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nitrophenylcyanamide; FT-IR, Fourier transform infrared spectroscopy; UV-Vis, ultraviolet
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Abstract

This article describes the synthesis and characterization of novel triorganotin(IV) complexes
and their potential medicinal applications. Triorganotin(IVV) complexes with formulas
[(SnMe3)2(u-bp)(H20)2], 1, and [(SnMes)(4-NO2pcyd)], 2, (Me: methyl, bpH.: 4.,4'-
dicyanamidobiphenyl and 4-NOpcyd: 4-nitrophenylcyanamide) have been synthesized via a
sonochemical process and characterized using multinuclear NMR (*H, ¥C and °Sn),
Mdossbauer spectroscopy, elemental analysis, scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). Compounds 1 and 2 were evaluated for their
DNA/protein binding with calf thymus DNA (CT-DNA) and bovine serum albumin (BSA),
respectively. The in vitro cytotoxicity of 1 and 2 was examined against A549, Dul45, HelLa
and MCF-7 cancer cell lines. For 1, a promising growth inhibitory effect against HeLa cells
was observed that is slightly higher than that of cisplatin. Moreover, the antimicrobial activity
of 1 and 2 against different strains of pathogenic bacteria and fungi were tested. The free

radical scavenging ability (OH, NO) of 1 and 2 was assessed.

Keywords: Triorganotin phenylcyanamide; DNA binding; BSA binding; Antioxidant activity;

Cytotoxicity.
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1. Introduction

Nanomaterials have unique properties in material science and biology. The unique
properties and efficacy of nanoparticles arise from a diversity of features, including the
similar size of nanomaterials and biomolecules such as proteins and nucleic acids.
Furthermore, useful properties can be included into the design of the nanoparticles for
manipulation or detection of biological structures and systems [1].

The application of metal complexes in the treatment of various illnesses is an expanding
area in medicinal chemistry [2]. Organotin(IV) compounds have been attracting attention in
recent years because of their antitumor properties. The antitumor properties of organotin
coordination compounds are significantly influenced by their structure. The binding ability of
organotin compounds towards target DNA depends on the coordination number and nature of
groups bonded to the central tin atom [3-7].

Nitrogen containing organic compounds and their metal complexes have an extensive range
of biological properties such as antitumor, antibacterial, antifungal and antiviral activities [8-
16]. Phenylcyanamide ligands (pcyd) and their complexes are interesting and practically
unexplored with regard to their biological behaviour [17,18]. The extensive m conjugation
between the cyanamide group and the phenyl ring provides an energetically favorable means
by which a metal ion can couple into a conjugated organic m system [19-21]. Towards this
aim, several complexes of phenylcyanamide ligands with transition metals have been
synthesized and the electronic properties of the cyanamide group, especially its large =-
conjugated system, have been investigated [22-34].

Sonochemistry has been rapidly developed in recent years due to its potential in
environmental applications [35]. Moreover, the economic advantages of ultrasound in
practical scale-up has already been well established in the food industry. In general, as a part

of a young and interesting scientific area, the application of ultrasound for general
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environmental and green technology reasons has a promising future in chemical processing.
In contrast to classical methods which often require harsh conditions and have low energy
efficiency ultrasound is considered to be an important green chemistry tool which provides
important waste minimization and energy conservation [36].

In our group Au nanowires with 4,4'-dicyanamidobiphenyl have recently been synthesized
and used in the fabrication of gas sensors to detect low concentrations of CO at room
temperature [26]. In a continuation of our work on phenylcyanamide ligands we now report
the sonochemical synthesis of triorganotin(IVV) complexes with the formulas [(SnMes)2(p-
bp)(H20).], 1, [(SnMe3)(4-NO2pcyd)], 2, (Me: methyl, bpH2: 4,4’-dicyanamidobiphenyl and
4-NO2pcyd: 4-nitrophenylcyanamide) (Scheme 1), their characterization and bioactivity. To
our knowledge, tin complexes with phenylcyanamide ligands have not been reported before.

Scheme 1.
2. Experimental
2.1. Materials

All solvents were obtained from Sigma-Aldrich and used as received. The bpH. and 4-
NOzpcyd ligands were synthesized as previously reported [23,26]. All other reagents were
commercially available and used as received.

2.2. Physical measurements

Fourier transform infrared spectra were recorded on a FT-IR JASCO FT-IR Jasco 680- Plus
spectrometer in the region of 4000-400 cm™ using KBr pellets. Fluorescence spectra were
obtained using a Perkin-Elmer LS55 fluorescence spectrofluorometer. UV-visible (UV-Vis)
spectra were recorded on a JASCO 7580 UV-Vis-NIR double-beam spectrophotometer using
a quartz cell with a path length of 10 mm.*H, 3C {*H} and '°Sn spectra were recorded on a
Bruker Avance ARX 400 (400 MHz) or a Bruker Avance 111 600 (600 MHz) spectrometer in

DMSO-ds. Chemical shifts are quoted relative to external SiMes (*H, *C) and SnMeg (3*°Sn).



102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

1195n Mossbaurer spectra were obtained with a constant acceleration microprocessor
controlled spectrometer (Cryoscopic Ltd., Oxford, UK); a barium stannate source was used at
room temperature, and samples were packed in Perspex disks and cooled to 77 K. Isomer
shift data are relative to SnO>. Circular dichroism spectroscopy was taken on a Jasco J-715
spectropolarimeter at room temperature. Elemental analyses were performed using a
PerkinElmer 2400 series Il CHN/O elemental analyzer. Scanning electron microscopy (SEM)
studies were performed with JEOL JSM 5600 and transmission electron microscopy (TEM)
studies were performed with Tecnai 20 G2 under 200 KV. ESI Mass Spectra were recorded
with a Waters LCT Premier XE Spectrometer. The complexes were dissolved in DMSO and
diluted with water (1% DMSO (v/v)).
2.3. Synthesis of organotin(1V) complexes
2.3.1. Synthesis of [(SnMes)2(u-bp)(H20)2], 1

