 2, and
to platinate molecule was
nique. For this§purpose, salmon
48 hours in the presence of test
o equal to 10, and the results,
e 2.
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Figure 2. Platinum (full symbols) and phosphorus (empty circles) bound to
salmon testes DNA incubated in the presence of 2 (triangles) or cisplatin
(squares) as a function of incubation time (0-48 h). [DNA]=9 x 10" M,
[DNAJ/[complex]=10. Mean values = SD of five experiments are reported.

Both 2 and the reference drug show a saturation behavior that
becomes practically complete within 10 hours of incubation,
otherwise, the total amount of Pt bound to DNA appears
significantly different. In detail, in the presence of cisplatin, about
800 ppb are detected after 48 hours, while for 2 the maximum
amount of platinum bound to the macromolecule is about 150
ppb. This considerable difference could result from a potential
behavior of complex 2 as monodentate ligand for DNA and from
the presence of the bulky PPh; group.

To further assess the results shown in Figure 2, the interaction
of 2 and the drug with the macromolecule was analyzed also by
electrophoretic mobility assay of plasmid DNA. In detail,
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supercoiled pBR322 DNA was incubated for 24 hours at 37 °C in
the presence of test complexes and the degree of supercoiling
was monitored by agarose gel electrophoresis (Figure 3).

a)

> & A
v S O 4
TEITE PP PE N wm

112l

form Il
(open circular)

form |
(covalently closed
circular)

b)

form Il
(open circular)

form |
(covalently closed
circular)

Figure 3. Gel electrophoresis mobility of pBR322 plasmid DNA incubated for
24 hours at 37 °C in the presence of cisplatin (a) or 2 (b) at the indicated
concentrations (uM). A representative experiment (from three independent
replicates) is shown.

In the presence of increasing concentrations of cisplatin,
migration rate of supercoiled form | gradually decreases,
the mobility of the open circular form Il accelerates, until a
coalescence point is observed at 0.78 uM concentratiol i

DNA and, actually, it can be detected when compl
supercoils from plasmid DNA occurs.” The,

macromolecule.
As a consequence, DNA could not

further investigated.

Cell uptake
Notwithstanding the

as a function of incubation
ose, cells were incubated
d the amount (in ppb) of
was measured by ICP-AES (Figures

cells the uptak
time (0 to 180 m
in the presence of

ed for A2780cis cells a remarkably
higher abili ith respect to cisplatin (Figure 4a
vs 4b), and, interestingly, this result appears in agreement with
the higher antiproliferative effect exerted by the oxime complex
(see Table 2). In detail, after 3 hours of incubation, the amount
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of platinum in A2780cis cells incubated with 2 is about 30-folds
that determined in cells treated with the reference drug. As
regards the phosphorus content, it slightly decreases during the
incubation with 2, leading to a rgduction of about 14% with
respect to the total, and this could outed to the significant
cytotoxic effect of the test complex (Fi . Otherwise, the
cisplatin does not induce any ap, fference in
phosphorus content within during the

could fu
t(s) other tha
fect of 2.

r support the assumption
A could be involved in

A
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Figure 4. Platinum (full symbols) and phosphorus (empty circles) in A2780cis
cells incubated in the presence of 100uM 2 (a) or cisplatin (b) as a function of
incubation time (0-180 min). Mean values + SD of four experiments are
reported.

Mitochondria transmembrane potential (A¥W) and
intracellular compartmentalization
Among the phenotypic changes that contribute to the

development of anticancer drug resistance, the inactivation of
the apoptosis pathway plays a relevant role!'®®?728 and inside
the cell, mitochondrion represents the key organelle in the
control of the apoptotic machinery. As a consequence,
mitochondria have been proposed as interesting potential
targets in anticancer therapy and the development of
mitochondria-targeted agents emerged as a promising approach
to face drug resistance.®""! Accordingly, a considerable interest
has been directed toward the so-called “mitochondriotropic”

This article is protected by copyright. All rights reserved.
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agents.”” Actually, a number of clinically approved drugs as well
as experimental anticancer agents, demonstrated the capacity to
interfere with mitochondrial functions, promoting the apoptotic
phenomenon.®'%%%%"1 Moreover, in previous papers we
demonstrated the ability of some Pt(ll) complexes to affect
mitochondria, leading to apoptosis.®2? In this connection, it
appeared of interest to investigate the effect of 2 on
mitochondrial transmembrane potential (A¥) in A2780cis cells
treated with different concentrations of the test agent and
stained with the fluorescent cationic probe JC-1. The obtained
results, shown in Figure 5, clearly indicate the capacity of 2 to
promote a concentration-dependent depolarization of the
mitochondrial membrane.

