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ABSTRACT: The present study deals with anti-HIV, anti-cancer, anti-inflammatory important Fe (I11)/Ru (111) Schiff
base chelates. The complexes containing Fe (Il1)/Ru (1Il) ions were synthesized by using o-amino phenol / 2-
aminothiophenol and 7-hydroxy coumarin. The ligand and complexes were characterized by analytical and spectral
techniques. The spectral data confirm the ligand acts as a neutral bidendate Schiff base, coordinating through
azomethine nitrogen and oxygen atom of hydroxyl/thiol group. The interaction studies of these complexes with BSA
have also been performed by using spectral techniques collectively indicated with metal complexes. The microbial
activity of the ligand and metal complexes using Staphylococcus aureus, Escherichia Coli, Pseudomonas and
Aspergillus niger showed their enhanced inhibitory effect on their cell growth.

KEYWORDS: Schiff base; Protein binding; microbial activity, docking studies
I. INTRODUCTION

Environmental conditions and seasonal changes could influence the incidence of coumarin in varied parts of
the plant. The function of coumarin is far from clear, although suggestions include plant growth regulators,
bacteriostats, fungistats and even waste products.’ Biosynthesis of coumarin is reviewed by Bourgaud et al.,” There are
types of coumarin found in nature due to various permutations brought about by substitutions and conjugations;
however, the most of the pharmacological and biochemical studies have been done on coumarin itself and on its
primary metabolite, 7-hydroxycoumarin in man.®> Some of this earlier pharmacological work on coumarin has been
reviewed,* and other more comprehensive reviews® > deal with the occurrence, chemistry and biochemical properties
of both simple and more complex natural coumarin. Many researches on the biological activities of resveratrol have
been reported including antioxidation,” antiplatelet aggregation,® cardioprotective activity,® antitumor activity,'® anti-
obesity and anti-diabetic activity."* One of the most striking biological activities of RV, which has been extensively
investigated, is its antitumor property and it was discovered as a promising cancer chemo preventive agent on account
of its outstanding inhibition on cellular events associated with cancer initiation, promotion and progression.* It has
been documented that RV can modulate various signal transduction pathways resulting in the prevention of the
carcinogenesis from diverse aspects. Several transcription factors such as NF-J B, AP-1, cyclooxygenase and kinases
can be targeted by RV.™ However, its low bioavailability and rapid clearance from the circulation restrict it to behaving
as an antitumor drug. Interaction studies by using Bovine serum albumin (BSA) is highly stable and comparatively
cheap, (BSA) has the 80% structural similarity with HSA, BSA has been used as model by many group of
researchers.***® Though BSA is a dietary protein, the most important function of BSA is transportation.**? This heart
shaped protein, BSA is composed of a single chain of 583 amino acid residues and can be divided into three
homologous domains, I-111 ? and each domain is made up of two sub domains, A and B, having unique binding
properties.”* BSA has two tryptophan residues; Trp-134 is available for the interaction with the binding molecules such
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as drugs.?® The emission property of Trp-134 and Trp-212 depends on the microenvironment of the protein. In this
study, we report the synthesis, characterization and the binding properties of Fe (I11) / Ru (I111) complexes with BSA.
This study has been carried out by UV-Vis, fluorescence spectroscopy, circular dichroism measurement. The aim of
this work is to explore the interaction of Fe (lIl) / Ru (Ill) complexes with protein specifically aiming at the
conformational changes of BSA. The obtained results show that the Fe(lI1)/Ru(lll) complexes disturb the tertiary
structure of BSA with loss of a-helix stability.

Il. MATERIAL AND METHODS

All chemicals and solvents used in this study were of AR grade. O-amino phenol/2-amino thiophenol and 7-
hydroxy coumarin (Sigma Aldrich), transition metal ions [Ferric (1) chloride (Merck) and Ruthenium(lIl) chloride
(Sigma Aldrich), Bovine serum albumin (Sigma Aldrich), Tris—=hydrochloride (SRL) and sodium chloride (SRL) were
used as such without further purification.

