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Abstract: Complexes of general formula [Ru(bpy)2(L)]CF3SOs, where bpy = 2,2'-bipyridine, and L = Schiff bases derived from salicylaldehyde and
amino acids (glycine (1a), cysteine (1b), methionine (1c) and phenylalanine (1d)) were synthesized. Characterization based on elemental
analysis, Ru content, mass, infrared and electronic spectra confirmed RuNsO coordination unlike 1b where coordination occurred via
azomethine nitrogen and cysteine sulfur. Cyclic voltammograms, except 1b, showed several quasi-reversible redox pairs in the positive potential
range, the first located at about 0.5 V, corresponding to similar heteroleptic Ru(ll) bipyridyl complexes. Biological activity was tested by
interactions with DNA and BSA. DNA binding constants of order 10° M-, suggest groove binding due to bpy ligand and hydrogen bonding of
the OH and CO groups from the imine moiety. In vitro BSA protein inhibition assay performed by spectrofluorimetry showed Complex : BSA
binding in 1 : 1 ratio with K, of 10* M~ order. Cytotoxicity studies by MTT assay for 72 h of drug action revealed activity of 1a and 1d against

breast cancer MCF-7 cells with ICsp values 32 £ 8 and 26 + 1uM, respectively.
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INTRODUCTION

I N recent decades, ruthenium complexes have attracted
an extended attention, especially due to their antitumor
activities. Following the long-standing interest in cisplatin
and similar compounds, the introduction of ruthenium into
the focus of interest has resulted in hundreds of new com-
pounds. Almost the major attention was focused on water
soluble ruthenium dimethyl sulfoxide compounds,!! Clarke
and Keppler classes.[23] The main target of ruthenium anti-
tumor compounds is DNA,*! due to its unique function in
cell replication. In the context, anticancer activity includes
cell accumulation, activation, adduct formation with DNA,
which can result in cellular apoptosis. Depending on the
structure of Ru compounds, different modes of transport
and activation in biological system are possible. Unlike
cisplatin, which enters the cell by passive diffusion, some
ruthenium compounds, such as NAMI-A, are thought to be
transported by transferrin, thus reducing side effects

compared to cisplatin.[®) Ruthenium is thought to have cer-
tain advantages over Pt drugs because of the ability to
mimic the iron properties when bound to transferrin and
other biomolecules. Due to significantly higher oxygen con-
sumption, cancer cells have a specially developed transfer-
rin receptor system that can be used to transport Ru
compounds to target cancer cells.®l Ruthenium complexes
can be activated by hydrolysis, which implies the presence
of easily leaving ligand, most often chloride, which ulti-
mately opens a coordination position for binding of the tar-
get biomolecule, similar to the activation of cisplatin. The
second model involves activation by “reduction in situ“,
due to hypoxicity (reduction ability) of solid cancer cells.
Some anticancer ruthenium complexes have been
described as light-activated compounds. The cytotoxic ef-
fects of such ruthenium polypyridyl photosensitizer com-
plexes have been described to be based on the production
of singlet oxygen (10;) and other reactive oxygen species
(ROS), with the formation of reactive intermediates that
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form covalent bonds with biological molecules.[ In the last
20 years, research on polypyridyl ruthenium complexes has
grown exponentially, emphasizing their outstanding physico-
chemical relevance and biological activity starting from the
basic compound Ru(bpy)s2* to numerous derived compounds
that are being investigated for various applicability, as poten-
tial drugs, but also for their photochemical and redox prop-
erties.89 Hundreds of compounds including especially
interesting complex-containing bioconjugates, which means
a strategy of covalent binding to polypyridyl of one biomole-
cule or bioactive compound as a fragment, are being investi-
gated.[1%1] Various biomolecules such as peptides, amino
acids, proteins etc. are being used for the functionalization of
polypyridyl molecules in metal complexes.[!2l Numerous pre-
viously reported polypyridyle Ru-complexes with different
co-ligands have been reported to have promising biological
potential, particularly in the light of anticancer activity. In
addition to the structural aspect of the compound and ICsg
values, a number of studies emphasize the mechanism of
biological action, delivery and activation. Many ruthenium
polypyridyl complexes showed ability to enter the cytoplasm
and accumulate in cell nuclei, causing apoptosis.[!3.14]
Another interesting biological aspect of some ruthenium
bis(bipyridine) complexes with serotonin and y-aminobutyric
acid ligands, known as cage compounds, are described as
powerful tools for rapid and localized delivery of bioactive
neurotransmitter substances. Unlike many studies of anti-
cancer properties and cellular localization of numerous
ruthenium complexes that have been investigated in recent
decades, significant interest in their antimicrobial properties
has recently been devoted.!!>18] A number of ruthenium
polypyridyl heteroleptic complexes with biomolecules as co—
ligands have been designed thus tuning relevant properties
to improve biological activity. Since several ruthenium com-
plexes having Schiff bases have showed strong biological
activity’920l we were motivated to prepare and report the
chemistry of four novel mixed-ligand polypyridyl complexes
of ruthenium(ll) using 2,2'-bipyridine and salicylaldimine
Schiff bases derived from amino acids glycine, cysteine, me-
thionine and phenylalanine as co-ligands and test their ability
to bind DNA and BSA. Previous studies of metal-amino acid
Schiff base complexes were mostly focused on the com-
plexes with divalent Fe, Ni, Cu, Zn, and trivalent Mn,[21-26]
while the ruthenium chemistry having Schiff bases derived
from amino acids appears to remain much less explored.

