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ABSTRACT

A new set of Schiff base complexes derived fromiltlamd 1,3-diaminepropane have been synthesizetl an
characterized by infrared (IR), mass and UV-Visigpectral analysis. The spectroscopic data of hostaplexes
indicated that the metal ions are complexed withnagthine nitrogen atoms. The interaction of thetrssized
complexes with CT (Calf - Thymus) DNA was invesjaby utilizing absorption, fluorescence spectopsc
(ethidium bromide displacement assay) Viscosity @mdular dichroic analysis. The obtained resultgygest that
the complexes synthesized bind to DNA via an iaketiwe mode and can quench the fluorescence iityeocEB
bound to DNA. Considerable hypochromicity and réifts were observed in the UV absorption band @& th
synthesized complexes. Binding constanty ¢K DNA with the complexes were calculated to 194 % 16 M™,
3.93 x 10 M and 3.45 x 10M™. and K, 0f 5.82 x 10M™, 4.86 x 16M™* and 4.04 x 10M™.

Keywords: Thenil, 1,3-diaminepropane, DNA binding, Inter¢aia mode, Schiff base.

INTRODUCTION

Cancer is one of the fatal diseases, which claives 6 million people each year worldwide and stitireasing. The
majority of drugs used for the treatment of cartodiay are not ‘cancer cell specific’ and potengyotoxic against
normal cells. So, the most rapidly developing asé@harmaceutical research is the discovery of dewgs for
cancer today. To date, cisplatin is consideredembe of the most effective and widely used antieamrugs.
Second generation platinum drugs including cisplatid oxaliplatin have been developed for clinagaplication
[1]. The efficacy of these drugs, including cisplatowever, is reduced by increasing tumor rest#aand in the
case of cisplatin, high toxicity. This in turn affe the administration of the drugs [2]. Hence, erefficacious,
target-specific, less-toxic and non-covalently DRifvding cytotoxic drugs are required to be devetbpeis well-
known that the modes of DNA non-covalent interactigth transition-metal complexes include electatisteffect,
groove binding and intercalation. Both the plawyaot ligand and the coordination geometry of theah@n play
important roles in deciding the intercalating dbilbf complexes to DNA [3-5]. With this aim, severdasses of
metal complexes have been synthesized using valigarsds and metal ions, and their anticancer &gthas been
successfully evaluated both in vitro and in vivan@ng the non-platinum complexes for metal basedolieerapy,
copper, nickel and zinc complexes have been mugloed due to the fact that all the metals are dssential
elements responsible for numerous bioactivitielfving organism. Transition metals of Cu(ll) ionagbk a vital role
for the development of connective tissue, nerveedogs and bone in humans. It acts as a redugtahtienzymes
superoxide dismutase, cytochrome oxidase, lysilasé, dopamine hydroxylase and several other ecsdabich
reduce molecular oxygen. In biological systemss #lso a substantial catalytic co—factor for d@etsirof metabolic
reactions, electron transfer and oxygen transpoitems such as azurin, plastocyanin, laccase antbbyanin [6].
Nickel is present in the active sites of severgbantant classes of metalloproteins, as either addimuclear or a

105



S. Damodar Kumar et al J. Chem. Pharm. Res,, 2015, 7(11):105-116

heterodinuclear species [7]. Zinc is also one efd¢hsential metal ions for the growth and repaoufbody tissues
and it serves an important structural role in DNAding proteins and stabilizing the acceptable inigdites [8].

