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ABSTRACT. The present study reports the synthesis and spectroscopic characterization
of dinuclear silver(l) complexes, {[Ag(X-O)(phtz-N)]2(u-phtz-N,N’)2} (X = NOs
(Agl) and CFsSOs3 (Ag2), and phtz is phthalazine). The interaction of these two com-
plexes with calf thymus DNA (ct-DNA) and bovine serum albumin (BSA) was investi-
gated to assess their binding affinity to these biomolecules. The binding constants of
complexes Agl and Ag2 to BSA are found to be higher than those for ct-DNA, being in
accordance with their higher affinity toward the studied protein. The values of partition
coefficient (logP) for the investigated complexes indicate higher cellular uptake efficien-
cy of Agl than Ag2. The in vivo toxicity of the complexes Agl and Ag2 against the mo-
del organism, Caenorhabditis elegans, was studied to check their therapeutic potential.

Keywords: silver(l) complexes, phthalazine, Caenorhabditis elegans, DNA interaction,
protein interaction.

INTRODUCTION

Silver(l) compounds have a long tradition as effective antimicrobial agents in the tre-
atment of human diseases due to their higher toxicity to microbes and lower toxicity to ma-
mmals (MELAIYE and YOUNGS, 2005). One of many examples includes the use of 1% solution
of silver(l) nitrate in the form of eye drops to prevent gonorrheal infection in newborn infants
and this was common practice until the last century (SILVER et al., 2006). In 1968, silver(l)
sulfadiazine (Silvadene®) was obtained in the reaction of silver(l) nitrate and a sulfonamide
and is still used as a cream for the treatment of burn wounds (SILVER et al., 2006). Nowadays,
with the increasing resistance of bacteria to widely used antibiotics, special attention has been
devoted to synthesis and biological evaluation of silver(l) complexes as potential agents for
the treatment of microbial infections (MEeDICI et al., 2016). In comparison to silver and
silver(l) nitrate, silver(l) complexes represent the formulations with tunable antimicrobial
properties. The crucial factors which determine the antimicrobial activity of silver(l) comp-
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lexes are the nature of the ligand coordinated to Ag(l) ion and the ease of its substitution
(MEepiclI et al., 2016). In general, silver(l) complexes containing Ag—O and Ag—N bonds have
shown a more effective and wider spectrum of antimicrobial activity than those containing
Ag—P and Ag—S bonds (MEDICI et al., 2016; AHMAD et al., 2022). Their effectiveness can be
attributed to the presence of Ag—O/N bonds, which are weak and can be easily cleaved in the
reactions of these complexes with different biomolecules, including DNA and proteins conta-
inning cysteine residues (MEeDICI et al., 2016; AHMAD et al., 2022).

The antimicrobial silver(l) complexes have a unique mechanism of action, which is di-
fferent from that of antibiotics and other biologically active metal complexes (CLAUDEL et al.,
2020). The exact pathways of silver(l) complexes have not been completely clarified; never-
theless, it is proposed that a slow dissociation of the complexes to free Ag(l) ions is a key step
responsible for their activity (Mepicl et al., 2019). Ag(l) ions can induce the death of bacteri-
al cells as a result of impairment of enzymes that coordinate these ions on the surface of cell
wall or through impairment of permeability of the cell wall. In the cells, Ag(l) ions can react
with the enzymes, contribute to proteins denaturation, inhibit the bacterial respiration and
ATP oxidation, bind to cellular components, induce formation of reactive oxygen species
(ROS), and inactivate DNA and RNA molecules (MeDIcI et al., 2019).