398 mg (2 mmol) trimethyltin chloride in water (10 mL) was added to 234 mg (1 mmol) of
the ligand bpH2 and 80 mg (2 mmol) NaOH in ethanol (10 mL). The reaction was carried out
at room temperature with magnetic stirring which formed a homogeneous suspension. After
stirring for about 60 min, the reaction mixture was irradiated with high-intensity ultrasound
(SK1200 H, Shanghai Kudos Ultrasonic Instrument Co. Ltd., 59 kHz, 45 W) for 24 h while
the reaction temperature was kept at about 25 °C using a recycling water bath. The solid was
then collected by filtration, washed with deionized water and ethanol, and dried at room
temperature. The solid is insoluble in common organic solvents, but soluble in DMSO. Yield:
75%. Anal. Calc. (%) for CooHsoN4O2Sn2: C, 40.31; H, 5.07; N, 9.40; and Found (%): C,
39.96; H, 4.94; N, 9.31. Selected FT-IR data, v(cm™): v(OH): 3394(s), v(NCN): 2080(vs),
V(C=C): 1595(s), v(C—N): 1313(m), v(Sn-C): 548, v(Sn-N): 448. 'H NMR (DMSO-ds, 400
MHz) & (ppm): 6.90 (d, J = 8.0 Hz, 4H), 6.64 (d, J = 8.0 Hz, 4H), 0.32 (s, 18H, Ha, 2J[*°Sn—

'Ha] = 69 Hz). $3C NMR (DMSO-ds, 100 MHz) § (ppm): 135.1 (Ar), 131.2 (Ar), 125.4 (Ar),



127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

113.8 (Ar), 110.2 (NCN), 0.65 (Ca, 1J[}°Sn-13Ca = 520 Hz).1*Sn NMR (DMSO-ds, 400
MHz) & (ppm): -154.7, TOF-MS: 619 [M+Na] *.
2.3.2. Synthesis of [(SnMes)(4-NOzpcyd)], 2

Complex 2 was prepared in a similar way to 1 with the use of 4-NOzpcyd (1 mmol, 165
mg) instead of bpH2, 40 mg (1 mmol) NaOH and 199 mg (1 mmol) trimethyltin chloride. The
solid is insoluble in common organic solvents, but soluble in DMSO. Yield: 67%. Anal. Calc.
(%) for C10H13N302Sn: C, 36.85; H, 4.02; N, 12.89; and Found (%): C, 36.79; H, 3.91; N,
12.82. Selected FT-IR data, v (cm™): v (NCN): 2036 (vs), v (C=C): 1602 (s), v(NO): 1592,
1313 (s), v (C—N): 1129 (m), v (Sn—C): 541, v(Sn—-N): 451. *H NMR (DMSO-ds, 400 MHz)
& (ppm): 6.99 (d, J = 8.0 Hz, 2H), 6.66 (d, J = 8.0 Hz, 2H), 0.54 (s, 9H, Ha, 2J [***Sn—'Ha] =
57 Hz). 3C NMR (DMSO-ds, 100 MHz) & (ppm): 151.8 (Ar), 132.5 (Ar), 125.8 (Ar), 122.2
(Ar), 119.3 (NCN), -2.41 (Ca, [*9Sn—3Co, = 380 Hz).*Sn NMR (DMSO-ds, 400 MHz) &
(ppm): 127.9, TOF-MS: 350 [M+Na] *.

2.4. DNA-binding studies

The DNA-binding studies were performed in 10 mM Tris—HCI / 10 mM NaCl, buffer
solution, pH = 7.2. The DNA stock solution was stored at 4 °C in the dark and used within 4
days after preparation. A stock solution of the triorganotin(IVV) compounds was prepared by
dissolving the complex in an aqueous solution of DMSO as the co-solvent, and then diluted
suitably with the corresponding buffer to the required concentrations for all the experiments.
The final DMSO concentration never exceeded 0.7% v/v.

Fluorescence quenching experiments were conducted by adding an ethidium bromide
solution (3 uM) to the prepared buffer solution of CT-DNA (30 uM) for 2 h, followed by
addition to the solution of the respective organotin(IVV) compound (in 0.7% DMSO/10 mM
Tris-HCI/10 mM NaCl buffer, pH = 7.2) at different concentrations. The samples were

excited at 258 nm and emission spectra were recorded at 500-700 nm.
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The electronic absorption spectrum of the complex was monitored both in the absence and
presence of increasing amounts of CT-DNA in Tris—HCI/NaCl buffer. To confirm the
stability of the complexes in the buffered solution at room temperature, a UV-Vis study was
performed under conditions similar to those used for the DNA binding studies. The spectral
features of the complex exhibited no change in the position of bands and only a very minor
change in the intensity over a period of 24 h. No precipitation was observed. This suggests
that the complexes are stable under the conditions used. The absorption titration experiment
was performed by maintaining the concentration of the metal complex constant at 10 uM
while the concentration of DNA was varied over the range 0-8.0 x 107> M. This was achieved
by dissolving appropriate amounts of the metal complex and DNA stock solutions in the
buffer while keeping the total volume constant. This resulted in a series of solutions with
varying concentrations of DNA but with a constant concentration of the complex. The
changes observed in spectral absorbance are larger than any that could be due to experimental
error. Baseline corrections were applied in all cases. In order to eliminate the absorbance of
DNA itself, reference solutions containing DNA alone were prepared with the same
concentration of DNA in each sample. All the UV spectra were recorded after equilibration
of the solutions for 10 min at room temperature. The absorption data were analyzed for an
evaluation of the intrinsic binding constant, Kb, of the complex with CT-DNA.

CD-spectra of CT-DNA were recorded in the absence and presence of the organotin(lV)
compounds at room temperature with a quartz cell of 1 cm path length. Each sample solution
was scanned in the range of 220-320 nm, and the CD spectrum was obtained after averaging
three scans and subtracting the buffer background.

Viscosity experiments were carried out on an Ubbelohde viscometer, immersed in a
thermostatic water-bath maintained at 25 °C. The compounds were added to the DNA

solution (Cpna = 3.50 x10 * M) by microsyringe. Flow time was measured by a digital
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stopwatch. The average values of three replicated measurements were used to evaluate the
viscosity of the samples. Data were presented as (n/no)*® versus the ratio of the concentration
of compounds to DNA, where n was the viscosity of DNA in the presence of compound and
no was the viscosity of DNA alone. Viscosity values were calculated according to the
equation n = (t — to)/ to, where t was the flow time of the CT-DNA solution in the presence or
absence of the complex and to that of the buffer alone.

Cyclic voltammograms of 3.00 mM solutions of each triorganotin(IV) compound in 10%
aqueous DMSO with 0.1 M Tetra-n-butyl ammonium perchlorate (TBAP) as supporting
electrolyte were obtained in the absence and presence of 50 pM DNA at 25 °C at a scan rate
of 100 mV/s. A working electrode (glassy carbon) with a geometric area of 0.071 cm? was
used. Before the experiments, all solutions were deaerated with dry nitrogen gas for 10 min to
remove dissolved oxygen and were kept under a nitrogen atmosphere throughout the
experiments.

