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Abstract: Several mixed ligand Cu(l1)/Zn(I1) complexes using 3-(phenylimi-
no)-1,3-dihydro-2H-indol-2-one (obtained by the condensation of isatin and
aniline) as the primary ligand and 1,10-phenanthroline (phen)/2,2’-bipyridine
(bpy) as an additiona ligand were synthesized and characterized analytically and
spectroscopically by elemental analyses, magnetic susceptibility and molar
conductance measurements, as well as by UV-Vis, IR, NMR and FAB mass
spectroscopy. The interaction of the complexes with calf thymus (CT) DNA
was studied using absorption spectra, cyclic voltammetric and viscosity mea-
surements. They exhibit absorption hypochromicity, and the specific viscosity
increased during the binding of the complexes to calf thymus DNA. The shiftsin
the oxidation—reduction potential and changes in peak current on addition of
DNA were shown by CV measurements. The Cu(ll)/Zn(I1) complexes were
found to promote cleavage of pUC19 DNA from the supercoiled form | to the
open circular form Il and linear form I1l. The complexes show enhanced
antifungal and antibacterial activities compared with the free ligand.

Keywords. 1,10-phenanthroline/2,2'-bipyridine; Cu(ll) and Zn(Il) complexes; an-
timicrobial activity; DNA binding and cleavage.

INTRODUCTION

The therapeutic and diagnostic properties of transition metal complexes have
attracted considerable attention leading to their application in many areas of mo-
dern medicine.l Many coordination compounds of transition metal ions accom-
plish nucleolytic cleavage.2 In this regard, mixed-ligand metal complexes were
found to be particularly useful because of their potential to bind DNA via a
multitude of interactions and to cleave the duplex by virtue of their intrinsic che-
mical, electrochemical, and photochemical reactivities.338 A recent study on the
incorporation of good intercalators, such as phen (1,10-phenanthroline), bpy
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774 RAMAN and SOBHA

(2,2’ -bipyridine), etc. found high affinity between DNA base pairs and their pla-
nar structure through stacking interaction.® A singular advantage in the use of
these metallo-intercalators for such studies is that the ligands or the metal ion in
them can be varied in an easily controlled manner to facilitate individual appli-
cations. 1011 Although DNA interactions of number of mixed-ligand complexes
previously appeared in the literature, there is still scope to design and study
isatin-based Schiff base containing 1,10-phenantroline/2,2’-bipyridine with the
Cu(ll) and Zn(Il) as new chemical nucleases. Bearing these facts in mind, the
nuclease activity of mixed-ligand complexes of Cu(ll) and Zn(ll) containing
1,10-phenantroline/2,2’ -bipyridine is reported herein. DNA binding was also re-
searched. Hence, the present study is very valuable in understanding the mode of
complex binding to DNA, as well as laying the foundation for the rational design
of DNA structure probes and antitumor drugs.

EXPERIMENTAL

All chemicals used in the present work, viz, isatin, aniline, 1,10-phenanthroline, 2,2’ -bi-
pyridine and copper and zinc chlorides were of analytical reagent grade (produced by Merck,
Germany). Commercial solvents were distilled and then used for the preparation of the ligand
and its complexes. CT DNA and pUC19 DNA was purchased from Bangalore Genel (India).
Microanalyses (C, H and N) were performed using a Carlo Erba 1108 analyzer at the sophis-
ticated analytical instrument facility (SAIF), Central Drug Research Institute (CDRI), Luck-
now, India. Molar conductivities in DMSO (102 mol/dm3) at room temperature were mea-
sured using a Systronic model-304 digital conductivity meter. Magnetic susceptibility measu-
rements of the complexes were realized by a Gouy balance using copper sulfate pentahydrate
as the calibrant. The IR spectra were recorded on a Perkin—Elmer 783 spectrophotometer in
the 4000400 cm range using KBr pellets. The NMR spectra were recorded on a Bruker
Avance Dry 300 FT-NMR spectrometer in DM SO-dg with TMS as the internal reference. The
FAB-MS spectra were recorded using a VGZAB-HS spectrometer at room temperature in a
3-nitrobenzy! acohol matrix. Electron paramagnetic resonance spectra (EPR) of the mixed
ligand complexes of copper(l1) were recorded on a Varian E 112 EPR spectrometer in DM SO
solution both at room temperature and liquid nitrogen temperature (77 K) using TCNE (tet-
racyanoethylene) as the g-marker. The absorption spectra were recorded using a Shimadzu
model UV-1601 spectrophotometer at room temperature. Electrochemical studies were rea-
lized using a CHI Electrochemical analyzer, controlled by CHI620C software. The CV mea
surements were performed using a glassy carbon working electrode and an Ag/AgCl reference
electrode (al potentials refer to this reference electrode) and the supporting electrolyte was 50
mmol/L NaCl-5 mmol/L Tris-HCI buffer (pH 7.2). All solutions were deoxygenated by purging
with N, for 30 min prior to the measurements.

