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ABSTRACT

Objective: A novel series of transition metal complexes of Ni(II), Zn(II), Cd(II) and Hg(II) have been synthesized from the Schiff base derived from
dihydropyrimidone derivative of vanillin (Biginelli Product) and 4-aminoantipyrine.

Methods: The antimicrobial screening of the ligand and its complexes have been extensively studied on bacterias like E. coli, Vibrio spp.
Staphylococcus aureus, Pseudomonas aeroginosa, Bacillus spp., Vibrio para haemolytic's, Salmonella spp., Aeromonas spp., Klebsiella spp., Proteus spp.
and fungi such as Candida albicans, Aspergillus flavus, Pencillium spp., Aspergillus niger, Trichophyton.

Results: The metal complexes show greater activity than ligand. The antimicrobial activity of the complexes follows the order Hg<Zn<Cu. The DNA
cleaving activity of Schiff base ligand and its metal complexes was examined using, Hep 2 DNA as a target molecule by gel electrophoresis method.
The Cu Complex-induced the DNA fragmentation with a specific activity. The in vitro cytotoxic effect of ligand and complex against Normal VERO and

Hep2 was evaluated by MTT assay.

Conclusion: The effect of [CuL2]Cl2 was found to be stronger than the other compounds even at its lower concentrations.
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INTRODUCTION

Schiff bases are compounds containing C=N group which have been
extensively studied for their biological activities [1]. Co-ordination of
these Schiff bases with metal complexes enhances their biological
activities. Bonding between M-N, M-0 was found to be important for
their activities as industrial, antifungal, antibacterial, anticancer,
antiviral and herbicidal applications [2-6]. Moreover, 4-amino-
antipyrine and dihydropyrimidones possessing heterocycle ring with
‘N’ atom, was found to be exhibit strong biological activities such as
antibacterial, antifungal, antitumor activities. Transition metal
complexes that are suitable for binding and cleaving double-stranded
DNA are of considerable current interest due to their various
applications [7-9]. Cleavage of DNA can be achieved by targeting its
basic constituents like base and/or sugar by an oxidative pathway or
by hydrolysis of phosphoester linkages. Iron and copper complexes
are known to be useful for oxidative cleavage of DNA involving
nucleobase oxidation and/or degradation of sugar by abstraction of
deoxyribose hydrogen atom(s), while complexes containing strong
Lewis acids like copper (II) and zinc(Il) are suitable for hydrolytic
cleavage of DNA. Oxidative cleavage of DNA could take place by
chemical or photochemical means [10].

The Schiff base containing N2:02 donor groups and its metal
complexes were synthesized and characterized by elemental
analysis and spectral analysis. The synthesis and characterization of
Schiff base ligand and their metal complexes are communicated in
the research paper elsewhere [11, 12]. In the present study chelating
agent and metal, chelates were used to study their effect on
bacterial, fungal, cytotoxic activities and DNA cleavage.

MATERIALS AND METHODS
In vitro antimicrobial assay

The in vitro antimicrobial activity of synthesized Schiff base ligand
(L) and its Cu, Zn, Hg complexes was assayed against two gram
positive and eight-gram negative bacterial strains.

Antibacterial activity assay

Stock cultures were maintained at 4 °C on Nutrient agar Slant. Active
cultures for experiments were prepared by transferring a loop full of
culture from the stock cultures into the test tubes containing nutrient
broth, that were incubated for 24 hrs at 37 °C. The assay was performed
by the agar disc diffusion method. Antibacterial activity of extracts was
determined by disc diffusion method on Muller Hinton agar (MHA)
medium [13]. Muller Hinton Agar (MHA) medium is poured into the
Petri plate. After the medium was solidified, the inoculums were spread
on the solid plates with a sterile swab moistened with the bacterial
suspension (Staphylococcus aureus, Salmonella spp., E. coli, Vibrio spp.,
Pseudomonas aeroginosa, Vibrio parahaemolytics, Aeromonas spp.,
Klebsiella spp., Proteus spp., and Bacillus spp.). The disc was placed in
MHA plates and 20 pl of the samples (Concentration: 1000 g, 750 pg
and 500 pg) were placed in the disc. The plates were incubated at 372C
for 24 hrs. Then the antimicrobial activity was determined by measuring
the diameter of the zone of inhibition.

Antifungal activity assay

The Assay was performed by the agar disc diffusion method. The
Antifungal activity of the extracts was determined by disc diffusion
method on Sabouraud Dextrose agar (SDA) medium [14-16]. Sabouraud
Dextrose agar (SDA) medium is poured into the Petri plate. After the
medium had been solidified, the inoculums were spread on the solid
plates with a sterile swab moistened with the fungal suspension
(Candida albicans, Aspergillus flavus, Pencillium spp., Aspergillus niger,
Trichophyton).