Elemental analyses (C, H & N) were performed using an Elementary Vario EL elemental analyzer CHNS
Mode. Metal contents were determined volumetrically by titration against standard EDTA solution after complete
decomposition of their complexes with concentrated nitric acid. The chlorine content was determined by Volhard test.
Molar conductivities of the metal complexes were determined in DMSO (~10?M) at room temperature using an El
Model 611E digital conductivity meter. The magnetic susceptibilities of complexes were determined on Gouy balance,
and the diamagnetic corrections were made by Pascal’s constant and CuSO,.5H,0 was used as a calibrant. Nuclear
magnetic resonance spectroscopic measurements were made on a Perkin—Elmer 300 MHz spectrometer. Duetrated
organic solvents along with tetramethylsilane (TMS) as the internal standard were used. UV-Vis spectral
measurements for the present complexes were made in DMSO solution using JASCO double beam recording
spectrophotometer in the range 190-1100 nm. The infrared spectra of all complexes as well as ligands were recorded
using KBr pellets on a JASCO FT-IR 410 double beam infrared spectrophotometer in the range of 400-4000 cm™.
Cyclic voltammetric measurements were carried out on a Bio-Analytical System (BAS) CV-50W model
electrochemical analyzer. The three electrodes cell comprising of a reference Ag/AgCl, counter electrode as platinum
wire and working glassy carbon (GC) electrodes with surface area of 0.07 cm? were used. The GC was polished with
0.3 and 0.005 mm alumina before each experiment and if necessary the electrode was sonicated in distilled water for 10
min. Dissolved oxygen was removed by purging pure nitrogen gas into the solution for about 15 min before each
experiment. A cyclic voltammogram has been recorded for a blank solution to check the purity of the supporting
electrolyte and the solvent.

2.1. Protein Interaction studies
2.1.1 BSA interaction studies

All experiments involving BSA were performed in 50mM NaCl/Tris-HCI buffer solution (pH 7.4). BSA
protein and the metal (I11) complexes in NaCl/Tris-HCI buffer solution were used for analysis. For UV absorption, a
SmL solution of BSA (10 uM) was titrated with various concentrations of the complex. Equal solutions of complex
were added to the reference solutions to eliminate the absorbance of the metal(l11) complex itself. The quenching of the
tryptophan fluorescence of BSA was studied at varying concentrations of the metal(l11) complexes (quencher). The
fluorescence spectra were recorded for BSA at an excitation wavelength of 285 nm and an emission wavelength of 347
nm in a fluorometer after addition of the quencher.

2.1.2. CD spectra

CD spectra of BSA in presence and absence of all the complexes were recorded on a JASCO J-810 (163-900
nm) spectropolarimeter using a quartz cuvette of 1 mm with optical path length at increasing complex/BSA ratio (r =
0.01-0.04). Each sample was scanned in the range of 220-320 nm. Each CD spectrum recorded was the average of at
least four accumulations scanned at a speed of 100 nm min™ and a 1s response time, from which the buffer back ground
had been subtracted [BSA] = 100 uM.
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2.1.3. SDS - PAGE- Analysis

The samples were treated with 1 pg of bovine serum albumin and incubated for 30 minutes at 37 °C. After
incubation samples were resolved on polyacrylamide gel electrophoresis (SDS- PAGE) (Laemmli 1970). The gel was
stained with Coomassie brilliant blue R-250. The binding property of the complexes with BSA was determined by
comparison with the mobility of protein molecular weight markers (Fermentas, Opelstrasse, Germany).