2.5. Protein binding studies

Absorption titration experiments were performed by keeping the BSA concentration
constant (5 x 10 7 M) and varying the concentration of the complex (1.0 x 10 ® M). The
samples were equilibrated before recording each measurement for 8 min. Titrations were
carried out manually using a micropipette. For recording fluorescence spectra, an excitation
wavelength of 280 nm was chosen and very dilute solutions were used in the experiment
(BSA 1.0 uM, complexes in the range of 0-14.0 uM) to avoid inner filter effect [37]. The
strong fluorescence characteristics of BSA provide a sensitive spectroscopic method to study
the interaction with different molecules. The BSA binding experiments with the
organotin(1V) compounds (dissolved in 0.7% v/v DMSO) were performed by collecting the
fluorescence spectra in 10 mM Tris—HCI, 10 mM NaCl, pH 7.2 buffer solution. To confirm

the stability of BSA under the experimental conditions, the UV—Vis spectra of BSA were
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recorded in buffer solution alone and then with the same buffer solution containing 0.7% v/v
DMSO. As shown in Fig. S1, the absorption spectrum of BSA did not change in the presence
of 0.7% v/v DMSO which confirms the stability of BSA in the presence of trace amounts of
DMSO. Fluorescence emission spectra were recorded in the wavelength range of 300—400
nm by exciting the BSA at 280 nm, with the excitation and emission slit widths of 5 nm. The
fluorescence titrations were carried out by taking a fixed concentration of the BSA solution (1
MM BSA) with increasing amounts of compounds (0-14 uM). The emission spectrum of the
BSA solution at 344 nm was recorded and then the various amounts of a stock solution of the
complex were added to the BSA solution. After each addition, the solutions were mixed and
allowed to stand at the appropriate temperature for 8 min to equilibrate. The fluorescence
emission spectra were recorded at room temperature.
2.6. Antioxidant assays
2.6.1. OHe scavenging assay

The hydroxyl radical scavenging activity of the organotin(IVV) compounds has been studied
in vitro using the Nash method [38]. Hydroxyl radicals were generated by the Fe**/ascorbic
acid system. The detection of hydroxyl radicals was performed by measuring the amount of
formaldehyde produced from the oxidation reaction with DMSO. The formaldehyde
generated was identified spectrophotometrically at 412 nm. A mixture of 1.0 mL of iron-
EDTA solution (0.13% ferrous ammonium sulfate and 0.26% EDTA), 0.5 mL of EDTA
solution (0.018%), and 1.0 mL of DMSO (0.85% DMSO (v/v) in 0.1 M phosphate buffer, pH
7.4) were consecutively added to the test tubes. The reaction was initiated by adding 0.5 mL
of ascorbic acid (0.22%) and was incubated at 80-90 °C for 15 min in a water bath. After
incubation, the reaction was quenched by the addition of 1.0 mL of ice-cold trichloroacetic

acid (17.5% wi/v). Subsequently, 3.0 mL of Nash reagent was added to each tube and left at
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room temperature for 15 min. The intensity of the color formed was determined
spectrophotometrically at 412 nm against the reagent blank.
2.6.2. NOe scavenging assay

The assay for nitric oxide scavenging activity is based on a method [39] where sodium
nitroprusside in aqueous solution at physiological pH spontaneously produces nitric oxide
which interacts with oxygen to generate nitrite ions. These can be estimated using the Greiss
reagent. Scavengers of nitric oxide compete with oxygen leading to a lower production of
nitrite ions. For the experiment, sodium nitroprusside (10 mM) in phosphate buffered saline
was mixed with a fixed concentration of the complex and standards and was incubated at
room temperature for 150 min. After the incubation period, 0.5 mL of Griess reagent
containing 1% sulfanilamide, 2% HsPOs and 0.1% N-(1-naphthyl)ethylenediamine
dihydrochloride was added. The absorbance of the chromophore formed was determined at
546 nm.
2.7. In vitro antimicrobial assay

The synthesized compounds were evaluated for their antimicrobial activity by the agar well
diffusion method [40]. The bacterial pathogens used in the present study included
Staphylococcus aureus, Enterococcus faecalis, Escherichia coli and Klebsiella pneumonia
and the fungi Aspergillus niger and Candida albicans. The required nutrient broth and
sabouraud dextrose broth were prepared and sterilized at 121 °C. The bacterial strains were
inoculated onto nutrient broth (108 cells per mL) and fungal strains were inoculated onto
sabouraud dextrose broth (10 spores per mL) and incubated overnight. About 30 mL of a
sterilized agar medium was transferred aseptically to each sterilized petri plate. The plates
were left at room temperature for solidification. The overnight grown bacterial cultures and
fungal spores were swabbed onto the solidified media to achieve a lawn of confluent

bacterial/fungal growth. A well of 6 mm diameter was made using a sterile cork borer. The
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organotin(lV) compounds were added at concentrations of 0 (control), 25, 50, 75 and 100 mg
mL. Ciprofloxacin and fluconazole were used as positive control drugs for antibacterial and
antifungal activities, respectively. The antibacterial assay plates were incubated at 37 °C for
24 h and the antifungal assay plates were incubated at 28 °C for 48 h. After the incubation
period, the diameter of the inhibition zone was measured as an indicator for the activity of the
compounds. DMSO as solvent never exceeded 1% v/v and controls containing broth media
supplemented with only DMSO at the same dilutions used in the experiments were found to
be inactive. Each experiment was performed in triplicate.

2.8. In vitro cytotoxic activity

10 mM stock solutions of the studied agents were made up in DMSO and afterwards diluted
with nutrient medium to the desired final concentrations (in a range up to 100 mM). A
cisplatin stock solution was made in 0.9% NaCl at a concentration of 1.66 mM and then
diluted with nutrient medium to the desired final concentrations (in range up to 100 mM). All
cells were seeded into a 96-well plate at cell densities of 1000-1500 cells/well, in 100 mL of
growth medium and were incubated for 24 h. The final concentration of DMSO per well did
not exceed 1%. Cell number/proliferation was measured after 48 h using a standard MTT-
based assay [41,42]. Solutions of various concentrations of the examined compounds were
added to all wells, except the control wells where only nutrient medium was added. All
samples were made up in triplicate.