Preparation of ligand (L)

The Schiff base was synthesized according to a literature procedure.’2 A methanolic so-
lution of aniline (0.040 mol, 3.65 mL) was added to a methanolic solution (25 mL) of isatin
(0.040 moal, 5.8 g) and the reaction mixture was refluxed for ca. 6 h. The end of the reaction
was monitored by TLC. In this technique, a small quantity of a solution of the Schiff base to
be analyzed was deposited as a small spot on a TLC plate which had a thin layer of silica gel
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BIOLOGICALLY ACTIVE Cu(ll) AND Zn(ll) COMPLEXES 775

(SIO,) coated on aglass plate as the absorbent. It was used as the stationary phase and the mo-
bile phase was toluene:ethanol (9:1). The observed R; value was 0.68.

The formed yellowish orange product (L) was filtered and washed with methanol and
dried in vacuo. Yield: 86 %. The preparation of the Schiff base is schematically presented in

Fig. 1.
H
N
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(o] Reflux, 6 h
Methanol

-

Synthesis of the [ML(Phen),] Cl./[ML(bpy),] Cl,, complexes

The complexes were prepared by mixing the appropriate molar quantities of the ligand
and the metal salts using the following procedure. A methanolic solution of Schiff base
(0.0030 mol) was stirred with a methanolic solution (5 mL) of the required anhydrous me-
tal(I1) chloride (0.0030 mol) for ca.1 h. To the above mixture, a methanolic solution (5 mL) of
1,10-phenanthroline (phen)/2,2'-bipyridine (bpy) (0.0060 mol) was added in a 1:1:2 molar
ratio and the stirring was continued for ca. 1 h. The obtained solid product was filtered and
washed with methanol.
DNA binding experiments

The interactions between the metal complexes and DNA were studied using electroche-
mical and electronic absorption methods. The disodium salt of calf thymus DNA was stored at
4 °C. A solution of DNA in the buffer 50 mmol/L NaCl-5 mmol/L Tris-HCI (pH 7.2) in water
gave aratio 1.9 of the UV absorbance at 260 and 280 nm, Aygo/Aog, indicating that the DNA
was sufficiently free from protein.13 The concentration of DNA was measured using its ex-
tinction coefficient at 260 nm (6600 mol-1 L cm1) after a 1:100 dilution. Stock solutions were
stored at 4 °C and used no more than 4 days. Doubly distilled water was used to prepare the
solutions. Concentrated stock solutions of the complexes were prepared by dissolving the
complexes in DM SO and diluting suitably with the corresponding buffer to the required con-
centration for al the experiments. The data were then fitted to Eq. (1) to obtain the intrinsic
binding constant (Ky,) values for the interaction of the complexes with DNA:

[DNA]/(eq— &) = [DNA]/(ep — &) + LKp(ep — &) 1)
where g, ¢, and g, are the apparent, free and bound metal complex extinction coefficients,
respectively. A plot of [DNA]/(e, — &) vs. [DNA] gave a slope of 1/(ep, — &) and a y-intercept
equal to [Ky/(ep — )] thus, Ky, is the ratio of the slope to the y-intercept. Viscosity mea-

Fig. 1. Synthesis of the Schiff base.
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776 RAMAN and SOBHA

surements at room temperature were performed using a semi-micro dilution capillary visco-
meter. Each experiment was performed three times and an average flow time was cal cul ated.
The data are presented as (7/75)Y3 vs. the binding ratio, where 7 is the viscosity of a DNA
solution in the presence of a complex and 77y is the viscosity of DNA in solution alone.
pUC19 DNA cleavage study

The cleavage of pUC19 DNA was determined by agarose gel electrophoresis. The gel-
-electrophoresis experiments were performed by incubation of the samples containing 30
umol/L pUC19 DNA, 50 pmol/L copper complex and 50 umol/L hydrogen peroxide (H50,)
in Tris-HCI/NaCl buffer (pH 7.2) at 37 °C for 2 h. After incubation, the samples were elec-
trophoresed for 2 h at 50 V on 1 % agarose gel using Tris-acetic acid-EDTA buffer (pH 7.2).
The gel was then stained using 1 ug cm3 ethidium bromide (EB) and photographed under 360
nm ultraviolet light. All experiments were performed at room temperature unless otherwise
stated.
Antimicrobial activity studies

The in vitro antibacterial activity of the ligand and its complexes were tested against the
bacteria Saphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Saphylococcus
epidermidis, Klebsiella pneumoniae by the paper disc method using nutrient agar as the me-
dium. The antifungal activity was evaluated by the paper disc method against the fungi As-
pergillus niger, Fusarium solani, Culvularia lunata, Rhizoctonia bataticola and Candida albi-
cans cultured on potato dextrose agar medium. Streptomycin and nystatin were used as stan-
dards for bacteria and fungi, respectively. A stock solution (102 mol L1) was prepared by
dissolving the compound in DM SO and the solution was serially diluted in order to find the
minimum inhibitory concentration (MIC) value. Test extract loaded discs inoculated with mic-
roorganisms were incubated at 30 °C for 24 h for the bacteria and 72 h for fungi. During the
incubation period, the test solution diffused and the growth of the inoculated microorganisms
was affected. The concentration at which an inhibition zone devel oped was noted.

