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ABSTRACT

Four compounds -two (2 and 3) completely new- of composition
[Ni(edbea)Ags(CN)s] (1), [Cu(edbea)Ag2(CN)4].H20 (2), [Cd(edbea)Ags(CN)s].H.O
(3) and [Cd(edbea)z] [AJ(CN)2]..H.O (4) {edbea; 2,2'-(ethylenedioxy)bis
(ethylamine)}, were synthesized and characterized using elemental, FT-IR, X-Ray (4),
thermal, variable temperature magnetic measurement (1 and 2) and biological
techniques. The DNA/BSA binding affinities of 2 and 3 were evaluated by UV-Vis
spectrophotometric titrations, ethidium bromide exchange experiments and
electrophoretic mobility measurements. Compounds 1 and 4 have previously been
characterized and shown to reduce the proliferation and migration of tumor cells. For
the sake of clarity, 1 precise mechanism of action on microbial organisms and
temperature magnetic measurement were determined. The crystallographic analyses
showed that 4 was built up of [Cd(edbea),]" cations and [Ag.(CN)4]" anions.
Complexes demonstrated a remarkable antibacterial (1-4), antifungal (1-4) and
antiproliferative activities (2 and 3) to ten human bacterial pathogens, four plant
pathogenic fungi or three tumor cells (HeLa, HT29, and C6), respectively. Therefore,
our results strongly confirm that cell proliferation, cell morphology, Bcl-2, P53
changes and apoptosis can be related to the pharmacological effects of the complexes
as suitable candidate for clinical trials.

Keywords: Dicyanidoargentat(l), 2,2’-(ethylenedioxy)bis(ethylamine), Anticancer
activity, Antimicrobial activity, Antifugal activity, Apoptosis

Abbreviations: Bcl-2, B-cell lymphoma 2; CC1, cell conditioning 1; CK7, Cytokeratin 7,
CK20, Cytokeratin 20; CPT, camptothecin; HIER, heat-induced epitope retrieval; 1C50, the
half maximal inhibitory concentration; IHC, immunohistochemistry; LDH, lactate

dehydrogenase; P53, tumor protein P53;



1. Introduction

Current studies have focused on improving of new chemotherapeutic agents to be used for
therapy of disease without side effects. However, most patients relapse following an initial
response to chemotherapy due to drug resistance, side effects, and other obscure reasons.
Therefore, the new approach to address these drawbacks has a special importance for the
patient. In this field, metal complexes have a promising alternative property for older
chemotherapeutic agents, and also some of them have been approved as an antimicrobial
(silver), antifungal (manganese) or anticancer (platinum) drugs [1]. Recently, many silver
compounds with different pharmacological activity and with outstanding anticancer activity
have been reported. For instance, silver coumarin complexes or silver carboxylate dimers
exhibited anticancer activity against some of the common types of human carcinoma cells [2,
3]. Also, silver phosphine complexes have anticancer potential especially against cisplatin
resistant cells [4]. Heterocyclic thioamide 2-mercapto-3,4,5,6-tetrahydropyrimidine Ag'
complexes and [SnMes(bpe)][Ag(CN)z].2H,O (bpe: 1,2-bis(4-pyridyl)ethane) displayed
vigorous anticancer activity to some types of cancer [5, 6].

The chemistry of cyanido-bridged coordination polymers currently attracts many researcher
interests resulting from its own internal complexity as well as significant structural diversity.
Generally, these materials have been prepared using heptacyanidometallates [M(CN);]* [7-9],
hexacyanidometallates [M(CN)e]* [10-12] , tetracyanidometallates [M(CN).]%, [10,11, 13,14]
and dicyanidometallates [Ag(CN)2] or [Au(CN)] [11, 15-17], as building units in bridge
with a complex cation. The [Ag(CN),] can act as, a rod ligand forming different spatial
structures by establishing a link between two coordination centers [18, 19], as an unidentate
ligand impeding certain coordination sites of the M" [20, 21], or as a discrete anion with
space filler feature [22, 23]. Moreover, this anion can also produce polymeric structures via
Ag....Ag interactions [11, 24-26].

Edbea [2,2'-(ethylenedioxy)bis(ethylamine)] used in this study as a linker is an organic ligand which
have two N- and two O- donor atoms. Because of donor sites, this ligand behaves as a multidantate
ligand. According to the literature review edbea is only coordinated to the central atom with all donor
sites [27, 28]. Senocak et. al observed cyanido and edbea linked 2D polymeric chain structure
in which Ni" is coordinated by four cyanido ligands while Cu" is coordinated by two edbea
ligands and two cyanido ligands, building up a two dimensional coordination polymer chain
[29].



Herein, we reported the preparation and characterization of  polymeric
[Cu(edbea)Ag2(CN)4].H20 (2), [Cd(edbea)Ags(CN)s].H.0 (3) (The patented compound at
the National level; Patent Number: TR 2012 08885 B) and molecular [Cd(edbea);]
[Ag(CN);]2.H20 (4), which is determined also using XRD technique. In addition, magnetic
properties of 1 and 2 were studied in the temperature range of 15-300 K. Antibacterial (1-4)
and antifungal (1-4) activity tests were performed on these cyanido complexes for the first
time. Moreover, anticancer and cytotoxic activities of two newly synthesized (2 and 3)
cyanido complexes were investigated on various cancer cell lines in vitro using cell elisa
proliferation assay and cell cytotoxicity assays. The mechanism of new coordination polymers
action was determined using DNA laddering, TUNEL assays and Bcl-2, P53, CK7, and CK20
intracellular proteins staining. The effects of the novel polymers on Topoisomerase | activity,
cell migration and cell morphology were also tested. This paper shows that these polymers
with low cytotoxicity were highly antiproliferative action via altering Bcl-2 or P53 levels,
suppressing topoisomerase | activity and cell migration process, and they have significant

antimicrobial or antifungal action.

2. RESULTS and DISCUSSION

Hereinafter, the results of IR spectra (1-4), X-ray analysis (4), EPR spectrum (2), magnetic
properties (1 and 2), anticancer, cytotoxic and DNA/BSA binding analyses (2 and 3),
antibacterial (1-4) and antifungal (1-4) tests are reported.

A general description of the IR spectra (Fig S1) and thermal curves (TG and DTG) (Fig S2 and S3) for
1-4 and thermoanalytical data (2-4) (Table S1) are given as Supplementary data. All complexes
exhibited an identical decomposition behavior. The first process in the thermal decompositions of (2
and 4) was dehydration. Then, the neutral edbea was liberated from the structure followed by the
release of the cyanido groups. While the decomposition product is admixture of metals (Ni + Ag, Cu +
Ag and 0.4 Cd + Ag) for complexes 2 and 3, only Ag metal is found for complex 4 resulting from
substantially low boiling point of Cd. Estimated thermal decomposition scheme for 2-4 may be

represented as Scheme S1; Supplementary data.

2.1. Structure Description

The structures of 2 and 3 that were not suitable crystals and could not be determined using
XRD technique. The literature knowledge about the edbea ligand [29-31] and the elemental,
IR and thermal measurement results reveal that the closed formulas of 2 and 3 should be
[Cu(edbea)Ag2(CN)4].H20 and [Cd(edbea)Ags(CN)s].H,O, respectively.
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According to XRD analysis, 4 has an ionic structure consisting of [Cd(edbea),]" cation and
[Ag2(CN)4]" anion (Figure 1). Each Cd" ion is eight coordinated through four oxygens and
four nitrogen atoms from both edbea ligands. This ligand uses all of its donor atoms in this
compound. Ag' exhibits linear coordination geometry rather than T shaped geometry
according to the linear Ag-C-N bond angles while Ag...Ag argentophilic interactions affect
significantly the packing forces of the network structure. The Ag—Ag distance of the dimeric
fragments, (3.112(13) A), is below the sum of the van der Walls radii of two silver atoms
(3.44 A) [32]. The short Ag...Ag argentophilic interactions (Agl...Ag2=3.112(13) A) is a
characteristic of the silver compounds [33, 34] and they contribute to the packing forces of the
crystal structure.

Significant bond angles and lengths of 4 are given in Table 1.