EXPERIMENTAL

Materials
Most of the chemicals were commercially obtained and used
without further purification. The 2,2'-bipyridine (bpy) was
recrystallized from hot n-hexane. Cis-[Ru(bpy)2Cl,]-2H,0 was

prepared by refluxing a dimethylformamide mixture of RuCls
and 2,2'-bipyridine in the presence of excess LiCl, precipi-
tated with acetone and recrystallized from aqueous LiCl
solution under nitrogen.[?”l Reagent grade glycine (Gly),
L-cysteine (Cys), L-methionine (Met) and L-phenylalanine
(Phe) were purchased from Merck. Calf-thymus DNA was
supplied by Sigma, Type |, fibers (A0 / A2s0 > 1.8). Bovine
serum albumin (BSA, > 98 %) was obtained from Sigma as a
lyophilized powder.

Physical Measurements

Elemental analyses of C, H, N were performed using a
Perkin Elmer 2400 Series CHNS/O analyzer. Ruthenium con-
tent was determined spectrophotometrically using 1,10-
phenanthroline.28] Mass spectra were recorded using
nano-liquid chromatography and high resolution mass
spectrometry (nanoUPLC-ESI-gTOF) coupled techniques on
a nanoAcquity Ultra Performance LC and Synapt G2-Si in
the positive ion reflector mode using leucine enkepahlin
matrix. Infrared spectra were collected as KBr pellets in the
4000-400 cm~ region with a Perkin EImer BX FTIR. Absorp-
tion spectra were acquired in the 200-700 nm range in
methanol solution using Perkin Elmer Lambda 35. Electro-
chemical measurements were done using a three-electrode
system with a Pt wire as working, a Pt wire as a counter and
Ag/AgCl as a reference electrode via a salt bridge in
acetonitrile solution and 0.1 M tetrabutylammonium
hexafluorophosphate as supporting electrolyte using a
BioLogic SP-300 potentiostat / galvanostat electrochem-
ical workstation in the potential range of -0.1 to 1.1V, with
scan rate 100mV s-1. Hydrolitic profiles at physiological pH
7.42 in 10 mM Tris-HCI buffer were investigated spectro-
photometrically. Concentrated stock solutions of the com-
plexes were prepared by initial dissolution of the
compounds in a small amount of methanol and diluting to
the required concentrations. Electronic spectra of the com-
plexes (2.5 - 10-°M) were collected in the 200-700 nm
region every 10 min during 2 h and after 24 h.

Stock solution of CT DNA (A0 / A2so = 1.86) was pre-
pared prior to measurements by suspending the solid nu-
cleic acid in 10 mM Tris-HClI (tris(hydroxymethyl)aminometh-
ane) buffer pH 7.42, and left for good hydration overnight.
The concentration was determined based upon the extinc-
tion coefficient 6600 M1 cm~! at 260 nm. The interaction
of complexes with CT DNA was done at physiological pH
7.42in 10 mM Tris-HCl buffer. Concentrated stock solutions
of complexes were prepared in methanol and then diluted
to the required concentrations. Spectrophotometric titra-
tions of complexes (5 - 10°M) with CT DNA (7 - 1073 M)
were carried out by adding uL amounts of CT DNA (0-80 pL)
to the solutions of complex compounds (2 mL) and acquir-
ing spectra in 200—700 nm region with a 2 min equilibrium
time.
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Interaction of complexes with BSA was carried out in
10 mM Tris-HCI buffer solution at pH 7.42, based on spec-
troscopic titration method. The stock solution of protein
(1 uM) was prepared prior to the measurements. BSA con-
centration was determined spectrophotometrically using
extinction coefficient of 43 824 M- cm~1. Stock solutions of
complexes (0.1 mM) were prepared in methanol. Titration
experiments were carried out at room temperature by
adding the microliter amounts (10-80 uL) of a stock
solution of the complex to the protein solution (2.0 mL)
with an equilibration time of 2 minutes. Emission spectra
were recorded in 290-420 nm range with excitation
wavelength at 278 nm.

