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Abstract: Cancer is the world's second-biggest cause of mortality, accounting for 9.6 million deaths in 2018, and the burden continues to rise. As
a result, better newer medications with greater efficacy for the treatment of various tumours are clearly and urgently needed. Anticancer drugs
have been grouped as chemotherapy, hormonal remedy and immunotherapy. Chemotherapy protected various categories of drugs, each defined
by its chemical structure and mode of action, such as alkylating agents, antibiotics, antimetabolites, mitotic inhibitors, and others. Although this
issue has been widely explored, Schiff bases, which are formed from the condensation reaction of aromatic/aliphatic aldehydes and amines and
form stable complexes with various transition metal ions, are still of significant interest in inorganic chemistry. Schiff bases and their metal
complexes are promising leads for both synthetic and structural research due to their relatively simple synthesis and structural diversity and have
been widely investigated, due to their incredible chemical properties and applications in various areas. The chelating ability and biological
applications of metal complexes have attracted remarkable attention and they can work as models for biologically important species. Schiff bases
and their complexes are flexible compounds synthesized from the condensation of an amino compound with carbonyl compounds and extensively
used for industrial purposes and also show a broad range of biological activities including antibacterial, antifungal, antiviral, antimalarial,
antiproliferative, anti-inflammatory, anticancer, anti-HIV, anthelmintic and antipyretic properties. The purpose of this research work was to assess
the in vitro anticancer activity of the synthesized Schiff base molecule and its transition metal complexes against Human breast carcinoma Cancer
cells at various doses (1000, 300, 100, 30, 10, and 3 g/ml). The anticancer activity of the free ligand and its metal complexes showed good to high
activity against human breast cancer cells. Schiff base and its transition metal complexes against human breast cancer cell lines fascinate the
researchers to develop new anticancer drugs without side effects.
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. INTRODUCTION

Cancer is a major problem both in developed countries and
developing countries. Cancer is abnormal; cell growth that
can lead to death. Cancer cells are multiplying vigorously and
are capable of destroying the normal cells of our body. The
cancer cells are produced due to the imbalance in the body
and cancer can be treated by correcting this imbalance.
Millions of people are affected by cancer every year which
may lead to death. According to the World Health
Organization, cancer ranks second in global causes of death,
with an estimated 9.6 million deaths attributed to this group
of diseases in 2018'. With 36 different types, cancer mainly
affects men in the form of colorectal, liver, lung, prostate,
and stomach cancer and women in the form of breast, cervix,
colorectal, lung, and thyroid cancer'. Cancer, characterized
by uncontrolled, rapid and pathological proliferation of
abnormal cells, is the second'leading cause of death in
humans after cardiovascular diseases in developing as well as
advanced countries.! Although there are many therapeutic
strategies including chemotherapy and radiotherapy, high
toxicity and drug resistance limit the positive outcomes in
most cases. Moreover, most chemotherapeutic drugs are
expensive. Therefore, novel diagnosis, treatment and
prevention approaches are urgently needed for cancer
therapy. Research in this direction is still going on, to find an
alternative drug that can target the malignant tissues, less
toxic and affordable by the common man.* Schiff bases played
an important role as ligands even a century after their
discovery in coordination chemistry. Schiff bases have been
widely employed as ligands because of the high stability of the
coordination compounds and their good solubility in
common solvents. Schiff bases are considered a very
important class of organic compounds because of their ability
to form complexes with transition metal ions and their
pharmacological properties. Transition metal complexes
containing Schiff bases have been of much interest over the