Table 1. Selected bond lengths (A) and angles (°) of 4

Bond Lengths (A)

Cdl- N3 2,335(5) | Agl-Cl4 2,049(8)
Cdl - N5 2,340(5) | Agl-Ag2 3,112(13)
Cd1 - N6 2.355(5) | Ag2-C16 2,047(9)
Cd1 - N4 2.361(5) | Ag2-C15 2,037(9)
Cd1- 01 2,775(7) | C15-N8 1,123(9)
Cd1-02 2,584(4) | N2-C13 1,135(9)
Cdl-03 2,580(4) | N7-C16 1,141(10)
Cd1-04 2,622(4) N1-C14 1,111(9)
Agl - C13 2,043(9)

Bond Angles (°)

N3 - Cdl - N5 94,8(2) N3 - Cd1- 04 127,71(17)
N3 - Cd1- N6 91,3(2) N5 - Cd1- 04 90,36(17)
N5 - Cd1- N6 168,83(19) | N6 - Cd1- 04 78,51(16)
N3 - Cd1- N4 164,02(19) | N4 - Cd1- O4 68,17(16)
N5 - Cd1- N4 86,12(19) | O3 - Cd1 - 04 61,97(14)
N6 - Cd1- N4 90,53(19) | 02-Cdl-04 132,90(14)
N3 - Cd1- 03 68,62(18) | C13-Agl-Cl4 178,5(3)
N5 - Cd1- 03 77,32(18) | C13 - Agl - Ag2 89,2(2)
N6 - Cd1- 03 96,36(18) | C14 - Agl - Ag2 92,0(2)
N4 - Cd1- 03 126,90(17) | C15- Ag2 - C16 175,9(4)
N3 - Cd1- 02 86,34(18) | C16 - Ag2 - Agl 91,5(3)
N5 - Cd1- 02 121,60(17) | C15 - Ag2 - Agl 86,2(2)
N6 - Cd1- 02 68,05(16) | N1-C1 - Agl 179,1(8)
N4 - Cd1- 02 79,65(16) | N7 - C16 - Ag2 176,8(9)
03 - Cd1- 02 150,57(16) | N2 - C13 - Agl 175,1(8)




Figure 1. The molecule structure of 4. H atoms of edbea omitted for clarity

Cd" ion in the cation is eight coordinated. Several methods were used to clarify the geometry
of eight-coordinated metal centers. Burdett et al. have analyzed eight-coordinated molecules
in all possible geometries (dodecahedron, square antiprism, bicapped trigonal prism, cube,
hexagonal bipyramid, square prism, bicapped trigonal antiprism) [35]. Muetterties and Wright
have reported that the structures with dodecahedron, square antiprism and bicapped trigonal
prism geometry have low-energy structures [36]. Haigh has advised a simple criterion for
distinguishing the types of low-energy structures. 16th, 17th and 18th lowest LML angles in
cd" ion are 90.9, 95.5 and 163.5°. Thus we can classify the structure as bicapped trigonal
prism. The shape measure suggested by Xu et al using their Matlab® code was also performed
[37].

S=min|= /57, (&; — 6,)7 |

Where m is the number of edges, & is an angle between normals of adjacent faces, 9§, is the
observed dihedral angle along the ith edge of 5, and 6 is the same angle of corresponding
ideal polytopal shape 6. The smallest S value is the one closest to describing the coordination
geometry. Atomic coordinates used for shape measure calculation are given in Table S2;
Supplementary data.

The shape measure S (°) is given below for trigonal dodecahedron (D.q), bicapped trigonal

prism (C,,), and square antiprism (Dag):

S(D2g)= 48.0749°; S(Cav)= 46.981°; S(Dag)= 50.1348°



Shape measure results do correlate the result found by Haigh's criteria. The lower shape
measure for the bicapped trigonal prism may show that the coordination polyhedron is closest
to the bicapped trigonal prism.

(®)

Figure 2. The hydrogen bonds between edbea-water, edbea-cyanido (a) and cyanido-water (b)
in4



There are many hydrogen bonds mostly between edbea and cyanido ligands as seen in Figure
2a. There are also hydrogen bonds (Figures 2a and 2b) with water molecules, which act as
both acceptor and donor in 4 (Table 2).

Table 2. Hydrogen bonds for 4 (A and °)

D-H--A d(D-H) d(H---A) d(D---A) <(DHA) Symmetry codes*
N(3) -H(3C) ..N(8)* 0.90 2.54 3.236(14) 135 -1+x,y, 2
N(4) -H(4D) ..N(1) 0.90 2.27 3.135(10) 162 -

N(5) -H(5C) ..N(7)* 0.90 2.49 3.240(12) 141 -X, y-1/2, 1-z
N(5) -H(5D) ..N(2)* 0.90 2.29 3.133(13) 157 -x+1, -1/2+y, -z+1
O(5)-H(5E) ..N(7)* 0.85 2.02 2.8682 172 X, Y, z+1
O(5) -H(5F) ..N(8)* 0.86 1.95 2.8024 175 -1+Xx,y, z
N(6) -H(6D) ..0(5) 0.90 2.32 2.1828 160 -

2.2. EPR and Magnetic studies

For Ag' and Ni" ions, an EPR spectrum could not be observed, because Ag' ion is
diamagnetic and Ni" ions may have short relaxation times at room temperature. The room
temperature powder EPR spectrum of 2 is shown in Figure S4; Supplementary data. The values
of g, and g extracted from the powder spectrum were the following: g, = 2.164, g, = 2.060.
These g parameters have indicated that the local symmetry of the paramagnetic center is
axially symmetric. This spectrum belonged to Cu' ion (S = 1/2, | = 3/2). From the order of gy
> g,>g. (free electron g value, g. = 2.0023), it could be concluded that Cu'" ions were located

in tetragonal distorted octahedral sites (D4n) elongated along the z-axis and the ground state of

the paramagnetic electron was d . . (°Big State) [38-41]. When the EPR spectra of the Cu"

complexes containing tetracyanidometallate and dicyanidoargentate were investigated, it was
discovered that the spectroscopic splitting factors which is a measure of the rate of spin
magnetic moments over spin angular momentum or Lande g values of these complexes were

in the order of g, > g,>geas it was in the complex 2 [14, 29, 42-47].

The magnetic susceptibilities of 1 and 2 were measured in the temperature range of 10-300 K.
The temperature dependence of the molar magnetic susceptibility (%m) and xm T are shown in
Figure S5 and S6 as Supplementary data for both complexes. As the temperature decreases, the
value of the ymT increases continuously reaches a maximum around 20 K and then rapidly

decreases on further cooling. The increase of y,T indicates the presence of intramolecular



ferromagnetic interaction. After 20 K, the drop of y,T value could be attributed to
intermolecular antiferromagnetic couplings, as well as zero-field splitting for the Ni" (1) or
Cu" (2). The magnetic data above 20 K for 1 was fitted by relation /(T — 8) (Curie-Weiss
Law), giving the best fit parameters as follows: ¢ = 1.354 + 0.0002 emuK /mol.Oe and
0 = 4.397 + 0.008 K. As for 2, the temperature dependence of y, was fitted by

emuk

the same formula. Determined fitting results were found as 0.175 + 0.0001 Oe for C,

mol '

0.00054 + 0.000001 emu/mol.Oe for a and —0.16 + 0.006 K for 6. Notice, the set of
magnetic parameters for 1 and 2 showed a similarity to the tetracyanidometallate and
dicyanidoargentate-based structures that we were previously reported [14, 29, 34, 42-47].
Also, cyanido-bridged heterometallic complexes generally exhibited antiferromagnetic
interaction at low temperatures similar to the complexes 1 and 2 [42-46, 48,49].

The effective magnetic moments as Bohr Magneton of 1 and 2 were also calculated to be 3.29

Uy and 1.18 u,, respectively. It is said according to these results that 1 and 2 have a

subnormal magnetic moment (3.87 u, for Ni", d®and 1.73 y, for Cu", d°).

2.3. Biological properties
2.3.1. Antiproliferative effect of 2 and 3

The anticancer activities of 2, 3, and [Ag(CN),] to HelLa, HT29, C6, and Vero cell lines were
evaluated using a BrdU cell elisa proliferation assay (Figure 3). The parent compound
[Ag(CN),] exhibited the most antiproliferative feature tested on all cells (P < 0.05), but it
caused significant toxicity in all cells at concentrations of 1 pug/mL and higher (Figure 3).
Therefore, [Ag(CN).] can lead to necrosis more than apoptosis in cells, which may involve
sudden corruption of cell membrane. 2 and 3 exhibited significantly (P < 0.05) strong
antiproliferative activity than control compound towards the cancer cells tested, especially at

1.5 pg/mL and high concentrations.
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Figure 3. Effects of 2, 3 and [Ag(CN),] on the proliferation of HeLa, HT29, C6 and Vero cell lines.
Percent inhibition noted is mean values = SEM of three independent measures.

