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Abstract: The coordination behavior of three ligand precursors 2-[(2-pyridinyl-
methyl)amino]acetic acid hydrochloride, 4-[(2-pyridinylmethyl)amino]benzoic
acid hydrochloride and 4-{[2-(pyridin-2-ylmethylamino)ethylamino]methyl}-
benzoic acid hydrochloride, HL1-HCI-HL3-HC], respectively, in copper(Il)
complexes is described. The complexes were characterized by elemental ana-
lysis, ESI mass spectrometry and IR spectroscopy, as well as X-ray structural
analysis. The reaction of copper(Il) with HL1-HCI in methanol afforded the
polymeric complex [{Cu(u-Cl),(MeL1-«*>N,N*)},] (1) featuring the methyl
ester of L1 (MeL1). With HL2-HCl or HL3-HCI, the dimeric complex
[{CuCl(z-C1)(HL2-k2N,N")},] (2) or the mononuclear complex [CuCl,(HL3-
K3N,N’,N)] (3) were obtained. All complexes exhibited square-pyramidal geo-
metries. In 1, polymeric chains are formed through bridging chlorido ligands
without typical hydrogen bonding interaction. Contrarily, the COOH group in 2
is participating in the formation of intermolecular hydrogen bonding forming a
supramolecular structure. In 3, intermolecular hydrogen bonding (Cl---H(O))
leads to a 1-D polymeric structure. The copper(ll) complex 2 diminished
viability of human 8505C, MCF-7, 518A2 and SW-480 cell lines. The tumoric-
idal effect of 2 was realized mainly through caspase-mediated apoptosis.
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INTRODUCTION

The Jahn—-Teller active copper(Il) ion exhibits remarkable flexibility in its
coordination sphere, allowing it to adopt a diverse range of coordination geo-
metries, spanning from four-coordinate (tetrahedral or square planar) to six-coor-
dinate elongated octahedral structures.! In copper(I) complexes containing hal-
ido ligands enhanced flexibility is observed by facilitating halide bridging
between copper(Il) centers, leading to the formation of extended oligomeric or
polymeric complexes.

Pyridine-based multidentate ligands are a highly adaptable group of com-
pounds, primarily because they can be easily functionalized using efficient syn-
thetic methods.? The flexibility in their synthesis allows for the creation of cus-
tom-made ligands.3** When such molecules are coordinated to metal ions, they
enable the manipulation of both the electronic and structural characteristics of the
resulting complexes.

Transition metal complexes with N, N -bidentate pyridylmethylamine ligands
remain a subject of ongoing interest, primarily due to the high coordination
versatility achievable through the introduction of diverse substituents on the
amine and/or pyridyl unit.>-8 Numerous structural variations in pyridylmethyl-
amines and their corresponding complexes have been documented highlighting
the significance of their steric and electronic properties in various targeted chem-
ical applications.”~!! Previous studies have utilized N-(2-hydroxybenzyl)-amino
acids and N-(2-pyridylmethyl)-amino acids as useful polydentate ligands to form
multidimensional and oligomeric structures.!2-19

Here we report the investigation of the influence of the amino N substituent
in (2-pyridinylmethyl)amino ligands on the solid-state structure of copper(Il)
complexes. Depending on the substituent polymeric polynuclear
[{Cu(u-Cl),(MeL1-«2N,N*)},], dinuclear, [{CuCl(u-Cl)(HL2-x2N,N’)},], or
mononuclear, [CuCl,(HL3-x2N,N’,N*")], complexes were obtained. The com-
plexes were characterized by elemental analysis, ESI-MS and IR spectroscopy
and single crystal structure analysis.

