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Evaluation of antiproliferative potential of manganese (I1)-dafone complex
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Cytotoxicity is the quality of being toxic to cells. In vitro toxicity is the scientific analysis of the effect of toxic chemical
substances on cultured bacteria or mammalian cells. In our work Manganese—4,5-Diazafluoren-9-one complex was prepared
and its cytotoxicity was studied by standard MTT Assay in Cervical carcinoma cells HeLa. The result was compared with
the normal fibroblast cell to check its influence on normal cells. On comparing the results, the complex is found to be more
toxic to cervical carcinoma cells than the normal fibroblast cells. The photocatalytic activity of the complex was studied on
the basis of the decomposition reaction of methylene blue dye in presence of the complex. The compound
[Mn(C1;HgN,0),(NCS),] was synthesised and characterised by various spectroscopic methods and the structure was
confirmed by single— crystal XRD analysis. The molecular structure of the complex was optimized using density functional
theory (DFT) at the B3LYP/6-311 G (d,p) level. The smallest HOMO-LUMO energy gap (0.66 eV) indicates the soft acid

nature of the complex.
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Cancer, also called malignancy, is an abnormal growth
of cells. There are five types of cancer known as
carcinoma, lymphoma, melanoma, sarcoma, and
leukemia. Carcinoma is the most commonly diagnosed
cancer, originate in the skin, lungs, breasts, pancreas,
and other organs and glands. In cervical carcinoma
lowermost part of the uterus (cervix) was affected. It is
the fourth most common cancer in women. According
to WHO, in 2018, approximately 5,70,000 women
were diagnosed with cervical cancer worldwide and
about 3,11,000 women died from the disease.

Dafone is a bidentate ligand similar to 1,10-
phenanthroline and bipyridine. It is a derivative of
1,10-phenanthroline, having an exocyclic keto
group™?, which make it suitable for further
derivatisation, to yield multinuclear metal complexes
having interesting catalytic and biological properties®.
Metal coordination complexes have been widely
studied for their anticancer activities"®. Earlier
platinum— based complexes like cisplatin and
carboplatin were used for the treatment of various
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cancers. In spite of their effectiveness, they lack
selectivity for tumour tissues, which leads to severe
side effects like neurotoxicity and ototoxicity.
Moreover, some tumor cell lines are now growing
resistant to cisplatin. So researchers are trying to
synthesize new compounds that are selectively toxic
to tumor cells'®** and cause no harm to normal cells.
Titanium complex titanocene dichloride was clinically
approved for its higher cytotoxicity in renal cell
carcinoma'® and human ovarian cancer’. Recent
studies support the cytotoxicity of phenanthroline
derivative against various cell lines including
cisplatin— resistant cell lines***°. A cisplatin analogue
cis-Pt(dafone)Cl, shows considerable cytotoxicity
against HeL.a and Hacat cell lines™®. Silver complexes
have been reported to have anticancer activity. Silver
carboxylate dimers possess anticancer activity against
human carcinoma cells’” and silver phosphine
complexes are active against cisplatin— resistant cell
lines'®. Several Cu (I1) chelates have been reported to
exhibit enhanced antiproliferative activity'®?. On
analysing these results we decided to find out the
cytotoxic character of the title complex.

A photocatalyst is a material that absorbs light to
bring it to a higher energy level and provides such
energy to a reacting substance to make a chemical
reaction occur. Environmental pollution gets more and
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more public concern in our society”*?. Wastewater
containing dyes coming from textile and paper industry
is generally high in both color and organic content®.
Therefore, decolourization process were important in
waste water treatment. Decontamination of polluted
water by photocatalysis was low cost and effective?. A
lot of work has been done to develop heterogeneous
photocatalyst with high photocatalytic activities for
environmental applications such as water disinfection,
hazardous waste remediation, and water purification™?’.