Cells were incubated for 48 h with the test compounds at 37 °C and 5% CO: in a
humidified atmosphere. After incubation, 20 mL of MTT solution and 5 mg/mL in phosphate
buffer solution (PBS), pH 7.2, was added to each well. Samples were incubated for 4 h at 37
°C with 5% CO2 in humidified air. Formazan crystals were dissolved in 100 mL of 10%

sodium dodecyl sulfate. Absorbance was recorded on an ELISA plate reader (Stat fax2100,
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Awareness, USA) after 24 h at a wavelength of 570 nm. The percentage of inhibition was
calculated using the ratio between the absorbance of treated and untreated cells.

3. Results and discussion

3.1. Synthesis and characterization

The ligands bpH2 and 4-NO2pcyd were synthesized as previously reported [23,26]. The
triorganotin(IVV) compounds of composition [(SnMes)2(u-bp)(H20)2],(1) and [(SnMes)(4-
NO2pcyd)], (2) were obtained by sonication of a suspension of SnMesCl, and the
deprotonated phenylcyanamide ligands with sodium hydroxide (bp* or 4-NOzpcyd) in
EtOH/water (1:1) at room temperature. The compounds are stable in atmospheric conditions
and soluble in DMSO.

The infrared data for the ligands, 1 and 2 are listed in Table 1. In the spectrum of 1, the
v(NCN) band appears at 2080 cm™ compared to 2222 cm™ in the spectrum of free bpHa. A
similar shift of the v(NCN) band to a lower wavenumber is observed for 2 (2036 cm™ vs
2145 cm? for free 4-NOzpcyd) and this suggests coordination of the trimethyltin moiety to
the cyano groups of bpH> and 4-NOzpcyd. Furthermore, new bands appear in the 550-538
cm™? and 440-482 cm™ ranges which can be assigned to v(Sn—C) and v(Sn—N) vibrations,
respectively, thus confirming the formation of the reaction products 1 and 2 [43].

Table 1.

The *H NMR spectra of the free ligands and their triorganotin(1V) complexes have been
recorded in DMSO. The signals are assigned using their distinct multiplicity patterns,
resonance intensities, "J-values and 1°Sn satellites (Table 2). The *H NMR integration values
are consistent with the structures shown in Scheme 1. Representative spectra are given in
Figs. S2 and S3. Coordination of ligand bp? or 4-NOzpcyd- to tin causes an up-field shift of

the signals of the aromatic protons.
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According to the literature, the 2J(}°Sn-'H) coupling constants are indicative of the
coordination number of trimethyltin(IV) complexes [44-49]. In tetracoordinated tin
complexes 2J values should be below 59 Hz; while for pentacoordinated complexes 2J values
fall in the 65-80 Hz range [50,51]. The methyl protons in 1 give a characteristic signal at 0.32
ppm with 2J[}°Sn-tH] = 69 Hz, which falls in the range typical for a five-coordinate trigonal
bipyramidal geometry in solution. The methyl protons in 2 give a signal at 0.54 ppm with
2J[119Sn-1H] = 57 Hz, which falls in the range typical for a four-coordinate tetrahedral
geometry [52].

Table 2.

13C NMR data and representative spectra are given in Table S1, Figs. S4 and S5. The
1J[1198n -13C] coupling constants are 520 (1) and 380 (2) Hz. These values are consistent with
those generally observed for five- and four-coordinated tin species, respectively [53,54].

The 9Sn chemical shift values give tentative indications of the environment around the tin
atom. The °Sn chemical shifts do not only depend upon the electron-releasing power of the
alkyl and aryl groups but also on the nature of X in RaSnXas.n. As the electron-releasing power
of the alkyl group increases or the electronegativity of X decreases, the tin atom becomes
progressively more shielded and the '°Sn resonance moves to higher field [55]. A very
important property of the 1°Sn chemical shift is that an increase in the coordination number
of tin from four to five, six or seven usually produces a large up field shift. According to the
literature the & (*1°Sn) values of four-coordinate complexes fall in the range +200 to -60 ppm
and five-coordinate complexes have chemical shifts between -90 and -190 ppm [56].

The °Sn NMR spectra of 1 and 2 are given in Figs. S6 and S7. The °Sn NMR spectra
show only a sharp singlet indicating the formation of a single species. The!!*Sn resonance of
1 appears at -154.7 ppm and that of 2 at 127.9 ppm suggesting five- and four-coordination,

respectively [4].
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Madossbauer spectroscopy is another important technique that can be used to provide
structural information for organotin compounds [57].The °Sn Mdssbauer spectra of
compounds 1 and 2 recorded at 77 K are presented in Fig. 1. The Mdssbauer parameters, the
quadrupole splitting (4) and isomer shift (0), are listed in Table 3. The coordination number
of the tin atom has been related to the p value (ratio of 4/5). A p value less than 1.9 is
indicative of tin compounds that are four coordinated while values larger than 2.1 have been
assigned to tin complexes with greater than four-coordination [57]. For 1 and 2, the p values
are 2.52 and 1.54, respectively. This clearly indicates that compound 2 is four-coordinated,
while 1 has a coordination number of five or higher.

Quadrupole splitting values have also been used to distinguish between four and five-
coordinated triorganotin structures [58,59]. Quadrupole splitting ranges for regular
arrangements of trialkylorganotin(IV) compounds are 1.5-2.8 mm s for a tetrahedral
geometry, 2.6-3.9 mm s? for a trigonal bipyramidal geometry and 3.5-4.2 mm s* for
octahedral trans-dialkylorganotin(IV) compounds [60]. 1 and 2 have 4 values of 3.56 mm s*
and 2.10 mm s, respectively (Table 3), supporting the assignment of a tetrahedral structure
for 2. The quadrupole-splitting of 1 is consistent with both five- and six-coordination.
However, an octahedral geometry has been disregarded since octahedral coordination for
triaryl- and trialkylorganotin(lVV) compounds is uncommon. Furthermore, the quadrupole
splitting of 1 is in agreement with those of trialkylorganotin(IV) carboxylate derivatives with
trans-trigonal bipyramidal arrangement (4 falls in the range 3.0-4.1 mm s?) [61, 62]. Hence,
the Maossbauer results along with the IR, H, *C and !!°Sn NMR data give evidence that
compound 1 has a five-coordinate metal center generated by cyanamide binding and water
coordination.