RESULTS AND DISCUSSION

The ligand (L) and the mixed ligand complexes containing L and phen/bpy
were stablein air. L is soluble in common organic solvents but the complexes are
soluble only in DMF and DM SO. Elemental analyses of L and the complexes
were in agreement with the assigned formula. The higher molar conductance va
lues of the complexes in DMSO show their electrolytic nature. The elemental
analysis and FAB-mass data, together with other properties, are givenin Tablel.

Mass spectra

The FAB-mass spectra of L and its complexes having phen were recorded
and the obtained molecular ion peaks confirmed the proposed formulae. The mass
spectrum of L (C14H10N20) exhibited peaks at 222 (M*), 223 (M+1) and 224
(M+2) with 68, 100 and 49 % abundances, respectively. The most abundant peak
a m/z 223 represents the molecular ion peak of L. The mass spectrum of the
copper complex [CuC3gH2gNgO]Cl2 showed peaks at 717 (M*), 718 (M+1), 719
(M+2 ) with 8.7, 9.2 and 9.9 % abundances, respectively. The most abundant
peak at m/z 719 represents the molecular ion peak of the complex and the other
peaks are isotopic species. In addition, the spectrum exhibited fragments at m/z
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BIOLOGICALLY ACTIVE Cu(ll) AND Zn(ll) COMPLEXES 777

180 and 77, which represent phen and phenyl moieties, respectively. The m/z of
al the fragments of L and the mixed ligand complexes, together with the relative
intensities confirmed the stoichiometry of the complexes to be of the type
[ML (phen)2/(bpy)2]Clo (where L = isatin-based Schiff base).The structural for-
mulas of the complexes are shown in Fig. 2. Thus, the mass spectral data rein-
forced the conclusion drawn from the analytical and conductance values.

TABLE |. Physical and analytical data of the synthesized Schiff base and its complexes

Compound Yield Color Found (Calcd.), % Ay
% M C H N MW g cm molt et/ He
L 86 Yelowish - 727 50 141 2220 - -
orange (72.9) (5.0) (14.9)

[CuL(phen),]Cl, 71 Pale 88 636 36 11.7 7171 1045 1.89
green (85) (63.1) (35) (11.2)

[CuL (bpy),]Cl, 67 Pale 95 610 39 125 669.0 1152 1.86
green  (8.9) (59.2) (3.3) (12.1)

[ZnL(phen),]Cl, 79 Pae 90 634 36 116 7189 102.9 Diamag-

brown (8.7) (59.7) (3.1) (11.4) netic
[ZnL (bpy),]Cl, 83 Pade 97 608 39 125 6709 112.6  Diamag-
brown (9.3) (60.6) (3.8) (12.0) netic

Cl,

Fig. 2. The structural formulas of the complexes a) [ML (phen),]Cl, and
b) [ML(bpy).]Cly; M = Cu(ll) or Zn(ll).

IR Spectra

The IR spectrum of the free ligand (L) showed a broad band around 3257
cm1, which can be attributed to NH stretching vibration of the isatin moiety. The
position of this band remained at nearly the same frequency in spectra of the me-
tal complexes, suggesting the uncoordination of this group. The band at 1763 cnr1
in the spectrum of the free ligand, assigned to vc=p of isatin moiety, shifted to-
wards lower values, around 1719-1710 cmL, in the complexes, indicating the
coordination of the carbonyl oxygen atom of the isatin residue. The C=N stretch-
ing frequency of the Schiff base ligand appears in the region 1613-1608 cm1,
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778 RAMAN and SOBHA

which was shifted towards lower values in all the complexes, indicating the in-
volvement of the —C=N nitrogen in coordination to the central metal ion. All the
complexes showed bands in the regions 1090-1100 and 700-750 cmrL. These
can be assigned to phen/bpy ring —-C-H and —C=N stretching vibrations, respecti-
vely. The appearance of two new bands in the regions 486-472 and 547-533 cm1
in the spectra of the complexes, due to vy_n and v_o stretching vibrations, res-
pectively, also confirmed the formation of metal complexes. The characterigtic IR
dataare presented in Table 1.

