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Three Pd(II) and Pt(II) complexes with chelating mono(imidazolin-2-imine) and bis(imidazolin-2-imine) li-
gands i.e. [Pd(DMEAImiPr)Cl2] (1) (DMEAImiPr, 2-(1,3-diisopropyl-4,5-dimethylimidazolin-2-imine)ethan-1-
dimethylamine), [Pd(DACH(ImiPr)

2)Cl2] (2) (DACH(ImiPr)
2, N,N′-(cyclohexane-1,2-diyl)bis(1,3-diisopropyl-4,5-

dimethylimidazolin-2-imine)) and [Pt(DMEAImiPr)Cl2] (3), are evaluatedhere as potential cytotoxic and antican-
cer agents. An acceptable solution behaviour was found for the three study compounds in terms of solubility and
stability. Notably, the three metal complexes demonstrated moderate to high cytotoxic properties in selected
cancer cell lines (liquid and solid tumor). To gain deeper mechanistic insight, the reactivity of the study com-
plexes with model DNA oligos and protein molecules was investigated through spectrometric and spectroscopic
methods; in both cases adduct formationwas clearly documentedby ESI-MSmeasurements. The binding of these
metal complexes to calf thymus DNA (CT-DNA) was further examined by absorption (UV–Vis) and emission
spectral studies (Ethidium bromide displacement studies, EtBr). Overall, the studied complexes 1–3 exhibited
a remarkable DNA binding ability that might be linked to the observed cytotoxic effects. Interestingly our results
revealed that DNA binding, as well as anticancer activity of 1–3 follows the order 2 N 3 N 1. The implications of
these findings are discussed.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

In the early sixties Rosenberg's discovery of the remarkable antitu-
mor properties of cisplatin cleared theway to a newfield of bioinorganic
research, the use of compounds of non-essential metals inmedicine and
in cancer treatment [1]. Although 40 years have now past from the first
approval of cisplatin as a chemotherapeutic agent, this is still one of the
most used cytostatics worldwide for the treatment of different types of
cancer (ovarian, head, neck, cervical and other cancers) [2–6]. Regard-
less of the great success of cisplatin, the severe side-effects and the fre-
quent resistance are main drawbacks for its clinical use. Thus, the
development of platinum complexes structurally distinct from cisplatin,
that can form different types of DNA-Pt adducts, may lead to the discov-
ery of new compounds showing a different spectrum of biological activ-
ity, complementary to cisplatin, [2–6] hopefully accompanied by amore
favourable toxicological profile.
garcic@kg.ac.rs (Ž.D. Bugarčić).
The strict similarity between the coordination chemistry of Pd(II)
and Pt(II) compounds has triggered a number of studies on Pd(II) com-
plexes as prospective antitumor drugs [7,8]. Coordination compounds
of Pd(II) are suitable models for studying the interaction with different
bio-molecules since they react ca. 104–105 times faster than their Pt(II)
analogues [7], whereas their structural and equilibrium behaviour in so-
lution are very similar to those of Pt(II) complexes. Similarly, the hydro-
lysis of Pd(II) complexes is very rapid e.g. 105 times faster than in the
corresponding Pt(II) analogues. Thus, Pd complexes dissociate readily
in solution leading to formation of very reactive aqua species that are
unable to reach their pharmacological targets [7]. However, in recent
years, research indicated that some Pd(II) complexesmaymanifest a bi-
ological activity in vitro equal to (or even superior than) cisplatin [9–
13]. A substantial progress in the field of anticancer chemistry of palla-
dium-based complexes was achieved through implementation of new
synthetic methodologies leading to insertion of bulky aromatic or ali-
phatic nitrogen ligands, of chiral organicmoieties, of chelates containing
other donor atoms than nitrogen; multinuclear Pd(II) complexes were
also prepared and characterized as well as heterobimetallic complexes
[9–13]. Specifically, in this investigation, we have tested a few recent
Pd(II) and Pt(II) complexes with electron donating and bulky mono-
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Fig. 2. Time-dependent UV–Vis spectra (up to 48 h) of complex 2, 3 × 10−5M dissolved in
10 mM phosphate buffer, pH 7.4.
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Fig. 1. Structures of the investigated Pd(II) and Pt(II) complexes.
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and bis(imidazolin-2-imine) ligands and studied their interactionswith
DNA and proteinmodels. The cytotoxicity of Pd(II) and Pt(II) complexes
toward few representative tumor cell lines was explored as well.

