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Abstract—New complexes CuCl2[AbAc]2 (I), CoCl2[AbAc]2 (II), and ZnCl2[AbAc]2 (III) with abiraterone
acetate (AbAc) are synthesized. The molecular structure of complex II is determined by X-ray diffraction
(XRD) (CIF file CCDC no. 2252346). The cobalt atom coordinates with abiraterone acetate due to the
N-donor pyridine atom. The model processes of hydrolysis of the compounds in acidic and neutral media
and their ability to interact with the superoxide radical anion generated in the xanthine–xanthine oxidase
enzymatic system are studied. A high activity of complexes I and II is found. The MTT test shows that the
antiproliferative activity of compounds I–III against the HCT-116, MCF-7, A-549, and WI-38 cells is com-
parable with the activity of cisplatin and exceeds that of the initial AbAc for the PC-3 cell line. Complex II
also induces cell cycle arrest in the G0/G1 phase of RNA protein synthesis.
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INTRODUCTION
Malignant tumors are classified as socially signifi-

cant pathologies. Platinum drugs (cisplatin, carbopla-
tin, and oxaliplatin) are widely used for cancer treat-
ment at late stages. Nevertheless, their clinical effi-
ciency is substantially restricted by high toxicity,
considerable side effects, and resistance of some types
of cancer. Therefore, rapt attention is recently given to
the search for drugs based on compounds of other
metals. The Cu(II), Co(II), and Zn(II) complexes are
known to have a broad range of biological activity. For
instance, the Co(II) and Cu(II) complexes with
2-nitrobenzaldehyde glycine and 2-nitrobenzalde-
hyde methionine are efficient antimicrobial agents [1].
Copper is involved in many physiological cell pro-
cesses and characterized by cytotoxicity [2, 3]. The
copper complexes can selectively inhibit the cancer
cell growth and induce apoptosis via the mitochon-
drial route [4] suppressing antiapoptotic proteins [5]
or via the accumulation of reactive oxygen metabolites
(ROM) [6, 7]. The Cu(II) bis[N-(p-tolyl)imino]ace-
naphthene complexes and the Cu(II) and Zn(II) com-
plexes bearing Schiff bases were studied in vitro and
in vivo on Ehrlich ascites carcinoma cells of Swiss
albino mice [8]. The ability of these compounds to
elongate the mice life, decrease the average tumor
weight, and inhibit the tumor cell growth was found.
The Cu(II) and Co(II) complexes with the imidazole-

4-acetate anion have antifungal and antitumor activity
[9]. In addition, the capability of these complexes of
interacting with DNA was revealed. The Zn(II) com-
plexes with 2-acetylpyridine-1-(4-fluorophenyl)pip-
erazinyl thiosemicarbazone manifest a high antiprolif-
erative activity, and tumor cell proliferation is
achieved by blocking cell cycle progress in the S phase
[10]. The acenaphthenequinone-based complexes of
bis(thiosemicarbazone)zinc f luoresce and exhibit
cytotoxicity (compared to that of cisplatin) on the
MCF-7 cell line (human breast cancer) [11].

Prostate carcinoma (PC) is the second in abun-
dance oncological disease and the fifth in significance
cause of men death because of cancer all over the
world (6.6% of the total number of deaths), and the
frequency of revealing PC for men younger than
50 years continues to increase, but causes of this ten-
dency remain unrevealed yet [12, 13]. When diagnos-
ing at the early stage, surgical interference or radio-
therapy can exert a curative effect, but metastatic cas-
tration-resistant prostate cancer (mCRPC) develops
in some patients [14]. One of the methods for mCRPC
treatment is abiraterone acetate (AbAc) as a prodrug
of abiraterone. The latter is a perorally accessible
inhibitor of the enzyme complex cytochrome P450 c17
(CYP17A1), which is the crucially important partici-
pant of androgen synthesis. Abiraterone selectively
and irreversibly inhibits 17 alpha-hydroxylase/С17,
612
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20-liase, which is the key enzyme of androgen biosyn-
thesis [15, 16], and suppresses adrenal and tumor
androgens [17, 18]. The photoactive Ru(II) complexes
are also known: they liberate abiraterone under the
visible light action in prostate cancer cells [19]. The
photoinduced liberation results in abiraterone binding
with the CYP17A1 target in the inhibitory regime.

The synthesis and antiproliferative properties of the
new copper, cobalt, and zinc complexes with abi-
raterone acetate are presented in this work. Their sta-
bility and capability of interacting with the superoxide
radical anion were also studied.

