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Cis-diamminedichloroplatinum(II) (cisplatin,
cis-DDP) is one of the most successful compounds
in the fight against cancer (3). Although cisplatin is
a valuable antitumor drug, it has several disadvan-
tages including side effects such as nephrotoxicity,
ototoxicity, neurotoxicity, myelotoxicity, peripheral
neuropathy and hematological toxicity (4, 5). The
adverse effects observed in patients receiving cis-
platin chemotherapy have generated new areas of
research mainly focused on the search for new non-
platinum metal-based complexes displaying low
toxicity and improved therapeutic properties (6).
Further studies revealed numerous biologically
active platinum(II) or palladium(II) complexes with
trans geometry and different substitutes instead of
ammine groups e.g., pyridine or iminoether (7ñ10).
In order to obtain compounds with superior
chemotherapeutic index in terms of increased
bioavailability, higher cytotoxicity, and lower side
effects than cisplatin, a new class of platinum(II)
(11ñ15) and palladium(II) complexes (16) was syn-

thesized. Although palladium(II) complexes are
much more labile than corresponding platinum(II)
complexes, the lability of central palladium(II) may
be much lower because of the shielding effect (17).
The Pd(II) ions are capable of interacting with DNA
thus enabling cross bindings and inhibiting its syn-
thesis as well as inducing apoptosis (18ñ20).
Recently, trans-palladium(II) complexes with ligand
containing pyridine or phosphoric residue have been
described and shown to be cytotoxically active (21).
It is possibile to overcome the high labile-ligand
exchange at Pd-center by designing highly thermo-
dynamically stabile and kinetically inert complexes.
The promising results have been obtained with
trans-palladium(II) quinolylmethylphosphonate
complexes, which are able to inhibit the growth of
tumor cells in vitro, i.e., KB cell lines of epidermoid
carcinoma and murine leukemia L1210 cell lines
(1). For Pt(II) complexes with phosphonate deriva-
tives of pyridine ligands, a number of biological
effects has been reported (22, 23), as well as differ-
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ent coordination behavior towards platinum(II) and
palladium(II) have been examined (24).
Palladium(II) compounds might materialize the con-
cept of tumor targeting, which would result in drugs
with other spectrum of activity and a lack of cross-
resistance as compared with platinum drugs (10). 

Studies of cytotoxicity allow to elucidate the
mechanisms by which chemical compounds influ-
ence cells and tissues. They give knowledge about
biological properties of a given substance. The best
results are obtained from tests on tumor cell lines
which are easily standardized and give highly repet-
itive results (25). 

In humans, apoptosis is required for proper
development, tissue homeostasis, and for eliminat-
ing extraneous or damaged cells. The necrosis is a
passive degeneration process which is characterized
by disturbances of transporter functions and ion
channels as well as by DNA cleavage at random
sites, karyolysis (26ñ28). Compounds that block or
suppress the proliferation of tumor cells by inducing
apoptosis are considered to have potential as antitu-
mor agents (29). 

The aim of this research was to compare cyto-
toxicity and ability to induce apoptosis and necrosis
of the new trans-palladium(II) complex in normal
human lymphocytes, A549 cells and HT29 cell
lines. Synthesis, spectroscopy and X-ray crystal
structure of trans-palladium(II) complex was
described previously (1). 

EXPERIMENTAL

Reagents and compounds 

The new trans-palladium(II) complex con-
taining diethyl (pyridin-2-ylmethyl)phosphates as
non-leaving ligands (general formula: trans-
[PdCl2(2-pmOpe2)]) was synthesized in the
Department of Bioinorganic Chemistry of Medical
University of £Ûdü (Fig. 1) (1). Before the experi-
ments, the compound was dissolved in DMSO
(dimethylsulfoxide, final concentration was 
< 0.1%, v/v). Stock solutions of the compound
were freshly prepared before use. Diepoxybutane
(DEB, 15 µM) was used as a positive control.
Culture flasks and 96-microwell plates were
obtained from Nunc Brandt Products. MTT ñ
3(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazoli-
um bromide, lauryl sulfate (SDS), N,N-dimethyl-
formamide (DMF), DMSO, penicillin-strepto-
mycin solution stabilized, MEM non-essential
amino acids solution, Histopaque 1077 and
buffered saline (PBS) were purchased from Sigma
Chemical Co. Fetal bovine serum (FBS), phyto-

hemagglutinin (PHA), RPMI 1640 with Glutamax,
Dulbeccoís modified Eagleís medium (DMEM),
trypsin-EDTA were supplied by GIBCO BRL
(Gaithersberg, Md.). All other chemicals were of
the highest commercial grade available.