B high AW

GoPt50 uM - 2 low AW
5uM %

cells (%)

Figure 5. Cytofluorimetric analysis of mitochondrial transme
(AW). A2780cis cells were incubated for 28h in the presen
(cisPt) at the indicated concentrations and stained with J
SD of three experiments are reported

exhibit a significant decrease in AW a
observed at 10 uM concentrati
experimental condition almost

appears notably weaker with
because a drug concentrati
mitochondrial

A2780cis cells.
The above results su

presence of 100 uM test
in ppb of platinum and
ia- and cytosol-enriched fractions was
nalysis. The obtained data were
horus ratio ([Pt]/[P]) for both cell
fractions (Figure . erline that phosphorus content
can be considered as internal standard and actually, a linear
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correlation between cell number and ppb of phosphorus has
been previously verified (data not shown).

a)

E
E

0.16

0.14 [N Mitochondrial fraction

Cytosolic fraction
0.12+

0.10

§
o §

DMitochondrial fraction

DOCytosolic fraction

re 6. PIa&/Phosphorus (ppb) ratio ([Pt)/[P]) (a) and platinum (ppb)

ulation (b) in mitochondria- and cytosol-enriched fractions obtained from
cis cells incubated for 3 h in the presence of 100 uM 2 or cisplatin.
lues = SD of three experiments are reported.

on between the [Pt}/[P] values obtained by
incubating Ycells with 2 or cisplatin highlights interesting
differences (Figure 6a). In details, the fractions obtained from
cells incubated with 2 show [Pt)/[P] values clearly higher with
t to those in the presence of drug, indicating that 2 is
ulated more easily into A2780cis cells with respect to
latin. Interestingly, this result is in accordance with the data
cell uptake shown in Figure 4. Moreover, for 2 the [Pt]/[P]
alue in mitochondria-enriched fraction is about 3.8-fold higher
than that in the cytoplasm one, while for cisplatin, such
difference is about 2.6-fold. The percentages of platinum
accumulation (ppb) in mitochondria- and cytosol-enriched
fractions are also reported (Figure 6b), confirming for 2 a higher
accumulation in mitochondria with respect to the drug. Therefore,
for 2 a more efficient compartmentalization in mitochondria can
be assumed. It is well-known that lipophilic cations preferentially
accumulate in mitochondria and the attachment of the lipophilic
triphenylphosphine ligand was considered a strategy to target

bioactive molecules to mitochondria.?**® Indeed, the
polarization of PPh; ligand upon metal coordination could be
considered similar to that of PPh; residue in
triphenylphosphonium cations, since in both cases the

phosphine lone pair is involved in a sigma-donating bond.
Moreover, it is likely that inside the cell the hydrolysis of
platinum-chlorine bond takes place, generating a cationic aquo
complex. The results in Figure 6 appear in agreement with these
considerations and the triphenylphosphine moiety could be
retained the main responsible for the high uptake in cell and the
affinity toward mitochondria observed for 2.

ROS production

This article is protected by copyright. All rights reserved.
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Mitochondria are the main intracellular source of endogenous
Reactive Oxygen Species (ROS, i.e. superoxide anion and
hydrogen peroxide).*”? The maintenance of a correct redox
balance is crucial for the cell. Indeed, ROS are essential for the
regulation of many physiological processes and cell signaling,
and also play a central role in apoptosis.*®*®*®! The ability of 2 to
localize in mitochondria (Figure 6) and to induce mitochondrial
membrane depolarization (Figure 5) prompted us to verify if the
test agent could be able to affect the production of mitochondrial
ROS, triggering intracellular oxidative stress. In this connection,
we measured short-term (0-120 min) ROS production in
A2870cis cells loaded with chloromethyl 2’,7’-dichlorofluorescein
diacetate and incubated in the presence of increasing
concentrations of 2 (10-100 uM). The obtained results,
expressed as percentage of fluorescence intensity after 120 min
of incubation, with respect to the control, are shown in Figure 7.
100 uM Cisplatin was used as reference.