TABLE II. IR spectral data (cm™) of the ligand and its complexes

Compound VN-H Vc=0 VeanN VM-N Vm-o0
L 3257 1763 1645 - -

[CuL (phen),]Cl, 3262 1711 1613 472 533
[CuL (bpy),]Cl, 3267 1710 1608 481 536
[ZnL (phen);]Cl, 3068 1717 1611 476 537
[ZnL (bpy),]Cl, 3065 1719 1619 486 547

IH-NMR Spectra

IH-NMR (300 MHz, DMSO-dg, 6 / ppm) spectrum of the Schiff base ex-
hibited the following signals: the signal at 10.92 (1H, s) was assigned to the NH
proton of isatin and the multiplet signal around 6.43-7.10 (4H, m) to aromatic
protons. In addition to these, one singlet peak observed at 7.21 was ascribed to
aniline ring protons. In the 1H-NMR spectra of the Zn(I1) complexes, the protons
of L are shifted downfield due to coordination to the metal ions. The resonance
peaks observed in the spectrum of the [ZnL (phen),] Clo> complex at 7.34—7.40 and
7.81-8.37 were assigned to phen protons and the signals at 7.54—7.73 and 8.23—
—8.37 in the spectrum of [ZnL (bpy)2] Cl> were assigned to bpy protons.

EPR Spectra

The EPR spectra of the copper complexes exhibited an auxiliary symmetric
g-tensor parameters with g > g. >2.0023, indicating that the copper site had a
dxe—dy2 ground state, characteristic of octahedral geometry.14 According to Hath-
away, 15 if the value of G is greater than four, the exchange interaction between
the copper(ll) centersin the solid state is negligible, whereas when G is less than
four, there is considerable exchange interaction from the polypyridyl nitrogen
atom. The G values calculated for the present copper complexes lie within the
range 2.936-3.277, which are consistent with a dy>—dy2 ground state.

Apart from this, the covalency parameters a2 (covalent in-plane o-bonding)
and 2 (covalent in-plane n-bonding) were calculated using a simplified MO theory
and the results are summarized in Table I11.

The a2 and 2 values indicated a greater interaction in the in-plane n-bond-
ing than in the covalent in-plane c-bonding, whereas the in-plane n-bonding is
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BIOLOGICALLY ACTIVE Cu(ll) AND Zn(ll) COMPLEXES 779

almost ionic. The higher value of a2 compared to 42 indicates that the in-plane
c-bonding is more covalent than the in-plane n-bonding. Based on these observa-
tions, a distorted octahedral geometry is proposed for both the copper complexes.

TABLE Il1. The spin Hamiltonian parameters of the copper complexes in DM SO solution at
300 and 77 K

Compound 9| g Ax10'/em® Ax10/emt & F G
[CuL(phen),]Cl, 2232 2071 169.0 660  0.767 0615 32
[CuL (bpy).]Cl, 2351 2072 171.3 64.3 0.724 0518 29

Electronic absorption spectra

The UV—Vis spectra of the copper complexes were recorded in DM SO solu-
tion. They show a d—d band at around 734—737 nm. This band may be assigned
to 2Eq — 2Tq transitions, characteristics for a distorted octahedral structure. In
addition, the complexes exhibited intense bands in the 395-398 nm region, which
are attributed to charge transfer transitions. The intense higher energy bands at
around 272 and 285 nm can be attributed to intra-ligand n—n* transitions. The
copper complexes showed magnetic moment values in the range of 1.87-1.89 g
which indicate the monomeric nature of the complexes. The zinc(ll) complexes
showed bands at 375 and 378.5 nm, assigned to intra-ligand charge transfer tran-
sitions. They are diamagnetic.

Based on the elemental analysis, magnetic moments, mass, EPR spectra,
electronic, IR and H-NMR data, the proposed structures of the complexes are
givenin Fig. 2.

CT-DNA binding studies

Electronic absorption titration. The binding interaction of the metal com-
plexes with DNA was monitored by UV—-Vis spectroscopy. The absorption spec-
tra of the complexes in the presence or without DNA were mutually compared,
which is shown in Fig. 3. In the UV region of the spectra, all the copper com-
plexes exhibited an intense absorption around 395-398 nm and zinc complexes
showed a band at 375-378.5 nm, which are attributed to n—* transitions. With
increasing concentration of DNA, both the copper and zinc complexes showed
hypochromicity and a red-shifted charge transfer peak maxima in the absorption
spectra.