Culture of cells 

Lymphocytes were isolated from peripheral
blood of healthy, non-smoking donors of both sexes
by centrifugation in a density gradient of Histopaque
1077 (15 min., 300 ◊ g) (blood was obtained from
Blood Bank in £Ûdü). The cells were suspended in
the culture medium containing RPMI 1640 with
Glutamax, 15% inactivated FBS, 1% penicillin and
streptomycin and 1% mitogen PHA (added 24 h
before application of the tested compound). The
human non-small cell lung cancer A549 cell line
was purchased from the Institute of Immunology
and Experimental Therapy of the Polish Academy of
Sciences in Wroc≥aw, Poland. The A549 cells were
grown in DMEM supplemented with 10% inactivat-
ed FBS, 1% penicillin and streptomycin. The human
colorectal adenocarcinoma HT29 cell lines obtained
from the Center of Oncology in Gliwice were cul-
tured in RPMI 1640 medium with Glutamax supple-
mented with 10% inactivated FBS, 1% penicillin
and streptomycin and 1% MEM non-essential amino
acids solution. The lymphocytes, A549 and HT29
cells were incubated at 37OC in a humidified atmos-
phere of 95% air and 5% CO2. 

MTT cytotoxicity assay 

Antiproliferative effects of the palladium com-
pound was evaluated using a system based on the
tetrazolium yellow dye MTT, which is reduced by
living cells to yield a soluble purple formazan crys-
tals that can be detected colorimetrically (30). The
MTT is widely employed in various studies, for
example, to test drugs or different substances (31,
32). The lymphocyte culture was prepared in 96-
well microtitre plates at density 105 cells/ well (50
µL). After trypsinization, A549 and HT29 tumor
cells were placed also in 96-well plates, at density 6
◊ 103 cells/well in a volume of 100 µL. After 24 h
incubation, all cells were treated with the tested
compounds in a volume of 50 µL per well for lym-
phocytes and 100 µL per well for A549, HT29 cells
at final concentrations of 0ñ600 µL. The solvent
control was also used 72 h later, 20 µL of fresh MTT
solution (5 mg/mL in sterile PBS) were added to
each well and the plates were incubated for next 4 h.
Then, the medium from the plates with A549 and
HT29 cells was removed and 100 µL of DMSO was
pipetted into each well to dissolve formazan crys-
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tals. In case of lymphocytes, 120 µL of the mixture
20%SDS/50%DMF was added to each well during
the next 24 h. Absorbance at 580 nm was measured
with a plate reader BioRad Model 550 Microplate
Reader. The antiproliferative effect was expressed
as the IC50 value, which is the concentration of the
drug required to reduce cell growth by 50% as com-
pared to negative control (the solvent control did not
have any effect on cell growth). Those parameters
were estimated on the basis of plotting of cell sur-
vival (%) curves using GraphPad Prism 4 computer
program. All results were presented as the means ±
SD (standard deviation) of the replicates from six
independent experiments. 

Acridine orange/ ethidium bromide double stain-

ing 

The tested cells were incubated with trans-
[PdCl2(2-pmOpe2)] at concentrations: 7, 15, 25, 50
and 100 µM for 24, 48 and 72 h. To determine
whether the cytotoxic effect of trans-Pd(II) complex
was related to the induction of apoptosis, morpho-
logical assay of cell death was investigated by using
acridine orange (AO)/ethidium bromide (EB) dou-
ble staining. This method combines the differential
uptake of fluorescent DNA binding dyes AO and EB
and morphologic aspect of chromatin condensation
in the stained nucleus, allowing one to distinguish
viable, apoptotic, and necrotic cells. Cells were
incubated with fluorochromes (concentrations of
AO and EB were 100 µM; 1:1, v/v) for 5 min at
37OC in the dark. In three independent experiments,
300 cells were analyzed in a fluorescence micro-
scope (Olympus BX60 F5 Olympus Optical Co.
Ltd.) at 360 nm (33, 34). The data in this study were
expressed as the mean ± SD The differences
between the experimental samples and negative con-
trol were evaluated by the Studentís t-test (p < 0.05). 