Even though the DNA interaction properties”®* of
dafone attracted the attention of many researchers, the
co-ordination chemistry of dafone is still restricted to
a few metals®*. There is only one report® for Mn(l1)
dafone coordination complex [Mn(dafone),Cl,],
in which dafone coordinates to Mn(Il) in cis-mode.
There is also report of crystallography of Co(ll)
[Co(dafone),(NCS),]**,  zn(ll)  [Zn(dafone),l,]*,
Cu(ll)  [Cu(dafone),(SCN),]*® and  [Cu(dafone),
(NCO),] MeCN®, Ni(ll) [Ni(dafone),(SCN),]* and
[Ni(dafone),(NCS),]* and Hg(ll) [Hg(dafone) (SCN),]*
complexes. In both cobalt and zinc complexes, dafone
coordinates in cis-mode. The crystallography of the title
compound was analysed by various spectroscopic
methods and confirmed by single —crystal XRD studies.

Our research work was conducted to find out the
cytotoxicity of Manganese — 4,5-Diazafluoren-9-one
Complex by standard MTT Assay in Cervical
carcinoma cells HelLa (an immortal cell line derived
from cervical cancer cells). Selectivity for tumour
tissue was checked by its action on Fibroblast cells
(L929) (a type of biological cell that synthesises the
extracellular matrix and collagen and the most
common connective tissue in animals). A compound
that is toxic to HeLa cell lines and non-toxic to
fibroblast cell lines will be safe for cancer treatment.
The photocatalytic activity of the prepared complex
was carried out based on degradation of methylene
blue dye in presence of the complex using a UV lamp
as the source of radiation. The crystallography of the
Manganese — 4,5-Diazafluoren-9-one complex was
analysed by various spectroscopic methods and
confirmed by single— crystal XRD studies.

Materials and Methods

All chemicals were purchased from Ranbaxy
chemicals and Sigma Aldrich and used without
further purification. Dafone was prepared as per the
reported procedure’. It was precipitated as yellow—
orange needles within 1-2 days. IR spectra were
measured by using the Thermo Nicolet AVATAR

model FTIR spectrometer using the KBr pellets. An
elemental analysis experiment was conducted from
SAIF STIC Cochin, Kerala, India.

Synthesis of [Mn(dafone),(NCS),]

Manganese perchlorate (0.3619 g, 1 mmol) and
Ammonium Thiocyanate (0.152 g, 2.00 mmol) were
dissolved in a minimum amount of water. To this
solution, dafone (0.364 g, 2.00 mmol) dissolved in a
minimum amount of acetonitrile was added slowly and
kept undisturbed. Golden yellow shining needles were
formed within ten days. Yield 0.4113 g (76.81 mmol,
76.81%). Anal (%) Calcd. for CyHpMnNg O,Sy:
C, 53.78; H, 2.24; N, 15.69; S, 11.97. Found: C, 54.05;
H, 1.32; N, 16.36; S, 11.24; IR (KBr, cm) 3431,
3088, 2067, 2053, 1735, 1570, 1412, 1248, 1101,
755 and 524. The crystals are stable in air and melt
above 280°C.

Cytotoxic Study

Cytotoxicity of the complex was conducted from
Biogenix Research Centre, Thiruvananthapuram,
Kerala, India using cervical carcinoma cells (HelLa)
and compare the result obtained with normal
fibroblast cells (L929). Viability of the cell was
evaluated by direct observation of cells by inverted
phase— contrast microscope followed by MTT assay
method. Any detectable changes in the morphology of
the cells, such as rounding or shrinking of cells,
granulation, and vacuolization in the cytoplasm of the
cells were considered as indicators of cytotoxicity.

Photocatalytic activity

Photocatalytic activity of the prepared complex
was carried out using methylene blue dye as the
pollutant and UV lamp as the source of radiation. The
metal complex (0.01 g) and an aqueous solution of
methylene blue (70 mL) were mixed in a beaker and
were equilibrated by constant stirring at room
temperature in dark for 30 min to allow the adsorption
of methylene blue dye, if any, by the complex. The
solution is stirred under UV light. The sample was
allowed to absorb UV light and 5 mL aliquots were
taken and filtered at a definite time interval of 30 min.
The filtrate was analysed using a UV-Visible
spectrophotometer. When the reaction mixture was
stirred, the complex absorbs UV rays and get excited
due to the appropriate bandgap. The photogenerated
electron— hole pairs produce hydroxyl radicals in the
system which decolorises the blue—colored methylene
blue solution®®*, The intensity of absorption peak of
methylene blue at 663 nM gets diminished gradually
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with the extension of the exposure time indicating the
degradation of methylene blue dye***.