Table 3. IC50 values and tumor specificity rate for 2, 3, 5FU, and [Ag(CN),]

1C50 (uM) Tumor specificity
Compounds HelLa HT29 C6 Vero HeLa HT29 C6
2 1.68 1.38 1.80 2.09 124 151 1.16
3 3.57 1.86 3.42 3.75 1.05 2.02 1.09
5FU 275.68 258.46  217.48  258.46 093 1.00 1.19
[Ag(CN),] 5.13 5.18 5.08 5.63 1.10  1.09 1.11

Moreover, 2 and 3 can lead to apoptosis more than necrosis in cells. We also found that the
antiproliferative activities of 2 and 3 were lower on nontumorigenic Vero cells compared to
cancer cells (Figure 3). 1C50 values and tumor specificity rate to be used in subsequent studies
were determined by performing ELISA BrdU assay, Table 3. Tumor-specificity was determined
by the following equation:

Tumor-specificity for HT29 = IC50 (Vero)/IC50 (HT29); for HeLa = IC50 (Vero)/IC50 (HeLa);
for C6 = IC50 (Vero)/IC50 (C6).

Both compounds showed good selectivity for the cancer cell line over the non-cancerous cell
line. Therefore, the overall specificities of both compounds are ideal. The data of the cell

proliferation inhibition displayed that the Ag' complexes were significantly more effective than
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conventional control anticancer drug (Figure 3), implying their antitumor potential, as in former
studies [50-54].

2.3.2. Cytotoxic activity of 2 and 3

The cytotoxic activities of 2, 3, [Ag(CN),] , and 5FU on HT29, HelLa, C6, and Vero cells
were evaluated using an cytotoxicity measure kit based on lactate dehydrogenase. The
cytotoxicity of 2 and 3 were much more lower than [Ag(CN),] ligand, but they were close to
the cytotoxicity of control anticancer drug at their 1Cso and low concentrations (Figure 4). The
percent cytotoxicity of 2, 3, and 5FU are calculated to be between 15 to 25 percent, whereas
[Ag(CN).] displayed nearly 60 percent cytotoxicity (P < 0.05) towards all cells (Figure 4).

H Hela Cell Line @ HT29 Cell Line

100 m C6 Cell Line Vero Cell Line

co
(]

% Cytotoxicity
N
o

B
(]
1

[
o
1

Y

[Ag(CN)-]" 2 5-FU

Figure 4.The cytotoxic activity of 2, 3 and [Ag(CN),] on HelLa, HT29, C6 and Vero cell lines.
Percent cytotoxicity was noted as mean values = SDs of three independent measures

The LDH test results which are compatible to cell viability assay explained that both
compounds may have cytostatic potential rather than cytotoxic affect especially at ICs
concentrations of 2 and 3. The remarkable lower cytotoxicity of 2 and 3 may emphasize that
the cytotoxicity of the parent molecule, [Ag(CN),] , reaches to safe levels by complexing
with (2,2'-(ethylenedioxy)bis(ethylamine)) and (N,Nbis(2-hydroxyethyl)ethylenediamine) in 2
and 3, without losing their antiproliferative features. Our results were similar to another study
[55]. In vitro cytotoxicity studies also revealed that 1 and 4 are the most cytotoxic
compounds against cell lines, and up to 9 fold higher than that of the control anticancer drug
5FU (data not shown).
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2.3.3. Detection of apoptotic potential of 2 and 3
Here, to find whether the mechanism of anticancer and cytotoxicity of 2 and 3 resulted from
apoptosis, we conducted in vitro DNA laddering property of 2 and 3 on HeLa, HT29 and C6

cells.

A-2

Figure 5. Effects of 2 and 3 on DNA fragmentation. Both 2 and 3 were caused DNA fragmentation.
(A-2: Lane 1, DNA standard; Lane 2, HT29+2; Lane 3, HT29 Control; Lane 4, C6+2; Lane
5, C6 Control; Lane 6, HeLa+2; Lane 7, HeLa Control. B-3: Lane 1, C6+Camptothecin ;
Lane 2, C6+3; Lane 3, C6 Control; Lane 4, HT29+Camptothecin ; Lane 5, HT29+3; Lane 6,
HT29 Control; Lane 7, HeLa+Camptothecin; Lane 8, HeLa+3; Lane 9, HeLa Control)

There was no DNA laddering in untreated cells and genomic DNA remained intact in position
near the top of the lanes. Here, appearances of apoptotic shapes and DNA laddering may be
the result of a relationship between 2 or 3 and DNA. The DNA laddering test results
explained both coordination complexes caused DNA fragmentation, an important marker of
apoptosis (Figure 5). These results were consistent with antiproliferative and cytotoxic effect
of 2 and 3. These findings emphasized that 2 and 3 suppress the cell proliferation by

triggering apoptotic mechanisms in favor of the results of previous studies [56, 57].

2.3.4. Detection of apoptotic potential of 2 and 3 at a single cell level

The apoptotic potential of 2 and 3 on HT29 cells was conducted using TUNEL test. As shown
in Figure 6, 2, 3, and DNase | treated cells displayed shiny green fluorescence (TUNEL-
positive) implying the fragmented DNA in apoptotic cell nucleolus, whereas the vehicle
control was found to be TUNEL-negative. We have also examined phase-contrast images of
the cells (2, 3', NC' (negative control), and PC’ (positive control)) overlapping the
fluorescence images of the cells (Figure 6). The TUNEL test exhibited an apoptosis in the
HT29 cells in the presence of 1C50 concentrations of 2 and 3 (1.01 pg/mL and 1.02 pg/mL,

respectively) for 24 h. We evaluated image analysis of 2 and 3 in detail and both compounds

12



seriously caused more apoptosis in HT29 cells than the DNase 1. In a previous study, a Ag'
complex, [Ni(N-bishydeten)Ags(CN)s] acting as an apoptotic agent against HT29 cells, and
exhibited TUNEL positive activity [51]. Nesrin and coworkers [34] showed that an
antiproliferative good-soluble Ag(l) complexes, [Ni(hydeten),Ag(CN).] [Ag(CN).]-H.0O and
[Cd,(hydeten),Ag4(CN)s]-H20, similarly affected HT29 cells.

Figure 6.The picture represents fluorescence (2, 3, NC, and PC) and phase-contrast (2", 3", NC’, and
PC") images of the HT29 cells. NC: negative control, PC: positive control

2.3.5. Migration inhibitory behavior of 2 and 3

The cell migration capability is a very significant cell feature and is an excellent source for
druggability. The migration inhibitory feature of 2 and 3 was conducted using migration test
on HelLa cells. Compounds 2 and 3 at ICso concentrations exhibited a suppressive behavior on
migrating HeLa cells in a time or dose dependent manner (Figure 7), suggesting they may

have antimetastatic potential.
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Figure 7.The image represents the effect of 2 and 3 on the migration of HeLa cells. The wound of the
HelLa cells was photographed until the wound was filled by control cells. Note that the anti-
migration effect of both on the cells became more apparent at day 2

Both compounds may also lead to progressed cell death due to apoptotic stress resulting from
restricted cell migration. Arresting the cell migration is believed to affect the environmental
and intracellular stress of the cancer cells according to the literature. The results obtained
using a low concentration of 2 and 3 (< IC50) are quite similar to the literature [58-62].
Furthermore, 2 and 3 with low concentrations possess the ability to suppress cell migration
without inhibiting cell division at non-toxic concentrations. After 72 h of incubation, the
migration rate of the test compound-treated cells were significantly reduced (Figure 7, Day 2),
and untreated HelLa cells accomplished to form a confluent monolayer, yet treated cells failed
to form it. Our findings were consistent with some other studies have displayed that Ag'

complexes containing different ligands inhibit cell migration [63-64].

2.3.6. Detection of human topoisomerase | inhibitory effect of 2 and 3
Human topoisomerase | is a nuclear enzyme and alter topological state of DNA through cut

one of the two strands of double-stranded DNA resulting in facilitating vital cellular process,
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including replication, transcription or DNA repair. Human topoisomerase | therefore is a
significant druggability for chemotherapeutics. Several well-known topoisomerases inhibitors
such as irinotecan, topotecan, and camptosar have been currently used in clinical routine for
some cancer. Here, in order to find whether the antiproliferative activity of both compounds
resulted from inhibition of human topoisomerase |, we evaluated the effects of our
compounds on recombinant human topoisomerase | using relaxation assay of supercoiled
plasmid DNA. As clearly shown in Figure 8, compound 2 or 3 considerably suppressed the
DNA relaxation activity of human topoisomerase |, similar to the control anticancer drug,
camptothecin. The findings suggest that 2 or 3 disrupts cell proliferation by the suppression of

the human topoisomerase | activity during replication.