The disc was placed in SDA plates and added 20 pl of the sample
(Concentration: 1000pg, 750ug and 500 pg) were placed in the disc.
The plates were incubated at room temperature for 24 hrs. Then the
antifungal activity was determined by measuring the diameter of the
zone of inhibition.

Minimum inhibitory concentration (MIC)

Minimum Inhibitory Concentration (MIC) was defined as the lowest
concentration of an antimicrobial that will inhibit the visible growth
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of a microorganism after overnight inhibition. Clinically MIC are
used not only to determine the amount of antibiotic that the patient
will receive also abut the type of antibiotic used, which in turn
lowers the opportunity for microbial resistant to a specific
antimicrobial agent. Applying MIC testing to a number of bacterial
strains in the same species provides an estimate of the
concentration that inhibits 50% and 90% of bacterial isolates and
can indicate shifts in susceptibility of bacterial populations to
antibiotic [17]. MIC of compounds was determined in nutrient agar
plate by microdilution method according to the National Committee
for clinical laboratory standards. Standardized suspension of test
organisms (0.1 ml, 106cfu/ml) were placed in Petri plates. The Schiff
base ligand its metal complexes were taken in petri plates.
Ampicillin and Amphotericin B were used as positive control for
bacterial and fungal strains and DMSO was used as a negative
control for both the strains. The bacterial plates were incubated at
37 °C for 18 h and fungal plates were incubated at 32 °C for 48 h.
The diameter Zone of inhibition inhibits the bacterial and fungal
growth compared with the control was recorded as MIC.

DNA cleavage activity

In order to study whether the novel Schiff base ligand and its metal
complexes could behave as DNA cleaving agents or not, they were
examined using, Hep 2 DNA as a target molecule according to the
literature method [18]. The cleavage activity of the test compounds
was analyzed by gel electrophoresis method. About 0.5 ml of the cell
was taken in a centrifuge cell and was centrifuged at 200xg at 4 °C for
10 mins. About 0.5 ml of TTE solution was added to the pellet and was
vortexed vigorously. This procedure allowed the release of fragmented
chromatin from nuclei, after cell lysis (due to the presence of Triton X-
100 in the TTE solution) and distruption of the nuclear structure
(following Mg2+chelating by EDTA method in the TTE solution). The
tubes were centrifuged at 20,000xg for 10 min at 4 °C to separate
fragmented DNA from intact chromatin. The supernatants were
carefully removed, and about 500 pl of TTE solution was added into
the pellet. About 500 pl of Ice-Cold %M NaCl was added and vortexed
vigorously. The addition of salt should be able to remove histones
from DNA. About 700 pl ice-cold isopropanol was added and vortexed
vigorously. It was allowed to precipitate overnight at-20 °C. After
precipitation DNA was recovered by pelleting for 10 min at 20,000xg
at 4 °C. The pellets were rinsed by adding 500-700 pl of ice-cold 70%
ethanol. The tubes were centrifuged at 20,000xg for 10 mins at 4 °C.
DNA was dissolved by adding 20-50 pl of TE solution to each tube and
was placed at 4 °C. The samples of DNA were mixed with loading
buffer by adding 10x loading buffer to a final concentration of 1x. The
addition of loading buffer to samples allowed to load in wells more
easily and to monitor the run of samples. The electrophoresis was then
run in standard TE buffer after setting the voltage to the desired level.
During electrophoresis, the migration of samples by following the
migration of bromophenol blue dye contained in the loading dye was
monitored. The electrophoresis was stopped when the dye reached
about 3 cm from the end of the gel. The gel was then placed on a UV
Trans illuminator to visualize DNA and photographed to determine
the extent of DNA cleavage, and the results were compared with those
of a standard DNA marker.

In vitro cytotoxicity

The MTT assay has been chosen to evaluate the in vitro cytotoxic
effect of the newly synthesized Schiff base (L) and its Cu (II), Hg(1l),
Zn(1I) complexes. This is an efficient, rapid, inexpensive test and has
a good correlation with cytotoxic activity [19].

Cell line and culture

Normal VERO and Hep2 cell lines were obtained from National
Centre for Cell Sciences, Pune (NCCS). The cells were maintained in
Minimal Essential Medium supplemented with 10% FBS, penicillin
(100 U/ml), and streptomycin (100 pg/ml) in a humidified
atmosphere of 50 pg/ml CO; at 37 °C.