In vitro Antiproliferative Activity

The cell lines H460 (lung carcinoma, large cell lung cancer),
MCF-7 (breast adenocarcinoma) and SW 620 (colorectal
carcinoma) were cultured as monolayers and maintained in
Dulbecco's modified Eagle medium (DMEM), supple-
mented with 10 % fetal bovine serum (FBS), 2mM L-gluta-
mine, 100 U mL-? penicillin and 100 pg mL-! streptomycin
in a humidified atmosphere with 5 % CO; at 37 °C.The panel
cell lines were inoculated onto a series of standard 96-well
microtiter plates on day 0, at 1-:10* to 3-10* cells mL™,
depending on the doubling times of specific cell line. Test
agents were then added in five 10-fold dilutions (1078 to
104 M) and incubated for a further 72 h. Working dilutions
were freshly prepared on the day of testing. After 72 h of
incubation the cell growth rate was evaluated by perform-
ing the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide) assay. Working dilutions were freshly
prepared on the day of testing. The maximal concentration
of the solvent (dimethyl-sulphoxide, DMSO) never
exceeded 0.5 %. After 72 hours of incubation the cell
growth rate was evaluated by performing the MTT assay,
which detects dehydrogenase activity in viable cells. The
results are expressed as ICsg values.

Preparation of Ligands

N—salicylidene amino acids ligands were prepared accord-
ing to the procedure.!? Solid amino acids (2mmol, 147 mg
Gly; 276 mg Met; 329 mg Phe) were initially dissolved in
methanolic solution of KOH (2 mmol, 110 mg) and salicylal-
dehyde (2 mmol, 213 pL) was added dropwise. N-salicyli-
denecysteine was prepared via the reaction of equimolar
amounts of L-cysteine (2 mmol, 242 mg) and salicylaldehyde
(2 mmol, 213 pL) in ethanol (96 %, 70 mL) at 70 °C.13031]
Ligand derived from salicylaldehyde and methionine was
prepared by mechanochemical procedure.32

Preparation of Complexes

Complexes of the general formula [Ru(bpy),L2-4](OTf) - nH,0
(1a-1d), where bpy = 2,2'-bipyridine and L2%4 = potassium

salts of N-salicylideneglycine (L), N-salicylidenemethionine
(L), N-salicylidenephenylalanine (L9) and LP = N-salicyli-
denecysteine were prepared as described below. Starting
complex compound cis- [Ru(bpy),Cl, - 2H,0 (0.19 mmol,
100 mg) was suspended in acetone (25 mL) and silver
triflate (0.38 mmol, 98 mg) was added in portions. The
reaction mixture was magnetically stirred protected from
sunlight at room temperature during 1 h for complete
removal of chlorides, after which the precipitate AgCl was
filtered off. The acetone was completely removed from the
filtrate under reduced pressure. Remained solid substance
was suspended in methanol (30 mL) and further used for
the synthesis of the complexes.3 To the resulting solution
Schiff base was added, L2-9(0.19 mmol; 42 mg L?; 45 mg Lb;
56 mg L; 59 mg LY). The reaction mixture was refluxed for
3 h and then concentrated to a small volume (5 mL) after
which diisopropyl ether (20 mL) was added dropwise. Red-
to-brown solids were filtered off and dried under reduced
pressure. Recrystallization was carried out from the ethyl
methyl ketone and acetone for complex 1b.

BIS(2,2'-BIPYRIDINE-x2N,N')[2-{(2-HYDROXYBENZYLI-
DENE)AMINO-xkN}ACETATE-x20]RUTHENIUM(II)
TRIFLUOROMETHANESULFONATE-WATER (2/5) (1a)

120 mg (80 %); UV(MeOH) Amax/ nm: 202, 245, 292, 353 and
481 (log € / dm3 mol-tcm™): 4.50, 4.35, 4.60, 3.82 and 3.77;
IR (KBr) vmax/ cm1: 3446 (O-H), 1636 (C=N), 1606 (COO"),
1396 (COO-), 1285 (C-0), 767 (bpy), 640 (bpy); MS m / z:
592.0945 (Cy9H24NsOsRu*, 100 %). Anal. Calcd mass
fractions of elements, w / %, for C3oH29F3NsOgsRuS (M, =
785.71) are: C 45.86, H 3.72, N 8.91, Ru 12.86; found:
C45.78, H3.04,N9.17, Ru 12.41.