Fig.1

Table 3.
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Fig.2 shows the SEM and TEM images of 1 and 2. A typical SEM image of 1 is shown in
Fig. 2a, which demonstrates that nanowires are formed in large quantities. The nanowires
have a width of 10-40 nm and a length of up to tens of micrometers. By careful observation,
some of the nanowires have a slight bend and seem to be flexible, probably due to their
remarkable long length. Fig. 2b is a representative TEM image, which shows that the
nanowires of 1 are straight with a smooth surface and are uniform with an average width of
about 30 nm, consistent with the SEM images. The SEM image of compound 2 (Fig. 2c)
reveals spherical nanoparticles. The corresponding TEM image (Fig. 2d) confirms that the
particle size of these nanoparticles is about 100 nm.

A possible explanation for the nanowire morphology of 1 might be the formation of
intermolecular hydrogen bonds between the water ligands that could link the dinuclear
complex molecules into a 1D supramolecular structure. This hypothesis is supported by the
presence of a broad OH stretching band centered at 3448 cm™ in the FT-IR spectrum of 1
[63].
Fig. 2.

3.2. Stability of the complexes in solution

In order to to identify the species present in solution mass spectra were recorded [Figs. S8
and S9]. When concentrated solutions of the complexes were diluted with a 1:1 water
mixture, the mass spectra of showed signals centered at m/z = 619 (1) and 350 (2) that can be
assigned to the isotopomers of [1+Na]* and [2+Na]*. This suggests that the complexes are
stable in solution.
3.3. DNA-binding studies

DNA is an important cellular target, many compounds exert their antitumor effects through
binding to DNA thereby changing the replication of DNA and inhibiting the growth of the

tumor cells, which can be a basis for designing new and more efficient antitumor drugs.
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Effectiveness in turn depends on the mode and affinity of the binding [64-67]. Therefore,
binding studies of small molecules to DNA are considered to be important tools in the
development of DNA molecular probes and new therapeutic reagents [68, 69]. The R3Sn*
moieties have been observed to directly affect DNA [70] as well as to bind to membrane
proteins or glycoproteins, or to cellular proteins; e.g. to ATPase, hexokinase,
acetylcholinesterase of human erythrocyte membrane or to skeletal muscle membranes [71].
Furthermore, a wide number of reports have been published concerning the possible
mechanisms for the interaction of alkyl or aryltin moieties with the membrane or constituents
within the cell [72-75], although the exact mechanism is still unclear. However, it is generally
agreed that the RsSn™ fragments may bind to the phosphate groups in DNA [76-78], changing
the intracellular metabolism of the phospholipids of the endoplasmic reticulum [79,80].
3.3.1. Viscosity measurements

Non-covalent metal-complex DNA interactions include intercalation, groove binding and
electrostatic attraction. Viscosity measurements are usually considered the least ambiguous
method to study the DNA binding mode. A classical intercalation model demands that the
DNA helix must lengthen as base pairs are separated to take in the binding ligand/complex,
leading to an increase of DNA viscosity. In contrast, a partial or non-classical intercalation of
the ligand/complex could bend (or kink) the DNA helix, reduce its effective length and
concurrently its viscosity [81], while groove binders have no or little effect on the viscosity.
The effects of 1 and 2 on the viscosity of CT-DNA at 25 °C were investigated (Fig. S10). The
viscosity of CT-DNA decreased with increasing amounts of 1 or 2 with 1 exhibiting the
stronger effect. This indicates that 1 interacts more strongly with DNA than 2 (see below) and
excludes classical intercalation as the binding mode for both complexes. This is in line with
complex 2 having two metal entities on either side of the phenyl ring which should prevent

intercalation of the aromatic moiety into the DNA duplex.
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3.3.2. Circular dichroism

CD spectroscopy is one of the most common means for monitoring the conformation of
DNA in solution. The CD spectrum of DNA exhibits a positive peak at 278 nm due to base
stacking and a negative peak at 246 nm due to the helicity of B-type DNA [82, 83]. A simple
electrostatic or groove binding interaction of complexes with DNA would show little or no
perturbation of the base stacking and helicity bands, while an intercalative interaction would
enhance the intensities of both bands [84,85]. The observed CD spectra of CT-DNA in the
presence of 1 and 2 show little perturbation of the two bands (Fig. 3), which is indicative of a
non-intercalative interaction between the complexes and DNA and thus along with the
viscosity data supports a groove binding mode [86, 87].

Fig. 3.

3.3.3. DNA binding study by cyclic voltammetry

The application of cyclic voltammetry to the study of the interaction of metal complexes
with DNA provides a useful complementary method [88]. In the present study it has been
employed to examine the nature of binding of 1 and 2 to DNA, and the result is shown in Fig.
4. The voltammogram of the complexes 1 and 2 in the absence DNA (Fig. 4(a)) featured a
single well defined and stable cathodic peak at -1.473 V and -1.702 V, respectively which
reflects the reduction of Sn** to Sn?*. The absence of an anodic peak in the reverse scan
indicated the irreversibility of the electrochemical process. Peak broadening was observed for
1 and 2 which may be attributed to a one step two electron reduction process [89].

In an earlier pioneering study on metal complex—DNA interaction Bard et al. [90] reported
a positive shift in peak potential for intercalators that bind via hydrophobic interactions
(intercalation) and a negative shift of peak potential for electrostatic interactions (groove
binding). Upon addition of 50 M DNA the cathodic peak current dropped by 31.48 (1) and

33.69 % (2), with negative shifts. For complexes 1 and 2, the cathodic peaks appeared at -
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1.581 and -1.779 V, respectively. This suggests that 1 and 2 may interact with CT-DNA via
groove binding in line with the CD and viscosity measurements [91]. Furthermore, the
voltammograms of 1 and 2 were collected at different scan rates in the absence and presence
of CT-DNA. The peak currents are directly proportional to the square root of the scan rates,
indicating that the electrochemical processes of both the free triorganotin compounds and
their DNA bound forms are diffusion controlled (Fig. S11) [92]. Moreover, the smaller slope
of the plot in the presence of DNA (Fig. S12) demonstrates that the compound-DNA system
diffuses more slowly than the free compounds. This finding can be explained by the increase
in molecular size and molecular weight after the interaction of the complexs with DNA [93].
Fig.4.

3.3.4. Ethidium bromide-DNA fluorescence quenching

Fluorescence spectral analysis has become a valuable way to determine the binding affinity
of metal complexes with DNA [94]. Upon addition of a metal complex the fluorescence of
the intercalator ethidium bromide (EB) bound to DNA can be noticeably quenched [95].