EXPERIMENTAL

Commercially available CuCl2·2H2O, CoCl2,
ZnCl2, abiraterone acetate (Farmoslavl’, 97%), ace-
tone (Sigma-Aldrich, 95%), and ethanol (Sigma-
Aldrich, 98%) were used. Solvents were used as
received.

1H and 13C NMR spectra were recorded on a
Bruker АМХ-400 spectrometer in CDCl3 (1Н,
400 MHz; 13С, 100 MHz). IR spectra were recorded
on an IR 200 FT-IR spectrophotometer (Thermo-
Nikolet) in KBr pellets. The synthesized compounds
were analyzed by mass spectrometry with electrospray
ionization (ESI) on a TSQ Endura instrument
(Thermo Fisher Scientific, Waltham, MA, USA).
Solutions of the complexes in acetonitrile were
directly injected through a syringe pump into the ion-
ization source with a rate of 5–10 μL/min. The spectra
were recorded in the positive ion detection mode with
a voltage on the source of 3.4 kV in the range m/z 150–
1400. The experiment was monitored and the data
were processed using the Xcalibur software.

Elemental analysis was carried out on a Vario
Microcube (Elementar) C,H,N analyzer. Melting
points were determined by the capillary method on a
Stuart SMP10 instrument (Bibby Scientific Limited
Stone, UK). The ability of the compounds to neutra-
lize the superoxide radical anion  generated in the
xanthine–xanthine oxidase enzymatic system was
determined using a Multiskan Go plate (96 wells)
spectrophotometer (Thermo Fisher Sci., USA). The
MTT test was conducted on a Zenyth200rt (Anthos)
plate reader.

Synthesis of CuCl2[AbAc]2 (I). A solution of
CuCl2·2H2O (50 mg, 0.29 mmol) in EtOH (9 mL) was
added to a solution of AbAc (230 mg, 0.59 mmol) in
acetone (4 mL). The reaction mixture was stirred at
room temperature for 3 h. The solvents were removed
in vacuo. The synthesized substance was washed with
distilled water on a paper filter and dried in air. The

2O− i
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yield of compound I as an orange-brown powder was
225 mg (84%), Тdecomp = 139–140°C.

IR (KBr; ν, cm–1): 3036 w, 2932 w, 1728 s, 1373 m,
1237 s, 1032 s, 797 m, 697 m, 576 w. MS (ESI): m/z
845 [M-2Cl]+.

Synthesis of CoCl2[AbAc]2 (II). A solution of anhy-
drous CoCl2 (50 mg, 0.39 mmol) in EtOH (8 mL) was
added to a solution of AbAc (302 mg, 0.77 mmol) in
acetone (5 mL). The reaction mixture was stirred at
room temperature for 3 h. The solvents were removed
in vacuo. The synthesized substance was washed with
distilled water on a paper filter and dried in air. The
yield of compound II as a bright blue powder was
267 mg (76%), Тdecomp = 172–173°C. Bright blue crys-
tals suitable for XRD were obtained after recrystalliza-
tion from acetone.

IR (KBr; ν, cm–1): 3039 w, 2937 w, 1729 s, 1367 m,
1246 s, 1036 s, 787 m, 704 m, 691 w.

Synthesis of ZnCl2[AbAc]2 (III). A solution of
anhydrous ZnCl2 (20 mg, 0.15 mmol) in EtOH (6 mL)
was added to a solution of AbAc (118 mg, 0.30 mmol)
in acetone (3 mL). The reaction mixture was stirred at
room temperature for 3 h. The solvents were removed
in vacuo. The synthesized substance was washed with
distilled water on a paper filter and dried in air. The
yield of compound III as a white powder was 106 mg
(77%), Тdecomp = 168–169°C.