BIS(2,2'-BIPYRIDINE-x2N,N')[2-CARBOXY-2-{(2-HYDROXY-
BENZYLIDENE)AMINO- xN}ETHANETHIOLATE-xS]RUTHE-
NIUM(Il) TRIFLUOROMETHANESULFONATE (1b)

112 mg (75 %); UV(MeOH) Amax/ nm: 204, 244, 292, 340,
484 (log € / dm3 mol-lcm1): 4.51, 4.28, 4.55, 3.80 and 3.75;
IR (KBr) vimax/ cm=1: 3430 (O-H), 1720 (C=0), 1606 (C=N),
1259 (C-0), 766 (bpy), 639 (bpy); MS m / z: 638.0829
(C30H26Ns03SRu*, 100 %); Anal. Calcd mass fractions of
elements, w / %, for C31H26F3sNsOeS:RU (M, = 786.77) are:
C47.26, H 3.45, N 8.89, Ru 12.85, found: C 47.46, H 3.35, N
9.41, Ru 13.35.

BIS(2,2'-BIPYRIDINE-x2N,N')[2-{(2-HYDROXYBENZYLIDE-
NE)AMINO-xN}-4-(METHYLTHIO)BUTANOATE-
KOJRUTHENIUM(11)
TRIFLUOROMETHANESULFONATE-WATER (1/5) (1c)

103 mg (60 %); UV(MeOH) Amax/ nm: 203, 246, 290, 339 sh
and 463 (log € / dm3 mol-t cm™1): 4.60, 4.48, 4.73 and 3.81;
IR (KBF) Vmax/ cm~1: 3443 (O-H), 1630 (C=N), 1606 (COO"),
1367 (CO0"), 1285 (C-0), 768 (bpy), 639 (bpy); MS m / z:

DOI: 10.5562/cca3872
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666.1108 (C32H3oNsO3SRu*, 100 %); Anal. Calcd mass
fractions of elements, w / %, for CazHsoF3NsO11RUS; (M =
904.89) are: C 43.80, H 4.46, N 7.74, Ru 11.17, found:
C43.82,H3.93, N 8.65, Ru 11.23.

BIS(2,2'-BIPYRIDINE-x2N,N')[2-{(2-HYDROXYBENZYLIDE-
NE)AMINO-xN}-3-PHENYLPROPANOATE-
xO]RUTHENIUM(I1)
TRIFLUOROMETHANESULFONATE-WATER (2/7) (1d)

110 mg (65 %);UV (MeOH) Amax/ nm: 203, 243, 293, 360 and
492 (log e / dm3 mol-1cm™): 4.58, 4.35, 4.59, 3.92 and 3.85;
IR (KBr) vmax/ cm~L: 3433 (O-H), 1631 (C=N), 1608 (COO"),
1400 (CO0O-), 1261 (C-0), 765 (bpy), 638 (bpy); MS m / z:
682.1420 (C3gH30NsO3Ru*, 100 %); Anal. Calcd mass
fractions of elements, w / %, for C3;H37F3NsOgsRuS (M, =
893.85): C49.72, H 4.17, N 7.84, Ru 11.31, found: C 50.15,
H 4.21, N 8.48, Ru 10.99.

RESULTS AND DISCUSSION

Synthesis

Ruthenium(Il) complexes with amino acid Schiff bases were
prepared by Ag* assisted substitution of chloro ligand34
from cis-[Ru(bpy).Cl] - 2H,0 with Schiff bases in 1 : 1 molar
ratio, in methanol, under reflux. All complexes were iso-
lated as triflate salts upon addition of diisopropyl ether
(Scheme 1.).