2.2. Biological activity
2.2.1. Microbial activity of ligand and complexes

The synthesized ligand and its complexes were tested for their in vitro antimicrobial activity against the
bacteria Staphylococcus aureus, streptococcus and Escherichia coli,Klebsiella pneumonia, using agar well diffusion
method Luria Bertani medium was used for testing antibacterial activity. The stock solutions (10 mol L™) of the
compounds were prepared in DMSO and the zone of inhibition values of the compound was determined. For
determination of zone of inhibition, the respective medium was poured into the petriplates and allowed to solidify at
room temperature. Wells were made on the solidified medium and the serially diluted were added on to the wells and
allowed to diffuse into the wells. The indicator organisms were overlaid on to the agar medium and the plates were
incubated for 37°C for 48 h. After incubation the zone of inhibition by the compound were measured and zone of
inhibition was determined.

2.3. Docking Studies

2.3.1. Computational Methods:

Docking simulations were performed using the Lamarckian genetic algorithm (LGA) and the Solis & Wets
local search method. Initial position, orientation, and torsions of the ligand molecules were set randomly. Each docking
experiment was derived from 10 different runs that were set to terminate after a maximum of 250000 energy
evaluations. The population size was set to 150. During the search, a translational step of 0.2 A, and quaternion and
torsion steps of 5 were applied.

2.4.1. Synthesis of ligand

(0.98g, 0.005M) of 2-hydroxy aniline / 2-aminothiophenol and (1.14g, 0.005M) of 7-hydroxy coumarin was
dissolved in ethanol (25ml). The reaction mixture was refluxed in water bath at 60°C for 6 h until the yellow color
homogeneous liquid solution was obtained and the completion of the reaction was monitored by TLC. The solid was
washed 2 to 3 times with ethanol, evaporated to dryness and then recrystallised by ethanol. (85%) (Scheme.1)

2.4.2. Synthesis of complex

The present metal complexes were prepared by mixing of 0.01M of corresponding transition metal chloride in
ethanol with 0.01M of the Schiff’s base and 0.01M of phen/bipy in water. The reaction mixture was allowed to heat at
60°C with stirring at 6 h. Then it was allowed to cool to room temperature. The solid complexes were filtered, washed
with ethanol, recrystallised from ethanol and dried in vacuum.(Scheme.2)

111. RESULT AND DISCUSSION

Elemental analysis data and physical characteristics of thiosemicarbazide Schiff’s base ligand and complexes
were summarized in Table S1 (Supplementary data file). The observed very low molar conductance of the complex in
DMSO (102M) solution at room temperature was consistent with non-electrolyte nature of the complexes.

3.1. *H NMR spectra of ligands

The *H NMR spectra of synthesized ligands showed the specific NMR signals on characterization of ligand Fig
S1(a)(Supplementary data file). Signals of the aromatic protons lie in the range of 6 to 7.6 ppm. The presence of
resonating signal at 8 3.4 and 10.5 ppm are accounted as OH protons.
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3.2. ®*C NMR spectra

The *C NMR Fig S1(b) (Supplementary data file) spectrum consists of sharp signals at & 102 — 158 ppm may
be attributed to the phenyl carbon atoms and the signals C=N carbon assigned at 6 161 ppm and C-OH carbon assigned
at & 160 ppm.

3.3. IR spectra

The IR spectral data (table.S2) (Supplementary data file) provide valuable information regarding the
coordination sites of the aldemine moiety, the bands around at 1597 cm™obtained for ligand L, assigned as y(C=N)
vibrations.?® These vibrations around were shifted to 1614 cm™ after complexation, due to an increase of bond order on
coordination.”” The IR band assignments of metal complexes exhibit broad bands in the range of 3298 cm™ indicating
the water molecules coordinating.”® New bands, which are not found in the ligand spectrum, appeared around 534 cm?,
however have seen these bands at 470 cm™ corresponding to y(M-N)**® and y(M-O) vibrations, resulting support the
involvement of N and O coordination’s with metal centre - represented in Fig S2(a-f) (Supplementary data file).