RESULTS

MTT assay 

The new trans-palladium(II) complex has been
tested against A549, HT29 tumor cells and normal
human lymphocytes. After incubation of lympho-
cytes with trans-Pd(II), antiproliferative effect was
observed and it was noticed that the new complex
was less cytotoxic in comparison to its influence on
tumor cells. The concentration causing 50% inhibi-
tion of the lymphocytes growth (Figure 2A) was
242.5 ± 3.41 µM. After treatment of A549 tumor
cells with trans-palladium(II) complex, an increase
in cytotoxic activity was observed. IC50 values for
A549 cells (Fig. 2B) amounted to 103.8 ± 3.34 µM
and 150 ± 4.81 µM for HT29 cells (Fig. 2C). The
trans-[PdCl2(-2-pmOpe)2] was more cytotoxic in
A549 tumor cells than in HT29 cells. We would like
to point out that new trans-palladium(II) complex
exerted stronger cytotoxic influence on A549 and
HT29 tumor cells than on the normal lymphocytes.
The results demonstrate that the trans-Pd(II) com-
plex showed substantial cytotoxic activity against
A549 and HT29 tumor cells. 

Analysis of apoptosis and necrosis in lymphocytes

and tumor cells 

After the incubation of A549 and HT29 cells
and of normal lymphocytes with tested compound,
the decrease of cell viability in all experimental

Figure 1. Chemical structure of trans-palladium(II) complex
(trans-[PdCl2(2-pmOpe)2]) 

Figure 2. The effect of trans-[PdCl2(-2-pmOpe)2] on normal lym-
phocytes (A), A549 cells (B), HT29 cells (C) growth after 72 h
incubation evaluated by MTT assay (the mean ± SD)



130 RENATA KONTEK et al.

series was observed. It was correlated with the
increase of concentration of trans-[PdCl2(-2-
pmOpe)2] and with elongation of incubation time.
The less toxic effect of trans-Pd(II) was seen in nor-
mal lymphocytes (Fig. 3), where the highest number
of living cells was noted (47.5%, 100 µM, 72 h of
incubation). In comparison, the percentage of A549
living cells induced by the same concentration of

trans-Pd(II) (100 mM) after the same incubation
time (72 h) was 27.5%, and this compound proved
to be definitely more toxic for those cells (Fig. 4).
The inhibition of cell viability induced by this com-
pound was a little bit weaker in HT29 cells, in which
the lowest value of 33.6% (100 mM, 72 h incuba-
tion) was noted (Fig. 5). In all cell types, trans-
Pd(II) had the ability to induce of two types of cell

Figure 3. Percentage of normal lymphocytes cells evaluated by acridine orange/ethidium bromide double staining following trans-[PdCl2(2-
pmOpe)2] treatment after 24-, 48- and 72-h incubation (the mean ± SD; Studentís test * p < 0.05)
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death: apoptosis and necrosis. Apoptotic cell frac-
tions increased together with the increase of the
concentration of tested compound. However, in all
analyzed cells the level of necrotic cells was much
higher than that of apoptotic cells. The highest per-
centage of apoptotic cells was noted after 72 h of
exposition of HT29 cells for trans-[PdCl2(-2-
pmOpe)2]. These values increased gradually,

achieving from 13.4% (7 µM) to 22.9% (100 µM).
Similar values were observed after 48 h of exposi-
tion of the above mentioned cells for the compound
tested; these ranged from 15.5% (7 µM) to 22.3%
(100 µM). In turn, 24 h of incubation of cells with
trans-Pd(II) resulted in a decrease of the number of
apoptotic cells, which was accompanied by an
increase of the concentration of tested compound in

Figure 4. Percentage of A549 cells evaluated by acridine orange/ethidinum bromide double staining following trans-[PdCl2(2-pmOpe)2]
treatment after 24-, 48- and 72-h incubation (the mean ± SD; Studentís test * p < 0.05) 
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the range of 17.5ñ10.4% (25ñ100 mM), with simul-
taneous sharp increase of necrosis in HT29 cells. 