Lane 1 2 3 4 5 6
2 - = - - + -
3 = = = - - +
SCmarkerDNA  + - - - - -
R marker DNA - + - - - -

85.0 1.38 1.86

||
uM

Figure 8.The image represents inhibition of recombinant DNA topoisomerase | activity by 2 and 3.
Lane 1: Supercoiled marker DNA; Lane 2: Relaxed marker DNA; Lane 3: Negative
Control (Supercoiled DNA + Topo I); Lane 4: Positive Control (Supercoiled DNA + Topo
I + Camptothecin); Lane 5: Supercoiled DNA + Topo | + 2; Lane 6: Supercoiled DNA +
Topol+3

Similar to Wu’s (2011) findings, these results show the binding of both complexes not only to
human topoisomerase |, but also to other proteins or macromolecules such as human serum
albumin, DNA and RNA [65]. It was noted by Hall et al. (1997) that Ni" compounds of
thiosemicarbazones significantly suppressed human DNA topoisomerase 11 [66]. Prabhakaran
et al. (2011), similarly, displayed that Ni" compounds consisting of N-substituted
thiosemicarbazones remarkable inhibited human DNA topoisomerase 11 [67].
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2.3.7. The effect of 2 and 3 on the morphology of cells

The effects of the 2 and 3 on the morphology of the cells were photographed (Figure 9). Both
compounds clearly blocked the development and growth of the cells and decreased the quality
and the number of the cells in the flask surface. The cells exhibited very weakly clinched the
surface of the cell plate and become globular upon application. HT29 and C6 cells deformed
their fibroblast like appearance clumping together of cells. Apoptotic sample cells
demonstrated cytoplasmic blebs or shrinkages, and persistent declining in cell volume as
specific apoptotic markers. These findings resemble to previous studies by Aydin et al.,
Karadag et al., and Tekin et al. [50-54]. Overall, according to our current knowledge of
literature, the appearance of the subjected to cells obviously showed the antiproliferative and
sustainable cytotoxic effect of both compounds.

Figure 9. The |mage represents the effect of 2 and 3 on the morphology of the cells. DMSO treated
cells as vehicle

2.3.8. IHC study

Immunohistochemistry staining of sectioned slides showed decreased expression of Bcl-2 and
increased accumulation of P53 as an expected observation in point of cell survival in Ag'
complexes-treated cells, which indicates the apoptotic action of both compounds (Figure 10).
There are closed aspects of these findings with relevant literature [68]. The results also showed
that Ag' complexes execution into cells caused significantly decreased the expression of CK20 (a

marker protein for HT29 cells) and CK7 (a marker protein for HeLa cells). Cytokeratins
16



releasing from proliferating or apoptotic cells may change cell characteristics through altering
MRNA levels. Decrease CK7 and CK20 can be associated with the inhibited metastatic ability
influencing intermediate filament (IF) proteins (Figure 10).

Figure 10. Representative images of the cells examined by immunohistochemical staining for functional
protein group (Bcl-2 and P53), and for marker protein group (CK7 and CK20). The specific
signals are shown as brown staining

2.3.9. Antibacterial Activity

The antimicrobial activities of 1-4 were tested against one yeast (Candida utilis KUEN 1031),
four gram-positivebacteria (Staphylococcusaureus ATCC 29213, Bacillus subtilis ATCC
6633, Bacillus cereusDSM 4312, Streptococcus pyogenes ATCC 176), and five gram-
negative bacteria (Escherichia coli 111, Escherichia aerogenes 2924, Salmonella gallinarum,
Pseudomonas aeruginosa ATCC 27859, and Salmonella enteridis ATCC 13076) using the
disc-diffusion method. The SCF [Sulbactam (30 pg) + Cefoperazone (75 pg)] and KCN were
used as standard drugs. The experiments were conducted in triplicate to minimize possible
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errors. The inhibition zone caused by each compound was measured. The results of
antibacterial studies were presented in Table 4. The screening results demonstrated that the
compounds 1, 2, 3, and 4 have a considerably antimicrobial activity. In effect, 3 was more
effective than the positive control (SCF) for all of the bacteria.

Usually, all bacteria from the data in Table 4 exhibited a sequence 3 >4 > SCF >2>1 >
KCN for antibacterial activity. For S. enteridis and S. gallinarum, the data in Table 4
exhibited 3 >4 > SCF > 2 > 1 > KCN sequence of antibacterial effect. The values of 45 and 41

mm made it obvious that the antibacterial effect of 3 was the strongest among all.

Table 4. Antibacterial activity of 1-4 (105 pg/disc)
Compounds and inhibition zones (mm)

Microorganisms

SCF KCN 1 2 3 4
Gram-positive bacteria
S. aureus ATCC29213 29 - 16 26 33 32
B. subtilis ATCC6633 19 - 23 25 35 30
B. cereus DSM 4312 30 - 29 30 35 28
St. pyogenez ATCC176 20 - 24 30 40 30
Gram-negative bacteria
E. coli 111 21 - 19 35 39 29
E. aerogenes 2924 31 - 26 30 35 27
S. gallinarum 30 - 19 25 41 35
P. aeruginosa ATCC9027 15 - 30 31 35 27
S. enteridis ATCC13076 22 - 30 31 45 35
Yeast
C. utilis KUEN1031 19 - 21 33 34 30

SCF, sulbactam (30 ug) + cefoperazone (75 pg), as a positive control
KCN, potassium cyanide, as a negative control

Based on the preliminary screening data, compounds 1, 2, 3 and 4 were subjected to MIC
(minimum inhibitory concentrations) studies. The findings are submitted in Table 5.
Sulbactam (30 pg) + Cefoperazone (75 pg) (105 pg/disc) used as a positive control were
evaluated using Serial microdilution method that was performed to determine MIC values in
Mueller—Hinton Broth for antibacterial test. The measurable inhibition zones and MIC values
for C. utilis isolates for 1-4 were found in the range of 21-34 mm and 125-250 pg/mL,
respectively. The measurable inhibition zones and MIC values for bacterial strains for 1-4
were found in the range of 16-45 mm and 15.62-250 pg/mL, respectively (Tables 4 and 5).
Four gram positive bacterial strains (S. aureus, B. subtilis, B. cereus and St. pyogenez) and
five gram negative (E. coli, E. aerogenes, S. gallinarum, P. aeruginosa and S. enteridis) were
sensitive to 1-4. In the case of 3, the measurable inhibition zones and MIC values of the

bacterial strains were found 33-45 mm and 15.62-62.5 pg/mL, respectively (Tables 4 and 5).
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These data revealed that the 3 has the strongest antibacterial effect due to higher inhibition

zone than the standard drug SCF and other complexes (1, 2 and 4).

Table 5. Minimum-inhibitory concentrations (MIC, in mg/mL) of 1-4
Antibiotics MIC (pug /mL)

Microorganisms

KCN 1 2 3 4 SCF
Gram-positive bacteria
S. aureus ATCC29213 - 125 62.50 15.62 31.25 250
B. subtilis ATCC6633 - 250 31.25  15.62 31.25 500
B. cereus DSM 4312 - 31.25 125 31.25 62.50 500
St. pyogenez ATCC176 - 125 62.50 15.62 62.25 500
Gram-negative bacteria
E. coli 111 - 250 31.25 15.62 31.25 250
P. aeruginosa ATCC9027 - 62.50 6250 31.25 62.25 1000
E. aerogenes ATCC2924 - 125 31.25  31.25 125 62.50
S. gallinarum - 125 62.50 15.62 62.25 62.50
S. enteridis ATCC13076 - 62.50 1562 31.25 125 1000
Yeast
C. utilis KUEN1031 - 125 250 62.5 125 500

SCF, sulbactam (30 pg) + cefoperazone (75 pg), as a positive control
KCN, potassium cyanide, as a negative control

As seen in the Table 5, complex 3 (MIC: 15.62, 15.62, 15.62, 15.62, 31.25, 31.25, 15.62,
31.25, 62.5 pg/mL, respectively) exhibited better activity than other complex (1, 2, 4) and the
positive control for S. aureus, B. subtilis, St. pyogenez, E. coli, P. aeruginosa, E. aerogenes,