DNA is an important drug target and it regulatesyynhiochemical processes that occur in the cellsyatem. The
different loci present in the DNA are involved imrious regulatory processes such as gene expreggoe
transcription, mutageneis, carcinogenesis, etd [@hsition metal complexes bind to DNA by both dewh and
non-covalent interactions. Covalent binding invehide coordination of the nitrogenous base or thesphate
moiety of the DNA to the central metal ion and igsgible in complexes where the metal is coordiestiv
unsaturated or is coordinated to substitutionallyile ligands. The three different non-covalentdbig modes are
intercalation, which involves the stacking of theletule between the base pairs of DNA, groove bigpdwhich
comprises the insertion of the molecule into th¢omar minor grooves of DNA and electrostatic otegral surface
binding. Upon binding to DNA, the small molecules atabilized through a series of weak interactigunsh ast-
stacking interactions of aromatic heterocyclic grobetween the base pairs (intercalation), hydrdigewling and
van der Waals interactions of functional groupsrbalong the groove of the DNA helix [10]. The kimgl mode
and strength are sensitively dependent on the sipdgoear area, size and electron density of therating aromatic
rings. So, a systematic study of the influencearf/ing parameters on the interaction of metal cexgd with DNA
would be valuable in the rational design of newgdrand therapeutic reagents targeted to DNA, aischibssible to
systematically vary parameters of interest by ciranthe properties of the intercalating groups 181-

Recently, our group has continuously been intedesténtroducing the new schiff base complexes gfsistems.
For examples, we have reported the synthesis, DMAilg of N, containing Schiff base Cu(ll) ,Ni(ll), zZn(ll)
complexes [14,15]. Here in, we report the synthesigctral characterization and DNA binding adegtof new
schiff base ligand and their respective coppeketiand Zinc(ll) complexes.

EXPERIMENTAL SECTION

Chemicals and methods:

Thenil, metal chlorides and 1,3-diaminepropane piarshased from Aldrich. The CT - DNA was purchafean
Bangalore Genei (India). Elemental analysis wasndsx on a Carlo Erba model 1106 elemental analyEg@rIR
spectra were obtained from Perkin Elmer FTIR spactiter with the samples prepared as KBr pellets-\sible
spectra were recorded using Perkin Elmer Lambdap@strophotometer operating in the range of 2006100
with quartz cells and values are expressed inMm*. The emission spectra were recorded on a PerkireiELS-
45 fluorescence spectrometer. Mass spectral asalyas performed in Q-TOF Mass Spectrometer. Visgosi
measurements were recorded using a Brookfield Brograble LV DVII+ viscometer. Tris (hydroxymethyl)
aminomethane—HCI (Tris—HCI) buffer solution waspaeed by using deionized and sonicated triplelitidtivater.

General procedurefor the synthesis of compounds:

Synthesis of theligand:

A methanolic solution (20 mL) of thenil (0.002 m6l270 gm) was slowly added to a methanolic safufR0 mL)
of 1,3-diaminepropane (1 gm, 0.0054 mol) with cansstirring as shown in Scheme 1. This reactioxtung was
stirred for 6 h, and then refluxed for 8 h on watath. Removal of solvent at reduced pressure taverude
product. The product was washed twice with die#filier and recrystallized from chloroform.

e
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Scheme 1: Synthesis of Schiff base Ligand

All complexes were synthesized using the same plioeeas given below:

A methanolic solution (20 mL) of ligand tL(1.0 gm, 0.0020 mol) was added slowly to an eqlémamount of
appropriate metal chloride salts in methanol (20 milth constant stirring. The mixture was stirred & h, and the
reaction was carried out for 6 h under reflux agesented in Scheme 2. After cooling the reactiotiure to room
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temperature, the resulting product was washed digthyl ether and dried in vacuo. Finally the coexgls were
washed with petroleum ether and dried in vacuunitdars over anhydrous CaCl

/ /
: > M (I1) Chlorides : N\ / ;
Methanol

M = Cu(l1), Ni(l1) and Zn (I1).

Scheme 2: Synthesis of Schiff base Ligand (L) and their respective metal complexes

DNA binding experiments.

Absor ption spectra:

Absorption spectra were recorded on Perkin Elmanhda 35 spectrophotometer operating in the rang206f
1000 nm with quartz cellsAbsorption titrations were performed by keeping tmmcentration of the complexes
constant (4QuM), and by varying [CT DNA] from DNA (0, 40, 80, 02160, 200, 300 and 400) mM.. For the
complexes the binding constantsp(Khave been determined from the spectroscopiatittn data using the
following equation:

[DNAY/ (&a- &) = [DNAJ/ (e - &) + 1/Ks (eo - &) (1)

Whereg, is the extinction coefficient observed for the rgeatransfer absorption at a given DNA concentratip
the extinction coefficient at the complex free wlution, g, the extinction coefficient of the complex whenlyul
bound to DNA, K the equilibrium binding constant, and [DNA] thencentration in nucleotides. A plot of [DNA]/
(sa - &) versus [DNA] gives I as the ratio of the slope to the intercept. The-limear least square analysis was
performed using Origin lab, version 6.1 [16].