Chemistry

last years, largely because of their various applications in
biological processes and potential applications in designing
new therapeutic agents. Recently, Schiff base complexes with
transition and inner transition metals®® have acquired special
attention in the medicinal and pharmaceutical field, since they
exhibit excellent biological activities. Schiff bases are potential
anticancer drugs and when administered as their metal
complexes, the anticancer activity of the complexes is
enhanced compared to the free ligand. In recent times,
hydroxy-substituted Schiff bases have received substantial
attention due to good anticancer activity. "® Considering the
numerous applications of Schiff bases in various fields of
chemistry, there has been tremendous interest in evolving
proficient methods for their synthesis. Many methods and
procedures have been brought in for the preparation of
imines in the literature since the pioneering work of Hugo
Schiff. Based on the above facts and its applications, the aim
of our present research work was designed to evaluate the in
vitro anticancer activity of the synthesized Schiff base
compound 2,  4-dichloro-6-(p-tolylimino-methyl)-phenol
(DICST) and its metal complexes of growth inhibitory
property using MCF-7, a human breast carcinoma cell line.
These synthesized Schiff base ligands and metal complexes
have been screened for in vitro anticancer activity.

l. MATERIALS AND METHODS
1.1 Schiff Base (DICST) Synthesis

According to the literature method >'° the Schiff base of 2, 4-
dichloro-6-(p-tolylimino-methyl)-phenol (DICST) was
synthesized. To a solution of 3,5-dichloro-2-hydroxy-
benzaldehyde (0.05 mol), the solution of p-toluidine (0.05
mol) dissolved in absolute ethanol was added in a I:I
equimolar ratio and the reaction mixture was stirred for |-2
hours at 35-40 °C. From absolute ethyl alcohol, the solid
product was filtered, washed, and crystallized.

3. 5-Dnichloro-2-hydroxy-benzaldehyde

s
o Ethanol,
- * Clonstant Stiring
. D — .
oH H “Ha SFLO

p-Toluidine

2.4 -Dichloro-6 -{p-tolylimino-methyl-phenol (DICST,

Scheme |. Formation of Schiff base (DICST)

1.2 Metal Complexes Synthesis

A warm ethanolic solution of 2,4-dichloro-6-(p-tolylimino-methyl)-
phenol (DICST) (0.05 mol) was added to warm ethanolic solution
(0.05 mol) of metal salts Mn(ll), Co(ll), Cu(ll) and Zn(ll). The

resulting mixture was heated in a mantle with a water condenser
for 5-6 hours at reflux with continuous shaking. After concentration
to one-half of the starting volume, the product was collected as a
precipitate, which was cooled, washed with ethanol, and dried in a
hot air oven.
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1.3 In vitro anticancer activity of synthesizing Schiff
base transition metal complexes

1.3.1 Materials Required

CO, incubator- Sanyo, Japan, Multimode microplate reader-
BioTek, USA, Refrigerated centrifuge- Remi, India, Cell: MCF-
7 cell line - NCCS Pune, MTT, (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide)) from Sigma, Fetal bovine
serum from Genetix Biotech, India. Trypsin from SRL
Chemicals, Penicillin/Streptomycin  from Sigma, DMEM
medium from Genetix Biotech, India and DMSO from SRL
chemicals.

1.3.2 Cell culture

The breast cancer cell line, MCF-7 was purchased from
NCCS Pune and was cultured in liquid medium (DMEM)
supplemented with 10% Fetal Bovine Serum (FBS), 100 pg/ml
penicillin and 100 pg/ml streptomycin.

1.3.3 MTT assay

For the MTT assay'', the cells were grown in 25 cm %25 cm
%25 cm tissue culture flasks containing DMEM medium as
culture medium supplemented with 10% FCS, 100 U/ml

penicillin, 100 pg/ml streptomycin (GIBCO) and grown at
37°C under a humidified atmosphere of 95% air and 5% CO.,.
Cells were regularly passaged and maintained before
including in the experiment. When a cell density in a culture
flask reached 70-80% confluence, they were trypsinized and
seeded in 96-well plates in the density of 4000 cells per well
in 100 pl and incubated for 24 hours at CO,incubator. The
next day, the working stock of 2X concentration (2000, 600,
200, 60, 20 and 6 pg/ml) were prepared in complete DMEM
medium supplemented with 10% FCS and were added to the
respective wells at 100 pl volume to achieve a final
concentration of 1000, 300, 100, 30, 10 and 3pg/ml. After the
tested compound addition, the plate was further incubated
for 48 hours in the CO, incubator at 37°C.MTT solution was
composed of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide (MTT) at 5 mg/ml in 1X PBS. The plate
was further incubated for 3 hours in an incubator. After
incubation, the medium was carefully decanted from the plate
without disturbing the formation of crystals. The crystals
were air-dried in dark and dissolved in 100 pl DMSO and the
plates were mildly mixed at room temperature for 5 min and
the OD was measured using BiotekSynergy HT microplate
reader at 570 nm. From the optical densities the percentage
growths were calculated using the following formula:

