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Abstract: This study investigates the cytotoxic properties of metal complexes incorporating thio-
uracil derivatives, specifically 2,4-dithiouracil and 6-propyl-2-thiouracil. The research focuses on the
cytotoxic effects of Cu(Il) and Pd(II) complexes with 6-propyl-2-thiouracil, as well as mixed-ligand
transition metal Cu(ll) and Au(Ill) complexes of 2,4-dithiouracil with 2-thiouracil and uracil.
Cytotoxic activity was assessed against human cervical carcinoma cells (HeLa) and normal kidney
cells from the African green monkey. The results demonstrated that incorporating Cu(ll) and Au(III)
into the compound structures significantly enhanced their cytotoxic effects. Notably, all tested
complexes exhibited a stronger inhibitory effect on cancer cell proliferation compared to normal cells,
with the gold(Il) complex of 6-propyl-2-thiouracil showing the lowest CDso value against the tumor
cell line. These findings suggest that thio-uracil-based metal complexes, particularly those containing
gold(III), hold significant potential for further development as anticancer agents.

Keywords: 6-propyl-2-thiouracil; 2,4-dithiouracil; copper(Il) complexes; palladium(ll) complexes;
gold(Ill) complexes; cytotoxic properties

1. Introduction

Thionamides, a category of relatively straightforward molecules, function as antithyroid
medications, incorporating a sulfhydryl group and a thiourea unit within a heterocyclic structure.
The interest in platinum and palladium compounds arises from their notable cytostatic properties. In
Scheme 1 the different applications of bioactive pyrimidines, such as uracil, 2,4-dithiouracil, 6-propyl-
2-thiouracil and other and their metal complexes is given.

