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A B S T R A C T 

Previous studies showed that palladacycle complexes with three phenyl 
phosphine ligands and piperidine or biphosphinic based palladacycle 
complexes were cytotoxic on K562, HT29, and Hela cell lines. In the present 
study, in order to evaluate the efficacy of the compound on cisplatin resistant 
cells, first we made HT-29 cells resistant to cisplatin, and then evaluated the 
potential cytotoxicity of the mentioned plladacylce complex on them. In 
addition, it was evaluated whether cytotoxic effect of the compound is 
mediated via apoptosis or necrosis death mechanisms. In this regard, Annexin 
V/PI by staining followed by flow cytometric analysis was performed. Results 
showed that palladacycle complexes were 45 times more cytotoxic than 

cisplatin (P<0.05) on the resistant HT-29 cells. Flow cytometry results also 
revealed that apoptosis induction was the major cell death mechanism 
of these compounds. Therefore, it could be concluded that these 
compounds might be effectively cytotoxic for cisplatin resistant cells. 
However, further in vitro and in vivo preclinical studies on evaluation of 
specific and non-specific cytotoxic characteristics of these complexes 
are necessary. 
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Introduction 

Cancer is an uncontrolled growth of 
undifferentiated cells, which is almost always 
invasive and can spread into all parts of body with 
severe major health consequences such as 
nephrotoxicity, neurotoxicity and ototoxicity [1]. 
Actually, cancer is thought to be the major public 
health problem in many parts of the world and is 
expected to overcome the position of heart 
diseases as the leading cause of death in the next 
few years [1-4].Although the cancer incidence is 
accelerated through these years, but cancer death 
rates have been continuously declining in the past 
two decades (decreased by 22% between 1991 
and 2011), [5-7]. 

Some traditional methods for cancer 
treatment, including surgery, chemotherapy, and 
radiation therapy are recognized as efficient 
methods. In addition, in the past decades, some 
novel arrays were used as diagnostic, preventive 
or treatment modalities for cancer. These include 
targeted therapy, immunotherapy, hyperthermia, 
stem cell transplantation, photodynamic therapy, 
and eventually blood product donation [8]. 
However, beside the new strategies applied for 
effective application of various types of cancer, 
many efforts have been made to improve the 
effectiveness of traditional approaches of cancer 
treatment. Based on their chemical structures, 
traditional chemotherapeutic agents can be 
classified into several groups including alkylating 
agents, antimetabolites, anti-tumor antibiotics, 
mitotic inhibitors, and topoisomerase inhibitors [9-

10]. 
Alkylating agents gently damage DNA in all phases 
of cell cycle to prevent cell division. In this regard, 
the anticancer platinum-based complexes have 
been under intense investigations as novel 
alkylating agents. In fact, in the history of 
inventing successful anticancer agents, traditional 
platinum-based complexes (such as cisplatin, 
carboplatin and oxaliplatin) are the neutral 
platinum (II) complexes with two amine ligands 
and two additional ligands which are able to bind 
DNA covalently. The main mechanism of action of 
the platinum based complexes is their addition to 
DNA via nucleotide excision repair, followed by 
consequence interference of cellular processes, 

and induction of apoptosis. Since 1970 which 
platinum based compounds were clinically 
approved, some tumors became naturally 
resistant to these agents. It seems that altered 
expression of key proteins involved in cell control 
or in signal transduction and decreased drug 
uptake, increased efflux or inactivation via 
sulfhydryl molecules have a rule in the platinum 
based complex resistance. Therefore, production 
of new non-platinum drugs as tumor inhibiting 
metal complexes are necessary for overcoming 
drug resistant ceases of cancers. Gallium, gold, 
ruthenium and titanium-based complexes have 
exhibited efficacy in clinical trials [11,12]. Since 
palladium-based complexes (A) are structurally 
and thermodynamically similar to the platinum 
based complexes, they would be promising 
alternatives for platinum based complexes [12].  

Scheme 1. Palladium-based complexe. 