Reagents

MEM was purchased from Hi-Media Laboratories Fetal Bovine
Serum (FBS) was purchased from Cistron laboratories Trypsin,
methyl thiazolyl diphenyl tetrazolium bromide (MTT) and Dimethyl
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sulfoxide (DMSO) were purchased from (Sisco research laboratory
chemicals Mumbai). All of other chemicals and reagents were
obtained from Sigma-Aldrich Mumbai.

In vitro assay for anticancer activity (MTT assay) (Mosmann, 1983)

Cells (1 x 105/well) were plated in 24-well plates and incubated in 37 °C
with 5% CO2 condition. After the cell reaches the confluence, the various
concentrations of the samples were added and incubated for 24 hours.
After incubation, the sample was removed from the well and washed
with phosphate-buffered saline (pH 7.4) or MEM without serum. 100
ul/well (5 mg/ml) of 0.5% 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl--
tetrazolium bromide (MTT) was added and incubated for 4 hours. After
incubation, 1 ml of DMSO was added in all the wells. The absorbance at
570 nm was measured with UV-Spectrophotometer using DMSO as the
blank. Measurements were performed and the concentration required
for a 50% inhibition (IC50) was determined graphically. The % cell
viability was calculated using the following formula:

% cell viability = A570 of treated cells/A570 of control cells x 100

Graphs are plotted using the % of Cell Viability at Y-axis and
concentration of the sample in X-axis. Cell control and sample
control is included in each assay to compare the full cell viability in
Cytotoxicity and anti-cancer activity assessments.

RESULTS AND DISCUSSION
Effect of ligand and metal complexes on antimicrobial study

The data of the antibacterial and antifungal activities of ligand and
complexes are given in table 1 and 2. The antimicrobial activity was
determined by measuring the diameter of the zone of inhibition (fig.
1 and 2). The data reveals that the complexes have higher inhibitory
activities than the free ligand. The enhancement of the activity of
ligand on complexation can be explained by Overtone’s Concept and
Chelation Theory [20]. This theory states that chelation reduces the
polarity of the metal atom by the partial sharing of its positive
charge with donor groups and possible m-electron delocalization
over the whole ring. This results in increasing lipophilic character of
the complex and favours the permeation of the complex through the
lipid layer of the cell membrane. The complex blocks the metal binding
sites in the enzymes of microorganisms. Consequently, the complex
disturbs the metabolism pathways in the cell, resulting in the extinction
of microorganisms. The mode of action of the compounds may involve
the formation of a hydrogen bond through the azomethine group
(>C=N-) with the active centers of various cellular constituents, resulting
in interference with normal cellular processes [21, 22]. Heterocyclic
compounds do play an important role in regulating biological activities
[23-25]. This is further evidenced when vanillin and 4-aminoantipyrine
based Schiff base metal complexes shows good antibacterial activity as
they contain heterocyclic group [11]. Comparatively, this activity is
highly enhanced for the metal complexes formed from vanillin based
dihydropyrimidone heterocyclic product and 4-aminoantipyrine. The
antimicrobial activity of the complexes follows the order Hg<Zn<Cu,
which may be due to the increasing stability of the complexes [26].