X-Ray Crystallography

X-ray diffraction data were collected on a Bruker
Kappa APEX2 CCD diffractometer, equipped with
graphite monochromated Mo Ko  radiation
(A = 0.71073A) at 298 K. Datas were reduced using
Computer programs: APEX2%, SIR92%,
SHELXL2014/7*, Mercury®™, publCIF*®. The analysis
was carried out from SAIF STIC, Kochin.

Computational Analysis

The highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) are called
Frontier Molecular Orbitals (FMO). The molecular
structure of the complex was optimized using density
functional theory (DFT). DFT calculations were
performed for the complex [Mn(dafone),(NCS),] with
computational program Guassian09*' using the basis set
B3LYP/6-311 G(d,p)*®.

Results and Discussion
Characterization of the ligand and the complex

Ligand and complex were characterized by various
spectroscopic studies. IR Spectrum of dafone shows
three characteristic bands, whose wavelengths
corresponding to the stretching vibrations of its three
types of bonds: 3304 cm ™' (vc.), 1714 em™ (ve=o),
and 1461 cm™' (vc-y). In the IR spectrum of the
complex, a strong band in 1410 cm™* may be due to
azomethine group (C=N) and a broadband in 1740 cm™*
may be due to stretching vibrations of C=0O group.
The absorption band at 590 nM may be assigned to
®Ayy — *Tyy (G) transition indicate the octahedral
geometry of the complex [Mn(dafone), (NCS),].
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Molar conductivity of ~107° M solution of the
complex in DMF was found to be 12 Sm*mol™" at
room temperature, indicate the non- electrolytic
nature of [Mn(dafone),(NCS),]*.

Application of the complex [Mn(dafone),(NCS),]
Cytotoxicity

Complex [Mn(dafone),(NCS),] was tested for
anticancer activity against cervical carcinoma cells.
The result was compared with the normal fibroblast
cell to check its influence on normal cells. Percentage
of viability can be calculated by the equation:

Mean OD of Samples y
OD of Control group

Percentage viability = 100

Percentage viability of [Mn(dafone),(NCS),] against
HelLa cells and Fibroblast cells (Tables 1 & 2) and the
corresponding photographs (Figs. 1 & 2) are given.
From the graphical comparison (Fig. 3) of the
percentage viability of Hela and fibroblast cells against
[Mn(dafone),(NCS),], it is clear that the complex is
more toxic to Hela cells than the fibroblast cells in a
metal concentration varying from 0-100 pg/mL. The
concentration of the complex that can kill 50% of the
unwanted cell (LCs, Value) was calculated (Table 3)
using ED50 PLUS V1.0 Software.

Photocatalytic activity

The photocatalytic activity of the complex was
studied based on its degradation reaction with methylene
blue dye. On analyzing the absorbance vs wavelength
graph (Fig. 4) of methylene blue dye, the intensity of
the characteristic absorption peak of methylene
blue at 663 nM gets diminished gradually with
the extension of the exposure time. It is an indication of

Table 1 — Percentage viability of [Mn(dafone) ,(NCS),] against HeLa cells

Sample Conc. (ug/mL) OD value | OD value Il OD value IlI Average OD % Viability
0 0.4952 0.4896 0.4935 0.4928 100
6.25 0.4015 0.4115 0.4137 0.4089 82.97
125 0.3878 0.3892 0.3964 0.3911 79.37
25 0.3620 0.3742 0.3685 0.3682 74.72
50 0.3280 0.3364 0.3295 0.3313 67.23
100 0.2851 0.2973 0.2984 0.2936 59.58