The formulation and characterization of the
complexes, made by elemental analysis, mass spectro-
metry, infrared, electronic absorption spectroscopy and
electrochemical data, refer to the octahedral coordination
in cationic complex species by two bidentate diimine bipyr-
idine ligands and one bidentate Schiff base. The collected
data point to coordination mode of Schiff bases via nitro-
gen atom from azomethine group and oxygen atom from
deprotonated carboxylate, for 1a, 1c and 1d. In the case of
1b, metal center is coordinated with S atom originating
from deprotonated —SH group of amino acid moiety and
azomethine nitrogen. The difference in the type of donor
atoms lies primarily in the soft character of Ru(ll) and its
affinity for softer atoms, on the other hand in a different
group that is deprotonated on the ligands. The three lig-
ands L9 were prepared under basic conditions as salts
thus forcing coordination via carboxylate oxygen,%! unlike
to the cysteine-bearing ligand, prepared as a neutral mole-
cule. The acidic character of the —SH group resulted in S, N
coordination of Ru(ll) in a stable five-membered ring. Iso-
lated complexes are dark red-brown substances, soluble in
dimethylformamide, acetonitrile, dimethylsulfoxide, meth-
anol and ethanol, moderately soluble in dichloromethane
and water, and insoluble in non-polar organic solvents such
as ether, hexane or toluene
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Scheme 1. Synthetic pathway for the complexes 1a-1d.

Elemental analysis of C, H, N and spectrophotomet-
ric determination of Ru content confirmed the composition
and purity of the complexes. Mass spectra showed ruthe-
nium isotopic distribution for molecular ion [M(bpy).L]*
which correspond to 1a-1d.

Spectroscopic Characterization

Infrared spectra of metal complexes exhibit broad bands in
the range 3430-3470 cm™ indicating the presence of OH
group from Schiff bases and coordinated water mole-
cules.337 Coordination of Schiff bases via azometine nitro-
gen was confirmed through shift of asymmetrical stretching
vibrations by 3—11 cm~! to lower values compared to free
ligands and appear at 1636-1604 cm-! region. The im-
portant changes in the spectra of free Schiff bases (L?, L¢
and L9) and corresponding complexes cover a range of car-
boxylate absorptions thus indicating coordination through
deprotonated oxygen atom. In free ligands, absorptions at
1601-1618 cm~tand 1375-1410 cm™! region were assigned
to the asymmetric and symmetric stretching vibrations of
carboxylate, respectively. In spectra of respective com-
plexes, the asymmetric frequencies increased while the
symmetric frequencies decreased which strongly suggests
the increase in metal-oxygen interaction since carboxylate
group became more asymmetrical as the metal-oxygen
interaction became stronger. It was found that complex
compounds exhibit greater A(COO) separation for 10 to
20 cm~ compared to the spectra of free ligands, thus con-
firming the monodentate binding mode via oxygen
atom.38] In the case of compound 1b, disappearance of the
band assigned to v(S-H) stretching vibration in the spectra
of free ligand N-salicylidenecysteine L? at 2555 cm™! indi-
cates deprotonation of —SH group and coordination
through the sulphur atom in the complex. Bands of the
medium intensity in the 1460-1410 cm~! region in the spec-
tra of complexes originating from in-plane deformations of
diimine rings are considered to be significantly non-
affected by coordination. Bands around 1260 and 520 cm™?!
arise from symmetrical stretching of S=0 and C-S bonds of
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Figure 1. Electronic absorption spectra of a) 1b and Lb;
b) 1a-1d; (2.5 - 10> M) in methanolic solution.

the free triflate anion, respectively. The electronic absorp-
tion spectra of complexes 1a—1d in methanol solution
exhibit five absorption bands in the 200-700 nm region.
Bands I-lll, located at the ultraviolet region were assigned
to intraligand m—n* and n—n* transitions, the last
attributed to transitions of the diimine ligand along with
the free electronic pair of the azomethine nitrogen of the
Schiff base. The absorptions in the visible region belong to
allowed metal-to-ligand charge-transfer transitions. Two
bands of charge-transfer transitions may be attributed to
the presence of different acceptor orbitals.34 Two well
MLCT separated bands (IV and V) were observed in all com-
plex compounds; the lower energy band correspond to the
promotion of an electron from ligand easier to reduce
(Figure 1).

The hydrolytic profile of 1a, 1b, 1c and 1d under
physiological conditions showed inertness to hydrolysis
within 24 hours, therefore, the biological activity against
BSA and DNA, as well as antitumor activity is attributed to
the species as formulated above.

Electrochemical Measurements

For Ru(ll) polypyridine family, the most widely used elec-
trochemical method has been cyclic voltammetry (CV) in
non-aqueous aprotic solvents. Redox potentials for the 1a—
1d were recorded by cyclic voltammetry in acetonitrile so
lution at a Pt working electrode with scan rate 100 mV s1

Table 1. Electrochemical data of the parent compound and
1la—-1d, utilizing cyclic voltammetry in acetonitrile solution
with NBusPFg supporting electrolyte.