EXPERIMENTAL
Materials and methods

Chemicals and instruments. Methanol, CuCl,, RPMI 1640 medium, fetal bovine serum,
propidium iodide (PI), acridine orange (AO), and sulforhodamine B (SRB), were ordered
from Sigma-Aldrich (St. Louis, MO). AnnexinV-FITC (AnnV), was obtained from Biotium
(Hayward, CA) while Apostat was from R&D (R&D Systems, Minneapolis, MN, USA). For
'H- (300 MHz) and '3C-NMR (75 MHz) spectroscopy (Fourier-300, Bruker) tetra-methyl-
silane (TMS) was used as an internal standard and deuterated solvent as reference. The melt-
ing points were determined in a capillary using a Gallenkamp instrument. Elemental analysis
was performed on Thermo Scientific Flash Smart CHNS (Italy). The IR spectra were recorded
with an FT-IR spectrometer Spectrum 2000 (Perkin Elmer) using KBr pellets in the range of
4000 to 400 cm™!. The ESI mass spectra in a positive mode were recorded with an FT-ICR
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mass spectrometer (Bruker Daltonics). The isotope distribution was determined with the pro-
gram Molecular Weight Calculator 6.45.20 The specification of the molecular ion peak refers
to the highest signal in the observed isotope pattern. The absorbance for the SRB assay was
measured at 540 nm with the reference wavelength at 670 nm. Fluorescence activated cell
sorting (FACS) experiments were conducted on CyFlow® Space Partec by using the Partec
FloMax® software.

Analytical and spectral data are given in the Supplementary material to this paper.

Synthesis of the ligand precursors HL1-HCI-HL3-HCI

Synthesis of HLI1-HCI! and HL2-HCI. Ligand precursors HL1-HCl (2-[(2-pyridinyl-
methyl)amino]acetic acid hydrochloride) and HL2-HCI (4-[(2-pyridinylmethyl)amino]benzoic
acid hydrochloride) were obtained as described in the literature.!3-2!

Synthesis of 4-{[2-(pyridin-2-ylmethylamino)ethylamino]methyl}benzoic acid hydrochlo-
ride HL3-HCI. The compound 4-[(2-aminoethylamino)methyl]benzoic acid (synthetic pro-
cedure was described earlier??) (1.32 g, 0.007 mol) was reacted with KOH (0.45 g, 0.007 mol)
in water (10 mL). The resulting clear light yellow solution was cooled to 0 °C. Pyridine-2-carb-
aldehyde (0.73 g, 0.007 mol) was then added within 30 min, followed by stirring at 0 °C for 1
h. NaBH, (0.25 g, 0.007 mol) dissolved in water (5 mL) was slowly added to the reaction
solution. The resulting pale yellow suspension was stirred overnight at room temperature.
Hydrochloric acid (2 M, 8 mL) was added to the clear yellow solution, foaming vigorously
and changing color to orange; the pH of the solution was adjusted to 3. The solvent was then
completely removed in vacuum. The crude yellow product was recrystallized from methanol
(150 mL). The resulting light yellow solid was filtered off, washed with diethyl ether (50 mL)
and dried in vacuum. Properties: yellowish powder; soluble in chloroform, moderately soluble
in methanol, DMSO; insoluble in diethyl ether. Yield: 1.05 g (40 %).

Synthesis of the copper(Il) complexes 1-3

Synthesis of 1. Solid HL1-HC1 (300 mg, 1.5 mmol) was added to a solution of CuCl,
(200 mg, 1.5 mmol) in methanol (15 mL). The resulting clear green reaction solution was
stirred for three days at room temperature. Afterwards, a light blue precipitate had formed
from the bright green reaction solution. This crude product was filtered off and washed with
diethyl ether (40 mL) and dried in air.

Properties: green solid; soluble in DMF, DMSO, methanol; moderately soluble in
ethanol; insoluble in diethyl ether. Yield: 260 mg (58 %). Decomposition temperature: 212 °C
(green to black).

Synthesis of 2. A suspension of HL2-HCI (396 mg, 1.5 mmol) in methanol (10 mL) was
added dropwise within 5 min at room temperature to a bright green solution of CuCl, (200
mg, 1.5 mmol) in methanol (10 mL). The color of the reaction solution changed from light
green to dark green. After stirring overnight, the green precipitate was filtered off and washed
with diethyl ether (8 mL). The product was dried in vacuum. Properties: dark green powder;
soluble in water, DMSO; moderately soluble in methanol; insoluble in diethyl ether. Yield:
377 mg (70 %). Decomposition temperature: 211 °C (dark green to black).