The fluorescence spectra of the EB-DNA system quenched by compounds 1 and 2 and the
plots of lo/l vs. r (Crcompound)/Cpnaj) are shown in Fig. 5. With increasing the concentrations
of compounds 1 and 2, the intensity of the fluorescence spectra emission band at 590 nm of
the EB-DNA system is noticeably decreased. The observed linearity in the plot is in good
agreement with the linear Stern—Volmer equation [96]:

1/1o= 1+ Kepr
where, lo and | are the fluorescence intensities displayed in the absence and presence of the
compounds, respectively; r corresponds to the concentration ratio of the compound to DNA.
Ksq, the linear Stern—Volmer quenching constant, can be obtained from the slope of the I/lo
versus r linear plot. The calculated values of Ksq for compounds 1 and 2 are 4.63 M * and

2.35 M " respectively, and indicate stronger interaction between compound 1 and DNA than
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2. From the DNA binding results (Table S2), it is clear that compound 1 presents a higher
binding constant (Kp) for DNA when compared to compound 2 which may be due to the
existence of the biphenyl unit in the ligand and its polynuclear structure.

Fig. 5.
3.3.5. UV-vis absorption studies

The DNA binding behavior of the studied organotin(IVV) compounds has also been followed
through absorption spectral titrations, because absorption spectroscopy is one of the most
useful techniques to study the binding of any drug to DNA quantitatively [97-100].
Compounds that bind to DNA through intercalation are characterized by a change in
absorbance (hypochromism) and a bathochromic shift of the absorption maximum as a result
of a strong stacking interaction between the intercalating aromatic chromophore and the DNA
base pairs. On intercalation the n* orbital of the intercalator can couple with the m orbital of
the DNA bases. As a result the m — =™ transition probabilities decrease leading to
hypochromism. The extent of hypochromism usually correlates with the strength of the
intercalative interaction. A non-intercalative or an electrostatic binding mode with DNA may
result in hyperchromism [101].

The absorption spectra of compounds 1 and 2 present two well resolved bands at ~263 nm
and ~355 nm, which are assigned to intraligand charge transfer (ILCT) transitions and ligand-
to-metal charge transfer (LMCT) transitions, respectively. The absorption spectra of
compounds 1 and 2 in the absence and presence of CT-DNA are shown in Fig. 6. From the
electronic absorption spectral data, it is obvious that on increasing the concentration of DNA
added to 1 and 2 both absorption bands display hypochromism accompanied with
bathochromic shifts. While UV/vis-spectroscopy is generally not considered an unambiguous

method to determine the binding mode, it allows the study of the binding affinity. To
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compare the binding strength of the two compounds, the intrinsic binding constant K, was
calculated according to the equation [102]:

[DNA]/ (ga—¢f) = [DNA] / (evb—=e1) + 1/ Kp (ep—&f)
Kp values of 9.25 x 10* Mt and 3.54x10* M were obtained for compounds 1 and 2,
respectively. These values are comparable to those reported for other metal complexes
(ranging from 102 to 10° M) [101,103]. Compound 1 shows a higher Ky value than 2 in line
with the results of the fluorescence quenching studies and viscosity measurements.

In order to compare the DNA binding affinity of 1 and 2 with that of trimethyltin chloride, a
UV spectroscopic titration was also carried for this compound (Fig. S13). The addition of CT
DNA results in hyperchromism and a Kp, value of 5.9 x 10° M ~was obtained for trimethyltin
chloride. Thus, the Ky value increases in the order (CH3)3SnCl < 1 < 2 and correlates with the
more extended aromatic system in 2 compared to 1 which results in stronger interactions with
the DNA surface. Furthermore, 2 contains two metal centers that may enhance the binding
through additional electrostatic interactions.

Fig.6.
3.4. Protein binding studies

Fluorescence spectroscopy is a useful method for the quantification of the binding of metal
complexes to bovine serum albumin (BSA). Generally, the native fluorescence of BSA is
caused by three amino acids in the protein, namely tryptophan, tyrosine, and phenylalanine.
Environmental alterations around the fluorophore can induce fluorescence quenching which
can reveal the nature of the metal complex BSA interaction [104,105]. Fig. 7 shows the effect
of increasing the concentration of 1 and 2 on the fluorescence emission of BSA. Addition of
compound 1 or 2 to BSA results in the quenching of fluorescence emission intensity due to
complex formation between BSA and 1 or 2. The quenching process can be analyzed by the

Stern—Volmer equation [106]:
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lo/l =1+ K«[Q]
where lo and | are the fluorescence intensities at 346 nm in the absence and presence of 1 or
2, respectively. [Q] is the concentration of the quencher and Ks is the Stern—Volmer
quenching constant. As shown in Fig. 7, the inset plot of lo/I versus [Q] exhibits a good linear
relationship with linear correlation coefficients of 0.991 and 0.984 for 1 and 2. The Ksy values
obtained from the slopes of the linear plots are 1.03 x 10° M! (1) and 1.07 x 10° M (2).
Fluorescence quenching usually occurs by two different mechanisms which are classified as
dynamic quenching and static quenching. Dynamic quenching refers to the fluorophore and
the quencher coming into contact during the transient existence of the excited state. Static
quenching refers to the fluorophore and quencher forming a complex in the ground state. In
order to distinguish between these two types of quenching mechanism for BSA/1 and BSA/2
UV-Vis absorption spectra were recorded (Fig. S14). The weak absorption peak at about 278
nm in the absence of 1 and 2 displays an increase in intensity, which reveals that fluorescence
quenching of BSA by these compounds is mostly a static quenching process [102,107]. For a
static quenching interaction, the fluorescence intensity data can also be used to determine the
apparent binding constant (Ky) and the number of BSA binding sites (n) for the complex by
the following equation [108, 109]:
log ((lo-1)/1) = log Kb+ n log [Q]

where Ky is the equilibrium constant and n is the number of binding sites per albumin. n can
be calculated from the intercept and slope of the log((lo—1)/1) vs log [Q] plot (Fig. S15). Ky
values of 1.14 x 10° M (1) and 2.01 x 10° M (2) were obtained. n was found to be 1.04 for
1 and 1.25 for 2, both are close to 1, suggesting that there is only one binding site for these
compounds on the BSA molecule. Furthermore, compound 2 showed a higher binding
constant with BSA (Table S2), which is similar to the fluorescence emission behaviors of

compounds reported earlier [110-112]. It is proposed that compound 2 has a higher binding
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affinity for BSA (i.e. quenches the BSA fluorescence more effectively) than compound 1
because of steric reasons. Compound 2 is a mononuclear complex with a para-substituted
phenylcyamamide ligand, while compound 1 containing a biphenyl moiety and two SnMes
entities is more sterically demanding.
Fig.7.