Table 2 — Percentage viability of [Mn(dafone),(NCS),] against Fibroblast cells
Sample Conc. (ug/mL) OD value | OD value Il OD value I11 Average OD % Viability

Control 0.7225 0.7376 0.7282 0.7294 100.00

6.25 0.6988 0.6982 0.6801 0.6924 94.92

125 0.6408 0.6319 0.6328 0.6352 87.08

25 0.5532 0.5616 0.5572 0.5573 76.41

50 0.5121 0.5270 0.5206 0.5199 71.28

100 0.4431 0.4574 0.4584 0.4530 62.10
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D

Fig. 1 — Microscopic image of Cervical carcinoma cells (HeLa) when treated with the [Mn(dafone),(NCS),] in the order of increasing
concentration (A) Control; (B) 6.25 pg/mL, (C) 12.5 pg/mL; (D) 25 pg/mL; (E) 50 pg/ mL; and (F) 100 pg/ mL

D F

Fig. 2 — Microscopic image of Fibroblast (L929) when treated with the [Mn(dafone),(NCS),] in the order of increasing concentration
(A) Control; (B) 6.25 pg/mL; (C) 12.5 pg/mL; (D) 25 pg/mL; (E) 50 pg/mL; and (F) 100 pg/mL
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degradation of methylene blue dye which supports the
photocatalytic activity of the complex.

Crystal structure description of [Mn(dafone),(NCS),]

Single crystal X-ray diffraction analysis reveal that
the complex [Mn(dafone),(NCS),] crystallizes in the
orthorhombic,  Pbcn  with  cell  parameters
a=3.3803(10) A, b = 10.4789(7) A and c= 16.6256(9)
A o = 90° p =90°, y = 90° and Z = 4
(Fig. 5). Central atom Mn(ll) octahedrally
coordinated to two thiocyanate anions through
nitrogen atoms and two dafone molecules (Fig. 6).
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Fig. 3 — A comparison of the percentage viability of Hela and
fibroblast cells against the different concentration of
[Mn(dafone),(NCS),]
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Fig. 4 — Photodegradation plot of methylene blue dye under UV
light in presence of [Mn(dafone),(NCS),] at various time intervals

Table 3 — LCsy, Value for the complex [Mn(dafone),(NCS),]

Cell lines Average LCg, Value in
pg/mL

Cervical carcinoma cells 133.183

Fibroblast cells 129.523

The Mn(ll) ions have an octahedral configuration and
are located in a special position. Two dafone ligands
chelate in cis-mode with an average Mn—N distance
of 2367 A. The multidentate NCS— ligand
coordinates through the nitrogen atom. The Mn—
N(NCS) distance is 2.095 A, which is much shorter
than the Mn-—dafone distance. The cis mode of
coordination has been previously observed for both
Co(Il) and Zn(11) complexes with dafone.

Supramolecular features

The crystal packing of the title compound (Fig. 7)
shows several weak intermolecular short contacts and
hydrogen ~ bonding  interactions, such  as
C11—H11..N3 (2.721 A), C11—H11....C12 (2.707 A),
C3—H3...S1 (2.949 A), C1—H1...C12 (2.870 A),
S1...01 (3.195 A) and the contacts expands to
become three-dimensional architecture.

Fig. 5 — The molecular structure of [Mn(dafone),(NCS),], with
the atom labelling. Displacement ellipsoids are drawn at the 50%
probability level

Fig. 6 — A view of the crystal packing of the complex. Dashed
lines denote the intermolecular short contact
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Refinement

Crystal data, data collection, and structure
refinement details (Table 4) are summarized. The
C-bound H atoms were positioned geometrically and
refined using a riding model, with C—H = 0.93 A and
with Uiso(H) = 1.2Ueq(C). Selected bond length and
bond angles (Table 5) are given.