The hypochromicity values of the complexes [CuL(phen)2]Clo,
[CuL (bpy)2]Cl, [ZnL(phen),]Clo and [ZnL (bpy)2]Clo observed in the presence
of DNA were 2.16, 1.08, 1.07 and 1.05 respectively, and their hypsochromic
shifts were 8.6, 4.2 and 4.0, 5.6 nm, respectively. The change in the absorbance
values with increasing amount of DNA was used to evaluate the intrinsic binding
constant Ky, for the present complexes, the values of which are givenin Table V.
The change in hypochromicity may be attributed to the nature of the binding of
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780 RAMAN and SOBHA

the mixed ligand complexes with DNA, which is significant due to n-stacking or
hydrophabic interactions of the aromatic phenyl rings. However, the meta ions
play crucial rolein DNA binding by these complexes. In general, the DNA bind-
ing abilities seem to follow the order: [CuL(phen)2]Cl> > [CuL(bpy)2]Clo >
> [ZnL (bpy)2]Cl2 > [ZnL (phen)2] Clo. The high binding nature of the metal com-
plexes may be due to additional -7 interaction through the aromatic phenyl rings.

¢/Lmol" ¢cm™

Fig. 3. Electronic absorption spec-
trum of [CuL (phen),] in the absence

0 . . . . (dash line) and presence (dark line)
300 350 400 450 so0 Of different concentrations (O to 400
L/nm uM) of DNA.
TABLE V. Electronic absorption spectral properties of the Cu(ll) and Zn(l1) complexes
Amax / M o 5 1 g3
Compound Froo Bound Aldpax | NM H/%  Kyx10”/mol™ dm
[CuL (phen),]Cl, 397.8 389.2 8.6 2.16 5.84
[CuL (bpy),]Cl, 393.2 389.0 4.2 1.08 5.36
[ZnL (phen),]Cl, 375.0 371.0 4.0 1.07 274
[ZnL (bpy),]Cl, 3784 372.8 5.6 1.50 3.34

Viscosity studies. A useful technigue to prove intercalation is viscosity mea-
surements, which are sensitive to change in length of the DNA and are regarded
as the least ambiguous and the most critical tests of binding mode in solution in
the absence of crystallographic structural data or NMR spectra.16 Under appro-
priate conditions, intercalation of drugs, such as ethidium bromide [EB], causes a
significant increase in the viscosity of a DNA solution due to the increase in the
separation of the base pairs of the intercalation sites and hence, result in an in-
crease in the overall DNA contour length, as shown in Fig. 4. On the other hand,
drug molecular binding exclusively in the DNA grooves causes a less pronoun-
ced or no changes in the viscosity of a DNA solution.1’ The viscosity of the
DNA solution increased with increasing ratio of both the copper and zinc com-
plexes to DNA. This result further suggests an intercalating binding mode of the
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BIOLOGICALLY ACTIVE Cu(ll) AND Zn(Il) COMPLEXES 781

complexes with DNA and also parallels the above spectroscopic results, such as
hypochromism and bathochromism of the complexesin the presence of DNA.

0.9 1

Fig.4. Change in the relative viscosity
0.7 4 (17/40)Y3 of CT DNA as a function of r,
the molar ratio of the compound to the
DNA base pairs. The effect of increasing
0.5 4 amounts of ;
[CuL (phen);|Cl> (A),
[CuL (bpy)2]Cl (w),
03 i . i . [ZnL(phen),]Cl, (¢) and

0 0.9 1.8 27 36 [ZnL(bpy)2|Cl2 (e)
r on therelative viscosity of DNA.

/70"

Redox studies. The application of cyclic voltammetry to the studies of the
complexes bound to DNA provides a useful complement to the previously used
investigation methods, i.e., UV-Vis spectroscopy and viscosity measurements.
The cyclic voltammograms of the glassy carbon electrode in solutions containing
[CuL (phen)2] Cl» in the absence and in the presence of varying amounts of DNA
areshownin Fig. 5.

1.40E-04 ~

-1LODE-05 1

—

-1Lo0E-04

1.2 (ljZ -ll..H -1.8
EIV
Fig.5. Cyclic voltammograms of the glassy carbon electrode in solutions containing
[CuL (phen),] Cl, in the absence (dash line) and presence (dark lines) of different
concentrations (0 to 400 uM) of DNA.
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782 RAMAN and SOBHA

In the absence of DNA, the first redox couple cathodic peak appeared at 0.29
V for Cu(lll) — Cu(ll) (Epa =049V, Epc = 0.29 V, AE; = 0.20 V, and By, =
= 0.39 V) and the second redox couple cathodic peak appeared at —0.16 V for
Cu(ll) = Cu(l), (Epa=0.17 V, Epc =-0.16 V, AE, = 0.33 V, and E; = 0.17 V).
The ratio of cathodic to anodic peak currents, IpallpC = 0.95, indicated a quasi-re-
versible redox process. The formal potential (Ey1/2), taken as the average of Epc
and Epg, was 0.39 V for the first redox couple in the absence of DNA. The
presence of DNA in the solution at the same concentration as [CuL (phen);]Cl»
caused a negative shift in the potential AE, by 0.160 V and a decrease in Ey/, by
0.35V, Table V. The value of 1p4/lpc also decreased with increasing DNA con-
centration. The decrease of the anodic and cathodic peak currents of the complex
in the presence DNA is due to a decrease in the apparent diffusion coefficient of
the Cu(Il) complex upon complexation with the DNA macromolecules. These re-
sults show that [CuL (phen)»] Cl» stabilizes the duplex (GC pairs) by intercalation.