The studied complexes are synoptically represented in Fig. 1. These
compounds always feature a square planar geometry with Pd(II) or
Pt(II) as central metals. These metal complexes were previously pre-
pared and characterized [14]. In all cases the metal is bound to two ni-
trogen donors and two chloride donors. Namely, complex 2 have an
imidazolin-2-imine moiety and an sp3-hybridized tertiary amine (−
NR2) unit, while complex 3 have two imidazolin-2-imine moieties. At
variance, in complex 3 Pd(II) is directly replaced by a platinum(II) cen-
tre. For sake of clarity, we planned to complete the series of Pd(II) and
Pt(II) complexes and evaluate also the [Pt(DACH(ImiPr)2)Cl2]. Unfortu-
nately, after several attempts it was not possible to isolate the corre-
sponding Pt(II) complex with (DACH(ImiPr)2) ligands. Based on that
we are not able to present the comparative results for this Pt(II)
complex.

2. Materials and methods

2.1. General

The complexes [Pd(DMEAImiPr)Cl2] (1), [Pd(DACH(ImiPr)2)Cl2] (2)
and [Pt(DMEAImiPr)Cl2] (3) were synthesized as reported previously.
[14] The purity of the complexes were evaluated by IR, elemental anal-
ysis and NMR spectroscopy. Horse heart cytochrome c (C7752), ribonu-
clease A from bovine pancreas type XII-A (RNase 055 K7695),
oligodeoxynucleotide 4 (ODN4), as well as all the chemicals for the var-
ious buffer solution were purchased from Sigma. All the chemicals, pro-
teins, CT-DNA and oligonucleotide were used as received without
further purification and the solutions were prepared with deionized
water produced by a Millipore system.

2.2. Stability studies in solution

UV − Vis absorption spectra were recorded on a Varian Cary 50
UV − Vis spectrophotometer (Varian, Palo Alto, CA, USA) in the range
of 200–600 nm. Stock solution of 1–3 (10−3 M) was prepared by dis-
solving the complex under investigation in buffer (PB or PBS). For stabil-
ity studies in solution, UV–Vis measurements were performed by
diluting the compound's stock solutions to 3 × 10−5 M in the selected
buffer. Spectra were collected during 48 h at room temperature, operat-
ing in 10 min intervals during the first hour and in 1 h intervals
afterward.

2.3. UV–Vis DNA interactions

A stock solution of CT-DNA was prepared in PBS buffer, which
gave a ratio of UV absorbances at 260 nm and 280 nm (A260/A280)
of ca. 1.8–1.9, indicating that the DNA was sufficiently free of protein
and the concentration was determined by the UV absorbance at
260 nm (ε = 6600 M−1 cm−1) [15].
The UV–Vis spectra were obtained on a Perkin-Elmer Lambda 35 or
25 double beam spectrophotometer, using 1.0 cm path-length quartz
cuvettes (3.0 mL). Fluorescence measurements were run on a RF-1501
PC spectrofluorometer (Shimadzu, Japan). The fluorescence spectra
were recorded in the range 550–750 nm upon excitation at 527 nm in
all cases. The excitation and emission bandwidths were both 10 nm.

2.4. UV–Vis absorption studies

In order to compare quantitatively the binding strength of the com-
plexes, the intrinsic binding constants Kb were determined bymonitor-
ing the changes in absorption at the MLCT band with increasing
concentration of CT-DNA using the following Eq. (1).

DNA½ �= εA−ε fð Þ ¼ DNA½ �= εb−ε fð Þ þ 1= Kb εb−ε fð Þ½ � ð1Þ

Kb is given by the ratio of slope to the y intercept in plots [DNA] /
(εA − εf) versus [DNA] (Figs. 4, S8 and S9), where [DNA] is the concen-
tration of DNA in base pairs, εA Aobsd/[complex], εf is the extinction coef-
ficient for the unbound complex and εb is the extinction coefficient for
the complex in the fully bound form.

2.5. Ethidium bromide (EtBr) displacement studies

The relative binding of complexes to CT-DNAwasdetermined by cal-
culating the quenching constant (Ksv) from the slopes of straight lines
obtained from Stern-Volmer equation (Eq. (2)).

I0=I ¼ 1þ Ksv Q½ � ð2Þ

I0 and I are the emission intensities in the absence and the presence
of the quencher (complexes 1–3), respectively, [Q] is the total concen-
tration of quencher, Ksv is the Stern-Volmer quenching constant which
can be obtained from the slope of the plot of I0/I versus [Q] (Figs. 5,
S10 and S11).