(Ox1/Red1)/ (Ox2/Reds)/ (Oxs/Reds)/

Compounds N v N
la 0.50/0.45% 0.72:,/0.67 0.86/0.78
1b - - 0.92/0.84
1lc 0.54s,/0.50 0.72/0.61 0.88/0.79
1d 0.50/0.42 0.72/0.67 0.87/0.81

cis-Ru(bpy)2Cl2H,0  0.38/0.32 - -

* poorly differentiated
sh shoulder

2 I 5pA = electrolyte - NBu:PFs b
= cis-Ru(bpy):Cla- 2H:0

T T

00 02 04 0
E/

6 08 10 00 02 04 06 08 10
v EIV

Figure 2. Cyclic voltammograms of a) cis-[Ru(bpy),Cl,]-2H,0
and supporting electrolyte NBusPFg, b) 1a—1d, in aceto-
nitrile solution; working electrode Pt wire vs Ag/AgCl
reference electrode; scan rate 100 mV s7%; £=0.5 (Epa + Epc);

AEp = Eps = Epe.

and the data are summarized in Table 1. In this range,
ligands are redox inactive, therefore the cathode and
anode peaks can be attributed to electron transitions of
complex species. The starting compound Ru(bpy),Cl; - 2H,0,
under these conditions, showed a single-electron transition
and electrochemical reversibility with a peak separation of
60 mV (Figure 2.) and an iy / ipr value close to 1, indicating
significant chemical reversibility.3?] The half wave redox
potential £1/; was determined as (Epa + Epc) / 2, where Ey, and
Eqc are the anodic and cathodic peak potentials, respectively.
For irreversibile transitions E1/, could not be calculated.

Cyclovoltamograms of 1a—1d (Figure 2.) show multi-
ple redox pairs in the range 0-1 V that can be attributed to
single—electron transitions M — L (drt — prt*) RuL3*/ RuL?*
where L represents both bpy and Schiff bases. These ligands
increase electron density to Ru?* therefore a turn back
bonding of the metal to m* unoccupied orbitales of bpy and
salycilideneimines aromatic rings (m acceptors) occur.

The values of the first redox potentials for 1a—1d rel-
ative to Ru(bpy)s?* as the parent bipyridyl complex (+1.29
V) are shifted to less positive values due to the introduction
of anionic ligand into the Ru(ll) center. Although it is not
always feasible to compare potentials reported in the liter-
ature on an absolute scale, the first anodic peak for 1a, 1c
and 1d appeared at about 0.5 V in correlation with the val-
ues found for heteroleptic complexes of general formula
Ru(bpy)aL2* where L represents either 0,0 or O,N donor lig-
ands.[84041] On the other hand, Ru(bpy).L,* where L pre-
sents N,N donor with an extended aromatic pattern show
redox profile similar to parent Ru(bpy)32+.142]

Interaction with CT DNA

After success of cisplatin, numerous metal complexes,
especially ruthenium-based compounds, with the ability to
target DNA, have been designed. Although DNA is still con-
sidered the primary pharmacological target for Pt drugs in
use, more and more potential targets for metal based drugs

DOI: 10.5562/cca3872
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are being revealed. Small molecules bind DNA in a reversi-
ble or irreversible mode, the latter implying covalent bind-
ing. Unlike cisplatin, which covalently binds nucleobases
after hydrolysis of chloride, reversible bonding involves
noncovalent interactions such as electrostatic bonding,
intercalation, and major or minor groove binding. Numer-
ous Ru(ll) polypyridyl complexes containing extended
planar aromatic system have shown the ability to interca-
late DNA.13-46] The most studied, [Ru(bpy).dppz]?* and
[Ru(phen),dppz]?* where dppz = dipyridophenazine have
high binding constants, K, = 105-107 M~L.[47.48] |nteraction
of 1la-1d with CT DNA was followed by spectroscopic
titration.

The binding constants K, were calculated based on
the equation (1):

[DNA]  [DNA] 1
= +
(e,—&) (g&—&) Kl —¢)

(1)

where &,, & and €, stand for apparent extinction coeffi-
cients for particular measurements (Aops / [DNA]), free com-
plex and completely bound form, respectively.l*9 By
plotting [DNA] / (g.2 - &¢) vs [DNA], Ky is obtained as the ratio
of the slope and intercept (Figure 3). Spectrophotometric
titration of complexes with increasing CT DNA concentra-
tion showed moderate hypochromism at MLCT bands and
weak bathochromic which confirmed DNA intercalation. 50

