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ABSTRACT

Objective: The aim of this study was to evaluate the antitumoral properties of the novel Hg(SCN), complex of a pincer-type
isonicotinohyrazone ligand (PTIH).

Materials and Methods: Hydrazine ligands were prepared through a Schiff base condensation between the 2-Acetylpyridine
and isonicotinoyl acid hydrazide. PTIH was synthetized by a branch tube method using Hg(SCN),. In vitro cell killing activity,
the induction of apoptosis, the influence on motility, and the effects on mRNA expression to a motility-related gene
(E-cadherin) of PTIH were evaluated in A549, HepG2, HUH7 cancer cell lines, and BEAS2B non-cancer cell line.

Results: PTIH was found to be cytotoxic to cancer cells, compared to non-cancers, and induced apoptosis. Additionally, it
suppressed cell migration in A549 cells, leading to an increase in the levels of E-cadherin mRNA expression, and decreased
colony formation in HepG2 and HUH7 cells. Through UV titration studies, it was determined that PTIH showed albumin
binding and interacted with DNA by electrostatically and/or groove binding.

Conclusion: PTIH exerted more cytotoxic effects in some cancer cells than in normal cells. This feature and other anticancer
properties make it a promising agent.
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INTRODUCTION Charming chemical behaviors (ability to chelate, struc-
tural flexibility, etc.) and biological activities such as
antibacterial, antiproliferative, antimalarial, and anti-
tumoral make hydrazone ligands remarkable for drug
design (7-9). There are less anti-tumor studies with Hg
complexes compared to other transition metal com-
plexes. However, recently, the superior cytotoxic effects
of Hg(ll) compounds have been recognized and have

Hydrazones are called N-N-O donor Schiff bases pin-
cer type ligands, which are derived by the one-pot
condensation reaction of substituted hydrazides with
aldehydes and ketones in high yields (1-2). In general,
metal complexes including hydrazones, by adding new
structural and electronic properties to the organic skel-
eton, can add different biological binding properties to
the compound (3). The biological activity of these metal ~ been the subject of new drug studies (10-12). Thimer-
complexes is influenced by the oxidation level and the  osal (Ethyl (2-mercaptobenzoato- (2 -) - O, S) mercurate
other features of the metal as well as the structure of  (1-) sodium), known as an antibacterial and antifungal,
the ligand (4-6). has been used for a long time in vaccines, eye drops,
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and contact lens solutions. Now, it has been discovered to have
anti-cancer properties. In a study conducted on the TPC-1 thy-
roid cancer cell line, its in vitro cytotoxic effect was proven, and
it was seen as a potential chemotherapeutic agent (10). In an-
other study, the Hg(ll) complex was found to cause significantly
higher mitochondrial damage and ROS-induced cell death in
A549 and MCF-7 cells compared to cisplatin (12).

The chemotherapeutic drugs of metal complexes are effective-
ly used clinically despite their widely recognized side effects
and increasing reports of resistance to these drugs (1, 2). The
discovery of new metal complexes is important in overcoming
the potential side effects of existing anticancer agents and in
developing more effective and targeted cancer drugs (3, 13, 14).

Recent studies on hydrazone-based metal complexes have
shown that the presence of a methyl substituent in the imine
carbon atom has a remarkable effect on the cytotoxicity of the
complexes (15-17). Therefore, in our study, we chose a hydra-
zone ligand methyl-substitution in the imine carbon atom and
the Hg(ll) complex of this ligand to further increase its antican-
cer activity.

MATERIALS AND METHODS

Materials and Physical Techniques

All reagents and solvents were commercially available and used
without further purification. To evaluate anticancer activities,
three different cancer cell lines were used, of which one was
non-small cell lung carcinoma (A549) and the other two were
hepatocellular carcinoma (HepG2, Huh7). The A549 cell line was
provided by Gaziantep University, and the HepG2 and Huh7
cell lines were from IBG Izmir. All cells were maintained in RPMI
1640 (HyClone Cat. No: SH30027.01), supplemented with 10%
FBS (fetal bovine serum) (HyClone Cat. No: SV30160.03) and 1%
antibiotics (HyClone Cat. No: SV30079.01) in a CO, incubator
(Thermo Sci.) at 5% CO, and 21% O,. Cells were harvested using
Trypsin (HyClone Cat. No: SH30042.01), and a phosphate buffer
solution (PBS) 1X (HyClone Cat. No: SH30256.01) was used to
wash the plated cells or cell pellets when necessary. PTIH was
dissolved in dimethyl sulphoxide (DMSO) with a 10 mM stock
concentration and was further diluted in the cell culture media
during the experiments.