It seems that palladium-based complexes are able 
to generate more active species than platinum 
based complexes, hence, these compounds are 
considered more cytotoxic than their platinum 
congeners. We previously showed cytotoxicity of 
palladacycle complexes of three phenyl phosphine 
ligand and piperidine or biphosphinic complexes 
against K562, HT29, and Hela cell line [13]. 
However, resistance as a natural cellular self-
defense mechanism will be a major obstacle for 
platin and its derivatives clinical effectiveness. 
This phenomenon occurred in multiple 
mechanisms including reduced accumulation, 
increased level of glutathione, enhanced DNA 
repair etc. by activation of many different 
pathways. Therefore compounds with platin or 
palladium moieties will be valuable in clinic where 
they affect against resistant cells. In this regard 
and to evaluate the effectiveness of synthesized 
compounds against resistant cells, in the present 
study, we first prepared cisplatin resistant HT-29 
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cells and then evaluate the cytotoxicity of 
palladacycle complex on these cells. In addition, it 
was verified if the mechanism of induced cell 
death is via apoptosis induction or necrosis.  

Materials and Methods 

Cell lines and culture conditions 

The human colorectal cancer cell lines, HT-29 
were purchased from National Cell Bank of Iran 
(Pasteur Institute, Tehran, Iran). The cells were 
cultured and maintained in high glucose DMEM 
supplemented with 10% heat-inactivated bovine 
serum and 1% penicillin/streptomycin. All cells 
were incubated at 37ºC in a humidified 
atmosphere of 95% air and 5% CO2 and sub-
cultured when the cells reached more than 85% 
confluency. 

Preparation of cisplatin resistant cells 

Cisplatin resistant (HT-29R) subline cells were 
derived from original HT-29 cell line by 
continuous exposure to increasing concentrations 
of cisplatin (0.5 µM -12  µM) over 72 h, using 
modified already published methods [14,15]. 
Selected doses were under the CC50 of cisplatin for 

HT29 cells and also chosen according to the dose 
range of cisplatin clinical applications.  

Cytotoxic effect of palladacycle complex against 
HT-29   

MTT colorimetric assay was performed to 
evaluate cytotoxic effect of the complex. HT-29 
cells were seeded in wells of a 96-well culture 
plate (10000 cells/well) and allowed to attach for 
24 hours before treatment. Subsequently, cells 
were treated with different concentrations of the 
synthetic dinuclearpalladacycle derivative for 48 
hours. In the following, to evaluate cell survival, 
20 µL of MTT solution (5mg/ml) was added to 
each well and incubated for 3h. Then, the media 
were carefully discarded and 150 µL DMSO was 
added to each well to dissolve insoluble formazan 
crystals. The formazan absorption was then 
measured at 570 nm using a microplate reader 
(Statfix 2000, Awareness, USA). All experiments 
were performed in triplicate. The percentage of 
cell survival was calculated comparing to 
untreated cells (negative control) that was 
assumed as 100% viability, using the following 
equation: 

100
Meanabsorbanceof treated groups Meanabsorbanceof blank

Percent of cell survival
Meanabsorbanceof negativecontrol Meanabsorbanceof blank


 

 (1) 

Cytotoxicity evaluation of cisplatin and 
palladium complex on HT-29R cells  

Briefly, 180 µl of HT-29R cells (1×105 cells/ml) 
were seeded into 96-well plate and incubated for 
24h (37°C, 5% CO2 air humidified). Then, 20µl of 
different concentrations of cisplatin (10, 25, 35, 
40, 45 µM) and palladium complex (0.125, 0.25, 
0.5, 1, 2, 3 µM) were added to specified wells and 
incubated for another 48h.  The cell survival 
percentage was calculated for each compound as 
mentioned above. 