1000+
800
600

400+
ek

Fluorescence (A.U.,%)

200 iz[i

0

i 1
control 10 pM 20 pM 50 M 100 pM cisPt 100 pM

Figure 7. ROS production in A2780cis cells incubated with 2
(cisPt) at indicated concentrations for 120 minutes. The experj
performed with eight biological replicates. Mean values + SD ar

In the presence of 2, the A2780cis cells show
dependent increase in ROS production, signific
pronounced with respect to that induced by cisplatin. Takin
consideration that high doses of ROS have been linked to th
activation of some intracellular components of the apopgpti
pathway,® it could be hypothesized thait the production of
induced by 2 play a crucial role in
complex.

Conclusion

The synthesis an
complexes (1 and 2) be
aryloxime ligands are d
molecular structure was a
diffraction. In i

aracterizati platinum(Il)

triphenylpho and bidentate
and for¥complex 1 the
ned by single crystal X-ray
2 showed an interesting
liferative effect on human
eference drug, cisplatin,
a noteworthy cytotoxicity on cisplatin-
cells. The ability to be efficiently
lls is accompanied by a scarce
nd interestingly, by a significant
The ability to provoke a
depolarization of transmembrane
and a remarkable reactive oxygen

covalent inte
localization in  mitochondria.
concentration-dependent
mitochondrial potential
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species production inside the cells, allowed us to assume
mitochondria as the potential intracellular target of this complex.
The development of new antitumor drugs capable to overcome
the resistance phenomenon and egmowed with lower capacity to
interact with DNA still represents nge and a desirable
goal inside the antitumor chemotherap
could demonstrate a reduction of the
by many conventional anf
secondary malignancies as
induced resistance. In this con
represent a structural
the design and
anticancer drugs.

ponsible of
the evolution of drug-
the complex 2 could
her developed for

more promising

Experime
Chemistry

ed under a dinitrogen atmosphere, if not
otherwise iquid reagents were dried according to
reported procedures. C-, 3'P- and '"Pt NMR spectra were
recorded with a Bruker “Avance DRX400” spectrometer, in CDCl;
sglution if not rwise stated. Chemical shifts were measured in ppm
{esidual solvent peaks for 'H and *C, from aqueous
) HsPO, (85 %) for *'P and from aqueous (D,O) hexachloroplatinic
or '9*Pt. A sealed capillary containing CsDs was introduced in the
be to lock the spectrometer to the deuterium signal when non-
d solvents were used. FTIR spectra in solid phase were
b a2 Perkin—Elmer “Spectrum One” spectrometer, equipped
essory. Elemental analyses (C, H, N) were performed at
Scienze e Tecnologie Chimiche, Universita di Udine and
at Dipartimento di Chimica e Chimica Industriale, Universita di Pisa.
Trans-[Pt(u-CI)CI(PPhs)]2*"! was prepared according to a reported
progedure. Oxime ligands from 2-hydroxybenzaldehyde (oxime I) and
-hydroxyacetophenone (oxime IlI) were prepared by a slight
ation of a described procedure.*"! Silver acetate (98 %, Sigma
'ch) was used without further purification.

eneral procedure for the synthesis of bidentate oxime complexes

A Schlenk tube equipped with a magnetic stirrer was charged with [Pt(u-
CI)CI(PPh3)]2 (0.300-0.500 g), the suitable bidentate oxime (oxime/Pt =
1.03 molar ratio), silver acetate (AgOAc/oxime = 1.00 molar ratio) and
1,2-DCE. The mixture was shielded from light and stirred at 25 °C. A
yellow solution was obtained and a colorless solid formed almost
immediately. The suspension was stirred until the maximum conversion
was reached (*'P-NMR, 2 h), then was filtered on a short package of
celite. The liquid phase was concentrated under vacuum up to one third
of the original volume and then treated with heptane. The yellow solid
precipitated was filtered, washed with heptane and dried under vacuum.