Hydrazine ligands were arranged through a Schiff base con-
densation between the 2-Acetylpyridine and isonicotinoyl acid
hydrazide. These ligands were prepared as described previously
(18).

Infrared spectra (KBr pellets) were documented with a Per-
kin-Elmer spectrometer in the range of 400-4000 cm™'. Micro-
analyses were done through a Heraeus CHN-O-Rapid analyzer.
Melting points are not corrected although they were measured
on an Electrothermal 9100 instrument. HL: melting point (m.p).
240 G, Infrared (IR) (cm™) chosen bands: 3189 (w), 3073 (w), 1671
(s), 1563 (w), 1382 (s), 1302 (m), 1216 (s), 1144 (m), and 985(m),
836 (m), 789 (m), 735 (m), 669 (m) and 566 (s).

Synthesis of [Hg(SCN),(HL)] (PTIH)

A simple formula (branched tube glass) was used to synthesize
and purify PTIH, as explained before (19), and is summarized in
Figure 1. In this way, organic ligand and the related metal salt
were placed in the main arm of the branched tube. Ethanol was
carefully added to fill the arms, the tube was sealed, and the
ligand-containing arm was plunged in a bath containing oil
heated to 60°C while the branched arm was kept at room tem-
perature. After an appropriate time, crystals were retrieved from
the cool arm and washed with acetone and ether after filtration
and allowed to dry in the air.
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Figure 1. Graphical representation of the apparatus used in
the syntheses of PTIH ([Hg(SCN),(HL)]), synthesis reaction
and crystal structure of the PTIH.

Reactant materials: HL=2-Acetylpyridine isonicotinoyl hydra-
zone, mercury(ll) thiocyanate.

Product: yellow-green, m.p. 180° C.

Yield (based on Hg(SCN),): 0.240 g, (84%). Anal. Calcd for C,sH-
1;HgNGOS,: C, 32.34; H, 2.17; N, 15.09%. Fund: C, 32.60; H, 2.22;
N, 15.29%.

IR (cm™) selected bands: 3368(w), 2993 (w), 2061(vs), 1622(m)
1593 (m), 1534(s), 1481 (s), 1438 (m), 1288 (s), 1157 (m), 948 (m),
834 (m), 787 (m) and 699 (m).

Cytotoxicity Assay

PTIH was dissolved in DMSO at 10mM concentration and tested
for its cytotoxicity across four distinct cell lines (A549, HepG2,
HUH7, and BEAS2B) using MTT (Thiazolyl Blue Tetrazolium Bro-
mide) as described earlier (20). Briefly, the cells (1.0x10%/200
mL/well) were split into 96-well plates and incubated overnight
at 37°C, 5% CO,, and 80% humidity in their respective medium
(RPMI for A549 and, BEAS2B and DMEM for HUH7 and HEPG2,
respectively) containing 10% FBS and 1% antibiotics. The media
were replaced with increasing concentration of PTIH, ranging
between 0-100uM and containing even amounts of DMSO for
24h at similar incubation conditions. MTT was added to the
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wells at 0.5 mg/mL final concentration before being maintained
in the incubator for another 4hrs. At the end of the incubation
time, the supernatants were carefully removed, 50uL DMSO
was added to each well, and then, absorbance was measured
at 570nm and 630nm (for background) in a microplate reader
(Biochrom EZ Read 400). The way of calculating the percentage
of living cells was done by using the equation (A) sample/ (A)
control x 100. In this process, the sample can be compared with
control cells by ignoring PTIH.

Flow Cytometric Apoptosis Detection Assay

Biolegend apoptosis detection kit protocol was used to per-
form Annexin-V/PI staining and apoptotic cell detection (21)
in A549, HepG2, and HUH7 cells. Cells (1.0x10° cells/mL) were
either treated with PTIH or DMSO (control) for 24hrs before
harvesting, and the suspensions of the cells and harvested cells
were collected and centrifuged. The pellets were washed with
PBS two times. After incubation with the indicated dyes accord-
ing to the kit's protocol, the fluorescence emission was detect-
ed at 633 nm in a flow cytometer (Beckman Coulter/CytoFLEX,
United States).