Percentage growth = 100x[(T-T,)/(C-Ty)]

Where,

T is the optical density of the test,

C is the optical density of control,

T, is the optical density at time zero (at the time of
compound addition will serve as blank to assess the
cytotoxicity).

1.3.4 Cell Imaging

After 48 hours before adding MTT solution, treated cells were
observed under a microscope for cell morphology analysis and
images of each concentration were captured and recorded.

2. RESULTS AND DISCUSSION

2.1 NMR spectrum of Schiff base and its transition
metal complexes

2.1.1 NMR Spectra

The 'H and 3C NMR spectra of the 2,4-dichloro-6-(p-tolylimino-
methyl)-phenol (DICST) and its Zn(ll) complex were studied with
DMSO-dg as solvent. NMR spectrum were shown in the below
Figure-1.
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Fig- | NMR spectrum of Schiff base and its transition metal complexes

2.2 '"H NMR Spectra

In Figure-1 '"H NMR spectra of the Schiff base shows that the
OH signal appeared in the spectrum of 2,4-dichloro-6-(p-
tolylimino-methyl)-phenol  (DICST) at 1446 ppm is
completely disappeared in the spectrum of Zn(ll) complex
indicating that the OH proton is removed by complexation
with the metal ion ' The singlet peak at 8.56 ppm
characteristic to the azomethine'*'* is down fielded to 8.64
ppm in Zn (ll) complex supporting well binding of the
azomethine groups of Schiff base to metal ions. As multiples
at 7.20-7.40 ppm are down fielded to 7.10-7.30 ppm in the
spectra of metal complexes, the signals for aromatic protons
of Schiff base were obtained. The previous studies concluded
that the 'H NMR spectra of the ligand showed a singlet
at02.38 ppm attributed to methyl group attached to the
thiazole ring, and multiplet at 87.80-6.93 ppm due to
aromatic protons. The spectra showed also azomethine
proton (CH=N) as singlet at 89.19 ppm. The OH proton is

observed as singlet at 811.51 ppm. A comparison of the'H
NMR spectra of the Zn (ll) complex and the free ligand
indicates that the proton signal corresponding to OH group
of ligand has disappeared in Zn (ll) complex, which may be
due to deprotonation. The CH=N proton in the ligand is
shifted to 9.08 ppm in the Zn (ll) complex, which suggested
that the azomethine nitrogen is involved in the co-
ordination'® (Maurya et al., 2005).

2.3 '3C NMR Spectra

13C NIMR spectrum as shown in Figure-1. The signal

appeared at 159.19 ppm and was assigned to azomethine
carbon atoms (HC=N), in “C NMR spectra of the 2,4-
dichloro-6-(p-tolylimino-methyl)-phenol (DICST). Similarly,
with the shift in intensity confirming the coordination of
metal ion, the spectra of Zn(ll) complex showed a signal of
azomethine carbon at 148.52ppm relatively up fielded to the
2,4-dichloro-6-(p-tolylimino-methyl)-phenol  (DICST). The
phenolic carbon showed the signal at 159.19 ppm (Ph-C-O,
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IC) in the ligand and the spectra of the Zn (ll) complex
showed a signal of phenolic carbon at 161.57 ppm. The
signals are shown at 120.2-144.1 and 114.63-148.52 ppm are
assigned to aromatic carbons of 2,4-dichloro-6-(p-tolylimino-
methyl)-phenol (DICST). '"Abd-Elzaher et al, (2012)
reported that the >C NMR of the ligand showed a signal at
16.3 ppm which was assigned to the methyl group attached
to the thiazole rings, and three signals at 120.2, 141.4 and
159.4 ppm were assigned to the thiazole rings.