For the strongest polypyridyl Ru(ll) intercalators
(vide infra), Ru(dppz) unit is predominantly responsible for
intercalation that occurs either through major or minor
groove. In this sense, by comparing Ru(dppz) with Ru(L) unit
of 1a—1d, the weak intercalation in the DNA grooves corre-
spond to K}, values of order 103 M- of 1a—1d (Table 2). Since
1a—1d have the same bipyridile intercalative ligand, the dif-
ference in K, can be attributed to Schiff bases, with the
same, unsubstituted salicylaldehyde, but different amino

30
£
o
S 254
~ -
[ T
(%] w
(=4 '
8 & 2.0+
7 = ./
e 2
9, 15+
S
- *
0.18 . . . 1.0 —
350 400 450 500 0 05 10 15 20 25
A/lnm 104[DNA]/M

Figure 3. Spectroscopic titration of 1b (5 - 10> M) with CT
DNA (0-2 - 10* M), Ao/ A280=1.86) in 10 mM Tris-HCl
buffer pH 7.42, T = 295 K, t = 2 min. Inset: Graphical
determination of binding constant.

Table 2. Data on interaction of 1a—1d with CT DNA.

A/nm AM/nm Ko/ M1

la 468 2° 7.28-10° y=1.87-103x+257-107;
r’=0.99

832-10° y=8.74-10"x+1.05-107;
r?=0.95

1.67-10° y=9.55-10"x+5.74-107;
r’=0.97

1.55-10° y=9.65-10%x+6.24-107;
r’=0.99

Linear equation / r* value

1b 469 1°

lc 466 30

1d 478 0.2°

b batochromic

acids. Therefore, the contribution of the hydrogen bond to
Ky via free carbonyl oxygen and OH group on Schiff bases
can explain the differences in Ky which is for 1d four to five
times lower compared to 1a and 1b.

Interaction with BSA

In vitro protein inhibition assay of small molecules is almost
inevitable part of the first approach to biological activity.
The interaction of ruthenium(Il) complexes 1a—1d with BSA
was investigated by spectrofluorimetry.

Intensity and the position of the emission maxima
are directly related to the secondary structure of BSA.[51]
Titration of aqueous solution of BSA with complexes
resulted in quenching of intrinsic fluorescence (Figure 4).
The quenching constant (Ksy) was determined graphically
from Stern-Volmer equation (2) as the slope of [complex]
vs lo/ I plot.

l7°:1+Kar0[compIe><]:1+st[complex] (1)

where lpand / are fluorescence intensities in the absence
and the presence of complex, respectively and K, is the
quenching rate constant, 1o is an average lifetime in the ab-
sence of the quencher (to = 108 s), [complex] is the concen-
tration of complex and K., is the quenching constant. The
quenching constant of complexes was 10* M-1 order, ex-
cept for 1b which was found to be 10° M1 order demon-
strating strong quenching of BSA fluorescence causing
significant changes in polarity and conformation of trypto-
phan. The rate of quenching constant (k) was calculated as
the Ksv/ 1o ratio (tois an average lifetime of the fluorophore
in the absence of the quencher which is usually near 10 ns).
In case of 1b kqvalue was found to be 1033 M-1and 102 M1
for 1a, 1c and 1d which suggests static quenching mecha-
nism. Expected maximum value of kq for dynamic quench-
ing is 2 - 1019 M1 5711521 The number of binding sites (n) and
the binding constant (Kp) were determined from log[com-
plex] vs log[(lo - 1) / 1] plot (Figure 4). The number of binding
sites was found to be near 1, indicating that the complexes
prefer binding with BSA in 1 : 1 ratio.[53!
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Table 3. Data on interaction of 1a—1d with BSA.

A/nm A/ nm Ks/ M1 Ky/10*°M™ n
1a 345 2.0 9.21 x 10* 0.58 0.77
1b 345 2.0 1.52 x10° 3.80 0.89
1c 345 2.5h 8.04 x 10* 0.17 0.68
1d 345 2.0 8.12 x 10* 0.10 0.63

h hypsochromic

1000 18 15
164 Y=152x10%+1.02
R?=0.9982
8004 14
z 12
2
]
£ 6004
L 1.0
§ 0.0 10 20 30 40
2 104 [complex]/ M
§ 400 02 o)
w 044 y=089x+458
R?=0.9968
-06
2004
-08
1.0 q
0 T T T T T T T -12
280 300 320 340 360 380 400 420 440 64 62 60 -58 -56 -54
A/nm log[complex]

Figure 4. Interaction of 1b with BSA: a) spectrofluorimetric
titration of BSA with complex; b) graphical determination of
Stern-Volmer constant; c) graphical determination of
binding constant and number of binding sites.

