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Herein we report the synthesis of a new trans-bis(2-phenylselenylmethyl)oxolane)dichloroplati-

num(II) complex (Pt1). This newly synthesized complex, together with two structurally related trans-Pd(II) 
complexes, (trans-bis(2-(phenylselenylmethyl)oxolane) dichloropalladium(II) (Pd1) and trans-bis(2-
(phenylselenylmethyl)oxane)dichloropalladium(II) (Pd2), were screened for cytotoxic activity through in 
vitro studies on the HCT-116 colorectal carcinoma cell line and MRC-5 healthy lung pleura cell line. The 
activity of the complexes was assessed by comparing it to cisplatin. The cells’ viability and proliferation 
were determined using an MTT (Microculture Tetrazolium Test) assay. 
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СИНТЕЗА НА НОВ Pt(II)-КОМПЛЕКС СО ОРГАНОСЕЛЕНОВИ ЛИГАНДИ И ЕВАЛУАЦИЈА  

НА ЦИТОТОКСИЧНАТА АКТИВНОСТ НА НЕКОИ СТРУКТУРНО СРОДНИ Pd(II)-КОМПЛЕКСИ 

 
Во овој труд ја објавуваме синтезата на нов комплекс на trans-бис(2-фенил-

селенилметил)оксолан) дихлороплатина(II) (Pt1). Овој новосинтетизиран комплекс, заедно со два 
структурно сродни комплекси на trans-Pd(II), [trans-бис(2-фенилселенилметил)оксолан)дихлор-
опаладиум(II) (Pd1) и trans-бис(2-(фенилселенилметил)оксан)дихлоропаладиум(II) (Pd2)], беа 
испитани за цитотоксична активност преку in vitro истражување со колоректалната линија HCT-116 
за карциномски клетки, како и со линијата MRC-5 за здрави клетки на белодробната плевра. 
Активноста на комплексите беше определена со споредба со цисплатин. Способноста за опстанок на 
клетките и нивното размножување беше определено со тестот MTT (Microculture Tetrazolium Test). 

 

Клучни зборови: органоселенова хемија; паладиум; платина; цитотоксична активност;  

карцином на дебело црево 

 

 

1. INTRODUCTION 

 

Organoselenium compounds are known for 

their huge capacity for transformation and function-

alization under very mild experimental conditions. 

Apart from the undoubted importance of these com-

pounds as reaction intermediates and reagents, there 

is immense scientific interest in their biological ac-

tivities, such as antioxidant, anti-inflammatory, 
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neuroprotection, chemotherapeutic, and chemopre-

ventive activities [1, 2]. The promising new devel-

opment of these compounds is certainly represented 

by their ability to coordinate with transition metal 

ions, thus, constituting a new class of building blocks 

[3]. The coordination of biologically active mole-

cules to transition metals can provide significant new 

activity due to their unique ability to interact with dif-

ferent biological targets [4]. 

Selenium, as an oligoelement, is involved in 
many cellular processes that are manifested in a va-
riety of essential biological functions, which makes 
selenium compounds one of the most extensively 
studied class of molecules. Selenium compounds 
are proven to possess antioxidant properties and 
play a significant role in cancer prevention and 
treatment therapies. Transition metal complexes 
bearing organoselenium ligands represent an attrac-
tive subset of the organoselenium chemistry. The 
major factors contributing towards extensive inves-
tigation of transition metal complexes with orga-
noselenium compounds as ligands are derived from 
the identification of their catalytic, biological, and 
biomedical properties [3, 5–7]. Several research 
groups have devoted efforts to preparation of these 
types of complexes, as they have been proven to ex-
hibit antidiabetic [8], antioxidant, antimalarial, anti-
tumor, antileukemic, and cytotoxic activity [9–14], 
thus rising as promising new pharmaceutical agents. 

Platinum-based complexes have been consid-
ered as potent therapeutic agents for tumors, due to 
their ability to bind guanine and adenine residues on 
DNA chains and, in that way, cause changes in 
DNA structure and induce cancer cell apoptosis. 
Some of the most utilized platinum compounds in 
cancer therapies are cisplatin, carboplatin, and oxal-
iplatin, which are either applied alone or in the form 

of combination therapy with other chemotherapy 
drugs [15, 16]. Although platinum complexes have 
shown excellent results in treatment towards certain 
cancer cell lines, their usage is limited, owing to the 
many side effects, such as nephrotoxicity, gastroin-
testinal toxicity, neurotoxicity and ototoxicity. Side 
effect deficiencies, combined with limited applica-
bility, have dictated further pursuit for adequate al-
ternatives. In recent years, a vast number of new 
Pd(II) complexes with promising antitumor capaci-
ties were synthesized [17, 18]. Pd(II) complexes, 
unlike their Pt(II) analogs, have shown better solu-
bility [19], and in addition to displaying significant 
anti-tumor activity, they express fewer side effects 
[20, 21]. It is established that the trans-geometry of 
the Pd(II) center is responsible for lower toxicity 
and higher cytotoxicity compared to its cis-isomer. 
To minimize any possible cis-trans isomerism, rel-
atively bulky monodentate ligands are used for their 
synthesis [17]. 