TABLE V. Electrochemical parameters for the interaction of DNA with the Cu(ll) complexes

EplV AE,/V
Free Bound Free Bound KKz lod/ 1
[CuL(phen),]Cl, Cu(lll) — Cu(ll) 0.39 0.35 0.20 0.16 0.0965 0.95

cu(ll) - Cu(l) 0005 0014 033 028 04081 093
[CuL(bpy)]Cl, Cu(lll)—Cu(ll) 042 027 016 014 00826 084
Cu(ll) » Cu(l) 0.02 0.07 0.06 0.12 0.7042 0.75

Compound Redox couple

Considering the CV behavior of the glassy carbon electrode in solutions
containing [CuL (bpy)2]Cl, in the absence of DNA, the first redox couple ca
thodic peak appeared at 0.338 V for Cu(lll) — Cu(ll), (Epa=0.50 V, Epc = 0.34
V, AEp = 0.16 V and Ey/2 = 0.42 V), while the second cathodic peak appeared at
0.17V for Cu(ll) — Cu(l) (Epa=0.23V, Epc = 0.17V, AEp = 0.06 V and Ey2 =
= 0.20 V). The lpg/lpc ratios of these two redox couples were approximately
unity. This indicates that the reaction of the complex on the working electrode
surface was a quasi-reversible redox process. The incremental addition of DNA
to the complex caused a negative shift in the potential of the second cathodic
peak and a decrease in the current intensity. The changes in the voltammetric
currents in the presence of CT DNA can be attributed to the slow diffusion of the
metal complex bound to the large, slowly diffusing DNA molecule. The changes
of the peak currents observed for the complexes upon addition of CT DNA may
indicate that the complexes possess a higher DNA binding affinity. The results
lead conclusions similar to those deduced from the spectroscopic and viscosity
data of the complexesin the presence of DNA.

The Zn(11) complexes showed only a reduction peak from —0.99 to —0.80 V
(Epc) and no oxidation peak in the absence of DNA. The incremental addition of
DNA to the Zn(l1) complexes increased the current intensity and there was a po-
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BIOLOGICALLY ACTIVE Cu(ll) AND Zn(ll) COMPLEXES 783

sitive shift of the reduction peak potential. This result changes the reduction cur-
rent which indicates interaction of Zn(I1) with CT DNA.

Differential pulse voltammogram study. The differential pulse voltammo-
grams of the glassy carbon electrode in solutions containing [CuL (phen)>]Clo
both in the absence and presence of varying amounts of DNA are shown in Fig.
6.

4.50E-05 4

3.00E-05

~
~

1.50E-05 4

0.00E+00

T T 1
0.6 0.1 -0.4 -0.9 -1.4

E/V

Fig.6. Differential pulse voltammograms of the glassy carbon electrode in solutions
containing [CuL (phen),] Cl, in the absence (dash line) and presence (dark lines)
of different concentrations (O to 400 uM) of DNA.

The differential pulse voltammograms of the the glassy carbon electrode in
solutions containing [CuL (phen)>]Cl> showed that increasing the concentration
of DNA resulted in a negative potentia shift together with a significant decrease
of the current intensity. The shift in potential is related to the ratio of the binding
constants:

Ep — Ef = 0.059110g (K+/K2+) 2

where Ep and E; are the formal potential of the Cu(I1)/Cu(l) complex couple in
the bound and free forms, respectively. The ratio of the binding constants
(K4+/K24) for DNA binding of the Cu(l1)/Cu(l) couple of the complex was cal-
culated and found to be less than unity. This indicates that the binding of the
Cu(l) complex to DNA is small compared to that of the Cu(ll) complex. The
above electrochemical experimental results indicate that the Cu(ll) complex binds
to DNA molecules. The possible mechanismiis:

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS

@080

EW MG MO




784 RAMAN and SOBHA

Cul* + ¢ ——= Cul?* E%;
K3+ K2+

CuL*— DNA + ¢ =———== Cul**— DNA E%
For a complex of the electro-active substance Zn?* with DNA, the electro-
chemical reduction reactions can be divided into two steps:

Zn**— DNA =———= Zn>* + DNA

it o+ 2 =———= Zn’

The dissociation constant (Kq) of the Zn**~CT-DNA complex was obtained
using the following equation:

K, (12.-12)
§=—d[Dp|3A] Pl 112 ~[DNA] )

where Kq is the dissociation constant of the complex an(l N-DNA; 0 isthere-
duction current of Zn(11) in the absence of CT-DNA; isthe reductl on current
of Zn(l1) in the presence of CT DNA; [DNA] isthe concentration of added DNA
in the solution. Using the above equation, the dissociation constant was deter-
mined (Table V1).