(SP4-3)-[PtCI(PPhs){(k?-N,0)-[ 1-(2-hydroxyphenyl)ethanone oxime]}]
(1): From oxime I, 47% yield. CpsH23CINO,PPt-C,H4Clo-H,O Anal. Calc.:
C44.3,H3.9, N 1.8 %. Exp.: C44.1,H4.2,N 2.0 %. IR (v, cm-1): 3231;
3055; 2963; 2906; 1596; 1541; 1504; 1482; 1475; 1460; 1434; 1398;
1341; 1314; 1260; 1234; 1185; 1136; 1096; 1014; 957; 866; 797; 755;
749; 708; 690. 'H-NMR: 10.84 (d, 1H, J=2.9 Hz, OH); 7.80-7.76 (m, 6H,
Harom); 7.54-7.47 (m, 10H, H); 7.02 (t, 1H, Harom); 6.66 (t, 1H, Harom); 6.22
(d, 1H, J=8.4 Hz, Hawom); 2.51 (s, 3H, CHs). *C-NMR: 161.4; 134.8 (d,
J=10.6 Hz); 131.5; 131.1; 129.1; 128.2 (d, J=11.3 Hz);127.6 (d, J=63.6
Hz); 121.1; 119.7; 116.8; 43.4. *'P-NMR: 6.65 ('Jp.p = 3959Hz). "*°Pt
NMR: -2984 ("Jp.pi = 3959 Hz).

(SP4-3)-[PtCI(PPh){(k-N, 0)-[(1E)-2-hydroxybenzaldehyde oxime]}]
(2): From oxime I, 62 % yield. CasH21CINO,PPt-H,0 Anal. Calc.: C 46.4,
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H 3.6, N 2.2 %. Exp.: C 46.2, H 3.6, N 2.2 %. IR (v, cm-1): 3243; 3061; 23<=1<=27
1638; 1600; 1546; 1489; 1483; 1471; 1433; 1347; 1326; 1289; 1195; _
1153; 1130; 1101; 1011; 999; 949; 914; 846; 816; 746; 732; 709. 'H  Reflections collected 25513

NMR: 10.63 (d, 1H, J=2.8 Hz, OH); 8.30 (d, 1H, J=9.7 Hz, CHN); 7.81- _
7.76 (M, 6H, Harom); 7.55-7.46 (M, OH, Harom); 7.19-7.13 (M, 2H, Hapop);  dependent reflections
6.62 (1, 1H, Hyom); 6.30 (4, 1H, J=8.5 Hz, Hoom). "C NMR: 1445, 134.9 (0o \
(d, J=10.6 Hz); 132.9 (d, J=57 Hz); 131.2; 128.2 (d, J=11.3 Hz); 127.7, 55940

"

122.7; 120.1; 116.4; 115.6. *'P NMR: 6.92 ("Jp.p;=3888 Hz). "**Pt NMR: -

2929 ('Jp.p1 =3888 Hz). Refinement method Fwt—
squt

X-Ray determinations .
Data / restraints / parameters ﬁ 0/28

Crystals of 1 were selected at room temperature (296 K), glued to glass Goodness-of-fit on F2 ’ 0.939 ‘ 4

7256 [R(int 0298]

fibers and analyzed with a Bruker Smart Breeze CCD diffractometer.
Table 3 summarizes the lattice parameters and the space group. Final R indices I>251gml = 0.0309,
Intensity data were collected in the range of 26 angles reported in Table [\ 00823

3. After correction for Lorentz and polarization effects and for absorption,
the structure solution was obtained using the direct methods contained in
SHELXS program.”? The hydrogen of oxime hydroxyl residue was found
in the difference Fourier map, while the other hydrogen atoms were
introduced in calculated positions. The final reliability factors of the
refinement procedure, done using SHELXL program,*® are listed in Largestdm 609 and -0.907
Table 3. Other control calculations were performed with the programs
contained in the WINGX suite. 4!

R indices (all data)‘ 1 = 0.05 R2

Extinction coefficient \ n/a

for this paper. These data can be obtained free of charge from The

CCDC 1988534 for 1 tains th I t tall hic dat
or 1 contains the supplementary crystallographic data logical af
Cambridge Crystallographic Data Centre.