Fig. 3. Time-dependent UV–Vis spectra (up to 24 h) of complex 2 (3 × 10−5 M) dissolved
in 10mM phosphate buffer, pH 7.4 in presence of AgNO3 with 2:1 stoichiometry (AgNO3:
complex).
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2.6. Sample preparation and ESI-MS analysis

Metal complex/protein and metal complex/oligonucleotide adducts
were prepared by adding the selectedmetal complex dissolved in buffer
to the solution of proteins (10−4 M) in 20mMammonium acetate buff-
er, pH 6.8. The final metal complex/protein ratio was 3:1. The solutions
were incubated for 24 h at 37 °C. After a 20-fold dilutionwithwater, ESI-
MS spectra were recorded by direct introduction of the sample at a flow
rate of 5 μL/min in an LTQ Orbitrap high-resolution mass spectrometer
(Thermo, San Jose, CA, USA), equipped with a conventional ESI source.
The working conditions were the following: spray voltage 3.1 kV, capil-
lary voltage 45 V and capillary temperature 220 °C. The sheath and the
auxiliary gaseswere set, respectively, at 17 (arbitrary units) and 1 (arbi-
trary units). Xcalibur 2.0 software (Thermo) was used for acquisition,
and monoisotopic and average deconvoluted masses were obtained by
using the integrated Xtract tool. For spectrumacquisition a nominal res-
olution (at m/z 400) of 100,000 was used.

2.7. Biological studies

2.7.1. Cell cultures
The cell lines were cultured in RPMI 1640 (Euroclone; Milan, Italy)

with 10% Fetal Bovine Serum (FBS) (Euroclone Defined; Euroclone;
Milan, Italy). We cultured the cell lines at 37 °C under a humidified at-
mosphere in 5% CO2 in air.

2.7.2. Pharmacology experiments
Cells were seeded in a 96-well flat-bottomed plate (Corning-Costar,

Corning, NY, USA) at a cell density of 104 cells per well in either RPMI or
DMEM complete medium. The compounds 1–3 were used, after
solubilisation in water with 3% DMSO, in range of metal concentration
between 0 nMand 200nM. After 24 h and 48 h, viable cells (determined
by Trypan blue exclusion) were counted in triplicate using a
haemocytometer. Each experimental point represents the mean of a
single experiment carried out in triplicate.
Table 1
IC50 values (μM) of 1–3 complexes in five representative cancer cell lines in comparison with c

Compound FLG 29.1 K562

IC50 IC50

[Pd(DMEAImiPr)Cl2] (1) 27.5 ± 2.2 72.5 ± 1.1
[Pd(DACH(ImiPr)2)Cl2] (2) 2.3 ± 0.06 20.2 ± 1.8
[Pt(DMEAImiPr)Cl2] (3) 17.3 ± 8.9 33.1 ± 3.4
Cisplatin 24.4 ± 0.8 38.1 ± 0.1

FLG 29.1: human myeloid leukemia; K562: human myeloid leukemia; MDA-MB-231: human
cancer.
2.7.3. Trypan blue assay
Cells viability was assessed by the Trypan blue exclusion assay. In

brief, 10 μL of 0.4% trypan blue solution was added to 10 μL cell suspen-
sions in culture medium. The suspension was gently mixed and trans-
ferred to a haemocytometer. Viable and dead cells were identified and
counted under a light microscope. Blue cells failing to exclude the
dyes were considered nonviable, and transparent cells were considered
viable. The percentage of viable cells was calculated on the basis of the
total number of cells (viable plus nonviable).

The IC50 value (i.e., the dose that caused apoptosis of 50% of cells)
was calculated by fitting the data points (after 24 h and 48 h of incuba-
tion) with a sigmoidal curve using Calcusyn software (Biosoft, Cam-
bridge, UK).

3. Results and discussion

3.1. Solution behaviour

The stability and the behaviour of the three complexes in solution
were then investigated throughUV–Vis spectrophotometric techniques.
The electronic spectra were recorded upon diluting small amounts of
freshly prepared concentrated solutions of the study complexes in the
reference buffer (10mMPB, pH 7.4 or 10mMPBS, pH 7.4). The concen-
tration of each compound in the final sample was 30 μM. The resulting
solutions were monitored by collecting the electronic spectra over
48 h at room temperature, at regular intervals. In Fig. 2 theUV–Vis spec-
tra recorded for a solution of complex 2 in PB are reported. Comparable
behaviours in solution were found also for complex 1 and 3 (see Figs.
S1–S5).