IR (KBr; ν, cm–1): 3035–3060 w, 2850–2964 m,
1730 s, 1373 m, 1241 s, 1032 s, 803 s, 699 s. 1H NMR
(CDCl3; δ, ppm): 8.81 (s, 2H), 8.61 (d, J = 4 Hz, 2H),
7.90 (d, J = 8 Hz, 2H), 7.47 (dd, J1 = 8 Hz, J2 = 4 Hz,
2H), 6.12 (s, 2H), 5.42 (d, J = 4 Hz, 2H), 4.57–4.65
(m, 2H), 2.25–2.40 (m, 6H), 2.06–2.11 (m, 4H), 2.04
(s, 6H, CH3CO2), 1.98–2.01 (m, 2H), 1.44–1.90 (m,
18H), 1.11–1.21 (m, 4H), 1.07 (s, 6H, CH3), 1.03 (s,
6H, CH3). 13C NMR (CDCl3; δ, ppm): 170.14, 149.47,
146.05, 145.95, 139.60, 136.71, 134.61, 131.64, 124.44,
121.72, 73.35, 56.98, 49.69, 46.92, 37.68, 36.48, 36.33,
34.57, 31.53, 30.99, 29.87, 27.29, 21.03, 20.39, 18.83,
16.21.

For C52H66N2O4Cl2Cu
Anal. calcd., % C, 68.07 H, 7.25 N, 3.05
Found, % C, 67.91 H, 7.12 N, 2.87

For C52H66N2O4Cl2Co
Anal. calcd., % C, 68.42 H, 7.29 N, 3.07
Found, % C, 68.21 H, 7.37 N, 2.95

For C52H66N2O4Cl2Zn
Anal. calcd., % C, 67.93 H, 7.24 N, 3.05
Found, % C, 67.78 H, 7.09 N, 2.94
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XRD of a single crystal of compound II was carried
out on a Bruker D8 Quest diffractometer equipped
with a Photon III detector and a microfocus X-ray
tube with the MoKα wavelength (λ = 0.71073 Å) at
110 К. Data were collected in the ϕ and ω scan modes.
A single crystal of compound II (C52H66N2O4Cl2Co,
FW = 912.89) is orthorhombic, a = 10.1390(7), b =
14.6822(12), c = 62.030(5) Å, space group P212121, Z =
8, Z ' = 2, μ = 5.35 cm–1, F(000) = 3880. Intensities of
34040 reflections were measured at 110 K, and
17355 independent reflections of them were used in
further structure determination. The structure was
solved by dual methods and refined by full-matrix
anisotropic least squares for F 2 using the SHELXTL
software [20, 21]. Positions of hydrogen atoms were
calculated and included in refinement in the isotropic
approximation. The final divergence factors were R1 =
0.0922 for 17353 observed reflections, and wR2 and
GOОF for all independent reflections were 0.2348
and 1.077, respectively.

The coordinates of atoms, bond lengths, bond
angles, and thermal shift parameters were deposited
with the Cambridge Crystallographic Data Centre
(CIF file CCDC no. 2252346; www.ccdc.cam.ac.uk/
data_request/cif).

The electronic absorption spectra of solutions of
the synthesized compounds were recorded at room
temperature (~25°С) on an Evolution 300 cell spec-
trophotometer in a range of 200–750 nm. To achieve
optimum absorbances, the concentration of com-
pounds AbAc, II, and III in acetone solutions was
2 mM, and that of compound I in an acetone solution
was 0.1 mM.

The compounds were studied in buffer media
(phosphate buffer, pH 5.5, pH 7.4) by spectrophotom-
etry at room temperature (~25°С). The concentration
of solutions of compounds AbAc and I–III in
dimethyl sulfoxide (DMSO) was 2 mM.

Interaction with the  superoxide radical anion.
The ability of the compounds to neutralize the О2

–·
superoxide radical anion generated in the xanthine–
xanthine oxidase enzymatic system was evaluated
from the reduction rate of blue tetrazolium to for-
mazan [22]. The reaction mixture contained a 40 mM
carbonate buffer (2.76 mL, рН 10.0), 0.1 mM EDTA,
2.5 mM blue tetrazolium (0.03 mL), 10 mM xanthine,
0.5% bovine serum albumin (0.03 mL), and a solution
(0.06 mL) of the studied compound in DMSO. Xan-
thine oxidase (0.04 units, 0.002 mL) was added to the
reaction mixture at 25°С, and the absorbance was
measured at λmax = 560 nm for 300 s. The control
experiment was carried out with the same volumes of
DMSO without studied compounds. The measure-
ments using six concentrations (0.05, 0.2, 0.75, 1.25,
2.5, and 5.0 mM) were conducted for each substance.
All experiments were carried out in three repetitions.

2O− i
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The degree of inhibition was determined by the
equation

where Ai is the absorbance in the presence of the tested
compound at the end of the reaction (800 s), A0 is the
absorbance of the control solution, and IC50 were
determined graphically from the dependence of I on
the concentration of the compound using the Micro-
soft Excel 2016 software.