F12 Nutrient Mixture (Sigma Chemical Co. N6760); MSTO-211H

Main Text Paragraph. biphasic mesothelioma) and MeT-5A (human mesothelial cells)

Table 3. Crystal data and structure refinement for complex 1. : ancer), A2780 (human ovarian carcinoma) and A2780cis
(human ovarian carcinoma cisplatin-resistant) were grown in RPMI 1640
Compound 1 (Sigma Chemical Co. R6504); A-549 (non-small cell lung cancer) were

o grown in Ham’s F12 Nutrient Mixture (Sigma Chemical Co. N3520). 1.5
Empirical formula CastsCINO,PPE 10% heat-inactivated fetal bovine serum (Biowest), 100
enicillin, 100 pg/mL streptomycin, and 0.25 ug/mL amphotericin B

Formula weight 642.96 L , ; )
a Chemical Co. A5955) were added to the media. Cells were
Temperature 296(2) K ‘ ured at 37 °C in a moist atmosphere of 5% carbon dioxide in air.

Wavelength 0.71073 A

Inhibition growth assay: Cells (2.5-3 x 10*) were seeded into each well
of a 24-well cell culture plate. After incubation for 24 h, different
concentrations (from 0.1 to 20 uM) of the test complexes were added to
the complete medium and incubated for a further 72 h. Stock solutions of
new complexes were made in dimethylsulfoxide at 20 mM concentration
and then diluted with complete medium in such a way that the final

Crystal system Monoclinic

Space group P2/c ‘
Unit cell dimensions a= 13.4469(5m
amount of solvent in each well did not exceed 0.5%. Cisplatin was
b—104149(3)A ‘ dissolved in 0.9% NaCl. A Trypan blue assay was performed to
Y determine cell viability. In detail, after 72 h of incubation with test

complex, the medium was discarded and the cells were washed with

Phosphate Buffer Saline. The cells were then harvested and 0.1%

Volume A2598 SO(N‘ Trypan blue solution and cell suspension were mixed. A drop of the
7 \ V mixture was applied on a Burker counting chamber (Blau Brand,
¥ Germany) and viable (unstained) cells were counted within 3-5 minutes.

Density (calculated) 1.6Nm3 Cytotoxicity data were expressed as ICs values, i.e., the concentration of

the test agent inducing 50% reduction in cell number compared with
Absorption coefﬁciem control cultures.
F(000) w . S )
Nucleic acids: DNA from salmon testes was purchased from Sigma
Crystal siz 370 x 0.200 x 0.120 Chv‘em|f:a| Co (.D.1626) and |ts1 copcentraﬂon was determined using
L 3 extinction coefficient 6600 M 'cm™ at 260 nm. pBR322 DNA was
purchased from Fermentas Life Sciences, its concentration was
Theta rM%m? determined according to the manifacturer’s indication.

Index ranges -18<=h<=13, -

Vdetem13 Platinum and phosphorus binding to DNA: The quantitative platinum

and phosphorus analyses were performed according to a previous

This article is protected by copyright. All rights reserved.
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established method.®? Briefly, an aqueous solution of salmon testes
DNA (9 x 10™* M) was incubated at 37 °C with test compound (stock
solution 20 mM in DMSO) or cisplatin (stock solution 4 mM in 0.9% NaCl)
to reach a [DNA]/ [drug] = 10. At fixed incubation time, aliquots of exact
volume were collected and DNA was precipitated with Na-acetate (up to
0.3 M concentration) and cold ethanol (2 vol). The precipitated DNA was
washed with 70% ethanol, dried and then dissolved in 250 uL of milliQ®
water. The samples were then mineralized by treating with 195 uL HNO;
(65%) at 90 °C for 20 min. Finally, the samples were diluted in 3 volumes
of HCI (37%), and milliQ® water was added up to 5 mL. The analyses of
P and Pt were performed by inductively coupled plasma atomic emission
spectrometry (ICP-AES) at emission lines A (P) = 178.290 nm and A (Pt)
= 214.423 nm. A Spectroflame Modula sequential and simultaneous ICP-
spectrometer (ICP SPECTRO Arcos with EndOnPlasma torch) equipped
with a capillary cross-flow Meinhard nebulizer was used (Spectro
Analytical). Analytical determinations were performed using a plasma
power of 1.2 kW, a radiofrequency generator of 27.12 MHz and an argon
gas flow with nebulizer, auxiliary, and coolant set at 1, 0.5 and 14 L/min,
respectively. Calibration was carried out by preparing 15 multielement
standard solutions containing platinum and phosphorous in the
concentration range 0-800 mg L™ (ppm). Standard solutions were
prepared by diluting phosphorous and platinum stock solutions of 1,000
mg L™ (Spectrascan standards from Teknolab, Norway) with 1% HCI—
water solution.®? The concentrations reported for platinum and
phosphorous as a function of incubation time are the mean values of
three different experiments.

