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Abstract

Schiff base metal complexes.

Background: Metal complexes Cu[C,3HgO4N], 2, Ni[C;3HgO4N], 3, and ColC,3HgO4N], 4 of bioinorganic relevance
have been synthesized with the Schiff base ligand 2-furylglyoxal—-anthranilic acid (FGAA) [C;3HqO4N] 1.

All the complexes are well characterized by various spectral and physical methods. The antimicrobial activity of
the complexes has been studied against some of the pathogenic bacteria and fungi.

Results: Results indicate that complexes have higher antimicrobial activity than the free ligand. This would
suggest that chelation reduces considerably the polarity of the metal ions in the complexes which in turn
increases the hydrophobic character of the chelate and thus enables permeation, through the lipid layer of
microorganisms. All the complexes were assessed for their anticancer studies against a panel of selected cancer
cells HOP62 and BT474 respectively. Results showed that the complexes are promising chemotherapeutic
alternatives in the search of anticancer agents. The fluorescence quenching phenomenon is observed in the

Conclusion: The octahedral transition metal complexes 2, 3, and 4 have been obtained by treatment of ligand 2-
furylglyoxal-anthranilic acid (FGAA) 1 with metal acetate. Complexes under investigations have shown
antimicrobial, potential anticancer, and the DNA binding studies.
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Background

The chemistry of transition metal complexes has re-
ceived considerable attention largely due to their cata-
lytic and bioinorganic relevance. Such complexes are
also important due to their potential biological activities
such as antibacterial, antifungal, antimalarial, and antitu-
mor [1-4]. Medicinal inorganic chemistry is compara-
tively a new discipline which developed after the
serendipitous discovery of the antitumor activity of cis-
platin [5-7]. The clinical success of this platinum com-
plex has stimulated considerable interest in the search
for new metal complexes as modern therapeutics, diag-
nostic, and radiopharmaceutical agents. Copper, nickel,
and cobalt complexes are used in the treatment of many
diseases including cancer and as potential hypoxia-
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activated prodrugs [8-14]. Coordination compounds
which form coordinate bonds via the sulfur, oxygen, and
nitrogen donor atoms are well known and have a long
history. The interest in preparation of new metal com-
plexes gained the tendency of studying the interactions
of metal complexes with DNA for their applications in
biotechnology and medicine.

Deoxyribonucleic acid (DNA) is the primary target
molecule for most anticancer and antiviral therapies ac-
cording to cell biologists. Investigation on the inter-
action of DNA with small molecules is important in the
design of new type of pharmaceutical molecule. Schiff
base constitutes an important class of nitrogen donor li-
gands and occupy a prominent position among the re-
cent achievement in the field of coordination chemistry.
The azomethine which is the functional group of Schiff
base is aided in forming a stable complex. The chemistry
of Schiff base metal complexes is exploited in industries,
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Table 1 Physical and analytical data of complexes 2, 3, and 4

S. Compound Color % analysis Found/(Calcd) DT (°C) Molar

no. C H N M condﬁt:ctar;ce
ohm™ cm
mol™’

1 2 Dark brown 56.90 (56.98) 282 (292) 481 (4.87) 11.52 (11.62) 245247 7.26

2 3 Brown 57.62 (57.49) 269 (2.95) 5.02 (5.16) 1090 (10.82) 302 7.50

3 4 Brown 57.39 (57.46) 2.80 (2.94) 5.04 (5.16) 10.94 (10.85) >310 11.85

technologies, and in medicinal fields. The present inves-
tigations deal with the synthesis, characterization, anti-
microbial, anticancer, and DNA cleavage studies of
Cu(II), Ni(II), and Co(II) metal complexes containing
Schiff base ligand 2-furylglyoxal-anthranilic acid
(EGAA).