Recently, cis-dihalogenated complexes of Pd(Il) and Pt(Il) were investigated in combination
with 6-tert-butyl-2-thiouracil [1]. Vetter et al. described the synthesis, characterization, and in vitro
study of the cytotoxic potential of platinum(IV) complexes with thiouracil-based ligands [2]. Ru(II)-
centered complexes incorporating 2-thiouracil derivatives—specifically 6-methyl-2-thiouracil
(6m2TU) and 2-thiouracil (2TU) —were tested against HepG2, K-562, HL-60 and B16-F10 cancer cells,
as well as non-cancerous cells (PBMCs). The biological evaluation indicated that complex 2
demonstrated greater potential than complex 1. Ultimately, this investigation suggests that
complexes 1 and 2 induce apoptosis, significantly increasing the proportion of apoptotic HL-60 cells
by disrupting the cell cycle and decreasing the presence of cells in the G1/Go, G2/M, and S phases [3].
Correa et al. presented the chemical and cytotoxic investigations of four novel ruthenium(ll)
complexes incorporating uracil derivatives. All synthesized compounds are neutral, described by the
formulas  [Ru(PPhs)}(2TU)] (1), [Ru(PPhs)(6m2TU)] (2), [Ru(dppb)(2TU)] (3), and
[Ru(dppb)(6m2TU).]  (4), where PPhs =  triphenylphosphine, dppb = 14-
bis(diphenylphosphino)butane, 6m2TU = 6-methyl-2-thiouracil and 2TU = 2-thiouracil [4]. The
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coordination of 2-thiouracil derivatives with ruthenium enhances regions capable of forming
hydrogen bonds with biological targets, such as DNA. The interaction between these complexes and
DNA was investigated via UV-Vis spectrophotometric titration, yielding DNA-binding constant
values in the range of 0.8-1.8 x 10* M. Furthermore, their interaction with bovine serum albumin
(BSA) was explored [4]. In vitro studies tested their activity against HL-60 (human promyelocytic
leukemia), HepG2 (human liver cancer), B16-F10 (murine melanoma) and K562 (human chronic
myeloid leukemia) cells, along with non-cancerous PBMC (human peripheral blood mononuclear
cells activated with concanavalin A—human lymphoblasts) [4]. Cytotoxicity tests revealed that
complexes (2) and (4) exhibited biological activity against tumor cells comparable to oxaliplatin, the
standard platinum-based drug, positioning them as promising candidates for new anticancer agents
[4]. Bomfim et al. synthesized Ru(Il) complexes incorporating 6-methyl-2-thiouracil, demonstrating
potential as innovative antileukemic drug candidates [5]. Oladipo and Isola carried out a
comprehensive review of uracil's coordination chemistry and the practical uses of several of its
complexes [6]. 5-Substituted uracils are recognized as key structural components in various
therapeutics [7]. Prachayasittikul et al. were synthesized a novel mixed-ligand transition metal (Cu,
Ni, Mn) complexes of 5-iodouracil (5Iu) with 8-hydroxyquinoline (8HQ) (1-3) and 5-nitrouracil (5Nu)
with 8HQ (4-6). These metal complexes showed notable cytotoxic effect against HuCCA-1, A-549,
HepG2, and MOLT-3 cell lines [7]. Specifically, the cytotoxic activities of the tested complexes on
HepG2 cells resulted in ICs values lower than the standard drug. The copper complex of 5Nu (5Nu-
Cu-8HQ, 5) proved to be the most effective cytotoxic agent, whereas the manganese complex of 5Iu
(5Iu-Mn-8HQ, 1) exhibited the highest antioxidant activity [7]. These results underscore the potential
of using simple and easily accessible bioactive ligands, such as 5Iu, 5Nu, and 8HQ, in the design and
development of new lead compounds with notable and promising biological properties [7]. Al-
Halbosy et al. presented the cytotoxic effect of the N-Phenylmorpholine-4-carbothioamide (HPMCT)
and PdCL(HPMCT)] (2), and [PtCl2(HPMCT)] (3) complexes. The compounds were assisted on
breast cancer cell lines (MCF-7), and complex (3) reveals the most promising activity with an ICso
value 12.72 + 0.4 uM [8]. Copper complexes exhibit cytotoxic activity through mechanisms distinct
from those employed by cisplatin, a platinum-based chemotherapeutic agent currently in clinical use
[9]. The biological efficacy of these copper compounds varies significantly depending on the nature
of the coordinated ligands. Investigations into their cytotoxic potential are often grounded in the
hypothesis that endogenous copper may exert lower toxicity on normal cells compared to malignant
ones [10]. However, this assumption is nuanced; copper ions are redox-active and capable of
competing with other metal ions for essential biological binding sites [10]. As an essential trace
element, copper plays a critical role in numerous cellular processes and functions as a cofactor in
various enzymatic catalytic reactions [10]. The involvement of copper in angiogenesis remains a
matter of scientific debate, and the broader role of transition metals in this process continues to be
actively explored [10]. Notably, copper complexes have been shown to mimic the activity of
superoxide dismutase (SOD) [11], a key antioxidant enzyme that catalyzes the dismutation of
superoxide radicals into less reactive molecular species. SOD enzymes are ubiquitous across nearly
all forms of life [11]. Endogenous SOD is highly efficient in neutralizing reactive oxygen species (ROS)
[11]; however, under conditions of oxidative stress—characterized by an imbalance between ROS
production and antioxidant defense systems—the use of low molecular weight SOD mimetics with
potent free radical-scavenging capabilities becomes imperative [11].
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Scheme 1. Different applications of uracil, 2-thiouracil, 2,4-dithiouracil, 6-metyl-2-thiouracil, 6-propyl-2-

thiouracil, 5-fluorouracil and their metal complexes.