3.5. Antimicrobial activity

The efficiencies of the free ligands, trimethyltin chloride, 1 and 2 have been tested against
two Gram-positive bacteria (Staphylococcus aureus, Enterococcus faecalis), two Gram-
negative bacteria (Escherichia coli, Klebsiella pneumonia) and fungal strains (Aspergillus
niger and Candida albicans) by an agar well diffusion method. The effectiveness of an
antimicrobial agent in sensitivity testing is based on the size of the diameter zones of
inhibition against Gram-positive, Gram negative bacteria and fungal strains. The diameter of
the zone is measured to the nearest millimeter and the data are given in Table 4 and the
minimum inhibitory concentration is displayed in Table S3. Inhibition zones were measured
and compared with the current antimicrobial drugs ciprofloxacin (antibacterial) and
fluconazole (antifungal). A comparison of the antimicrobial activities of 1 and 2 with the free
ligands shows that the triorganotin(I\V) complexes are more toxic than their parent ligands
against the same microorganisms under identical experimental conditions. However, they are
better antibacterial agents than antifungal agents. Furthermore, the antimicrobial activity
values for complexes 1 and 2 are higher than those for trimethyltin chloride except for A.
niger for which the trimethyltin chloride shows strong activity. Moreover, compound 1 was
found to have higher activity against the different strains of bacteria and fungi than complex
2. Also, compound 1 exhibited an almost equipotent activity (zone of inhibition = 29 mm)
with the standard drug ciprofoxacin (zone of inhibition = 32 mm) against Enterococcus

faecalis. Compounds 1 and 2 exhibited good activity against all the other bacteria tested with
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inhibition zones of 15-29 mm. Compound 1 (17 mm) and 2 (21 mm) exhibited comparable
antibacterial activities toward K. pneumoniae.

Thus, the evaluation of the in vitro antifungal activity showed that the free ligands were
almost inactive while 1 and 2 displayed a moderate activity. Compounds 1 and 2 were found
to be less active against the yeast C. albicans, but moderate antifungal activity was exhibited
by both compounds against the pathogenic mould A. niger.

Table 4.
3.6. Evaluation of radical scavenging ability

The radical scavenging activities of the free ligands, trimethyltin chloride, 1 and 2 along
with standard reference compounds, such as butylated hydroxyl toluene (BHT) and Vitamin
C in a cell free system, have been studied with reference to hydroxyl radicals (OH¢) and nitric
oxide (NOe). The corresponding ICso values are shown in Table S4. From Table S4, it can be
deduced that the free ligands and trimethyltin chloride have a significantly lower scavenging
activity than 1 and 2. 1 showed better activity than 2. On the whole, the scavenging activity
was found to increase in the order of Vitamin C < BHT < (CHz3)3SnCl < 4-NOpcyd < bpH: <
2 <1 (Fig. S16). The ICso values (Table S4) indicate that all compounds are better OHe
scavengers than NOe scavengers. The lower ICso values observed in the antioxidant assays
suggest that these compounds have a strong potential to act as scavengers for the elimination
of radicals. Also, it is worthy of note that 1 and 2 possess superior antioxidant activity against
the above mentioned radicals than do the standard antioxidants butylated hydroxyl toluene
(BHT) and vitamin C.

3.7. In vitro cytotoxicity studies
The positive results obtained from the above biological studies namely, DNA binding,
BSA binding, antioxidative studies and antimicrobial activity of complexes 1 and 2 prompted

us to test their cytotoxicity against a panel of human tumor cell lines including A549, Dul45,
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HeLa and MCF-7 using the MTT assay [113]. Cells were treated for 48 h with 1 and 2 and
with cisplatin as a positive control. Untreated cells were used as a negative control. Both
compounds showed a dose-dependent growth inhibitory effect against the tested cell lines
(Fig. 8). Compound 1 exhibits a promising growth inhibitory effect against HeLa cells that is
slightly higher than that observed for cisplatin (Table 5). Our current results are in agreement
with previous literature reports that showed that organotin(IV) - and particularly triorganotin
compounds - exhibit antiproliferative effects in various cancer cell lines [114, 115].
Triphenyltin(IVV) complexes, for example, are known to have higher antiproliferative effects
compared to diorganotin(lV) derivatives against different cell lines [116-119]. The ICso
values of the triorganotin(lVV) compounds 1 and 2 indicate a potent cytotoxic effect at
micromolar concentration which warrants further mechanistic investigation. Trimethyltin
chloride and the free ligands bpH2 and 4-NO2pcyd after 48 h of incubation exhibited very low
cytotoxic activity and did not reach ICso values in the applied concentration range (up to 100
M) in all investigated cell lines.
Fig. 8
Table 5.

4. Conclusions

In summary, triorganotin(IV) complexes of formula [(SnMes)2(u-bp)(H20)2], 1, and
[(SnMe3)(4-NO2pcyd)], 2, (Me: methyl, bpH2: 4,4'-dicyanamidobiphenyl and 4-NO.pcyd: 4-
nitrophenylcyanamide) have been synthesized via a sonochemical process. The molecular
structures of the triorganotin(lIVV) complexes were determined by FT-IR, multinuclear NMR
(*H, 3C and *°Sn), Mdssbauer spectroscopy, elemental analysis, SEM and TEM. The DNA
binding properties of the two complexes were explored by electronic absorption, fluorescence
spectroscopy, CD spectra, CV and viscosity measurements. The results suggested that both

complexes could interact with CT-DNA via the groove binding mode and they follow the
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binding affinity order of 2 < 1. The reactivity towards BSA revealed that complex 2 exhibits

greater binding affinity than that of complex 1. Compound 1 shows stronger antimicrobial

activity than 2, but both are more reactive against Gram-positive bacteria than against Gram-

negative bacteria and fungi. Also, complexes 1 and 2 have more antioxidant activity than the

free ligands, trimethyltin chloride, butylated hydroxyl toluene (BHT) and vitamin C. The

cytotoxicity studies show that the complexes exhibit high cytotoxic activity against different

cell lines tested. Also, the results of cytotoxicity revealed that the metal complexes are more

effective than their respective free ligands and trimethyltin chloride under identical

experimental conditions.
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Figure legends

Fig. 1. 11%Sn Mossbauer spectra of compounds 1 and 2 at 77 K.