From Fig. 2 it emerges that compound 2manifests someminor time
dependent alterations in the long-wave band in PB. In particular, a slight
increment in absorbance is present in the range 280–310 nm and a blue
shift of the maximum at 320 nm is also evident. These spectral changes
may be ascribed to partial detachment of the weak chlorido ligands
from themetal coordination sphere. Nevertheless, under the given con-
ditions, the hydrolysis process seems to be slow. These results suggest
the release of chloride ligands from the complex in aqueous solution
as a part of their biological mode of action. As confirmation of this hy-
pothesis, UV–Vis spectra of the same Pd(II) complex (2) were recorded
in PB solution containing AgNO3 3 × 10−5 M (Figs. 3; S6 and S7).

From inspection of Fig. 3, it clearly emerges that the loss of chloride
ligands induced by AgNO3 leads to small/moderate spectral changes
very similar to those observed in Fig. 2. This result is in good agreement
with the hypothesis of partial loss of chloride ligands and can partially
explain the relative instability of 2 in solution over several hours in
terms of progressive chloride release. On the contrary, solutions of com-
plexes 1–3 in PBS appeared to be more stable, probably because of the
presence of a higher chloride concentration in solution that inhibited
the release of chloride from the complexes (Figs. S2, S3 and S5).

3.2. Antiproliferative properties

The cytotoxic effects of complexes 1–3 were then assayed by moni-
toring their ability to inhibit cell growth using the trypan blue assay (see
isplatin.

MDA-MB-231 HCT-116 LS174T

IC50 IC50 IC50

76.4 ± 2.6 71.9 ± 3.1 84.1 ± 4.2
32.5 ± 2.6 42.7 ± 2.5 49.8 ± 0.8
53.2 ± 5.7 72.7 ± 2.9 57.9 ± 6.3
82.5 + 3.2 25.5 ± 2.1 24.2 ± 1.1

breast adenocarcinoma; HCT-116: human colorectal cancer; LS174T: human colorectal



Fig. 4.UV–Vis titration spectra of complex 2 (66.7 μM) in PBS buffer with increasing concentration of CT-DNA (0–106 μM). Arrow shows hyperchromism in the spectral band. Left graph:
plots of [DNA] / (εA − εf) vs. [DNA] for the complexes 2.
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the Experimental section). The antiproliferative activity of the various
compounds was first determined in human cancer cells FLG 29.1 and
K562 (human myeloid leukemia) taken as model of a liquid tumor
and in a series of tumor, HCT-116 (human colorectal cancer), LS-174T
(human colorectal cancer) and MDA-MB-231 (human breast cancer)
representative for a classical solid tumor. Only complex 2 showed a no-
table cytotoxic behaviour against the FLG 29.1 cell line with a truly low
IC50 value. In the other cases only moderate cytotoxic effects were de-
tected with IC50 values ranging from 17 to 84 μM, in particular
[Pd(DACH(ImiPr)2)Cl2] shows higher cytotoxicity against liquid tumor
also in comparison with cisplatin. Results are summarized in Table 1.

3.3. DNA interactions

3.3.1. UV–Vis absorption studies
The interactions of the three complexes i.e. [Pd(DMEAImiPr)Cl2] (1),

[Pd(DACH(ImiPr)2)Cl2] (2) and [Pt(DMEAImiPr)Cl2] (3) with CT-DNA
were then studied a by UV–Vis spectrophotometry to determine intrin-
sic equilibrium binding constants (Kb). Therefore, the metal complex
absorption titration studies were carried out at room temperature
using fixed concentration of complexes 1–3 (66.7 μM) in PBS buffer,
and varying the amount of DNA (0–106 μM) [16]. In all three studied
systems addition of CT-DNA to a solution of 1–3 resulted in a significant
hyperchromic effect and red shift for bands between at 200–240 nm
with the appearance of a new band at 258 or 257 nm (Figs. 4, S8 and
S9). Significant hyperchromic shift with the appearance of a new signal
Fig. 5. Fluorescence titration spectra of EtBr-DNA and of EtBr (15 μM) bound to DNA (15 μM)
intensity upon increasing concentration of 2 (0–25 μM)]. Left graph: Stern-Volmer plots for Et
in UV–Vis spectra clearly suggested a strong interaction between the
complexes and CT-DNA through external contacts, presumably hydro-
gen bonding and electrostatic interactions [17]. Also, the significant
red shift may be associated with the involvement of aromatic chromo-
phores of DNA, suggesting the presence of combined covalent (N7 coor-
dination) and non-covalent intercalative binding of the complex to
DNA.
3.3.2. Ethidium bromide (EtBr) displacement studies
Interaction of complexes 1–3with CT-DNA was also investigated by

