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Introduction

Although cisplatin is mainly utilized for treatment of 

various cancers such as ovarian, breast, stomach and 

prostate, its side effects and its drug resistance have led 

to more research for synthesis of new and nontoxic 

derivatives of platinum-group metals.
1
 Among the close 

elements of platinum in the periodic table, palladium 

complexes have high solubility and low renal toxicity; so 

several palladium complexes with different ligands such 

as phenanthroline derivatives, N-heterocyclic carbenes, 

Schiff bases etc were synthesized.
2-4

 One of the donor 

and lipophilic chelating ligands is 8-Hydroxyquinoline 

(8HQ), a multifunctional ligand, that possess therapeutic 

and antioxidant properties. It can act as a potent chelator 

for restoring metal balance, when the diseases are related 

to metal imbalance.
5
 Moreover, it can form a planar 

complex with palladium and thus complex can 

intercalate between DNA strands. In another mechanism, 

8HQ metal complexes can facilitate the membrane 

damage, DNA cleavage and apoptotic cell death in 

tumors.
6
 

The synthesis and theoretical investigations of 

ethylenediamine 8-hydroxyquinolinato palladium (II) 

complex have been previously reported. We have also 

evaluated the DNA binding and cytotoxic effect of 

ethylenediamine 8-hydroxyquinolinato palladium (II) 

complex on leukemia cell lines (K562) that did not elicit 

noticeable effect in comparison with cisplatin. In this 

study, the in vitro cytotoxic effect of 8HQ-palladium (II) 

complex on breast cancer MCF-7 cell lines and prostate 

cancer DU145 cell lines was reported. 

 

Materials and Methods 

8-hydroxyquinoline (8HQ), ethylenediamine (en), 

potassium tetrachloropalladate(II) (K2PdCl4), sodium 

bicarbonate, (3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) and sodium 

chloride were purchased from Merck (Germany). MCF-7 

and DU145 cell lines were obtained from Pasture 

Institute (Tehran, Iran). TdT-mediated dUTP Nick-End 

Labeling (TUNEL) kit was purchased from Roche 

Applied Science (Germany). t-

Octylphenoxypolyethoxyethanol (Triton X-100), 

phosphate buffered saline powder, sodium citrate and 

paraformaldehyde were obtained from Sigma (USA). All 

media and cell culture components were obtained from 

Life Technologies (USA). 

 

Synthesis of ethylenediamine 8-hydroxyquinolinato 

palladium (II) complex 

The preparation of ethylenediamine palladium (II) 

dichloride [Pd(en)Cl2] was carried out using previously 

reported method.
7
 Briefly, in ice bath, K2PdCl4 (1.63 g, 

4.99 mmol) was dissolved in 200 mL water and 

ethylenediamine (0.34 mL, 5 mmol) was added dropwise 
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Abstract 
Purpose: High solubility, low renal toxicity and apoptosis-inducing ability of palladium 

complexes are the reasons for their synthesis.  

Methods: In vitro cytotoxic study of previously synthesized [Pd(en)(8HQ)]NO3 , was 

carried out on breast cancer MCF-7 cell lines and prostate cancer DU145 cell lines. DNA 

fragmentation indicative of apoptotic was also evaluated by TUNEL assay on DU145 cell 

line.  

Results: FT-IR spectra of final complex confirmed the existence of chelating ligands. 

The DU145 cells unlike the MCF-7 cells, demonstrated the significant influence of the Pd 

(II) complex. The IC50 values of [Pd(en)(8HQ)]NO3 and cisplatin on DU145 cells were 

27 and 8.3 μM, respectively. Moreover, nearly 38% apoptosis was evident in DU145 

cells after treatment with [Pd(en)(8HQ)]NO3.  

Conclusion: [Pd(en)(8HQ)]NO3 has great potential in DNA binding and induction of 

apoptosis; thus it can be used in the future against prostate cancer. 
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to the mixture. After 2 h stirring at RT, the yellowish 

brown precipitate was filtered and then washed with 

water, ethyl alcohol and diethyl ether (Figure 1 panel A). 