Cell Motility Assay

A549 cells were plated in 6-well plates in a regular growth medi-
um containing 10% FBS. After 24 hrs (when the cells were 100%
confluent), a straight-line scratch was formed on cell layers with
a sterile 200 pL disposable pipette tip and washed with PBS. In
turn, the cells were treated either with IC5, concentration of the
PTIH or with DMSO as a control. Images of cell migration were
taken using an inverted microscope at times between 0 and
24hrs after the scratch. The percent closure ratio was measured
using Image J software (NIH, USA, Version 1.53a).

Colony Formation Assay

A colony-forming efficiency assay was performed in 6 well plates.
The cells were seeded at a quantity of 200 cells/well (for HepG2
and HUH 7) and of 300 cells/well (for A549) in a 3mL complete
culture medium. Two different concentrations of PTIH were ap-
plied to cells for 72 hours. Then, the old medium was removed,
and a new fresh complete medium (not containing PTIH) was
added to the cells. The medium was changed with the new one
twice a week. After a total of three weeks, the colonies formed
were dyed with a methylene blue solution (50% Methanol, 50%
distilled water, and 0.4 g methylene blue) and were counted.

Quantitative Polymerase Chain Reaction (qPCR)

Cells, either treated with PTIH or an equal amount of DMSO
for 4 hours, underwent RNA extraction using a commercially
available RNA isolation kit (Macherey-Nagel) and reverse-tran-
scribed (Thermo Fisher) according to the manufacturer’s proto-
cols. A quantitative PCR was performed in 3 replicates on a 96-
well plate using a SYBR Green qPCR Master Mix (Ampligon). 185
rRNA was used as an internal control gene, and fold differenc-
es in the expression levels of the genes between the samples
were calculated using the comparative Cycle threshold (CT)
method, as previously described (20). 18S rRNA: sense: 5'-ctta-
gagggacaagtggcg-3 |, non-sense: 5'-acgctgagccagtcagtgta-3
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E-cadherin: sense: 5'-acactgccaactggctggagatta-3 |, antisense:
5'-tgattagggctgtgtacgtgctgt-3 ' primer pairs were used.

BSA Binding Assay

BSA was used to examine the protein binding kinetic of the
PTIH. Bovine serum albumin (BSA) was chosen for studying
the drug interaction because of its structural similarity to hu-
man serum albumin (HSA) and for being easily available and
inexpensive. 1 UM BSA was dissolved in PBS (PH: 7.0), and the
change in absorbance was monitored in a UV-visible spectro-
photometer at 200-400 nm wavelength by increasing the con-
centration of PTIH (0-10 uM) (UV titration) against the constant
amount of BSA.

DNA Binding Assay

Experiments of PTIH binding with CT-DNA (Calf Thymus-DNA)
were carried out within TmM trizma hydrochloric acid (Tris-HCI)
with TmM EDTA, pH 7.5 buffer solution. The CT-DNA solution
in this buffer showed a UV absorption rate of about 2.5 at 260
and 280 nm, which means that the DNA did not contain suffi-
cient proteins, i.e., it was pure (22). The DNA concentration was
identified by an absorption spectroscopy using a molar extinc-
tion coefficient value of 6600 dm*mol'cm™ at 260 nm. PTIH was
dissolved in a solvent consisting of 5% DMSO and 95% pH 7.5
Tris buffer. With the constant concentration of PTIH (25 uM), the
DNA concentration was gradually increased (2.5-25 puM), and
absorption titration was performed. The study aim was to elim-
inate DNA self-absorption at wavelengths. Therefore, an equal
amount of DNA was added to both the test solution and the
reference solution. The Kb (intrinsic binding constant) value was
calculated using the Wolfe-Shimmer equation (23) with the ab-
sorption titration method: [DNA] / (| eb-€a |) = [DNA] / (| eb-¢f |) +
1/{Kb (| €b-£f )} where [DNA] is the DNA concentration in base
pairs; €3, f, and €b represent Aobsd/[PTIH], the extinction coef-
ficient of the free complex (PTIH), and the extinction coefficient
of PTIH in the fully DNA-bound form, respectively. The Kb value
is described by the ratio of the slope to intercept in the graph
[DNA]/ (| €a - €f |) versus [DNA].