The proper selection of ligands around the 
metal center governs the reactivity and performance 
of the complex. Organoselenium compounds are 
still rarely used as ligands, compared to the vast 
amount of reported sulfur-based complexes. In this 
work, the synthesis of a new Pt(II) complex bearing 
two bulky organoselenium ligands in the trans po-
sition and the evaluation of cytotoxic activity of the 
Pt(II)-organoselenium complex, as well as its Pd(II) 
analogs, on the HCT-116 colorectal carcinoma and 
the MRC-5 healthy lung pleura cell lines is reported. 
The major outcome of this study is the synthesis of 
the new organoselenium-based Pt(II) complex, Pt1, 
and comparison of its cytotoxicity towards the cyto-
toxicity of the structurally-related Pd complexes, 
Pd1 and Pd2. 
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Scheme 1. The complexes and ligands used in this study (top). The synthesis of the Pt1 complex (bottom). 
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2. EXPERIMENTAL 

 

2.1. Instrumentation 

 
1H NMR (Nuclear Magnetic Resonance) 

spectra were run in CDCl3 on a Varian Gemini 200 
MHz NMR spectrometer. Elemental analyses were 
performed on a Vario III C, H, N, S Elemental An-
alyzer in CHS mode. Mass spectrometry (MS) was 
performed on a Waters SYNAPT G2-Si/-
nanoACQUITY UPLC system. Thin-layer chroma-
tography (TLC) was carried out on 0.25 mm E. 
Merck precoated silica gel plates (60F–254) using 
UV light for visualization. For column chromatog-
raphy, E. Merck silica gel (60, particle size 0.063–
0.200 mm) was used.  

 

2.2. Synthesis and complexation of L1 and L2  

with Pd(II) and Pt(II) 
 

Ligand compounds L1 and L2 were synthe-

sized in high yields according to a previously re-

ported method [22]. Complexes Pd1 and Pd2 were 

obtained by the given general procedure [23]. All re-

agents and solvents were commercially available 

and used as received, without further purification. 

Pt1 complex was obtained by the following 
procedure. First, K2PtCl4 (0.33 mmol, 0.137g) was 
added in excess to a solution of ligand compound 
L1 (0.3 mmol, 0.072 g) in a mixture of 8 ml of EtOH 
(ethanol) and 2 ml of MeOH (methanol). The result-
ing mixture was stirred at 40 °C for 5 h, and the 
color changed from dark red to bright yellow. The 
precipitate was filtered off, and the solution was 
concentrated by slow evaporation of the solvent. 
The obtained solid was collected, air dried, and re-
crystallized from EtOH.  

Compound Pt1: Bright yellow, needle-

shaped crystals (EtOH). Yield (0.073 g, 89 %). 1H 

NMR (CDCl3, 200 MHz, 25 °C, TMS): δ 7.95 (m, 

2H, Ph), 7.39 (m, 3H, Ph), 4.24 (quint, 1H, CHO), 

3.8 (m, 1H, CHaHbO), 3.58 (m, 1H, CHaHbO), 

3.55 (dd, J1= 7.8 Hz, J2= 17 Hz, 1H, CHaHbSe), 

3.29 (dd, J1= 5.8 Hz, J2= 12.5 Hz, 1H, CHaHbSe), 

1.52–2.1 (m, 4H, 2CH2); MS: m/z = 748.12. Anal. 

C22H28Cl2O2PtSe2 (Mr = 748.36): calcd. C 35.29, H 

3.74; found: C 35.18, H 3.80.  

 

2.3. Cell cultures and treatment 
 

In this study, we used human colorectal can-

cer cell line HCT-116 to test the anticancer activity 

of the synthesized complexes. The HCT-116 colo-

rectal cancer cell line was purchased from the 

American Type Culture Collection (ATCC, Manas-

sas, VA, USA). The cells were cultured in DMEM 

(Dulbecco’s Modified Eagle Medium, Gibco, USA) 

and were supplemented with 10 % fetal calf serum 

and penicillin (100 IU/ml)/streptomycin (100 

μg/ml) in a 5 % CO2 humidified atmosphere at 37 

°C. The cells’ viability and proliferation were deter-

mined at 80% to 85% confluence using the MTT as-

say. Cells were seeded in 96-well plates at a prede-

termined density (104 cells per well) and incubated 

for 24 h at 37 °C in a humidified atmosphere con-

taining 5 % CO2. After 24 h, the medium was re-

placed with 100 µl of a solution with various con-

centrations of cisplatin and synthesized complexes, 

which had been serially diluted two-fold in the con-

centration range of 500 to 3.9 μM in DMEM medium. 