Methods

All reagents used were of analytical grade and used as
purchased commercially; however, the solvents were
purified by the standard procedure [15]. The ligand 2-
furylglyoxal-anthranilic acid (FGAA) was prepared by
the reported procedure [16-20]. C, H, and N were ana-
lyzed on Carlo-Erba microanalyzer. Metal contents were
estimated by standard procedure [21]. FTIR was re-
corded on Thermo Nicolet Avater 370. Electronic spec-
tra on Shimadzu UV-160A spectrophotometer. The
conductance measurements were carried out on a metal

CM-180 Eliodigital conductivity meter. Magnetic studies
were done by a Guoy balance using Hg [Co (SCN),] as
the calibrant.

'H and C NMR spectra in dimethyl sulfoxide
(DMSO) were recorded on a Brucker WH 300 (200
MHz) and Varian Gemini (200 MHz) spectrometers
using tetramethylsilane (TMS) as an internal reference.

The in vitro antimicrobial screening effects of the in-
vestigated compounds were tested against the bacterial
species: Escherichia coli, (E. coli) and Klbsiella pneumo-
niae (K. pneumoniae), and fungal species: Aspergillus
niger (A. niger) and Candida albicans (C. albicans) by
using Kirby Bauer Disk diffusion method [22-24].
Chloramphenicol and nystatin were used as the standard
antibacterial and antifungal agents. The tested com-
pounds were dissolved in DMF solution (which has no
inhibition activity) and solution soaked in filter paper
disk of 5mm diameter and 1 mm thickness. The disks

Fig. 1 The proposed structure of metal complex M = Cu(ll) or Ni(ll) or Co(l
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Fig. 2 a Antibacterial studies of ligand and its metal complex against E. coli and K. pneumoniae. b Antifungal studies of ligand and its metal complex

were incubated 24 h for bacterial and 72h for fungal
species at 37 °C. The minimum inhibitory concentration
(MIC) value of the compounds was determined by the
serial dilution method [25-27].

The in vitro cancer studies of all the compounds were
assessed for their anti-proliferation test against a panel of
selected human cancer cell lines such as HOP62 (lung)
and BT 474 (breast) by using SRB (sulforhodamine B)
assay [28—-37] concentration of drug used 10, 20, 40, and

80 pg/mL ADR (adrimycin) was used as a positive control
which controls cells with definite structure and clear cell
wall without degeneration. Each drug was assayed indu-
cing 50% growth inhibition (GI5p), total growth inhibition
(TGI), and 50% cytotoxicity (LCs) after a 48 h incubation
period were calculated by linear interpolation from the
observed data points. Fluorescence measurements were
recorded on an F-7000 FL spectrophotometer at room
temperature.
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S. Compound Compound Antibacterial activity Antifungal activity

no. no. E. coli K. pneumoniae A. niger C. albicans
1 Ligand 1 35 40 39 45

2 Cu [Cy3HgOuNI, 2 11 17 18 15

3. Ni [C13HgO4N], 3 25 28 23 25

4. Co [Cy3HgO4N]> 4 20 18 20 22

5. Chloramphenicol 5 12 14 — —

6. Nystatin 6 — — 10 12
Synthesis of metal complexes (2-4) Discussion

Metal complexes of Cu[C;3HgO4N), 2, Ni IR spectral studies

[C13HgO4N], 3, and Co [Cy3HgO4N], 4, were synthe-
sized by the addition of ethanolic solution of ligand
2-furylglyoxal—anthranilic acid 1 (2mmol) copper
acetate/nickel acetate/cobalt acetate (1 mmol). The
mixture was magnetically stirred and refluxed for 2 h.
The complexes obtained were filtered, washed with
ethanol, and dried.

Results

All the metal complexes were colored, non-hygroscopic
in nature, and stable at room temp. They were insoluble
in common organic solvents but soluble in DMF and
DMSO. The results of the elemental analysis are in good
agreement with the calculated values. The molar con-
ductance value indicates their non-electrolytic nature.
Physical and analytical data of complexes are summa-
rized in Table 1.

On the basis of analytical and spectral data, octahedral
geometry has been assigned to the complexes. The re-
sults of antimicrobial activity and anticancer studies in-
dicate metal complexes are much more active as
compared to ligand fragments. Fluorescence quenching
phenomena are observed in its metal complexes by
fluorescence studies.