Apoptosis assay 

In order to evaluate cell death mechanism induced 
by palladium complex, flow cytometry analysis 

was performed using Annexin V/PI staining kit 
(Roche®, Germany). In this regard, HT-29 cells 
were treated for 22 hours with three different 
concentrations of palladium complex (0.8, 1 and 
1.2 µM), and cisplatin (43 µM) as positive control. 
Then, the cells were washed in PBS by gentle 
shaking or pipetting up and down and 
resuspended in 200 µl of binding buffer. 
According to kit instruction, 5 µl of Annexin V 
solution was added to 195 µl of the HT-29 cell 
suspension (5×105 cell/ml), and incubated for 10 
minute at room temperature. Then, the cells were 
washed, and resuspended in 190 µl of binding 
buffer. Finally, 10 µl of Propidium Iodide (20 
µg/ml) was added to the cells and subjected to 
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flow cytometry assay using BD FACS caliber 
Partec™ instrument (USA). 

Result 

Verification of resistant HT-29 cells 

To show the resistance of prepared HT-29R 
cells to cisplatin, the cytotoxic effect of different 

concentrations of cisplatin were evaluated against 
sensitive (HT-29S) and resistant (HT-29R) cells 
for 48 h and cell viability was measured by MTT 
assay. As shown in Error! Reference source not 
found., the viability of sensitive HT-29 cells was 
less than 50% at concentrations ≥40.5µM, while 
for HT-29R cells at this concentration viability was 
more than 65%. 

Fig. 1. The effect of cisplatin against HT-29R and HT-29S cells. HT-29 cells were exposed to increasing concentration 
of cisplatin (0.5 to 12 µM) during a period of 6 months. Both sensitive and resistant HT-29 cells (5×105 cell/ml) were 
exposed to different concentrations of cisplatin for 48 h and viability was evaluated using MTT assay. Data were 
represented as mean ± SD (p<0.05, n=3). 

Cytotoxicity evaluation of cisplatin and 
palladium complex on HT-29R 

The cytotoxic activity of cisplatin was evaluated 
against HT-29R cells. CC50 of cisplatin showed to 
be 43 µM (Fig. 2A) and 39 µM (Fig.1) against HT-
29R and HT-29S cells, respectively. As depicted in  

Fig.1, the palladium complex revealed a CC50of 
0.94 µM on the resistant cells, showing noticeable 
cytotoxic effects against resistant HT-29 cells. 
According to these results the palladium complex 
was approximately 45 times more potent than 
cisplatin against the established HT-29R cells. 
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Fig.1. Cytotoxic effect of cisplatin (A) and palladium complex (B) on HT-29R cells. Resistant HT-29 cells (5×105 
cell/ml) were exposed to different concentrations of the compounds for 48h and cells viability were evaluated 
using MTT assay. Data were presented as mean ± SD (*p <0.05, n=3). 

Evaluation of cell death mechanism induced 
by the palladium complex   

Identification of the mechanism of death induced 
by cisplatin or the palladium complex against HT-
29 cells was performed by Annexin V/PI staining 
and subsequent flow cytometry as illustrated in 
figure 3. Similar to the pro-apoptotic effect 
induced by cisplatin, it was also showed that the 
palladium complex mediated its cytotoxic effects 

via induction of apoptosis, as compared to non-
treated control cells. 
Flow cytometry results (Fig.2) showed 91% 
viability and almost 4% of apoptotic cells in 
negative control. However, for the palladium 
complex the percent of apoptotic cells increased 
to about 46% at 1.2  concentrations, which 
confirmed apoptosis as the induced cell death 
mechanism of palladium complex. 
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Fig.2.Apoptosis/Necrosis analysis in HT-29 cells by flow cytometry. Negative control cells (A) and 
cells treated with 0.8 (B), 1 (C) and 1.2 (D)  of the palladium complex for 12 h, followed by 
staining with Annexin V and PI. 