EtBr displacement studies, which provide strong evidence for competi-
tive binding of drugs with CT-DNA. EtBr is non-fluorescent in nature,
while its complex with CT-DNA shows strong emission due to its good
intercalation ability in DNA double helix. Interaction of complexes 1–3
with CT-DNA led to significant quenching in fluorescence intensity
due to the displacement of EtBr fromEtBr-DNA complex. The quenching
parameters for 1–3 have been calculated using Stern-Volmer equation
[18]. Therefore, EtBr displacement studies were performed by changing
the concentration of metal complexes and monitoring the emission in-
tensity of EtBr-DNA complex [15]. An increase in the concentration of 1–
3 (0–25 μM) caused a significant decrease in fluorescence intensitywith
a noticeable red shift (Figs. 5, S10 and S11). This suggests that EtBr is re-
leased from EtBr-DNA complex due to its exchange with studied com-
plexes. KEtBr is binding constant of EtBr with DNA and reported as
1.0 × 107 M−1. Thus, complexes 1–3 are capable of displacing EtBr
in the presence of varying amounts of complex 2. [Arrow shows changes in fluorescence
Br-DNA fluorescence titration with 2.



Fig. 6. ESI-MS spectrum of ODN4 inMilliQwater, in presence of 2, after 24 h incubation at
37 °C. The oligonucleotide concentration was 10−4 M (with 3:1 complex to protein molar
ratio).
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from EtBr-DNA complex and of interacting strongly with DNA binding
sites [19].

The results presented in Table 2 support a tight interaction of the
study complexeswith CT-DNA. The binding affinity of the complexes to-
ward CT-DNA follows the order 2 N 3 N 1, as highlighted in Table 2.
Moreover, these results imply that EtBr displacement efficiency of 2 is
greater than other complexes and follows the order 2 N 3 N 1. The results
are in excellent agreement with the UV–Vis spectral data, demonstrat-
ing that all thesemetal complexes interact with CT-DNA. It is interesting
to notice that one of the Pd(II) complexes, [Pd(DACH(ImiPr)2)Cl2] (2),
shows better interaction with CT-DNA than its Pt(II) counterpart,
[Pt(DMEAImiPr)Cl2] (3). This is in agreement with results from cytotox-
icity studies, showing that only complex 2manifest strong cytotoxic ac-
tivity against FLG 29.1 cell line.

3.3.3. ESI-MS experiments
As completion of the studies related to the understanding of the be-

haviour of these complexes toward DNA, the interaction of 2 with the
oligodeoxynucleotide ODN4 (5′CGCGCG3′) was also tested, and the
ESI-MS spectrum recorded in the negative mode (Fig. 6).

For sake of clarity, in all the ESI-MS spectra complex 2 is indicated
but, for the mass calculation, we referred to the complex 2 deprived of
the two chloride residues.

Although the most intense peak corresponds to the triple-charged
unreacted ODN4 (m/z 596.43), the other peaks point out clearly to a cer-
tain reactivity of 2 toward this oligonucleotide. In fact, the peaks atm/z
1182.31 and m/z 787.87 both correspond to the mono-adduct ODN4-
(2), and at m/z 823.50 the same adduct is present plus a Pd(II) atom
disrobed of its ligands. The signal corresponding to the triple-charged
ODN4 bearing a Pd(II) atom, deprived of its ligands, is also well evi-
denced atm/z 631.73.

3.4. Protein interactions

3.4.1. ESI-MS experiments
In order to prove the effective ability of these Pd(II) and Pt(II) com-

plexes to interact not only with DNA but also with other biomolecular
target, a series of ESI-MS measurements were performed on Pd drug–
protein and Pt drug–protein samples. ESI-MS spectra were recorded
for complexes 1–3 (Figs. S14–S17), but only the results obtained with
themost promising one (2) are reported here and commented. Two dif-
ferent model proteins have been incubated with 2 for 24 h, cytochrome
c (Fig. 7) and ribonuclease A (Fig. 8). Inspection of mass spectrometry
results provides evidence for the formation of a variety of Pd(II) adducts
of different nature and in considerable amounts.