Synthesis of 3. CuCl, (100 mg, 0.75 mmol) was dissolved in methanol (10 mL) at room
temperature. A solution of HL3-HCI (280 mg, 0.75 mmol) was added to this bright green
solution. After 12 h stirring the light blue precipitate was filtered off and washed with meth-
anol (5 mL) and diethyl ether (5§ mL). The product was dried in vacuum. Properties: light blue
solid; soluble in water, DMSO; moderately soluble in methanol; insoluble in diethyl ether.
Yield: 240 mg (70 %). Decomposition temperature: 190 °C (light blue to black).
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Single crystal X-ray structural analysis

The data for the single crystal X-ray structure analyses of 1-3 were collected on a Gem-
ini diffractometer (Rigaku Oxford Diffraction) using MoKa radiation and w-scan rotation.
Data reduction was performed with CrysAlis Pro?? including the program SCALE3 ABSPACK
for empirical absorption correction and an analytical numeric absorption correction using a
multifaceted crystal model based on expressions derived by Clark and Reid.?* The structures
were solved by direct methods using the program SHELXS-2013 and refined with SHELXL-
-2018.25 Crystallographic parameters are collected in Table S-1 of the Supplementary material.
The structural images were generated and processed with Diamond.?® Supplementary inform-
ation of the crystallographic data can be accessed through https://www.ccde.cam.ac.uk/
/structures/ CCDC 2285917 (1), CCDC 2285918 (2), CCDC 2287497 (3).

In vitro studies

Complex 2 was dissolved in DMF at 20 mM (stock solution) and diluted to working
concentrations up to 100 pM with completed RPMI 1640 nutrient medium. The tumor cell
lines were seeded at 1000 (518A2), 1500 (8505C and SW-480) and 2000 cells/well (MCF-7)
and the SRB assay was performed, in triplicate, as described in the literature.?’-28 The assays
AnnV/PI, apostat and AO were conducted as described recently.?*3% For flow cytometry exp-
eriments MCF-7 cells were seeded in 6-well plates at 1x10° cells/well and concentration
applied in treatments was /Cs, of complex 2.

RESULTS AND DISCUSSION
Synthesis of copper(Il) complexes 1-3
In the present work, two bidentate (HL1-HCl and HL2-HCI) and one tri-
dentate (HL3-HCI) 2-pyridinylmethyl)amino derivatives were reacted with cop-
per(Il) chloride in methanol (Scheme 1). The corresponding copper(Il) com-

plexes 1-3 were obtained in moderate yields. Copper(Il) reacts with HL1-HCI in
methanol with esterification of the carboxylic acid group (complex 1), as was
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Scheme 1. Synthesis of copper(Il) complexes 1-3.
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previously also observed for the corresponding cationic monomeric ruthenium(II)
p-cymene cloride complex with HL1.2! The characterization of the complexes
was carried out by mass spectrometry, IR spectroscopy as well as by X-ray single
crystal structure analysis.

Characterization

The purity of copper(Il) complexes 1-3 was confirmed by elemental ana-
lysis, verifying their composition. Furthermore, ESI mass spectrometry is par-
ticularly informative for copper(Il) complexes with chlorido ligands. Considering
the natural abundance of only two copper (63Cu 69.17 % and 65Cu 30.83 %)3!
and chlorine isotopes (35C1 75.77 %, 37Cl 24.23 %)),32 the isotopic patterns of the
copper(Il) complexes are significantly more line-poor than those of the compar-
able palladium or platinum complexes.33:34 Thus, relatively effortless conclusive
molecular composition of the respective copper(Il) complexes from the isotopic
pattern can be obtained. The shape of the isotopic pattern of 1 at 278.2 m/z sug-
gests only one coordinated chlorido ligand, which makes the corresponding
molecular fragment [1-CI]* positively charged. The shape and isotopic ratio of
the simulated molecular ion peak agree well, for all three copper(Il) complexes,
with those of the measured molecular ion peaks. Similarly, for 2 and 3 under the
same conditions [M—CI]* was observed at m/z 688.9 and 383.0, respectively. IR
spectra of copper(Il) complexes 1-3 show a characteristic strong absorption band
at 1751 and 1608 or 1611 cm!, which indicates C=O stretching vibration of the
ester in 1 or protonated carboxylic groups in 2 and 3, respectively.12:21.35.36
Appropriate asymmetric COO vibrations were found at 1357 (1), 1261 (2) and
1262 cm! (3). For copper(Il) complex 1, N-H vibrations were observed at 3209
cm~!, while 2 and 3 exhibited O—H and N-H vibrations at ca 3420 or 3417 and
3210 or 3208 cm™!, respectively.

Molecular structure of 1

Light blue needles of 1 appropriate for X-ray structural analysis were
obtained by slow evaporation of a methanol solution. Complex 1 crystallizes in
the monoclinic space group P2i/c. The molecular structure is shown in Fig. 1a.
Selected bond lengths and angles are summarized in Table I.