Statistical Analysis

Statistical analysis was shown with Prism V.8 Software. (Graph-
Pad, USA). Non-linear regression analysis was performed for IC,
calculations, and Pearson’s chi-square tests were used for the
comparison of two different conditions or treatments. p<0.05
was considered significant.

RESULTS

We evaluated the cytotoxicity of the PTIH in 4 different cell lines
by MTT test. Cells were treated with 8 different concentrations
of PTIH containing equal amounts of DMSO in each well. After
absorbance measurements, we calculated the IC;, values of
PTIH for A549, HepG2, and HUH7 cells, and the results were 24,
24 and 17 uM, respectively (Figure 2). We also evaluated the cy-
totoxicity of PTIH on BEAS2B, which is a non-cancerous bronchi-
al epithelial cell line, and the ICy, value of PTIH was found to be
higher (87 uM) in these cells (Figure 2), which indicated that it
might be less toxic to normal cells.
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Figure 2. Cytotoxic effects of PTIH ([Hg(SCN),(HL)])on cancer and non-cancer cells. MTT (Thiazolyl Blue Tetrazolium Bromide) test was
performed to evaluate cytotoxicity with the increased concentrations of PTIH (0-0.3-1-3-10-30-100 and 300 puM) for 24 hrs. Graphs show
the best curve fit of non-linear regression analysis of 24h PTIH treated A549, HepG2, HUH7, and BEAS2B cells respectively. Calculated
IC5, values of the PTIH on these cell lines are also given above each curve.

After determining the cytotoxicity of PTIH, we tested the apop-  28.36% in the A549 cells, 99.30% in HepG2 cells, and 61.82%
totic effect of PTIH in cancer cells. We performed a flow cytom-  in HUH7 cells (Figure 3). There is a statistically significant differ-
etry experiment to detect apoptotic cells after 48-hour incuba-  ence between the apoptosis percentages of the control and the
tion with 50 uM PTIH. The apoptotic cell ratio was calculated as  PTIH-treated cells.
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Figure 3. Apoptotic cell rates of A549, HepG2, and HUH7 cells treated with PTIH ([Hg(SCN),(HL)]) (50 uM) and equal amount of DMSO
(Dimethyl Sulfoxide) as a control. Living and apoptotic cells were determined by flow cytometry. Both right quadrants (upper (late)
and lower (early)) indicate the apoptotic cells of the population, while the left lower quadrant gives the percentage of viable cells.
Percentages of entire (early and late) apoptotic cells in the A549, HepG2 and HUH?7 cells are showed by bar diagrams (*p<0.05).
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In addition, we performed a motility assay and demonstrat-
ed that PTIH strongly suppressed the migration of A549 cells.
While 75.50+1.26% of the wound was closed in the control
plate, there was 4.40+0.80% closure in the PTIH treated plate
at the end of the 24-hour treatment (Figures 4 a-b). We also
extracted RNA from the cells and ran a quantitative PCR anal-
ysis to detect E-cadherin mRNA level differences in DMSO and

a DMSO 0 h

PTIHOh

DMSO 24 h b

PTIH treated cells (Figure 4c). E-cadherin expression of cells
treated with PTIH increased 9-fold (9.03+5.99) compared to
the control.

We further assessed the effect of PTIH on the colony-forming
ability of the cells, which the results showed that it significantly
led to decreased colony formation in HepG2 and Huh7 cells in
increasing concentrations (Figure 5).

20

Percent closure(% )
»
o
1

DMSO PTIH

E-Cadherin mRNA expression

20

Fold change
s &

o

o

PTIH

Figure 4. a: 0 and 24-hours representative images from the wound healing (motility) assay in the presence of DMSO, the solvent of PTIH
L)1) as controls, b: shows percent wound closure bar graph (*p<0.05), c: shows
a bar graph where gene expression of E-cadherin is normalized to 18S rRNA and fold differences are calculated using the comparative

([Hg(SCN),(HL)]) and 50 micromolar PTIH ([Hg(SCN),(H

CT method.