Aromatic nitrogen-containing heterocycles are an attractive class of ligands for the
synthesis of silver(l) complexes showing antimicrobial activity (MeDICI et al., 2016; CLAU-
DEL et al., 2020). Among them, phthalazine has gained attention in design of therapeutic
agents due to its biological potential (SANGSHETTI et al., 2019). Phthalazine scaffold repre-
sents a pharmacophoric feature of different therapeutics showing antimicrobial, anti-infla-
mmatory, analgesic, antihypertensive, antidepressant, antidiabetic, antithrombotic and anti-
cancer activities (SANGSHETTI et al., 2019). Considering this, we have used phthalazine (phtz)
as a ligand for the synthesis of three dinuclear silver(l) complexes of the formula {[Ag(X-
O)(phtz-N)]2(u-phtz-N,N")2}, X = NOs", CF3SOs and ClO4, and evaluated their antimicrobial
activity against various microbial strains (GLISIC et al., 2016). All these complexes have
shown significant activity against the tested bacterial strains, whereas the highest activity was
observed against Gram-negative bacterium Pseudomonas aeruginosa (GLISIC et al., 2016).
The complexes were also remarkably active against Gram-positive bacterium Staphylococcus
aureus, while their antifungal activity against yeast Candida albicans was marginal. It is im-
portant to mention that phtz itself did not show any significant activity against the investiga-
ted microbial strains (GLISIC et al., 2016). Moreover, two silver(l) complexes, {[Ag(NOs-
O)(phtz-N)]2(«-phtz-N,N")2} and {[Ag(CF3SO3-O)(phtz-N)]2(u-phtz-N,N ).}, have shown an
ability to disrupt biofilms of P. aeruginosa strains, which are resistant to the widely used anti-
biotics.

In a continuation of this study, herein the interactions of the silver(l)-phthalazine com-
plexes which were most active across the range of P. aeruginosa strains with calf thymus
DNA (ct-DNA) and bovine serum albumin (BSA) were investigated by fluorescence emission
spectroscopy to gain an insight on their behaviour towards these biologically important mole-
cules. Moreover, to investigate therapeutic potential of the silver(l) complexes as antibacterial
agents, their in vivo toxicity on the Caenorhabditis elegans (Maupas, 1900), which shares a
high homology with the mammalian system (HUNT, 2017), was studied.

MATERIALS AND METHODS

Materials and instrumentation

Silver(l) salts (AgNOsz and AgCF3SOs3), phthalazine, methanol, ethanol, acetonitrile,
dimethyl sulfoxide (DMSO), deuterated acetonitrile, phosphate buffered saline (PBS), calf
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thymus DNA (ct-DNA), ethidium bromide (EthBr), bovine serum albumin (BSA) and n-oc-
tanol were purchased from the Sigma-Aldrich (St. Louis, Missouri, USA). All chemicals were
of reagent-grade quality or higher and used as supplied.

Elemental microanalysis for carbon, hydrogen, and nitrogen of the silver(l) complexes
was done by the Microanalytical Laboratory at the University of Belgrade-Faculty of Chemis-
try. NMR spectroscopic measurements were performed at ambient temperature in acetonitrile-
ds as a solvent on a Bruker Avance Il 400 MHz spectrometer, in a 5 mm NMR tube. The
sample contained 5.0 mg of the complex in 0.6 mL of acetonitrile-ds. Chemical shifts () are
given in ppm. IR spectra were recorded by using KBr pellet technique on a Perkin Elmer
Spectrum 2 spectrometer over 4000-450 cm™ range. A Shimadzu double-beam spectropho-
tometer was used for the measurement of the UV-Vis spectra, which were recorded after
dissolving the complexes in DMSO over 1100-200 nm range at ambient temperature. Moreo-
ver, the UV-Vis spectra of the complexes were recorded immediately after their dissolution in
PBS and during 2 days at ambient temperature to follow their solution stability. The fluores-
cence emission spectra were measured on a Jasco FP-6600 spectrophotometer.

Synthesis of Agl and Ag2

Silver(l) complexes, {[Ag(X-O)(phtz-N)]2(u-phtz-N,N’).} (X = NOsz (Agl) and
CF3SOz (Ag2), phtz is phthalazine) were obtained by the previously reported method (GLISIC
et al., 2016). The purity of these complexes was confirmed by the results of elemental micro-
analysis and NMR spectroscopy. These data agreed with those previously published for the
same silver(l) complexes (GLISIC et al., 2016).