S. gallinarum, S. enteridis and C. utilis bacteria.

2.3.10. Antifungal activity

In the mycelial growth of the pathogens Alternaria solani, Rhizoctonia solani, Fusarium
oxysporum, and Sclerotinia sclerotiorum, the Ag' compounds (1- 4) exhibited various levels
of efficiency of inhibition over control (50 % DMSO) at different concentrations. However, 2
was non-effective against the fungi tested at any of the concentrations. All the findings
obtained from five different concentrations were considered in terms of their mean value
(Table 6 and 7). Compound 3 exhibited the maximum mycelial growth inhibition on A. solani
with 97.3 % at 20 pg/mL concentration (Table7) and followed by 4 and 1 with 96.8 % and
92.8 % inhibitions respectively. At 20 pg/mL, maximum mycelial growth inhibition was
observed on R. solani with compound 3 (Table 7) andfollowed in the same order of the other
compounds above. Compounds 1, 3, and 4 inhibited mycelial growth of S. sclerotiorum with
90 % or higher levels at 15 to 20 pg/mL concentrations (Table 8). Each compound had higher
inhibitory effect against A. solani excluding 1 with low inhibitor effect towards R. solani and

F. oxysporum (Table 7 and 8). Even at the highest concentration, compound 2 did not inhibit
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the mycelia growth of all the tested fungi (Table 6 and 7). At 5 pg/mL or higher
concentration inhibitory effects of test compounds against S. sclerotiorum were found to be
statistically significant compared to DMSO and fungicides (Maneb and Copper hydroxide).

Table 6. Antifungal activities of Ag' compounds against two plant pathogenic fungi after 5 days

Alternaria solani Rhizoctonia solani
Dosage(ug/mL)/ Chemicals (Growth inhibition %) (Growth inhibition %)
1 2 3 4 1 2 3 4
20.0 92.8° 0.0 97.3% 96.8° 58.4° 0.0 78.3° 82.2°
15.0 85.2° 0.0 94.6% 9512 545 0.0 73.9° 715°
10.0 71.7° 0.0 838" 888’ 48.2° 0.0 65.4° 68.8°
75 62.19 0.0 81.8>™ 61.2° 495° 0.0 5157 48.6°
5.0 56.6° 0.0 79.0° 54.7° 39.6° 0.0 28.2° 422°
Maneb Cupper Hydroxide 67.8° 67.8%  67.8° 20.0° 20.0" 20.0°
DMSO (50%) 00" 00 00° 00° 0.0° 00 00° 0.0
LSD 4.0 3.7 4.9 39 28 29

* Means in a column followed by the same letter are not significantly different (ANOVA, P < 0.05)

Table 7. Antifungal activities of Ag' compounds against two plant pathogenic fungi after 5 day

Fusarium oxysporum Sclerotinia sclerotiorum
Dosage(pg/mL)/ Chemicals (Growth inhibition %) (Growth inhibition %)
1 2 3 4 1 2 3 4
20.0 68.0° 0.0 75.4%* 89.3° 100.0* 0.0 97.3* 995°
15.0 67.2° 0.0 749° 774° 100.0° 0.0 94.7% 97.7*
10.0 63.4° 0.0 73.6° 69.4° 98.3° 0.0 747" 96.8°
75 59.7 0.0 68.3° 67.7% 96.5° 0.0 60.8° 93.3°
5.0 50.7° 0.0 66.8° 62.4¢ 93.3% 00 00° 922°
Maneb Cupper Hydroxide 78.0° 78.0° 78.0° 0.0° 0.0° 0.0°
DMSO (50%) 00" 00 00 00° 0.0° 00 0.0 0.0°
LSD 33 2.6 6.3 0.3 32 19

* Means in a column followed by the same letter are not significantly different (ANOVA, P < 0.05)

Table 8. Probit analysis parameters from the dose-response test performed with the 1, 3, and 4

Slope (+SE)? LC50 LC90 2
Compound Bioassay (95% of fiducial limits ~ (95% of fiducial
limits)
L A. solani 2.25+0.331 5.46 (4.18-6.47)  20.2 (16.33-28.77) 2.1
F. oxysporum 0.85+0.295 3.96 (0.52-6.27) 125.24 (43.72-2629.0)  1.12
3 A. solani 1.46+0.355 2.24 (0.60-3.66)  16.83 (12.77-31.59) 2.68
S. sclerotiorum 5.28+0.426 8.29 (7.26-9.30)  14.5(12.55-18.9) 35.26
A. solani 3.21+0.396 5.19 (4.29-5.92)  12.10 (11.41-15.66) 11.7
4 R. solani 2.12+0.316 6.31(4.98-7.39)  25.37 (19.69-39.24) 3.41
F. oxysporum 1.38+0.326 3.07 (1.10-4.60)  26.21 (18.05-66.69) 6.53
S. sclerotiorum 1.79+0.632 0.82 (0.005-2.12) 4.26 (1.0-6.03) 5.08

#Slope of the concentration (+ standard error) response of the fungi to 1, 3, and 4
®Pearson chi-square goodness-of-fit test on the probit model (¢=0.05)
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The calculated LC50 and LC90 values of 1, 3, and 4 using probit analysis to mycelial growth
of four plant pathogenic fungi are exhibited in Table 8. The LC 50 and LC90 values of the
three compounds ranged from 0.82 pg/mL to 8.29 pg/mL and 4.26 pg/mL to 125.24 pg/mL,
respectively. The LC50 and LC90 values of compound 4 against S. sclerotiorum were 0.82
pg/mL and 4.26 pg/mL, respectively andfollowed by A. solani (Table 8). These findings
implied that 4 can be used against either pathogenic fungus as a fungicide. Similarly, the other
effective compounds (1 and 3) are promising fungicide candidates against A. solani. This is

the first report of the inhibitory effects of the compounds against above mentioned fungi.

2.3.11. DNA/BSA binding and gel electrophoresis studies

Complex—DNA affinity can be conducted by observing UV-Vis absorption spectral data of
free complex and complex—DNA adducts. The binding constant (K) of the 2 or 3 with DNA
can be calculated with the help of Benesi—Hildebrand equation, A¢/A-Ai=€c/€n 6-Ec+E€c/En-
c-EcX1/K[DNA], where K is the binding constant, Ao and A are the absorbances of the 2 or 3
and its adduct with DNA, respectively, and € and €y ¢ are the absorption coefficients of the
complexes and the complex—-DNA adduct, respectively. The binding constant can be
calculated using the intercept-to-slope ratios of Ao/(A - Ag) vs. 1/[DNA] plots. Figure 11A,
describes the interaction of Ag' complexes with CT-DNA. According to Benesi—Hildebrand
equation, the plot of A¢/(A—Ao) vs. 1/[DNA] data yielded the binding constant (K) which was
1.3 x 10* M? for 2, and 9.9 x 10° M™ for 3 (Figure 11A). With the increase in CT-DNA
concentration resulted in hyperchromic effect indicate a strong interaction between these
complexes and DNA. This hyperchromic effect on the spectra of the complex-DNA adduct
might be indicative of groove binding. Isosbestic points near 260 — 261 nm and 265 - 266 nm
was observed for the 2 (Figure 11A).

The interaction of these complexes with BSA can be evaluated by observing of the UV—-Vis
absorption and emission spectral data of the free complex and complex—BSA adduct. The
absorption spectral data of the compounds (25 uM) in altering concentrations of the BSA (0 -
100 uM) is shown in Figure 11B. 3 caused an increase in the absorbance of BSA and
exhibited a slight blue shift, indicating a VVan der Waals interactions or hydrogen bonds in

affinity with BSA. Isosbestic points near 265 - 266 nm was observed for the 2 (Figure 11B).
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Figure 11. (A) UV—Visible absorption spectra of 25 uM 2 and 3 in the absence (a) and presence of 25
uM (b), 50 uM (c), 75 uM (d) and 100 uM (e) DNA. Note: The direction of arrow
represents rising concentrations of DNA. Inside graph is the plot of A/(A-Ag) Vvs.
1/[DNA] to find the binding constant of the complex-DNA adduct. (B) Absorption
spectra of 25 uM 2 and 3 (a) in presence of different concentrations of BSA 25 uM (b),
50 uM (c), 75 uM (d), and 100 uM (e). Note: The direction of arrow represents rising
concentrations of BSA
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Figure 12.The emission spectral data of EB-bound (a) DNA solutions in the absence and presence of
increasing concentrations of these complexes 25 pM (b), 50 uM (c), 75 uM (d), and 100
uM (f). [EB]=10.0 uM (a), [DNA] 50.0 uM. The arrows show the changes in severity
upon increasing amounts of 2 or 3. Inset shows the plots of emission severity lo/l vs. [Q]
(uM) for determining Ksy
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The emission spectral data of EB bound to DNA in altering concentrations of the complexes
are available in Figure 12. According this data, 2 or 3 intercalating into DNA resulted in
decreasing the fluorescence severity of the EB-DNA adduct and the level of this reduction
displayed binding constant of both. The extent of quenching severity of EB bound to CT-
DNA by 2 or 3 is shown in Figure 12. The quenching of EB bound to CT-DNA by these
complexes is displayed the linear Stern—\Volmer equation (lo/l =1 + Kgsy [Q]), which provides
data of 1 or 2 binding mechanism information. The Ksy value for 2 and 3 are 3.2 x 10° M7,
and 6.4 x 10° M, respectively suggesting the affinity of 3 with CT-DNA is robuster than that
of 2.