In vitro cytotoxicity

The in vitro cytotoxicity was evaluated after 24 hr incubation of the
synthesized compounds at increasing concentration with the normal
and cancer cells. Results of the MTT assay are expressed in terms of
concentration required for 50% inhibition (IC 50%) graphically and
presented in Graph 1. The compounds exhibited cytotoxic activity at a
very low concentration against any of 2 cell lines. However, [HgL2]Cl»
was more effective than the cytotoxicity of [CuL:]Cl; and [ZnL2]Cl2.
Cytotoxic activity of [CuL2]Cl. was slightly higher for cancerous hep 2
cells when compared with the normal vero cell. To determine whether
the cytotoxic effect of the compounds was related to the induction of
apoptosis, morphology of cells was investigated using the acridine
orange staining. As shown in fig. 3, obvious morphological changes were
observed in the treated cells as a dose-dependent manner compared to
the solvent treated cells. Both cell lines exposed to the compounds
exhibited condensed chromatin and appearance of apoptotic bodies as
apoptotic indicators. Furthermore, the number of micronucleated and
binucleated cells were significantly increased after the treatment with
compounds. Furthermore, the effect of [CuL:]Clz was found to be
stronger than the other compounds even at its lower concentrations.
This was consistent with the results of the MTT assay.
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(a) Ligand (b) Cul: (a) Ligand (b) Cul:
Fig. 1: Antibacterial activity in Pseudomonas aeroginosa Fig. 2: Antifungal Activity in Aspergillus flavus
Table 1: Antibacterial activity data of ligand and complexes
Compound Zone of Inhibition (mm)
Organisms L CulL: ZnL: HgL: DMSO Antibiotic
A B C A B C A B C A B C (1 mg/ml)
E. coli 5 3 2 9 9 8 9 7 6 7 6 4 - 10
Vibrio spp. 6 6 5 11 10 10 9 7 6 7 6 6 - 12
Staphylococcus aureus 6 5 3 9 8 8 8 6 6 8 6 5 - 10
Pseudomonas aeroginosa 7 6 3 12 11 10 8 7 7 7 7 7 -- 14
Bacillus spp. 5 4 3 13 12 11 9 8 7 7 6 6 - 15
Vibrio parahaemolytics 7 5 4 11 10 8 8 6 5 7 6 5 - 13
Salmonella spp. 6 5 4 9 8 7 9 7 6 8 7 6 - 10
Aeromonas spp. 7 6 3 9 8 8 9 8 7 7 6 5 -- 10
Klebsiella spp. 5 4 3 12 10 10 8 7 6 6 5 5 - 15
Proteus spp. 7 6 5 13 10 9 8 7 7 7 7 6 -- 15
* A-1000 pg, B-750 pug and C-500 pg
Table 2: Antifungal activity data of ligand and complexes
Compound Zone of Inhibition (mm)
Organisms L CulL2 ZnL2 HgL: DMSO Antibiotic
A B C A B C A B C A B C (1 mg/ml)
Candida albicans 6 5 5 7 6 6 9 7 7 7 6 5 - 7
Aspergillus flavus 6 5 5 9 8 8 8 7 6 7 7 6 - 10
Pencillium spp. 7 6 5 9 8 7 9 8 6 8 6 5 - 10
Aspergillus niger 5 4 4 5 4 4 7 6 6 6 5 5 - 5
Trichophyton 7 5 4 8 8 7 8 7 6 7 6 6 - 8
* A-1000 pg, B-750 pug and C-500 pg
Table 3: Anticancer effect of [CuL2]Clz on Hep2 cell line
S. No. Concentration (ug/ml) Dilutions Absorbance (0. D) Cell viability (%)
1 1000 Neat 0.07 10.76
2 500 1:1 0.15 23.07
3 250 1:2 0.22 33.84
4 125 1:4 0.27 41.53
5 62.5 1:8 0.32 49.23
6 31.2 1:16 0.36 55.38
7 15.6 1:32 0.39 60.00
8 7.8 1:64 0.43 66.15
9 Cell control - 0.65 100
MTT ASSAY
120
. 100 100
% 80
z &0 66.15
; @ B4 s
20 307
0.76
0
S\ ’ 5 1000 500 250 125 625 312 156 78 Cell
R ‘-‘;3:)‘&9»&," o y Concentration {ug/ml) control
Normal Hep 2 Cell line Toxicity-62.5pg/ml
Fig. 3: Anticancer effect of [CuL2]Cl: on HepZ2 cell line Graph 1: MTT Assay of [CuLz]Cl: on Hep2 cell line
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DNA cleavage

The presence of cells with apoptotic bodies in cultured cells treated with
cytotoxic agents was considered as a marker of cell death by apoptosis
and linked to DNA fragmentation associated with apoptosis. Typical
results from hep 2 cells treated with Hg(II) and Cu(II) are shown in fig. 4.
The compound [CuL:]Cl. induced the DNA fragmentation with a very
excited specific activity than the other complexes.

Fig. 4: DNA Fragmentation of [HgL2]Cl2 and [CuL2]ClI2, Lane 1:
Control, Lane 2: Concentration-125 pg/ml, Lane 3:
Concentration-62.5 ng/ml, Lane 4: Concentration-31.2 pg/ml,
Lane 5: Marker (100bp DNA Ladder)

CONCLUSION

The antimicrobial activity is highly enhanced for the metal
complexes formed from vanillin based dihydropyrimidinase
heterocyclic product and 4-aminoantipyrine. The antimicrobial
activity of the complexes follows the order Hg<Zn<Cu. The complex
[HgL2]Cl2 was more effective than the cytotoxicity of [CuL2]Cl2 and
[ZnL2]Cl2. Cytotoxic activity of [CuL2]Cl2 was slightly higher for
cancerous hep 2 cells when compared with the normal vero cell. The
effect of [CuL:]Cl2 was found to be stronger than the other
compounds even at its lower concentrations. This was compared
and concluded with the results of the MTT assay. The compound
[CuL:]Cl2 showed the DNA fragmentation with a very excited
specific activity than the other complexes.
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