In A549 cells trans-Pd(II) was a stronger
inducer of apoptosis, even after 24 h of incubation
(20.3%, 100 µM), as the incubation time was pro-
longed. That was followed by a decrease in number
of apoptotic cells to 12.8% (48 h, 100 µM) and

14.4% (72 h, 100 µM). Unfortunately, similarly as
with HT29 cells, the incubation of A549 cells with
trans-Pd(II) induced a very strong increase of the
proportion of necrosis, particularly after the elonga-
tion of incubation time.

In normal lymphocytes, trans-Pd(II) induced
apoptosis effectively, but only after the highest two

Figure 5. Percentage of HT29 cells evaluated by acridine orange/ethidinum bromide double staining following trans-[PdCl2(2-pmOpe)2]
treatment after 24-, 48- and 72-h incubation (the mean ± SD; Studentís test * p < 0.05) 



Evaluation of cytotoxicity of new trans-palladium(II) complex in human cells in vitro 133

concentrations (50 and 100 µM) have been used.
The percentage values of apoptotic cells were 13.1%
(50 µM) and 17.5% (100 µM) after 24 h of incuba-
tion, 11.3% and 16.6% after 48 h, and 14.8% and
22.5% after 72 h, respectively. Unfortunately, also
in this case, the number of necrotic cells prevailed
those of apoptotic cells in all experimental series
(Figs. 3ñ5). This observation does not speak in favor
of the complex studied, because one key assumption
in the obtaining strategy of new chemotherapeutics
is to gain the low spectrum of side effects, induced
in normal cells as a result of administration of the
drug given (35). 

DISCUSSION 

The aim of many studies is to search for new
cisplatin analogs which might serve as less toxic and
more selective anticancer therapeutics. We have
investigated the cytotoxic activity of the new trans-
palladium(II) complex with diethyl (pyridin-
ylmethyl)phosphate as non-leaving ligand. We
observed that the new complex exerted stronger
cytotoxic influence on the tumor cells, A549 and
HT29, than on the normal human peripheral blood
lymphocytes. On the basis of the MTT assay it was
shown that trans-palladium(II) complex was more
cytotoxic for A549 cancer cells. Itís necessary to
emphasize that sensitivity of HT29 and A549 tumor
cells and normal human lymphocytes on tested com-
pound was different; it hints that potential applica-
tions of this complex will be dependent on type of
cancer cells. However, the trans-Pd(II) complex was
less active than cisplatin alone against A549 (IC50 =
4.25 µM) and HT29 (IC50 = 8.47 µM) tumor cells
(36). Taking this into account, we can conclude that
cytotoxic activity of novel palladium(II) complex
may also be related to its geometric structure. It can
be presumed that the replacement of ammonium
groups in trans-DDP molecule by spatially complex
substituents, which are the pyridine-containing
phosphoric acid triesters, may influence effective
toxicity of trans-Pd(II) against the cells tested.
Cytotoxicity studies of palladium(II) complex with
general [Pd(ethylenediamine)Cl(L)NO3] formula, in
which L denoted pyridine, 4-methylpyridine, 4-
hydroxypyridine or 4-aminepyridine, demonstrated
that antiproliferative properties of those compounds
are strictly dependent on the nature of pyridine sub-
stituent. Only in case of treatment of HL-60 human
leukemia cells with compound of [Pd(NH3)2Cl(pyri-
dine)] formula, the observed IC50 value was compa-
rable with that for cis-DDP. The remaining analogs
showed much lower cytotoxicity related to cis-DDP.