A similar copper(Il) complex, with a carboxylic acid in the ligand backbone,
instead of its methyl ester reported herein (1), has already been described.!2
Thus, in that report, coordination in a kN,N’,xO fashion to copper(Il) occurs
along with formation a second five-membered ring. The five-membered ring in
complex 1 (Cu—N1-C5-C6-N2) has an envelope conformation. Through the
index of trigonality 75 (0.12), calculated with equation 75 = (f—a)/60 (o and /5 are
the largest bond angles around the copper(II) ion),37 the coordination polyhedron
around copper(Il) is described as a square-pyramid with minor distortion. In the
crystal lattice, zig—zag chains typical for copper(I) halido complexes along the
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c-axis are formed, where the copper(Il) atoms are bridged via one chlorido ligand
forming a 1D polymer (Fig. 1b).

Fig. 1. a) Molecular structure of 1 and b) zig—zag chain along [001]. Only N1, N2, C5 and C6
of the bidentate ligand are shown. The ellipsoids shown correspond to a residence probability
of 30 %. For reasons of clarity, only the N-H atom is shown.

TABLE I. Selected bond lengths (A) and angles (°) in 1-3

Bond length, A | Bond angle, °
1
Cu—Nl1 2.017(8) Cl1-Cu—CI2 92.49(9)
Cu—-N2 2.062(8) Cl1-Cu-N1 92.9(2)
Cu—Cll 2.265(2) Cl1-Cu-N2 167.5(2)
Cu—CI12 2.297(3) C12—Cu-N2 93.9(2)
Cu—Cll 2.699(3) C12-Cu-N1 174.5(2)
N1-Cu-N2 81.1(3)
Cu-NI1-Cl1 124.9(7)
Symmetry code ’: x, 0.5-y, 0.5+z Cu—-N1-C5 115.2(6)
2
Cu—Nl1 2.005(5) Cl1-Cu—CI12 99.10(6)
Cu—-N2 2.078(5) Cl1-Cu—N1 94.1(2)
Cu—Cll 2.266(2) Cl1I’-Cu—CI2 93.80(7)
Cu—CI12 2.248(2) Cl1’-Cu—N1 94.1(2)
Cu—CI1I’ 2.783(2) Cl1’-Cu—N2 174.7(2)
Cu—Cll 2.783(2) N1-Cu—CI2 166.6(2)
O1---CI2 3.024(5) N1-Cu—-N2 81.0(2)
02--"N2 2.832(7) Cu-NI1-Cl1 114.2(4)
Symmetry code ’: —x , 1-y, 2—z Cu—-N1-C5 126.7(4)
3
Cu—Cll1 2.2486(7) Cl1-Cu—CI12 98.29(2)
Cu—CI2 2.7100(7) Cl1-Cu—-N1 96.34(6)
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TABLE I. Continued

Bond length, A | Bond angle, °
3

Cu—NI1 2.015(2) N1-Cu—N2 81.66(8)
Cu—-N2 2.006(2) N1-Cu—N3 160.07(9)
Cu—N3 2.035(2) N1-Cu—CI2 97.26(6)
C12---02¢ 3.032(2) N2-Cu—Cl1 175.99(7)
N2—Cu—N3 84.23(8)

N3—-Cu—Cll 96.84(6)

symmetry code’: —x , 1=y, 2—z N3—-Cu—CI2 95.57(6)

Molecular structure of 2

Slow continuous evaporation of a methanol solution of 2 yielded blue needles
suitable for single-crystal X-ray structure analysis. The complex crystallizes in
the orthorhombic space group Pccn. The molecular structure is shown in Fig. 2.
Selected bond lengths and angles are summarized in Table II. Complex 2 forms
typical chlorido-bridged dimers, with a crystallographic inversion center located
in the center of the four-membered Cu—Cl1-Cu'-CI1' ring. The Cu—Cl1 (2.266(2)
A) and Cu—CI2 (2.248(2) A) bond lengths are significantly shorter than the one
for Cu'-Cl1 (2.783(2) A). Coordination of the chelating ligand HL2 to the copper
atom results in a five-membered ring (Cu—N1-C5-C6-N2) in an envelope con-
formation with A- or J-configuration. The bond angles Cu—-N1-C1 (114.2(4)°)
and Cu-N1-C5 (126.7(4)°) deviate considerably from the ideal angle (120°), but
are similar to comparable copper(Il) complexes, i.e., [CuCly(py-2-CH;NH3)] and
others.12:38.39 Contrary to general expectation, no carboxylic acid dimers are found
in the solid state of 2. Instead, moderately strong hydrogen bonding occurs between