Infrared spectra of free ligand, a sharp band [38—40] ap-
peared at 1615-1590 cm ™" ascribed to the stretching vibra-
tions of azomethine group and was shifted to lower
frequency region after complexation suggesting thereby
the participation of imine nitrogen. A strong band ap-
peared at 1735-1690cm™ in the IR spectra of ligand
(FGAA) which is due to the presence of stretching vibra-
tion of carbonyl group coordination through this carbonyl
oxygen to the central metal ion is confirmed by a negative
shift in this frequency in the spectra of corresponding
metal complexes. IR spectra of ligand displays a bond of
medium intensity in the region of 3550-3490 cm™" due to
the —OH stretching vibration of free —CO,H group.
Coordination of ligand as a consequence of deprotonation
of — CO,H group is evident by the disappearance of the
above band in the IR spectra of respective complexes [41,
42]. Furthermore, the asymmetrical and symmetrical
vibrations of COO™ group appeared at 1560-1535 cm ™
and 1340-1325 cm ™! Av (as—s) value 220-210 cm™! further
indicate the coordination through unidentate carboxylate
group. Some new bands appeared in the IR spectra of
metal complexes at 550-530 cm ™, 450-430 cm ™, and 335-
325 cm™! are probably due to the formation of M—O, M—
N, and M-S bonds respectively which further give
additional evidences in favor of the coordination of metals

Table 3 % Control growth the drug concentrations (ug/mL) HOP62 cell line

Compound Experiment 1 Experiment 2 Experiment 3 Average values

no. 10 20 40 80 10 20 40 80 10 20 40 80 10 20 40 80

1 783 717 66. 586 786 736 648 59.3 749 760 65.1 556 773 738 653 578
2 200 181 172 17.1 207 208 19.3 17.7 17.9 16.3 16.3 154 19.6 184 176 16.8
3 17.1 16.5 15.2 12.8 18.1 175 16.8 135 154 151 144 84 16.9 164 155 11.6
4 332 317 303 26.3 29.7 283 267 20.6 262 246 218 16.6 297 282 263 21.2
ADR 14 -51 =344 -348 -16 -59 -124 -358 -98 -144 -284 -411 -23 -85 =251 372
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Table 4 Parameters calculated from graph (Fig. 3) HOP62 cell

line

Compound  Drug concentrations (ug/mL) calculated from graph
ne- LC50 TGl GI50

1 >80 >80 >80

2 >80 >80 <10

3 >80 77.3 <10

4 >80 >80 17.0

ADR 755 353 <10

through azomethine nitrogen, carbonyl oxygen, and carb-
oxylate group.

Electronic spectral and magnetic studies

Divalent copper having a d° configuration give rise to a
2D free ion term which split into a regular octahedral
environment into a lower doublet 2Eg and an upper trip-
let 2T2g levels. In electronic spectra [43—46] of a true
octahedral system, only one band due to 2Eg — 2T2g
transitions is expected but true octahedral structures are
not common. Therefore, instead of a one broad band
due to 2Eg — 2T2g transition. These transitions from the
ground state 2B1g — 2A1g — 2132g and 2Eg are expected
as a consequence of John-Tellers configuration stability.
The 2Eg orbitals separate so that one goes up as much as
the other goes down.

Page 5 of 11

The T,, orbitals separate in such a way that the
doubly degenerate pair goes down only half as far as
the single orbital goes up therefore in case of Cu (II);
there is no net energy change for T,, electrons since
four are stabilized while two are destabilized due to
which Cu(II) complex shows distortion in an octahe-
dral geometry. The electronic spectra of Cu(Il) com-
plex displays three spectral bands in the region
10635, 14850, 16345 cm™ which are in good agree-
ment with the distorted geometry of complex under
investigation. This geometry is further supported by
the magnetic moment value 1.98 B.M. of the com-
plex. In the Ni(II) complex, three bands in the range
10750, 1665, 25650 cm™" corresponding to the transi-
tion 3A2g — 3T2g — BTlg and 3T1g(P) are observed
which clearly indicate the octahedral geometry. The
theoretical value of v,/v; for octahedral Ni(II) com-
plex is found 1.55. The observed value lies 1.60 which
is in conformity with the distorted octahedral geom-
etry of the ligand around central Ni(II) ion lowering
the ratio of v,/v; may be attributed due to configur-
ation interaction between T4(P) and T 4(F) excited
state. The octahedral geometry is further supported
by their magnetic value 3.14 B.M. In octahedrally sur-
rounded Co(Il) ions, three bands in the region 8000,
15616, 18175cm™ are expected which may be
assigned to 4T1g to 4ng (F) (vy), 4Azg(F) (v5), and
4T1g(P) (v3) transitions respectively. The 4A2g