Yield was 89%.  

Thereafter, same amounts of [Pd(en)Cl2] (1 mmol), 

NaHCO3 and 8-hydroxyquinoline were dissolved in 20 

mL water and mixture was stirred for 2 h at 50°C.
7,8

 

Volume of the solution was increased to 60 ml, and then 

AgNO3 (0.34 g, 2.0 mmol) was added to the solution and 

mixture was stirred at 50°C under dark condition for 7 h. 

Stirring was continued at RT and dark condition for 10 h. 

The AgCl precipitate was filtered and the obtained 

yellow solution was evaporated to dryness by rotary 

evaporator. Yield was 78%. 
1
H NMR chemical shifts 

data of final complex have been reported in our previous 

study.
7
 Figure 1 (Panel B) illustrates the molecular 

structure of ethylendiamine 8-hydroxyquinolinato 

palladium (II) complex.  

 

 
Figure 1. Schematic structure of (A) ethylenediamine palladium(II) dichloride [Pd(en)Cl2] and (B) ethylenediamine 8-hydroxyquinoline 
palladium (II) complex [Pd(en)(8HQ)]NO3. The planar structure is obvious. 

 

Cell culture and in vitro cytotoxicity analysis: MTT 

assay 

Prostate cancer DU145 cells and breast cancer MCF-7 

cells were cultured according to existing standards.
9,10

 

Thereafter, both DU145 cells and MCF-7 cells (1×10
4
 

cells/well) were transferred onto 96-well plates and at 24 

h post-seeding, different concentrations (i.e. ranging 

from 12.5 to 200 μM) of Pd(II) complex and cisplatin 

were added to them. The treated cells were incubated for 

24, 48, and 72 h. At appropriate times, the media was 

removed and cells were subjected to (3-(4, 5-

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 

(MTT). Thereafter, plates were incubated for 4 h at 37°C 

in a CO2 incubator. Finally, the media was removed and 

absorbance of formed formazan crystals was read at 570 

nm by adding DMSO (200 µL) and Sorenson’s buffer 

(25 µL) to each well.  

 

Apoptotic study by TUNEL assay 

Based on the amount of IC50 obtained, DU145 cells were 

incubated with 27 μM of prepared palladium for 72 h. 

After washing with phosphate buffered saline (PBS), 

control and treated cells were immersed in 4% 

paraformaldehyde solution for 1 h and then rinsed with 

PBS. To permeabilize the cells, a solution of Triton X-

100 and sodium citrate (0.1 g in 100 mL H2O) was added 

for 15 min and were washed with PBS. Finally, the cells 

were incubated with TUNEL reaction mixture for 1 h in 

optimum conditions and were rinsed with PBS. For 

quantification of apoptotic cells, a total of 400 cells were 

counted utilizing fluorescent microscope (Nikon Eclipse 

Ti-U, Japan). Apoptotic cells exhibited intense nuclear 

staining when compared to diffuse staining in non-

apoptotic cells.
11

 

 

Results and Discussion 

Characterization of palladium (II) complex 

Palladium complex was synthesized by the displacement 

of chelating ligands (8HQ and en) with the chlorine in 

K2PdCl4. In the reaction of palladium (II) complex with 

AgNO3, nitrate can acts as a counter ion and can help to 

complex solubility.
12

 

In the FT-IR spectrum of [Pd(en)(8HQ)], absorption 

peaks at 1110, 2920, 3020, and 3414 cm
-1

 are related to ν 

(C‒O stretching), ν (C‒H aromatic), ν (C‒H aliphatic) 

and (N‒H stretching), respectively. In addition, 

absorption peaks at 1500 and 1600 are related to C=C 

aromatic and C=N aromatic, respectively. Figure 2 

illustrates the FTIR spectra of Pd (II) complex.
7
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Figure 2. The FTIR spectra of Pd (II) complex. The main absorption peaks are related to: C‒O stretching, C=C aromatic and C=N 
aromatic. 