3. 4. Electronic spectra

The electronic spectra (table S3) (Supplementary data file) and Fig S3 (Supplementary data file) of UV
absorbance at 45,454 and 30,959 cm™ of ligand may be due to the characteristic n-7* and n-* transitions of phenyl
and imine groups respectively.***The Fe (111) complex exhibits bands around 41,322cm™, 30,864 cm-*. The high spin
complex around 17,761 cm™ nm is assigned to °A;; —*T,,(G)* transition suggesting octahedral geometry which is
confirmed by the magnetic moment value of 5.82 BM.*'The electronic spectral data in of the Ru(lll) complex is
octahedral nature. In the six coordinate Ru(l11) complex charge transfer transition often occurs at relatively low energy.
Magnetic moment of the Ru(l11) complex is lower than that of expected for Ru(l11) low spin octahedral complex,®*
which might be due to the magnetic interaction between Ru atoms in bridged complex.

3.5. Cyclic Voltammetry

Electrochemical characteristics of Fe(l11) complexes, undertaken for this study, by cyclic voltammetry and the
experimental results are summarized in table S4 and shown in Fig S4 (Supplementary data file). The cyclic
voltammetric centers for the electrochemical reduction of the studied Ru(l11) complexes display a redox couple in the
range from 1200mV to -1200mV. Which may be attributed to the reduction of metal centers i.e., one electron quasi-
reversible transfer process with the reduction peak at Ep. -666 mV and the corresponding oxidation peak Ep,-186 mV
and AEp = -480 mV scanning rate 100mV/S. This study suggests chemical reversibility with Fe(111)/(11).°

IV. INTERACTION OF BSA

4.1. Absorption studies

Interactions with the bovine serum albumins have been inferred from the changes in the absorption spectra (in
the range 190-600 nm) on gradual addition of BSA at 298 K (Table.1. and Fig.1). The spectral changes acquired for
BSA. Hyperchromism with small red shift has been detected. A change in the absorption spectra with a prominent
support of interaction with BSA.

Table.1.Ligand-based absorption spectral properties of Fe(l11) and Ru(I1l) complexes, bound?®to BSA.

Complexes Amax Blue shift Binding
A\ (nm) constant
(nm) Kp (M)
x10*
(L)Fe 437 1 0.12
(LyFe 323 1 4.15
(L)Fe-phen 505 1 0.15
(Ly)Fe-phen 509 1 1.03
(L)Fe-bipy 508 1 0.09
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(Ly)Fe-bipy 521 2 1.16
(LRu 215 3 5.99
(L)Ru 322 1 1.66
(L)Ru-phen 323 1 0.72
(Ly)Ru-phen 263 1 4.09
(L)Ru-bipy 288 1 0.97
(Ly)Ru-bipy 287 1 9.04

®Measurements made at different R values, where R = [BSA]/[complex] concentrations of solutions of Fe(lIl)
and Ru(l11) complexes in pH 7.4 in 10% DMSO-buffer solutions.
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Fig.1. Absorption spectra of complex (a) (L)Ru-bipy and (b) (L;)Fe-bipy (1.0 x 10 M), in Tris=HCI buffer pH 7.4 in the absence (R = 0) and
presence (R =0.1, 0.2, 0.3, ...0.8) of increasing amounts of DNA. R = [BSA]/[complex].

Arrow mark indicates the absorbance changes upon increasing DNA concentration and binding constant plot

4.2. Fluorescence studies
In order to confirm the interaction between Ru(lll) complexes and BSA, luminescence titrations are also

carried out for the same sample solutions. The emission titration results show that the emission intensity of the Ru(l1)
complexes is quenched with slight blue shift, 5-6 nm, in the presence of BSA. As a sample, results of the emission
titration of complex la with BSA are illustrated in Fig. 2. Luminescence quenching refers to any process with a
decrease of the luminescence intensity from a fluorophore due to a variety of molecular interactions*’. These excited
state reactions include molecular rearrangements, energy and electron transfer, ground state complex formation, and
collisional quenching. Quenching can occur by different mechanisms, which are usually classified as dynamic and
static quenching, revealed that the interaction of Ru(l11) complexes with BSA is stronger binding constant. From these
results, we can conclude that the quenching of the luminescence intensity of Ru(lll) complexes is due to the interaction
between Ru(l11) complexes and BSA.
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Fig.2. Emission spectra of complex BSA (1x10™* M) in the presence of various concentrations of (a) (L)Ru-bipy and (b) (L)Ru-bipy: (0, 10, 20, 30,
40, 50, 60,) uM, respectively. Excitation maximum = 285 nm.
4.2. CD studies