100 -

50

% Control Growth

Drug Concentration (pg/ml)

Fig. 3 Growth curve: human lung cancer cell line HOP 62 compounds 1-4
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Table 5 % Control growth the drug concentrations (ug/mL) BT474 cell line

Compound  Experiment 1 Experiment 2 Experiment 3 Average values

no. 10 20 40 80 10 20 40 80 10 20 40 80 10 20 40 80

1 1000 632 400 183 957 632 283 94 717 453 453 24 89-1 573 379 100
2 =152 =230 -240 -324 -171 =235 =269 -304 -255 -307 -309 -309 -193 =257 -273 =312
3 =275 —444 504 737 289 -433 -442 653 -360 552 658 -703 -308 -476 534 698
4 0.7 -99 -106 -138 30 -19 =35 -116 -63 -100 -111 =139 =09 -7.2 -84 =131
ADR -258 =527 -664 -696 -162 =519 -668 -731 =262 -304 -700 -709 =227 -450 677 712

transition is very weak and often appears as shoulder.
Cobalt complex possesses an octahedral geometry
which is further confirmed by the energy ratio v,/v;
lies 1.95 and magnetic moment value 4.60 B.M.

NMR spectral studies

In the 'H NMR spectra of free Schiff base ligand, the
signals were appeared in the range of 7.15-7.20 ppm due
to (HC=N) proton [47]. However, in the spectra of Schiff
base metal complexes of Cu(Il), Ni(II), and Co(Il), the
signals were observed in the downfield regions of 8.0—
9.0 ppm supporting the coordination of iminonitrogen
atom to Cu (II)/Ni (II)/Co (II) [48] while the free ligand
NMR spectra has a characteristic NMR signal for carb-
oxyl group proton in the 10.5-12.5ppm range, the
disappearance of this signal in the '"H NMR spectra of
metal complexes indicating the involvement of carboxyl-
ate ion oxygen in chelation through deprotonation.
There is no appreciable change in the peak position cor-
responding to NH and aromatic protons. The "*C—NMR
signals for the metal, complexes are assigned by the
comparison with the spectra of corresponding free Schiff
base ligand. A downfield shift of CH = N group in the
range of 150-160 ppm and for 175-182.5ppm. In the
complexes, NMR spectra indicate that the ligand coordi-
nates through both the nitrogen atom of CH = N and
the oxygen of COO™ ion [49-52] (Fig. 1).

In vitro antimicrobial studies

The antibacterial and antifungal activity of the ligand
and complexes [53, 54] were assayed against some of the
bacteria and fungi. DMF is used as negative control and

Table 6 Parameters calculated from graph (Fig. 4) BT474 cell

line

Compound  Drug concentrations (ug/mL) calculated from graph
ne- LC50 TGl GI50

1 >80 >80 389

2 781 303 <10

3 510 173 <10

4 >80 464 <10

ADR 49.1 175 <10

chloramphenicol is used as a positive standard for anti-
bacterial and nystatin for antifungal activities (Fig. 2a
and b). The minimum inhibitory concentration (MIC)
value of the compounds was determined by the serial di-
lution method and is given in Table 2.

The in vitro antimicrobial activity results revealed that
complexes are more microbial toxic than the ligand. The
activity order of the synthesized complexes and ligand
are as follows 2 >4 >3 > 1.