In the case of cyt-c (Fig. 7), a large percentage of the protein is ob-
served in its unreacted form. Anyway, some reactivity is witnessed by
the presence of a monometalated derivative at m/z 12,436.19, and by
the adducts of the protein with one or two molecules of 2 (m/z
12,932.60 and 13,507.89) also accompanied by the presence, respec-
tively, of one and two Pd(II) atoms (m/z 13,037.49 and 13,612.78).

On the contrary, in the case of ribonuclease A (Fig. 8), the reactivity
of 2 becomes more evident as documented by a cluster of very intense
peaks. The higher one, at m/z 14,832.84, can be assigned to the bis-ad-
duct of 2with RNase A. The other two peaks are related with the previ-
ous one, bearing one and two Pd(II) atoms respectively (m/z 14,935.72
and 15,041.62). The peak corresponding to the mono-adduct of 2 and
Pd(II) with RNase A (m/z 14,257.54) is present and, even if with lower
Table 2
The DNA-binding constants (Kb) and Stern–Volmer constants (Ksv) for complexes 1–3.

Kb [M−1] Ksv [M−1]

[Pd(DMEAImiPr)Cl2] (1) (1.0 ± 0.1) × 104 (1.6 ± 0.1) × 104

[Pd(DACH(ImiPr)2)Cl2] (2) (2.0 ± 0.2) × 104 (2.3 ± 0.1) × 104

[Pt(DMEAImiPr)Cl2] (3) (1.2 ± 0.1) × 104 (1.7 ± 0.1) × 104
intensity, the signals at m/z 14,257.54 and m/z 14,466.32 derived from
RNase-(2) and RNase-(2)-Pd(II), respectively. Moreover, though of
low intensity, a peak falling atm/z15,405.13 is representative for forma-
tion of a tris-adduct, testifying the high level of interaction of complex 2
with the studied protein.

4. Conclusions

In conclusion,we have described and characterized here some of the
main chemical, biological and pharmacological properties of the three
Pd(II) and Pt(II) complexes. Aswe expected, these compoundsmanifest
an appreciable solubility and stability in physiological buffers and are
Fig. 7. Deconvoluted ESI-MS spectrum of cytochrome c in 20 mM ammonium acetate
buffer, pH 6.8 in the presence of 2, after 24 h incubation at 37 °C. The protein
concentration was 10−4 M (with 3:1 complex to protein molar ratio).



Fig. 8. Deconvoluted ESI-MS spectrum of RNase A in 20 mM ammonium acetate buffer,
pH 6.8 in the presence of 2, after 24 h incubation at 37 °C. The protein concentration
was 10−4 M (with 3:1 complex to protein molar ratio).
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thus suitable for biological and pharmacological testing. Moderate to
high cytotoxic properties emerged for all of them toward a series of rep-
resentative cancer cell lines. Interactions with DNA and protein models
were explored showing that these compounds are able to interact ex-
tensively and form stable adducts with both kinds of biomolecules.
ESI-MS analysis well detects a number of metallic fragments tightly as-
sociated to both nucleic acids and proteins through the probable forma-
tion of strong coordinative bonds, most likely, there is not only one
target but the cytotoxicity of these compounds is due to an alteration
of different biochemical pathways. This type of biomolecular interaction
and damage is likely responsible for the conspicuous cytotoxic proper-
ties of the study compounds. Some preliminary correlation was
highlighted between the affinity of the study complexes for calf thymus
DNA and their respective cytotoxicities.

Abbreviations

CT-DNA calf thymus DNA
DACH(ImiPr)2 N,N′-(cyclohexane-1,2-diyl)bis(1,3-diisopropyl-4,5-

dimethylimidazolin-2-imine)
DMEAImiPr 2-(1,3-diisopropyl-4,5-dimethylimidazolin-2-

imine)ethan-1-dimethylamine
DMEM Dulbecco's Modified Eagle Medium
DMSO dimethyl sulfoxide
EtBr ethidium bromide
MLCT metal to ligand charge transfer
ODN oligodeoxynucleotide
PB phosphate buffer (PB) pH 7.4, 50 mM NaH2PO4

PBS phosphate buffered saline pH 7.4, 10 mM NaH2PO4

RPMI Roswell Park Memorial Institute medium
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