The solution of 0.5 mmol of the silver(l) salt (84.9 mg of AgNO3 for Agl and 128.5
mg of AgCFs:SO3 for Ag2) in 2.5 mL of ethanol (Agl) or methanol (Ag2) was added to the
solution of an equimolar amount of phtz (65.1 mg) in 10.0 mL of hot ethanol (Agl) or me-
thanol (Ag2). The obtained reaction mixture was stirred in dark at ambient temperature for a
period of 3 h. Complex Agl was obtained after recrystallization of the obtained solid product
in 10.0 mL of acetonitrile, while complex Ag2 crystallized from the mother methanol solution
after its standing in refrigerator for 3 days. Yield: 61.3 mg (57%) for Agl and 82.8 mg (64%)
for Ag2.

Anal. Calcd. for Agl = C32H24Ag2N100s (MW = 860.36): C, 44.67; H, 2.81; N, 16.28.
Found: C, 44.53; H, 2.89; N, 16.14%. 'H NMR (400 MHz, CD3CN): ¢ = 8.04 (m, H6 and
H7), 8.12 (m, H5 and H8), 9.59 ppm (s, H1 and H4). *C NMR (101 MHz, CD3CN): 6 =
126.9 (C5 and C8), 127.0 (C4a and C8a), 133.6 (C6 and C7), 152.0 ppm (C1 and C4). IR
(KBr, v, Cm_l): 3035 (V(Car—H)), 1618, 1568, 1488, 1440 (V(Car:Car), V(Car:N) and V(N:N)),
1377 and 1362 (v(NO3)), 650 (y(Car—H)).

Anal. Calcd. for Ag2 = C3sH24AQ2FsNgO6S2 (MW = 1034.47): C, 39.48; H, 2.34; N,
10.83. Found: C, 39.33; H, 2.45; N, 10.91%. 'H NMR (400 MHz, CDsCN): ¢ = 8.07 (m, H6
and H7), 8.14 (m, H5 and H8), 9.60 ppm (s, H1 and H4). *3C NMR (101 MHz, CD3CN): § =
127.1 (C5 and C8), 127.1 (C4a and C8a), 133.9 (C6 and C7), 152.4 ppm (C1 and C4). IR
(KBr, v, cm™): 3041 (v(Ca—H)), 1619, 1564, 1489, 1445 (v(Ca=Car), V(Ca=N) and v(N=N)),
1274 (vas(SO3)), 1256 (vs(CF3)), 1150 (vas(CF3)), 1031 (vs(SOs)), 636 (y(Car—H)).

BSA binding experiment

The protein (BSA) binding study was carried out at pH = 7.4 in PBS by recording
fluorescence spectra over the range of 280-500 nm with an excitation wavelength of 275 nm.
The quenching of the BSA (16 uM) emission intensity at 366 nm was followed after addition
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of an increasing concentration of the silver(l) complexes (0-160 uM). The following equation
was used for calculation of the Stern—Volmer constant (Ks):

Fo/F = 1 + Kqzo[complex] = 1 + Ks[complex]. ()

In this equation, Fo and F represent the fluorescence intensities in the absence and
presence of the complex, respectively, while Kq is a bimolecular quenching constant. o,
which amounts 108 s, represents the fluorophore lifetime, when the quencher is absent
(SMOLENSKI et al., 2015). The binding constant of the complex to BSA (Ka) and the number
of binding sites (n) were calculated by the following equation (WOLFE et al., 1987):

log(Fo — F)/F = logKa + nlog[complex]. 2

Lipophilicity assay

The flask-shaking method by PUCKETT and BARTON (2007) was used for determina-
tion of the lipophilicity of the complexes Agl and Ag2. These complexes were dissolved in
DMSO and added to water/n-octanol system. After that, the solutions were vortexed for 1 h at
ambient temperature and left to stand for an additional 24 h allowing the separation of the two
phases. The values of absorbance were determined from the previously determined calibration
curves and used for calculation of the concentration of the complexes in two phases (co is the
concentration of the complexes in n-octanol phase, while cw represents their concentration in
water phase). The following equation was applied for calculation of the logP values:

oTe |l 0T (o0 o SRS (3)