Figure 13. Inhibition of Kpnl and BamHI restriction endonucleases activity. Following 4 h 37°C
digestion of the 14pL with 10 U Kpnl and BamHlI, these digestion products were
resolved with 1.5% agarose gel containing ethidium bromide. Lane 1: enzyme + DNA +
3, Lane 2: enzyme + DNA + 2, Lane 3: Positive control (enzyme + DNA), Lane 4:
Negative control (plasmid DNA + water); lane 5: DNA marker (1Kb)

After Kpnl and BamHI digestion of pTOLT plasmid DNA, digestion products were identified
by two DNA bands in the absence complexes (Lane 3), whereas in the presence of the 3
produced four bands (Lane 1), and the 2 displayed two bands DNA fragments (Lane 2)
(Figure 13). In the presence of 3 DNA digestion was incomplete and new bands were
observed near the well at the top of the lanes (Lanes 1). Treatment of Kpnl and BamHI with 3
inhibits the restriction endonucleases activity of these enzymes and new band attributed to the
whole plasmid. The results indicated that 3 probably bound to pTOLT plasmid DNA.
However, 2 failed to inhibit these enzymes, and resulted in the formation of two bands (Lane
2) (Figure 13).
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2.4. Stability Study

Simple spectrophotometric methods were used for the stability features of these compounds in
physiological buffer. For the stability studies with these compounds, a 5 mM stock solution of
each of the silver compounds was prepared in 8.00 mL Tris—HCI buffer. The working solution
was prepared by adding 0.1M phosphate buffer to obtain a volume range from 5 to 100
pg/mL. The compounds in physiological buffer were analyzed over the 3-day study period at
least 3 times. The silver compounds exhibited strong stability in phosphate buffer (Table 9).
Intraday measurement displayed that these compounds remained fairly stable. The linearity,
precision and accuracy of the compounds are within acceptable limits for UV-Vis
spectrophotometric method (Figure 14A, Table 9). The spectrum of the compounds
demonstrates a slight increase in the peak from the second and third day to the finish of the
study (Figure 14B, Table 9). These results displayed that the compounds in solution were

found stable up to 72 h at room temperature.

Table 9. Results of UV-Vis spectrophotometric method

Parameters / Compounds 1 2 3 4
Linearity 0,9546 0,9962 0,9804 0,9883
Accuracy, % RSD < 2% 19,34 10,19 7,16 7,89
Repeatability 3,24 4,61 8,13 1,63
Precision, % RSD < 2% Intraday 2,74 6,00 8,14 1,64
Interday 8,40 23,21 4,99 2,39
LOD 25,50 7,21 16,53 12,68
LOQ 77,27 21,87 50,09 38,45
% Error 8,65 4,55 3,20 3,52
Linearity range 5-100 5-100 5-100 5-100

Eight points calibration curve were obtained in a concentration range from 5-100 pg/mL for
these compounds. The plots in measuring of the compounds was found to be linear in the
scanning concentration range and the linearity values of 1, 2, 3, and 4 were 0.9546, 0.9962,
0.9804, and 0.9883 (Table 9). The UV-Vis spectrophotometric method results demonstrated
that the %RSD values of 1, 2, 3, and 4 for the repeatability for precision studies were within
acceptable limits and were 3.24, 4.61, 8.13, and 1.63, respectively (Table 9). The LOQ values
of 1, 2, 3, and 4 were 77.27, 21.87, 50.09, and 38.45 pg/mL, respectively. Based on these
results, these compounds stability features were enough to meet specific acceptance criteria of
ICH Q2(R1) guideline.
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Figure 14. (A) The spectrum data of the compounds in following concentrations: 5 (a), 10 (b), 20 (c),
30 (d), 40 (e), 50 (f), 75 (g), and 100 pug/mL (h). Note: Inside graph is the linearity curve for
these compounds. (B) The stability of the compounds (100 pg/mL) in 0.1M phosphate buffer
(pH 7.4) at 37°C. Spectra collected once every day for 3 day.
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3. Conclusions

As a result, Ni'" Cu" and Cd" centered bimetallic argentate complexes were synthesized by
mixing metal salts and edbea with K[AgQ(CN);] and were characterized by various
spectroscopic and analysis methods. According to X-ray spectra, the complex 4 consists of an
ionic structure which is of [Cd(edbea),][Ag(CN).]..H2O general formula. The EPR analysis
showed that all of the Cu" underwent tetragonal distortion and the ground state of the

paramagnetic electron was d,z_,,2 (2B1g state). Magnetic susceptibility measurements of the

complexes revealed that [Ni(edbea)Agi;(CN)s] (1) was reached a maximum of intramolecular
ferromagnetic interaction at 20 K and exhibited intermolecular antiferromagnetic interaction
above 20 K, while [Cu(edbea)Ag2(CN)4].H20 (2) showed weak antiferromagnetic interactions
below about 10 K. The binding of 2 or 3 to CT-DNA and BSA resulted in significant changes
in spectral characteristics. The complexes showed hyperchromic absorption spectra and
interacted directly with CT-DNA in a manner to groove binder. The complexes were the
result of the tendency of a Van der Waals forces or hydrogen bonds during affinity with BSA.
The fluorescence emission of 2 and 3 was efficiently quenched, which indicated that the
compounds are directly located to CT-DNA groove. According to our findings the
compounds demonstrated very potent antimicrobial (1-4), antifungal (1-4) and anticancer
activities (2 and 3). We have explained for the first time that our compounds are robust
apoptosis inducers, topoisomerase I inhibitors and migration suppressors. We also showed
that treatment of cells with these compounds resulted in loss of Bcl-2 and accumulation of
P53. The essence of the study is that these compounds are potentially significant drug

candidates and are suitable to enter to the phase studies.

4. Experimental

4.1. Preparations of complexes

AgNO3, KCN, NiCl,.6H,0, CuCl,.2H,0, CdS0,.8/3H,0, Cd(CH3;C00),.2H,0 and 2,2'-
(ethylenedioxy)bis(ethylamine) (edbea) were used as received. The syntheses of 1-4 carried
out at room temperature are made according to the following general procedure: The solution
of AgNO; (200 mg, 1.177 mmol) in water/alcohol was added to a magnetically stirred 153 mg
or 1.175 mmol KCN. Then, the second metal salt (1 mmol) was added to resulting solution in
a couple of minutes. Afterwards, the resulting slurry was added to the alcohol solution of 350
mg or 1.180 mmol edbea dropwise with vigorous stirring and the newly formed solution
(except for 1) was stirred approximately for 2-3 hours. Finally, the resulting product was

filtered, washed in alcohol and water, and dried at room conditions. Pink precipitate was
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obtained with 70 % yield for complex 1. Anal. Calc. for C1;H16N;O,AgsNi: C, 20.00; H, 2.44;
N, 14.84. Found: C, 19.75; H, 2.56; N, 14.45 %. IR (KBr disk; cm™) 3342, 3276 [u(N-H)];
2944, 2906, 2865 [v(C—H)]; 2161 [u(C=N)]. Dark blue precipitate was obtained with 35 %
yield for complex 2. Anal. Calc. for C1oH1sNgO3Ag.Cu: C, 21.85; H, 3.30; N, 15.29. Found:
C, 21.93; H, 3.57; N, 15.66 %. IR (KBr disk; cm™) 3434 [u(O-H)]; 3282, 3162 [u(N-H)];
2925, 2873 [v(C-H)]; 2163, 2138 [u(C=N)]. Colorless precipitate was obtained with 54 %
yield for complex 3. Anal. Calc. for C1;H1gN;O3AgsCd: C, 18.04; H, 2.48; N, 13.39. Found:
C, 18.89; H, 2.41; N, 13.69 %. IR (KBr disk; cm™) 3631 [u(O-H)]; 3322, 3291, 3256 [u(N-
H)]; 2919, 2875 [u(C-H)]; 2157, 2140 [u(C=N)]. Colorless crystals suitable for single-crystal
X-ray diffraction were obtained with 62 % vyield for complex 4. Anal. Calc. for
Ci16H34NsOsAQ,Cd: C, 25.74; H, 4.59; N, 15.01. Found: C, 26.53; H, 5.66; N, 16.08 %. IR
(KBr disk; cm™) 3631 [u(O-H)]; 3378, 3336, 3282 [u(N-H)]; 2923, 2897, 2897 [v(C-H)];
2154 [u(C=N)].