CD measurements provide insights about folding and unfolding of serum albumins induced by the ligand
binding interactions. It has been found that binding to BSA causes a reduction of a-helix of the protein secondary
structure from 68.4% (free BSA) to 67.55% ((L) Fe-bipy—-BSA) binding. Such results suggest a partial protein
unfolding for (L) Fe-bipy with BSA binding interactions but no significant conformational changes in the secondary
and tertiary structures have been noted. For serum albumins (10 uM), changes in the CD spectra for the secondary and
tertiary structure have been noted (2 uM) but such changes are much greater for BSA. It has been found that binding to
BSA causes a reduction of a-helix of the protein secondary structure from 68.4% (free BSA) to 64.83% ((L)Ruphen —
BSA) binding.”> Such results suggest a protein folding for (JRu —BSA binding interactions,*® but significant

conformational changes in the secondary and tertiary structures have been noted and shown in Fig.3.
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Fig.3. Circular dichroism spectra of BSA in the absence (r = 0) and in presence of complexes (a) ((L)Ru-phen and (b) (L:)Ru-bipy (r=0
and 0.01); [BSA] =100 uM. Cell path length =1 mm.
4.3. SDS- PAGE- Analysis
The ability of Ru(lll) complexes to cleave BSA in the presence of white fluorescence light at 37 °C for 6 h
was studied and the products was analyzed by 10% SDS-PAGE (Fig. 4). The Ru(lll) showed cleavage activity.
Interestingly, in the case of Ru(l11) complexes one fragment of molecular weight (Mw) 72 kDa was observed in protein
fragment. These experiments clearly demonstrate that Ru(l11) complexes are more active.
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Fig.4. BSA cleavage at 37 °C with incubation for 6 h
Lane M: Marker
Lane 1: (L)Ru-phen 400M
Lane 2: (L)Ru-phen 200M
Lane 3: (L;)Ru-phen 400M
Lane 4: (L;)Ru-phen 20M

4.4. Antibacterial activity

Antibacterial activity of the ligand and its complexes has been carried out against the bacteria strains. A
comparative study of zone of inhibition values of the Schiff base L and L; and thier complexes indicate that the metal
complexes exhibit higher antibacterial activity than the free ligands. It has been observed from the results that the metal
complexes have higher antibacterial activity than free ligands. This is probably due to the greater lipophilic nature of
the complexes. Such increased activity of the metal chelates could be explained on the basis of chelation theory.
According to this concept, the cell favors the passage of only the lipid-soluble materials due to which lipid solubility
are an important factor, which controls the antimicrobial activity. On chelation the polarity of the metal ion will be
reduced to a greater extent due to the overlap of the ligand orbital and partial sharing of the positive charge of the metal
ion with donor groups. Further, it increases the delocalization of m electrons over the whole chelate ring and enhances
lipophilicity of the complexes. This increased lipophilicity enhances the penetration of the complexes into lipid
membranes and blocking of the metal binding sites in the enzymes of microorganisms. These complexes also disturb
the respiration process of the cell, thereby blocking the synthesis of the protein that inhibits the growth of the organism.
Furthermore, the mode of action of the compounds may involve formation of at the C=N group with the active centers
of cell constituents, resulting in an interference (Table.2) and microbial activity shown in Fig.5.