Low molecular weight copper complexes are of particular interest due to their effective mimicry
of superoxide dismutase activity. Studies have reported that combinations of copper salts with
dithiocarbamates (DTCs) and clioquinol (CQ) can spontaneously chelate intracellular copper,
resulting in the formation of complexes that act as proteasome inhibitors and apoptosis inducers [10].
Recently, complex with general formulae [Cu(C20H2NOs)]H20 was obtained and cytotoxic
properties was assessed [12]. The complex was studied for its interaction with calf thymus DNA and
bovine serum albumin using spectroscopic methods. The results revealed that the binding
mechanism is a static quenching process [12]. The in vitro cytotoxic investigation was conducted using
MTT assay, and the result revealed that a metal complex exhibited enhanced cytotoxicity, high
selectivity and dose-dependent cytotoxicity [12]. Four novel mononuclear Schiff base copper(Il)
complexes were obtained and characterized by X-ray analysis, which included [Cu(L)(OAc)] H:20,
[Cu(HL)(C204)(EtOH)] EtOH, [Cu(L)(Bza)] and [Cu(L)(Sal)](HL=1-(2-(2-
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hydroxypropyl)(aminoethyl)(imino)(methyl)naphthalene-2-ol), Bza = benzoic acid and Sal = salicylic
acid) [13]. Lian et al. were evaluated the antiproliferative effects of these complexes. The result
showed that all complexes demonstrated good cytotoxicity against cancer cell lines [13]. The cytotoxic
property of gold complexes has attracted attention recently. This may not be unconnected to the
various level of challenges witnessed with the clinical use of platinum compounds. Gold(III)
complexes are an emerging class of metal complexes with potential antitumor properties alternative
to cis-DDP. This is mainly due to their outstanding cytotoxic properties exhibited through non-
cisplatin antitumor mechanism. Zou et al. have described gold complexes in detail in a recent review
[14]. The main objective of designing these drugs is to have a product that is very effective, less toxic
and selectively binds to the active site of enzymes [14]. The potential of selectivity of gold(III)
complexes to thiol-containing enzymes such as thioredoxin reductase (TrxR) makes it an attractive
probe in designing compounds that can selectively bind to residues in the active site of the enzyme
[14]. Many Au(Ill) complexes were synthesized, and the anticancer effect was assisted against
different cancer cell lines. In most cases, the ligands contained donor atom either Cl, Br, S or P. da
Silva Maia et al. have also been synthesized a gold(Ill) complexes and their cytotoxic effect was
studies [15]. Most of the cited gold(Ill) complexes have a profound effect on cisplatin-resistant cell
lines. The cytotoxic properties of a complex with general formulae [(n-
CsHs)Ti{OC(O)CH:PPh2AuCl}2] was investigated in vitro against prostate and renal cell lines as
potential chemotherapeutics drugs [16]. The result showed that the complex acts synergistically
because the resulting cytotoxic effect is more pronounced when compared to [{HOC(O)RPPh2} AuCl]
(R=-CH2- 6, -4-Ce¢Has~ 7) in renal cancer cell lines [16]. Metal complexes tend to associate with specific
residues, many of which play key roles in the enzyme’s catalytic function. This interaction can disrupt
cellular activities, ultimately leading to programmed cell death (apoptosis) [17]. Rana et al.
investigated a gold(Ill) complexes who known to bind to TrxR [17]. In this enzyme, the catalytic
residues are positioned between two subunits, each contributing to the gold(Ill) complex attachment.
Additional binding regions have been found in the enzyme, but they exhibit weaker binding capacity.
To date, numerous metal complexes have been developed utilizing uracil and thiouracil derivatives,
incorporating various metals such as Cu, Fe, Co, Ni, Zn, Mn, Cd, and V [18-20], along with Pd, Pt,
and Au, with analyses conducted on their composition and structural characteristics [21]. Novel
thiolate gold(I) complexes, incorporating P(NMe;); (HMPT) as a phosphine ligand, were successfully
synthesized [22], with two of these gold(I) thiolate complexes exhibiting potential as promising
chemotherapy agents. Additionally, the cytotoxic effect of various metal complexes derived from
thiouracil have been investigated against different cancer cell lines [22-27]. Recently, Marinova et al.
successfully synthesized copper(ll), palladium(ll), and gold(Ill) complexes with 2-thiouracil [28],
along with novel palladium(Il) and copper(ll) complexes containing 6-propyl-2-thiouracil and 6-
methyl-2-thiouracil [29]. Additionally, Au(Ill) and Cu(Il) complexes incorporating 2,4-dithiouracil
(24-DTu) were developed [30], as well as an Au(lll) complex with 6-methyl-2-thioxo-2,3-
dihydropyrimidin-4(1H)-one [31]. Furthermore, the biological effect and synthesis of several metal
complexes derived from 2-thiouracil and its derivatives were explored [32].

This article describes the cytotoxic properties of metal compounds with 2,4-dithiouracil and 6-
propyl-2-thiouracil. In this study we provide details regarding the cytotoxic effect of Pd(I) and Cu(II)
complexes with 6-propyl-2-thiouracil and Au(Ill) and Cu(Il) complexes with 2,4-dithiouracil. The
possible structures of the gold and copper complexes with 2,4-dithiouracil are given in Figures 1 and
2 and Cu(Il) and Pd(II) complexes with 6-propyl-2-thiouracil — Figure 3, respectively. All complexes
that are the subject of this study have been previously published by us in two articles [29,30]. In our
previous study, it was proposed that 2,4-dithiouracil might undergo desulfurization due to the action
of NaOH employed during the synthesis of the gold complex. This process could lead to the
substitution of one or both sulfur atoms with oxygen, thereby yielding 2-thiouracil and uracil as
potential products within the reaction mixture [30].

d0i:10.20944/preprints202505.0603.v1
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Figure 2. A proposed structural arrangement and the corresponding coordination binding sites in the copper
complex. If Z1=H20 or DMSO-hs, then Z>=H20 or DMSO-hs [30].
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Figure 3. The illustration of the suggested coordination binding sites for 6-propyl-2-thiouracil with copper and
palladium [29].