2.4 Cell Growth Inhibition Property

The anti-cancer activity of Schiff base and its transition metal
complexes were assessed by the MTT assay method. The
tested compounds were tested against the human breast
cancer MCF-7 cell line. The percentage of Cytotoxicity of
Synthesized Schiff base compound and its transition metal
complexes on MCF-7 cell line are shown in Table-I1. The
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concentrations ranging from 1000, 300, 100, 30, |0 and
3pg/ml in the semi-logarithmic range are used to assess the
growth inhibition properties of the synthesized compound.
These synthesized compounds were screened for their anti-
cancer activity against MCF-7 human breast cancer cell lines
at different concentrations 3-1000 pg/ml to determine the
ICs, (50% growth inhibition) by MTT assay was summarized
in Table-2. Each concentration was performed in
quadruplicate and cumulative variation was maintained less
than 20% between the data points. The percentage of cell
growth inhibition and cytotoxicity of the synthesized
compound on the MCF-7 cell line is shown in Figure-2 and
Figure-3. The cell growth inhibition of the synthesized
compound revealed that the concentrations increase there is
an increase in the cell growth inhibition and possesses anti-
cancer activity. The Photomicrograph of the MCF -7 cell line
were shown in Figure-4.

Table- I: percentage of Cytotoxicity of Synthesized Schiff base and its transition metal
complexes on MCF-7 cell line by MTT assay

Tested compound

Concentrations (Schiff base and its Standard (%)

(ng/ml) transition metal
complexes) (%)

1000 165.7 0.5

300 164.8 0.2

100 146.3 2.6

30 94.7 1.5

10 46.9 1.8

3 -14.5 8.6

Control 0.0 1.3

At the 0.05 level, the population means are significantly different

Table-2: Percentage of cell growth inhibition of Synthesized Schiff base and its transition metal complexes on
MCEF- 7 cell line by MTT assay

S. No Tested sample concentration (ug/ml) OD Value at 570 nm
l. Control 0.058
2. 1000 0.059
3. 300 0.162
4. 100 0.474
5. 30 0.764
6. 10 1.126
7. 3 1.121

At the 0.05 level, the population means are significantly different

Optical Density
CEEEENRRDNRNLWLY

Z00 400
Concentration (ug/mil)

SO0 00 TOO0O

Fig-2: Percentage of cell growth inhibition of synthesized Schiff base and its transition metal complexes on
MCEF- 7 cell line by MTT assay
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Fig-3: Percentage of cytotoxicity of synthesized Schiff base compound and transition metal complexes on
MCF-7 cell line by MTT assay

Photomicrograph of MCF-7 cell line

Control cell 1000 pg/ml
)
{ .
100 pg/ml 30 pg/ml
3 pg/mli

300 pg/ml

10 pg/mi

Fig 4: Photomicrograph of MCF -7 cell line (Images of control cells and treated cells)

The tested compounds were screened for their Cytotoxicity
against MCF-7 cancer cell lines at different concentrations
1000, 300, 100, 30, 10 and 3ug/ml to determine the IC,
(50% growth inhibition) by MTT assay was summarized in the
above Tables. The tested compounds showed the cytotoxic
effect on the higher concentration tested (Figure 4). The IC;,
value for the test compounds showed at 24.0 pg/ml on the
tested cell line. These cell growth inhibitions of the synthesis
of Schiff base compound and its transition metal complexes
revealed that the concentrations increase there is an increase
in the cell growth inhibition and possesses anti-cancer
activity. It is concluded that the Schiff base and its metal
complexes had anticancer properties against breast
carcinoma MCF-7 cell line. A previous study has suggested

that the human breast cancer MCF7, cervical cancer cell
Hela K-562 and Vero cell lines at the concentrations of 80,
90, 100, 120, 130 and > 200 mg/mL for 48 h using pyridine
Schiff base ligand and its metal complexes. The cell growth
inhibition was analysed by the MTT assay (Shafeeulla et al)
and the results revealed that complexes and the ligand
exhibited an inhibitory effect on the proliferation of Hela,
MCF-7 and Vero cell lines in a dose-dependent manner ',