Fluor escence spectr oscopy

The relative bindings of complexes to CT-DNA wetedsed with an EB-bound CT-DNA solution in 5 mM 3+
HCI/50 mM NacCl buffer (pH=7.2). The fluorescence=sppa were recorded at room temperature with eimitaat
530 nm and emission at about 612 nm. The expersnante carried out by titrating complexes into EBHD
solution containing 5xI8M EB and 5x10°M CT-DNA. Quenching of the fluorescence of EthBrubd to DNA
were measured with increasing amount of metal cexed as a second molecule and Stern—Volmer quenchin
constant K, was obtained from the following equation: (2)

I/I=1 + Ky, (2

Where }, is the ratio of fluorescence intensities of thenplex alone, | is the ratio of fluorescence inites of the
complex in the presence of CT-DNA. Ksv is a lin8&rn — Volmer quenching constant and r is the m@itthe total
concentration of quencher to that of DNA, [M]/ [BIN A plot of Iy / | vs. [complex]/ [DNA], K, is given by the
ratio of the slope to the intercept. The apparémlibg constant (i) was calculated using the equatiorglcB] /

Kapdcomplex], where the complex concentration wasviiee at a 50% reduction of the fluorescence ittt

EB and kg = 1.0 x 16 M™ ([EB] = 3.3uM) [17].

Viscosity measur ements

Viscosity experiments were carried out at 3C.at 0.°C. CT-DNA samples of approximately 0.5mM were
prepared by sonicating in order to minimize compiex arising from CT-DNA flexibility and by varym the
concentration of the complexes (0.01 mM, 0.02 mM30nM, 0.04 mM, 0.05 mM) [18]. Flow time was meiesli
with a digital stopwatch three times for each sanaid an average flow time was calculated. Date wezsented
as fy/mo) versus binding ratio of concentration of comptexthat of concentration of CT-DNA , whergis the
viscosity of DNA in the presence of complex ayudis the viscosity of DNA alone.
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CD spectrophotometric studies

The CD spectra of CT-DNA in the presence or absericgomplex were collected in Tris—HCI buffer (pH2y
containing 50 mM NaCl at room temperature. The spewere recorded in the region of 220-320 nm fa® 2V
DNA in the presence of 100M of the complexes. Each CD spectrum was colleeféel averaging over at least
three accumulations using a scan speed of 100 nm amid a 1 s response time. Machine plus cuvette leese
and CD contribution by the CT-DNA and Tris buffeerg subtracted and the resultant spectrum zeroethb0
outside the absorption bands. Circular dichroicspeof CT DNA in the presence and absence of noetalplexes

were obtained by using a JASCO J-715 spectropodeimequipped with a Peltier temperature contrelageat 25
+ 0.1 °C with a 0.1 cm path length cuvette.

RESULTS

FT-IR spectral analysis

The IR spectra of metal complexes are like to eattier, except for slight shifts and intensity ches@f few
vibration peaks caused by different metal(ll) ionhjch indicate that the complexes have similancttrre. Fig. 1
and 2 shows FT-IR spectra of and the complexes. In order to study the bondingerof Schiff base ligand'lto

the metal complexes, the IR spectrum of the frgand is compared with the spectra of the comple&esharp
band at 1644 cm-1 in the IR spectrum of the Sdfiffe ligand (CH=N) shifts downward by about 162615 cnt

in all the complexes indicating coordination thrbuazomethine nitrogen. The unaltered position efdisaaround
2650 cm-1 due to SH moiety of the thenil in all thetal complexes indicates that these groups argnwvalved in

coordination. Additional support for the formatiofi the complexes were provided by the existenceneflium
intensity bands in the region 460 - 480 tassigned to the M-N [19]

e~
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Fig. 1 FT-IR spectrum of the Schiff base ligand (L %)
M ass spectra.