Untreated cells were used as controls. Cells were incu-

bated at 37 °C and in 5 % CO2 in a humidified at-

mosphere for 24 h and 72 h. The controls and syn-

thesized compounds were tested in triplicate by 

three independent tests.  

  

2.4. Cell viability and proliferation assay  

(MTT assay) 
 

After 24 and 72 h of treatment, the cells’ via-

bility and proliferation were determined using a MTT 

assay [24]. The MTT assay is based on the reduction 

of yellow tetrazolium salt MTT (3-[4,5-dimethylthia-

zol-2-yl]-2,5-diphenyltetrazoliumbromide) by mito-

chondrial dehydrogenase of living cells to soluble pur-

ple formazan. At the end of the treatment period, the 

cells were washed with PBS, and then, 100 µl of the 

MTT solution, at final concentration 5 mg/ml, was 

added to each well. Cells were incubated in a 5% CO2 

humidified atmosphere at 37 °C for 3 h. After incuba-

tion, the MTT solution was discarded, and colored 

crystals of the produced formazan were dissolved in 

150 μl of dimethyl-sulfoxide (DMSO). The absorb-

ance values were measured on a microplate reader at 

550 nm. Cell viability was calculated as the ratio of the 

absorbance of treated group divided by the absorbance 

of the control group, multiplied by 100 to give the per-

cent viability. 

The data were expressed as the means ± stand-

ard errors (S. E.). The effects of cisplatin and each 

synthesized complex were expressed by IC50, which 

is the half-maximal growth inhibitory concentration. 

The IC50 values were calculated from the dose curves 

by a computer program (CalcuSyn). 

 
3. RESULTS AND DISCUSSION 

 

In our previous work, we screened 2-

(phenylselenylmethyl)oxolane (L1, Scheme 1) and 

2-(phenylselenylmethyl)oxane (L2, Scheme 1) for 
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their antioxidant and antiproliferative effects on co-

lon cancer cell line HCT-116 and breast cancer cell 

line MDA-MB-231 [25]. Not only did they show no 

evidence of cytotoxic effects, but they exhibited an 

even more stimulated proliferation of the colon can-

cer cell line, HCT-116, during the treatments at 24 

and 72 h. Although these compounds did not show 

cytotoxic effects, they have proven to be great scav-

engers for reactive oxygen species, expressing sig-

nificant antioxidant effects. As a continuation of this 

work, we have synthesized two Pd(II) complexes 

using these organoselenium compounds, L1 and 

L2, as ligands: [PdL12Cl2] (Pd1, Scheme 1) and 

[PdL22Cl2] (Pd2, Scheme 1). Complexes Pd1 and 

Pd2 were characterized, and their crystal structures 

were determined. Following this, the antimicrobial 

properties of these complexes were investigated 

against a series of human pathogenic bacterial and 

fungal strains [23]. The complexes exhibited prom-

ising, though moderate, broad spectrum antimicro-

bial activity that was more pronounced against fun-

gal organisms. Also, the reactivity of these com-

plexes towards small bio-molecules, such as L-Cys 

(L-Cysteine), GSH (Glutathione), L-Met (L-Methi-

onine), 5’-GMP (Guanosine monophosphate), and 

L-His (L-Histidine), was assessed by a kinetic 

study, where Pd1 was found to be the most reactive. 

The interaction of complexes Pd1 and Pd2 with calf 

thymus DNA (CT-DNA) was also examined by ab-

sorption (UV–Vis) and emission spectral studies 

(EtBr displacement studies), and Pd1 was found to 

have the greatest affinity towards CT-DNA com-

pared to other investigated organoselenium-palla-

dium(II) complexes [26].  

Based on the results from previous studies, 

we have synthesized a new Pt(II) analog of complex 

Pd1: [Pt(II)L12Cl2] (Pt1, Scheme 1). Considering 

the stability of the metal-selenium bond and the high 

affinity of these complexes towards bio-molecules 

and DNA, our goal was to determine whether these 

interactions can lead to the manifestation of some 

anticancer properties for these complexes. Further, 

we wanted to establish the influence of (a) the cen-

tral metal ion (Pd vs. Pt) on potential cytotoxicity 

and (b) the nature of the ligands’ cyclic ether moiety 

on potential cytotoxicity.  
This new Pt complex was synthesized under 

very mild reaction conditions, as depicted in 

Scheme 1. In contrast to the synthesis of the Pd an-

alogs, the reaction time was significantly longer. 