Procedure of operating with cell cultures. The cul-
tures of human colon cancer (HCT-116), human
breast carcinoma (MCF-7), human lung carcinoma
(А-549), human prostate cancer (PC-3), and human
diploid cell line consisting of fibroblasts (WI-38) were
cultivated in the DMEM complete cultural medium
under standard conditions reseeding them twice a
week depending on the seeding density. For reseeding,
the cells were washed down from the vial walls with
2 mL of a versene solution (0.02% EDTA), which che-
lates calcium ions necessary for cell adhesion due to
which the cells are detached from the support. For a
more complete detachment of the cell mass, the vial
was placed in a CO2 incubator for 15−20 min (the CO2
content was 5%, T = 37°C, Galaxy 170S incubator,
New Brunswick an eppendorf company, USA). A por-
tion of the cell mass (~100 μL) was left in the cultural
vial, suspended in a DMEM medium (7−8 mL), and
placed in the incubator for further growth. The
remained portion of the cell mass (1.5−2 mL) was
neutralized by the addition of the DMEM cultural
medium (5 mL), and the cells were precipitated by
centrifugation (2 min, 2000 rpm, Universal 320R cen-
trifuge, Germany). After centrifugation, the superna-
tant was removed and a precipitate of the cells was sus-
pended in the cultural medium (5 mL). Then the cell
mass (50 μL) was transferred into the eppendorf and
dissolved in DMEM (450 μL). The number of cells
was counted in a Goryaev chamber using a Magnus
inversion biological microscope (Germany).

The cells were counted by the equation

For the further operation with the cell cultures, a
necessary dilution was attained using a DMEM
medium to reach a cell density of 5 × 104 1/mL. Then,
a portion of the cell mass (190 μL) was introduced into
each well of a sterile 96-well plate followed by cell cul-
tivation for 24 h in a CO2 incubator.

MTT test is based on the ability of living cell dehy-
drogenases, in particular, succinate dehydrogenase, to
reduce uncolored forms of 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazole (MTT) to blue formazan
soluble in DMSO. The MTT test was conducted via a
published procedure [23] with minor modifications.
Solutions with concentrations of 1, 0.25, 0.0625,
0.015, and 0.00375 mM in DMEM were prepared
from the studied substances. If necessary, the sub-

( )= − ×01 100% ,iI A A

� �× × 5( 25) 100 10 1 mL .n
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stances were preliminarily dissolved in DMSO (the
DMSO concentration was not higher than 0.5% of the
final solution volume). The prepared solutions of the
studied substances were introduced into a sterile pla-
nar-bottom 96-well plate containing cell cultures with
5- and 10-μL micropipettes in such a way that the final
concentrations of the substance in the wells would be
50, 25, 12.5, 6.4, 3.2, 1.6, 0.8, 0.4, 0.2, and 0.1 μM.
The plate with the cells and studied substances was
placed in a CO2 incubator for 72 h. Then 10 μL of a
solution of MTT (5 μg/mL) were introduced into each
well of the plate with the primary culture and studied
substance, and incubation was conducted at 37°С for
2 h in a wet atmosphere with 5% СО2. After 2 h of
exposure, the living cells reduce yellow MTT to dark
violet granules of formazan. The formazan granules

were dissolved in DMSO (150 μL), and the amount of
the reduced product was measured by spectrophotom-
etry on a Zenyth 2000rt plate reader at a wavelength of
570 nm. The test results were presented as a plot of the
dependence of % survived cells on the concentration
of the studied substances. Cisplatin was applied as the
standard. The experiments with the tested compounds
were carried out in three repetitions.

RESULTS AND DISCUSSION
New complexes I–III were synthesized at room

temperature from abiraterone acetate and chlorides of
the corresponding metals (Scheme 1). The synthe-
sized compounds are highly soluble in acetone, aceto-
nitrile, and DMSO and are stable in air.

Scheme 1.

The compositions and purity of compounds I–III
were confirmed by IR spectroscopy and elemental
analysis, and the zinc complex was additionally stud-
ied using 1Н and 13С NMR spectroscopy.