Frontier Molecular orbital studies

Frontier ~ Molecular  Orbitals  decides the
optoelectronic properties of the molecule. A molecule
can be classified into soft and hard acids depending
upon the HOMO-LUMO gap. The geometry of the
complex is optimised (Fig. 7), and the calculated
energy of HOMO and LUMO orbital’s of the
complex been found to be negative, indicates its
stability. The optimized geometry is slightly different
from the crystal structure, in which the average
Mn1—N2 bond length is increased to 2.64 A from
2.39 A and Mn1—N1 and Mn1—N3 distance remains
similar 2.32 from 2.34 A and 2.04 from 2.09 A,
respectively. The HOMO-LUMO gap is calculated to
be 0.66 eV, which indicates that the complex
molecule is a soft acid. The hardness parameter,
which is calculated by the formula of the complex, is

Fig. 7 — Optimized structure of [Mn(dafone),(NCS),] from
computational analysis

Table 4 — Crystal data and structure refinement for

[Mn(dafone),(NCS),]
Empirical formula Co4H1oMn NgO,S,
Formula weight 535.46
Temperature (K) 296(2)
Wavelength(A) 0.71073
Crystal system Orthorhombic
Space group Pbcn
Unit cell dimensions
a(A) 13.3803(10)
b(A) 10.4789(7)
c(A) 16.6256(9)
a(®) 90
B(®) 90
7(®) 920
Volume (A3A%) 2331.1(3)
z 4
Dearc(g cm™®) 1.526
u (mm™) 0.781
F (000) 1084
Crystal size (mm) 0.30x 0.20 x 0.20

Theta range for data collection
Limiting indices
Reflections collected / unique

Completeness to theta =
25.242

Absorption correction

2.469 to 28.422 deg.
17<=h<=17,

17638 / 2877 [R(int) = 0.0381]
100.0 %

Semi empirical from
equivalents

0.859 and 0.800
Full-matrix least-squares on F?

Max. and min. transmission
Refinement method

Data / restraints / parameters 2877 /0/ 159
Goodness-of-fit 0.919

Ry [1>2sigma(l)] 0.0470

wR2 0.0796

Largest diff. peak and hole 0.413 and -0.293 e. A3

Table 5 — Selected bond length in [A] and bond angles in [°] for [Mn(dafone),(NCS),]

Mn1—N3i 2.095 (3)
Mn1—N1i 2.338 (2)
N3—Mn1—N3i 98.51 (15)
N3—Mn1—N1i 107.81 (11)
N3i—Mn1—N1i 89.96 (11)
N3—Mn1—N1 89.96 (11)
N3i—Mn1—N1 107.81 (11)
N1i—Mn1—N1 152.96 (12)
N3—Mn1—N2i 90.03 (9)
N3i—Mn1—N2i 165.32 (10)
Symmetry code: (i) —x+1,y, —z+1/2

Mn1—N2i 2.395 (2)

N1i—Mn1—N2i 76.02 (8)
N1—Mn1—N2i 83.97 (8)
N3—Mn1—N2 165.32 (10)
N3i—Mn1—N2 90.03 (9)
N1i—Mn1—N2 83.97 (8)
N1—Mnl—N2 76.02 (8)
N2i—Mn1—N2 84.28 (11)
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LUMO

0.66 eV

HOMO

Fig. 8 — Electron distribution of the HOMO-LUMO orbitals of
the [Mn(dafone),(NCS),]

found to be 0.0053 which indicates that the complex
is soft. The electron distribution of the HOMO-
LUMO orbital’s of [Mn(dafone),(NCS),] is given

(Fig. 8).

Conclusion

Complex [Mn(dafone),(NCS),] was prepared by
solvent— based synthesis method using acetonitrile
and methanol as solvent. Characterisation of ligand
and complexes were done by elemental and various
spectral analysis. The structure of the complex was
confirmed by Single—crystal X-ray diffraction studies.
The complex shows octahedral geometry. Cytotoxicity
of the complex was studied based on percentage
viability of the cell evaluated by direct observation of
cells by inverted phase—contrast microscope followed
by MTT assay method. The complex was found to be
more active against cervical carcinoma cells than
fibroblast cells in any of the metal concentrations
varying from 0-100 pg/mL. Its photocatalytic activity
was clear from the photodegradation plot of
methylene blue dye.
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