DNA binding experiment

PBS was used for the preparation of a stock solution of ct-DNA. Its concentration
(1.19 x 102 M) was determined from the values of UV absorbance at 260 nm and molar
extinction coefficient (¢ = 6.6 x 103 M~*cm™; BERA et al., 2008). Stock solutions of ethidium
bromide (EthBr; 1.10 x 10 M) and silver(l) complexes Agl and Ag2 (10 mM) were prepared
in DMSO.

The binding studies were performed at pH = 7.4 in PBS, whereas the ratio [DNA] :
[EthBr] was 10 : 1, and concentration of the complexes gradually increased. The spectra were
measured in the range of 525 — 750 nm, while the excitation wavelength was 520 nm. The Ksy
and Ka constants, and the n number were calculated as described for BSA binding study
(WoLFE et al., 1987; SMOLENSKI et al., 2015).

In vivo toxicity assay

Toxicity was tested in in vivo model system C. elegans by measuring survival of ne-
matodes after 48 h. Caenorhabdites elegans N2 (glp-4; sek-1) was propagated under standard
conditions, synchronized by hypochlorite bleaching, and cultured on nematode growth medi-
um using Escherichia coli OP50 as a food source, as reported by STIERNAGLE (1999). The C.
elegans survival assay was performed as described previously with some modifications
(BRACKMAN et al., 2011; SCOFFONE et al., 2016). An experiment was performed in 96-well
flat-bottomed microtiter plates (Sarstedt, Germany) in 100.0 uL per well. 25.0 puL of the
suspension of nematodes, which contained 25-35 nematodes, were transferred to the wells, in
which 50.0 pL of the medium was previously added. After that, 25.0 pL of DMSO solvent
(used as a control) or of a concentrated solution of the studied complexes was added to the
wells. The concentrations of the complexes were 50, 25, 12.5, 6.25, 3.13, 1.56 and 0.781
png/mL and were made from their stock solutions. The plates were incubated at ambient tem-
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perature for 48 h. After that time, the fraction of dead worms was calculated by dividing the
number of dead worms and their total number in each well. These numbers were determined
by a stereomicroscope (SMZ143-N2GG, Motic, Germany). The complexes were evaluated
three times in each assay and each assay was repeated twice (n > 6). Nematodes exposed to
the medium containing 1% (v/v) DMSO represented a negative control experiment. The cal-
culated ICso values represent the concentrations which are required for inhibition of the
nematode growth for 50%.

RESULTS AND DISCUSSION

The results obtained from our previous study showed that silver(l)-phthalazine comp-
lexes manifest a good antibacterial activity as well as excellent ability to disrupt biofilms of P.
aeruginosa strains, which are highly resistant to antibiotics (GLISIC et al., 2016). In the pre-
sent study, the synthesis of two silver(l) complexes with phthalazine (phtz) of the general for-
mula {[Ag(X-O)(phtz-N)]2(u-phtz-N,N’)2}, X = NOs (Agl) and CFsSOs™ (Ag2) (Scheme 1),
which showed the best antimicrobial potential, was repeated in order to investigate their bin-
ding affinity towards calf thymus DNA (ct-DNA) and bovine serum albumin (BSA). The in
vivo toxicity of Agl and Ag2 on the C. elegans was investigated to determine their thera-
peutic potential as antibacterial agents.

Complexes Agl and Ag2 were obtained in the reactions of phthalazine with AgNOs or
AgCF3SOs3 in 1 : 1 molar ratio in ethanol or methanol, respectively, at ambient temperature.
The purity of these complexes was checked by elemental microanalysis, while their structure
was confirmed by comparing their NMR and IR data with those previously reported for these
complexes of the known crystal structures (GLISIC et al., 2016). From these data, it was found
that structures of Agl and Ag2 complexes agree with those previously determined by X-ray
crystallography (GLISIC et al., 2016). As can be seen in Scheme 1, in these complexes, two
phtz molecules are bridging ligands between Ag(l) ions, while the other two phtz act as mo-
nodentate ligands. In addition, the X anion (NOz™ in Agl and CFsSOz™ in Ag2) is monoden-
tately coordinated to the Ag(l) via one oxygen atom.