The study of the compositions of compounds I–III
by mass spectrometry (ESI) showed their high sensi-
tivity and instability under the analysis conditions.
The redox processes that occur in the ionization
source result in the decomposition of the starting
complex and, as a consequence, the absence of the sig-
nal in the mass spectrum. Therefore, the spectra of
compounds II and III exhibit only the signal of the
protonated molecule of the ligand (abiraterone ace-
tate). Some fragments of the starting compound,
which were formed due to ionization, were observed
only in the mass spectrum of complex I (Figs. 1–3).
For instance, a cluster of ions, whose signal corre-
sponds to the loss of two chlorine atoms ([M-2Cl]+),
was observed in the range m/z 845−849, and the range

m/z 495−495 exhibits the signal of the adduct of the
monoligand copper complex with acetonitrile. Proba-
bly, this is related to the formation of a stable copper(I)
complex ion, whereas cobalt and zinc have no such a
possibility.

The crystallization of compound II from acetone
made it possible to obtain crystals colored in saturated
blue that were used for XRD.

Since the ligand is a certain stereoisomer, the com-
plex can crystallize only in the chiral space group,
namely, in the group P212121. Compound II crystal-
lizes with two symmetrically independent molecules
in the unit cell. The XRD study of complex II shows
that the coordination sphere of the cobalt atom con-
tains two ligands, both of which are bound to the metal
via the pyridine nitrogen atom (Fig. 4). The coordina-
tion polyhedron of cobalt is a tetrahedron with the
bond angles N(1)Co(1)N(1А) 98.6(3)°–97.1(3)° and
Cl(1)Co(1)Cl(2) 116.84(10)°–116.08(11)° in two
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Fig. 1. Mass spectrum (ESI) of compound I.
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Fig. 2. Mass spectrum of compound I in the range m/z 820–890. Experimental cluster of ions (upper) corresponding to the loss
of two chlorine atoms [M-2Cl]+, and the cluster of ions simulated according to the assumed composition (bottom).
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independent molecules. Although the coordination
polyhedron and abiraterone itself are rather rigid, two
independent molecules are different conformers that
differ by the mutual turn of the pyridine rings toward
each other and an insignificant variation of the mutual
arrangement of the medium plane of abiraterone and
RUSSIAN JOURNAL OF C
the pyridine plane. The mutual turn of pyridine
toward the double bond of the five-membered ring is
42.5° and 18.6° in one independent molecule and 42°
and 5° in another molecule.

The studied electronic absorption spectra of solu-
tions of the synthesized compounds in acetone in the
OORDINATION CHEMISTRY  Vol. 49  No. 9  2023



SYNTHESIS AND ANTIPROLIFERATIVE ACTIVITY OF NEW COPPER 617

Fig. 3. Mass spectrum of compound I in the range m/z 485–510. Experimental cluster of ions (upper) corresponding to the adduct
of the monoligand copper complex with acetonitrile, and the cluster of ions simulated according to the assumed composition
(bottom).
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UV and visible ranges are given in Table 1. The
absorption maxima are detected in the UV range and
correspond to π–π* transitions in the ligand. In the
case of complex II, a solution of which is brightly blue,
the band appears in a range of 612 nm corresponding
to the d–d* transition of the metal in the tetrahedral
environment.

In addition, hydrolysis in cancer cells was modeled
for a solution of abiraterone acetate and complexes I–
III in a range of 200–750 nm (Table 1, Fig. 5) in a
phosphate buffer (pH 5.5). The absorption spectra of
all compounds exhibit a decrease in the absorbance in
time, which is probably related to their hydrolysis.
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
The hydrolysis of the initial AbAc and compounds
I–III was also modeled in normal cells (phosphate
buffer, pH 7.4). The life-time of compounds I–III and
AbAc during hydrolysis was found to be lower in an
acidic medium compared to a neutral medium
(Table 1, Fig. 6). In this case, copper complex I expe-
riences twofold slower hydrolysis than the initial
AbAc.

The antioxidant activity of compounds I–III and
AbAc was evaluated from the ability to interact with
the superoxide radical anion generated in the xan-
thine–xanthine oxidase enzymatic system. The stud-
ies were conducted by spectrophotometry from a
  Vol. 49  No. 9  2023
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Table 1. Data on the electronic absorption spectra (acetone) and half-life time during hydrolysis (phosphate buffer) of com-
pounds I–III and AbAc