Such increased activity of the metal chelates can be
explained on the basis of Tweedy’s chelation theory
on chelation, the polarity of the metal ion will be re-
duced 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 the penetration of
the metal complexes into lipid membranes and block-
ing of the metal-binding sites in the enzymes of
microogranism. These complexes also disturb the res-
piration process of the cell and thus block the synthe-
sis of proteins which restricts further growth of the
organism. The complex 2 shows higher antimicrobial
activity than other complex 3 and 4 complex. The
variation in the effectiveness of different compounds
against different organisms depends either on the im-
permeability of the cells of the microbes or on differ-
ences in ribosome of microbial cells. Further,
lipophilicity which controls the rate of entry of mole-
cules into the cells is modified by coordination so
compounds 2, 3, and 4 can become more active than
compound 1 compared to the standard compounds
chloramphenicol and nystatin (Fig. 2a and b); the
present metal complexes are much less active against
the representative strains of microorganism [55, 56].

In vitro anticancer studies

The data obtained by the SRB assay show that metal
complexes 2 and 3 have inhibitory effects on the growth
of HOP62 (Tables 3 and 4) (Fig. 3) and BT474 (Tables 5
and 6) (Fig. 4). Cancer cells in dose-dependent manner.
Complex 4 exhibits cytotoxic effect on BT474 cancer
cells but no antiproliferative effect against cell line
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HOP62. The antiproliferative effect of tested complexes
is likely due to the lipophilicity of the complexes that al-
leviate the transport of metal complexes into the cell
and posteriorly into the organelles where metal may pos-
sibly contribute to toxicity by inhibitory cellular respir-
ation and metabolism of biomolecules [57-59]. The
pure metals are inactive however the activity of metal
cations varies on their bioavailability hence delivery
methods/solubility and ionization of metal sources are
significant parameters to deal metals in biological system
[60—-62] possibly this is the reason that bonding of metal
cations (Cu(II)/Ni(II)/Co(II) to biologically compatible
ligand (FGAA) enhances the bioavailability and ultim-
ately the activity of metal cations. In contrast, coordin-
ation enhances the activity of the metal complexes
against BT 474 and HOP 62 cell lines. The compound 1
(ligand) exhibited no cytotoxic effect on both the cell
lines. The choice of the coordinated ligand (s) seems to
be as important as the choice of metal(s) because besides
being the integral part of biologically active complexes.
These organic molecules (ligands) can exert a biological
activity of their own. The photomicrograph of the cells
treated with compounds 1, 2, 3, and 4 revealed the mor-
phological features of apoptosis consist of membrane
blebbing, nuclear condensation, cytoplasmic shrinkage,
DNA fragmentation, cell wall destruction, and formation
of apoptotic bodies (Figs. 5 and 6). Morphological im-
ages were grabbed using a phase-contrast microscope at
x 20 magnifications with a digital camera at 48 h after
treatment with the samples. Compound 1 showed
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negligible cytotoxicity as the cell growth and morph-
ology did not get affected whereas it can be seen clearly
that the compounds 2, 3, and 4 affected the normal
morphology which rendered the cells to lose their viabil-
ity. The picture revealed that the cells treated with com-
pounds 2, 3, and 4 exhibited apoptotic cellular death as
the population of cells reduced drastically within the 48
h of treatment. The photomicrograph depicts the treat-
ment of HOP 62 and BT 474 cells treated with com-
plexes 2, 3, and 4 showed a significant inhibitory effect
on the cellular growth. In all two cell lines, the increase
in the number of cells with abnormal morphology was
accompanied by an increase in the number of irregular
refractive clumps. The majority of the cell appear to be
rounded and shrunken due to apoptosis and white spots
in the images showing the apoptotic cell. The percentage
cell viability in presence of ligand and metal complexes
for BT 474 and HOP 62 cell lines are shown in Figs. 3
and 4. The graphs of percentage control growth versus
molar drug concentration showed the effective drug
concentration on both cell lines and each point is the
mean standard error obtained from three independent
experiments. The results showed that complexes 2, 3,
and 4 were the most potent and strongly inhibited the
proliferations of both the two cell lines in a dose-
dependent manner with TGI values 17.3, 30.3, and
46.4 ug/ml respectively. It was verified that the increased
in concentration of complexes leads to higher cytotoxic
activities. Nevertheless, results also proved that ADR
showed superior cytotoxic activity against both cell lines.