Significant number of Ru(ll) polypyridyl complexes
showed strong emission intensity quenching upon interac-
tion with serum albumins.[54-571 Among studied, special
interest was devoted to [Ru(bpy)z(nap)][PFs] and
[Ru(phen),(nap)][PFs] where ligand nap = naproxen — NSAID
drug. The results of interaction showed high binding affinity
towards this biological target with quenching constants
(Ksy) of 105 M1 and binding constants (K) of 106 M1 order,
respectively. It is well known that serum albumins are
major transporter for exogenous drugs and act important
roles in their metabolism. Results on interaction of 1a—1d
compared to the literature data for the same Ru(ll)
polypyridyl unit can be associated with diverse molecular
interaction, showing effective binding with the
complexes. 58]

In vitro Antiproliferative Activity

The tested compounds 1la-1d showed low to moderate
antiproliferative activity only at the highest tested concen-
tration. The most pronounced activity was demonstrated
by compound 1a and 1d towards MCF-7 (breast adenocar-
cinoma) cells. It is noteworthy to mention that certain
ruthenium(ll) complexes incorporating amino acid compo-
nent showed moderate to excellent in vitro

antiproliferative activity towards S 180 (murine sarcoma

Table 4. ICso values / uM of in vitro anticancer activity of 1a—
1d.

1Cs0 / um Cell lines

MCF-7 H460 SW 620
la 328 > 100 > 100
1b >100 >100 >100
1c > 100 > 100 > 100
1d 26+1 >100 >100

cancer), HEPG2 (human hepatoma) and K562 (human
immortalized myelogenous leukemia) cell lines, ranging
from 20 to 50 uM ICso values.[>%-61 Even though ruthe-
nium(ll) complexes derived from amino acid Schiff bases
showed discrete in vitro antiproliferative activity, due to
the amino acid component of the compounds, as the main
building block of the proteins, their in vivo activity can be
significantly different, as previously found with ruthenium
complexes having antimetastatic activity.[6:52]

1la-1d, as coordinatively saturated and inert
compounds, as well as many other Ru(ll)-bipyridine com-
pounds, demonstrated their antiproliferative activity by
some mechanisms not—including strong DNA binding.[63]
We compared ICso values of 1a—1d against MCF-7 with
Ru(ll) bipyridile complexes with different co-ligands. The
values we obtained for 1a and 1d against MCF-7 cell line are
lower compared to cisplatin (41.7 * 1.5 uM) and quite
comparable with activity of several Ru(ll)-bipyridine com-
pounds. Mononuclear and binuclear Ru(ll) compounds
[Ru(bpy)2(N—N)](CF3S03),, where 3,6-bis(2-pyridyl)-1,2,4,5-
tetrazineis N—-N chelator, showed similar 1Cso= 25.4 + 5.0
and 30.1 £ 12.5 uM and 30 % tumor reduction in the first in
vivo study of Ru(ll) polypyridyle compounds against breast
cancer.[®465] |n the case of compounds with Schiff base
((phenylimino)methyl)phenol based ligand [Ru(bpy)(N-
0)](ClO4)2 ICsp value against MCF-7 cell line is 17.99 +
1.01.1¢]  The antiproliferative activity of several
[Ru(bpy)2(N-N)]Cl, compounds with extended m aromatic
(N-N) ligands has been shown to depend on the surface
area of N—N ligand; so for the Ru(bpy)sCl; is very high, I1Cso
778.3 +107.2 and down to 3.3 + 1.2 for very extended pyri-
dyle-pyridazine based ligand.[¢”]

CONCLUSION

In conclusion, novel heteroleptic Ru(ll) complexes were
added to the family of numerous Ru-bipyridile compounds.
Although the composition of the complexes sufficiently
differs through the imine ligand, derived from salicylalde-
hyde and dissimilar amino acids, no considerable difference
in DNA and BSA binding was shown, even due to different
coordination of RuNsO (1a, 1c, 1d) and RuNsS (1b). The

DOI: 10.5562/cca3872
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impact of coordination via cysteine sulfur (1b) showed the
expected stabilization of the Ru(ll) center and a significant
shift of the oxidation peak towards more positive potential
values. However, these complexes showed selective
antiproliferative activity against MCF-7, H460 and SW 620
cell lines. While their activity is generally weak against
tested cell lines with ICso 2 100 (1b, 1c), 1a and 1d showed
promising activity against breast cancer cells, similar to
other heteroleptic Ru(ll) bipyridyl complexes reported in
the literature.
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