The molecular ion peak [Nl at m/z = 524 confirms the molecular weight of timacrocyclic Schiff base ligand
CoeHoeN4Ss. The peaks at m/z = 386, 248, 192, 108 and 54esponds to the various fragmentgHGeN4S,,
C14H24N4, CoH16N4 and GHLN, respectively as shown in Fig.3. This confirmstimecular structure of the ligand.

The molecular ion peak [Nl at m/z = 588 confirms the molecular weight of thacroacyclic Schiff base Cu(ll)
complex GgHogN4S,Cu. The peaks at m/z = 501, 450, 386, 312, 281, &%b 129 corresponds to the various
fragments GoHoeN4S,Cu, G4H24N4,Cu and GoH1eN4Cu respectively as shown in Fig.4 and Fig. S1 ahdThe
molecular ion peak [M at m/z = 590 and 583, confirms the molecular \weigf the macroacyclic Schiff base

Zn(ll) and Ni(ll) complex G4H,0N4S;M [M = Zn and Ni]. The type of fragmentation obsedvin Zn(ll) and Ni(ll)
complex was similar with that of the Cu(ll) complex
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Fig. 2 FT-IR spectrum of the Schiff base Copper complex
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Fig. 3 Mass spectrum of Schiff baseligand (L?)

Electronic spectral analysis of the metal complexes

The electronic spectra provide quick and reliabferimation in the evaluation of results furnishgdother methods

of structural investigations like FT-IR and Mass&poscopy about the ligand arrangements in tiansinetal
complexes. The electronic absorption spectra ofstirehesized schiff base ligand and their respeatomplexes
were recorded in acetonitrile solution in the ran§@00 - 800 nm regions. The electronic spectrtheffree Schiff
base ligand (1) exhibited two characteristic bands around 272amah 348 nm as shown in Figure 5 (a). The band
present in the region 270 nm are assigned to igamad 7-7* transition while the band at 350 nm is assigrethe

n- «* transition which is characteristic of azomethif@=N) function of the schiff base [20]. The speabfathe
mononuclear Cu(ll) and Ni(Il) complex showed absiorp bands at 425 and 630 nm which could be ateibtio

the zBlg — ZAlg andZBlg — ZEg transitions characterized Cu(ll) ion in a squalaexar geometry. The electronic
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spectrum of Ni(ll) complex exhibited two d-d baratsund 450 nm and 680 nm (Figure 5 b) corresp(gntdiﬁAlg
— 'Aygand 'Ay;— 'Bygrevealing the square planar geometry [21].
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Fig. 4 ESI-Mass spectrum of Cu(l1) complex
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(a) Electronic spectra of the Ligand (L1) (b) Electronic spectra of Cu(Il) and Ni(II)

Fig. 5 Electronic spectrum of the (a) ligand (L), (b) Cu(ll) and Ni(l1) complexes

DNA binding experiments

Absor ption spectral studies

Electronic absorption spectroscopy is universalfgplyed to determine the binding characteristicsnudtal
complex with DNA. The absorption spectrum of thenptexes in absence and presence of CT-DNA are slmwn
Fig. 6 and Fig S3 and S4. When an incremental curatéon of CT-DNA solution was added to a fixed
concentration of the metal complexes solution (20m# decrease in absorption intensities (hypochsomiof
LMCT band at 340 nm and hyperchromism at 270 nrh wislight red shift was observed. The coupfingrbital
was partially filled by electrons, thus decreasithge transition probabilities and concurrently résgl in
hypochromism [22]. Hypochromism and bathochroisragsally observed when a complex binds to DNA thiou
intercalation as a consequence of strong stakitegaotion between an aromatic chromophore and e pais of
DNA. The extent of the hypochromism commonly refieihie intercalative binding strength [23].0n thieen hand,
according to the literature report, hypochromismlidates a strong interaction between the electrstates of the
chromophore and that of DNA bases. Since the dserathe strength of the electronic interactiomxpected as
cube of the distance between the chromophore an®MA bases [24]. The observed large hypochromismur
experiment strongly suggests a close adjacencgraptex to the DNA bases.