 

In vitro effects of Pd complex and cisplatin on MCF-7 

and DU145 cell lines 

Forasmuch as the cytotoxicity of Pd complexes against 

human breast cancer cell lines and prostate cancer cell 

lines has been confirmed,
3,13

 the MCF-7 and DU145 cell 

lines were selected for cytotoxicity evaluation of 

[Pd(en)(8HQ)]NO3 in comparison with cisplatin. Figure 

3 illustrates the impact of [Pd(en)(8HQ)]NO3 in the 

breast cancer MCF-7 cells (Figure 3, panel A–C) and 

prostate cancer DU145 cells (Figure 3, panel D–F). In 

DU145 cells, Pd(II) complex led to prolonged inhibitory 

up to 72 h in sustained manner when compared to 

cisplatin (about 80% toxicity for Pd(II) complex). In 

MCF-7 cells, the cytotoxic effects of [Pd(en)(8HQ)]NO3 

were partly low after 72 h when compared to DU145 (i.e. 

~60–65% toxicity). According to Table 1, the cytotoxic 

effect of [Pd(en)(8HQ)]NO3 on breast cancer cells seems 

to be only time dependent, while it displays a trend of 

time and concentration dependent inhibitory effects on 

prostate cancer cells. The cytotoxic effect of cisplatin on 

both breast and prostate cells was time and dose 

dependent. In line with our results, Khan et al.
13

 reported 

that their newly synthesized Pd(II) complexes are highly 

effective against DU145 cells. 

 

TUNEL assay 

Platinum-group drugs have the ability to induce apoptosis 

in tumor cells through DNA binding and also triggering 

cellular processes.
14

 Our previous studies have confirmed 

that the binding of [Pd(en)(8HQ)]NO3 can cause some 

changes in the stability of DNA. This water soluble 

complex may interact with DNA as an intercalator, which 

may interfere with DNA replication and cell proliferation. 

On the other hand, 8HQ can form chelate complexes with 

metal ion of ribonucleotide reductase which is an important 

enzyme for DNA synthesis.
15

 This affinity to DNA may 

increase for 8HQ metal complexes in comparison to free 

ligands.
16

 According to IC50 values in Table 1, prepared Pd 

(II) complex has shown good inhibitory effects on DU145 

prostate cancer cells. To determine whether the cell death 

was attributable to [Pd(en)(8HQ)]NO3-induced apoptosis, 

TUNEL assays were carried out during the course of 72 h 

treatment with 27 μM [Pd(en)(8HQ)]NO3 (IC50 value of 

Pd(II) complex).
17

 As illustrated in Figure 4, a detectable 

level of apoptosis was evident in DU145 cells after 

treatment with prepared Pd(II) complex when compared to 

untreated cells. After counting the apoptotic cells, nearly 

38% of apoptosis was evident after 72 h of treatment of 

DU145 cells with 27 μM of prepared palladium complex. 

According to similar work carried out by Ulukaya et al.,
18

 

palladium complex has demonstrated extensive growth-

inhibitory effect against prostate cancer cells. They claimed 

that the Pd complex induced DNA damage and also cell 

death in prostate cancer cells. In another study, Chen et 

al.
19

 reported that clioquinol, an 8-hydroxyquinoline 

derivative, after binding to copper can suppress androgen 

receptor (AR) protein expression, and induce apoptotic cell 

death in human prostate cancer. So, based on all the 

evidence and also on the TUNEL results, induction of 

apoptosis after treatment with [Pd(en)(8HQ)]NO3 is 

obvious in prostate cancer DU145 cells. 
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Figure 3. Cytotoxic study (MTT assay) of Pd(II) complex and cisplatin in the MCF-7 and DU145 cells. (A-D) Treated breast cancer MCF-
7 cells after 24, 48 and 72h. (D-F) Treated prostate cancer DU145 cells after 24, 48 and 72h. The cytotoxic effect of [Pd(en)(8HQ)]NO3 
on prostate cancer cells display a trend of time and dose dependent, similar to cisplatin. 