2. Materials and Methods

2.1. Cytotoxicity Assay

To assess the in vitro biocompatibility of the tested compounds, a series of cell viability assays
were conducted on human cervical carcinoma cell lines (HeLa), as well as normal Vero cells (kidney
cells from the African green monkey). All cell lines were obtained from the German Collection of
Microorganisms and Cell Cultures (DSMZ GmbH, Braunschweig, Germany). The cell cultures were
maintained in DMEM (Dulbecco's Modified Eagle Medium) (Gibco Thermofisher Scientific, NY,
USA) growth medium, supplemented with 10% fetal bovine serum (FBS, Sigma-Aldrich, Darmstadt,
Germany) and 5% L-glutamine (Sigma-Aldrich, Darmstadt, Germany), and incubated under
controlled conditions of 37 °C in a humidified atmosphere with 5% CO..

Cell Viability Assessment

The experimental approach included a series of cytotoxicity assays to determine the extent of
cell proliferation inhibition by the synthesized complexes and their free ligands. Cell viability was
quantified using a standard MTT-based colorimetric assay. Exponentially growing cells were
harvested and seeded (100 uL per well) into 96-well plates at an appropriate density—3 x 10° for
HeLa and Vero cells. The cells were exposed to various concentrations of the tested compounds,
ranging from 0.0001 to 10 mg/mL, and incubated for 72 hours.

Following the incubation period, a filter-sterilized MTT substrate solution (5 mg/mL in PBS,
(Sigma-Aldrich, Darmstadt, Germany),) was introduced into each well. A subsequent incubation of
1-4 hours facilitated the formation of insoluble purple formazan crystals, which were then dissolved
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in an isopropanol solution containing 5% formic acid. Absorbance measurements were taken at 550
nm using a microplate reader (Labexim LMR-1). The absorbance values were corrected against MTT
and isopropanol controls and normalized to the mean value of the untreated control (100% cell
viability). Semi-logarithmic dose-response curves were generated, and the cytotoxic dose CDso
(causing a 50 % reduction of cell viability) for each tested compound against the respective cell lines
was determined. Statistical significance was established at p < 0.05.

3. Results and Discussion

Two thiouracil derivatives and their complexes with Au(IIl), Pd(Il) and Cu(Il) were tested for
cytotoxicity against two cell lines — a normal cell line of kidney cells from African green monkey and
a tumor cell line of human cervical carcinoma. The concentration-response curves for 2,4-dithiouracil
and its metal complexes against the normal cell line are presented on Figure 4. The results show that
the tested compounds reduced the proliferation of the treated cells in a concentration-dependent
manner, but the addition of Cu(ll) and Au(lll) improves cell viability at the higher tested
concentrations. A similar tendency was observed in the treatment of the tumor cell line (human
cervical carcinoma) (Figure 5) with the same compounds.

The CDso values of the 2,4-dithiouracil ligand and its metal complexes were determined through
MTT testing and are presented in Table 1. The hierarchal order of cytotoxicity against the normal cell
line revealed that the addition of Aulll) increased the cytotoxic activity of the ligand and the addition
of Cu(Il) to the complex lead to an even lower CDso. The tumor cell line was also less sensitive to 2,4-
dithiouracil in comparison with its complexes, the Au(Ill) complex being the stronger cytotoxic agent.
Other authors also report an improvement of cytotoxicity after the addition of copper and gold ions
to ligands [28,37]. The comparison between the normal and tumor line sensitivity towards 2,4-
dithiouracil and its metal complexes show much higher cytotoxicity against human cervical
carcinoma cells, which is a good prerequisite for possible chemotherapy applications.
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Figure 4. Concentration-response curves of a) 2,4-dithiouracil and it's b) Cu(Il) and ¢) Au(IIl) complex against Vero cell line (kidney cells from African green monkey).
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Table 1. Hierarchical order of 2,4-dithiouracil and its complexes according to their cytotoxicity against Vero cell

line (kidney cells from African green monkey).