TABLE VI. Electrochemical parameters for the interaction of DNA with the Zn(I1) complexes
Ey/V lo/ A

9 -1
Compound Free Bound Free bound K107/ M
[ZnL (phen),]Cl, -0.989 -0.931 0.83 0.71 5.41
[ZnL (bpy),]Cl, -0.801 -0.789 0.89 0.78 5.44

The low values of the dissociation constant (Table VI) of Zn(ll) ions are
indispensable for the catalytic function and structural stability of zinc enzymes
which participate in the replication, degradation, and translation of genetics of all
species. Moreover, the Zn(I1) ion probably not only interacted with the active site
of the enzyme during these processes, as is aready known in the literature,18 but
also with DNA.

Chemical nuclease activity

The cleavage efficiency of the complexes compared to that of the control is
due to their efficient DNA-binding ability. DNA cleavage was controlled by re-
laxation of the supercoiled form of pUC19 DNA into the nicked circular form
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and linear form. When pUC19 DNA is subjected to electrophoresis, the fastest
migration will be observed for the supercoiled form (form 1). If one strand is
cleaved, the supercoils relax to produce the slower-moving open circular form
(form 11). If both strands are cleaved, the linear form (form I11) will be generated
that migrates between the other two forms.

DNA cleavage was analyzed by monitoring the conversion of supercoiled
DNA (form I) to nicked DNA (form Il) and linear DNA (form Ill) in the pre-
sence of the oxidant H>O». The electrophoresis results are shown in Fig. 7.

From Fig. 7, it is evident that the complexes cleave DNA more efficiently in
the presence of an oxidant (H2O5). This may be attributed to the formation of
hydroxy! free radicals. The production of a hydroxyl radical due to the reaction
between the metal complex and oxidant may be explained as shown below:

(Ligand)Cu2* + H,0, — (Ligand)Cu3* + OH- + OH~

Fig. 7. Changesin the agarose gel electrophoretic pattern of pUC19 DNA induced by H,0,
and the Cu(I1)/Zn(I1) complexes. Lane 1, DNA aone; Lane 2, DNA + Ligand+ H,O5;
Lane 3, DNA + [CuL (phen),]Cl, complex + H,O,; Lane 4, DNA + [CuL (bpy)2]Cl,
complex + H;0O,; Lane 5, DNA + [ZnL (phen),] Cl, complex + H,O;

Lane 6, DNA + [ZnL (bpy),]Cl, complex + H,0s.

The OH- free radicals participate in the oxidation of the deoxyribose moiety,
followed by hydrolytic cleavage of a sugar phosphate backbone. All the com-
plexes showed pronounced nuclease activity in the presence of the oxidant HoOo,
which may be due to the increased production of hydroxyl radicals. Control ex-
periments using DNA alone resulted in no significant cleavage of puC19 DNA,
even after longer exposure times. From the observed results, it was concluded
that all the complexes effectively cleaved the DNA as compared to control DNA.
Furthermore, the presence of a smear in the gel diagram indicates the presence of
radical cleavage.1®

Antimicrobial screening

The synthesized ligand and its complexes were tested for their in vitro anti-
microbial activity. They were tested against the bacteria Staphyl ococcus aureus,
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Pseudomonas aeruginosa, Escherichia coli, Staphylococcus epidermidis, Kleb-
siella pneumoniae and the fungi Aspergillus niger, Fusarium solani, Culvularia
lunata, Rhizoctonia bataticola and Candida albicans. The minimum inhibitory
concentration (MIC) values of the investigated compounds are summarized in
Tables VIl and VIII. A comparison of the MIC value of L with those of the com-
plexes indicates that the metal complexes exhibited higher antimicrobia activity
than L and the control sample. Such increased activity of the complexes can be
explained based on the Overtone’ s concept20 and the Tweedy chelation theory.2!
According to the Overtone's concept of cell permeability, the lipid membrane
that surrounds the cell favors the passage of only lipid-soluble materials, due to
which liposolubility is an important factor that controls antimicrobial activity. On
chelation, the polarity of the metal ion will be reduced due to the partial sharing
of positive charges with donor groups. Furthermore, it increases the
delocalization of n-electrons over the whole chelate ring and enhances the
lipophilicity of the complexes. This increased lipophilicity enhances the
penetration of the complexes into lipid membranes and the blocking of the metal
binding sites in the enzymes of microorganisms. The results obtained from the
antifungal and antibacterial tests showed that all the tested complexes were more
active towards bacteria than fungi. Moreover, the copper complexes were more
active than the zinc complexes against the tested microorganisms.