4.2. Physical Measurements

C, H and N analyses were carried out with a LECO CHNS-932 elemental analyzer. FT-IR
spectra were recorded with a Jasco 430 FT-IR spectrometer as dry KBr pellets from 400 to
4000 cm ™. Thermal gravimetric analyses (TGA) were performed on a Perkin-Elmer Diamond
TG/DTA thermoanalyzer under nitrogen (35-1200 °C range) at a heating rate of 10 °C min™™.
The magnetization measurements were carried out on a Quantum Design PPMS system at 10—
300 K. x—T graphs were recorded under the constant magnetic field of 0.5 kOe. Magnetic data

were corrected for the diamagnetic contribution of the sample holder.

4.3. X-ray Structure Determination

The crystallographic data collections for 4 were carried out on a Rigaku R-AXIS RAPID-S
imaging plate diffractometer using graphite-monochromated MoKa radiation (1=0. 71073 A)
and oscillation scan technique with Aw=5" for one image were used for data collection.
Integration of the intensities, correction for Lorentz and polarization effects and cell
refinement was performed using CrystalClear software [69]. The structure was solved by
direct methods and refined against F2 by full-matrix least-squares calculations [70]. All non-
H atoms have been refined anisotropically, whereas the H atoms have been treated with a
riding model. Crystal data and structure refinement parameters for 3 are presented in Table
10.
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Table 10. Crystallographic data for 4

Empirical formula C16H34Ag2CdNgOs
Formula weight 746,65
Temperature [K] 296

Crystal size [mm] 0.1x0.2x0.3
Crystal system Monoclinic
Space group P2,

a[A] 9.243(5)

b [A] 15.059(5)
c[A] 10.416(5)
a=1v[°] 90.00

B[°] 111.367(5)
V [A%] 1350.2(11)
z 2

pcaled. [g/em’] 1.837
u[1/mm)] 2.26

F(000) 736

0 range [°] 24-26.4
Index ranges +11, £18, +13
Reflections collected 28586
Reflections observed(>2c) 5510
Goodness-of-fit on F? 1.064

R1 (all) 0.0340
wWR2 0.0639

4.4. Biological Studies
4.4.1. Cell Culture

The anticancer potential of the complexes was investigated on cancerous HT29 (ATCC®
HTB-38™), HeLa (ATCC® CCL-2™), and C6 cells (ATCC® CCL-107™) and
nontumorigenic Vero cells (ATCC® CCL-81™). The cell lines were cultured in a cell
medium (Dulbecco’s modified eagle’s) enriched with 10% (v/v) fetal bovine serum and 2%
(v/v) Penicillin-Streptomycin (10,000 U/mL). First, old medium was removed out of the flask
while cells had reached approximately 80% confluence. Next, cells were taken from the flasks
surface using 4-5 mL of trypsin-EDTA solution and then subjected to centrifugation.
Following, the cell pellet was suspended with 4 mL of DMEM working solution and was
counted to obtain a final concentration of 5 x 10* cells/mL, and inoculated into wells (100 uL

cells/well).
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4.4.2. BrdU Cell Proliferation Assay (BCPA)

A cell suspension containing approximately 5 x 10° cells in 100 pL was seeded into the wells
of 96-well culture plates. The cells were treated with complexes and control drug dissolved in
sterile DMSO (max 0.5% of DMSO) at final concentrations of 0.25, 0.50, 1.00, 1.50, 2.00,
2.50, 3.75, and 5.00 pg/mL at 37°C with 5% CO, for overnight. The final volume of the wells
was set to 200 pL by medium. Cell proliferation assay was evaluated by ELISA BrdU

methods as described previously [34].

4.4.3. Calculation of % inhibition and I1Csq

IC50 value is a concentration that inhibits half of the cells in vitro. The half maximal inhibitory
concentration (IC50) of the test and control compounds was calculated using XLfit5 or excel
spreadsheet and represent in uM at 95% confidence intervals. The proliferation assay results
were expressed as the percent inhibition according to the following formula: % inhibition = [1 —
(Absorbance of Treatments / Absorbance of DMSQO) x 100].

4.4.4. Lactate Dehydrogenase (LDH) Cytotoxicity Assay

The cytotoxicity of the compounds on HelLa, C6, HT29, and Vero cells was determined
through a Lactate Dehydrogenase Assay Kit according to the manufacturer’s instructions.
Approximately 5 x 10% cells in 100 puL were placed into 96-well plates as triplicates and
treated with IC50 (pg/mL) concentrations of test compounds at 37°C with 5% CO, for 24 h.
LDH activity was obtained by determining absorbance at 492 - 630 nm using a microplate

reader.

4.4.5. Apoptotic potential by DNA laddering Assay

A DNA laddering activity of the test compounds was performed by using DNA laddering assay,
it was described in accordance with the literature methods [71]. Briefly, 7.5 x 10° cells were
placed into 25 cm? culture flasks, and treated with ICs0 concentrations of test compounds at 37°C
with 5% CO, for overnight. First, DNA-containing precipitate was extracted from digest with a
50 pL phosphate-citrate buffer, centrifuged at 1500 xg for 5 min, and then 40 L supernatant
was transferred to a micro centrifuge tube. Tween20 (5 pL) solution (0.25% in ddH,0) and
RNase A (5 pL) solution added to the supernatant, and then incubated at 37°C for 28 min. Next,
proteinase K (5 pL) was added to each tube and re-incubated at 37°C for 8 min. Finally, DNA-

containing precipitate of the micro centrifuge tube was added 2 pL of loading buffer and loaded

29



to 2% agarose gel containing 0.5 pg/mL ethidium bromide and electrophoresed at 200 mA for 40
min. After electrophoresis, DNA fragmentation on gels was imaged using UVP gel imagined
system.

4.4.6. Apoptotic potential by TUNEL assay

The apoptosis was evaluated on HT29 cells using a TUNEL assay kit according to the
manufacturer’s protocol. The cells (30.000 /well) were seeded in a poly-L-lysine covered
chamber slide and treated with the ICsy concentrations of test compounds at 37°C for 24
hours. The assay was conducted guidance on the relevant method described by the literature
[34]. Fluorescent signal was detected by a Leica fluorescent microscope (Leica DMIL LED

fluo, Germany).

4.4.7. Cell migration assay

The migration feature of treated cells was conducted using the migration assay as described
previously [34]. Briefly, the HeLa cells in equal number (3.5 x 10* cells in 70 pL DMEM) were
plated into the two same reservoirs of the silicone pool. When cell density reaches to 80%
confluence, the reservoir wall was throw and 2 mL of cell culture medium including 1C30
concentrations of the compounds added, and then incubated at 37°C with 5% CO2. The
movement of the cells into a wounded area was photographed until the gap covered by control

cells.

4.4.8. DNA topoisomerase | inhibition assay

The anti-topoisomerase | activity of test compounds was found using topoisomerase | assay as
described previously [34]. In brief, 0.25 pug/uL of plasmid pHOT1 DNA, 2 U recombinant
human topoisomerase | enzyme, and IC50 concentrations of the compounds were added to
reaction tube. The mixture was incubated at 37°C for 30 min and then the reaction terminated
through adding stop solution. The mixture was loaded 1% agarose gel and electrophoresed for
60 min. DNA bands staining ethidium bromide photographed through a gel imaging system.
4.4.9. Cell imaging

Cells were plated in 96-well plates at a density of 5.000 cells per well and allowed 24 h. IC50
values of the test compounds were administered and morphology alters of the cells were

screened by phase contrast microscopy for 24 h every 6 h. Images of control and test compounds
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treated cells were photographed at the end of the process using a digital camera attached to an

inverted microscope.