In order to affirm quantitatively the affinity ofi¢ complex bound to DNA, the intrinsic binding camgs K of the
complex with DNA was obtained by monitoring the ghes in absorbance at 277 nm for the title complith
increasing concentration of DNA as shown in indefigh6. The K, values obtained for the synthesized complexes
are as f(()jIIOV\gs: for Cu(ll) complex, (ii) for Ni(ligomplex 5.01 x 10M™, 3.93 x 18 M and for Zn (I1) complex is
3.45x10M™.
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Fig. 6 Absor ption spectra of complex Cu(l1) (1x 10°M ) in the absence and presence of increasing amounts of CT-DNA (0-25x 10°M )
at room temperaturein 50 mM Tris-HCI / NaCl buffer (pH = 7.5). The Inset showsthe plotsof [DNA] / (ex-€r) versus [DNA] for the
titration of DNA with Cu(ll), Ni(I1) and Zn(Il) complexes

Fluor escence spectral studies

The fluorescence spectroscopy technique is anteffemethod to study metal interaction with DNA.hEium
bromide (EB) is one of the most sensitive fluoreseeprobes that can bind with DNA [25]. EB does fhatresce,
but the emission intensity of EB in the presencBNA is greatly enhanced, due to strong intercafabietween the
adjacent DNA base pairs. It was previously repotited this enhanced fluorescence can be quenchiegsh partly,
by the addition of a second molecule [26]. Theerkbf fluorescence quenching of EB bound to DNAtikzed

to determine the extent of binding between the s&cnolecule and DNA. In our experiments, as degiateFig. 7
for complexes the fluorescence intensity of EB shawremarkable decreasing trend with the increasing
concentration of the complexes, indicating that ediB molecules are released from EB-DNA complegradin
exchange with the complexes synthesized which tréstie fluorescence quenching of EB. This maylbe either

to the metal complex competing with EB for the D¥#ding sites thus displacing the EB (whose fluceese is
enhanced upon DNA binding) or it should be a marectl quenching interaction on the DNA itself. Tévent of
guenching of the fluorescence of ethidium bromidera to DNA would reflect the extent of DNA binding the
complexes. The quenching plots (insets of respedtig. 7) illustrate that the fluorescence quengluhEB bound

to DNA by the synthesized complexes is in lineareagient with the Stern—Volmer relationship, which
corroborates that the two complexes bind to DNAe &pparent binding constants,{i have been estimated as for
Cu(ll) complex is 5.82 x oM™, for Ni(Il) complex is 4.86 x 170M™ and for Zn(Il) complex is4.04 x 3o/
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Fig. 7 Emission spectrum of EB bound to DNA in the presence of Cu(l1): ([EB] = 3.3 uM, [DNA] =40 pM, [complex] = 0-25 uM, hex=
440 nm). I nset showsthe plots of emission intensity 1,/ 1 vs[DNA] / [complex] for thetitration of DNA with Cu(ll), Ni(l1) and Zn(l1)
complexes

111



S. Damodar Kumar et al J. Chem. Pharm. Res,, 2015, 7(11):105-116

Viscosity measur ements

Furthermore, the interactions between the complexas DNA were investigated by viscosity measurement
Optical photophysical probes provided necessaryt, maot sufficient clues to support a binding model.
Hydrodynamic measurements that were sensitivenigttechange (i.e., viscosity and sedimentation)ewegarded
as the least ambiguous and the most critical wfstinding mode in solution in the absence of alsgraphic
structural data [27]. A classical intercalation rea@ésulted in the lengthening of the DNA helix s base pairs
were separated to accommodate the binding compldirig to an increase in DNA viscosity. In contraspartial
and/or non-classical intercalation could bind (ankk the DNA helix and reduce its effective lengémd,
concomitantly, its viscosity. [28]. The effect afcreasing concentrations of com plexes 1 and zherspecific
relative viscosity of DNA is shown in  Fig. 8h@ relative viscosity of DNA increases steadilyhaah increase in
the concentration of the complexes and this rgsaittllels the pronounced absorbance hypochromisinwas
observed for the complexes and further confirmgr thdercalative mode of binding. The results suggthat
complex partial intercalate between the base pAIEENA, which is consistent with our foregoing hypesis.