While complexation of the selenium ligand with the 

Pd center was completed in 3 h, the reaction with the 

Pt center yielded only 30–35 % of the desired product 

in the same reaction time. By extending the reaction 

time to 48 h, a significant increase in yield (up to 89 

%) was observed. The structure of the compound was 

determined with spectroscopic methods (1H NMR 

and MS) and elemental analysis. The formation of 

the Pt(II) complex with the organoselenium ligand 

via the Pt–Se bond is best seen by the difference in 

spectral shifts of the free ligand and complexed one 

in 1H NMR (Table 1). 

 
T a b l e  1  
 

Significant(a) 1H chemical and coordination shifts 

for the free ligand L1 and the corresponding Pt1 

complex in CDCl3 and ambient temperature 
 

Compound L1(b) Pt1 

CHaHbSe 2.98 3.52 

CHaHbSe 3.11 3.26 

CHO 4.08 4.24 

Ph (3H) 7.27 7.39 

Ph (2H) 7.56 7.95 

(a) Other signals were not significantly influenced by coordination. 
(b) Ref. 23. 

 
In the present study, besides the synthesis of 

the novel Pt1 complex (Scheme 1), we evaluated 

the possible anticancer properties of complexes 

Pd1, Pt1, and Pd2, comparing the cytotoxic effects 

on human HCT-116 colorectal carcinoma and 

MRC-5 healthy lung pleura cells. The activity of the 

complexes was assessed by comparing them to cis-

platin. The effects of various concentrations of cis-

platin and complexes Pd1, Pt1, and Pd2 on cell vi-

ability after 24 and 72 h are presented in Figs. 1–4 

in the supplementary information. The IC50 values 

are presented in Table 2.  

All tested complexes had an observable effect 

on cell viability at all applied concentrations and re-

duced the viability of both cell lines in a dose-de-

pendent manner, as shown by the results of MTT 

assay (Figs. 1–4 in the supplementary information). 

Complex Pt1 showed higher cytotoxic effects com-

pared to the palladium complexes on both cell lines.   
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Fig. 1. Anticancer activity of cisplatin, Pd1, Pt1 and Pd2 on 

HCT-116 colorectal cancer cell line after 24 h of treatment. 

Results were expressed as the means ± S.E. from three 

independent experiments. 
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Fig. 2. Cytotoxic activity of cisplatin, Pd1, Pt1 and Pd2  

on MRC-5 healthy lung pleura cell line after 24 h of treatment. 

Results were expressed as the means ± S.E. from three 

independent experiments. 

 

 
 

 

 

 

Fig. 3. Anticancer activity of cisplatin, Pd1, Pt1 and Pd2 on 

HCT-116 colorectal cancer cell line after 72 h of treatment.  

Results were expressed as the means ± S.E. from three 

independent experiments. 
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Fig. 4. Cytotoxic activity of cisplatin, Pd1, Pt1 and Pd2  

on MRC-5 healthy lung pleura cell line after 72 h of treatment.  

Results were expressed as the means ± S.E. from three 

independent experiments. 
 

 

T a b l e  2  
 

Growth inhibitory concentration IC50 values (μM) 

of cisplatin, Pd1, Pt1 and Pd2 on HCT-116  

colorectal carcinoma and MRC-5 healthy lung 

pleura cell lines after 24 and 72 h of treatment 
 

Treatment HCT-116 MRC-5 

 24 h 72 h 24 h 72 h 

Complex Pd1 >500 >500 70.95 34.85 

Complex Pt1 >500 260.69 >500 140.36 

Complex Pd2 >500 >500 >500 >500 

Cisplatin 251.51 71.71 240.11 28.94 

 
4. CONCLUSIONS 

 

The coordination of organoselenium com-
pounds to transition metals provides very interesting 
pharmacological properties, which arouses an interest 
for further research in this area. So far, the orga-
noselenium moieties were primarily considered for 
their antioxidative effects and only recent, pioneering 
works have shown their potential in cytotoxicity. In 
this paper, we reported the cytotoxicity of Pt(II) and 
Pd(II) complexes with L1 and L2 as ligands. Among 
all investigated complexes, the platinum-based com-
plex Pt1 showed the best results in the terms of the 
obtained IC50 values. Although, all complexes mani-
fested higher IC50 values compared to cisplatin. At 
lower concentrations, the investigated complexes dis-
played better activity relative to cisplatin, especially 
in the case of the Pd1 and Pt1 complexes, which con-
tain ligand L1 with a five-membered cyclic ether 
moiety (Figs. 1–4 in the supplementary information). 
Furthermore, this study showed that the platinum-
based complex has better cytotoxic propriety than the 
palladium ones (Pt1 vs. Pd1 and Pd2) and that the 
five-membered cyclic ether moiety in the organo-
selenium ligand is more advantageous than the six-
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membered one (Pd1 and Pt1 vs. Pd2). Even so, as 
this area is still nascent and requires further investi-
gation, it can be expected that existing results could 
inspire further developments in this field. 
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