3. CONCLUSION
Schiff bases are one of the most important chemical classesof

compounds having a common integral feature of a variety of
medicinal agents. Transition metal complexes containing
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Schiff bases have been of much interest over the last years,
largely because of their various applications in biological
processes and potential applications in designing new
therapeutic agents. The results of the present study
demonstrate the potential cytotoxic activity of Schiff base
and its transition metal complexes that are responsible for
this potential cytotoxic activity against the MCF-7 cancer cell
line. Further research has to be carried out with other
cancer models to elucidate the possible mechanism of action.

6. REFERENCE

Bray F, Ferlay ], Soerjomataram |, Siegel RL, Torre LA,
Jemal A. Global cancer statisticss GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin.
2018;68(6):394-424. DOI: 10.3322/caac.21492, PMID
30207593.

2, de Martel C, Georges D, Bray F, Ferlay J, Clifford GM.
Global burden of cancer attributable to infections in
2018: a worldwide incidence analysis. Lancet Glob
Health. 2020;8(2):e180-90. doi: 10.1016/S2214-
109X(19)30488-7, PMID 31862245.

3. Wild CP, Weiderpass E, Stewart BW, editors. World
cancer report: cancer research for cancer prevention.
Lyon: International Agency for Research on Cancer;
2020.

4. Bandgar BP, Gawande SS, Bodade RG, Totre }V,
Khobragade CN. Synthesis and biological evaluation of
simple methoxylated chalcones as anticancer, anti-
inflammatory and antioxidant agents. Bioorg Med
Chem. 2010;18(3):1364-70. doi:
10.1016/j.bmc.2009.11.066, PMID 20064725.

5. Abdallah SM, Mohamed GG, Zayed MA, Abou El-Ela
MS. Spectroscopic study of molecular structures of
novel Schiff bases derived from o-phthalaldehyde and
2-aminophenol and its coordination compounds
together with their biological activity. Spectrochim
Acta A Mol Biomol Spectrosc. 2009;73(5):833-40. doi:
10.1016/j.s2a.2009.04.005, PMID 19505840.

6. Dias DA, Urban S, Roessner U. A historical overview
of natural products in drug discovery. Metabolites.
2012;2(2):303-36. doi: 10.3390/metabo2020303, PMID
24957513.

7. Deshmukh P, Soni PK, Kankariya A, Halve AK, Dixit
R. 4-aminoantipyrine: a significant tool for the
synthesis of biologically active Schiff bases and metal
complexes. Int ] Pharm Sci Rev Res. 2015;34(1):162-
70.

8. Goel P, Kumar D, Chandra S. Schiff’s base Ligands and
their transition metal complexes as antimicrobial
agents. ] ChemBiolPhy Sci. 2014;4:1946-64.

9. Navidpour L, Shafaroodi H, Abdi K, Amini M,

Ghahremani MH, Dehpour AR, Shafiee A. Design,

synthesis, and biological evaluation of substituted 3-

alkylthio-4,5-diaryl-4H-1,2,4-triazoles  as  selective
COX-2 inhibitors. Bioorg Med Chem.
2006;14(8):2507-17. doi: 10.1016/j.bmc.2005.11.029,
PMID 16337127.

Chemistry

4. AUTHORS CONTRIBUTION STATEMENT

K. Sirumalar conceptualized and gathered the data
concerning this work Dr.A. Paulraj analyzed these data and
necessary inputs were given towards the designing of the
manuscript. All authors discussed the methodology, results
and equally contributed to the final manuscript.