TABLE VII. Antibacteria studies of the investigated compounds (minimum inhibitory con-
centrationx10%, umol/L)

Compound S aureus P.aeruginosa E. coli S epidermidis K. pneumoniae
L 16.3 14.8 16.6 16.2 145
[CuL (phen),]Cl, 14 16 1.2 1.0 1.9
[CuL (bpy),]ClI2 21 25 2.0 1.7 2.2
[ZnL (phen),]Cl, 27 34 24 31 4.2
[ZnL (bpy)2]CI2 3.6 4.8 25 3.9 4.4
Streptomycin 1.7 19 18 13 2.6

TABLE VIII. Antifungal studies of the investigated compounds (minimum inhibitory con-
centrationx10”, umol/L)

Compound A. niger F. solani C.lunata R bataticola C. albicans
L 12.8 131 14.3 115 15.7
[CuL (phen),]Cl, 2.0 2.6 3.9 3.8 49
[CuL (bpy),]Cl, 3.2 34 4.3 41 53
[ZnL (phen),]Cl, 51 53 5.9 6.1 6.4
[CuL (phen),]Cl, 6.3 6.7 6.1 6.5 6.9
Nystatin 11 1.6 12 1.0 15
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CONCLUSIONS

Four mixed ligand Cu(ll) and Zn(Il) complexes of an isatin-based Schiff
base (L) and 1,10-phenanthroline/2,2’ -bipyridine were synthesized and characte-
rized. Elemental analyses, conductivity measurements and FAB-Mass spectro-
metry revealed the stoichiometry and composition of the complexes to be
[ML (bpy)2/(phen);]Clo. The FTIR, UV-Vis, 1H-NMR, EPR spectra and magne-
tic measurements data confirmed the bonding features of the studied mixed li-
gand complexes. Electronic absorption spectroscopy, cyclic voltammetry, diffe-
rential pulse voltammetry and viscometric studies demonstrated a considerable
interaction between the complexes and calf-thymus DNA. The results of clea
vage studies using pUC19 DNA showed that the complexes had higher nuclease
activities than the isatin-based ligand. The MIC values against the growth of mic-
roorganisms are much larger for the complexes than those of the ligand and the
control sample.

Acknowledgements. The authors express their sincere thanks to the College Managing
Board, Principal and Head of the Department of Chemistry, VHNSN College, and Virud-
hunagar, India, for providing the necessary research facilities.

U3BOJI

CHUHTE3A, KAPAKTEPU3ALIMIA, UHTEPAKIIUJA CA JHK 1 AHTUMHUKPOBHO
MN3YYABAKE Cu(ll) 11 Zn(ll) KOMIUIEKCA CA MEIOIOBUTHUM JINT AHAVMA HA BA3U1
N3ATUHCKE U [IOJIMTIMPUTUIIHE CTPYKTYPE

NATARAJAN RAMAN u SIVASANGU SOBHA
Research Department of Chemistry, VHNSN College, Virudhunagar-626 001, India

CunrerncaHo je Hekomuko MemoBuro jmranaaux Cu(l)/Zn(ll) xommiekca kopuihemem
3-(bernmnmumuno)-1,3-quxunaponnnon-2H-ona (1001jeHOr KOHIEH3AINWjOM H3aTHHA U aHWJIMHA) Kao
npumapHor jurasia u 1,10-penantponuna (phen)/2,2'-6unupuauna (bpy) xao gomatHor jnuranaa
U OKapaKTepHUCAHO aHAIMTHYKU U CIIEKTPOCKOIICKH EIEMEHTAJIHOM aHaJIW30M, MEpEeHhUMa MarHeT-
He cycuentubmiHoctH u Monapue mpooasuBoct, UV-Vis, IR, NMR u FAB macenum criek-
tpuma. Uarepakuuja kommiekca ca JIHK tenehier Tumyca (CT) je usyuyaBana momohy ancoprigo-
HHUX CIIeKTapa, MepemhHMa IMKIMYHE BOJITAMETPHjE, BUCKO3HOCTH M Tel-enekrpodopesoM. OHu
HUMajy arCOPIIHOHH XUIIOXpOMH3aM M crelupuYHa BHCKO3HOCT pacTe y TOKY BE3HBamba
kxomiuiekca 3a JTHK reneher tiumyca. IToMepama OKCHI0-PEAYKIMOHOT NOTEHIHjalla U IPOMEHE y
nukoBuMa ctpyje noaarkom JJTHK cy nokazane CV mepewuma. Cu(l1)/Zn(I1) kommiekcn uzasusajy
packuname pUC19 IHK u3 cynepyBujeHor obnmka | y oTBopeHH Kpy>kHU 00muK || u nuHeapHH
o6k |11, Kommekcn cy nokasanu moBehaHy aHTH(YHraaHy W aHTHOAKTEPHjCKYy aKTHBHOCT Y
OJJHOCY Ha CIIOOOIHH JIMTaHI.

(Mpumsbeno 20. okrobpa 2009, peBuaupano 17. mapra 2010)
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