100

50

% Control Growth
)

-100 -

Drug Concentration (ug/ml)

—t— S1

—— S2 S3

S4 —— S5

—— A DR

Fig. 4 Growth curve: human breast cancer cell line BT 474 compounds 1-4
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Fig. 5 HOP 62 Cell images compounds 1-4

Fig. 6 BT474 Cell images compounds 1-4
.
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a : Fluorescence quenching curves of ethidium bromide bound to DNA in
presence of Ni (II) complex.

\

Fig. 7 a Fluorescence quenching curves of ethidium bromide bound to DNA in presence of Ni (Il) complex. b Stern-Volmer plots of the
fluorescence titration for Ni (Il) complex. Representation of slope and Intercept values. Kb = slope/Intercept value ie. 1.94 x 10°M™ FO = Highest
emission of DNA+Etbr, F = Highest emission of DNA+Etbr after addition of complexes

b : Stern—Volmer plots of the fluorescence titration for Ni (1) complex.
Representation of slope and Intercept values. Kb=slope/Intercept value
ie. 1.94x10°M™ F,=Highest emission of DNA+Ethr.

F=Highest emission of DNA+Ethr after addition of complexes.

Fluorescence studies

Emission intensity of the three complexes increases on
increasing the conc. of CT DNA. The enhancement of
emission intensity is an indication of binding for the
complexes to the hydrophobic pockets of DNA and
complexes can be protected efficiently by the hydropho-
bic environment inside the DNA helix [63, 64]. The high
binding affinities of the metal complexes are probably
attributed to the extension of the m system of the inter-
calated ligand due to the co-ordination of transition
metal ions which also leads to a planar area greater than

that of the free ligand and the coordinated ligand pene-
trating more deeply into and stacking more strongly
with base pairs of DNA. The quenching plots illustrate
that the quenching of ethidium bromide (EtBr) bound to
DNA by the complexes are in good agreement with the
linear Stern-Volmer equation which proves that the three
complexes bind to DNA. The K;, (slope/intercept values in
graph of Fy/F vs (conc.) values for complexes 2, 3, and 4
are 2.225 x 10> M, 1.94 x 10° M}, and 1.55 x 10> M™").
Based on the K, values, the order of binding strength of
metal complexes 2 >3 > 4 (Figs. 7, 8, 9).
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Fig. 8 a Fluorescence quenching curves of ethidium bromide bound to DNA in presence of Cu (Il) Complex. b Stern-Volmer plots of the
fluorescence titrations for Cu (Il) Complex. Representation of slope and intercept values. Kb = slope/Intercept value ie. 2.225 x 10° M’
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Kb=slope / Intercept value i.e. 2.225x10° M.
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Kb=slope / Intercept value i.e. 1.55x10° M.

a : Fluorescence quenching curves of ethidium bromide bound to DNA

Fig. 9 a Fluorescence quenching curves of ethidium bromide bound to DNA in presence of Co (Il) complex. b Stern-Volmer plots of the
fluorescence titrations for Co (Il Complex. Representation of slope and intercept values. Kb = slope/Intercept value ie. 155 x 10> M’

Conclusions

In the present study, novel metal complexes of Cu(Il),
Ni(II), and Co(II) were prepared and characterized by
physico-chemical methods. Spectral studies demonstrate
the ligand coordinating through azomethine nitrogen and
carboxylate oxygen atoms and reveal octahedral geometry
for Cu(Il), Ni(II), and Co(II) complexes. The antibacterial
and antifungal data given for the compound presented in
this paper allowed us to state that the metal complexes
generally have better activity than the ligands and less ac-
tivity than standards. The metal complexes exerted
growth inhibition on the human tumor cell lines showing
promise as potential anticancer drugs deserving of further
investigation. The Schiff base exhibits a strong fluores-
cence emission contrast to this partial fluorescence
quenching phenomena is observed in its metal complexes.
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