However, it should be kept in mind that in this case
Cl atom, and not NH3 group, was replaced by pyri-
dine substituent (37). We should not forget that
manipulation with cis-DDP or trans-DDP molecule
through the introduction of various ligands instead
of ammonium groups can induce changes in antipro-
liferative properties of new compounds, but it is not
determining factor of the increase of new com-
poundsí activity. Much of this is also dependent on
the character of ligand itself and on its spatial orien-
tation. Kasparkova et al. (38) showed that substitu-
tion of ammonium group in cis-DDP molecule with
picoline, piperidine or piperazine generated substan-
tial increase of the antiproliferative activty of new
compounds. The IC50 values, obtained for ovarian
carcinoma cell lines, resistant to or sensitive to cis-
DDP, were much lower in comparison to correspon-
ding isomers with cis spatial structure. Similar
results were reported by Khazanov et al. (39), who
demonstrated that the replacement of NH3 groups in
trans-DDP by picoline, piperidine or piperazine sub-
stituents radically affected the enhancement of cyto-
toxic activity of those analogs against colorectal car-
cinoma C-26 cells and ovarian carcinoma OV-1063
cells. However, the IC50 values were still higher
compared with those obtained for cis-DDP.
Surprisingly, Ramos-Lima et al. (40) revealed that
the replacement of ammonium groups with sub-
stituents of a 3-(hydroxymethyl)-pyridine or 4-
(hydroxymethyl)-pyridine type in biologically inac-
tive trans-DDP did not affected the enhancement of
antiproliferative properties of those compounds. The
obtained complexes were many times less cytotoxic
against ovarian carcinoma A2780, CH1, or
A2780cisR cells, in comparison with cis-DDP. It
was shown, however, that the substitution of
ammonium groups in trans-DDP molecule with het-
erocyclic planar ligand, which was an aliphatic
amine, allowed to obtain the compound with high
toxicity. Ramos-Lima et al. (7) have characterized
two new trans-DDP complexes, namely trans-
[PtCl2(isopropylamine)(3-hydroxymethylpyridine)]
and trans-[PtCl2(isopropylamine)(4-hydroxymethyl-
pyridine)]. They demonstrated that these com-
pounds induced stronger cytotoxic effect against
ovarian carcinoma A2780, CH1, A2780cisR, and
CH1cisR cells compared to that of cis-DDP and
trans-DDP. Also, Budzisz et al. (41) have observed
that the trans-Pd(II) complexes containing two
pyrazolium ligands had stronger cytotoxic action on
Hl-60 and NALM-6 leukemia cells than the corre-
sponding cis-Pd(II) complexes, but the obtained
IC50 values were many times higher than those for
cis-DDP.
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The trans-Pd(II) complex studied in the present
work was definitely less cytotoxic in comparison
with novel platinum(II) complexes examined by
MatlawskañWasowska in A549 cells (IC50 values
for trans-[PtCl2(-4-pmOpe)2] = 4.53 µM; IC50 values
for cis-[PtCl2(4-pmOpe)2] = 9.77 µM) and HT29
cancer cells (IC50 values for trans-[PtCl2(4-
pmOpe)2] = 4.61 µM; IC50 values for cis-[PtCl2(-4-
pmOpe)2] = 10.11µM) (36). Quiroga et al. (42)
revealed that the novel tetranuclear orthometalated
complexes of Pd(II) had anticancer properties and
the analysis of the interaction of these novel
tetrameric cyclometalated compounds with DNA
suggests that they form DNA interhelical cross-
links. Mock et al. (43) prepared novel Pt(II) anti-
cancer and their Pd(II) analogues using chelating
ligands. These authors showed their antitumor activ-
ities in one fibroblast and eight brain tumor cell
lines. Iakovidou et al. observed that the activity of
Pt(II) and Pd(II) complexes with 2-acetylpyridine
thiosemicarbazone was different from the activity of
free ligand and might represent independent cyto-
toxic entities. All the complexes were less cytotoxic
and almost all were found more effective in antitu-
mor activity than the corresponding parent ligands,
acting synergistically (44). However, BrudziÒska et
al. noticed that all of Pd(II) compounds containing a
sugar unit were nontoxic for P338 cells, with the
exception of maltose unit which showed anticancer
activity (45). The research of Faraglia et al. demon-
strated that palladium(II) complexes ñ
Pd[(EtO2CCH2(CH3)NCS2)Cl], showed noticeable
cytotoxicity against leukemic HL-60 cells (46).
Kalinowska et al. showed that new trans-
platinum(II) complex with diethyl(pyridine-4-
ylmethyl)phosphate inhibited A549 cells growth
(24). The mechanism of action of trans-[PdCl2(2-
pmOpe)2] has not been revealed yet but we suppose
that it is different from that of cis-DDP. The pres-
ence of pyridine groups in trans-[PdCl2(2-pmOpe)2]
can improve transmembrane transportation of the
compound into the cell and reduce interaction with
glutathione and metallothioneins, hence it can
increase the toxic effect. Akdi et al. (6) reported that
a new dipalladium compound with ligand Hmtpo
(Pd2-Hmtpo, Hmtpo = 5,7-dihydro-7-oxo-5-
methyl[1,2,4]triazolopyrimidine) showed cytotoxic
and antiproliferative effects against two different
human cancer cell lines (BT-20- breast carcinoma
and ovarian TG tumor cells) being more effective
against the latter one. Pd2-Hmtpo was more active
than cisplatin and carboplatin against ovarian TG
tumor and showed notable activity against breast
carcinoma BT-20. 