Compound λ1max, nm (logε1) λ2max, nm (logε2)
Hydrolysis (τ1/2, min)

pH 5.5 pH 7.4

I 246 (4.09) 282 (4.10) 40 60

II 328 (2.85) 612 (1.09) 30 60

III 210 (2.76) 278 (2.46) 35 40

AbAc 248 (2.76) 254 (2.88) 20 40
change in the reduction rate of blue tetrazolium to for-
mazan [22]. The high activity of compounds I and II
was observed: IC50 are 43 ± 3 and 2.3 ± 0.5 μМ,
respectively, whereas compounds III and AbAc pro-
mote the formation of the superoxide radical anion.
The initial CuCl2 has a moderate inhibitory effect
(degree of inhibition 23%). Remarkably, CoCl2 exhib-
RUSSIAN JOURNAL OF C

Fig. 5. Change in the absorption spectra of (a) AbAc and (b) I (
spectrum at the experiment onset, and the spectrum after 2 h is 
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The antiproliferative activity was studied in vitro
for compounds I–III and initial AbAc on the HCT-
116, MCF-7, А-549, and PC-3 cancer cells and WI-38
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Fig. 6. Change in the absorption spectra of (a) AbAc and (b) I (phosphate buffer, pH 7.4). Gray color designates the absorption
spectrum at the experiment onset, and the spectrum after 2 h is red. 
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normal cells and was compared with that of cisplatin
(Table 2). The compounds manifest an activity toward
the most part of the cell lines compared to that of cis-
platin. Complexes I–III exhibit a higher activity
against the PC-3 cells compared with that of AbAc
indicating the influence of the metal on the antiprolif-
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

Table 2. Values of IC50 for compounds I–III, AbAc, and cisp

Compound
HCT-116 MCF-7

I 14.7 ± 1.5 12.4 ± 0.8

II 13.1 ± 1.3 11.1 ± 0.7

III 10.2 ± 2.4 16.6 ± 1.5

AbAc 16 ± 4 23 ± 4

Cisplatin 9.0 ± 0.7 7 ± 2
erative properties. Compound I is two times more
active toward this line than compounds II and III.

The influence of complex II on the cell cycle was
tested on the HCT-116 line by the determination of the
relative DNA cell content using DNA-binding f luo-
  Vol. 49  No. 9  2023

latin against different cell lines

IC50, μM

A-549 PC-3 WI-38

13.1 ± 1.2 15.8 ± 4.3 6.8 ± 2.1

13.4 ± 2.6 34 ± 7 6.2 ± 0.4

6.5 ± 2.8 32.1 ± 9.6 7 ± 3

9 ± 2 >100 12.4 ± 1.7

4.1 ± 0.7 2.2 ± 0.8 4.8 ± 0.5
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Fig. 7. Influence of compound II on the cell cycle of the HCT-116 cancer cell line after 48 h of incubation. 
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rescent dye propidium iodide. The cells were treated
for 48 h with a solution of compound II at the concen-
tration equal to IC50 in the MTT test. Cell cycle mon-
itoring demonstrated the cell distribution between the
phases of the cell cycle: G0/G1 (phase of synthesis of
RNA and other cell components), S (phase of DNA
replication in the karyon, centriole duplication), and
G2/M (phase of preparation to mitosis/mitosis)
(Fig. 7).

Complex II was found to cause cell cycle arrest in
the G0/G1 phase of RNA protein synthesis. It is most
likely that some cells exist in the reproductive dor-
mancy state (phase G0) and undergo no fission. It is
characteristic that the cells in the G0 phase are insen-
sitive to chemotherapy. However, the stay in the dor-
mancy phase is reversible.

Thus, new Cu (I), Co (II), and Zn (III) complexes
with abiraterone acetate were synthesized. The molec-
ular structure of complex II was determined by XRD.
The stability of the initial AbAc and complexes I–III
in an aqueous solution (phosphate buffer, pH 5.5 and
7.4) was studied for modeling hydrolysis in the tumor
and normal cells. The capability of compounds I–III
and AbAc of interacting with the superoxide radical
anion generated in the xanthine–xanthine oxidase
enzymatic system was studied. Compounds I and II
were found to manifest a high activity. The antiprolif-
erative properties of the compounds were studied by
the MTT test. The values of IC50 of the synthesized
compounds against the HCT-116, MCF-7, A-549,
and WI-38 cells were revealed to be comparative with
those for cisplatin. Compounds I–III demonstrate a
higher activity on the PC-3 line compared to that of
the initial AbAc. Compound II was also found to be
capable of inducing cell cycle arrest in the G0/G1
phase of RNA protein synthesis. The results obtained
provide possibilities for further studies of complexes
I–III as potential anticancer agents.
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