{IAg(X-O)(phtz-N)J(u-phtz-N,N")}
X = NO3 (Ag1), CF3S05 (Ag2)

Scheme 1. Structural representation of Agl and Ag2 complexes analyzed in this study.
Carbon atoms are numbered in accordance with [IUPAC recommendation.

The stability of the complexes Agl and Ag2 was confirmed by measurements of their
UV-Vis spectra in PBS solution during 2 days at ambient temperature (Fig. 1). A very slight
decrease in the absorption intensity of Agl and Ag2 was observed after 2 days (3 and 5%,



84

respectively). Nevertheless, the shape of the UV-Vis spectra and position of the absorption
maxima for these complexes remained unchanged, being in accordance with their stability in
solution.

240 260 280 300 320 340

Figure 1. UV-Vis spectra of Agl and Ag2 complexes recorded right after their dissolution
(blue/upper lines) and after 2 days (red/lower lines) in PBS at ambient temperature.

BSA binding experiment

Serum albumin (SA) has a significant role in distribution, transport, and deposition of
different drugs and metabolites (LIU et al., 2011; SATHYADEVI et al., 2012). This protein is
also important for the maintenance of the pH and osmotic pressure of plasma, and it brings
different compounds to target cells (PETERs, 1995). Hence, investigation of interaction me-
chanisms between this plasma protein and biologically active compounds is very important
for understanding their pharmacodynamics and pharmacokinetics. Bovine serum albumin
(BSA) has high homology and similarity to human serum albumin (HSA) and is the most in-
vestigated model for protein interactions (GHOSH et al., 2009). Fluorescence emission spec-
troscopy is an efficient method for study the BSA interaction because this protein has trypto-
phan, tyrosine, and phenylalanine as three fluorophores in its structure that are responsible for
its intrinsic fluorescence (NAIK et al., 2010).

| 1Ag2] =0 - 160 uM, Phosphate buffer saline (pH = 7.4) |

[BSA] =16 pM

275 nm
)
>
L

30 4

Rel. Fluo. Int. (a.u.), hex

3,0E-05 8,0E-05 1,3E-04
[Ag2] (mol/L)

2 (nm)

Figure 2. Fluorescence emission spectra of BSA in the presence of an increasing concentration of Ag2
complex. The arrow shows the changes of fluorescence intensity after the addition of this complex.
Inserted graph represents Stern-Volmer plot of Fo/F vs. [complex].
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After adding Agl and Ag2 complexes to BSA solution (16 uM), a significant decrease
of the BSA fluorescence intensity was observed (Fig. 2; 70 and 84% of its initial intensity,
respectively), indicating that both complexes interact with this protein. In the case of inter-
action of BSA with Agl, a red shift of 13 nm in the emission maximum was noticed as a
result of its binding to the protein. This red shift is a consequence of the interaction of Agl
complex with hydrophilic site of the protein (MIN et al., 2004). On the other hand, a blue shift
of 3 nm was observed after addition of Ag2 complex and indicates its interaction with the
BSA hydrophobic active site (YIiLMAZ et al., 2017).