1.4=—
1.2
1.0

=~ 0.6=
0.4

0.2=—

L L | |
1.0 1.2 1.4 1.6 1.8
[Complex] / [DNA]

Fig. 8 Viscosity measurements of the Cu(l1), Ni(Il) and Zn(l1) complexes

Ag/M-Tem-!

220 240 260 280 300 320
Wavelength (nm)

Fig. 9 CD spectrarecorded over the wavelength range 220-320 nm for solutions containing 2:1 ratio of CT-DNA (200 uM) and Cu(ll),
Ni(I1) and Zn(11) complexes (100 pM)
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Circular Dichroism

Circular dichroic spectral techniques may give ssful information on how the conformation of the Bidhain is
influenced by the bound complex. The CD spectruf@BfDNA consists of a positive band at 275 nm ttat be
due to base stacking and a negative band at 24thatnocan be due to helicity and it is also charéstie of DNA in
a right-handed B form [29]. CD spectra of CT-DNAthre UV region show a distinct change in the sgédtand
corresponding to the B-DNA conformation (Fig. 9heTobserved decrease in the positive DNA dichriginad is
likely due to a transition from the extended nuclgtid double helix to the more denatured strudis@é It should
be noted that hydrophobic base stacking in oligeneard polymers results in close contacts and Ccuitom
interactions that give rise to intense CD bandsesmonding to each base transition [31]. Therefloeentercalated
complexes which disrupt interactions between DNA&dsaand weaken base stacking should induce a dedrethe
intensities of CD bands. It should be noted thghiBcant reductions in molar ellipticity in theegative band (245
nm) when complexes are present are related toldézsition and helix unwinding [32]. The resultsggest that
complex partial intercalate between the base pAIEENA, which is consistent with our foregoing hypesis.

CONCLUSION

Taken together, three new schiff base complexese hasen synthesized and characterized using various
spectroscopic techniques like IR, mass and absorpipectroscopy. In this work, we explored the inigd
interaction of the synthesized Cu(ll), Ni(ll) and(@) complexes with CT-DNA in physiological buffeising UV—

Vis and fluorescence spectroscopic techniques. ififeecalative binding of mentioned complex with DN#as
deduced by taking account of relevant UV-Vis abSompspectra, circular dichroism, fluorescence speand
viscosity measurements.

Abbreviations

DNA - Deoxyribose nucleic acid
CT - Calf Thymus DNA
Cu - Copper
Ni - Nickel
Zn - Zinc
Tris-HCI -Tris(hydroxymethyl)aminomethane
EB - Ethidium Bromide
CD - Circular Dichroism
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SUPPLEMENTARY FIGURES
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Fig. S1 Mass spectrum of Ni(Il) complex
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Fig. S2 Mass spectrum of Zn(I1) complex
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Fig. S3 Absor ption spectra of complexes Ni(l11), (1x 10° M ) in the absence and presence of increasing amounts of CT-DNA (0-2.5 x 10°
M ) at room temperaturein 50 mM Tris-HCI / NaCl buffer (pH = 7.5)
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Fig. S4 Absor ption spectra of complexes Zn(l1), (1x 10° M ) in the absence and presence of increasing amounts of CT-DNA (0-2.5 x 10°®
M ) at room temperaturein 50 mM Tris-HCI / NaCl buffer (pH = 7.5)
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Fig. S5 Emission spectrum of EB bound to DNA in the presence of Ni(l1); ((EB] = 3.3 uM, [DNA] = 40 uM, [complex] = 0-25 pM, A= 440

nm)
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Fig. S6 Emission spectrum of EB bound to DNA in the presence of Zn(l1); ([EB] = 3.3 uM, [DNA] =40 uM, [complex] = 0-25 pM, he=

440 nm)

116