The performed studies showed that the incuba-
tion of A549 and HT29 cells and of normal lympho-
cytes was followed by the decrease of cell viability.
This phenomenon was intensified not only with the
elongation of exposition time, but also with the
increase of the compound tested. It is noteworthy
that this dose-dependent effect correlated with an
increase of the level of necrotic cells. Given the
inflammatory states generated by necrotic cells (8)
(47), this fact presents the potential use of this com-
pound in chemotherapy in unfavorable light,
although it should be emphasized that its influence
on normal lymphocytes is weaker in comparison
with that on tumor cells. Nevertheless, in case of
lymphocytes high level of necrotic cells after the use
of trans-[PdCl2(2-pmOpe)2] complex was also
observed. Beside the considerable number of necrot-
ic cells, trans-Pd(II) effectively induced apoptotic
death of A549 and HT29 cells. The number of those
cells increased along with an increase of the con-
centration and of exposition time for the compound.
High percentage of necrotic cells could be associat-
ed with the occurrence of so-called Ñsecondary
necrosisî phenomenon, since in some conditions
depletion of cellular membrane integrity can corre-
late with the late stages of apoptosis. Such a state is
apparent under in vitro conditions, in which the
phagocytosis process does not occur. In in vivo envi-
ronment, phagocytes absorbed apoptotic cells and
bodies before they undergo degradation, and their
content disperse in the tissue (26, 48, 49). It is note-
worthy that trans-Pd(II) induced apoptosis in HT29
cells, despite the tumor cells of the large intensine
provide some protection from apoptosis through the
secretion of specific factors inhibiting this process
(50, 51). 

It seems that the compound tested had the abil-
ity to induce of the two parallel ways, leading to
apoptotic or necrotic cell death, respectively. There
is a continuous increase of the number of studies
describing the apoptosis-inducing ability of trans-
Pt(II) complexes with ligands containing pyridine.
In human leukemia HL-60 cells, exposed to trans-
[PtCl2NH3(4-hydroxymethylpyridine)] for 24 h, the
increase of apoptotic cells for about 37% was
observed (52). The presence of apoptotic cells was
also observed after the treatment of the MCF-7
breast cells with trans-[PtCl2(pyridine)2] (53).

Summing up, the trans-configuration of two
leaving groups at square Pd center should not
exclude their antiproliferative (or anticancer) activi-
ty because recently some very promising antitumor
agents have been found among the trans-Pt(II) com-
plexes. Moreover, some palladium(II) compounds,
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contrary to their platinum(II) counterparts, showed
to be non-mutagenic, in the Ames test, and because
of that it seems possible to lower potential health
risks by applying the palladium-based drugs (10). 
The obtained results of the present work indicate
that the new trans-palladium(II) complex effective-
ly inhibited cancer cells growth. The results of the
above studies provide another proof breaking the
paradigm that the complexes with trans conforma-
tion do not show any biological activity. However,
the use of the studied Pd(II) complex in anticancer
chemotherapy is questionable at many points, main-
ly because of its ability to induce necrosis and acting
at too low concentrations. In the light of results of
the present work and those obtained from other
experimental studies, it can be assumed that the
obtaining strategy of novel platinum(II) or palladi-
um(II) complexes, based on the manipulation of
cis/trans molecule through the introduction of
ammonium groups, especially heterocyclic and
aliphatic, is by all means justified. These results may
provide guidelines for the synthesis process of fur-
ther complexes.
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