Table.2. Biological screening data for ligand and complexes

Compound Zone of Zone of Zone of Zone of
Inhibition Inhibition Inhibition Inhibition (mm)
(mm) (mm) (mm) neumonia
Staphylococcus aurous Sterptococcus E.Coli

L 10 8 12 11

L1 12 10 15 14

(L)Fe 13 15 14 16

(L1)Fe 14 12 17 18

(L)Fe-phen 15 16 17 18

(L1)Fe-phen 16 14 18 20

(L)Fe-bipy 16 18 19 20
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(L1)Fe-bipy 18 22 24 27
(LRu 12 14 16 15
(L1)Ru 13 15 18 17
(L)Ru-phen 15 11 17 19
(L1)Ru-phen 18 13 19 21
(L)Ru-bipy 13 14 16 20
(L1)Ru-bipy 15 17 18 22
(i)

(i)

Fig.5(i). L and Complexes against the gram positive (a) Staphylococcus aureus (b)  Streptococcus andgram negative(c) Escherichia Coli (d)
Klebsiella pneumonia
Fig.5(ii) L, and complexes against the gram positive (a) Staphylococcus aureus (b)  Streptococcus andgram negative(c) Escherichia Coli
(d) Klebsiella pneumonia
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4.5. Docking studies

The synthetic route used to synthesize title compounds is outlined in Scheme 1. L and L1 prepared by
treatment of corresponding 2-hydroxy aniline / 2-aminothiophenol with 7-hydroxy coumarin in the presence of ethanol.
The structure of synthesized compound was assigned on the basis of their spectral studies. In the present study, we
constructed a protein-ligands complex model with an X-ray crystal structure (PDB code 3F7Z; Fig 6) and the ligands
were observed in crystal complex structures using MMFF94 simulation and by Gasteiger partial charges to gain better
enrichment in virtual screening. Docking simulations were performed using the Lamarckian genetic algorithm (LGA)
and the Solis & Wets local search method (Solis and Wets, 1981). Initial position, orientation, and torsions of the
ligand molecules were set randomly. Each docking experiment was derived from 10 different runs that were set to
terminate after a maximum of 250000 energy evaluations. The population size was set to 150. During the search, a
translational step of 0.2 A, and quaternion and torsion steps of 5 were applied. Interestingly, docking results reveal that
all the compounds inside GSK3-f protein is outlined by different amino acids and the hydrophobic pocket is comprised
of VAL 214 & ILE 228. Small molecules are bound to human serum albumin by four binding modes; Hydrogen bonds,
Van der vaals, electrostatic & hydrophobic interactions. The result gives the total energy of four binding modes & is
shown in table 3. Calculated free energy of binding for compound in the inhibitor binding site (IBS) were -5.15 and -
6.01 kcal/mol in the best pose. The HB plot of the L and L1 show the interaction of protein with the different amino
acid residues. From our results, we presumed that compound L and L1 are anchored in to binding site SER 118 and
THR 157 while the confirmation stability is brought about by other interactions in table 4.44-47

Fig.é. Visualization of the conformation of (a) L and (b) L, (an in built application of Molecular docking server) BSA

V. CONCLUSIONS

In summary, the complexes of Fe(l11) and Ru(lll) have been synthesized and characterized by UV-Vis, IR, NMR, ESI-
Mass, EPR and cyclic voltammetric techniques. The biological interactions between the complexes and CT-DNA and
bovine serum albumin (BSA) have been investigated using spectral techniques. The results obtained collectively that all
the complexes showed strongly interaction with CT-DNA, may be groove binding mode. The interaction
characterization is supported by the following findings:

»  Schiff base ligand and their Ru(l1l),Fe(l11) metal complexes have been synthesized and used for the study.

* The biological interactions between the complexes with bovine serum albumin (BSA) have been investigated

using spectral techniques.

»  The results obtained collectively by all the complexes showed strongly interaction with BSA.
The experimental results exhibited by all the ligands and complexes undertaken for this study against the gram positive
(Staphylococcus aureus,Streptococcus) and gram negative (Escherichia Coli, Klebsiella pneumonia) are very
promising when compared with those of the standards.
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