HEPG2

Control (DMSO) (0.15 pL) PTIH (0.5uM)

Control(DMSO) (0.3 pL)

PTIH (1 uM)

HUH7

Control (DMSO) (2.5 pL) PTIH (9 uM)

PTIH (18 uM)

Control(DMSO) (5 pL)

Figure 5. Colony formation assay was performed in HepG2 and HUH7 cells. Cells exposed to PTIH ([Hg(SCN),(HL)]) at two different
concentrations. The results were compared to the negative control (DMSO) (Dimethyl Sulfoxide). Cells were allowed to grow for 10-14
days before staining with methylene blue solution to visualize colonies.
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The addition of PTIH causes the intensity of pure BSA to in-
crease in the absorption band at 280 nm and also the blue
shift of about 5nm at 1 uM BSA with 10 uM PTIH (Figure 6).
This result shows that PTIH changes the polarity of the micro-
environment around the Trp and Tyr amino acids of BSA. The
change in the absorption band of BSA in the presence of PTIH
indicates that the PTIH-BSA interaction is in the form of static
quenching (24-26).

2.5 ==\

2.0

10 uM
1.51

Abs

1.0

0.5 \ -

N\
———
———

0.0

200 250 300 350 400
Wavelength (nm)

Figure 6. Absorption spectra of BSA (Bovine serum albumin)
(1 uM) and with PTIH ([Hg(SCN),(HL)]) (0-10uM).

The UV absorption spectrum of PTIH as a result of increasing
CT- DNA concentrations are shown in Figure 7. In the absence
of DNA, PTIH exhibited maximum absorbance at 289 nm can
be assigned to the m-m* transition. The hyperchromic effect
was observed upon the addition of CT-DNA. Additionally, small
blueshifts have been accompanied by the increase in peaks.
This indicates an interaction between PTIH and CT-DNA (Kb
8.35x10° L mol™).

y=0,8349x - 2,2456
R?=0,9789

w
s

. )
howo &h3Sh

J) 10 20 30 40
[DNA]x10°M

[DNA]/(ga-£f)x10'°

T T T T T ]
240 260 280 300 320 340 360
Wavelength (nm)

Figure 7. Absorption spectra of PTIH([Hg(SCN),(HL)]) (80 pM) in
the presence of increasing amounts of CT-DNA (Calf Thymus-
DNA) (in the range of 0-40 pM). Arrows show the absorbance
changes upon increasing DNA concentration. (E) Plots of [DNA]/
(ea - £f) versus [DNA] for the PTIH ([Hg(SCN),(HL)]) with CT-DNA
(Kb =8.35x10°M").

DISCUSSION

According to the cytotoxicity results, PTIH was more effective
than cisplatin in HUH7 cells compared to previous reports in the
literature (IC5y= 58.77 pM (27) and 20.5 uM (28)) in the means
of cell killing activity. The efficiency of PTIH in HepG2 cells was
also substantially good compared to previous studies on some
hydrazone metal complexes (15, 29). PTIH showed good cy-
totoxic activity in the A549 cell when compared to the effects
of some similar hydrazone metal complexes in A549 cells (30,
31). In HUH7 cells, PTIH also showed good anticancer activity
compared to some similar molecules in the literature (32, 33).
In this study, we have not performed flow cytometric analyses
on BEAS2B cells, which may be counted as a limitation, but the
fact that the ICs, value of PTIH is higher in BEAS2B cells than in
cancer cells indicate that PTIH will specifically kill cancer cells at
low doses if it is used as a drug.

The biological activity of a metal complex is determined as
much as the metal itself, the number of valence electrons, the
conformational and electronic nature of the organic ligand it is
in, and other groups attached to that ligand. The HL ligand has a
flexible conformational structure and multiple hydrogen bond-
ing sites. Aromatic rings at either end of the HL gain the ability
to form m ... m stacking interactions into the structure (34).

The anticancer activity mechanisms of Hg(ll) complexes were
not studied until 2016 (35). According to an in silico docking
study with a Hg(ll) complex, the binding energy to the epider-
mal growth factor receptor (EGFR protein) was calculated as
-5.79 kcal/mol, and it was theoretically claimed that apoptosis
could be induced with the complex in cells with EGFR muta-
tions (11). In a recent study, it has been shown by docking stud-
ies that a Hg(ll) complex binds to DNA, and it has been exper-
imentally shown that it displays nuclease activity. Besides this,
the same study claimed that Hg(ll) activated GO/G1 cell arrest
and apoptotic cell death in cancer cells (12). The thiocyanate
groups (SCN) in its structure give some properties to PTIH. It is
known that thiocyanates cause DNA damage by creating oxida-
tive stress (36), and it has been reported that they inhibit some
enzymes whose expression is increased in cancer due to the po-
tential of binding to the cysteine amino acids of the sulfur atom
in their structure (36, 37). In a study comparing different groups
attached to the same metal complex, it was revealed that the
SCN group had a better cytotoxic effect than the compounds
containing other side groups (38).