Fig. 2. SEM images of compounds 1 (a) and 2. (c) TEM images of compounds 1 (b) and 2
(d).

Fig.3. CD-spectra of CT-DNA in the absence and presence of the compound, [DNA]= 1.0 x
10~* M, [compound] = 0 and 4.0 x 10~ M.

Fig. 4. Cyclic voltammograms of 3 mM 1 and 2 in the absence (a) and presence (b) of 50 uM
CT-DNA in buffer (scan rate = 100 mV/s).

Fig.5. Effects of compounds 1 and 2 on the fluorescence spectrum of the EB-DNA system
(Aex = 258 nm); Cpna= 30 uM; Ceg = 3uM; from 1 to 8 Ccompound =0, 3, 9, 15, 30, 60, 90, 120
uM, respectively. Arrow shows changes in the emission intensity upon addition of increasing
concentration of the compound. Inset: plot of lo/l vs r (r = Ccompound/Cona) for compounds 1
and 2.

Fig. 6. UV-vis absorption spectrum of compounds 1 and 2 (1.0 x 10> M) in the absence and
presence of CT-DNA, from 1 to 6, [DNA] =0, 2.0 x 107°,4.0 x 107°, 6.0 x 10>, 8 x 10~°and
10 x 10°° M, respectively. Arrows show the changes in absorbance with respect to an

increase in the DNA concentration (Inset: plot between [DNA] and [DNA] / [ea— &1]).
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Fig. 7. Fluorescence emission spectra of BSA in the absence and presence of compounds 1 or
2. [BSA] = 1.0 x 10 ® M, [Compound] = 0, 2.0 x 10°° M, 4.0 x 10°® M, 6.0 x 10°° M, 8.0 x
10 M, 10.0 x 10°® M, 12.0 x 10 M, 14.0 x 10°® M, respectively; dex =280 nm, both
excitation and emission slits were 5 nm. (Inset: Plot of [Q] vs. lo/1).

Fig. 8. In-vitro cytotoxicity of compounds 1 and 2 against HeLa tumor cells. Cytotoxicity

was measured by the MTT reduction assay after 48 h. Untreated cells are used as the control.

Tablel. Infrared spectra of the ligands and triorganotin compounds 1 and 2.

Vibration  bpH> 1 4-NOzpcyd 2
v(NCN) 2222 2080 2145 2036
v(C=C) 1617 1595 1611 1602
v(NO3) - - 1597,1337 1592, 1313
v(Sn-C) - 548 - 541
v(Sn-N) - 448 - 451

34
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829
830
831
832
833
834
835

836 Table2. 'H-NMR of free ligands and compounds 1, 2.

Observed
bpH: 4-NOzpcyd 1 2
protons

7.05(d, 4H) 7.06(d,2H)  6.90 (d, 4H) 6.9 (d, 2H)
7.62(d, 4H) 7.92(d,2H)  6.64(d,4H)  6.66(d, 2H)

Phenyl

Amine 10.23 (s, 2H) 9.88 (d, 2H) - -
Sn-CHs (Ha) - - 0.32 (s, 18H) 0.54 (s, 9H)

2) [*9Sn—2Ho] (Hz) - - 69 57
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854

855 Table3. Mdssbauer parameters collected at 77 K of the organotin(lV) derivatives

Product o (mms?) A (mm s?t) p

1 141 3.56 2.52

2 1.36 2.10 1.54
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868
869
870
871

872

873
874  Table 4. Antibacterial and antifungal activity of the free ligands and compounds 1 and 2—

875  zone of inhibition in mm

Gram-positive Gram-negative Fungi
Compounds

p aurselusa fae(I:Ea'llisb E. coli pneur:c')niaed A-niger® - C. albicans'

bpH: 08 07 05 10 05 06

4-NOpcyd 05 09 07 11 04 03

(CH3)sSnCl 15 14 13 12 18 07

1 24 29 19 21 15 12

2 19 23 15 17 10 09

Ciprofloxacin 29 32 30 34 — —

Fluconazole — — — — 24 32

Control — — — — — —

876  2Staphylococcus aureus. ® Enterococcus faecalis. ¢ Escherichia coli. ¢ Klebsiella pneumonia. ¢ Aspergillusniger.
877  fCandida albicans. “— no activity.
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880
881
882

883
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Table 5. ICso (LM) values of the compounds 1, 2 and cisplatin against selected cell lines.

compound Ab49 Dul145 HelLa MCF-7
bpH. > 100 > 100 > 100 > 100
4-NOpcyd > 100 > 100 > 100 > 100
(CH3)3SnCl > 100 > 100 > 100 > 100

1 16+ 1.3 22+ 0.9 17£0.9 35+ 1.2

2 45+1.2 25+ 1.7 35+0.8 42+ 1.2

Cisplatin 12+1.0 615 19+1.2 21+1.2

ICso values are given in M, cisplatin is included for comparison. Data are presented as mean values + standard
deviations and cell viability assessed after 48 h of incubation.

The sign (>) indicates that 1Cso value is not reached in the examined range of concentrations (the sign is in front
of the maximum value of the concentration in the examined range of concentrations).
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929  Fig. 2. SEM images of compounds 1 (a) and 2. (c) TEM images of compounds 1 (b) and 2
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Fig. 4. Cyclic voltammograms of 3 mM 1 and 2 in the absence (a) and presence (b) of 50 uM
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Fig.5. Effects of compounds 1 and 2 on the fluorescence spectrum of the EB-DNA system
(Rex = 258 nm); Cpna= 30 puM; Ceg = 3uM; from 1 to 8 Ceompound = 0, 3, 9, 15, 30, 60, 90, 120
uM, respectively. Arrow shows changes in the emission intensity upon addition of increasing
concentration of the compound. Inset: plot of lo/l vs r (r = Ccompound/Cona) for compounds 1

and 2.
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Fig. 7. Fluorescence emission spectra of BSA in the absence and presence of compounds 1 or

2. [BSA] = 1.0 x 10 ® M, [Compound] = 0, 2.0 x 10°° M, 4.0 x 10°® M, 6.0 x 10°° M, 8.0 x

10 M, 10.0 x 10® M, 12.0 x 10 M, 14.0 x 10°® M, respectively; dex =280 nm, both

excitation and emission slits were 5 nm. (Inset: Plot of [Q] vs. lo/l).
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1037  Fig. 8. In-vitro cytotoxicity of compounds 1 and 2 against HeLa tumor cells. Cytotoxicity
1038  was measured by the MTT reduction assay after 48 h. Untreated cells are used as the control.
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