The fluorescence quenching data for Agl and Ag2 complexes were studied using the
Stern-Volmer and Scatchard equations. The calculated values of Ksy, Kq and Ka constants, and
n number of binding sites per albumin are given in Tab. 1. The Ks constants for Agl and Ag2
are comparable to those determined for silver(l) complexes containing 1,2-bis(4-pyridyl)
ethene, thianthrene and 1,8-naphthyridine (BURIC et al., 2020; ASANIN et al., 2021). The va-
lues of Kq constants for the investigated comlexes are higher than 2 x 10 M?s? (the maxi-
mum diffusion collision quenching rate constant), suggesting that the quenching mechanism
is static (SHI et al., 2011). The Ka constants for both complexes are relatively high, and they
show the affinity of the complexes to bind to BSA for their transport to the target cells.
Nevertheless, the Ka constants are below 10 M, which represents the association constant
of the interactions between avidin and ligands, as one of strongest non-covalent interactions
(LAITINEN et al., 2006). This indicates that Agl and Ag2 can bind to BSA reversibly, and that
these complexes are released from the protein upon arrival to the target sites. From the n
values for the complexes, it can be concluded that there is one site accessible for their binding
to the protein.

Table 1. BSA binding constants of the studied complexes Agl and Ag2.

Complex Ksv (M) Hypochromism (%) Kq(M1s?!)  Ka(M?) n
Agl (6.23+0.27) x 10* 70.2 6.23x10% 1.05x10° 1.34
Ag2 (2.21+0.11) x 10° 83.7 221 x108 137x10° 141

Lipophilicity assay

Lipophilicity of a biologically active compound represents the most important factor
that indicates its cellular uptake efficiency. A measure of lipophilicity is an n-octanol-water
partition coefficient (logP), which can be determined by the flask-shaking method by Puck-
ETT and BARTON (2007). According to GHOSE et al., (1999), the logP values for a potentially
new therapeutic agent are in the range from -0.4 to 5.6. The lipophilicity of complexes Agl
and Ag2 was determined by measuring their concentration ratio in the two phases. The logP
values for Agl and Ag2 are 0.0035 and -0.0063, respectively, suggesting that Agl has a
higher cellular uptake efficiency than Ag2.

In accordance with the Lipinski’s rule of five, except logP value, molecular weight
should be considered in design of new therapeutics (LIPINSKI et al., 2012). Thus, the molecu-
lar weight of oral drugs should not be higher than 500. The molecular weight of both Agl and
Ag2 is higher than 500, nevertheless this does not represent a limitation of their potential
application since it was found that many molecules having higher molecular weights can be
transported into the cells (NEIDLE, 2012). Besides that, it was proposed that for metal-based
drugs, molecular volume should be taken into consideration (ANTHONY et al., 2020).

DNA binding study

Previous studies have shown that one of the potential mechanisms of action of sil-
ver(l) complexes refers to their interaction with DNA (CLAUDEL et al., 2020). The DNA in-
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teraction of silver(l) complexes is mainly dependent on their stability and the nature of the
coordinated ligands (ZEGLIs et al., 2007). For stable silver(l) complexes, non-covalent or el-
ectrostatic interactions between the complex and the negative phosphate groups of a DNA
could be observed. On the other hand, if complexes contain labile ligands, they can be substi-
tuted by DNA donor atoms, leading to the formation of covalent bonds (STREKOwsKI et al.,
2007; KomoRr and BARTON, 2013).

DNA interactions of Agl and Ag2 complexes were investigated using fluorescence
emission spectroscopy by measuring the intensity of ethidium bromide (EthBr) bound to ct-
DNA after their addition (SMOLENsKI et al., 2015). It is well known that EthBr intercalates
between the adjacent ct-DNA base pairs, leading to the enhancement of its emission intensity,
as a consequence of the formation of EthBr-ct-DNA system (SHi et al., 2011; SMOLENSKI et
al., 2015). The emission spectra of the EthBr-ct-DNA ([ct-DNA] : [EthBr] = 10 : 1) were
measured after the gradual addition of the studied complexes Agl (Fig. 3) and Ag2 (0 — 165
uM), which has caused a decrease of the emission intensities.

| [Agl] = 0165 uM, Phosphate buffer saline (pH =7.4) |

P [EthBr| = 10 pM, [DNA] = 100pM

120 4

=520 nm

1,10 4

80 4

Fy/F

1,05 *

40 1 \

Rel. Fluo. Int. (a.u.), k.,

o [EthBr] =10 pM % 100

0,0E+00 1,0E-04 2,0E-04

0 : ; - IAgl] (M)

550 600 650 700
. (nm)

Figure 3. Fluorescence emission spectra of EthBr-ct-DNA system upon the gradual addition of Agl
complex. The arrow shows the change of fluorescence intensity after addition of the increasing
concentration of the complex. Inserted graph represents Stern-Volmer plot of Fo/F vs. [complex].