Fig. 2. Intermolecular hydrogen donor-acceptor bonds between two dimers in the solid
state of 2. The ellipsoids shown correspond to a residence probability of 30 %. For clarity,
only the N-H and O—H hydrogen atoms are shown.
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(OH---CI2 (3.024(5) A) and O2---H(N2) (2.832(7) A) (Fig. 2) building (100)
oriented layers.40 The angular structural parameter z5 (0.13), a general descriptor
of five-coordinate molecules, indicates a square-pyramidal copper(II) complex.

Molecular structure of 3

Deep blue plates of complex 3 suitable for X-ray single crystal structure
analysis were obtained by slowly cooling a boiling aqueous solution of 3 to room
temperature and subsequent storage at 4 °C for 24 h. Complex 3 crystallizes in
the monoclinic space group P2i/c. The molecular structure is shown in Fig. 3a.
Selected bond lengths and angles are summarized in Table II. HL3 is coordinated
at the copper(I) ion in a K3N,N’,N*’ bonding mode generating two five-mem-
bered rings which differ in their conformation. Accordingly, ring 1 (Cu—N1-C5-
—C7-N2) has an envelope conformation and ring 2 (Cu-N2—-C7-C8-N3) J- or A-
-conformation. Hydrogen bonds occur between the atoms (O2")H and CI2 (Fig.
3b), resulting in a 1D chain along [201]. The shortest distance CI2---O2' is
3.031(2) A and is in a comparable range to the O1---CI2 distance of complex 2
(3.024(5) A). In 3, the copper(Il) ion has a distorted square-pyramidal geometry
with an angular structural parameter 75 = 0.26.

a)

Fig. 3. a) Molecular structure of complex 3 and b) hydrogen bonding in the solid state of 3.
The ellipsoids shown correspond to a residence probability of 30%. For clarity, only
the N-H and O-H hydrogen atoms are shown.

In vitro study of 2

To assess the in vitro potential of copper(Il) complexes, as a representative
compound complex 2 was selected and tested against four cell lines, namely
8505C, MCF-7, 518A2 and SW-480. The viability was determined using an SRB
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assay (Fig. 4). Complex 2 was found to be active on all investigated cell lines
with ICsg values ranging from 12.5 to 22.5 pM. Its activity was found to be
lower on the same cell lines (SRB assay, 96 h of treatment) in comparison to the
clinically used drug cisplatin.#1-43

*

100 1
< —e—8505C
& M —=—MCF-7
3
- 60 1
> —a—518A2
3 40

—e— SW-480
20 1
0 : .

0 16 31 63 125 25 50 100
c/uM

Fig. 4. Dose-dependent response of selected tumor cell lines treated with copper(Il) complex 2
(SRB assay, 96 h). /Cs, concentrations: 8505C, 22.35+2.33; MCF-7, 12.5+0.92; 518A2,
19.95+3.19; SW-480, 22.35+3.75 uM. *: p <0.05 in comparison to control.

MCEF-7 cells were chosen for further experiments as the most sensitive cell
line displaying a specific plateau effect in response to treatment (Fig. 4). Upon
exposure to an ICsg dose of copper(Il) complex 2, the MCF-7 cells underwent
massive apoptosis (Fig. 5a). This effect was synchronized with intensive total
caspase activation despite the fact that these cells are caspase 3 deficient (Fig.
5b).4445 Also, complex 2 did not elevate the number of autophagic vesicles in
comparison to untreated cells. Even lower in activity than cisplatin, copper(Il)
complex 2 deserves attention since copper, as essential element, is involved in
main cellular functions.46 Since it was found that tumor cells have a higher dem-
and for copper compared to normal cells, it can be speculated that compounds
based on copper(Il) will be more efficiently internalized by neoplastic cells thus
representing a form of targeted therapy.*’