Cytotoxic concentration (CDso), mg/mL

Compound Normal cell line Tumor cell line
Vero cell line (kidney cells HelLa cell line (human
from African green monkey) cervical carcinoma)
2,4-dithiouracil 0,2049 0,04568
Cu(II) complex 0,02708 0,00534
Au(IIl) complex 0,04568 0,002327
Order 2,4-DTu > Au(IIl) complex > 2,4-DTu > Cu(II) complex >

Cu(Il) complex Au(Ill) complex

Similar results were obtained in the investigation of the cytotoxic effect of 6-propyl-2-thiouracil
and its complexes with copper(Il) and paladium(Il). The concentration-response curves depicted on
Figure 6 reveal that the cell viability of the normal cell line is also concentration-dependent and the
metal complexes are cytotoxic in lower concentration in comparison with the ligand. In the
experiments with tumor cells and the same compounds the cell viability was affected by even lower
test concentrations (Figure 7).

The determined CDso values of 6-propyl-2-thiouracil and its complexes were lower than those
of 2,4-DTu and its Pd(II) and Cu(Il) compounds. The highest cytotoxic concentration against the
normal cell line was detected for 6-Pro-2Tu, followed by its Cu(ll) and Pd(II) complex (Table 2).
Similarly, the most potent compound preventing the proliferation of the tumor cells was the Pd(II)
complex of 6-propyl-2-thiouracil, followed by the Cu(Il) complex and the ligand. This second set of
compounds also showed better effect on tumor cells in comparison with the normal cells.
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Table 2. Hierarchical order of 6-Pro-2Tu and its complexes according to their cytotoxicity against Vero cell line

(kidney cells from African green monkey).

Cytotoxic concentration (CDso), mg/mL

Compound Normal cell line Tumor cell line
Vero cell line (kidney cells HelLa cell line (human
from African green monkey)  cervical carcinoma)
6-propyl-2-thiouracil 0,1033 0,01626
Cu(Il) complex 0,01626 0,004976
Pd(II) complex 0,007487 0,0006124
Order 6-Pro-2Tu > Cu(Il) complex > 6-Pro-2Tu > Cu(Il) complex >
Pd(II) complex Pd(II) complex

Cisplatin is a widely used chemotherapeutic agent, and its cytotoxic effects on HeLa cell lines
have been extensively studied [33-38]. On average a concentration of 0,003 mg/mL is reported to lead
to a significant loss of cell viability in HeLa cell lines. Becit et al. reported that for complete inhibition
of the viability of a human cervical carcinoma cell line was needed a concentration of cisplatin higher
than 1,5 mg/mL [39]. Another study reported that 0,15 mg/mL of cisplatin caused about 10%
reduction on cell viability in the same cell line after 24 h. [40]. In comparison, the compaound
included in this study inhibit completely the proliferation of the tumor line at concentrations between
0,001 and 0,1 mg/mL. Another platinum-based chemotherapeutic agent, exhibits cytotoxic effects on
HelLa cells is carboplatin. Various potency is reported across different studies. Aborehab and Osama
[41] investigated the effect of combining gallic acid with carboplatin on HeLa cells, employing
concentrations of carboplatin ranging from 0,00781 mg/mL to 1 mg/mL. The application of 1 mg/mL
yielded complete inhibition of cell viability, which is a significantly higher concentration than the
ones reported in this study.

4. Conclusions

The conducted study on 2-thiouracil derivatives and their metal complexes showed that the
inclusion of Cu(ll), Pd(Il) and Au(Ill) in the compounds structure improved significantly their
cytotoxicity. All tested compounds exhibited higher capability to reduce the proliferation of human
cervical carcinoma cells in comparison with normal kidney cells from African green monkey. The
lowest CDso was detected for the complex of 6-propyl-2-thiouracil with Pd(Il) against the tumor cell
line. These findings suggest that the coordination of metal ions, especially Cu(Il), Au(Ill) and Pd(II)
to 2-thiouracil derivatives plays a significant role in the improvement of their cytotoxicity towards
tumor cells while maintaining lower toxicity towards normal cells. This makes the promising
candidates for further investigation as anticancer agents.
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