Unwinding assay: Supercoiled pBR322 plasmid DNA (80 ng) was
incubated in aqueous solution with test compounds at indicated
concentrations for 24 h at 37 °C in 20 pL final volume. 3 pL of loading
buffer (0.125% bromophenol blue, 0.125% xylene cyanol and 5Q%
glycerol) was added to each sample and DNA was separate
electrophoresis on a 1% agarose gel at room temperature. The gel
stained with ethidium bromide (1 pg/mL) in TA buffer (0.04 M Tris and
0.02 M Acetic Acid), transilluminated by UV light, and the flu cence
emission was visualized by a CCD camera coupled to a Bio-R el Doc
XR apparatus.

Cell uptake: A2780cis cells (2 x 10°) were seeded into
plate in complete growth medium. After incubation
agents were added to the complete medium at 100 p
fixed incubation time (0-180 min), the cells were harvested, wa
with 0.9% NaCl and the pellet mineralized by treating with 195
HNO; (65%) at 90 °C for 1 h. Finally, the samples were diluted in
volumes of HCI (37%), and milliQ® water was added up to 5 mLyThe
content of P and Pt were performed by gnductively coupled pl
atomic emission spectrometry (ICP-AES, issi i
178.290 nm and A (Pt) = 214.423 nm,
phosphorus binding to DNA section.

Mitochondrial transmembrane
mitochondrial transmembrane
MitoScreen Kit (BD Phari
A2780cis cells (3 x 10°)

ation, cells were washed twice in

min at 37 °C in the dark. Following I
j ly analyzed by a FACSCanto I

Assay buffer, resu

phorus content: A2780cis cells (5 x
flasks and cultured for 24 h. Then,
cells were treated with the compleXes (100 uM) in a complete medium,
for 3 h. Subsequently, cells were harvested and sub-fractionated
following the protocol of Clayton and Shadel®! as modified by Scalcon et

WILEY-VCH

al.“*" Briefly, cells (3x10” per condition) were collected, washed with PBS,
subjected to hypo-osmotic treatment with 1 mL of 10 mM NaCl, 1.5 mM
MgCl,, 10 mM Tris-HCI buffer (pH 7.5) for 5 min and gently homogenized
using a Dounce tissue grinder. Afterwards, 0.7 mL of 525 mM mannitol,
175 mM sucrose, 2.5 mM EDTA, 12.5 is-HCI buffer (pH 7.5) were
rapidly added. The homogenate was dilu i
with 210 mM mannitol, 70 mM sucrose, 1
buffer (pH 7.5) and subjected to differential
was carried out at 1300g for 54mi

. The mitochondrial fraction
olic fraction) at 15800g for

volumes of
tosol fractions

samples were diluted j
added up to 5 mL.
treating with 1.95 mL
was added up to 5

mL) were mineralized by
for 1 h. Finally, HCI (37%)
tent was determined. The
inductively coupled plasma
) at emission lines A (P) =

atomic emissio
178.290 nm and

ation: A2780cis cells (1 x 10* per well)
were seeded into a ture plate in complete growth medium.
After incubation for 24 h, the medium was removed and the cells washed
with phosph?ﬁered saline (PBS). Cells were incubated with 10 yM

the fluoro ¢ probe CM-H,DCFDA (Molecular Probes, Thermo
er Scien in PBS-glucose 10 mM at 37 °C in the dark for 20 min,
ed with PBS, and incubated with test agent at the indicated
trations in PBS/glucose 10 mM. Fluorescence increase was
by a plate reader (Tecan Infinite® M200 PRO, Mannedorf, CH)
excitation) and 527 nm (A emission).
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