4.4.10. Immunohistochemistry

Immunohistochemistry (IHC) techniques were used to localize antigens with different
expression levels following test compound treatment. Accordingly, HT29 and HelLa cells
(15.000 cells/well) were seeded to u-Slide with poly-L-lysine. The cells were subjected to
IC50 concentrations of the test compounds and allowed incubation for 24 h. There was a
negative control that had no test compounds. The IHC study of test compounds was evaluated
using a Ventana IHC system according to manufacturer's directions. IHC was performed
using Bcl-2 (mouse monoclonal, clone 124), CK7 (mouse monoclonal, clone OV-TL 12/30),
CK20 (mouse monoclonal, clone Ks20.8), and P53 (mouse monoclonal, clone D07) on the
VENTANA Bench-Mark XT System. The slides scores were rated as follows: 0 (<5%
positive cells), 1 (5-24% positive cells), 2 (25-49% positive cells), 3 (>50% positive cells).
The positive for relevant expression noted 2 or 3 while the negative stated 0 or 1.

4.4.11. Preparation of microorganisms and disc diffusion assay

A total of 10 microbial cultures belonging to ten bacterial species were used in this study. All
the bacterial strains were cultured on Mueller—Hinton Broth (Merck) for 24 h at 36 °C. Disc-
diffusion method was performed for antimicrobial tests [72] using 100 pL of suspension
containing 10 CFU/mL of bacteria and 10° CFU/mL of yeast spread on Nutrient Agar (NA)
and Potato Dextrose Agar (PDA) medium, respectively. The blank discs (Oxoid = 6 mm in
diameter) were impregnated with 20 pL of the each substance (105 pg/disc) and placed on the
inoculated agar. Solvent (KCN) was used as a negative control. Sulbactam (30 pg) +
Cefoperazone (75 pg) (total 105 pg/disc) was used as a standard. The inoculated plates were
incubated at 36 °C for 24 h. Antimicrobial activity was evaluated by measuring the zone of

inhibition against the test organisms.

4.4.12. Microdilution assay

The minimal inhibition concentration (MIC) values were also studied for the microorganisms,
which were determined to be sensitive to the substances tested in the disc-diffusion assay.
Inocula of microorganisms were prepared using 12 h broth cultures and suspensions were

adjusted to 0.5 McFarland standard turbidity. Each substance dissolved in 10 % dimethyl
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sulfoxide (DMSO) was first diluted to the highest concentration (1000 pug/mL) to be tested.
Then, serial twofold dilutions were made in a concentration range from 3.9-1000 pg/mL in
10-mL sterile test tubes containing nutrient broth. A prepared suspension of the standard
microorganisms was added to each dilution in a 1:1 ratio. Growth (or its lack) of
microorganisms was determined visually after incubation for 24 h at 36 °C. The lowest
concentration at which there was no visible growth (turbidity) was taken as the MIC. This
process was also repeated for the antibiotic. MIC values of the compounds against bacterial

strains were determined on the basis of a micro-well dilution method [73].

4.4.13. Agar well diffusion bioassay for test fungi

Plant pathogenic fungal species Alternaria solani, Rhizoctonia solani, Fusarium oxysporum
and Sclerotinia sclerotiorum were obtained from culture collection of Department of Plant
Protection, Agricultural Faculty, Gaziosmanpasa University. They were cultured on potato
dextrose agar (PDA) medium and then stored at 4 °C until use. They were subcultured for 5-7
days in darkness at 25 + 2 °C by transferring from the stock cultures to PDA medium in Petri
dishes. Antifungal effects of the compounds were tested by using agar well diffusion method
with some modification [74]. Briefly, a 10 mL of PDA medium was poured into a 6-cm
diameter sterile Petri dish. After solidification of the medium, the wells (5 mm diameter) were
produced in the agar with sterile cork borer. Mycelial plugs (5-mm diameter) from the edge of
cultured fungal colony were placed mycelial surface down on the medium at 30 mm apart
from the well. The compounds 1, 2 and 3 were diluted with 50 % DMSO solution to the final
concentrations of 2.5, 5, 7.5, 10, 15, and 20 pg/mL then 20 uL of the diluted samples were
pipetted into each well. All plates were then incubated in the dark at 25 + 2 °C for 7 days.
After 7 days of incubation, diameters of the inhibition zones were measured(in mm). Three
replicates were used for each treatment. 50 % DMSO was loaded in control plates as a
negative control. Maneb (2.4 mg/mL) and cupper hydroxide (1.25 mg/mL) at manufacturer
recommended rates were used as a positive control. The diameter of the inhibition zone was
measured when the hyphae of the negative control extended to well. The rates of mycelial
growth inhibition (Gl %) was calculated by the following formula: Gl % = dc-dt/dc*100
Where dc is mean colony diameter of control sets and dt is mean colony diameter of treatment

sets [75]. Each test performed in triplicate.
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4.4.14. DNA/BSA binding and gel electrophoresis studies

The binding constants (Kb) and the interaction of the compounds with Calf thymus-DNA
(CT-DNA) were evaluated UV spectroscopy. A CT-DNA solution was prepared by dissolving
2.5 mg CT-DNA in 10.0 mL Tris—HCI buffer and it was immediately used. The concentration
of CT-DNA was found spectrophotometrically with the aid of € value of 6600 M™* cm™
260 nm. After dissolving the CT-DNA fibers in Tris—HCI buffer, the purity of this solution

was checked from the absorbance ratio Azeo/Azs0. The DNA was pure enough to use while the

at

CT-DNA solution in the buffer displayed an Azso/Azgo ratio of 1.83. Both compounds
dissolving in DMSO re-diluted with Tris—HCI buffer to obtain 25 puM concentrations. Test
compounds in the solutions were incubated at 20°C for about 30 min before measurements.
The UV absorption spectrum data were conducted through unchanging the concentration of
both compounds with increasing the CT-DNA concentrations (0-100 uM). Absorption spectra
were recorded using 1-cm-path quartz cuvettes at room temperature [76].

To evaluate the interaction of the compounds with BSA UV spectroscopy was used. A BSA
solution was prepared by dissolving 2.5 mg BSA in 10.0 mL in Tris—HCI buffer and it was
immediately used. The scans of the BSA solutions (0-100 uM) with a fixed concentration of
the complexes (25 uM) were screened in the wavelength range 250-320 nm.

Ethidium bromide (EB) displacement situation was carried out by tracking alters in the
quenching severity of a constant concentration of EB-DNA solutions with test compounds
(25-75 uM). The quenching severity of EB was screened using an excitation wavelength of
295 nm and the emission range was adjusted between 200 and 600 nm. The spectral data were
examined with the Stern—Volmer equation, o/l = 1 + Ksy [Q], where Iy is the fluorescence
severity in the absence of quencher, | is the fluorescence severity in the presence of quencher,
Ksvy is the Stern—Volmer quenching constant, and [Q] is the quencher concentration. Ksy can
be calculated from the slope of the plot of 1o/l vs. [DNA].

The restriction enzyme inhibition assay was conducted to evaluate both specific and
nonspecific binding and enzyme inhibition by complexes. Supercoiled pTOLT (10 uM)
plasmid DNA was incubated with the complexes (25 uM) and restriction enzymes Kpnl and
BamHI (2 units) at 37 °C in Tris—HCI/NaCl buffer (50/18 mM, pH 7.2) for 4 h. The digestion

products were observed by using 1.5% (wt/vol) agarose gels with ethidium bromide.

4.4.15. Statistical Analysis
Statistical significance of differences were determined by the one-way analyses of variance

(one-way ANOVA) followed by Tukey test. Data did not show homogeneity variances that
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were analyzed by the non-parametric Kruskal-Wallis test. The SPSS for Windows computer
program was used for statistical analyses. Results are reported as mean values £ SEM of three
independent assays and differences between groups were considered to be significant at
P<0.05. Inhibition zone data was analyzed using POLO-PC Probit [77] to estimate lethal

concentration 50, and 90 values (LC50, and 90) and the regression line slope.
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The dicyanidoargentate(l)-based complexes are originally synthesized, potential anticancer
compounds with antibacterial and antifungal activity in vitro also. The tested complexes are
exterior due to possessing highly potential biological activities together in each complexes.
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[Cd(edbea)Ags(CN)s].H,O (3) is a patented compound at national level (TR 2012 08885 B).

The crystal structures of [Cd(edbea),][Ag(CN),]..H20 (4) was determined.

Interaction of CT-DNA/BSA with these compounds were spectroscopically examined.

We used DNA laddering, TUNEL, topoisomerase I, cell migration and immunohistochemical
assays.

Antibacterial and antifungal activity tests were performed.
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