The calculated binding constants (Ka, Tab. 2) are much lower than that of EthBr (Ka =
2 x 105 M), suggesting that an explanation for the decrease in the fluorescence intensity of
the EthBr-ct-DNA system after the addition of the silver(l) complexes is due to their inter-
action with this system, resulting in the formation of a new non-fluorescent product (SHi et
al., 2011). Moreover, the percentage of hypochromism is less than 15% (Tab. 2), while for the
well-known DNA intercalator lucigenin is 50% (Wu et al., 2002), being in accordance with
non-intercalative interactions of Agl and Ag2 complexes with ct-DNA. From the calculated
Ksv values (Tab. 2), it could be concluded that Ag2 show slightly higher affinity for ct-DNA
than Agl whereas their affinity was found to be similar with that of the silver(l) complexes
investigated previously by fluorescence spectroscopy (PETTINARI et al., 2011; RENDOSOVA et
al., 2017). The Kq constants for Agl and Ag2 are higher than 2 x 10° Ms? (Tab. 2),
indicating that interaction between ct-DNA and these complexes is dominantly a static quen-
ching process (SHi et al., 2011).
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Table 2. The ct-DNA binding constants of the studied complexes Agl and Ag2.

Hypochromism

Complex Ksv (M) (%0) Kq(Ms?) Ka (M) n
Agl (8.73+0.01) x 102 12.0 8.74x 10  6.08x10° 122
Ag2 (1.67+0.01) x 103 13.4 167 x 101  280x 103  1.06

In vivo toxicity assay

The nematode C. elegans represents a model organism, having an extensive homology
to mammals at the genetic level (HuUNT, 2017). Accordingly, it can be used for toxicity
evaluation and for the development of novel therapeutics (SEPULVEDA-CRESPO et al., 2020).
As can be seen in Fig. 4, a dose dependent survival rate was observed for both investigated
complexes Agl and Ag2. At the highest tested concentration (50 pg/mL), around 70% of
worms died within 48 h, while approximately only 5% of worms died at the lowest concen-
tration (0.781 pg/mL). ICsp values against C. elegans for Agl and Ag2 complexes were found
to be 12.5 and 6.25 pg/mL, respectively. Similar or lower 1Cso values (12 — 55.5 pg/mL) were

previously obtained for Ag(l) complexes with bidentate pyridine-4,5-dicarboxylate esters as
ligands (ANDREJEVIC et al., 2020).

100 -
mAgt
. 807 OAg2
=
/4] i
2 60
o]
=
5 40 -
2
"y
20 -
0 4
Control 0,781 1,56 3,13 6,25 12 50 25 50

(DMSO)

Concentration of complexes (ug/mbL)

Figure 4. The influence of Agl and Ag2 complexes on the survival of C. elegans (%, average + the
SD) after 48 h treatment.

CONCLUSION

In the present study, silver(l)-phthalazine complexes, {[Ag(X-O)(phtz-N)]2(u-phtz-
N,N’)2}, X = NO3™ (Agl) and CFsSO3™ (Ag2), were synthesized and their affinity toward ct-
DNA and BSA was evaluated. These complexes can bind to BSA tightly and reversibly, while
the interaction with DNA is rather non-covalent. The values of binding constants of silver(l)-
phthalazine complexes to the studied protein are higher than those calculated for ct-DNA
interaction, being in accordance with their greater binding affinity toward BSA. Given the
antimicrobial resistance emergence, as well as the lack of novel antibacterial agents, the
previously observed antibacterial activity of both complexes and their moderate cytotoxicity

in vivo in C. elegans model system could be important for development of novel metal-based
therapeutics.
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