Discussion 

Anti-cancer chemotherapeutic agents such as 
cisplatin were widely used to treat different types 
of cancers [16]. In recent years, resistance to 
anticancer drugs, such as cisplatin, has been 
investigated as a major problem in cancer 
treatment [17]. Mechanisms including less 
susceptibility to natural killer cells in cisplatin 
resistant cells, decreasing cisplatin accumulation, 
increasing drug inactivation and deficiency in the 
apoptotic pathway have been studied for creation 
of drug resistance in cancer cells [18,19]. It was 
demonstrated that susceptibility to lysis by 
natural killer cells was reduced through some 
elements in multi-drug resistance [20].  Because of 
the importance of multi drug resistance to better 
known the anticancer drugs, researchers 
investigated new compounds with more toxicity 
[5]. In recent years, several studies demonstrated 
that palladium complexes had remarkable 
cytotoxic effects, and therefore could be used for 

the treatment of many human cancers (e.g., 
leukemia), efficiently [21,22].  
In consistent with these findings, Marques 
demonstrated that palladium complex [Pd2 (C, N-
N, N-dimethylaminebenzylamine) 2 (µ-
1,2(diphenylphosphinoe)ethane)(Cl)2] had a 
significant cytotoxic activity toward the HT-29 cell 
line that was more potent than cisplatin (12). 
Considering the previously obtained results, in the 
present study, HT-29 cells were made resistant to 
cisplatin by their cultivation in the presence of 
increasing doses of cisplatin to maximum 
concentration of 12 µM. Matsunagaet al also 
developed cisplatin resistant HT-29 cells by this 
method, however, it must be noted that the final 
resistant concentration they obtained was 10 µM 
[15]. Data obtained from our MTT assay showed 
that cell survival percent after 48h exposure to 
cisplatin in case of resistant or sensitive HT-29 
cells at concentration of 10 µM was almost 80% 
and 64%, respectively. According to this data, cell 
survival percent in resistant cells was 1.3 fold 
more than sensitive cells. However, both sublines 

A B 

C D 
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responded to increasing doses of cisplatin in a 
dose dependent manner. In addition, the CC50 of 
cisplatin against HT-29R and HT-29S was 
measured to be 43 and 39 µM, respectively. This 
increased cell survival indicated that HT-29 cells 
became resistant to cisplatin. In the present 
studies palladium complexes were chosen because 
of their structural similarity to Pt (II) complexes. 
In consistent with our previous results [13], it was 
shown that palladium complexes in comparison to 
cisplatin were more potent against cancer cells, 
and as it was shown by Rodrigues et al. may be 
less toxic toward normal cells [23]. Data obtained 
from MTT analysis in the present study showed 
cytotoxic effect of palladium at much more lower 
concentration against resistant cells comparing to 
the effective concentration of cisplatin. In fact, 
CC50 of the palladium complex and cisplatin 
against HT-29R cells were 0.94 µM and 43 µM, 
respectively, that mean the palladium complex 
was 45 times more potent than cisplatin. In this 
regard, other researchers indicated that some 
synthesized palladium complexes showed more 
cytotoxic effects than cisplatin. This higher toxicity 
was related to the nature as well as the geometry 
of the alkyl groups on the coordinated amine 
moieties [24-26]. 
Many anticancer agents including cisplatin induce 
apoptosis in cancer cell lines [22-27]. Several 
methods exist to assess the mechanism of cell 
death which the Annexin V/PI staining method is 
a commonly used assay for discriminating 
apoptotic and necrotic cell death [28].  
In the present study, we evaluated cell death 
mechanism induced by palladium complex, 
comparing to cisplatin as positive control against 
the HT-29R subline. HT-29R cells were treated 
with concentration of 0.8, 1, and 1.2 µM of 
palladium complex, and 43 µM of cisplatin. In the 
negative control (without any treatment), the 
percent of viable cells was almost 91%.  As shown 
in Fig. 3, treatment with 1.2 µM of the palladium 
complex showed 46% apoptotic cells. Therefore, 
the cytotoxic activity of the palladium complex 
was performed via induction of apoptosis, and this 
effect was observed at a concentration 36 times 
lower than cisplatin. 

Conclusion 

In conclusion, it could be said that newly 
synthesized palladium complex were cytotoxic 
against regular and cisplatin resistant HT-29 cell 
line mostly via apoptosis induction at a 
concentration which is remarkably less than 
cisplatin. The significant cytotoxic effect of the 
palladium complex on sensitive and the developed 
resistant HT-29 sublines make it a good candidate 
for replacing cisplatin. However, further in vitro 
and preclinical evaluations regarding safety and 
efficacy of the palladium complex are necessary. 
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