CONCLUSION

Preparation and characterization of three copper(Il) complexes containing
2-[(2-pyridinylmethyl)amino](methyl acetate) (1), 4-[(2-pyridinylmethyl)amino]-
benzoic acid (2) and 4-{[2-(pyridin-2-ylmethylamino)ethylamino]methyl}ben-
zoic acid (3) is described. Elemental analyses verify the purity of the complexes.
Furthermore, ESI mass spectrometry and infrared spectroscopy confirm complex
formation. In the solid state, complexes form polymeric (1), dimeric (2) or
mononuclear (3) structures with copper(Il) in a square-pyramidal environment.
Complex 1 forms 1D chains via bridging chlorido ligands, while dimers of 2 are
constructing a supramolecular structure through intermolecular hydrogen bond-
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Fig. 5. Triggering of effects of complex 2 on a) apoptosis, b) caspases and c¢) autophagy in
MCF-7 cells with complex 2.

ing interactions, and complex 3 forms polymeric chains by intermolecular hydro-
gen bonding. Complex 2 efficiently suppresses the growth of 8505C, MCF-7,
518A2 and SW-480 tumor cell lines. Induction of caspase-dependent apoptosis
was found to be a leading cause of the tumoricidal activity of complex 2.
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H3BOI
KBAOPATHO-ITMPAMUJIATHU MOHOHYKJIEAPHH, TUHYKJIEAPHHU U
I[NOJIMHYKJIIEAPHU KOMIIJIEKCH BAKPA(II) CA (2-ITIMPUIUHUJIMETUT)AMHUHO
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29, 04103 Leipzig, Germany; *Odeljenje za imunologiju, Unciiuiityi 36 GUONOWKA UCTEPAXNCUEAtA ,,CUHUULA
Cimiankosuh", HHCTOUTIY T 0g HAUUOHATHOT 3HAudja 3a Peilydnuxy Cpdujy, Ynueepsuitieii y Beoipagy, 11000
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OnucaHa je KOOpAWHALIMja TPU JUraHz npekypcopa 2-[(2-NIMpHOYHUIMETHI )aMUHO]|CHp-
herHe xucenuHe xugpoxnopuna, 4-[(2-MUPUAUHUIMETHI)aMUHO]DEeH30eBe KUCEJIMHE XHUAPO-
xsopupa U 4-{[2-(MUpUIUH-2-UIMETHIaMHUHO)eTHIAMUHO]MeTHI}0eH30€eBe KUCETHHE XHUAPO-
xnopuga, HL1-HCI-HL3-HCI, ca daxpom(II). HarpalheHu koMIuiekcH cy oOKapaKTepHCaHH
efeMeHTaaIHOM aHanu3doM, ECH maceHoM crniekTpomeTpujom U UP cnekTpockomujom, Kao U
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PEHATeHCKOM CTPYKTYpHOM aHanu3oM. Y peaxuuju dakpa(Il) ca HL1-HCl y metaHony dop-
MupaH je komrmiekc dopmyie [{Cu(u-Cl)2(MeL1-x2N,N')}.] y3 ecrepudukanujy L1 (MeL1).
Ca HL2-HCI, ognocHo HL3-HCI bakap(Il) je Harpaguo munykieapuu komruiekc [{CuCl(u-
-Cl)(HL2-x*N,N")}2] (2), onHocHO MoHOHyKieapuu kommiekc [CuClz(HL3-x3N,N',N"")] (3). ¥
CBa TPY KOMIUIEKCA LIEHTPalHM jOH je y KBaApaTHO-NMHPaMHUAATHOM OKpykewy. Kom kom-
miekca 1 dopMrpaHa je monuMepHa CTPYKTypa IMPpeKo MOCTOBHUX XJIOPUAO JWraHana, a des
TUNUYHUX BOJOHWYHUX Be3a. CynpotHo Tome, COOH rpymna y kommiekcy 2 y4ecTByje y rpa-
hewy HHTEpMONEKy/ICcKe BOJOHHYHE Be3e Hajyhu cympamorexynapHy CTpykrypy. Konm kom-
mwiexca 3 uHTEepMonexynce BogoHuuHe Bese (Cl---O) obpasyjy 11 HmOTHMEpHY CTPYKTYpY.
Kommexc 2 je mokas3ao 3Ha4yajHy akTUBHOCT Ha TectupaHuMm henujama 8505C, MCF-7, 518A2
u SW-480 xymaHor nopexna. OCHOBHM MeXaHU3aM IIyTeEM KOra je peaau30BaHa TYMODULIMIHA
aKTUBHOCT je alloNTo3a 3aBHCHA Off aKTHBaLMje Kacmasa.

(TTpumibeHo 18. aBrycTa, peBuaMpaHo 26. asrycra, npuxsaheno 25. cenrembpa 2023)
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