 

Table 1. The IC50 values of [Pd(en)(8HQ)]NO3 and  cisplatin in 
two different cell lines and three different times. 

 
MCF-7 (μM) DU145 (μM) 

24h 48h 72h 24h 48h 72h 

Cisplatin 61 35 12.5 37.5 10 8.3 

Pd (II) Complex ---- ---- 41 53 40 27 

 

 

 
Figure 4. DNA fragmentation of DU145 cells. A) Untreated cells. 
B) Treatment cells with 27 μM [Pd(en)(8HQ)]NO3 (TUNEL 
assays). 

 

Conclusion 

It has been confirmed that palladium complexes could 

induce apoptosis in tumor cells by binding with DNA. In 

this study, we have shown that [Pd(en)(8HQ)]NO3 is 

able to affect DU145 cell lines in a time and dose 

dependent manner. Moreover, with fluorescence 

staining, we suggest that [Pd(en)(8HQ)]NO3 has the 

capacity to interact with DNA and induce apoptosis in 

prostate cancer cells. In conclusion, we propose that this 

palladium complex can be utilized against prostate 

cancer. 

 

Acknowledgments 

The authors thank for all support provided by Zabol 

University of Medical Sciences. 

 

Ethical Issues 

Not applicable. 

 

Conflict of Interest 

The authors declare that they have no conflict of interest. 

 

References 

1. Dahm G, Bailly C, Karmazin L, Bellemin-Laponnaz 

S. Synthesis, structural characterization and in vitro 

anti-cancer activity of functionalized N-heterocyclic 

carbene platinum and palladium complexes. J 

Organomet Chem 2015;794:115-24. doi: 

10.1016/j.jorganchem.2015.07.003 

2. Carvalho MA, Arruda EG, Profirio DM, Gomes AF, 

Gozzo FC, Formiga AL, et al. Chemical and 

spectroscopic characterizations, ESI-QTOF mass 

spectrometric measurements and DFT studies of new 

complexes of palladium (II) with tryptamine and 

mefenamic acid. J Mol Struct 2015;1100:6-13. doi: 

10.1016/j.molstruc.2015.07.020 

3. Ulukaya E, Ari F, Dimas K, Ikitimur EI, Guney E, 

Yilmaz VT. Anti-cancer activity of a novel 

palladium(II) complex on human breast cancer cells 

in vitro and in vivo. Eur J Med Chem 

2011;46(10):4957-63. doi: 

10.1016/j.ejmech.2011.07.055 



 

|  453 

Apoptosis ability of Palladium Complex 

Advanced Pharmaceutical Bulletin, 2016, 6(3), 449-453 

4. Kelland L. The resurgence of platinum-based cancer 

chemotherapy. Nat Rev Cancer 2007;7(8):573-84. 

doi: 10.1038/nrc2167 

5. Prachayasittikul V, Prachayasittikul S, Ruchirawat S, 

Prachayasittikul V. 8-hydroxyquinolines: A review of 

their metal chelating properties and medicinal 

applications. Drug Des Devel Ther 2013;7:1157-78. 

doi: 10.2147/DDDT.S49763 

6. Leanderson P, Tagesson C. Iron bound to the 

lipophilic iron chelator, 8-hydroxyquinoline, causes 

DNA strand breakage in cultured lung cells. 

Carcinogenesis 1996;17(3):545-50. doi: 

10.1093/carcin/17.3.545 

7. Saeidfar M, Masouri-Torshizi H, Behbehani GR, 

Divsalar A, Saboury AA. A thermodynamic study of 

new designed complex of ethylendiamine 8-

hydroxyquinolinato palladium (II) chloride with calf 

thymus DNA. Bull Korean Chem Soc 

2009;30(9):1951-5. doi: 

10.5012/bkcs.2009.30.9.1951 

8. Sorinezami Z, Mansouri-Torshizi H, Shahraki S, 

Ghahghaei A, Doostkami M, Divsalar A, et al. 