In addition to cytotoxic activity, PTIH showed apoptosis induc-
tion as well as suppressed cell migration in cancer cells. In the
repeated experiments, we obtained similar results that while
apoptotic cell rate was lower in A549 cells, it showed very high
apoptotic activity in HepG2 and HUH7 cells, which indicate
that a possible active pathway was affected in hepatocellular
carcinoma cells or a resistance mechanism might be in charge
in A549 lung cancer cells. Different apoptotic activities of Hg(ll)
or hydrazone-based compounds in different cell lines are also
encountered in the literature (12, 15). Which molecules in the
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apoptotic pathway the drug candidate targets may be a new
area of research. The deficiency of E-cadherin-induced cell-cell
adhesion in tumor cells and its transformation from epithelial
to mesenchymal characteristics and gaining invasive properties
are the core of the metastasis pathways in most solid tumors
(39). Therefore, we performed a motility assay and demonstrat-
ed that PTIH statistically significantly and strongly suppressed
the migration of A549 cells. As a result, PTIH increased 9-fold
(9.03+5.99) the expression of E-cadherin compared to DMSO in
the A549 cell supporting motility assay results.

It is very important to examine the interaction mechanism of
serum albumin, the most abundant protein in plasma, and drug
candidates because the interactions of drugs with serum albu-
min may cause them to lose their biological properties or gain
better biological activity while being transported in the body.
BSA, which is similar to human serum albumin, is widely used
in such drug studies. BSA binding studies are performed by the
spectrophotometric titration method (UV-visible absorption).
The absorption of BSA at 280 nm is monitored. The changes
in the structure of aromatic amino acids tyrosine (Tyr), trypto-
phan (Trp), and phenylalanine (Phe) asa result of binding are
reflected in the spectrum. Whether potent drugs bind statically
or dynamically to BSA is determined by comparing the charac-
teristic absorption spectra of pure BSA and BSA-drug solutions.
Since the dynamic coupling only affects the excited state of the
fluorophore group, no change is observed in the absorption
spectra. Static bonding, on the other hand, causes a change in
the absorption spectrum of the fluorophore group with the for-
mation of PTIH with BSA (24-26).

The most common method used to examine the binding po-
tential of metal complexes with DNA is electronic absorption
titration (40, 41). If there is an interaction between the metal
complexes and DNA, changes occur in the spectrum transitions
of the complex. As a result of intercalative interactions between
DNA and small molecules, hypochromism and redshift are usu-
ally observed in the spectrum (42). If DNA and small molecules
perform groove bonding or electrostatic attraction between
them, a hyperchromic effect showing conformational chang-
es in the structure is observed, and a slight redshift can be
observed. The hyperchromic effect and blueshift observed in
the figure indicate that PTIH interacts with CT-DNA via groove
binding and/or electrostatic attraction (42-45). Kb value of PTIH
indicates that it has a good binding affinity with DNA in com-
parison with the Kb value for classical intercalator ethidium
bromide (Kb=1.4x10° M) (46) and resembles studies in the lit-
erature (47, 48).

One of the limitations of this study is that we did not perform
any experiment to analyze the possible molecular alterations of
the compound in cell culture conditions, which may need fur-
ther evaluation in future studies.

CONCLUSION

According to in vitro experiments on A549, HepG2, and HUH7
lung cancer cells, PTIH has been found to exert dose-depen-

dent cytotoxic effects in cell lines. It has also been shown to
induce apoptotic cell death. It was less cytotoxic to BEAS2B, a
non-cancerous lung epithelial cell line. It was also determined
by PCR analysis that it induces E-cadherin expression in A549
cells, indicating prevention of metastasis that was confirmed
by cell motility assay. Moreover, PTIH has been proven to effec-
tively stop colony generation in cancer cells. PTIH performed its
antitumoral activity by interacting with DNA in grooves and/or
electrostatically. Therefore, it may be a promising anti-tumor
agent.
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