5. CONFLICT OF INTEREST

Conflict of interest declared none

10. Maxwell JR, Wasdahl DA, Wolfson AC, Stenberg VI.
Synthesis of 5-aryl-2H-tetrazoles, 5-aryl-2H-tetrazole-
2-acetic acids, and [(4-phenyl-5-aryl-4H-1,2,4-triazol-
3-yl)thio]Jacetic acids as possible superoxide
scavengers and anti-inflammatory agents. | Med Chem.
1984;27(12):1565-70.  doi:  10.1021/jm00378a007,
PMID 6094808.

Il. Carmichael J, DeGraff WG, Gazdar AF, Minna |D,
Mitchell JB. Evaluation of a tetrazolium-based
semiautomated colorimetric assay: assessment of
chemosensitivity testing. Cancer Res. 1987;47(4):936-
42. PMID 3802100.

12. Dhanalakshmi A, PalaniMurugan A, Natarajan B.
Efficacy of saccharides bio-template on the structural,
morphological, optical and antibacterial property of
ZnO nanoparticles. Mater Sci Eng C. 2018;90:95-103.
doi: 10.1016/j.msec.2018.04.037.

13. KarthikPrabhu B, PalaniMurugan A, Dhanalakshmi A,
Kannan K, Thangadurai S. Microchem |
2020;154:104570, 1-7.

14. SundaramurthySantha Lakshmi |. Geetha and Saranya J,
“Synthesis, spectroscopic characterization and in vitro
biological studies of Schiff base transition metal (ll)
complexes,” JAASR.2016;1:30-7.

15. Sravanthi M, Kavitha B, Reddy PS. Green route for
efficient synthesis of biologically active schiff base
ligand derived from 2 — hydroxy acetophenone:
structural, spectroscopic, anti-microbial and molecular
modeling studies. Int Res ] Pharm. 2019;10(3):215-20.
doi: 10.7897/2230-8407.1003107.

16. Maurya MR, Agarwal S, Bader C, Rehder D.
Dioxovanadium(V)complexes of ONO donor ligands
derived from pyridoxal and hydrazides: models of
vanadate-dependent haloperoxidases. JInorg Chem.
2005;2005:147-57.

17. Abd-Elzaher MM, Labib AA, Mousa HA, Moustafa SA,
Ali MM, El-Rashedy AA. Synthesis, anticancer activity
and molecular docking study of Schiff base complexes
containing thiazole moiety. Beni Suef Univ ] Basic Appl
Sci. 2016;5(1):85-96. doi: 10.1016/j.bjbas.2016.01.001.

18.  Shafeeulla RM, Krishnamurthy G, Bhojynaik HS,
Shivarudrappa HP and Shiralgi,Y Beni-Seuf Univ. J.
Basic Appl.
Sci.2017;6:332.https://doi.org/10.1016/j.bjbas.2017.06.0
ol

P-19


https://doi.org/10.3322/caac.21492
https://www.ncbi.nlm.nih.gov/pubmed/30207593
https://doi.org/10.1016/S2214-109X(19)30488-7
https://doi.org/10.1016/S2214-109X(19)30488-7
https://www.ncbi.nlm.nih.gov/pubmed/31862245
https://doi.org/10.1016/j.bmc.2009.11.066
https://www.ncbi.nlm.nih.gov/pubmed/20064725
https://doi.org/10.1016/j.saa.2009.04.005
https://www.ncbi.nlm.nih.gov/pubmed/19505840
https://doi.org/10.3390/metabo2020303
https://www.ncbi.nlm.nih.gov/pubmed/24957513
https://doi.org/10.1016/j.bmc.2005.11.029
https://www.ncbi.nlm.nih.gov/pubmed/16337127
https://doi.org/10.1021/jm00378a007
https://www.ncbi.nlm.nih.gov/pubmed/6094808
https://www.ncbi.nlm.nih.gov/pubmed/3802100
https://doi.org/10.1016/j.msec.2018.04.037
https://doi.org/10.7897/2230-8407.1003107
https://doi.org/10.1016/j.bjbas.2016.01.001