Synthesis, cytotoxicity and DNA binding of novel 

binuclear antitumor complexes formed by linking 

two "2,2'- bipyridine palladium (II)" moieties via 

alkylene bisdithiocarbamates. Asian Journal of 

Pharmaceutical Technology and Innovation 

2014;2(7):105-22.  

9. Heidari Majd M, Barar J, Asgari D, Valizadeh H, 

Rashidi MR, Kafil V, et al. Targeted fluoromagnetic 

nanoparticles for imaging of breast cancer mcf-7 

cells. Adv Pharm Bull 2013;3(1):189-95. doi: 

10.5681/apb.2013.031 

10. Sargazi A, Kuhestani K, Nosrat Nahoki T, Heidari 

Majd M. Specific targeting of folate receptor by 

methotrexate conjugated modified magnetic 

nanoparticles: Enzymatic release and cytotoxic study. 

Int J Pharm Sci Res 2015;6(12):5047-55. doi: 

10.13040/IJPSR.0975-8232.6(12).5047-55 

11. War SA, Kim B, Kumar U. Human somatostatin 

receptor-3 distinctively induces apoptosis in MCF-7 

and cell cycle arrest in MDA-MB-231 breast cancer 

cells. Mol Cell Endocrinol 2015;413:129-44. doi: 

10.1016/j.mce.2015.06.019 

12. Guney E, Yilmaz VT, Kazak C. Bis (saccharinato) 

palladium (II) and platinum (II) complexes with 2, 2′-

bipyridine: Syntheses, structures, spectroscopic, 

fluorescent and thermal properties. Polyhedron 

2010;29(4):1285-90. doi: 10.1016/j.poly.2010.01.006 

13. Khan H, Badshah A, Murtaz G, Said M, Rehman ZU, 

Neuhausen C, et al. Synthesis, characterization and 

anticancer studies of mixed ligand dithiocarbamate 

palladium(II) complexes. Eur J Med Chem 

2011;46(9):4071-7. doi: 

10.1016/j.ejmech.2011.06.007 

14. Jung Y, Lippard SJ. Direct cellular responses to 

platinum-induced DNA damage. Chem Rev 

2007;107(5):1387-407. doi: 10.1021/cr068207j 

15. Lescoat G, Léonce S, Pierré A, Gouffier L, Gaboriau 

F. Antiproliferative and iron chelating efficiency of 

the new bis-8-hydroxyquinoline benzylamine 

chelator S1 in hepatocyte cultures. Chem Biol 

Interact 2012;195(2):165-72. doi: 

10.1016/j.cbi.2011.12.003 

16. Dixit RB, Patel TS, Vanparia SF, Kunjadiya AP, 

Keharia HR, Dixit BC. DNA-binding interaction 

studies of microwave assisted synthesized 

sulfonamide substituted 8-hydroxyquinoline 

derivatives. Sci Pharm 2011;79(2):293-308. doi: 

10.3797/scipharm.1102-16 

17. Yang SJ, Liu MC, Xiang HM, Zhao Q, Xue W, Yang 

S. Synthesis and in vitro antitumor evaluation of 

betulin acid ester derivatives as novel apoptosis 

inducers. Eur J Med Chem 2015;102:249-55. doi: 

10.1016/j.ejmech.2015.08.004 

18. Ulukaya E, Frame FM, Cevatemre B, Pellacani D, 

Walker H, Mann VM, et al. Differential cytotoxic 

activity of a novel palladium-based compound on 

prostate cell lines, primary prostate epithelial cells 

and prostate stem cells. PloS one 2013;8(5):e64278. 

doi: 10.1371/journal.pone.0064278  

19. Chen D, Cui QC, Yang H, Barrea RA, Sarkar FH, 

Sheng S, et al. Clioquinol, a therapeutic agent for 

alzheimer's disease, has proteasome-inhibitory, 

androgen receptor-suppressing, apoptosis-inducing, 

and antitumor activities in human prostate cancer 

cells and xenografts. Cancer Res 2007;67(4):1636-

44. doi: 10.1158/0008-5472.CAN-06-3546 

 

 


